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Preface

The outstanding advances, new discoveries, and observations in hepatobiliary sciences have
resulted in remarkable changes in the approach to the diagnosis and management of many
liver diseases. The editors, being the dean and vice deans of the National Liver Institute,
Menoufia University, Egypt, a leading center in liver diseases in the Middle East, intended
to capture and present these advances in this publication. Leading experts in this super-sub‐
specialty from North America, Europe, Asia, and Africa have participated in this book. In
other words, the book team reflects an international dream team of expert clinicians and in‐
vestigators in the field of liver diseases.

The current book contains the most recent advances in the hepatobiliary sciences, including
the remarkable advances in the therapy for Hepatitis C, primary and secondary malignant
liver tumors, liver injuries, as well as liver cysts, liver resections, liver transplantation, and
preoperative management of patients with liver diseases. This book is addressed to re‐
searchers in the field of liver diseases, practicing gastroenterologists, hepatologists, and HPB
surgeons as well as medical students, residents, and fellows.

We wish to thank all our distinguished authors for their cooperation and desire to share their
precious experience with the medical community. On their behalf, we wish to express hope that
this publication will facilitate access to the latest scientific achievements in the field of liver
diseases all over the world. We are particularly thankful to Ana Pantar and Iva Simcic and their
colleagues at InTech®, the publisher of one of the largest multidisciplinary open access collec‐
tions of books covering the fields of science, for their expertise and support in bringing this
edition to completion. We wish to extend our appreciation to all of our colleagues at the Nation‐
al Liver Institute, Menoufia University, for their tremendous support.

Prof. Hesham Abdeldayem, Prof. Ahmed El-Shaarawy and Prof. Tary Salman
National Liver Institute

Menoufia University
Egypt





Chapter 1

Preoperative Evaluation and Management of Patients
with Liver Disease

Hesham Abdeldayem, Ahmed El Shaarawy, Tary Salman and
Essam Salah Hammad

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/60999

Abstract

Patients  with  liver  disease  who  undergo  surgery  have  an  increased  risk  of
morbidity and mortality. Impairment of the liver functions increases the risks of
surgery and anesthesia.The risk depends on the severity of liver disease, nature of
the  surgery  and  comorbid  conditions.  Patients  with  compensated  cirrhosis  and
normal synthetic function have a low risk. Elective surgery should be postponed
in patients with abnormal liver tests. All patients should have thorough preopera‐
tive evaluation, and their conditions are to be optimized before elective surgery.
Thorough history and physical examination usually provide important informata‐
tion.  Elective  surgery  can  be  rescheduled  or  cancelled  once  the  severity  of
underlying  liver  disease  is  assessed.  When  surgery  is  mandatory,  meticulous
perioperative  management  is  required,  including hemodynamic  stability,  broad-
spectrum antibiotics, correction of coagulopathy, improvement of nutritional status,
avoidance of nephrotoxins and sedatives that could precipitate hepatic encephalop‐
athy, and intensive care unit admission if needed.

Keywords: Liver, Liver failure, liver surgery, Liver tests, Liver functions, preoperative
preparation

1. Introduction

Patients with liver disease who undergo surgery have an increased risk of morbidity and
mortality [1-3].

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



The optimal management of such patients requires the following:

1. Diagnosis of the underlying liver disease

2. Assessment and stratification of the risk of surgery

3. Estimation of functional hepatic reserve

4. Correction of underlying conditions if feasible

5. Hepatic hemodynamic evaluation and identification of the site of upper gastrointestinal
hemorrhage, if present

Impairment of the liver functions increases the risks of surgery and anesthesia in several ways,
including the following [4-6]:

1. Bleeding risk may increase because of coagulopathy

2. Susceptibility to infection is increased due to altered functions of the hepatic reticuloen‐
dothelial cells and changes in the immune system and portal hypertension

3. Reduced hepatic blood flow

4. Altered drug metabolism

1.1. Factors contributing decreased liver blood flow and hypoxia [7, 8]

1. Hyperdynamic circulation with increased cardiac output and decreased systemic vascular
resistance

2. Systemic and splanchnic vasodilation, with subsequent activation of the sympathetic
nervous system and neurohormonal axis in an attempt to maintain arterial perfusion
pressure

3. Alterations in the systemic circulation due to arteriovenous shunting and reduced
splanchnic inflow

4. Anesthetic agents may reduce hepatic blood flow

5. The compensatory inotropic and chronotropic response to pharmacologic and physiologic
stress, including surgery, is blunted

Induction of anesthesia hypotension, intermittent positive-pressure ventilation, pneumoperitoneum
during laparoscopic surgery, traction on abdominal viscera, hemorrhage, hypoxemia, vasoactive drugs,
surgical maneuver, and even positioning of the patient may all result in intraoperative and perioperative
hepatic hypoxemia and further increase in the hepatic dysfunction. Risk factors for hepatic hypoxemia
include ascites, hepatic hydrothorax, and hepatopulmonary syndrome [7, 17]

1.2. Altered drug metabolism

The duration of action of many drugs can be increased as a result of [10]

1. altered metabolism by cytochrome P450 enzymes,
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2. decreased concentration of plasma-binding proteins,

3. decreased biliary excretion.

Hepatic dysfunction can significantly impair the metabolism of certain medications. Examples
are as follows [10, 11]:

1. The volume of distribution of nondepolarizing muscle relaxants is increased, and larger
doses may be required to achieve adequate neuromuscular block.

2. Sedatives, narcotics, and intravenous induction agents must be used with caution, as they
may result in prolonged depression of consciousness and may lead to hepatic encephal‐
opathy. The perioperative use of opioids as morphine should be avoided, as their
bioavailability is increased.

3. Benzodiazepines should be avoided, and, if necessary, remifentanil and oxazepam are the
preferred narcotic and sedative because their metabolism is not affected by liver disease.

4. Isoflurane is the recommended volatile anesthetic because it does not impair hepatic blood
flow and undergoes the least amount of hepatic metabolism.

2. Preoperative assessment

If liver dysfunction is suspected, elective surgery should be deferred until extensive evaluation
is made. Evaluation will include the following items [12].

2.1. History and physical examination [1-3, 13]

Thorough history and physical examination usually provide important informatation.

1. History of previous blood transfusions, drug abuse, or excessive alcohol intake.

2. Family history of jaundice, anemia, hereditary liver disease, and prior adverse reactions
to anesthesia.

3. Medication history includes the use of analgesics and alternative medications.

4. Physical examination may identify signs of underlying liver disease, as temporal wasting,
jaundice, palmar erythema, spider nevi, ascites, or hepatosplenomegaly.

2.2. Laboratory tests [1-18])

The term “liver function tests” is a misnomer and can be misleading. Because of the complexity
of liver functions, the ideal liver function test has not been invented yet. A successful liver
function test, to assist with preoperative assessment of liver function, should be safe, repro‐
ducible, and easily performed.

The aims of the tests are as follows:

Preoperative Evaluation and Management of Patients with Liver Disease
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1. To determine the presence or absence of hepatic injury

2. To decide whether the injury is cell necrosis or cholestasis

3. To specify the particular disease

4. To determine its severity

• Markers of hepatocellular injury include aminotransferases and lactate dehydrogenase

• Markers of cholestasis include alkaline phosphatase, gamma glutamyl transpeptidase,
5′-nucleotidase, and bilirubin

• Markers of synthetic functions of the liver are prothrombin time and albumin

2.3. Aminotransferases

Alanine aminotransferase (ALT) (normal range: 10-55 U/L)

Aspartate aminotransferase (AST) (normal range: 10-40 U/L)

• Serum level rises as a result of leakage from damaged tissue

• Mild to moderate elevations occur in many types of liver disease

• Marked elevations occur in hepatitis (viral, toxic, autoimmune, and ischemic)

• AST/ALT >2 suggests alcoholic liver disease or cirrhosis of any etiology

• ALT is more specific than AST for hepatic injury

• AST is nonspecific and can originate from skeletal muscle, red blood cell, kidney, pancreas,
brain, and myocardium

2.4. Alkaline phosphatase (AP)

• Normal range 45-115 U/L

• Serum level rises as a result of increased production and leaks into the serum

• Moderate rises occur in many liver diseases

• Marked rises occur in extra- and intrahepatic cholestasis, diffuse infiltrating disease (e.g.,
liver neoplasms), and rarely alcoholic cirrhosis

• Considerable rises occur in bone diseases (e.g., tumor, fracture, Paget’s disease)

• It also originates from the intestine, placenta, and some neoplasms

2.5. Gamma Glutamyl Transpeptidase (GGTP)

• Normal range: 0-30 U/L

• Serum level rises as a result of overproduction and leakage into serum, as for AP; induced
by ethanol and drugs

Recent Advances in Liver Diseases and Surgery4
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• GGTP/AP >2.5 suggests alcoholic liver disease

• Kidney, spleen, pancreas, heart, lung, and brain are other sources

2.6. 5′-Nucleotidase

• Normal range:: 0-11 U/L

• Serum level rises as a result of overproduction and leakage into serum, as for AP

• Found in many tissues, but serum elevation is relatively specific for liver disease

2.7. Bilirubin

• Normal range::0.0-1.0 mg/dL

• Unconjugated hyperbilirubinemia

The mechanisms that result in elevation of serum unconjugated bilirubin levels include
increased production (increased breakdown of hemoglobin (resulting from hemolysis,
disordered erythropoiesis, and resorption of hematoma) or myoglobin (resulting from muscle
injury)) and defects in hepatic uptake or conjugation.

• Conjugated hyperbilirubinemia

The mechanisms that result in the elevation of serum-conjugated bilirubin levels are hepato‐
biliary diseases, including extrahepatic and intrahepatic bile duct obstruction, viral, alcoholic
or drug-induced hepatitis, and inherited hyperbilirubinemia.

2.8. Prothrombin Time (PT) (10.9-12.5 s), International Normalized Ratio [INR]: (0.9-1.2)

• All clotting factors except factor VIII are synthesized by hepatocytes; factor VIII is produced
by vascular endothelium and reticuloendothelial cells.

• Serum values rise as a result of the following:

1. Decreased synthetic capacity as in acute or chronic liver failure (prolonged PT unre‐
sponsive to vitamin K)

2. Biliary obstruction (prolonged PT usually responsive to vitamin K administration)

3. Vitamin K deficiency (secondary to malabsorption, malnutrition, and antibiotics) and
consumptive coagulopathy

2.9. Albumin

• Normal range: 3.5-5.0 g/dL

• Serum level decreases as a result of decreased synthesis; or increased loss as in

1. chronic liver failure

2. nephrotic syndrome, protein-losing enteropathy, and vascular leak

Preoperative Evaluation and Management of Patients with Liver Disease
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2.10. Markers of viral hepatitis

2.10.1. Hepatitis A

Acute infection is confirmed by detection of IgM anti-hepatitis A antibody (IgM HAV), which
appears early in the course of infection and has high sensitivity and specificity. IgG anti-HAV
predominates in convalescence and persists throughout life.

2.10.2. Hepatitis B

• Acute infection is associated with the presence of hepatitis B surface antigen (HBsAg).

• Detection of HBsAg precedes serum aminotransferase elevations.

• HBsAg becomes undetectable 1-3 months after jaundice.

• Some time after HBsAg disappears; HBsAg antibody (anti-HBs) appears and persists for
life.

• In the interval between disappearance of HBsAg and appearance of anti-HBs, hepatitis core
antigen antibody (anti-HBc) is present and helps as a marker for current or recent HBV
infection.

• Anti-HBc may remain for years after infection longer than anti-HBs.

• IgM anti-HBc distinguishes recent from remote infection

2.10.3. Hepatitis C

• Hepatitis C antibodies are detected relatively late in the course of the HCV infection.

• False-positive test is a problem.

• Reverse transcriptase polymerase chain reaction and branched amplification assays are the
most sensitive and specific.

2.11. Liver function quantitative tests

These tests offer attractive means to assess the liver functions. However, they have limitations,
including expense, availability, invasiveness, and lack of validity.

2.11.1. Indocyanine green clearance

This dye is taken up almost exclusively by hepatocytes and excreted unchanged into the bile.
It is measured photometrically in blood samples taken at regular intervals after a bolus
intravenous injection (0.5 mg/kg). Clearance of the dye decreases with loss of hepatocyte mass.

Recent Advances in Liver Diseases and Surgery6
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2.11.2. Aminopyrine breath test

Radioactivity (14CO2) is measured in breath at 15-min intervals for 2 h after oral or intravenous
administration of 14C-labeled methyl aminopyrine. It may predict death and histology in
chronic hepatitis.

2.11.3. Monoethylglycinexylidide (MEGX)

This lidocaine metabolite is measured in blood samples 15 min after intravenous administra‐
tion of lidocaine (1 mg/kg). It may predict death and complications before and after liver
transplantation

2.12. Ultrasound

Ultrasound is useful for assessing liver size, spleen size, intra- and extrahepatic biliary tree,
and the presence of liver masses. It can also detect ascites in its earliest stages (≥100 mL).
Doppler ultrasonography is helpful in assessment of portal venous patency, direction of portal
flow.

3. Risk estimation [10-30]

The risk of surgery in patients with impairment of liver functions depends on the severity of
liver disease, nature of the surgery, and comorbid conditions. Patients with compensated
cirrhosis and normal synthetic function have a low risk. The risk increases for patients with
decompensated liver cirrhosis. Patients with advanced liver disease may benefit from non‐
surgical therapy when appropriate.

3.1. Contraindications to elective surgery

1. Acute hepatitis: Patients with acute hepatitis of any cause have an increased operative
risk.

2. Alcoholic hepatitis: Alcoholic hepatitis greatly increases perioperative mortality.

3. Acute liver failure: For acute liver failure (the development of jaundice, coagulopathy,
and hepatic encephalopathy within 2-6 weeks without preexisting liver disease), all
surgery other than liver transplantation is contraindicated.

4. Decompensated cirrhosis. Elective surgery is contraindicated in patients with Child’s
class C cirrhosis; these patients should be considered for surgery only in life-threatening
situations, such as an incarcerated hernia, gangrenous cholecystitis, or bowel infarction.

Elective surgery should be postponed in patients with abnormal liver tests. All patients should
have thorough preoperative evaluation, and their conditions are to be optimized before
elective surgery. Elective surgery can be rescheduled or cancelled once the severity of under‐
lying liver disease is assessed.

Preoperative Evaluation and Management of Patients with Liver Disease
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When surgery is mandatory, meticulous perioperative management is required, including
hemodynamic stability, broad-spectrum antibiotics, correction of coagulopathy, improvement
of nutritional status, avoidance of nephrotoxins and sedatives that could precipitate hepatic
encephalopathy, and intensive care unit admission if needed.

4. Assessment of the risk factors

4.1. Severity and nature of the underlying liver disease

Operative risks are markedly influenced by the severity and nature of the underlying liver
disease.

Obstructive jaundice: Obstructive jaundice markedly increases perioperative mortality.

Acute hepatitis: Acute hepatitis is associated with increased morbidity and mortality associ‐
ated with surgery.

Cirrhosis: The perioperative risk is influenced by the degree of hepatic dysfunction, portal
hypertension, and its complications as ascites, intra-abdominal varices, renal impairment, and
portopulmonary hypertension.

The amount of perioperative risks is related to the degree of liver decompensation. An accurate
assessment of the degree of liver decompensation is important for determination of the
perioperative risk.

4.2. Child’s classification and its modifications

This is based on the patient’s serum bilirubin and albumin levels, prothrombin time, and
severity of encephalopathy and ascites.

Child–Pugh scoring system

Points 1 2 3

Ascites None Small or diuretic controlled Tense

Encephalopathy Absent States I–II States III–IV

Albumin (g/L) >3.5 2.8–3.5 <2.8

Bilirubin (mg/dL) <2 2–3 >3

PT(sec above control), or INR <4
<1.7

4–6
1.7–2.3

>6
>2.3

In general, elective surgery is well tolerated in patients with Child class A, permitted with
careful preoperative preparation in patients with Child class B, and contraindicated in patients
with Child class C.
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Score Child–Turcotte-Pugh Class

5–6 A

7–9 B

10–15 C

Other factors can also increase the perioperative risk beyond the Child classification. The
perioperative risk is increased if there is portal hypertension. Emergency surgery is associated
with a higher mortality rates.

Child score for estimating the perioperative risks has been shown to be quite variable. This
may be explained by the following:

1. Patients with class A may have ascites, hyperbilirubinemia, and portal hypertension.

2. The variables (ascites and hepatic encephalopathy are graded subjectively) are operator
dependent.

3. It is unable to stratify patients with severely decompensated liver disease.

For this reason, alternative systems have been sought

4.3. Model for end-stage liver disease (MELD) score

The MELD score is a linear regression model based on a patient’s serum bilirubin and
creatinine levels and international normalized ratio (INR).

4.3.1. MELD scoring equation

MELD score for TIPS = 0.957 × loge (creatinine [mg/dL]) + 0.378 × loge (bilirubin [mg/dL]) +
1.120 × loge (INR) + 0.643 (cause of liver disease)

MELD score for liver transplantation = 0.957 × loge(creatinine [mg/dL]) + 0.378 × loge(bilirubin
[mg/dL]) + 1.120 × loge(INR) + 0.643

It was created to predict mortality after TIPS, then to stratify the risks in patients awaiting liver
transplant, and recently used to predict perioperative mortality. It has several distinct
advantages over the Child classification, being objective, and does not rely on cutoff values.

The general guidelines are as follows:

• Patient with an MELD score below 10 can undergo elective surgery.

• Patient with an MELD score of 10-15 should be managed with caution.

• In patients with an MELD score above 15, elective surgery should be avoided and the patient
should be considered for liver transplantation.

These guidelines should be modified for specific circumstances.
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4.4. Type of surgery

The operative risk is higher with certain types of surgery, such as hepatic resection, biliary
surgery, gastric surgery, colectomy, and cardiac surgery.

Emergency surgery carries higher mortality in hepatic patients than patients with normal
hepatic function.

Abdominal surgery as cholecystectomy, gastric bypass, biliary procedures, peptic ulcers, and
colon resection is associated with increased morbidity and mortality risks in patients with
cirrhosis.

Biliary tract surgery: Patients with obstructive jaundice have increased risk of infections,
disseminated intravascular coagulation, gastrointestinal bleeding, delayed wound healing,
wound dehiscence, incisional hernias, and renal failure. Patients with cirrhosis are at increased
risk of gallstones and their complications. For Child class C patients, cholecystostomy, rather
than cholecystectomy, is considered. For patients with obstructive jaundice, nonsurgical
approaches to decompression via endoscopic retrograde cholangiopancreatography or
percutaneous transhepatic cholangiography are preferred.

Cardiac Surgery: Procedures that require cardiopulmonary bypass are associated with greater
mortality in patients with cirrhosis.

Hepatic Resection: Hepatectomies in cirrhotic patients are associated with increased risks. The
extent of hepatectomy is a predictor of mortality.

5. Preoperative care of patients with liver disease [28-48]

5.1. Aims

1. Prophylactic measures to prevent complications

2. Early recognition and treatment of complications

5.2. Complications of liver diseases

1. Refractory ascites

2. Spontaneous bacterial peritonitis (SBP)

3. Fluid and electrolyte disturbances

4. Hepatorenal syndrome (HRS)

5. Portal hypertensive bleedings

6. Hepatic encephalopathy (HE)

7. Hepatocellular carcinoma (HCC)

Recent Advances in Liver Diseases and Surgery10
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8. Malnutrition

9. Progress of other medical diseases

5.3. Tests to assess the complications of liver disease

1. Liver imaging and AFP, CA19-9 to exclude neoplasms

2. Doppler ultrasound: to exclude portal vein thrombosis

3. Upper GI endoscopy: to assess portal hypertension

4. Bone densitometry: in selected patients

5. Neuropsychologic testing: selected patients

6. ABG: to exclude hypoxemia-hepatopulmonary syndrome

Particular attention needs to be paid to the management of common complications of advanced
liver disease, as coagulopathy, thrombocytopenia, ascites, renal insufficiency, encephalopathy,
and malnutrition, as well as to disease-specific factors.

5.4. Coagulopathy

The cause of coagulopathy is multifactorial. It may result from poor absorption of vitamin K
due to cholestasis or impaired synthesis of coagulation factors.

• Parenteral vitamin K and transfusions of fresh frozen plasma can be used before surgery.

• Intravenous cryoprecipitate may be infused with a minimal volume load. It contains large
amounts of fibrinogen and von Willebrand factor together with clotting factors.

• Intravenous recombinant factor VIIa is a safe and effective in correcting coagulopathy and
normalizing the INR.

• For patients with thrombocytopenia, platelet transfusion of may be recommended.

• Prolonged bleeding time can be corrected bydesmopressin acetate.

5.5. Ascites

Grades of ascites:

Grade 1: ascites only detected by ultrasound

Grade 2: moderate with symmetrical distention of the abdomen

Grade 3: large or tense with marked abdominal distension

• Fluid restriction is not necessary in most patients.

• Due to hyperkalemia, spironolactone as a single agent is recommended only in minimal
fluid overload.
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• The usual regimen is a single morning dose of 100 mg spironolactone and 40 mg furosemide.
The dose can be increased every 3-5 days, if weight loss is not satisfactory. Maximum doses
are 600 mg/day spironolactone and 200 mg/day furosemide.

• Side effects include volume depletion, which may precipitate encephalopathy, or renal
failure.

• Weekly monitoring of electrolytes and weight must be undertaken when initiating or
changing therapy.

• Encephalopathy, serum Na <125 mmol/L, creatinine >1.7mg/dL, should lead to cessation of
diuretic use.

Refractory ascites is that which is unresponsive to high-dose diuretics and a Na-restricted diet
and tends to rapidly recur following paracentesis. Prior to labeling a patient as having
refractory ascites, an in-hospital trial of dietary management and diuretic therapy should be
attempted.

Treatment options include the following:

1. Paracentesis with albumin replacement remains the first treatment option for patients on
the waiting list and are likely to undergo LT within a few months.

• For large volume paracentesis, an albumin infusion of 8-10 g/L of fluid removed should
be considered.

• Paracentesis increases the risk of peritonitis.

2. TIPS is considered for the following:

• Cases where the frequency of paracentesis is >3 times/month

• Patients not tolerating large-volume paracentesis

• Large-volume paracentesis is ineffective due to multiple adhesions or loculated ascites

• Refractory hepatic hydrothorax

The major disadvantages are shunt stenosis and HE.

3. Peritoneovenous shunt: for historical interest only

4. Surgical shunts are rarely indicated

5.6. Spontaneous bacterial peritonitis

Definition: infection of the ascitic fluid in the absence of any known intra-abdominal source.

Diagnosis: positive ascites culture and/or polymorphonuclear cell count ≥25 0 cells/mm3.

Its prevalence justifies diagnostic paracentesis in cirrhotics with ascites admitted to the
hospital. Norfloxacin (400 mg/day) significantly reduces the probability of SBP.
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Secondary long-term prophylaxis is recommended for all patients with a history of SBP.
Antibiotic prophylaxis is recommended in patients with an upper GI bleed irrespective of the
presence or absence of ascites.

5.7. Renal impairment

Patients with ESLD are at increased risk to develop renal failure (RF), either spontaneously
(hepatorenal syndrome [HRS]) or iatrogenically (diuretics, nephrotoxic drugs). Preoperative
renal function significantly affects postoperative survival.

HRS can only be diagnosed after other causes of renal failure are excluded: obstruction, volume
depletion, ATN, and drug-induced nephrotoxicity. All diuretics should be stopped. Fluid
challenge with 1.5 L of isotonic saline should be administered to exclude volume depletion.

5.7.1. Types of HRS

Type I HRS: rapidly progressive renal failure with an increase in the serum creatinine to more
than 2.5 mg/dL within 14 days and marked oliguria.

Type II HRS: stable or slowly progressive impairment in renal function in patients with
refractory ascites.

Management:

1. Combination of

• vasoconstrictor drugs, such as vasopressin analogues, noradrenalin, and the combina‐
tion of midodrine and octreotide together,

• plasma volume expansion with albumin (1 g/kg intravenously on day 1, 20-40 daily
thereafter).

Hemodialysis as a bridge to liver transplant might be useful in patients who fail to respond to
medical treatment.

Nephrotoxic drugs should be used with cautious, and overtreatment with diuretics should be
avoided. It is recommended to stop diuretics if serum creatinine is >1.7 mg/dL.

5.8. Dilutional hyponatremia

Definition: Serum sodium <130 mmol/L.

Cause: impaired free water clearance by the kidneys due to nonosmotic hypersecretion of ADH.

• It represents a late event and indicates poor prognosis. Occurs months after the onset of Na
retention.

• It has been proposed to incorporate serum Na concentration in the MELD score; however,
this remains controversial.
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Management

• As long as the serum Na remains >125 mmol/L, no specific measures are required.

• If the serum Na level is <125 mmol/L, the following should be considered:

1. Diuretics should be stopped.

2. Infusion of albumin (100 g/24 h) or red blood cells is instituted attempting at expanding
the effective circulating blood volume.

Na level will increase as a result of turning off ADH secretion by the increased blood
volume. Once the serum sodium starts to rise, the albumin infusion is tapered.

3. Free water restriction.

• Attempts to rapid correction with hypertonic saline can lead to more complications.

5.9. Hepatic Encephalopathy (HE)

HE is a diagnosis of exclusion. Other etiologies as space-occupying lesions, vascular events,
metabolic disorders, and infectious diseases should be excluded.

Stages of hepatic encephalopathy

1. Slowing of consciousness

2. Drowsiness

3. Confusion, reactive only to vocal stimuli

4. Coma

Precipitating factors

1. Renal and electrolyte abnormalities

2. Gastrointestinal bleeding

3. Infection

4. Constipation

5. Benzodiazepines, narcotics, or other sedatives

6. Excessive dietary protein intake

7. Worsening liver function, e.g., portal vein thrombosis

8. Noncompliance with medications, especially lactulose

Therapy

1. The mainstay is correcting the precipitating event.

2. Intubation has to be considered to prevent aspiration, depending on the level of con‐
sciousness.
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3. Nasogastric tube should be placed.

4. Nonabsorbable disaccharides such as lactulose: The usual starting dose is 20 mL, 3-4 times
daily with the aim of achieving 2-4 soft bowel movements per day.

5. Neomycin 3-6 g/day in divided doses might be added. Alternatively, metronidazole can
be used.

6. Low-protein diet (minimum 30 g/day).

7. Gluconeogenesis is a significant source of production of endogenous ammonia and may
result in worsening of the encephalopathy. Patients should be provided with at least of
400 calories daily in the form of IV glucose to reduce gluconeogenesis.

• Once the patient recovers, a moderate amount of protein (40 g/day) is given and increased
to the maximum tolerated dose within few days.

• It is important to avoid protein restriction for a long time to prevent worsening of the
nutritional state.

• The role of ornithine-aspartate, sodium benzoate, and branched-chain amino acids is
questioned.

• Ammonia level is a poor predictor of the degree of encephalopathy. Changes in ammonia
levels should not be considered an indicator of therapeutic benefit; improvement in mental
status is the therapeutic end point.

5.10. Portopulmonary Hypertension (PPHTN)

Definition: portal hypertension (clinical diagnosis), mean pulmonary artery pressure (MPAP)
>25 mm Hg, pulmonary artery occlusion pressure (PAOP) 15< mm Hg, pulmonary vascular
resistance (PVR) >240 dyne/s/cm−5.

The detection of PPHTN is crucial as it increases the perioperative and long-term risks.

The most common presenting symptom is progressive dyspnea on excretion; however,
patients with even severe PPHTN can be completely asymptomatic. Echocardiography is the
screening method of choice. A systolic right ventricular pressure (RVsys) of >50 mm Hg as a
cutoff is used. Only these patients need to undergo right heart catheterization to characterize
pulmonary hemodynamics.

5.11. Hepatopulmonary syndrome

This is defined as a triad of the following:

1. Chronic liver disease

2. Hypoxemia (PaO2 <70 mm Hg or alveolar to arterial oxygen gradient >20 mm Hg)

3. Intrapulmonary arteriovenous dilatation or shunts as detected by contrast echocardiog‐
raphy, lung perfusion scanning, or pulmonary angiography
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Hypoxemia at rest is the prerequisite for the diagnosis. Medical management is disappointing,
and liver transplant is advocated as the treatment of choice.

5.12. Malnutrition

Malnutrition is common with liver impairment and is a risk factor for mortality following LT.
Nutritional supplementation has not been proven to affect outcome. The total amount of
calories provided should be at least 30-35 kcal/kg/day. Adults can receive daily 1-2 g protein/
kg of dry body weight. Patients should take daily multivitamin and other supplements as
needed. Specific fat-soluble vitamin supplements are provided if a deficiency is present.

5.13. Psychosocial stress

The preoperative period can be extremely stressful. Declining health, uncertainty about the
results, and inability to continue working and participating in daily activities may increase the
risk of depression and/or anxiety. Patients with chronic HCV have a greater incidence of
depression and anxiety. Patients who experience significant psychological distress have
increased complications.

6. Preoperative checklist

The preoperative evaluation concludes with a review of all pertinent studies and information
obtained from investigative tests.

1. Informed consent after discussion with the patient and family members regarding the
indication for the anticipated surgical procedure, as well as its risks and proposed benefits

2. Review the need for β-blockade, DVT prophylaxis

3. Antibiotic prophylaxis: The appropriate antibiotic is chosen before surgery and adminis‐
tered before the skin incision is made

4. Preoperative mechanical bowel cleansing, whenever indicated

5. Revision of medications

• Careful review of the patient’s medications is important.

• The aim is to judiciously give medications that control the patient’s illnesses and at the
same time minimizing the risk associated with anesthetic and other drugs interactions.

• In general, patients taking cardiac drugs, pulmonary drugs or anticonvulsants,
antihypertensives, or psychiatric drugs are advised to take their medications with sips
of water on the morning of operation.

• Parenteral medications are used if the patient remains NPO for any significant period
postoperatively.
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• It is important to restitute patients to their usual medications as soon as possible.

• Drugs affecting platelet function are withheld for variable time: aspirin and clopidogrel
(Plavix) are withheld for 7-10 days, while NSAIDs are withheld depending on the
drug’s half-life between 1 day (ibuprofen and indomethacin) and 3 days (naproxen and
sulindac).

6. Preoperative fasting

7. Postoperative monitoring

• The patients are monitored for signs of hepatic decompensation, such as ascites, worsening
jaundice encephalopathy, coagulopathy, and renal impairment.

• If any of these occur, supportive therapy is started immediately.

• Prothrombin time is the single best indicator of the synthetic function of the liver.

• Elevated serum bilirubin level may result from worsening of the liver function and also may
be elevated because of other conditions, as blood transfusions, blood extravasation, or
infection.

• Renal function must be monitored closely. If renal impairment occurs, the cause should be
suspected and treatment started.

• In cases of severe impairment of the liver functions, hypoglycemia may occur as a result of
depletion of liver glycogen stores and impaired gluconeogenesis. Serum levels of glucose
should be monitored closely if postoperative liver failure is suspected.

• Careful attention should be paid to the IV fluid infusions.

Intravascular volume maintenance minimizes the risk of hepatic and renal underperfusion.

At the same time, crystalloid overinfusion results in liver congestion, venous oozing and
pulmonary congestion and edema, ascites, peripheral edema, and wound disruption.

8. Bottom lines

• Accurate preoperative identification of patients with liver disease allows their treatment
plans to be adjusted.

• In patients with acute liver disease, elective surgery should be postponed until symptoms
resolve.

• Elective surgery should be avoided in patients with acute liver diseases such as acute viral
hepatitis or alcoholic hepatitis, if there is evidence of ongoing hepatic injury.
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• In cases of chronic liver diseases, it is mandatory to assess the severity of underlying disease
before deciding whether to proceed with surgery.

• MELD and CTP scores can be used to stratify the risks of surgery for patients with chronic
liver disease.

• Optimal preoperative management can reduce the risk of postoperative morbidity and
mortality.

• Preoperative management of complications related to patients’ underlying liver disease is
essential to optimize their outcomes.
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Abstract

Hepatitis C virus (HCV) is a progressive disease that infects more than 185 million in‐
dividuals worldwide and is associated with persistence of viral replication and ongo‐
ing necroinflammation and fibrosis. To date 20% of patients chronically infected with
HCV progress to cirrhosis. Epidemiological studies demonstrate that the incidence of
HCV is not well known, because acute infection is generally asymptomatic. The glob‐
al prevalence is about 2.2% and there is a large degree of geographic variability. Be‐
fore the 2011, the gold standard of therapy for the treatment of chronic hepatitis C
(CHC) was based on the combination of pegylated Interferon (peg-IFN) and Ribavirin
(RBV). However, several aspects related to safety profile limited their use in clinical
practice. In the recent years, thanks to basic research on HCV structure and replicative
cycle, it has been possible to develop direct acting antiviral drugs that have dramati‐
cally increased the viral clearance rate. Specifically, the advent of the triple therapy
employing direct acting antivirals has dramatically increased the viral clearance rate,
from less than 10%, with the initial regimen of IFN monotherapy, to more than 95%
with the current therapy. Even though new medications for hepatitis C are effective
disease modifiers and have the potential, in a long term perspective, to eradicate the
pathology, the cost of new treatments are unlikely to be sustainable for the NHSs. The
evidence documenting the effectiveness and tolerability of the new therapies for HCV
and several pharmacoeconomic analysis, shows that despite the cost, the new treat‐
ments can be considered cost-effective in the long period. However, the health care
systems are unable to compensate the height financial resources immediately needed
for treating patients with the long terms savings that will be obtained from the eradi‐
cation of HCV. Indeed, new pharmaceutical policy and a global commitment is re‐
quired to improve strategies of treatment and price negotiation with pharmaceutical
companies to move from a theoretical cost-effectiveness approach to a practical cost-
sustainable reality.
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1. Introduction

Hepatitis C virus (HCV) is a progressive disease that infects more than 185 million individuals
worldwide and is associated with persistence of viral replication and ongoing necroinflam‐
mation and fibrosis. To date, 20% of patients chronically infected with HCV progress to
cirrhosis.

Epidemiological studies demonstrate that the incidence of HCV is not well known since acute
infection is generally asymptomatic. The global prevalence is about 2.2%, and there is a large
degree of geographic variability. Before the 2011, the gold standard of therapy for the treatment
of chronic hepatitis C (CHC) was based on the combination of pegylated interferon (peg-IFN)
and ribavirin (RBV). However, several aspects related to safety profile limited their use in
clinical practice. In the recent years, thanks to basic research on HCV structure and replicative
cycle, it has been possible to develop direct acting antiviral drugs that have dramatically
increased the viral clearance rate. This new therapeutic strategy contemplates the use of
interferon-free treatment protocols that are shorter and well tolerated, and this might improve
the management of patients. These new medications for hepatitis C are effective disease
modifiers and could potentially eradicate the infection in a long-term perspective. However,
their costs are even high and unlikely sustainable for the National Health Systems (NHSs),
and new pharmaceutical policy and a global commitment are required for achieving the
universal access to new treatment strategies.

2. Structure and replicative cycle of HCV

The structure of the HCV virion remains poorly characterized despite several substantial
progress in biochemical and morphological studies, and most of the HCV proteins are now
actively being pursued as antiviral targets. HCV, discovered in 1989, is a positive-sense, single-
stranded RNA virus, approximately 9600 nt in length, which belongs to the Flaviviridae family
(Flavivirus genus), also including many arthropod-borne human pathogens such as yellow
fever virus, West Nile virus, and dengue virus. HCV has been classified by the World Health
Organization (WHO) as an oncogenic virus [1]. HCV-RNA encodes a polyprotein that is
cleaved by cellular and viral proteases into structural and nonstructural proteins, each with a
specific function. The structural proteins include two envelope glycoproteins E1 and E2, which
are targets of the host antibody response and are crucial for viral entry and fusion, and a core
protein (C), which interacts with the viral genome to form the nucleocapsid. The nonstructural
proteins P7, NS2, NS3, NS4A, NS4B, NS5A, and NS5B form a complex with the RNA of the
virus to initiate viral replication, which occurs by budding through intracellular membranes.
Mature virions are released into the extracellular milieu by exocytosis, and nascent virions
incorporate cellular lipoproteins and apolipoproteins (e.g., apoE and apoB) as lipoviral
particles [2]. HCV specifically infects hepatocytes, entering the cells by receptor-mediated
endocytosis. During primary infection, HCV particles are transported by the blood stream and
come in contact with hepatocytes after spanning the fenestrated endothelium of the liver
sinusoids. In the Disse space, virions are in direct contact with the basolateral surface of
hepatocytes that interact with multiple cell surface molecules, including attachment factors
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and receptors. Upon cell surface attachment, the subsequent steps of HCV entry are only
partially known, but a putative mechanism has been described in analogy with other Flavi‐
viridae [3]. The virus/receptor complex is internalized, and the nucleocapsid is released into
the cytoplasm, decapsidated, and the free viral RNA is used for both polyprotein translation
and replication in the cytoplasm. Replication and posttranslational processing seem to take
place in a membranous site constituted by viral nonstructural proteins and host cell proteins,
the replication complex, located in close contact with the perinuclear membranes. Genome
encapsidation presumably takes place in the endoplasmic reticulum, and nucleocapsids are
enveloped and matured into the Golgi apparatus before the release of new virions in the
extracellular space by exocytosis [4]. There are seven main known genotypes (GT) of HCV
(from GT-1 to GT-7) that have been classified into 67 subtypes with distinct geographic
distributions, modality of transmission, and sensitivity to interferon-based treatments [5].
Estimates of genotype distribution within 98 countries show that the most widespread
genotype is the GT-1 (46%), with the subtypes 1a and 1b that are the most common in the
United States and in Europe, respectively. Afterward, there are the GT-3 (22%), frequent among
drug users; the GT-2 (13%), mainly present in the Mediterranean area; and the GT-4 (13%),
mainly present in Egypt and other Arabic countries. GT-7 is extremely rare, and the incidence
and prevalence are not yet known [5]. These seven genotypes are responsible for 97% of all
infections present worldwide [6]. Although there are no differences in the risk of cirrhosis
among all genotypes, GT-3 and GT-1b are associated with increased rate of hepatic steatosis
and of hepatocellular carcinoma, respectively [7]. In addition, all these genotypes show
different frequencies of polymorphisms associated with resistance to several classes of virus-
targeting drugs [8].

3. The role of immune response in HCV infection

HCV has a very high replicative capacity, and a viral titer of >106 IU/mL can be measured in
the serum within days after infection (averages 1–2 weeks) [9]. Innate immune response is the
first line of host defense during infection, and interferons (IFNs) are the family of cytokines
specialized in coordinating immunity against viruses and for the induction of an antiviral state
in cells, by activation and regulation of cellular components of innate immunity, such as
natural killer (NK) cells [10]. Furthermore, the induction of the endogenous IFN system in the
liver can be ineffective in clearing the infection and in preventing response to therapies with
peg-IFN and RBV [11,12]. Types I and II IFNs are in general the major elements of the innate
immune response against viruses [10]. Type III IFN family (also known as IFNs-λ) is composed
of interleukins (IL)-29, IL-28A, and IL-28B and is induced in response to several viral patho‐
gens. In the liver, type III IFN receptors are expressed at significant levels as a functional full-
length form, suggesting intact type III IFN signaling as part of the intrahepatic innate immune
response [13,14]. Genetic variants of the IFN-λ3 and IFN-λ4 locus are strongly associated with
spontaneous clearance of HCV and with response to therapy with peg-IFN and RBV. The
molecular mechanisms that link genetic variants near the IFN-λ4 gene with constitutive
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New Perspective in HCV Clinical and Economical Management of the Current and Future Therapies
http://dx.doi.org/10.5772/61187

25



hours to days after infection, the adaptive immune response against HCV is not detectable
before 6–8 weeks and involves all components of the adaptive immune system, i.e., humoral
antibodies, CD4+ T cells, and CD8+ T cells [10]. All these three components were shown to be
associated with viral clearance. A well-coordinated interaction of the different immune cells
might be essential for a successful immune response against HCV; however, little is known
about the precise dynamic of this cross-talk [15]. HCV-specific T cells are recruited to the liver,
and the viral replication is inhibited by both noncytolytic and cytolytic mechanisms. In about
20% of patients, the immune reaction during acute hepatitis C is strong enough to eliminate
the infection. Immunocompetent HCV-infected individuals produce antibodies against
epitopes within the structural as well as nonstructural proteins. Most of them, however, have
no relevant antiviral activity, and only a small fraction of antibodies is able to inhibit virus
binding, entry, or uncoating. These “neutralizing antibodies” target linear as well as confor‐
mational discontinuous epitopes mainly located within the envelope glycoproteins E1 and E2.
While strong data indicate the neutralizing activity of these antibodies in vitro, their efficiency
in vivo is less understood [10,15]. HCV elimination is associated with strong and sustained
CD4+ and CD8+ cell responses that target multiple epitopes within the different HCV proteins
and that remain detectable long after resolution of infection [10,16,17]. They act noncytolyti‐
cally, by secreting antiviral cytokines such as IFN-γ, as well as cytolytically, through perforin
secretion and by engaging the FAS/FAS-L pathway [15]. Despite the intervention of both innate
and adaptive immune response in CHC, the virus is able to escape from these barriers through
yet unknown mechanisms.

4. Epidemiology and world impact of HCV

HCV infection is one of the main causes of chronic liver disease worldwide, and according to
recent estimates, until now more than 185 million people around the world have been infected.
In addition, annually there are three million of new infected people, and among them 350,000
die every year due to HCV-related disorders [18–21]. The prevalence of HCV varies greatly,
depending on the geographical area and the population considered: in Western Europe, it
ranges from 0.4% to 3%; in Eastern Europe and the Middle East, it is higher but not precisely
known [22]. The majority of the infected people reside in Asian countries (Taiwan, Mongolia,
and Pakistan), sub-Saharan Africa (Cameroon, Burundi, and Gabon), and the Eastern Medi‐
terranean (Egypt), which holds the highest frequency, with more than 20% [18]. HCV is a major
global public health issue due to its high prevalence, long-term unpredictable disease pro‐
gression, and low diagnosis and treatment response rates. Despite the fact that HCV infection
rates are decreasing, the clinical and economic impact of chronic HCV infection is expected to
considerably grow in the next decade since a large population of individuals that acquired the
virus in the 1960s developed disease-associated health issues through to the 1980s [23]. The
dual therapy, based on the administration of peg-IFN and RBV, is successful only in 40–50%
of patients infected with the GT-1, while untreated individuals or who failed treatment are at
risk of developing severe liver injuries such as cirrhosis, liver transplantation, and hepatocel‐
lular carcinoma (HCC) [24]. In Europe, there are 30,000 people on the transplant waiting list
but only 12,000 procedures per year, and the average cost of liver transplant in the United
States varies between $139,000 and $400,000 [25]. Although HCV can be successfully treated

Recent Advances in Liver Diseases and Surgery26



hours to days after infection, the adaptive immune response against HCV is not detectable
before 6–8 weeks and involves all components of the adaptive immune system, i.e., humoral
antibodies, CD4+ T cells, and CD8+ T cells [10]. All these three components were shown to be
associated with viral clearance. A well-coordinated interaction of the different immune cells
might be essential for a successful immune response against HCV; however, little is known
about the precise dynamic of this cross-talk [15]. HCV-specific T cells are recruited to the liver,
and the viral replication is inhibited by both noncytolytic and cytolytic mechanisms. In about
20% of patients, the immune reaction during acute hepatitis C is strong enough to eliminate
the infection. Immunocompetent HCV-infected individuals produce antibodies against
epitopes within the structural as well as nonstructural proteins. Most of them, however, have
no relevant antiviral activity, and only a small fraction of antibodies is able to inhibit virus
binding, entry, or uncoating. These “neutralizing antibodies” target linear as well as confor‐
mational discontinuous epitopes mainly located within the envelope glycoproteins E1 and E2.
While strong data indicate the neutralizing activity of these antibodies in vitro, their efficiency
in vivo is less understood [10,15]. HCV elimination is associated with strong and sustained
CD4+ and CD8+ cell responses that target multiple epitopes within the different HCV proteins
and that remain detectable long after resolution of infection [10,16,17]. They act noncytolyti‐
cally, by secreting antiviral cytokines such as IFN-γ, as well as cytolytically, through perforin
secretion and by engaging the FAS/FAS-L pathway [15]. Despite the intervention of both innate
and adaptive immune response in CHC, the virus is able to escape from these barriers through
yet unknown mechanisms.

4. Epidemiology and world impact of HCV

HCV infection is one of the main causes of chronic liver disease worldwide, and according to
recent estimates, until now more than 185 million people around the world have been infected.
In addition, annually there are three million of new infected people, and among them 350,000
die every year due to HCV-related disorders [18–21]. The prevalence of HCV varies greatly,
depending on the geographical area and the population considered: in Western Europe, it
ranges from 0.4% to 3%; in Eastern Europe and the Middle East, it is higher but not precisely
known [22]. The majority of the infected people reside in Asian countries (Taiwan, Mongolia,
and Pakistan), sub-Saharan Africa (Cameroon, Burundi, and Gabon), and the Eastern Medi‐
terranean (Egypt), which holds the highest frequency, with more than 20% [18]. HCV is a major
global public health issue due to its high prevalence, long-term unpredictable disease pro‐
gression, and low diagnosis and treatment response rates. Despite the fact that HCV infection
rates are decreasing, the clinical and economic impact of chronic HCV infection is expected to
considerably grow in the next decade since a large population of individuals that acquired the
virus in the 1960s developed disease-associated health issues through to the 1980s [23]. The
dual therapy, based on the administration of peg-IFN and RBV, is successful only in 40–50%
of patients infected with the GT-1, while untreated individuals or who failed treatment are at
risk of developing severe liver injuries such as cirrhosis, liver transplantation, and hepatocel‐
lular carcinoma (HCC) [24]. In Europe, there are 30,000 people on the transplant waiting list
but only 12,000 procedures per year, and the average cost of liver transplant in the United
States varies between $139,000 and $400,000 [25]. Although HCV can be successfully treated

Recent Advances in Liver Diseases and Surgery26

by now using antiviral therapy based on the administration of new direct acting antivirals
(DAAs), the economic burden of the disease, including complex regimens and the cost of
treatment, remains high since health care costs continue to rise [26]. For this reason, many
HCV-diagnosed patients around the world are left untreated or undertreated. A 2010 study
performed on U.S. employments found that the cost of sick days and lower productivity per
HCV-infected workers was US$8,352 per year [25]. A U.S. survey by the American Gastroen‐
terological Association (AGA) indicated that the cost for 30,000 outpatient visits for HCV
infection amounted to US$24 million in the 1998 [27]. The median cost for treating one patient
with dual therapy (peg-IFN and RBV) ranges from €7,517 to €21,229, depending on the virus
genotype, plus the costs of the new DAAs are about US$70,100 per quality-adjusted life years
(QALY) for mild fibrosis and US$36,300 per QALY for advanced fibrosis [28].

5. Natural history of HCV infection

HCV transmission primarily occurs via parenteral routes. Before the 1990s, the main routes of
transmission were unsafe blood transfusion procedures and injecting drug use. Currently, new
infections are mainly due to the use of drugs and, to a lesser extent, to unsafe medical and
surgical procedures, tattoos, and piercings. Distinctive HCV genotype distribution and
prevalence worldwide are due primarily to differences in transmission routes and clinical care
(Table 1) [29,30].

Patients

People who have received blood transfusions and solid organ transplant before 1992, or coagulation factor before 1987,
or in countries where serological testing of blood donations for HCV is not routinely performed

Patients exposed to nosocomial infections such as employees in hemodialysis centers

Recipients of previously unscreened blood, blood products, and organs

Hemophiliacs

People with HIV infection

People exposed to unsterile medical or dental equipment in health care settings where infection control practices are
substandard

Workers and other categories

Health care workers with occupational exposure to blood

Infants born from HCV-infected mothers

Injecting drug users and people using intranasal drugs

People receiving tattooing, body piercing, scarification procedures, and/or acupuncture with unsterile material

Prisoners

Sexual and household transmission are possible

10–40% with no identifiable risk factor

Table 1. Populations with high HCV prevalence or who have a history of HCV risk exposure/behavior
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Acute HCV infections are often oligo- or asymptomatic. The long incubation period makes
difficult to link related cases to the source of infection, and despite the high prevalence of
disease, most infected people are unaware of their infection. The long-term impact of HCV
infection is highly variable, ranging from minimal histological changes to extensive fibrosis
and cirrhosis with or without HCC [31]. Spontaneous clearance in the chronic phase of the
infection is rare and occurs only in 15–25% of cases. In 70–80% of infected patients, the virus
persists and the infection becomes chronic. In most patients, CHC leads to different degrees
of liver fibrosis, and one third (15–25%) of them could develop liver cirrhosis and HCC at a
rate of 2–4% after 10 to 40 years (Figure 1) [10,18]. The progression of liver disease occurs over
decades and is accelerated by alcohol consumption, diabetes/obesity, coinfections (human
immunodeficiency virus [HIV] and hepatitis B virus), old age at the time of infection, cumu‐
lative exposure to hepatotropic viruses, and environmental hepatotoxins [32,33]. The extra‐
hepatic manifestations of HCV infection include cryoglobulinemia, membranous
glomerulonephritis, and some non-Hodgkin lymphomas [34]. In Europe, about 1/4 of HIV-
infected patients have an HCV coinfection. Patients coinfected with HIV/HCV have a higher
risk of cirrhosis and AIDS and a higher overall mortality [35]. Thanks to the growing knowl‐
edge on the pathophysiology of the disease, the development of diagnostic procedures, and
the improvements in therapy and prevention, the clinical care for patients with HCV-related
liver disease has considerably advanced during the last years.

Figure 1. Natural history of HCV infection. In patients with HCV infection, the spontaneous clearance after the acute
phase occurs only in 15–25% of cases; during the chronic phase, extrahepatic manifestations might occur. For patients
who progress to decompensated cirrhosis, the survival rate at 5 years is about 50%, and among them, 2–4% per year
develop hepatocellular carcinoma

6. Screening and diagnosis

Since many infected people are unknown to health care systems due to the asymptomatic
nature of the disease, the management of HCV infection should focus not only on therapy but
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6. Screening and diagnosis

Since many infected people are unknown to health care systems due to the asymptomatic
nature of the disease, the management of HCV infection should focus not only on therapy but
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also on the screening of carrier individuals in order to prevent transmission [36]. In the case
of a newly acquired infection, the diagnosis of CHC can be made 4–6 months after viral
infection [30]. The HCV serologic testing should be offered to individuals who are part of a
population with high HCV seroprevalence or who have a history of HCV risk exposure/
behavior. It is also important to consider the possibility of infection with other blood-borne
viruses in subjects with HCV, and to offer screening for tuberculosis, hepatitis B virus, and
HIV, especially in some groups at risk, such as prisoners and people who inject drugs [18,26].
The current diagnostic techniques for HCV infection are based on a range of tests, including
the detection of anti-HCV by enzyme immunoassay in the majority of patients. The test for
HCV-RNA by real time polymerase chain reaction is considered the best technique to confirm
the presence of viremia and represent the gold standard in HCV diagnosis [lower limit of
detection <15 international units (IU)/mL] playing a crucial role in patient management and
for choosing the best therapeutic regimen [30,31].

Following spontaneous or treatment-induced viral clearance, anti-HCV antibodies persist in
the absence of HCV RNA but might decline and finally disappear in some individuals [37,38].
Additional tests include HCV genotype and subtype determination and host genetics. The
improved safety and efficacy of the new DAAs across genotypes could allow a simplified
approach to pretreatment screening, without requiring further baseline tests [39].

7. Assessment of liver disease severity

Due to the particularly high cost of the new DAAs, in the last 3 years, the access to treatment
has been restricted and strictly regulated. For this reason, the decision regarding treatment
initiation with DAAs mainly focus on the assessment of liver disease severity. In particular,
individuals at more advanced stages and with compensated cirrhosis benefit more than people
with less advanced cirrhosis since they are at higher dying risk.

Well-established panels of direct and indirect biomarkers have been studied for the assessment
of fibrosis progression and for the diagnosis of cirrhosis. Indirect biomarkers reflect liver
function while direct biomarkers reflect extracellular matrix turnover and include many
molecules involved in hepatic fibrogenesis. The most commonly used indirect serum bio‐
markers comprise the following: (i) the AST platelet ratio index [APRI = (AST/upper limit of
normal)× 100/platelet count] that was extensively validated in chronic HCV; (ii) Fibrotest, a
patented biomarker panel using five biochemical markers and two clinical parameters, which
was validated in several etiologies of cirrhosis and in the monitoring of fibrosis progression;
and (iii) FIB4, a biomarker panel using age, AST, platelet count, and ALT [FIB4 = (age× AST) /
(platelets × √ALT)], originally developed and validated in a cohort of HIV/HCV-coinfected
patients [40]. The blood tests needed for calculating APRI and FIB4 scores are inexpensive and
are available at the health facilities that provide treatment for HCV infection since they are
also used to monitor patients before and after the commencement of treatment [18,26]. Liver
biopsy remains the reference method for grading the activity and histological progression
(staging) of the disease [30,31,41]. However, because of its invasiveness, patient discomfort,
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risk of complications, as well as the need for expert histological interpretation, transient
ultrasound elastography (Fibroscan) is now used to assess liver disease severity prior to
therapy at a safe level of predictability [42,43]. Fibroscan is a noninvasive method of measuring
the mean stiffness of hepatic tissue, with hepatic rigidity considered a marker of progressive
fibrosis. There are different scoring systems for assessing the severity of chronic liver disease.
The major approach to classify CHC involves three separate considerations: (1) the etiology,
which is determined on the basis of histological appearance and laboratory tests; (2) the
severity and distribution of necroinflammatory activity; and (3) the degree of fibrosis [44]. The
most common scoring methods to interpret a liver biopsy include the Metavir, the histologic
activity index (HAI), also known as Knodell score, and the modified hepatic activity index
(Ishak-modified Knodell score) [45].

Metavir is a scoring system used to assess inflammation and fibrosis by histopathological
evaluation of a liver biopsy of patients with HCV. The scoring from A0 to A3 represents a
grading system that gives an indication on the activity and degree of inflammation. The
amount of inflammation is relevant since it is considered a precursor of fibrosis (Table 2).
Metavir also includes a staging system that indicates the amount of fibrosis or scarring [46].

The Knodell score is a semiquantitative and reproducible histological scoring of liver biopsies,
also commonly used for staging liver disease, that includes three categories of necroinflam‐
matory activity: periportal injury with or without bridging necrosis, lobular injury, and portal
inflammation. Lesions are assigned weighted numeric values that resulted in a combined
score, the hepatic activity index (HAI) [47].

In the last years, the Knodell score has been partially replaced by the Ishak score, in which the
major changes concern the modification of the HAI and the further division of necroinflam‐
matory assessment in four categories [45].

Activity grade A0 A1 A2 A3

Definition No activity Mild activity Moderate activity Severe activity

Fibrosis stage F0 F1 F2 F3 F4

Definition No fibrosis
Portal fibrosis
without septa

Portal fibrosis with few
septa

Numerous septa
without cirrhosis

Cirrhosis

Table 2. Metavir liver biopsy scoring system

8. Predictors of treatment response to HCV

Several patient and viral-related factors that can affect the severity of the disease, its progres‐
sion, and treatment outcome have been identified. The chronicity rate in HCV infection
appears to be lower in young individuals, and several studies highlight that young age (age
<40 years) is associated with more sustained virological response (SVR) [33,48]. The female sex
is associated with a higher SVR rate than that of males, using the standard peg-IFN and RBV
dual therapy [49]. Obesity is also a relevant predictor of disease progression, and prospective
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studies report that a body mass index of 25 kg/m2 was associated with significant progression
in the extent of fibrosis [50]. Furthermore, insulin resistance is extremely common in patients
with chronic HCV infection and has been associated with increased disease severity, extrahe‐
patic manifestations, and decreased response to antiviral therapy [51]. Many epidemiological
studies showed an association between chronic HCV infection and the risk of developing type
1 and type 2 diabetes mellitus [52]. Taking into account the viral factors, HCV genotype is the
strongest baseline predictor since there is a close correlation between the different genotypes
and sensitivity to IFN-based therapies. GT-1 and GT-4 are intrinsically more resistant to IFN-
α than GT-2 and GT-3, and for this reason, the viral clearance in patients who are IFN res‐
ponders occurs much slower in GT-1 and 4, as compared to 2 and 3 [53]. Although viral load
does not correlate with the severity of liver injury or the progression of the disease, a low
baseline viral load (<600,000 IU/mL) is related with the SVR and the treatment outcome [54].

Genetic variations have long been sought to explain the differences in host antiviral response,
and it is now well established that host genetics plays a role in the response to IFN-based
therapy in HCV infection [55]. A number of polymorphisms related to the IFN gene (IL28B)
have been involved in the immune response to HCV and appear to be strongly associated with
SVR in all groups of patients [56]. There are three IL28B distinct genotypes known as CC, CT,
and TT, which are strongly associated with race/ethnicity. People with the CC genotype have
a stronger immune response to HCV infection than people with the CT or TT genotypes (called
non-CC genotypes), and this polymorphism is strongly associated with a greater likelihood of
spontaneous viral clearance [57]. In the context of peg-IFN/RBV therapy, the IL28B genotype
could assist clinical decision making for the treatment of HCV infection. The first generation
of DAAs, including nonstructural NS3/4A protease inhibitors, has shown promising outcomes
when used in combination with peg-IFN/RBV in several clinical trials on GT-1-infected
patients, with an SVR higher than the dual therapy [58,59]. The SVR rates in the SPRINT-2 and
ADVANCE trials were higher in patients with CC (80% and 90%, in the two trials, respectively)
compared with CT (71% and 71%) or TT (59% and 73%) [60–62]. It is not yet clear if IL28B
polymorphism could still affect the treatment outcome with the interferon-free regimen since
larger cohort sizes will be required to confirm its influence.

9. Current standard of care and future therapies for HCV infection

In the past few years, HCV therapy has quickly changed the natural history of this disease.
Before 2011, the gold standard of therapy was based on the combination of peg-IFN and RBV
that, however, acts by unspecific and not completely known mechanisms and exhibited low
efficacy in some subgroup of population. The improvement of the knowledge on HCV life
cycle allowed to identify innovative therapeutic targets and to develop new drugs known as
direct acting antivirals (DAAs). These drugs target three of the main proteins involved in viral
replication: the NS3/4A protease, the NS5B polymerase, and the NS5A. The addition of DAAs
to peg-IFN and RBV and the development of new interferon-free regimen have dramatically
increased clinical outcome leading SVR rates from 90 to 100% (Figure 2).
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Figure 2. HCV protein products, mechanism of action, and activity of anti-HCV drugs. NIs: nucleoside inhibitors;
NNIs: nonnucleoside inhibitors; n.a.: not available.

9.1. Endpoints of treatment

The goal of HCV therapy is to eradicate infection, thus limiting or preventing the development
of disease complications. The most important endpoint, accepted by regulatory agencies for
assessing the efficacy of the therapy, is the sustained virological response (SVR) (Table 3). SVR
is defined as undetectable HCV RNA 12 weeks (SVR12) or 24 weeks (SVR24) after treatment
completion. Achieving this result is associated with a reduced risk of disease progression in
patients without cirrhosis, while those with cirrhosis remain at risk of life-threatening
complications [30,31].
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Responses to therapy Features

Rapid virological response
Undetectable HCV RNA levels at week 4 of therapy, maintained until the end of
treatment

Extended rapid virological response Undetectable HCV RNA levels at weeks 4 and 12

Early virological response
HCV RNA detectable at week 4 but undetectable at week 12, maintained until
the end of treatment

Delayed virological response
More than 2 log10 drop but still detectable HCV RNA at week 12, and
undetectable at week 24, maintained until the end of treatment

Sustained virological response
Undetectable HCV RNA levels (<50 IU/mL), 24 weeks after completion of
treatment

Partial response
More than 2 log10 IU/mL decrease in HCV RNA level from baseline at week 12
of therapy but still detectable at weeks 12 and 24

Null response
Less than 2 log10 IU/mL decrease in HCV RNA level from baseline at week 12
of therapy

Relapse
Undetectable HCV RNA levels at the end of treatment but detectable at any
time within 24 weeks of follow-up

Breakthrough Reappearance of HCV RNA at any time in the course of treatment

Table 3. Definition of responses to therapy according to the European Association for the Study of the Liver (EASL)
(extracted from Conteduca et al. [75]).

9.2. Dual therapy: Pegylated-interferon and ribavirin

Until recently, the combination of peg-IFN and RBV was the “historical” standard of care for
patients with HCV, and many regimens still contain one or both of these agents [8]. The IFNs
are a family of proteins, naturally produced by cells of the immune system with antiviral,
antiproliferative, and immunomodulatory activities. After administration, IFNs bind specifi‐
cally to high-affinity receptors that are present on the surface of most cells, triggering a cascade
of intracellular signaling responsible for the antiviral functions and immunomodulatory
effects that enhance the host-specific antiviral immune responses [63]. However, in clinical
practice, the efficacy of IFN is limited by short half-life and frequent administration (at least
three times weekly, even better daily). These limitations have been resolved by developing a
modified IFN conjugated with the polymer polyethylene glycol (peg). The introduction of
pegylated forms of IFN-α has substantially improved SVR rates and pharmacokinetic profile,
allowing once-weekly dosing without changing the safety profile [64]. RBV is an oral guano‐
sine analog with broad antiviral activity against several RNA and DNA viruses. The exact
mechanism of action has not yet been totally elucidated, although several hypotheses suggest
that its biological action occurs through modest inhibition of viral replication, depletion of
cellular guanosine triphosphate, immunomodulatory effects, and possible induction of viral
mutagenesis [65]. The duration of combined therapy depends on genotype, viral load, and
stage disease, with variable regimens from 24 to 48 weeks. Results from clinical practice
showed that 45% of patients with GT-1 and GT-4 infection, 70–80% of those infected with GT-2
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or GT-3, and 45–70% of patients with other genotypes achieved the SVR [66–72]. However,
there were several limitations in treating patients with peg-IFN and RBV due to drug toxicities,
low tolerability, or low efficacy (many patients do not respond or became intolerant) [69,70].
The safety profile is one of the limitations leading to dose reduction or treatment discontinu‐
ation. Adverse events caused by peg-IFN are fatigue, flu-like symptoms, depression, anemia,
neutropenia, and thrombocytopenia, while those caused by RBV are blood and lymphatic
disorder, nausea and vomiting, headache, anorexia, rash, and skin irritation [24,69].

9.3. NS3/4A inhibitors class

Protease inhibitors (PIs) act through reversible and covalent inhibition of the serine protease
NS3/4A responsible for processing of HCV polyprotein and production of new infectious
virions (Figure 2). These drugs can be structurally divided into two groups: linear tetrapeptide
α-ketoamide derivatives and macrocyclic inhibitors. Generally, PIs have a remarkable antiviral
activity and a low barrier to resistance and are selective against GT-1 infection. Furthermore,
the most NS3/4A inhibitors interact with the cytochrome CYP3A4, one of the main enzymes
responsible for drug metabolism, and this results in increased drug–drug interactions that can
limit treatment regimen [8,73]. These limitations have been partially overcome by the advent
of a new generation of PIs, which are also effective against genotypes other than the GT-1, and
possess a higher barrier to viral resistance as well as lower propensity for toxicity and drug–
drug interactions [8,74].

9.3.1. Telaprevir and Boceprevir

Telaprevir and boceprevir are the first generation of PIs approved by the Food and Drug
Administration (FDA) and the European Medicines Agency (EMA). Telaprevir and boceprevir
have been licensed in combination with peg-IFN and RBV, for the treatment of GT-1 infection
in naive and experienced patients with compensated liver disease. Telaprevir and boceprevir
improved SVR from 49% to 75% in naive patients as compared to the dual therapy [7,75].
Although these therapies have increased clinical outcome, their use is limited by increased rate
of adverse effects, including hemolymphopoietic disorders and other reactions related to
gastrointestinal system (nausea, diarrhea, vomiting, hemorrhoids, proctalgia, and pruritus).
Furthermore, the drugs have a low genetic barrier to resistance [68] and extensive drug–drug
interactions that limit their use in transplanted or coinfected patients [76–78].

9.3.2. Simeprevir

Simeprevir is a once-daily, second-wave protease inhibitor, licensed recently by the FDA and
the EMA. This agent is indicated in association with peg-IFN and RBV for the treatment of
GT-1 and GT-4 infection. This drug can be associated with sofosbuvir regardless of prior
patient treatment history [79]. Simeprevir has a broad spectrum of activity against multiple
HCV genotypes except for GT-3 [80]. Data from different trials show that it is highly effective
and well tolerated. The most common adverse events are nausea, rash, pruritus, dyspnea,
increment in bilirubin blood levels, and photosensitivity [8,74,79]. The NS3 Q80K polymor‐
phism is commonly found in GT-1a viruses and is associated with resistance in vitro and
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impaired response to simeprevir. It is therefore recommended that patients infected with
GT-1a must be screened for the presence of Q80K to evaluate the use of another agent in case
of positive result [81]. The activity of simeprevir has been validated in several phase II/III
studies: QUEST I, QUEST II, PROMISE, ASPIRE, and RESTORE.

In the QUEST I and QUEST II studies, 785 naive patients with GT-1 infection were randomized
to placebo or simeprevir plus peg-IFN and RBV for 12 weeks. Eighty percent of patients treated
with simeprevir achieved SVR12 compared with 50% in the placebo arm [81,82]. The PROMISE
study randomized 393 relapsers with GT-1 infection to simeprevir or placebo for 12 weeks
with peg-IFN plus RBV or RBV alone for additional 12–36 weeks, on a response-guided therapy
basis. In this trial, 79% of simeprevir treated patients achieved an SVR at 12 weeks compared
with 37% of patients in the placebo arm [83]. The efficacy of simeprevir in patients with GT-1
infection was evaluated also in the ASPIRE study that confirmed these results [84]. Finally, in
the RESTORE trial, the efficacy of simeprevir in GT-4 infection was established [85].

9.3.3. Paritaprevir

Paritaprevir is an NS3/NS4A protease inhibitor that has been licensed by the FDA and the
EMA in combination with ritonavir, ombitasvir, and dasabuvir with or without RBV. Pari‐
taprevir is metabolized primarily by cytochrome CYP3A4 and is used in combination with
ritonavir, a potent CYP3A4 inhibitor, in order to improve the exposures at acceptable dosing
frequency [86,87].

9.4. NS5A inhibitors class

The nonstructural NS5A protein is critical for the virus functions, having a role in viral
replication and assembly, and performing complex interactions with cellular functions.
Because of this crucial role, NS5A has been identified as a suitable target for viral inhibition
(Figure 2). NS5A inhibitors have a high antiviral potency, a pan-genotypic activity, and a
genetic barrier to resistance from medium to high. They also possess a good pharmacokinetic
and a safety profile that allow once-daily dosing [8,75,88]. Although several NS5A inhibitors
are in clinical development or already approved, the exact mechanism is not yet completely
known [89]. Recent evidence reported that some of these drugs inhibit formation of the
membranous web (Figure 2) that is thought to be the site of viral RNA replication [88,90]; other
hypotheses suggest that NS5A inhibitors induce rearrangement of NS5A from endoplasmic
reticulum-derived foci and limit hyperphosphorylation of this nonstructural protein [91–93].

9.4.1. Daclatasvir

Daclatasvir is the first NS5A inhibitor that is active at picomolar concentrations with broad
coverage of HCV genotypes [89]. Daclatasvir has been recently approved in combination with
sofosbuvir with or without RBV for the treatment of GT-1, GT-3, and GT-4 chronic hepatitis C
in naive and experienced patients. Daclatasvir has a pharmacokinetic profile that allows once-
daily dosing, and a low potential of causing drug–drug interactions with other medications
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[94]. Daclatasvir was studied in various combinations with NS3 and NS5B inhibitors and with
peg-IFN and RBV.

In a phase II study, 395 naive patients with GT-1 and GT-4 infection were randomized to receive
two doses of daclatasvir (20 or 60 mg) in combination with peg-IFN and RBV compared with
peg-IFN and RBV plus placebo. The SVR24 was achieved by 59.2% of patients receiving 20 mg,
59.6% in those who received 60 mg, and 37.5% in the placebo group. In patients with GT-4
infection, the SVR24 was achieved by 66.7% and 100% of those who received 20 mg or 60 mg
daclatasvir, respectively, vs 50.0% in the placebo group [95].

In the COMMAND trial, 151 treatment-naive patients with GT-2 and GT-3 infection were
randomly assigned to receive daclatasvir or placebo plus peg-IFN and RBV for 24 weeks.
SVR24 was achieved by 83% in GT-2 infection and by 69% in GT-3 infection, vs 63% in control
arm [96]. The treatment is well tolerated, and the main adverse events reported are diarrhea,
fatigue, headache, and nausea. The most significant resistant associated variants are 31V and
Y93H for GT-1b, and 31V, Y93H M28, and Q30 for GT-1a [97].

9.4.2. Ledipasvir

Ledipasvir is a potent NS5A inhibitor against GT-1, GT-4, and GT-5 infection but has lower
activity against GT-2 and GT-3 infection [89]. Ledipasvir was recently approved in combina‐
tion with sofosbuvir with or without RBV for the treatment of GT-1-, GT-3-, and GT-4-infected
patients, naive or experienced, and for the advanced liver disease [98]. This combination is one
of the most emerging interferon-free therapies that present a better safety profile than standard
therapy and an elevated efficacy with SVR rates from 90% to 100%.

9.4.3. Ombitasvir

Ombitasvir is a novel potent NS5A inhibitor with a promising efficacy particularly in difficult-
to-treat patients, in association with other DAAs [99]. This drug has been licensed by the FDA
and the EMA in combination with paritaprevir/ritonavir and Dasabuvir with or without RBV.
The efficacy of this drug was proved in several clinical trials both in association with peg-IFN/
RBV and in interferon-free regimens. In a study of treatment-naive GT-1-infected patients,
ombitasvir in combination with peg-IFN and RBV showed an early virological response in 25
out of 28 patients receiving the NS5A inhibitor compared with 6 out of 9 patients in the placebo
group [89,99,100].

9.5. NS5B inhibitors class

NS5B protein is responsible for replication of HCV RNA and represents one of DAAs thera‐
peutic target (Figure 2). NS5B RNA polymerase inhibitors can be divided into two distinct
categories: the nucleoside inhibitors (NIs) and the nonnucleoside inhibitors (NNIs). NIs act by
binding to the active site of the enzyme and are integrated into the growing RNA chain, causing
chain interruption. Nonnucleoside inhibitors (NNIs) bind outside the active site, leading to
the allosteric inhibition of RNA polymerase activity [8,75]. NIs have pan-genotypic activity
and a medium–high barrier to resistance; NNIs have a low–medium activity against different
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HCV genotypes as well as a low barrier to resistance. These differences are explicated on the
basis of different mechanisms of action because NIs act in a highly conserved region of the
HCV genome while NNIs bind only one of the four binding sites, and this results in a lower
efficacy against the different HCV genotypes [7,75].

9.5.1. Sofosbuvir

Sofosbuvir is the first NI approved by the FDA and the EMA in combination with other
antiviral drugs for the treatment of all HCV genotypes in adults [101]. Recently, sofosbuvir
was approved as a fixed-dose combination in a single tablet with ledipasvir [98]. Sofosbuvir
has a potent activity against all HCV genotypes, a high barrier to resistance, an excellent
tolerability, and a very favorable pharmacokinetic profile. The addition of sofosbuvir to peg-
IFN and RBV did not increase the frequency or severity of side effects [101,102]. The main
adverse events reported in clinical trials are fatigue, headache, and nausea. In vitro resistance
is linked to the development of an S282T mutation in the NS5B gene, although this should be
confirmed in higher numbers of patients [7,8]. The efficacy of sofosbuvir was evaluated in
patients infected with GT-1 to GT-6 chronic hepatitis C and was licensed on the basis of the
following three studies: NEUTRINO, PROTON, and ATOMIC.

The NEUTRINO was a phase III, single-arm study that investigated the efficacy and safety of
sofosbuvir with peg-IFN and RBV in 327 naive patients with GT-1, GT-4, GT-5, or GT-6
infection. SVR rates at 12 weeks were 90% for GT-1 infection, 97% for GT-4/GT-5/GT-6
infections, and 80% in patients with cirrhosis [103]. In the PROTON study, 147 GT-1-infected
patients were treated with sofosbuvir or placebo in combination with peg-IFN and RBV for 12
weeks. SVR12 rates were achieved by 91% in sofosbuvir arm and 58% in the placebo group
[8,104]. Finally, results from ATOMIC study confirmed the high efficacy of sofosbuvir in these
populations [105]. The introduction of this drug in clinical practice has changed the clinical
outcome achieving SVR over 90% especially in difficult to treat population as the GT-1-infected
one.

9.5.2. Dasabuvir

Dasabuvir is a nonnucleoside inhibitor and will be used as a part of the all-oral interferon-free
HCV therapy in combination with ombitasvir and paritaprevir/ritonavir. This combined
therapy has been recently approved by the FDA and the EMA. This combination has shown
high efficacy in several clinical trials and is one of the most promising interferon-free regimen.
Dasabuvir was developed to treat GT-1-infected patients while is inactive toward GT-2, GT-3,
and GT-4 infection. Dasabuvir is well tolerated, and the main adverse events recorded, when
in combination with other DAAs, were mild such as headache and fatigue [106,107].

9.6. Future therapies for HCV infection: interferon-free regimen

During the last year, the advent of interferon-free regimen has dramatically changed the
standard of care of anti-HCV therapy. These therapies include molecules with different
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mechanisms of action, pan-genotypic activity that improve their safety, and efficacy profile,
simplifying treatment duration. Several interferon-free combinations have been recently
approved, and other trials are in ongoing with different DAAs. Results from recent clinical
studies established that a permanent cure from infection could be achieved with interferon-
free combinations [20].

9.6.1. Sofosbuvir plus ribavirin

Sofosbuvir was the first drug licensed by the FDA and the EMA as part of interferon-free
regimen. Currently, sofosbuvir is indicated in combination with RBV for the treatment of
patients with GT-2 and GT-3 infection, even at advanced stages of the disease, while for all the
other genotypes, it is recommended only in patients ineligible or intolerant to peg-IFN.
Sofosbuvir-based treatment has been evaluated in several clinical trials [101]: FISSION,
POSITRON, VALENCE, and FUSION.

FISSION was a randomized study that evaluated 12 weeks of treatment with sofosbuvir and
RBV compared with 24 weeks of treatment with peg-IFN and RBV in 499 treatment-naive
patients with GT-2 or GT-3 infection. The SVR rates were 95% and 56% in GT-2- and GT-3-
infected patients, respectively, for the treatment with sofosbuvir/RBV, vs 78% and 63% in the
peg-IFN/RBV arm [103]. POSITRON study confirmed the clinical results obtained in FISSION
study [108].

In the FUSION trial, the combination of sofosbuvir/RBV was evaluated in GT-2- or GT-3-
infected patients, nonresponders to prior interferon-based treatment. SVR rates were 86–94%
in patients with GT-2 infection and 30–62% in GT-3 infection, for 12 or 24 weeks of treatment,
respectively [108]. The results obtained in the FISSION study for patients with GT-2 or GT-3
infection have been confirmed by the VALENCE trial [109].

Based on these studies, the combination of sofosbuvir and RBV showed high efficacy with SVR
>90% in patients with GT-2 infection, while lower SVR rates were recorded in patients with
GT-3 infection. This last population remains the most challenging group of patients to treat
with interferon-free regimen.

9.6.2. Sofosbuvir/ledipasvir ± ribavirin

Recently, the FDA and the EMA approved the fixed combination of sofosbuvir/ledipasvir with
or without RBV for 12 or 24 weeks for the treatment of GT-1, GT-3, and GT-4 chronic hepatitis
C in naive and experienced patients and in patients who had liver peritransplant [98]. The
efficacy of sofosbuvir/ledipasvir was evaluated in three phase III studies: ION-3, ION-2, and
ION-1.

The phase III ION-3 study evaluated 8 weeks of treatment with ledipasvir/sofosbuvir with or
without RBV and 12 weeks of treatment with ledipasvir/sofosbuvir, in 647 treatment-naive
noncirrhotic patients with GT-1 infection. The SVR12 was 94% in ledipasvir/sofosbuvir, 93%
ledipasvir/sofosbuvir plus RBV in patients who received 8 weeks, and 95% in patients who
received 12 weeks of ledipasvir/sofosbuvir. These results showed no benefits with the addition
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of RBV in the regimen or with extension of the treatment duration to 12 weeks [110]. A similar
rate of SVR was achieved in experienced patients with GT-1 infection in ION-2 and ION-1
studies, with clinical outcome ranging from 94% to 99% for subjects treated with ledipasvir/
sofosbuvir ± ribavirin [111,112]. The treatment is well tolerated, and the most common side
effects are fatigue and headache [98].

9.6.3. Sofosbuvir plus daclatasvir ± ribavirin

The combination of sofosbuvir plus daclatasvir with or without RBV for 12 or 24 weeks was
evaluated in the AI444040 study in 211 patients infected with GT-1, GT-2, or GT-3, including
treatment-naive individuals and who had failed prior therapy with boceprevir or telaprevir.
SVR12 was achieved in 98% naive and experienced patients with GT-1 infection, 96% of those
with GT-2 infection and 89% of those with GT-3 infection. The treatment was well tolerated,
and the most common adverse events reported are fatigue, nausea, and headache. This results
indicated that sofosbuvir plus daclatasvir is efficacious in GT-1-, GT-2-, or GT-3-infected
patients and in nonresponders with GT-1 infection [94,113]. This therapeutic approach is now
being tested in a phase III study, in subjects with GT-3 infection [114].

9.6.4. Sofosbuvir plus simeprevir ± ribavirin

The safety and efficacy of combined oral sofosbuvir plus simeprevir was evaluated in the
COSMOS study. In this trial, 168 patients (treatment-naive patients and previous nonrespond‐
ers) were randomized in two cohorts on the base of METAVIR scores (F0–F2 in cohort 1, F3–
F4 in cohort 2) to receive 12 or 24 weeks of simeprevir and sofosbuvir with or without RBV.
SVR was achieved by 92% in cohort 1 and 94% in cohort 2. This study suggested that the
addition of RBV and treatment duration for 24 weeks did not clearly improve SVR rates. This
combination therapy was well tolerated, and the most common adverse events were fatigue,
headache, and nausea [115].

9.6.5. 3D regimen: paritaprevir/ritonavir, ombitasvir, dasabuvir ± ribavirin

The multitarget therapy, which includes all-oral combination of paritaprevir/ritonavir,
ombitasvir, and dasabuvir, is one of the most promising interferon-free therapies. Paritaprevir/
ritonavir and ombitasvir are coformulated as fixed combination in a single tablet. The thera‐
peutic regimen “all in one” is completely oral, without interferon, and is the unique that
provides three antiviral agents with direct action, each characterized by a different mechanism
of action. The 3D regimen ± RBV is indicated for 12 or 24 weeks for the treatment of patients
with GT-1 infection, while only paritaprevir/ritonavir and ombitasvir are indicated in GT-4
infection. The 3D regimen is also indicated in combination with RBV for 24 weeks in liver
transplant recipients with GT-1 infection, in patients coinfected with HIV-1, and in patients
receiving replacement therapy with opioids [116,117]. The safety and the efficacy of this
regimen were based on the results of six clinical trials: SAPPHIRE I, SAPPHIRE II, PEARL II,
PEARL III, PEARL IV, and TORQUOISE II.
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In the phase III SAPPHIRE I study, 631 treatment-naive adults with GT-1 infection were treated
for 12 weeks with 3D regimen in combination with RBV. The overall SVR12 was 96% [118].

The SAPPHIRE-II trial was conducted in 394 experienced patients with GT-1 infection without
cirrhosis. The SVR rates were 95.3% among patients with a prior relapse, 100% among patients
with a prior partial response, and 95.2% among patients with a prior null response [119].

The PEARL-III and PEARL-IV studies assessed the needing to include RBV in the 3D regimen
in treatment-naive adults with GT-1 infection. Clinical results showed that SVRs are similar in
GT-1a infection (99.5% vs 99% with or without RBV, respectively), while patients with GT-1b
infection achieved higher SVR12 in RBV group (97.0% vs 90.2%, with or without RBV,
respectively) [120]. Similar results were obtained in the PEARL-II, in experienced patients with
GT-1b infection [121]. The efficacy of paritaprevir/ritonavir and ombitasvir in treatment-naive
or experienced patients with GT-4 infection was proved in the PEARL-I. In this trial, 90.9% of
naive patients treated with 3D regimen without RBV and 100% of naive and experienced
patients treated with 3D regimen plus RBV achieved SVR12 [122].

In the TURQUOISE-II study, the efficacy and the safety of 12 or 24 weeks with 3D regimen
with RBV were assessed in patients with advanced disease and GT-1 infection. Ninety-two
percent of patients achieved SVR rates at 12 weeks, vs 96% at 24 weeks. Experienced patients
with GT-1a infection had a better response from 24 weeks of treatment [123]. The resistance
profile observed in these clinical trials seems to have little impact on the likelihood of achieving
SVR, given the low virological failure rates recorded. The 3D regimen has shown high efficacy
in patients with GT-1 infection (90–100%) and is well tolerated. The main adverse events
reported are moderate, mainly pruritus, fatigue, and headache [117,118]. This interferon-free
regimen is now being tested in different clinical trials in association with other DAAs.

New interferon-free combinations are under investigation in phase II/III clinical trials. New
compounds seem to have a more potent activity vs different genotypes than the DAAs of
second generation. The aim of these new therapies is to treat HCV infection through shorter
regimen. Grazoprevir and elbasvir ± sofosbuvir and sofosbuvir and ledipasvir plus GS-9451
are the most promising combination in clinical development. A six-week interferon-free oral
treatment regimen for HCV GT-1 infection will be likely available in the near future [124–127].

9.7. Special population

9.7.1. Liver transplanted patients

HCV infection is one of the risk factors of liver transplantation and an important cause of
morbidity and mortality in these patients [128]. HCV infection recurrence occurs in 50% of
subjects with detectable HCV RNA at the time of liver transplantation [31,129]. Dual therapy
based on peg-IFN/RBV was the standard of care and is associated with low SVR rates at 24
weeks (20–25%). Telaprevir and boceprevir improved SVR until 67%, but drug–drug interac‐
tion with immunosuppressive agents and serious adverse events can limit their use [8,130,131].
The introduction of DAAs has improved the efficacy of HCV therapy in patients before and
after liver transplantation.
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In the phase III SAPPHIRE I study, 631 treatment-naive adults with GT-1 infection were treated
for 12 weeks with 3D regimen in combination with RBV. The overall SVR12 was 96% [118].
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New interferon-free combinations are under investigation in phase II/III clinical trials. New
compounds seem to have a more potent activity vs different genotypes than the DAAs of
second generation. The aim of these new therapies is to treat HCV infection through shorter
regimen. Grazoprevir and elbasvir ± sofosbuvir and sofosbuvir and ledipasvir plus GS-9451
are the most promising combination in clinical development. A six-week interferon-free oral
treatment regimen for HCV GT-1 infection will be likely available in the near future [124–127].

9.7. Special population

9.7.1. Liver transplanted patients

HCV infection is one of the risk factors of liver transplantation and an important cause of
morbidity and mortality in these patients [128]. HCV infection recurrence occurs in 50% of
subjects with detectable HCV RNA at the time of liver transplantation [31,129]. Dual therapy
based on peg-IFN/RBV was the standard of care and is associated with low SVR rates at 24
weeks (20–25%). Telaprevir and boceprevir improved SVR until 67%, but drug–drug interac‐
tion with immunosuppressive agents and serious adverse events can limit their use [8,130,131].
The introduction of DAAs has improved the efficacy of HCV therapy in patients before and
after liver transplantation.

Recent Advances in Liver Diseases and Surgery40

The first interferon-free regimen evaluated in pretransplant setting was 48 weeks of sofosbuvir
and RBV for all HCV genotypes. The posttransplant follow-up showed that sofosbuvir and
RBV prevented recurrence of HCV infection in 70% of patients [132]. Similar SVRs were
obtained in patients that had received liver transplant and then relapsed. The safety profile is
better than standard therapy on the base of adverse events reported [133,134].

The SOLAR-1 Phase II study analyzed the combination of sofosbuvir and ledipasvir for 12 or
24 weeks, in naive and experienced patients with a relapse of GT-1/GT-4 infection after liver
transplantation. The results showed that 96–98% of patients with F0-F3 fibrosis, 96% with
Child–Pugh–Turcotte A cirrhosis, 85–83% with Child–Pugh–Turcotte B cirrhosis, and 60–67%
with Child–Pugh–Turcotte C achieved the SVR12. The treatment was generally safe and well
tolerated [135]. Finally, in the CORAL-I study, the safety and the efficacy of 24 weeks of 3D
regimen with RBV were studied in 34 GT-1-infected liver transplant recipients with none or
mild fibrosis. The SVR was achieved in 97.1% of patients [136].

9.7.2. HIV-coinfected patients

Due to shared modalities of transmission, the infection with HCV is often widespread among
HIV-infected people. In the last decade, the rate of HCV coinfection was increased, and it has
been estimated that about 15–30% of HIV-infected patients are also infected with HCV. HIV/
HCV-infected patients are more difficult to treat since the coinfection decrease HCV clearance.
The standard of care of these patients was the combination of peg-IFN and RBV, but the
coadministration of several agents leads to increased drug–drug interaction and adverse
events and requires dose adjustment [137,138]. Similarly to that reported for HCV monoin‐
fected patients, the development of DAAs and interferon-free regimens has substantially
increased the treatment outcome. The combination of sofosbuvir and RBV was explored in
two studies. PHOTON-1 showed that 76%, 88%, and 67% of treatment-naive patients with
GT-1, GT-2, or GT-3 infection, respectively, achieved the SVR12. Sofosbuvir has minimal or
none interactions with a wide range of antiretroviral drugs, and treatment was well tolerated
[139,140]. Similar results have been obtained from PHOTON-2 [141]. The combination of
sofosbuvir and ledipasvir was evaluated in the ERADICATE study. In this trial, 100% of
untreated and antiretroviral-treated patients achieved the SVR12 [142]. Finally, the results
from TURQUOISE-I study showed that 93.5% of patients achieved SVR12 with 3D regimen
plus RBV [143].

10. Conclusions and challenges for the future

The advent of DAAs and interferon-free strategies has substantially improved the clinical
outcome in HCV therapy. Some interferon-free regimens have recently been licensed, and
some other are in clinical development. These new combinations have shown high SVR,
ranging from 90% to 100% even with shorter courses (8–12 weeks) of treatment, especially in
low responsive population with dual and triple therapies. Current studies focus on the clinical
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development of a new generation of DAAs, such as the combination of ABT 493 and ABT 530,
sofosbuvir, and GS-5816, gazoprevir, and elbasvir, which will be available in the near future
as therapeutic strategies with high efficacy and short regimen (4–8 weeks). However, both
scientific and economic unresolved issues are still present.

For the scientific perspectives, new and larger clinical studies are required in subjects infected
with GT-3, in treatment-experienced patients and at advanced stages of the disease, which
remain the most difficult subpopulations to be treated [144,145].

From the economic point of view, even though the new medications for hepatitis C are effective
disease modifiers and have the potential, in a long-term perspective, to eradicate the pathology,
the costs of new treatments are unlikely to be sustainable for the NHSs. Indeed, new pharma‐
ceutical policy and a global commitment are required to improve strategies of treatment and
price negotiation with pharmaceutical companies to move from a theoretical cost-effectiveness
approach to a practical cost-sustainable reality. Even if curing hepatitis C saves lives and
prevents a lot of downstream health care costs related to the progression of the disease,
including liver cancer or requirement of transplant, payers and politicians are in an uproar for
a variety of reasons, not least the fact that the drug is priced much higher in the United States
than in the rest of the world. For example, in Europe, where the government negotiates the
price, the cost of sofosbuvir is on the order of $55,000/patient. The ongoing discussion about
the sustainability of the new treatments demonstrates the limit of the current health technology
assessment classical approach. Indeed, the new products can be cost-effective in a long-term
perspective, considering the avoidance of further hospitalization and medicalization costs
related with transplantation. Until it will not be possible to reorganize the complete process
of therapy, to be able to capitalize the expected savings, the cost-effectiveness evaluation will
remain just a theory, posing concrete challenge to the sustainability of NHS systems. On the
other hand, the proposed cost of treatment is still considered too high in relation to the
prevalence of the pathology. This situation has opened the discussion on the necessity to find
new reimbursement approaches and new level of cooperation between different States. In
Europe, for example, bracket list price (min–max) for sofosbuvir has been proposed, to be
adjusted for instance by GDP/Pro-capita income (e.g., differential price), prevalence (price/
volume), and/or adaptive reimbursement considering genotyping, subclusters, and time to
event. None of the possible solutions have been implemented in a coordinated manner, but
the access to HCV new treatments stimulated, among health care decision makers, the
consciousness of the need of a new global synergistic approach.
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Abstract

Hepatitis C is a devastating illness which has the potential in the majority of cases to
lead to significant morbidity and mortality. Worldwide, the number living with
chronic hepatitis C approaches 185 million. Up until recently, the regimen of peg-IFN
and ribavirin stood as the standard of care and is still commonly used as first line
therapy. This is rapidly changing. Direct acting antivirals have altered the landscape
drastically. By understanding the genome of the hepatitis C virus, scientists and
researchers have been able to exploit its mechanism of transmission by creating
inhibitors against several of the nonstructural proteins that are integral to HCV
replication and function [NS3/4 protease, NS5A polymerase, and NS5B polymerases
(nucleoside and non-nucleoside)]. The previously reported 50%-70% SVR rates
achieved with peg-IFN and RBV are no longer the standard of care. Thanks to direct
acting antivirals, IFN free as well as “all oral” regimens are being used to treat HCV.
In addition to this, ribavirin-free regimens are also available. These highly effective
therapies also provide far less side effects and accomplish better results in less time,
thus shortening treatment duration significantly. Additionally, even in the notori‐
ously difficult -to-treat populations, results have been promising.

Keywords: Hepatitis C Virus, Direct Acting Antiviral, Treatment, Sustained Viro‐
logic Response

1. Introduction

Hepatitis C virus (HCV) infection is a devastating illness, which has the potential in the
majority of cases to lead to significant morbidity and mortality. Worldwide, the number living

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
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with chronic HCV approaches 185 million. Until recently, the regimen of pegylated interferon
(peg-IFN) and ribavirin (RBV) stood as the standard of care and is still commonly used as first-
line therapy in some countries. This is rapidly changing. Direct acting antivirals (DAA) have
altered the landscape dramatically. By understanding the genome of the HCV, scientists and
researchers have been able to exploit its mechanism of transmission by creating inhibitors
against several of the nonstructural proteins that are integral to HCV replication and function.
Sustained virological response (SVR), which is commonly defined as a lack of HCV viral
detection 12-24 weeks following treatment, with ribavirin and pegylated interferon alone, was
marginal but has continued to improve. Despite the improvement, the introduction of DAAs
has made the previously reported 50-70% SVR rates fall far short of rates achieved with DAAs.

NS3/4 Protease Inhibitors NS5A Inhibitors
Nucleos(t)ide NS5B
Polymerase Inhibitors

Nonnucleos(t)ide NS5B
Polymerase Inhibitors

Boceprevir Daclatasvir Mericitabine Dasabuvir
Telaprevir Elbasvir Sofosbuvir Deleobuvir
Simeprevir Ledipasvir VX-135 Lomibuvir
Parotaprevir Ombitasvir Tegobuvir
Asunaprevir Samatasvir ABT-072
Faldaprevir ACH-2928 BMS-791325
Danoprevir BMS824393 GS-9669
Grazoprevir PPI-461
Sovaprevir PPI-668
Vedroprevir GS-5816
Vaniprevir
IDX320

Legend: Drugs in italics have received FDA approval as of January 2015

Adapted from www.hepatitis.va.gov

Table 1. FDA approved and investigated drugs by mechanism of action

As it currently stands, four classes of DAA exist, which can be categorized according to the
protein they inhibit. These four include inhibitors of the NS3/4 protease, NS5A polymerase,
and NS5B polymerases (nucleoside and nonnucleoside). The approval of two NS3/4 protease
inhibitors, telaprevir (TEL) and boceprevir (BOC), occurred in 2011 and marked the beginning
of the age of DAAs. This was followed 2 years later by the approval of sofosbuvir (SOF), a
nucleoside NS5B inhibitor, and simeprevir (SIM), an NS3/4 protease inhibitor, further ex‐
panded the available treatment options. In 2014, a combination of IFN-free regimen utilizing
SOF and an NS5A inhibitor, ledipasvir (LED), was approved. Closely following this, the four-
drug combination pack of an NS5A inhibitor, NS3/4A inhibitor, and a nonnucleoside NS5B
inhibitor of ombitasvir (OMB), paritaprevir (PARr), and dasabuvir (DAS), respectively, gained
Food and Drug Administration (FDA) approval in the United States. In addition to the DAAs
in the four-drug combination pack, ritonavir has been added due to its potent inhibition of
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CYP3A4, increasing the effect of paritaprevir. Several other agents are currently undergoing
late stage clinical trials and are expected to be approved in the near future (Table 1).

2. Epidemiology

In  the  most  recent  National  Health  and  Nutrition  Examination  Survey  (NHANES),  the
estimated prevalence of HCV infection is  approximately 3.6 million in the United States
alone, with an estimated 2.7 of these having chronic infection. Worldwide, the World Health
Organization  (WHO) estimates  that  nearly  150  million  people  have  chronic  HCV infec‐
tion. In both the United States and worldwide, estimates likely fall significantly short given
that nearly half of all infected patients have never been tested for HCV. Additionally, the
incidence among prisoners and the homeless are not known and in less developed nations
are often not recorded [1].  HCV is thought to be the causal factor of up to one-third of
cases of cirrhosis worldwide [2, 3].

In a study done by Shepherd et al. [4], analysis of positive HCV seroprevalence throughout
some of the most populous nations of the world revealed an overall worldly prevalence rate
of 2%, or roughly 123 million people. Given the limitations that widespread detection and
recording pose, one would expect the actual prevalence to be larger. Individual analysis of
many nations including China, Pakistan, and Egypt revealed estimated HCV seroprevalence
well above this range. Disease transmission patterns again reveal that the majority of trans‐
mission of HCV is thought to be from unscreened blood donation, injection drug use, unsafe
therapeutic injection, or other health care-related procedures. As medical practices become
safer and blood screening continues to occur, the rates of HCV transmission from injection
drug use will become the predominant mode of transmission as it has in developed countries
like Australia, England, and the United States. Despite its success in the United States, several
barriers to improving the safety of blood transfusions have remained throughout nations
across the world [4-6]. As it stands, the WHO’s global database estimates that among the 97
of 164 countries that provided data, 89% of donated blood is being screened following basic
quality procedures [7].

HCV cirrhosis remains the primary indication for liver transplant (LT) in the United States
with over 15,000 patients currently listed on the United Network for Organ Sharing (UNOS)
list [8]. In year 2013 alone, over 6,400 patients underwent LT in the United States, increasing
steadily from 1,700 in 1988 [9]. The United States leads in amount of deceased donor liver
transplantations followed by China, with roughly 2,000 in 2010 [10].

3. Economic impact

As is the case with most newly discovered pharmaceuticals, recently approved DAAs carry
with them a financial cost so high that it is a barrier to treatment. At around $1,000 U.S. dollars
per pill, a 12-week regimen would run the patient and their insurance provider approximately
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$84,000 with other DAA sharing similar price tags. The endeavor of validating coverage
depends upon the tangible and the intangible, the objective and subjective, the cold hard
science, and the cold hard dollars. Like prior novel pharmaceuticals before them, DAAs will
need full support from the respective government in which the regimen is being distributed,
as it does in the United States. Governing medical councils such as the FDA, the Health
Products and Food Branch (HPFB) of Health Canada, the State Food and Drug Administration
(SFDA) in China, and so on, will need to first approve drug regimens and define which
population is to receive them.

It is difficult to estimate the exact savings per patient due to the multitude of confounding
variables. All things considered, if a patient with HCV progresses naturally without treatment
to the point of being considered to have end-stage liver disease. The equivalent of hundreds
of thousands of medical dollars will have been spent in order to treat and care for these patients.
In addition to the cost savings achieved by no longer needing to treat the manifestations of
chronic hepatitis C, the cure of hepatitis C has been also been shown to provide benefits. Beside
the improvement in psychological and social well-being, which accompanies cure of HCV,
treatment has been shown to decrease and potentially reverse cirrhosis, esophageal varices,
and the risk for the development of hepatocellular carcinoma [11-13].

Notably, incomplete treatment, unsuccessful treatment, and reinfection are always possible,
particularly in patients with comorbid psychiatric illness, concomitant drug addiction, and
poor social support, all known risks factors for contracting HCV [3]. In the long run, this issue
should continue to fade in its controversy given that the minimum manufacturing costs for
producing direct acting antivirals have been estimated at $100-250 for a 12-week course of
treatment once patent expires and production of generic versions are widely available [14].
Additionally, immediate treatment upon detection as opposed to delay in therapy has shown
cost-effectiveness [15].

4. Past therapy

Over the past several years, more so recently, treatment options for HCV have exponentially
grown. Treatment for HCV began with the FDA approval of interferon (IFN) in 1991, followed
by combined IFN and RBV in 1998, and later with peg-IFN in 2001. The regimen of peg-IFN
and RBV once stood as the standard of care, and still does in many nations, until recently.
DAAs, which target nonstructural proteins involved in replication and infection of HCV, were
first approved in 2011.

Peg-IFN and RBV historically have been shown to result in SVR rates of 75% in patients with
genotypes 2 or 3, but only of 40% in patients with genotype 1 [16]. The duration of therapy
often depended on both patient’s genotype and their response to therapy as measured by HCV
RNA viral load following initiation of treatment [17]. In one-third of all patients being treated
with peg-IFN and RBV, adverse side effects were noted. These ranged from an influenza-like
illness, characterized by fatigue, headache, fever, and rigors as well as complaints of depres‐
sion, irritability, or insomnia. In addition to the side effects, therapy with peg-IFN was a tedious
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experience. Treatment often included weekly subcutaneous injections of peg-IFN in addition
to daily oral RBV for up to 48 weeks. In addition to this, patients required at least monthly
appointments for the first 12 weeks for monitoring of side effects and blood work, including
HCV viral load monitoring. The tedious schedule and weekly subcutaneous injections lead
many to either not enroll for therapy or undergo incomplete treatment.

As it stands now, the time of weekly injections and unfavorable side effects are gone. In 2014,
new IFN-free regimens became available. The previous peg-IFN and RBV therapy or even
triple therapy involving TEL or BOC is quickly becoming extinct. In 2015 onward, IFN-
containing regimens will be replaced by all-oral, IFN-free therapies. Additionally, RBV-free
regimens are also becoming widely available, and RBV will likely go the way of peg-IFN due
to its unfavorable side effect of anemia.

5. Direct acting antiviral therapy

As noted thus far, the groundbreaking development of DAAs has appeared to instantaneous
change a bleak and dismal diagnosis to one filled with hope and promise. HCV seems to be
paralleling HIV in that it was once considered a death sentence where treatment was harsh
and limited but has now changed to something treatable with a pill. Additionally, one can now
expect to live a near normal lifespan and be contributors to society.

The genome of HCV is now well understood, and because of this, scientists have been able
create inhibitors against components of the genome integral to HCV replication and function.
As it currently stands, four classes of DAAs exist and include the NS3/4 protease inhibitors,
NS5A polymerase inhibitors, and the NS5B polymerases (nucleoside and nonnucleoside)
inhibitors. Starting with protease inhibitors in 2011, BOC and TEL changed the game and raised
SVR to impressive levels in treatment-naive patients. Shortly after, SOF, a nucleoside NS5B
inhibitor, and SIM, another NS3/4 protease inhibitor, were approved and progress soared. It
was not long before the old regimen of peg-IFN was being disposed of for more convenient
and more tolerable agents. In the past months, additional agents have been approved and
include LED, OMB, PARr, and DAS. Many more are under investigation and will likely be
approved by the time of this publication.

The treatment of HCV centers on achieving SVR because if one can achieve this then life
expectancy approaches near normal [18]. Without a detectable HCV viral load, cirrhosis is not
expected to be occurring, and therefore neither are the complications thereof. Historically,
achieving SVR in unique patient populations has proven difficult. Additionally, patients with
certain factors often did not tolerate treatment well. In these populations, treatment was not
approved, i.e., post liver transplant HCV patients. Genotypic analysis has also helped to
identify unique populations. It has been established that some strains of HCV appear to possess
an innate resistance to peg-IFN and RBV. Further exploration into genotypic and polymorphic
variation and its effect on treatment response is needed, particularly now that these new agents
with different mechanisms of action than peg-IFN and RBV are being utilized.
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5.1. Genotype specific

HCV is classified into 11 genotypes with the first 6 of these garnering the majority of attention.
Interestingly, various genotypes possess a geographic predominance [19] (Table 2).

Genotype Geographic distribution

1 United States, Europe, Japan

2 Mediterranean, Europe, Japan, North America

3 Southeast Asia, Europe, United States

4 Egypt, North Africa, sub-Saharan Africa, Middle East

5 South Africa

6-11 China, Korea, Taiwan, Southeast Asia

Table 2. HCV genotype geographic distribution

Genotype 1 is the most prevalent genotype in the world and until recently had been the most
difficult genotype to treat due to its poor SVR rates in response to peg-IFN and RBV. Treatment
over the years has evolved significantly and the newest available guidelines support the use
of the SOF/LED combination or the OMB/PARr/DAS/RBV combination [20-27]. Alternatively,
data also indicate that use of SOF, SIM with or without RBV, achieved acceptable rates of SVR
and can also be considered for use [28]. In patients with genotype 1 HCV infection, new SVR
targets are now at greater than 90%. Newer therapies will need to measure up to these results.
New agents remain under study, but preliminary results have been as impressive as the above
regimens, and thus the market for treatment of genotype 1 infection will be saturated before
we know it [29, 30] (Table 3).

Genotype 2 is found in clusters in the Mediterranean region and has historically responded
well to the previous standard of peg-IFN and RBV. Genotype 3, now becoming the most
difficult genotype to treat, has the unique characteristic of being associated with intravenous
drug use. Recent studies using the newer DAAs show increased rates of SVR. Current
recommendations for treatment suggest ample success is possible by utilizing a SOF and RBV
regimen [31-36]. Building on excellent results of a phase II trial, an ongoing phase III trial is
pending and expected to show widespread success with the use of daclatasvir (DAC) in
combination with SOF [37, 38]. DAC, an NS5A inhibitor, has shown similar promising results
throughout all genotypes as expected given its pan-genotypic treatment effect. Other prom‐
ising regimens include SOF/LED combination, as well as GS-5816, a pan-genotypic NS5A
inhibitor in combination with RBV [39, 40] (Table 4).

Genotype 4 is found mostly in Egypt, the Middle East, and northern Africa. Although rare in
the United States, in Egypt, the prevalence of HCV is upwards of 15% and thus remains an
important research focus. Similarly, genotypes 5 and 6 are rare in the United States and are
more frequently found in southern Africa, Southeast Asia, China, and Korea. Given the
geographic distribution, few genotype 4-6 patients have been enrolled in clinical trials. More
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research is needed, but SOF-based regimens are likely to be significantly effective in the
meantime [31, 41-46] (Table 5).

Trial Phase n Regimen SVR Comments

ION-1 [20] III 865
SOF/LED ± RBV for
12 or 24 wks

>97%
Included patients with compensated
cirrhosis

ION-2 [20] III 440
SOF/LED ± RBV for
12 or 24 wks

>94%

Previously treated patients with and
without cirrhosis. Lower SVR was
observed in the 12-week group without
RBV.

ION-3 [21] III 647
SOF/LED ± RBV for
8 or 12 wks

>93%
Included patients with compensated
cirrhosis in 12 week arm

SAPPHIRE-I [22] III 631
OMB/PARr/DAS + RBV
for 12 wks

>95% Absence of cirrhosis required

SAPPHIRE-II [25] III 297
OMB/PARr/DAS + RBV
for 12 wks

>96%
Previously treated patients without
cirrhosis. SVR similar regardless of
previously treatment failure.

PEARL-III [23] III 305
OMB/PARr/DAS ± RBV
for 12 wks

>90% G-1a patients

PEARL-IV [23] III 419
OMB/PARr/DAS ± RBV
for 12 wks

>99% G-1b patients

TURQUOISE-II [24] III 380
OMB/PARr/DAS + RBV
for 12 or 24 wks

>92% Patients with compensated cirrhosis

COSMOS [28] II 167
SOF/SIM ± RBV for
12 or 24 wks

>90%
Extending treatment and RBV did not
significantly improve SVR, phase III
trial ongoing(OPTIMIST)

SIRIUS [27] II 155
SOF/LED for 24 wks or
SOF/LED + RBV
for 12 wks

>96%
Previously treated patients with and
without cirrhosis. 12 week course
proved as effective.

C-WORHTY [26] II 253
GRZ/ELB ± RBV for
12 or 18 wks

>90%
Previously treated and untreated with
and without cirrhosis

Legend: Wks: week; GRZ: grazoprevir; ELB: elbasvir

Table 3. Results of DAA treatment in genotype 1 patients

Trial Phase n Regimen SVR Comments

FISSION [31] III 499 SOF + RBV for 12 wks 97%
Compared to previous standard, SOF
greatly improved SVR rates from 78%
to 97%

POSITRON [32] III 278
SOF + RBV for 12 wks
vs placebo

78%
SVR was higher for G-2(93%) vs
G3(61%)
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Trial Phase n Regimen SVR Comments

VALENCE [33] III 419
SOF + RBV for 12 or 24
wks

>78%

G-2 was treated for 12 wk and G-3
was treated for 24 wks in patients
with and without cirrhosis who were
and were not previously treated.
Lowest SVR(78%) was noted in the
previously treated, cirrhotic genotype
3 patients.

FUSION [32] III 201
SOF + RBV for 12 or 16
wks

>86%
Previously treated patients with and
without cirrhosis.

LONESTAR II [34] II 47
SOF + RBV + peg-IFN
for 12 wks

>96%
Previously treated patients with and
without cirrhosis

A144040 [37] II 44
DAC + SOF ± RBV
for 24 wks

>88%

PROTON [35] II 25
SOF + RBV + peg-IFN
for 12 wks

92%

ELECTRON [36] II 50
SOF + RBV ± peg-IFN
for 12 wks

100%
Among the SOF + RBV arms of the
study SVR was high, the SOF only
group reported an SVR of 60%

Legend: Wks: week; DAC: daclatasvir

Table 4. Results of DAA treatment in genotypes 2 and 3 patients

Trial Phase n Regimen SVR Comments

NEUTRINO [31] III 327*
SOF + RBV + peg-IFN
for 12 wks

96%

Patients with genotypes 1,
4, 5, and 6. Of these 27/28
genotype 4 patients and
7/7 genotype 5 and 6
achieved SVR.

Egypt Ancestry Trial
[41]

II 60
SOF + RBV for 12 or 24
wks

>79%
SVR was lowest in the 12-
wk, treatment naïve
group.

RESTORE [42] III 107
SIM + RBV + peg-IFN
for 12 wks

>65%

SVR of 83% in the
treatment naïve group,
40% in the prior null
responders

PEARL I
[43, 44]

II 86
OMB/PARr ± RBV for
12 wks

>91%
Preliminary data, patients
in the RBV group
achieved 100% SVR
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Trial Phase n Regimen SVR Comments

SYNERGY [45] II 21 LED/SOF for 12 wks 95%
Preliminary data,
included previously
treated patients

ATOMIC [46] II 316
SOF + RBV + peg-IFN
for 12 or 24 wks

>82%

Patients with genotypes 1,
4, 5 and 6; 9/11 genotype
4 and 5/5 genotype 6
achieved SVR

Legend:*Of the 327, only 28 patients were genotype 4; Wks: week

Table 5. Results of DAA treatment in genotype 4, 5 and 6 patients

6. Unique populations

Large phase III trials convincingly show favorable SVR in patients who are naive to treatment,
noncirrhotic, and in non-HIV coinfected. However, what about patients who do not fit into
these categories? Furthermore, concern for side effect profile, inadequate practitioner training,
and concern for drug-drug interaction have led to avoidance in all but treatment-naive and
otherwise healthy patients.

In addition to the unique groups of patients described below, other factors should also be taken
into consideration as they can complicate the decision as to which treatment should be
initiated. These include patients with renal failure, heart failure, and comorbid psychiatric
illness to name a few. The medical comorbidities of each individual is a hornet’s nest of
potential failure, and as such, each case embarked upon should be done so with careful
consideration of all coexisting medical and psychological conditions. To ensure of this, it is
helpful to have a trained multidisciplinary team made up of physicians, pharmacists, nurses,
psychologists, and social workers. Aside from making medication dose adjustments when
required, current guidelines recommend that in the presence of complex comorbid medical
conditions, treatment of HCV be initiated and managed by a hepatologist and potentially at a
medical center affiliated with liver transplantation [47].

6.1. Treatment experienced

Patients who have been previously treated pose perhaps one of the most common dilemmas
that practitioners face. Often times, patients get retreated due to initial therapeutic failure
(typically to peg-IFN and RBV) or HCV relapse. Patients may be presenting for retreatment
following previous partial treatment or after being lost to follow-up. Rarely, patients can
become reinfected with HCV. In all scenarios, therapy with new HCV drug regimens should
be offered.

Initial studies with TEL, BOC, and SIM showed encouraging results. In the REALIZE trial,
nonresponders, partial responders, or those who have suffered a relapse were randomized
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into three treatment groups separated by treatment duration. An SVR rate of 66% was achieved
in the 12-week treatment arm of TEL, peg-IFN, and RBV [48]. Similarly, BOC in combination
peg-IFN and RBV was able to achieve rates of SVR of 63% overall, however only 38% in prior
nonresponders [49]. Larger trials and trials utilizing SIM showed similar results [50-53]. In
general, all studies reported adverse side effects of severe anemia, requiring treatment
discontinuation, dose reduction, or transfusion. Given the poor response of prior null res‐
ponders, treatment utilizing TEL, BOC, or SIM in combination with peg-IFN and ribavirin is
not recommended in the treatment experienced population.

Several promising trials evaluating the therapeutic benefit of newer DAAs have been reported
with high overall SVRs, few side effects, and minimal drug interactions. (Tables 3-5). Based on
these trials, recommendations regarding appropriate therapy as tailored to the genotype have
been made. In general, genotype 1 patients have several options as convincing results as to
effectiveness has been produced with either SOF/LED, SOF/SIM, or the four-drug combination
of PARr/OMB/DAS/RBV. For those with genotype 2 or 3, reassuring data from the LONE‐
STAR-2 trial that achieved SVR rates of 83-96% in these patients confirmed that a 12-week
regimen of SOF, RBV, and peg-IFN be used [34]. For those not eligible for peg-IFN, SVRs of
80-90% were still achievable with SOF and RBV alone [32, 33]. In genotype 4 patients, options
include SOF/LED, SOF/RBV with or without peg-IFN, or the four-drug combination of PARr/
OMB/DAS/RBV. As with the treatment-naive patients, genotype 5 or 6 has few reported data,
but an SOF-based regimen will likely be efficacious.

6.2. Decompensated cirrhosis

Cirrhosis, regardless of its level of compensation, is known to result in a decreased SVR in
patients being treated for HCV. On decompensation with the development of ascites, variceal
hemorrhage, encephalopathy, or coagulopathy, the probability of survival is only 50% at 5
years, with a median survival of only 2 years [54, 55]. Thus, it remains imperative to provide
rapid and effective treatment for HCV.

A meta-analysis done by Vierling et al. [56] examined several phase III clinical trials of patients
undergoing HCV treatment with biopsy proven cirrhosis. In the trials of patients receiving the
standard therapy of peg-IFN and RBV, an overall SVR of 20% was found. In 2011, riding the
momentum of improved SVR in noncirrhotic patients receiving triple therapy, BOC, TEL, and
SIM were given in combination with peg-IFN and RBV, and the rate of SVR increased
significantly to 55% and 74%, respectively, in this previously dismal population [53, 56].
Improvement in SVR was not without its drawbacks. In the BOC- and TEL-treated groups,
significant side effects of anemia and diarrhea were noted. Slightly less severe side effects of
flulike illness and pruritus were noted in those treated with SIM; however, significant
resistance was found in genotype 1A patients who possessed a specific genetic polymorphism
known as the Q80K mutation. A screening test for detection of this mutation is available, and
given that nearly 50% of United States and 20% of European patients had the mutation at
baseline, testing should be conducted prior to treatment with SIM [57].

Following on the success of a trial conducted by Gane et al. [58], which showed an SVR in 9
out of 9 patients with decompensated cirrhosis treated with SOF, LED, and RBV, the SOLAR-1
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trial was conducted. This trial was a multicenter, randomized trial of 108 patients with
genotypes 1 and 4 HCV whom also had Child-Pugh class B or C cirrhosis. Excluding 6 patients
who underwent eventual liver transplant, an SVR of 87% and 89% was attained in the 12- and
24-week treatment groups, respectively. Given the larger chance of adverse events observed
in the 24-week group, consensus guidelines for treating genotypes 1 and 4 patients with
decompensated cirrhosis support a 12-week course of SOF, LED, and RBV [47]. Most impor‐
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HIV-infected individuals with concomitant hepatitis C are known to have an increased
morbidity and mortality [61]. Following the development of highly active antiretroviral
therapy (HAART), there has been an ever-increasing percentage of HIV-infected patients who
are dying from liver disease. In HIV-infected patients, death from liver disease remains far
more prevalent than death attributable to HIV-related complications [62, 63].

Historically, having coinfection with HIV also leads to poor responses to peg-IFN and RBV
therapy [64, 65]. Additionally, coinfection with HIV also lead to increased risk for progression
to cirrhosis [66]. On a molecular level, it has been postulated that the higher viral load of HCV
RNA noted in this population is secondary to both increased replication of HCV RNA by HIV
proteins as well as a generalized state of immunodeficiency [67, 68].

Up until recently, treating patients with coinfection of HIV was felt to be difficult secondary
to the historically poorer responses to peg-IFN and RBV. Recently, however, concern regarding
potential drug-drug interactions has existed and has lead to practitioner trepidation [69, 70].
This has fortunately not panned out, and several large trials have shown excellent results in
treatment of the HCV/HIV coinfected.

With protease inhibitors approved first, trials utilizing a triple therapy of either TEL or BOC
in combination with peg-IFN and RBV were conducted. Sulkowski et al. [71] treated 62
coinfected genotype 1 patients with TEL, peg-IFN, and RBV achieved an SVR of 74%. In another
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study, using triple therapy with BOC in combination with peg-IFN and RBV, an SVR of 63%
was attained; however, significant side effects leading to dropout in 12 of 65 patients occurred.
This dropout continues to be a concern and is thought to be secondary to side effects, high pill
burden, and pharmacokinetic interactions between HCV NS3/4A protease inhibitors and
antiretroviral drugs [72, 73].

Following on the success of first-generation DAAs, trials utilizing SOF were later conducted.
In a study of genotype 1 patients, Osinusi et al. [74] treated 50 HCV and HIV coinfected patients
with 12 weeks of SOF and LED. Grouping based on HAART naive versus on HAART showed
no difference in the 100% SVR rates achieved in both groups. No adverse events or discontin‐
uations were noted during the treatment period. Sulkowski et al. [75] was able to achieve an
SVR of 67-88% based on genotype following a 12- to 24-week course of SOF and RBV. Of note,
this approach was void of significant drug-drug interactions. In an even larger trial conducted
by Molina et al. [76], 275 patients with genotypes 1-4 HCV underwent treatment with a 12-
week course of SOF and RBV. The overall SVR rate achieved was 85% in genotype 1, 88% in
genotype 2, 89% in genotype 3, and 84% in patients with genotype 4. Given the results of these
trials, an SOF-based regimen, free of peg-IFN, is recommended; however, with new drug
regimens being approved, further studies and head-to-head trials will need to be conducted
in order to truly determine the best choice for these select patients.

6.4. Recurrence after liver transplant

Graft failure and fibrosis remain a feared complications among patients transplanted for HCV.
Invariably, HCV recurs in all patients following transplantation. Similar to the pretransplant
state, patients with HCV progress to fibrosis and eventual decompensation of the transplanted
liver. Patients who undergo liver transplantation as a whole have been shown to have higher
rates of mortality for this reason [77-79]. Routine monitoring has gone far to anticipate these
changes; however, treatment needs continued improvement. Until recently, treatment with
peg-IFN and RBV was only marginally effective, and use in this population was off-label. With
the newly discovered DAAs, great promise for treatment exists. In addition to the superb
ability to achieve SVR, DAAs offer favorable side effect profiles with manageable drug
interactions with common immunosuppressive regimens. Some of the DAAs have been shown
to do this better than others.

Complicating factors that must be discussed in this patient population include donor and
recipient variables. Independent of the treatment regimen, certain characteristics have been
shown in large retrospective analysis to negatively impact progression to fibrosis and cirrhosis
following LT. The presence of advanced donor age or steatosis as well as specific genetic
polymorphisms in both the donor and the recipient can lead to advanced progression of
fibrosis [80-83]. Factors such as living vs. deceased donor, human leukocyte antigen (HLA)
matching, and HCV positive donor status have not been shown to reliably contribute to fibrosis
progression [84, 85]. Within the context of HCV-related liver transplantation, several studies
have also attempted to identify specific allelic variants that may contribute to either poor
response to standard antiviral therapy or a more rapid progression of fibrosis [86, 87]. Further
studies are needed to confirm these, however, and as it stands due to the limited supply, the
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allocation of available livers for transplant based on the presence of nucleotide polymorphisms
is not practiced (Table 6).

Donor Factors Recipient Factors

Age >50 years Genotype 1B

Liver steatosis >30% IL28B Genotype CT and TT

IL28B Genotype CT and TT

Lack of DDX58 polymorphism

Table 6. Factors leading to worse outcomes following liver transplantation

Currently, three treatment strategies for management of HCV in the transplant setting are
being used. The first strategy involves treatment of patients currently listed for transplantation.
Until recently, the barrier with this strategy has been that with peg-IFN, RBV and the early
DAAs patients often either do not tolerate therapy or do not achieve SVR [88]. The second
strategy that is not being used thus far involves treating HCV recurrence immediately
following liver transplantation. Whether or not this method of treatment increases in popu‐
larity will be determined by the tolerability and side effects of the new DAAs. The third and
most commonly used strategy involves initiating treatment after several months following
transplantation and noted progression of HCV.

Several trials have evaluated the effectiveness of using peg-IFN and RBV in order to treat HCV
recurrence in patients following LT. The results have not been favorable, and side effects,
particularly anemia, have posed barriers to treatment completion. Overall SVR, in patients
with minimal fibrosis, following 48 weeks of therapy was only 48% [89]. Follow-up studies
have had even less favorable results [90]. Therefore, peg-IFN and RBV alone is not recom‐
mended in this treatment group.

In the largest series evaluating the use of TEL and BOC for the treatment of HCV recurrence
following liver transplantation, Burton et al. [91] successfully treated 81 patients with genotype
1 HCV and achieved an SVR at 12 weeks of 63%. Despite its success, TEL and BOC in combi‐
nation with peg-IFN and RBV led to severe side effects of anemia requiring a transfusion in
nearly 50% of patients. Additionally, close monitoring of immunosuppressant drug levels was
required, and frequent dose adjustments were needed. Given these results, the use of BOC and
TEL are not recommended unless newer, better-tolerated agents are unavailable.

Recent trials report favorable tolerability and highly effective results with the use of new
DAAs. In a trial evaluating 40 patients treated with RBV and SOF, an SVR12 of 70% was
achieved [92]. Slightly better results were achieved in the HCV-TARGET consortium, which
evaluated 189 patients being treated with SOF-based regimens. Overall, SVR among the
groups ranged from 69% to 88%. Additionally, SOF and SIM regimens achieved SVR12 of
80-88% depending if RBV was used [93]. The utilization of SOB in combination with LED is
also being looked at and has shown that in patients with compensated disease and minimal
cirrhosis, a highly favorable SVR12 of 96% could be attained. This regimen is also appealing
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as it only required 12 weeks of therapy [94]. Current guidelines put in place by the AASLD-
ISDA recommend treatment of genotype 1 infection with combination SOF and SIM. For
genotype 2 or 3, SOF or RBV alone is recommended [47]. These recommendations are likely
subject to change given approval of LED as well as favorable results of a trial looking at
ritonavir-boosted paritaprevir, coformulated with ombitasvir, plus dasabuvir [95]. The
treatment of post-LT patients with more advanced cirrhosis (Child-Pugh B or C) continues to
require further study; however, preliminary results reveal that even in this highly difficult-to-
treat group, an SVR of 81% could be achieved [94]. Other regimens continue to be under
investigation at this time.

It is anticipated that all-oral DAA regimens will be both highly effective as well as highly
tolerated in the liver transplant setting. Continued research evaluating safety profiles of these
medications should be done, but in the meantime, given the amount of evidence currently
available and in accordance with current guidelines, the initiation of a sofosbuvir-based
regimen in this patient population is highly recommended.

7. Future therapy

As alluded to in the sections above, DAA research is producing large quantities of favorable
data, particularly in genotypes prevalent in Europe and the United States. Numerous clinical
trials have been completed. More trials are ongoing or are recruiting. Naturally, head-to-head
trials are needed to differentiate between many of the already known successful regimens, but
few will agree to this in the short term. Future research should aim to improve the currently
available classes of HCV drugs with the goal of limiting significant side effects. Specifically,
we hope that all newly developed NS3-4A protease inhibitors, nucleoside/nucleotide ana‐
logues, nonnucleoside inhibitors of HCV NS5B, and NS5A inhibitors share a similar high-
potency, pan-genotypic antiviral activity, and high barrier to resistance. In the distant future,
perhaps DAAs will have lost their utility as research on vaccination continues [96].

8. Summary

Therapy for HCV has seemed to exponentially grow over the past 4 years. Because of DAAs,
IFN-free as well as all-oral regimens are being used to treat HCV. In addition to this, ribavirin-
free regimens are also available. Thus far, these highly effective therapies have proven to
provide fewer side effects and achieve better results, all the while in less time. Hope for cure
and eradication remains paramount and is now achievable. With appropriate allocation of
resources, physician training, and available treatment, the cure of HCV is possible. Doing so
will drastically decrease overall health care costs, improve quality of life, and decrease the
number of liver transplants needed.
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Abstract

Hepatitis C virus (HCV) infection is one of the main causes of chronic liver disease
worldwide,  making it  a  major  public  health issue.  The World Health Organiza‐
tion  (WHO)  estimates  a  worldwide  prevalence  of  3%.  Each  year,  three  to  four
million people are newly diagnosed with HCV, and it remains endemic in many
countries of the world. According to the WHO, there are at least 21.3 million HCV
carriers in Eastern Mediterranean countries, a figure close to the combined number
of estimated carriers in the Americas and Europe. The purpose of this chapter is
to give an overview and update in treatment of HCV patients by a broad search
of  published  literature  on  aspect  of  epidemiology,  natural  history,  risk  factors,
diagnosis and treatment of HCV, graded on the best available evidence. All that
to improve HCV patient care, and to promote and improve the multidisciplinary
care required in the treatment of these patients.

Keywords: HCV, hepatitis C treatment, sofosbuvir, Sovaldi, daclatasvir, ledipasvir/
sofosbuvir, Harvoni, Viekira Pak, Viekirax, Exviera, simeprevir

1. Introduction

Hepatitis C virus (HCV) infection is one of the main causes of progressive liver disease
worldwide,  making  it  a  major  public  health  issue.  World  Health  Organization  (WHO)
estimates indicate that more than 185 million people around the world have been infect‐
ed with HCV, of whom 350,000 die each year [1].

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
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HCV induces chronic infection in up to 80% of infected individuals. One third of those who
become chronically infected are predicted to develop cirrhosis or hepatocellular carcinoma.
Despite its high prevalence, most people infected with the virus are unaware of their infection.

The purpose of this chapter is to give an overview on HCV and existing treatments and to
outline recent innovations in the treatment of HCV patients. To do this, a broad search of the
published literature has been undertaken. The search included epidemiology of HCV, its
natural history, the risk factors involved, as well as the diagnosis and treatment of HCV, all of
which have been graded on the best available evidence. The ultimate purpose is to improve
HCV patient care and to promote and encourage the multidisciplinary care required in the
treatment of these patients.

2. Epidemiology

In most countries, surveys undertaken to establish the prevalence of HCV have focused on
specific groups of individuals, for example, drug users, those indulging in high-risk sexual
behavior, and blood donors who are not representative of the general population. Conse‐
quently, global estimates of HCV prevalence in the year 2008 are still not accurate [2].

Overall, the available data suggest that 130-170 million individuals are infected with HCV
(approximately 2.2-3.0%) worldwide, with its highest prevalence occurring in Eastern Medi‐
terranean and African regions [2,3].

Previously undertaken analyses on global, regional, and country levels have mostly failed to
estimate the correct HCV disease burden with studies based on age distribution and active
infection. Most country-level studies have been carried out on the adult population; however,
when these estimates were applied to a country’s entire population, the disease burden was
probably overestimated. In addition, studies focused on anti-HCV (antibody positive) testing
overestimated the disease burden because they often included those subjects who have been
cured, either spontaneously or after treatment [4].

Globally, genotype 1 (G1) has been found to account for 46% of all anti-HCV infections among
adults, making it the most common, followed by G3 (22%), G2 (13%), G4 (13%), G6 (2%), and
G5 (1%). Undefined or combination genotypes accounted for 3% of total HCV infections [4].
Genotype 1b was the most common subtype, accounting for 22% of all infections. However,
significant regional, country, and local variations were found to exist. Infections in North
America, Latin America, and Europe were predominately G1 (62-71%), with G1b accounting
for 26%, 39%, and 50% of all cases, respectively. North Africa and the Middle East had a large
G4 population (71%), which was attributable to the high prevalence of G4 in Egypt. When
Egypt was excluded, genotype 4 accounted for 34% of all infections, and the genotype
distribution of this region was dominated by G1 (46%). Asia was predominately G3 (39%)
followed by G1 (36%), largely driven by the HCV infections in India and Pakistan. G1b
accounted for 25% of all infections in this region. In Australasia, G1 dominated (53%), followed
by G3 (39%). G1b was present in 16% of cases [4].
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3. Virology

The hepatitis C virus is a hepatotropic RNA virus of the genus Hepacivirus in the Flaviviridae
family, originally cloned in 1989 as the causative agent of non-A, non-B hepatitis [5,6,7]. HCV
is a positive-sense, single-stranded enveloped RNA virus approximately 9600 nucleotides in
length. Approximately 1012 viral particles are generated daily in chronically HCV-infected
patients [5,8]. The genome is organized to include nontranslated RNA segments (NTRs) at 5
and 3 ends and a single large open reading frame (ORF) encoding a giant 327 kDa polyprotein
that is processed by cellular and virally encoded proteases into three structural proteins (core,
E1, E2) and seven nonstructural proteins (p7, NS2, NS3, NS4A, NS4B, NS5A, and NS5B) [9].

The HCV 5 NTR contains 341 nucleotides located upstream of the coding region and is
composed of four domains (numbered I to IV) with highly structured RNA elements, including
numerous stem loops and a pseudoknot. The 5 NTR also contains the internal ribosome entry
site (IRES), which initiates the cap-independent translation of HCV genome into a single
polyprotein by recruiting both viral proteins and cellular proteins such as eukaryotic initiation
factors (eIF) 2 and 3 [5].

The core protein is the viral capsid protein with a length of 191 amino acids (p21c). It can be
further cleaved to generate a smaller 179-amino-acid core protein (p19c). The core protein has
numerous functionalities involving RNA binding, immune modulation, cell signaling,
oncogenic potential, and autophagy [5,9,10]. E1 and E2 are the two viral envelope proteins that
surround the viral particles. p7 contains two transmembrane domains and is required for viral
assembly and release. NS2 is the viral autoprotease that likely contains at least four trans‐
membrane domains and plays a key role in viral assembly, mediating the cleavage between
NS2 and NS3 [5,9,11,12]. NS3 protease plays a critical role in HCV processing by cleaving
downstream of NS3 at four sites (between NS3/4A, NS4A/4B, NS4B/NS5A, and NS5A/NS5B)
[5,9]. NS4A is a cofactor for the NS3 protease, and NS5B is the viral RNA polymerase. The
functions of NS4B and NS5A are not totally clear, but they are probably involved in viral RNA
replication and pathogenesis. All of these HCV proteins are believed to form replication
complexes on intracellular membranes for either viral morphogenesis or RNA replication
[5,9,13-15].

4. Natural history and clinical presentation

Hepatitis C is a heterogeneous disease with considerable morbidity and mortality rates. More
than 80% of infected individuals develop chronic infection; the remaining 10-20% develop
spontaneous clearance with natural immunity. The acute infection has an incubation period
of 7 weeks (range, 4-20 weeks) and is symptomatic in only 20% of patients and rarely severely
icteric. Serum aminotransferase levels generally increase to more than 10 times the normal
range and go back to normal once the disease symptoms resolve themselves. HCV antibodies
usually develop at the time of onset of symptoms. HCV RNA appears even earlier, during the
incubation period, with an increase in titer at the time of the manifestation of symptoms, and
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then disappears once the disease disappears. Once acute HCV infection has established itself,
around 85% of patients develop chronic infection, which is generally asymptomatic. In these
patients, HCV RNA remains present and in approximately 75% of patients, alanine amino‐
transferases (ALT), and aspartate aminotransferases (AST) remain elevated at more than 1.5
times the upper normal limit. The course of chronic hepatitis C is variable, with vague,
intermittent, and nonspecific symptoms of chronic fatigue and malaise, which usually present
in less than 20% of patients. Extrahepatic manifestations of HCV, including glomerulonephritis
and cryoglobulinemia, can develop in a small percentage of patients. The development of
progressive liver injury, fibrosis, and cirrhosis can occur in 20% to 30% of chronically infected
patients over a period of 20-30 years. In patients presenting with chronic hepatitis C, fibrosis
progression is extremely variable over time and can be partially predicted based on the age of
the patient at infection, disease duration, liver histologic activity and stage of fibrosis, and ALT
profile. However, it is often difficult to predict clinical outcomes in individual cases. In patients
who have developed cirrhosis, the 5-year risk of decompensation is between 15% and 20% and
that of hepatocellular carcinoma around 10%. The relationship between virus load, HCV
genotype, quasi-species variability, and progression of liver disease is controversial. Acquired
infection after age 40 years, being male, excessive alcohol consumption, hepatitis B virus (HBV)
or HIV coinfection, steatosis, and immunosuppressed state have all been identified as cofactors
associated with progression of fibrosis and development of cirrhosis. Once cirrhosis develops,
symptoms are more common, and the signs of end-stage liver disease can appear, manifesting
themselves as jaundice, weakness, wasting, and gastrointestinal bleeding. The incidence of
developing hepatocellular carcinoma is 2-5% per year in patients with hepatitis C-related
cirrhosis. Thus, this important liver disease has protean manifestations but is often insidious
and can often lead to end-stage liver disease that needs liver transplantation, despite the
presence of few overt symptoms and signs of illness [16-20].

5. Risk factors

The risk factors for the transmission of HCV infection vary substantially between countries
and geographic regions. HCV is spread primarily by contact with blood and blood products.
With the introduction in 1991 of routine blood screening for HCV antibodies and improve‐
ments in the test in mid-1992, transfusion-related hepatitis C has virtually disappeared. Illicit
use of injectable drugs is currently the main source of HCV infections in most developed
countries (e.g., Western Europe, US) and is becoming a major source of infection in transitional
economy and developing countries, accounting for 40% or more of those infected. Of the
estimated 16 million people in 148 countries who actively inject drugs, 10 million are infected
with HCV [2,21,22]. In developing and transitional economy countries, the nosocomial
transmission of new HCV infections is a major problem because of the reuse of contaminated
or inadequately sterilized syringes and needles used in medical, paramedical, and dental
procedures, with an estimated 2.3-4.7 million new infections occurring each year [2,23-25]. In
patients on chronic hemodialysis, overall, the current prevalence of HCV is below 5% in most
of Northern Europe, around 10% in most of Southern Europe and the US, but between 10%
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and 50% and up to 70% in many parts of the developing world, including many Asian, Latin
American, and North African countries. It is important to emphasize that the prevalence of
HCV is highly variable from unit to unit within the same country, with recent reports from
some dialysis units in the US reporting a prevalence above 20% [26]. The risk of transmission
of HCV from a mother to her child occurs in 4-8% of births to women with HCV infection and
in 17-25% of births to women with HIV and HCV coinfection. The risk posed to the infant from
breastfeeding is negligible, and nonsexual intrafamilial transmission is very rare [27,28]. The
risk of heterosexual transmission is low, while recent data indicate that promiscuous male
homosexual activity is related to HCV infection [29]. Folk medicine practices, including
acupuncture and ritual scarification, as well as body piercing, tattooing, and commercial
barbering are potential modes for transmission of HCV infection when performed without
appropriate infection control measures [30,31].

6. Laboratory testing

6.1. Serologic and molecular assays

The test for anti-HCV is usually performed in the presence of an elevated ALT level and a
positive history of risk factors for HCV infection, or physical findings suggest the presence of
chronic liver disease. WHO recommends that HCV serology testing be performed on individ‐
uals who are part of a population with high HCV seroprevalence or who have a history of
HCV risk exposure and/or behavior rather than at the time of presentation with symptomatic
disease. The application of this recommendation will require taking into consideration which
populations meet these criteria. In some countries with a high seroprevalence of HCV or a low
level of infection control, HCV testing might be recommended for the general population.
Clearly, this would have significant resource implications [1]. Diagnosis of HCV infection is
based on the detection of anti-HCV antibodies by enzyme immunoassay and the detection of
HCV RNA by a sensitive molecular method, ideally a real-time PCR assay. These assays have
no role in the assessment of disease severity or its prognosis [32,33]. Genotyping is useful in
epidemiological studies, and also in clinical management, for predicting the likelihood of
response and determining the optimal duration of therapy. Several commercial assays are
available to determine HCV genotypes using direct sequence analysis of the 5 noncoding
region, which includes Trugene 5 NC HCV genotyping kit, reverse hybridization analysis
using genotype-specific oligonucleotide probes located in the 5 noncoding region, INNO-LiPa
HCV II, and Versant HCV Genotyping Assay 2.0 [34,35].

6.2. Defining disease severity

Laboratory tests that are commonly obtained following the initial diagnosis of chronic hepatitis
C include liver enzymes and function tests, a complete blood cell count, tests for coinfection
with HBV or HIV, tests for immunoglobulin G antibody to hepatitis A virus (anti-HAV) to
determine if immunity is present or if vaccination is recommended, and antinuclear antibody
to exclude coexistent autoimmune hepatitis.
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Elevated blood levels of liver enzymes ALT and AST occur when the membrane of the liver
cells is  damaged and liver enzymes leak into the blood stream, thus indicating ongoing
liver injury. The degree of elevation of liver enzymes present in the blood correlates with
the severity of liver cell  injury. However, blood levels of liver enzymes do not correlate
with the degree or severity of hepatic fibrosis. The important tests that reflect liver synthetic
function are serum bilirubin,  albumin,  and international  normalized ratio  (INR).  Abnor‐
mal  serum  albumin,  bilirubin,  or  prothrombin  time  may  be  seen  in  the  setting  of  im‐
paired hepatic synthetic function. Some models used to evaluate liver disease severity are
helpful  for  the  assessment  of  liver  function,  for  example,  the  model  for  end-stage  liver
disease (MELD). The MELD score was adopted by UNOS in 2002 for use in deceased donor
liver allocation for adults with cirrhosis. MELD is a prospectively developed and validat‐
ed chronic liver disease severity scoring system that uses a patient’s laboratory values for
serum bilirubin, serum creatinine, and INR to predict a 3-month survival [36]. The MELD
equation that is currently used by UNOS for prioritizing allocation of deceased donor livers
for transplantation is as follows: MELD = 3.8*loge(serum bilirubin [mg/dL]) + 11.2*loge(INR)
+ 9.6*loge(serum creatinine [mg/dL]) + 6.4. Patients with the combination of serum creati‐
nine ≤1 mg/dl, serum bilirubin ≤1 mg/dl, and INR ≤1 will receive the minimum score of 6
MELD points. In addition, UNOS has set an upper limit for the MELD score at 40 points.
However,  there  is  no  need  to  go  through  the  above  time-consuming  equation  because
several online tools are available for calculating the MELD score [37-39].

7. Tests of fibrosis

7.1. Noninvasive laboratory tests

Noninvasive tests of hepatic fibrosis are used for the staging of fibrosis in patients with chronic
liver disease. The tests are often used to differentiate patients with significant fibrosis (F2 to
F4) from those with minimal or no fibrosis (F0 to F1). There are four commercial serum marker
systems that have been validated: FibroTest/FibroSure (marketed in the United States by
LabCorp), Hepascore (Quest Diagnostics), FibroSpect (Prometheus Corp), and the European
Liver Fibrosis Study Group panel (not available in the United States). In addition, the aspartate
aminotransferase-to-platelet ratio (APRI) has also been studied. The APRI has the advantage
of being easily calculated using data available from routine laboratory tests.

All the serum tests have limitations: (a) they typically reflect the rate of matrix turnover, not
deposition, and thus tend to be more elevated when there is high inflammatory activity. By
contrast, extensive matrix deposition can go undetected if there is minimal inflammation. (b)
None of the markers are liver specific, and concurrent sites of inflammation may contribute to
serum levels. (c) Serum levels are affected by clearance rates, which may be impaired due to
either sinusoidal endothelial cell dysfunction or impaired biliary excretion. (d) They are
surrogates, not biomarkers [40].
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7.2. Elastogram (Fibroscan)

Fibroscan can quantify fibrosis in the liver by means of elastography. Tissue elasticity is
acquired through pulse-echo ultrasound, measuring shear wave velocity, the S-wave. The
wave travels faster in less elastic and stiff livers. Results of liver elasticity are expressed in
kilopascals (kPa). The scan can be performed easily; it is inexpensive and produces no side
effects. The position of the patient is similar to when performing a liver biopsy, that is, on the
back, with the right hand under the head. Patients only feel the probe pressure in the intercostal
space without anticipated pain. It is possible to measure liver elasticity from different angles
in the right as well as the left lobe. A liver stiffness measurement using Fibroscan is reprodu‐
cible and independent of the operator, and explores a volume of liver parenchyma, which can
be approximated to a cylinder of 1 cm in diameter and 4 cm in length. This volume is 100 times
larger than the biopsy specimen volume and is thus much more representative of the entire
hepatic parenchyma. Some extensive studies have demonstrated that the measurement of liver
stiffness with Fibroscan is a good alternative for liver biopsy. The amount of fibrosis can be
quantified very easily and reliably and is feasible in more than 95% of the patients. Obesity,
ascites, and narrow intercostal spaces are physiological boundaries that can hamper the
accuracy of the test. Acute hepatitis and liver congestion as in cardiac failure can cause false
high scores, and they need to be ruled out before carrying out Fibroscan. Sometimes it may be
virtually impossible to take measurements in such patients [41, 42]. Fibroscan value ranged
from 2.4 to 75.5 kPa with a cutoff value of 7.1 kPa for F ≥ 2, 9.5 kPa for F ≥3, and 12.5 kPa for F
= 4 (according to Metavir histological classification system) [41, 43]. One of the studies
comparing elastography to histological examination on 327 patients concluded that liver
stiffness measurements and fibrosis grades correlated well, with increasing reliability in more
extensive fibrosis (F ≥ 3) or cirrhosis. It was impossible to determine a cutoff value to differ‐
entiate between F0 and F1 by Fibroscan [41,44].

7.3. Liver biopsy

Percutaneous liver biopsy is the gold standard for grading and staging of liver disease, which
can help to determine the extent of progress of hepatic fibrosis and inflammation. It is
important in clinical practice, where it may reflect the severity of liver disease and predict
response to treatment. Liver biopsy is an invasive procedure associated with discomfort and,
in rare cases, with serious complications. The accuracy of liver biopsy is limited and prone to
sampling error and interpretational variability. Although this procedure continues to be
recommended, current practice is changing for two main reasons: first, treatment is being
shown to be more effective, and second, biochemical tests, serological tests, and elastograms
can all provide a great deal of information on disease progression. Pathologists can increase
the importance and utility of liver biopsy in chronic hepatitis C, providing information not
only on the stage of fibrosis and necro-inflammatory activity but also on the grade of steatosis
and iron accumulation, which are implicated in disease progression. Moreover, other diseases,
such as steatohepatitis and hereditary hemochromatosis can be identified by liver biopsy.
Nevertheless, the use of serological and radiological tests will reduce the indications for liver
biopsy [45].
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8. Hepatitis C treatments

The ultimate goal of treatment in patients with chronic HCV is to eradicate HCV RNA, which
is associated with decreases in all-cause mortality, liver-related death, need for liver trans‐
plantation, hepatocellular carcinoma rates, and liver-related complications.

Since interferon-alpha (IFN-α) was first introduced for treatment of non-A, non-B hepatitis
1990, therapy for patients with chronic HCV has improved dramatically. Sustained virological
response rates (SVRs) have increased from 5% to 10% with standard interferon therapy, to over
40% when standard interferon is combined with ribavirin. The modification of interferon
(pegylation) to improve its pharmacokinetics has further increased rates of SVR. Two types of
pegylated interferon, pegylated interferon α2a and pegylated interferon α2b,which differ in
their pharmacokinetics and chemical properties, were approved by the FDA in 2001. Treatment
with combined pegylated interferon and ribavirin may result in SVR in 42% to 52% of genotype
1 infected patients, 70% to 80% of genotype 2 or 3 infected patients, and 54-68% of genotype 4
infected patients [46,47].

The landscape of treatment for HCV infection has evolved substantially since the introduction
of highly effective HCV protease inhibitor therapies, namely, boceprevir and telaprevir, in
2011. Both drugs were approved as directly acting antiviral treatments for use in HCV
genotype 1 infection, in combination with pegylated interferon and ribavirin. These NS3/4A
protease inhibitors have been shown to substantially increase rates of SVR to 59-75% in both
treatment-naive and previously treated patients, compared with dual therapy [48-52].
Although their development was a major advance, both agents are associated with significant
toxicity, numerous drug-drug interactions, and low response rates in those patients with
cirrhosis and nonresponders to previous treatment. In addition, boceprevir and telaprevir
required the addition of pegylated interferon and ribavirin for 24 to 48 weeks, which markedly
increased the overall cost of therapy, and are associated with the emergence of resistance-
associated variants in the majority of patients who fail treatment [53].

In 2013 and 2014, the FDA approved new direct acting antiviral treatments, including second
generation protease inhibitors, NS5A inhibitors, and NS5B RNA-dependent RNA polymerase
inhibitors with HCV eradication rates of >95%.

The eradication of HCV RNA is predicted by the achievement of SVR and defined by the
absence of HCV RNA by polymerase chain reaction three to 6 months after stopping treatment.
An SVR is associated with a 99% chance of being HCV RNA negative during long-term follow-
up and can therefore be considered an indication of a cure of the HCV infection. With the
growing availability of highly effective interferon-free regimens for HCV infection, a curative
all-oral treatment is becoming a possibility for the vast majority of patients. The second-
generation protease inhibitors that have been approved for treatment of HCV and are available
in the market are simeprevir, sofosbuvir, ledipasvir/sofosbuvir, daclatasvir, and the combi‐
nation of ombitasvir-paritaprevir-ritonavir and dasabuvir. Trials are still ongoing on other
new products, many of which are expected to appear in the near future.
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8.1. Simeprevir (Olysio®, Janssen Therapeutics)

This is the first available second-generation protease inhibitor (NS3/4A protease inhibitor)
indicated for the treatment of chronic hepatitis C infection as a component of a combination
antiviral treatment regimen [54]. Simeprevir is available in 150 mg capsules to be taken orally
once daily with food. The elimination of simeprevir is by the liver, and no dose adjustment is
required in the setting of renal impairment [55]. Simeprevir is not recommended in patients
with hepatic impairment Child-Pugh Class B and C because of two- to five-fold increases in
exposure. In general, simeprevir is well tolerated. Its most common adverse effects are rash
(including a potentially serious photosensitivity reaction), pruritus, and nausea. The photo‐
sensitivity reaction that related to simeprevir usually occurs during the first 4 weeks of therapy
but can develop at any time on treatment. Patients taking simeprevir may experience transient
increases in serum bilirubin levels that peak at week 2 of treatment, but these are typically mild
in severity and not associated with elevated hepatic aminotransferase levels [56,57]. The
coadministration of simeprevir with substances that are moderate or strong inducers or
inhibitors of cytochrome P450 3A (CYP3A) is not recommended, as this may lead to signifi‐
cantly lower or higher exposure of simeprevir, respectively, which may result in reduced
therapeutic effect or adverse reactions. A number of compounds are contraindicated in
patients receiving simeprevir, including the following:

1. Antibiotics (erythromycin, clarithromycin, telithromycin, rifampin, rifabutin, rifapentine)

2. Systemically administered antifungals (itroconazole, ketoconazole, voriconazole, posa‐
conazole, fluconazole)

3. Anticonvulsants (carbamazepine, oxcarbazepine, phenobarbital, phenytoin)

4. Systemically administered dexamethasone

5. Herbal products (milk thistle, St. John’s wort)

6. A number of antiretroviral drugs, including cobicistat-based regimens, efavirenz,
delavirdine, etravirine, nevirapine, ritonavir, and any HIV protease inhibitor, boosted or
not by ritonavir.

Simeprevir is safe in patients using immunosuppressants, such as cyclosporine and tacrolimus,
with no dose adjustment, and safe in those using lamivudine, emtricitabine, tenofovir,
abacavir, raltegravir, maraviroc, and rilpivirine. The dose of simeprevir needs adjustment with
some antiarrhythmics, warfarin, HMG Co-A reductase inhibitors, sedative/anxiolytics, and
calcium channel blockers [58-64].

8.2. Sofosbuvir (Sovaldi®, Gilead Sciences)

This is an HCV nucleotide analog NS5B polymerase inhibitor indicated for the treatment of
chronic hepatitis C infection as a component of a combination antiviral treatment regimen.
Sofosbuvir is available as a 400-mg tablet. The recommended dose of sofosbuvir is 400 mg
taken orally once daily, with or without food, regardless of the patient’s genotype or prior
hepatitis C treatment experience. No dose adjustment is needed for mild-to-moderate renal
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impairment or with mild, moderate, or severe hepatic impairment. Currently, no dose
recommendation can be given for patients with severe renal impairment (estimated glomer‐
ular filtration rate <30 ml/min) or with end-stage renal disease due to higher exposures (up to
20-fold) of the predominant sofosbuvir metabolite. Sofosbuvir has pan-genotypic HCV activity
and is effective in treatment-naive, treatment-experienced, and HIV-coinfected patients with
compensated cirrhosis, and in patients with hepatocellular carcinoma meeting Milan criteria
awaiting liver transplantation. Sofosbuvir has been very well tolerated in clinical trials. The
most common adverse effects (≥20%) observed with sofosbuvir, when used in combination
with ribavirin, have been fatigue and headaches. The most common adverse events (≥20%)
observed in combination with pegylated IFN-α and ribavirin were fatigue, headaches, nausea,
insomnia, and anemia. Drugs that are potent P-glycoprotein (P-gp) inducers significantly
decrease sofosbuvir plasma concentrations and may lead to a reduced therapeutic effect. Thus,
sofosbuvir should not be administered with other known inducers of P-gp, such as rifampin,
carbamazepine, phenytoin or St. John’s wort [62,65-77].

8.3. Ledipasvir-sofosbuvir (Harvoni®, Gilead Sciences)

The nucleotide polymerase inhibitor sofosbuvir (400 mg) has been combined with the NS5A
inhibitor ledipasvir (90 mg) in a single tablet regimen (SOF/LDV) administered once daily. The
combination of ledipasvir-sofosbuvir has primarily been studied as an all-oral (interferon-free)
combination regimen in treatment-naive and treatment-experienced patients with genotype 1
chronic HCV infection. For patients with mild to moderate renal impairment, no dosage
adjustment of ledipasvir/sofosbuvir is recommended. Severe renal impairment (estimated
glomerular filtration rate <30 mL/min) does not substantially affect the pharmacokinetics of
ledipasvir, but because levels of sofosbuvir and its metabolite accumulate in the setting of
severe renal impairment, the combination should not be used in such settings pending further
data. Thus, no dosage recommendation has been given for patients with severe renal impair‐
ment or end-stage renal disease requiring dialysis. Available data from clinical trials have
shown that the combination of ledipasvir and sofosbuvir has been very well tolerated. The
most commonly reported adverse effects are fatigue and headaches. Ledipasvir, like sofosbu‐
vir, is a substrate of the P-gp drug transporter, so drugs that are potent intestinal P-gp inducers
may decrease ledipasvir levels. Thus, the coadministration of ledipasvir-sofosbuvir is not
recommended with rifampin, St. John’s wort, carbamazepine, phenytoin, phenobarbital,
oxcarbazepine, or tipranavir/ritonavir. In addition, ledipasvir is an inhibitor of P-gp and may
increase absorption of P-gp substrates. The coadministration of ledipasvir with tenofovir
results in increased levels of tenofovir, particularly in the presence of other boosting agents.
Until further data are available, ledipasvir-sofosbuvir should not be used with the combination
of elvitegravir, cobicistat, emtricitabine, and tenofovir, and should only be used cautiously
with regimens that contain tenofovir and a ritonavir-boosted protease inhibitor [73,78-83].

8.4. Ombitasvir-Paritaprevir-Ritonavir and Dasabuvir (Viekira Pak®, AbbVie Inc)

The Viekira Pak is an all-oral regimen comprised of four medications: ombitasvir, paritaprevir,
ritonavir, and dasabuvir. This regimen can be used with or without ribavirin. In the Viekira
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ular filtration rate <30 ml/min) or with end-stage renal disease due to higher exposures (up to
20-fold) of the predominant sofosbuvir metabolite. Sofosbuvir has pan-genotypic HCV activity
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ledipasvir, but because levels of sofosbuvir and its metabolite accumulate in the setting of
severe renal impairment, the combination should not be used in such settings pending further
data. Thus, no dosage recommendation has been given for patients with severe renal impair‐
ment or end-stage renal disease requiring dialysis. Available data from clinical trials have
shown that the combination of ledipasvir and sofosbuvir has been very well tolerated. The
most commonly reported adverse effects are fatigue and headaches. Ledipasvir, like sofosbu‐
vir, is a substrate of the P-gp drug transporter, so drugs that are potent intestinal P-gp inducers
may decrease ledipasvir levels. Thus, the coadministration of ledipasvir-sofosbuvir is not
recommended with rifampin, St. John’s wort, carbamazepine, phenytoin, phenobarbital,
oxcarbazepine, or tipranavir/ritonavir. In addition, ledipasvir is an inhibitor of P-gp and may
increase absorption of P-gp substrates. The coadministration of ledipasvir with tenofovir
results in increased levels of tenofovir, particularly in the presence of other boosting agents.
Until further data are available, ledipasvir-sofosbuvir should not be used with the combination
of elvitegravir, cobicistat, emtricitabine, and tenofovir, and should only be used cautiously
with regimens that contain tenofovir and a ritonavir-boosted protease inhibitor [73,78-83].

8.4. Ombitasvir-Paritaprevir-Ritonavir and Dasabuvir (Viekira Pak®, AbbVie Inc)

The Viekira Pak is an all-oral regimen comprised of four medications: ombitasvir, paritaprevir,
ritonavir, and dasabuvir. This regimen can be used with or without ribavirin. In the Viekira
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Pak, ombitasvir, paritaprevir, and ritonavir (Viekirax®) are combined as a fixed-dose tablet
and the dasabuvir (Exviera®) is a separate tablet. Ombitasvir, paritaprevir, and dasabuvir are
direct-acting antivirals (DAAs) that directly interfere with HCV replication. Ombitasvir is an
NS5A inhibitor with potent pan-genotypic picomolar antiviral activity, paritaprevir is an
inhibitor of the NS3/4A serine protease, and dasabuvir is a nonnucleoside NS5B polymerase
inhibitor. Ritonavir is a CYP3A inhibitor, and it boosts the blood levels of paritaprevir.
Paritaprevir (150 mg), ritonavir (100 mg), and ombitasvir (25 mg) are coformulated in a single
tablet taken as two tablets once daily. This tablet is combined with dasabuvir (250 mg) taken
as one tablet twice daily. The regimen ombitasvir-paritaprevir-ritonavir plus dasabuvir is FDA
approved for the treatment of chronic hepatitis C genotype 1, including those with compen‐
sated cirrhosis. The regimen ombitasvir-paritaprevir-ritonavir plus dasabuvir, with or without
ribavirin, has primarily been studied as an all-oral (interferon-free) regimen in treatment-naive
and treatment-experienced patients with genotype 1a or 1b chronic HCV infection, including
those with compensated cirrhosis, HIV coinfection, and after receipt of liver transplantation.
For patients with mild hepatic impairment (Child-Pugh A), no dosage adjustment is required
for ombitasvir-paritaprevir-ritonavir and dasabuvir; however, this regimen is not recom‐
mended in patients with moderate hepatic impairment (Child-Pugh B) and is contraindicated
with severe hepatic impairment (Child-Pugh C). For patients with mild, moderate, or severe
renal insufficiency, no dosing adjustment is required for the regimen ombitasvir-paritaprevir-
ritonavir and dasabuvir; this regimen, however, has not been adequately studied in patients
with end-stage renal disease on dialysis. Available data from clinical trials have demonstrated
excellent tolerance with the ombitasvir-paritaprevir-ritonavir and dasabuvir regimen. The
most common (greater than 10%) adverse effects observed in clinical trials when used without
ribavirin have been fatigue, nausea, pruritus, other skin reactions, insomnia, and asthenia. The
concomitant use of ombitasvir-paritaprevir-ritonavir and dasabuvir with ethinyl estradiol-
containing medications (e.g., oral contraceptives) can result in significant elevations in hepatic
aminotransferase levels; accordingly, patients should discontinue any ethinyl estradiol-
containing medications prior to starting ombitasvir-paritaprevir-ritonavir and dasabuvir. The
use of ombitasvir-paritaprevir-ritonavir plus dasabuvir can potentially cause significant drug-
drug interactions, primarily because of the potent ritonavir inhibition of CYP3A4 enzyme.
There are a number of medications contraindicated to use concomitantly with ombitasvir-
paritaprevir-ritonavir and dasabuvir, like carbamazepine, phenytoin, phenobarbital, gemfi‐
brozil, rifampin, ergotamine, oral contraceptives containing ethinyl estradiol, lovastatin,
simvastatin, sildenafil, orally administered midazolam, and St. John’s wort. The efficacy of
ombitasvir-paritaprevir-ritonavir plus dasabuvir is not known for patients with prior virologic
failure and resistance with treatment that included another NS3/4A inhibitor, NS5A inhibitor,
or NS5B inhibitor [84-90].

8.5. Daclatasvir (Daklinza®, Bristol-Myers Squibb)

The European Commission approved daclatasvir, a potent pan-genotypic NS5A replication
complex inhibitor (in vitro), at the end of August 2014. Daclatasvir should be administered at
the dose of 60 mg (one tablet) once per day. It is well tolerated overall. Dose adjustments are
not needed in patients with Child B or C disease. Daclatasvir can be used in combination with
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other drugs for the treatment of chronic HCV infection genotypes 1, 2, 3, and 4 in adults.
Daclatasvir, when used in combination with sofosbuvir, is an all-oral, interferon-free regimen
that provided cure rates of more than 95% in clinical trials, including in patients with advanced
liver disease, genotype 3, and those who have previously failed treatment with protease
inhibitors. Across clinical studies, daclatasvir-based regimens have been generally well
tolerated, with low discontinuation rates. The most common adverse effects with daclatasvir
when used in combination with other drugs are fatigue, headaches, and nausea. Little
information has been released on daclatasvir drug-drug interactions. Daclatasvir is a substrate
of CYP34A and a substrate and inhibitor of P-gp. The daclatasvir dose should be adjusted to
30 mg daily in HIV-infected patients receiving atazanavir/ritonavir and to 90 mg daily in those
receiving efavirenz. No dose adjustment is needed with tenofovir. No information on other
antiretroviral drugs is available yet. No dose adjustments are required with cyclosporine or
tacrolimus. Total daclatasvir AUC is decreased by 40% and 43% in patients with mild or
moderate liver impairment, respectively. However, the unbound pharmacologically active
fraction is unchanged; thus, dose adjustment is not needed in patients with liver impairment
[77,91,92].

The direct acting antiviral treatment is usually used in combination for HCV treatment
according to genotypes and stage of liver disease, and the patient is either naive or has previous
experience of treatment.

The following recommendations can be used for treatment of HCV according to genotypes
with a high response rate (>90%):

1. HCV genotype 1 [91,93]

a. Daily fixed-dose combination of ledipasvir (90 mg)/sofosbuvir (400 mg) for 12 weeks.
The addition of daily weight-based ribavirin (1000 mg [<75 kg] to 1200 mg [>75 kg])
is recommended in patients with cirrhosis. The duration of treatment extended to 24
weeks in patients with contraindications to ribavirin.

b. Daily fixed-dose combination of paritaprevir (150 mg)/ritonavir (100 mg)/ombitasvir
(25 mg) plus twice-daily dosed dasabuvir (250 mg) and daily weight-based ribavirin
(1000 mg [<75 kg] to 1200 mg [>75 kg]) for 12 weeks (no cirrhosis) or 24 weeks
(cirrhosis) for treatment of both naive and prior pegylated interferon and ribavirin
treatment failure, in patients with HCV genotype 1a infection.

c. Daily fixed-dose combination of paritaprevir (150 mg)/ritonavir (100 mg)/ombitasvir
(25 mg) plus twice-daily dosed dasabuvir (250 mg) for 12 weeks for treatment-naive
and prior pegylated interferon and ribavirin treatment failure, in patients with HCV
genotype 1b infection. The addition of daily weight-based ribavirin (1000 mg [<75 kg]
to 1200 mg [>75 kg]) is recommended in patients with cirrhosis.

d. Daily fixed-dose combination of daclatasvir 60 mg and sofosbuvir 400 mg for 12
weeks. The addition of daily weight-based ribavirin (1000 mg [<75 kg] to 1200 mg
[>75 kg]) is recommended in patients with cirrhosis. The duration of treatment
extended to 24 weeks in patients with contraindications to ribavirin.
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e. Daily sofosbuvir (400 mg) plus simeprevir (150 mg) for 12 weeks. The addition of
daily weight-based ribavirin (1000 mg [<75 kg] to 1200 mg [>75 kg]) is recommended
in patients with cirrhosis. The duration of treatment extended to 24 weeks in patients
with contraindications to ribavirin.

f. Daily sofosbuvir (400 mg) and weight-based ribavirin (1000 mg [<75 kg] to 1200 mg
[>75 kg]) plus weekly pegylated interferon for 12 weeks.

2. HCV genotype 2 [91,93]

a. Daily sofosbuvir (400 mg) and weight-based ribavirin (1000 mg [<75 kg] to 1200 mg
[>75 kg]) for 12 weeks; extending duration of treatment to 16-20 weeks is recom‐
mended in patients with cirrhosis and those in whom prior pegylated interferon and
ribavirin treatment has failed.

b. Daily sofosbuvir (400 mg) and daclatasvir (60 mg) for 12 weeks in cirrhotic or
treatment-experienced patients.

c. Retreatment with daily sofosbuvir (400 mg) and weight-based ribavirin (1000 mg [<75
kg] to 1200 mg [≥75 kg]) plus weekly pegylated interferon for 12 weeks is an alter‐
native in patients where prior pegylated interferon and ribavirin treatment has failed.

3. HCV genotype 3

When pegylated interferon and ribavirin was the treatment for HCV, the same regimen was
administered to all subjects, and patients were defined as easy or difficult to treat according
to viral genotype. HCV genotypes 1 and 4 were considered to be difficult to treat, and HCV
genotypes 2 and 3 were considered to be easy to treat. The SVR rates in the latter group were
above 80% with shorter treatment [94,95]. The availability of interferon-free regimens has
confirmed that HCV genotype 2 patients are easy to treat, while the paradigm for HCV
genotype 3 patients has been reversed compared to “older, difficult-to-treat” HCV genotype
1 patients. In fact, today, with available direct acting antiviral drugs, patients with HCV
genotype 3 are the most difficult to treat patients. In large studies on HCV genotype 3 to assess
the effectiveness of 12-16 weeks treatment with sofosbuvir and ribavirin, it has been shown
that 12 weeks of therapy in treatment-naive patients resulted in an SVR in 61% and 34% of
noncirrhotic and cirrhotic patients, respectively. Moreover, the SVR rates in experienced
noncirrhotic patients were 37% at 12 weeks and were increased to 63% in patients with 16
weeks’ course [70,67,95]. Extended treatments to 24 weeks of sofosbuvir and ribavirin were
evaluated in the valence trial, resulting in an overall SVR rate of 83%. In particular, this was
the result of higher SVR rates in treatment-naive (93% and 92% in patients without and with
cirrhosis, respectively) and experienced patients without cirrhosis (87%), while rates were
lower in experienced (61%) patients with cirrhosis [80,95,96]. The Lonestar-2 study tested
treatment with pegylated interferon/sofosbuvir/ribavirin for 12 weeks in treatment-experi‐
enced HCV-2 and HCV-3 patients. The SVR in HCV genotype 3 patients was 83% with no
difference in relation to baseline cirrhosis (SVR 83% vs. 83%, respectively) [69]. The second
study tested a combination of daclatasvir/sofosbuvir, resulting in an SVR of 89% of 18
treatment-naive patients with HCV genotype 3 [97].
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The following treatment options with similar efficacy can be used in genotype 3 naive patients
and patients in whom prior pegylated interferon and ribavirin treatment has failed [91-93,97]:

a. Daily fixed-dose combination of daclatasvir 60 mg and sofosbuvir 400 mg for 12 weeks in
patients without cirrhosis. Daily weight-based ribavirin (1000 mg [<75 kg] to 1200 mg [>75
kg]) is added to regimen to treat naive and treatment-experienced patients with cirrhosis
for 24 weeks.

b. Daily sofosbuvir (400 mg) and weight-based ribavirin (1000 mg [<75 kg] to 1200 mg [>75
kg]) for 24 weeks.

c. Daily sofosbuvir (400 mg) and weight-based ribavirin (1000 mg [<75 kg] to 1200 mg [>75
kg]) plus weekly pegylated interferon for 12 weeks is an acceptable regimen for interferon-
eligible, treatment-naive patients with HCV genotype 3 infection.

4. HCV genotype 4 [70,91,93,98-101]

a. Daily fixed-dose combination of ledipasvir (90 mg)/sofosbuvir (400 mg) for 12 weeks.
The addition of daily weight-based ribavirin (1000 mg [<75 kg] to 1200 mg [>75 kg])
is recommended in patients with cirrhosis. The duration of treatment extended to 24
weeks in patients with contraindications to ribavirin.

b. Daily fixed-dose combination of paritaprevir (150 mg)/ritonavir (100 mg)/ombitasvir
(25 mg) and weight-based ribavirin (1000 mg [<75 kg] to 1200 mg [>75 kg]) for 12
weeks for treatment of both naive and prior pegylated interferon and ribavirin
treatment failure, and treatment can be extended to 24 weeks in patients with
cirrhosis.

c. Daily fixed-dose combination of daclatasvir 60 mg and sofosbuvir 400 mg for 12
weeks. The addition of daily weight-based ribavirin (1000 mg [<75 kg] to 1200 mg
[>75 kg]) is recommended in patients with cirrhosis. The duration of treatment
extended to 24 weeks in patients with contraindications to ribavirin.

d. Daily sofosbuvir (400 mg) plus simeprevir (150 mg) for 12 weeks. The addition of
daily weight-based ribavirin (1000 mg [<75 kg] to 1200 mg [>75 kg]) is recommended
in patients with cirrhosis. The duration of treatment extended to 24 weeks in patients
with contraindications to ribavirin.

e. Daily sofosbuvir (400 mg) and weight-based ribavirin (1000 mg [<75 kg] to 1200 mg
[>75 kg]) plus weekly pegylated interferon for 12 weeks.

5. HCV genotype 5 [91,93]

A few data are available to help guide decision making for patients infected with HCV
genotype 5 or 6, but currently the following are the recommendations until more data are
available:

a. Daily sofosbuvir (400 mg) and weight-based ribavirin (1000 mg [<75 kg] to 1200 mg
[>75 kg]) plus weekly pegylated interferon for 12 weeks
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b. Daily sofosbuvir (400 mg) and weight-based ribavirin (1000 mg [<75 kg] to 1200 mg
[>75 kg]) for 24 weeks

c. Weekly pegylated interferon plus weight-based ribavirin (1000 mg [<75 kg] to 1200
mg [>75 kg]) for 48 weeks is an alternative regimen for interferon-eligible, treatment-
naive patients.

6. Genotype 6 [91,93]

a. Daily fixed-dose combination of ledipasvir (90 mg)/sofosbuvir (400 mg) for 12 weeks

b. Daily sofosbuvir (400 mg) and weight-based ribavirin (1000 mg [<75 kg] to 1200 mg
[>75 kg]) plus weekly pegylated interferon for 12 weeks

c. Daily sofosbuvir (400 mg) and weight-based ribavirin (1000 mg [<75 kg] to 1200 mg
[>75 kg]) for 24 weeks

Due to the very high efficacy and the excellent tolerability of IFN-free regimens, response-
guided shortening or prolongation of therapy have not been studied and, indeed, may not be
needed to achieve high cure chances in the individual patient. However, given the high costs
of direct antiviral drugs, HCV RNA testing during treatment may be helpful for surveillance
of compliance and motivation of patients. HCV RNA should be measured at baseline, week 2
(assessment of adherence), week 4, week 12 or 24 (end of treatment), and 12 or 24 weeks after
the end of therapy [102].

9. Treatment of special populations with direct acting antiviral regimens

9.1. HIV/HCV-coinfected individuals

Hepatitis C virus (HCV)-related liver disease is a major source of mortality in HIV-infected
patients. Approximately one third of all patients with HIV are coinfected with HCV. Patients
coinfected with HIV/HCV have shown lower rates of SVR with pegylated-interferon and
weight-based ribavirin as well as more rapid progression of fibrosis than those with HCV
monoinfection [103]. HIV/HCV-coinfected persons should be treated and retreated the same
as persons without HIV infection, after recognizing and managing interactions with antire‐
troviral medications. Based on AASLD/IDSA/IAS-USA [93], the following precautions should
be considered:

a. Antiretroviral treatment interruption in patients with HIV/HCV is not recommended to
allow HCV therapy.

b. Fixed-dose combination of ledipasvir (90 mg)/sofosbuvir (400 mg) should not be used
with cobicistat and elvitegravir, pending further data.

c. Sofosbuvir or ledipasvir/sofosbuvir should not be used with tipranavir because of the
potential of this antiretroviral drug to induce P-gp.
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d. Fixed-dose combination of paritaprevir (150 mg)/ritonavir (100 mg)/ombitasvir (25 mg)
plus twice-daily dosed dasabuvir (250 mg) should not be used with efavirenz, rilpivirine,
darunavir, or ritonavir-boosted lopinavir.

e. Paritaprevir/ritonavir/ombitasvir with or without dasabuvir should not be used in HIV/
HCV-coinfected individuals who are not taking antiretroviral therapy.

f. Simeprevir should not be used with efavirenz, etravirine, nevirapine, cobicistat, or any
HIV protease inhibitors.

g. Ribavirin should not be used with didanosine, stavudine, or zidovudine.

The management  of  HIV/HCV patients  should take  place  in  collaboration with  an HIV
practitioner.  Special  precautions  should  be  taken when prescribing  DAAs in  patient  on
AIDS treatment  to  avoid  under-  or  overdose  in  such  patients  as  a  result  of  drug-drug
interactions. For example, ledipasvir increases tenofovir levels,  concomitant use needs to
be avoided in patients with CrCl below 60 mL/min. Because potentiation of this effect is
expected when tenofovir is used with ritonavir-boosted HIV protease inhibitors, ledipas‐
vir  should  be  avoided  with  this  combination.  Paritaprevir/ritonavir/ombitasvir  plus
dasabuvir should be used with antiretroviral drugs with which it does not have substan‐
tial  interactions  like  atazanavir,  enfuvirtide,  lamivudine,  emtricitabine,  tenofovir,  and
raltegravir (and probably dolutegravir) [93].

The dose of ritonavir used for boosting of HIV protease inhibitors may need to be adjusted (or
held) when administered with paritaprevir/ritonavir/ombitasvir plus dasabuvir, and then
restored when HCV treatment is completed. The HIV protease inhibitor should be adminis‐
tered at the same time as the fixed-dose HCV combination. Simeprevir should only be used
with antiretroviral drugs, with which it does not have clinically significant interactions like
raltegravir (and probably dolutegravir), rilpivirine, maraviroc, enfuvirtide, tenofovir, emtri‐
citabine, lamivudine, and abacavir [93].

9.2. Patients with decompensated cirrhosis

In patients with Child-Pugh B or C cirrhosis awaiting transplantation, antiviral therapy may
be offered on an individual basis in experienced centers, pending the presentation of more
data in this population. It is possible that patients with decompensated cirrhosis who are not
on a transplant list could benefit from an interferon-free treatment regimen. However, the
safety and efficacy of an interferon-free regimen in patients with decompensated cirrhosis not
on a transplant waiting list is unknown, and the impact on mortality in this group is not yet
established. According to AASLD/IDSA/IAS-USA [93] and EASL recommendations on
treatment of hepatitis C 2015 [91], the following medications can be used with high virological
response >90%:

a. Decompensated cirrhosis: genotypes 1 and 4

• Daily fixed-dose combination of ledipasvir (90 mg)/sofosbuvir (400 mg) and ribavirin
(initial dose of 600 mg, increased as tolerated) for 12 weeks is recommended for patients
with decompensated cirrhosis.
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The dose of ritonavir used for boosting of HIV protease inhibitors may need to be adjusted (or
held) when administered with paritaprevir/ritonavir/ombitasvir plus dasabuvir, and then
restored when HCV treatment is completed. The HIV protease inhibitor should be adminis‐
tered at the same time as the fixed-dose HCV combination. Simeprevir should only be used
with antiretroviral drugs, with which it does not have clinically significant interactions like
raltegravir (and probably dolutegravir), rilpivirine, maraviroc, enfuvirtide, tenofovir, emtri‐
citabine, lamivudine, and abacavir [93].

9.2. Patients with decompensated cirrhosis

In patients with Child-Pugh B or C cirrhosis awaiting transplantation, antiviral therapy may
be offered on an individual basis in experienced centers, pending the presentation of more
data in this population. It is possible that patients with decompensated cirrhosis who are not
on a transplant list could benefit from an interferon-free treatment regimen. However, the
safety and efficacy of an interferon-free regimen in patients with decompensated cirrhosis not
on a transplant waiting list is unknown, and the impact on mortality in this group is not yet
established. According to AASLD/IDSA/IAS-USA [93] and EASL recommendations on
treatment of hepatitis C 2015 [91], the following medications can be used with high virological
response >90%:

a. Decompensated cirrhosis: genotypes 1 and 4

• Daily fixed-dose combination of ledipasvir (90 mg)/sofosbuvir (400 mg) and ribavirin
(initial dose of 600 mg, increased as tolerated) for 12 weeks is recommended for patients
with decompensated cirrhosis.

Recent Advances in Liver Diseases and Surgery94

• For patients with decompensated cirrhosis and anemia or ribavirin intolerance, daily
fixed-dose combination of ledipasvir (90 mg)/sofosbuvir (400 mg) for 24 weeks is
recommended.

• For patients with decompensated cirrhosis in whom prior sofosbuvir-based treatment
has failed, daily fixed-dose combination of ledipasvir (90 mg)/sofosbuvir (400 mg) and
ribavirin (initial dose of 600 mg, increased as tolerated) for 24 weeks is an alternative
regimen.

• Daily fixed-dose combination of sofosbuvir (400 mg), ribavirin (initial dose of 600 mg,
increased as tolerated), and daclatasvir 60 mg for 12 weeks before liver transplantation
is recommended for patients with decompensated cirrhosis.

b. Decompensated cirrhosis: genotypes 2 and 3

• Daily sofosbuvir (400 mg) and weight-based ribavirin (1000 mg [<75 kg] to 1200 mg
[>75 kg]) (doses need to be adjusted according to the patient’s creatinine clearance rate
and hemoglobin level) for up to 48 weeks is recommended for patients with HCV
genotype 2 or 3 who have decompensated cirrhosis.

9.3. Patients with HCV recurrence post liver transplantation

Patients with posttransplant recurrence of HCV infection should be considered for therapy.
Significant fibrosis or portal hypertension 1 year after transplantation could predict rapid
disease progression and graft loss and could indicate the need for more urgent antiviral
treatment. Interferon-free DAA can cure most liver transplant recipients with recurrent
hepatitis C, including a majority of those with severe post-transplant liver disease. In addition
to viral suppression, treatment also improves liver function. DAA treatment is generally safe
and well tolerated, certainly more so than interferon-based therapy, although anemia remains
a concern for people taking ribavirin. Drug-drug interactions may be important in the
posttransplant setting. No clinically significant drug-drug interactions have been found
between sofosbuvir, simeprevir, or daclatasvir on the one hand, and cyclosporine and
tacrolimus on the other hand.

The following options proved to be useful in post-liver transplantation patients according to
genotypes, with high virological response, waiting more data in near future [91,93,104,105]:

a. Daily fixed-dose combination of ledipasvir (90 mg)/sofosbuvir (400 mg) with weight-
based ribavirin (1000 mg [<75 kg] to 1200 mg [>75 kg]) for 12 weeks is recommended for
patients with HCV genotype 1 or 4 infection in the allograft, including compensated
cirrhosis.

b. Patients who are ribavirin intolerant or ineligible, ledipasvir (90 mg)/sofosbuvir (400 mg)
usually extended for 24 weeks in patients with HCV genotype 1 or 4 infection.

c. Daily sofosbuvir (400 mg) plus simeprevir (150 mg) with or without weight-based
ribavirin (1000 mg [<75 kg] to 1200 mg [>75 kg]) for 12 to 24 weeks in patients with
genotype 1 or 4 infection in the allograft, including compensated cirrhosis.
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d. Daily fixed-dose combination of paritaprevir (150 mg)/ritonavir (100 mg)/ombitasvir (25
mg) plus twice-daily dosed dasabuvir (250 mg) and weight-based ribavirin (1000 mg [<75
kg] to 1200 mg [>75 mg]), in the allograft, without cirrhosis, for 24 weeks in patients with
HCV genotype 1 infection.

e. Daily sofosbuvir (400 mg) plus daclatasvir (60 mg) with or without weight-based ribavirin
(1000 mg [<75 kg] to 1200 mg [>75 kg]) for 24 weeks for patients with HCV genotypes 1,
3, 4, 5, and 6 in the allograft, including those with compensated and decompensated
cirrhosis is another combination with high virological response and improvement of liver
function.

f. Daily sofosbuvir (400 mg) and weight-based ribavirin (1000 mg [<75 kg] to 1200 mg [>75
kg]) for 24 weeks is recommended for patients with HCV genotype 2 in the allograft,
including compensated cirrhosis.

g. Daily sofosbuvir (400 mg) and weight-based ribavirin (1000 mg [<75 kg] to 1200 mg [>75
kg]) for 24 weeks is recommended as alternative for treatment patients with HCV
genotype 3 infection in the allograft, including compensated and decompensated cirrho‐
sis.

9.4. Patients with renal impairments

For patients with creatinine clearance of >30 mL/min, no dosage adjustment is required when
using simeprevir, sofosbuvir, daclatasvir, fixed-dose combination of ledipasvir (90 mg)/
sofosbuvir (400 mg), or fixed-dose combination of paritaprevir (150 mg)/ritonavir (100 mg)/
ombitasvir (25 mg) plus twice-daily dosed dasabuvir (250 mg) to treat patients with HCV
infection. Simeprevir, daclatasvir, and the combination of paritaprevir, ritonavir, ombitasvir
and dasabuvir are cleared by hepatic metabolism and can be used in patients with severe renal
impairment [91].

EASL Recommendations on Treatment of Hepatitis C 2015 and AASLD/IDSA/IAS-USA 2014
guidelines on HCV treatment do not recommend sofosbuvir in patients with creatinine
clearance of <30 mL/min or with ESRD until more data are available [91,93].

9.5. Patients with acute HCV infection

When the efficacy of the treatment of acute HCV infection was superior to the treatment of
chronic infection, there was a strong impetus to identify and treat acute HCV infection with
interferon [106]. The current availability of interferon-sparing HCV treatments that have high
safety and efficacy reduces the advantage of early treatment of HCV infection. Until data
documenting the efficacy and safety of treatment of acute hepatitis C with direct acting
antiviral drugs are available, monitoring for spontaneous clearance for minimum of 6 months
before initiating treatment is required. When a decision is made to treat patients after 6 months
of acute infection, then the patient can be treated as described for chronic HCV [93].
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infection. Simeprevir, daclatasvir, and the combination of paritaprevir, ritonavir, ombitasvir
and dasabuvir are cleared by hepatic metabolism and can be used in patients with severe renal
impairment [91].

EASL Recommendations on Treatment of Hepatitis C 2015 and AASLD/IDSA/IAS-USA 2014
guidelines on HCV treatment do not recommend sofosbuvir in patients with creatinine
clearance of <30 mL/min or with ESRD until more data are available [91,93].

9.5. Patients with acute HCV infection

When the efficacy of the treatment of acute HCV infection was superior to the treatment of
chronic infection, there was a strong impetus to identify and treat acute HCV infection with
interferon [106]. The current availability of interferon-sparing HCV treatments that have high
safety and efficacy reduces the advantage of early treatment of HCV infection. Until data
documenting the efficacy and safety of treatment of acute hepatitis C with direct acting
antiviral drugs are available, monitoring for spontaneous clearance for minimum of 6 months
before initiating treatment is required. When a decision is made to treat patients after 6 months
of acute infection, then the patient can be treated as described for chronic HCV [93].
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10. Conclusion

Chronic hepatitis C in the presence of the new direct-acting antiviral drugs became a curable
disease, with a sustained virological response of more than 90%. The second-generation
protease inhibitors that have been approved for treatment of HCV and are available in the
market are simeprevir, sofosbuvir, ledipasvir/sofosbuvir, daclatasvir, and the combination of
ombitasvir-paritaprevir-ritonavir and dasabuvir. The cost of these new agents prevents
universal delivery of medications and prioritization of treatment should be given to patients
who are in need of immediate care like those with advanced liver disease and extrahepatic
complications. Trials are still ongoing with other new products, many of which are expected
to appear in the market soon.
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Abstract

Hepatocellular carcinoma (HCC) is the fifth most frequent cancer, the third leading
cause of cancer-related mortality, and the first leading cause of death in patients with
cirrhosis. Management of primary locally advanced, inoperable, recurrent or
metastatic HCC is very challenging and continues to be a topic of controversy. Herein,
we shed light on the past, present, and future perspectives on the systemic therapy
(hormonal therapy, cytotoxic chemotherapy, and novel molecularly targeted therapy)
for management of patients with advanced HCC.

Keywords: Hepatocellular Carcinoma

1. Introduction

Globally, hepatocellular carcinoma (HCC) is the fifth most frequent cancer, the third leading
cause of cancer-related mortality, and the first leading cause of death in patients with cirrhosis.
The incidence of HCC has doubled in developing and developed countries over the recent
decades [3]. HCC generally takes place in the setting of variable underlying hepatic conditions,

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



such as autoimmune hepatitis, nonalcoholic steatohepatitis (NASH), hepatitis B, hepatitis C,
alcohol-associated liver disease, hemochromatosis, alpha-1 antitrypsin deficiency, Wilson’s
disease, primary sclerosing cholangitis (PSC), primary biliary cirrhosis (PBC), and other liver
diseases [4]. Therefore, the patient population is varied, accounting for the intricacy of studying
this neoplasm, and how to effectively manage it.

Therapeutic modalities for management of HCC can be largely categorized into three main
types: surgical and nonsurgical therapies [5, 6]. Surgical therapies include surgical resection,
cryosurgery, and living/deceased donor liver transplantation. Nonsurgical therapies can be
divided into liver-directed and systemic. Liver-directed therapies include percutaneous
ethanol/acetic acid injection, percutaneous microwave coagulation therapy, radiofrequency
ablation, microwave coagulation therapy, interstitial laser photo-coagulation, targeted
cryoablation therapy, high-intensity focused ultrasound, transcatheter arterial therapy, and
radiation therapy. Systemic therapy includes hormonal therapy, cytotoxic chemotherapy, and
novel molecularly targeted therapy.

At the time of clinical diagnosis, roughly 60%-70% of HCC patients present with primary
advanced, inoperable, recurrent, or metastatic disease [7]. Moreover, tumor relapse (recur‐
rence) following curative surgical management continues to be a substantial dilemma and is
documented as high as approximately 70% at 5 years postoperatively [8]. The standard of care
management for recurrent HCC remains undefined [8].

The management of primary locally advanced, inoperable, recurrent, or metastatic HCC is
very challenging and continues to be a topic of controversy. Herein, we shed light on the past,
present, and future perspectives on the systemic therapy (hormonal therapy, cytotoxic
chemotherapy, and novel molecularly targeted therapy) for the management of patients with
advanced HCC.

2. Hormonal therapy

Several HCCs express sex-hormone receptors such as estrogen (ER), progesterone (PR), and
androgen receptors [9] as well as somatostatin receptors [10, 11]. Hence, hormonal therapies
(hormone receptor blockers) can be initiated as practical therapeutic choices in patients with
hormone receptor-positive HCC [5]. The most frequently employed hormonal agents for the
management of HCC include tamoxifen, megestrol, octreotide, and lanreotide.

2.1. Tamoxifen

Multiple studies including single-center and multicenter prospective randomized controlled
trials, systematic reviews, and meta-analyses investigated the role of tamoxifen for the
management of patients with advanced unresectable HCC [12-16]. These studies were
unsatisfactory and failed to demonstrate improved survival advantages (disease-free survival
[DFS] and overall survival [OS] rates) or enhanced quality of life (functional status).
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One plausible explanation for absence of survival efficacy could be attributed to the existence
of variant estrogen receptors (ERs) in a subset of these HCC lesions leading to more hostile
biological behavior and insensitivity to tamoxifen therapy [17, 18].

Tamoxifen has been shown to function as a potential multidrug resistance (MDR)-reversing
remedy in the chemoresistant HCC [19]. Subsequently, several clinical trials have been
conducted exploring the clinical benefits of combining tamoxifen with diverse cytotoxic
chemotherapeutics.

The cellular (molecular) potentiation of doxorubicin-induced apoptosis of HCC cells by
tamoxifen has been confirmed in a bench laboratory work by Cheng et al. [20]. Subsequently,
in 1998, a prospective phase II study by the same authors [21] enrolled 36 patients with
advanced HCC. Patients received high-dose tamoxifen (120 mg/m2 per day) plus doxorubicin.
Only 12 patients (33.3%) attained partial remission with a median PFS of roughly 7 months.

Another randomized controlled study by Melia et al. [22] enrolled around 60 advanced
inoperable HCC patients who were then randomized to two groups: (1) doxorubicin alone (60
mg/m2 at 3-week intervals) and (2) combined doxorubicin plus tamoxifen (10 mg twice daily).
Drug response happened only in 3 (11%) and 4 (16%) patients of the above-mentioned groups,
respectively, without statistical significant difference.

Moreover, Lu et al. [23] studied the combination therapy of high-dose tamoxifen, doxorubicin,
and interferon alpha [IFNα] in 25 patients with advanced unresectable HCC. Partial remission
was achieved in five patients (20%) with median PFS of 7 months. Overall, median OS was 6
months, whereas the 1-year survival rate was roughly 16%. The study concluded that this triple
combination (high-dose tamoxifen, doxorubicin plus IFNα) is effective but not superior to the
double therapy (high-dose tamoxifen plus doxorubicin).

Furthermore, the combination of tamoxifen with oral etoposide [24] and epirubicin [25] have
been conducted with only modest antitumor outcomes.

2.2. Megestrol

In 1997, Chao et al. [26] (phase II study) explored the role of megestrol acetate (160 mg/day,
orally) in 46 patients with advanced unresectable HCC. Thirty-two patients were included in
the analysis. No single patient attained partial or complete response. Twenty patients (62%)
experienced disease progression, and a similar percentage (62%) experienced improved
symptoms/functional status. Twelve patients (38%) attained stable disease. Glucocorticoid
receptor-positive HCC (n = 4/5) experienced stable disease, whereas glucocorticoid receptor-
negative HCC (n = 5/5) experienced disease progression. The study concluded that while
megestrol acetate does not exhibit noteworthy anticancer activities against HCC, it is very
beneficial as palliative treatment to improve quality of life. Also, the stable disease status may
be attributed to glucocorticoid receptor-positive HCC. Further research is needed.

In 2001, Villa et al. [18] studied 45 patients with variant ER HCC. Twenty-one (n = 21) and
twenty-four (n = 24) patients were randomized to receive megestrol 160 mg daily and only best
supportive care (BSC), respectively. In comparison with the BSC group, the megestrol-treated
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group achieved higher statistically significant median survival (18 vs. 7 months; P = 0.0090)
and decelerated tumor growth (P = 0.0212).

More recently in 2011, Chow et al. [27] studied 204 patients with therapy-naive advanced HCC
across six Asia-Pacific countries. Patients were randomized to two groups: (1) treated group
with megestrol acetate (320 mg daily) and (2) placebo group. Placebo group had higher
(statistically insignificant) OS than the treated group (2.14 vs. 1.88 months, respectively). The
treated group had lower frequencies of nausea, vomiting, and anorexia but experienced a
worse (statistically insignificant) global health status. The study concluded that megestrol
acetate does not extend OS in patients with advanced treatment-naive HCC.

Most importantly, the noticeably dissimilar OS intervals in the Chow et al. [27] placebo group
versus the supportive care group in the Villa et al. [18] study (2.14 vs. 7 months, respectively)
propose that therapeutic results may be largely dependent on different aspects, for example,
baseline liver function (Child-Pugh score [CPS]) and performance status (Eastern Cooperative
Oncology Group performance status).

2.3. Octreotide

In 1998, Kouroumalis et al. [11] studied the role of octreotide in 58 patients with advanced
unresectable HCC. Patients were randomized to two groups: (1) treated group with somatos‐
tatin analog, i.e., octreotide (250 mg twice daily subcutaneously) and (2) placebo-controlled
group. Numerous quantities of somatostatin receptors were recognized in the liver tissue of
all patients with HCC. The treated group achieved higher statistically significant median OS
rates than the control group (13 vs. 4 months, respectively; P = 0.002), but without objective
responses rates (ORR). Moreover, the treated group achieved higher cumulative survival rates
than the placebo-controlled group at 6 and 12 months (75% vs. 37% and 56% vs. 13%, respec‐
tively). At 6 months post octreotide administration, the treated group had significantly
decreased alpha-fetoprotein (AFP) levels. The study concluded that octreotide administration
substantially offers survival advantages and is a plausible substitute in the management of
advanced unresectable HCC.

However, the above-mentioned findings [11] could not be validated and reproduced in 2
successive randomized placebo-controlled trials employing sandostatin—a long-acting analog
of octreotide [28, 29]. The two studies were conducted in 2002 and 2007.

In 2011, Ji et al. [30] conducted an updated systematic review and meta-analysis of 11 random‐
ized controlled trials (total of 802 patients) exploring the role of somatostatin analogs in
advanced HCC. Only nine studies were incorporated into the meta-analysis and revealed
higher statistically significant 6-month and 12-month survival rates in the treated octreotide
group versus the control/placebo group. This meta-analysis concluded that octreotide
administration could provide survival benefits in patients with advanced HCC.

2.4. Lanreotide

Previous nonrandomized studies have shown inadequate antineoplastic effects of lanreotide
for the management of patients with advanced inoperable HCC [10, 31].
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responses rates (ORR). Moreover, the treated group achieved higher cumulative survival rates
than the placebo-controlled group at 6 and 12 months (75% vs. 37% and 56% vs. 13%, respec‐
tively). At 6 months post octreotide administration, the treated group had significantly
decreased alpha-fetoprotein (AFP) levels. The study concluded that octreotide administration
substantially offers survival advantages and is a plausible substitute in the management of
advanced unresectable HCC.

However, the above-mentioned findings [11] could not be validated and reproduced in 2
successive randomized placebo-controlled trials employing sandostatin—a long-acting analog
of octreotide [28, 29]. The two studies were conducted in 2002 and 2007.

In 2011, Ji et al. [30] conducted an updated systematic review and meta-analysis of 11 random‐
ized controlled trials (total of 802 patients) exploring the role of somatostatin analogs in
advanced HCC. Only nine studies were incorporated into the meta-analysis and revealed
higher statistically significant 6-month and 12-month survival rates in the treated octreotide
group versus the control/placebo group. This meta-analysis concluded that octreotide
administration could provide survival benefits in patients with advanced HCC.

2.4. Lanreotide

Previous nonrandomized studies have shown inadequate antineoplastic effects of lanreotide
for the management of patients with advanced inoperable HCC [10, 31].

Recent Advances in Liver Diseases and Surgery108

In 2000, Raderer et al. [31] administered lanereotide (30 mg once intramuscularly every 2-week
period) in 21 treatment-naive patients with advanced HCC. The object response rate (ORR)
and the stable disease rates were 5% and 38%, respectively, whereas the median OS and the
time to progression (TTP) were 4.2 months and 2.5 months, respectively.

In 2006, Cebon et al. [10] administered lanereotide (20 mg once intramuscularly every 4-week
period) in 63 patients with advanced HCC. Only one patient (2%) experienced partial objective
response and median OS was 8 months.

In 2009, Barbare et al. [32] conducted a multicenter, phase III, randomized, double-blind
placebo-controlled study investigating the role of lanreotide in 272 patients with primary
advanced or recurrent HCC. Patients were randomized to two groups: (1) treated group with
lanreotide (intramuscular injection of 30 mg once every 4 weeks for up to 2-year interval) and
(2) placebo-controlled group. The median OS and the disease-free survival (DFS) were
comparable and did not differ significantly between both groups. Four and zero objective
responses were achieved in the placebo and treated groups, respectively. Objective response
and disease stabilization were achieved in 0% and 33% of the lanreotide-treated group,
respectively. The treated group had faster global heath deterioration that the control group.
The study concluded that lanreotide has fairly a well-tolerated toxicity profile, negative
influence on functional status, and nonbeneficial OS outcomes.

2.5. Conclusion

All studies examining the role of single-agent tamoxifen or in combination with diverse
chemotherapeutic drugs were unsatisfactory and failed to yield substantial worthy survival
advantages. Similar discouraging results occurred with megestrol administration as well as
somatostatin analogs (octreotide and lanreotide). It can be concluded that the use of hormonal
therapy for the management of advanced inoperable HCC is not recommended. Its use may
be only recommended within the context of clinical trials. Further research is needed.

3. Systemic cytotoxic chemotherapy

Several nonrandomized and phase I, II, and III clinical trials have been conducted to investigate
the role of systemic cytotoxic chemotherapy (monotherapy or combination therapy) for the
management of advanced inoperable HCC.

3.1. Monotherapy (single-agent) systemic chemotherapy

Several single-agent systemic chemotherapies have been tested in patients with advanced
HCC, such as: doxorubicin, pegylated liposomal doxorubicin (PLD), epirubicin, mitoxantrone,
5-fluorouracil (5-FU), etoposide, capecitabine, gemcitabine, irinotecan, and thalidomide.

3.1.1. Doxorubicin

Single-agent doxorubicin is the most frequently investigated systemic chemotherapeutic agent
in patients with locally advanced unresectable HCC [33].
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In 1975, Olweny et al. [34] (phase II clinical trial) studied the role of doxorubicin (75 mg/m2

intravenously once every 3 weeks) in 14 patients with primary advanced inoperable HCC.
Eleven patients (78.5%) achieved objective responses (78.5%). However, successive studies
(from 1977 to 2005) failed to validate Olweny et al. [34] study and rather exhibited that the
actual objective response rate with single-agent doxorubicin (dose: 75 mg/m2) was rough‐
ly equal to or less than 20% [35-40]. Additional large-sized subsequent randomized trials
employing lower doses of single-agent doxorubicin (dose: equals to or less than 60 mg/m2

per schedule) were shown to yield even lower objective response rates ranging from 4% to
10.1% [41-42].

In 1988, Lai et al. [39] (prospective randomized trial) studied the efficacy of doxorubicin (60-75
mg/m2) versus the best supportive care (no chemotherapy) in 60 and 46 patients, respectively.
The doxorubicin-treated group achieved higher statistically significant median OS than the no
chemotherapy group (10.6 vs. 7.6 weeks; P = 0.036). However, life-threatening toxicities
(cardiotoxicity and septicemia) occurred in the doxorubicin-treated group (25%). The study
concluded that despite the minimal survival advantages of doxorubicin, it was associated with
serious complications and should not be recommended for the management of inoperable
HCC.

In 2007, Gish et al. [42] (phase III randomized controlled trial) examined the efficacy of
doxorubicin versus nolatrexed in 445 patients. The doxorubicin-treated group achieved a
higher statistically significant OS than nolatrexed-treated group (32.3 vs. 22.3 weeks; P =
0.0068). The objective response rates for doxorubicin-treated and nolatrexed-treated groups
were 4% and 1.4%, respectively. The most frequently observed toxicities for doxorubicin-
treated and nolatrexed-treated groups were alopecia and grade 3/4 (thrombocytopenia,
vomiting, diarrhea, and stomatitis), respectively.

In conclusion, single-agent doxorubicin can be effective in 20% of patients; however, OS
advantages are uncertain. Moreover, its cardiotoxicity is a major limiting adverse event.
Combination therapy with other systemic cytotoxic chemotherapeutics and novel molecularly
targeted therapies are in progress.

3.1.2. Pegylated liposomal doxorubicin (PLD)

The efficacy of single-agent PLD has been studied in a pilot study [43] and two phase II trials
[44, 45] as an initial therapy in patients with advanced inoperable HCC. The research outcomes
were discouraging. Combination chemotherapeutic remedies containing PLD are elaborated
below.

3.1.3. Epirubicin and mitoxantrone

In comparison with doxorubicin, previous retrospective studies and phase II trials demon‐
strated that single-agent epirubicin [46, 47] and mitoxantrone [48, 49] share relatively compa‐
rable antineoplastic activity as well as relatively equal or slightly higher objective response
rates (epirubicin, range: 9.1%-23%; mitoxantrone, range: 23.7%-27.2%). Cardiotoxicity is a
major limiting adverse event. Both chemotherapeutics are not commonly used.
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3.1.4. 5-Fluorouracil (5-FU)

In one prospective randomized controlled trial by Choi et al. [37], there were higher objective
response rates and median OS in HCC patients receiving doxorubicin versus those patients
receiving 5-fluorouracil-containg quadruple therapy (5-fluorouracil, methotrexate, cyclophos‐
phamide, and vincristin) therapy (24% vs. 0%, respectively; 14.4 vs. 6.5 weeks, respectively).

In 1995, Porta et al. [50] (preliminary results of a phase II study) explored the role of 5-FU (370
mg/m2) plus racemic leucovorin (200 mg/m2) for 5 successive days in 25 patients with advanced
inoperable HCC. The regimen cycle was continual every 28 days until disease progression took
place. Seven objective responses (28%) were achieved as follows: 6 partial (24%) and 1 complete
(4%) responses. Only 5 patients (20%) displayed stable disease, whereas 13 patients exhibited
disease progression. Regimen-related adverse events were mild and no grade 4 toxicity
occurred. Specifically, 1 patient (4%) experienced grade 1 skin toxicity, 2 patients (8%) grade
3 granulocytopenia, 7 patients (28%) grade 2 nausea, 10 patients (40%) grade 2 diarrhea, and
11 patients (44%) grade 2/3 mucositis. The study concluded that (5-FU plus racemic leucovorin)
chemotherapeutic schedule could provide objective responses in patients with advanced
unresectable HCCs, which are frequently regarded as chemoresistant neoplasms.

In 1995, Tetef et al. [51] (phase II trial) examined the role of 5-FU (250-450 mg/m2/day for 5 days
by means of an intravenous [IV] bolus) in combination with calcium leucovorin (500
mg/m2/day for 5 days by means of continuous IV infusion) in 15 patients with advanced
unresectable HCC. The regimen was given on a 28-day schedule. Overall, 8 (53%), 6 (40%),
and 1 (7%) patients experienced stable disease, disease progression, and partial response,
respectively. The median duration of stable disease was 5.7 months, whereas the median TTP
was 2.7 months and the partial response persisted only for 2.4 months. Overall, the median
OS was roughly 4 months. Regarding regimen-related adverse events, only 9% and 10% of
chemotherapeutic schedules were impacted negatively by grade 3/4 hematological toxicity
and grade 3/4 gastrointestinal toxicity, respectively. The study concluded that (5-FU plus
calcium leucovorin) chemotherapeutic schedule is ineffective highlighting the chemoresistant
characteristic of HCC to the modulated 5-FU.

In conclusion, objective response rates with single-agent 5-FU have been frequently low
despite the addition of modulating agents such as leucovorin. Advantageously, despite the
widespread hepatic metabolism, satisfactory doses of 5-FU can be often administered in HCC
patients with hepatic insufficiency or jaundice.

3.1.5. Etoposide

An early prospective randomized controlled trial demonstrated higher ORR (however no
survival advantages) when single-agent doxorubicin was contrasted to single-agent etoposide
(28% vs. 18%, respectively)[52].

Further trials are underway to test its true efficacy both singly and in combination with other
drugs in the management of HCC.
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3.1.6. Capecitabine

In 2004, Patt et al. [53] (retrospective analysis) studied the role of single-agent oral capecitabine
(1000 mg/m2 twice daily for 2 weeks; treatment was repeated every 3 weeks) in 37 patients
with advanced inoperable HCC. Of the 37 patients, 22 patients had not received any previous
treatment. Objective responses were attained in 9 patients (24.3%), comprising 1 complete
response. The median OS was 10.1 months. Grade 3 thrombocytopenia happened in 3 patients.
The study concluded that capecitabine is well tolerated and offers only minimal antitumor
activities against HCC.

In 2013, Brandi et al. [54] (single-center phase II study) examined the role of single-agent
metronomic capecitabine (500 mg twice daily) in 90 patients with advanced HCC. The patients
were divided into two groups. The first group consisted of 59 patients who had received no
prior therapy. Three objective responses (1 partial and 2 complete) were attained whereas 30
patients experienced stable disease. The median PFS and OS were 6.03 and 14.47 months,
respectively. The second group consisted of 31 patients who received prior therapy with
sorafenib. No objective responses (neither partial nor complete) were attained whereas 10
patients experienced stable disease. The median PFS and OS were 3.27 and 9.77 months,
respectively. The first group (capecitabine-treated) was matched to untreated HCC patients
from the Italian Liver Cancer group. The capecitabine-treated group achieved a higher
statistically significant median OS than the matched untreated patients (15.6 months vs. 8.0
months; P = 0.043). The study concluded that metronomic capecitabine seems to offer anti‐
neoplastic activities in therapy-naive and sorafenib-treated patients.

The superiority of single-agent sorafenib over capecitabine was confirmed in a single-center,
open-label, phase II trial by Abdel-Rahman et al. [55]. The study enrolled 52 treatment-naive
HCC patients who were randomized to get administered sorafenib (400 mg twice daily) or
capecitabine (100 mg mg/m2 twice daily). In comparison with the capecitabine-treated group,
the sorafenib-treated group achieved higher statistically significant median PFS (6 months vs.
4 months; P < 0.005) and OS (7.05 vs. 5.07 months; P < 0.016). Four objective responses (3 partial
and 1 complete) were achieved in sorafenib-treated group; only 1 partial response was
achieved in capecitabine-treated group. The most commonly observed toxicities in sorafenib-
treated and capecitabine-treated groups were hand-foot skin reaction and hyperbilirubinemia,
respectively. The study concluded that (1) sorafenib is superior to capecitabine in patients with
HCC and (2) capecitabine should not be employed as a single-agent therapy; instead, combi‐
nation regimens with sorafenib should be attempted.

In conclusion, the DFS and OS advantages of single-agent fluoropyrimidines (5-FU and
capecitabine) are uncertain, partly due to inconsistent study participants (treatment naive and
previously treated). Combination regimens with other chemotherapeutic agents should be
examined in phase II/III clinical trials.

3.1.7. Gemcitabine

Single-agent gemcitabine chemotherapy has showed varied modest results in 3 phase II clinical
trials [56-58].
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In 2000, Yang et al. [56] studied the role of gemcitabine (intravenous 1250 mg/m2 once weekly
for 3 weeks followed by a 1-week rest) in 28 chemotherapy-naive patients with inoperable,
nonembolizable, locally advanced or metastatic HCC. All study patients received 6 cycles of
gemcitabine, as follows: 1250 mg/m2 once weekly for 3 weeks followed by a 1-week rest. Partial
response was attained in 5 of 28 patients (overall response rate: 17.8%). Stable disease was
attained in 7 patients (25%). Disease progression occurred in 16 patients (57.2%). The median
OS in all the 28 patients and those 5 patients who had partial response was 18.7 and 34.7 weeks,
respectively. The median TTP was roughly 12 weeks. Grade 3/4 adverse events mainly
comprised equally thrombocytopenia and leucopenia (10.7%) as well as equally anemia and
hepatotoxicity (14.3%).

In 2001, Kubicka et al. [57] studied the role of gemcitabine in 20 patients with advanced
unresectable HCC. The median number of gemcitabine administration was 7.6 (range: 3-21).
The overall response rate was attained in 1 patient (5%), and gemcitabine did not ameliorate
the cancer-related symptoms. Grade 3/4 thrombocytopenia was the most commonly observed
adverse event (30%).

In 2002, Fuchs et al. [58] studied the role of gemcitabine (intravenous 1000 mg/m2 once weekly
for 3 weeks followed by 1 resting week) in 30 patients with advanced unresectable metastatic
HCC. The enrolled patients had received at least one prior modality of systemic therapy in the
past. The median number of gemcitabine administration was 2 (range: 1-8). Neither complete
nor partial responses were attained. Only 9 patients (30%) attained stable disease (median
interval: 7.4 months). The median OS was 6.9 months, whereas the overall 1-year survival was
40%. One patient (3%) suffered grade 3 thrombocytopenia whereas another one patient (3%)
suffered hemolytic-uremic syndrome. Additionally, 2 patients (7%) developed grade 4
neutropenia.

In conclusion, although gemcitabine is largely well tolerated, phase II clinical trials of gemci‐
tabine exhibited minimal effects in patients with advanced unresectable HCC and therefore is
not recommended. Gemcitabine-based combination therapies are interesting therapeutic
targets.

3.1.8. Thalidomide

Single-agent thalidomide chemotherapy has been investigated in 3 early phase II clinical trials
-61]. Thalidomide showed lower rates of antineoplastic effects; however, disease stabilization
was achieved in up to 33% of patients.

In 2003, Hsu et al. studied the role of low-dose thalidomide (starting dose of 200 mg per day;
the dose was gradually upgraded in 100-mg phases up to maximum tolerated dose or 600 mg
per day) in 68 patients with advanced unresectable HCC. Four patients (6.3%) attained
chemotherapy responses (1 complete and 3 partial), and their AFP levels fell greatly. Moreover,
an additional 6 patients experienced more than 50% reduction in their AFP levels post
treatment with thalidomide. In total, 10 patients achieved objective response to thalidomide
with a median OS of 62.4 weeks (range: 31.2-93.6). For all patients, the median OS was 18.7
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weeks, whereas the overall 1-year survival was 27.6%. Only 6 and none patients developed
grade 3 and grade 4 thalidomide-related adverse events, respectively.

In 2005, Lin et al. studied the role of thalidomide (starting dose of 200 mg per day; the dose
was gradually upgraded in 100-mg phases up to maximum tolerated dose or 800 mg per day)
in 27 patients with advanced unresectable HCC. The median daily dose was 300 mg. Only 1
patient achieved near-complete drug response (expressed as reduced AFP level) as well as
partial radiological response on computed tomography (CT) imaging. Stable disease of 16-
week interval was attained in 2 patients. The median DFS was 6 weeks, whereas the overall
OS was 17.6 weeks. Fatigue (81%) and somnolence (62%) were the two most frequent thali‐
domide-related adverse events. Three patients suffered grade 4 hyperbilirubinemia.

In 2005, Patt et al. [61] studied the role of thalidomide (starting dose of 200 mg per day; the
dose was gradually upgraded from 400 mg during the first week to 1000 mg during the fifth
week) in 37 patients with advanced unresectable HCC. Overall, 1 (5%), 1 (5%), and 10 (31.3%)
patients attained partial response, minor response, and stable disease, respectively. Twenty
patients (62.5%) experienced disease progression. The overall OS was roughly 6.8 months. The
most frequently observed drug-related adverse events were grade 2/3/4 somnolence in 65%
whereas grade 3/4 reactions occurred in 20% of patients.

In conclusion, with gradual dose escalation, thalidomide exhibited well-tolerated toxicity
profile. While thalidomide demonstrated lower response rates, it offered disease stabilization
in one-third of patients. Future studies should be targeted toward exploring different thali‐
domide analogs and doses as well as trial of combination therapy with other systemic
management modalities. As of now, thalidomide use in the management of advanced HCC is
not recommended.

3.1.9. Irinotecan

Single-agent irinotecan chemotherapy has been investigated in two phase II clinical trials for
the management of patients with advanced unresectable HCC [62,.

In 2001, O’Reilly et al. (phase II) studied the role of irinotecan (starting dose of 125 mg once
weekly for 4 weeks followed by a 2-week rest) in 14 patients with advanced unresectable HCC.
The median number of irinotecan cycle administration was 1 (range: 1-6). Partial response was
attained in only 1 patient (7%), which lasted for 7 weeks. Transient stable disease was attained
in 1 patient (7%). Disease progression occurred in all the 12 remaining patients (86%). Signif‐
icant irinotecan-related adverse events were noted, mainly nausea, vomiting, diarrhea, fatigue,
and neutropenia.

In 2006, Boige et al. (multicenter phase II study) studied the role of irinotecan (dose was
adjusted according to total bilirubin level) in 29 patients with advanced unresectable HCC. In
total, 0, 1, and 12 patients experienced objective response, minor response, and disease
stabilization, respectively. Median TTP was 3.1 months whereas the OS was 7.4 months. Grade
3/4 toxicities primarily compromised diarrhea (17%), anemia (24%), and neutropenia (47%).
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In conclusion, irinotecan had considerable drug-related toxicities (adverse events) and very
minimal antitumor effects against advanced unresectable HCC. Single-agent irinotecan
chemotherapy is not recommended.

3.2. Combination systemic cytotoxic chemotherapy

Various combinations of systemic cytotoxic chemotherapeutics have been investigated in
patients with advanced HCC, such as cisplatin-based, gemcitabine-based, and oxaliplatin-
based regimens.

Table 1 exhibits a summary of major phase I to II studies on combination systemic cytotoxic
chemotherapy in patients with advanced inoperable HCC.

Overall, cisplatin-based combination chemotherapeutic schedules seem to yield greater
objective response rates than non-cisplatin-based combination chemotherapeutic schedules.
However, no single combination systemic chemotherapy regimen definitely appeared to offer
superior or valuable survival advantages such as TTP, PFS, OS, and disease stabilization.

Regimens containing oxaliplatin plus short-term infusional 5-FU and leucovorin are most
frequently utilized in the management of advanced colorectal cancer with hepatic metastases.

In 2013, Qin et al. (multicenter open-label, phase III randomized trial) examined the efficacy
of single-agent doxorubicin (50 mg/m2 once every three weeks) versus modified FOLFOX4
regimen (infusional 5-fluorouracil, leucovorin, and oxaliplatin) in 371 Asian patients with
primary locally advanced, inoperable, or metastatic HCC. Of note, 90 of all enrolled 371
patients (24.3%) had cirrhosis secondary to hepatitis B virus infection. In comparison with the
doxorubicin group, the modified FOLFOX4 achieved slightly higher PFS (2.93 vs. 1.77 months,
respectively), median OS (6.40 vs. 4.97 months, respectively), ORR (8.15%, vs. 2.67%, respec‐
tively), and DCR (52% vs. 32%, respectively). On continual follow-up, there was a statistically
significant sustainable tendency toward improved OS with FOLFOX4 regimen versus
doxorubicin (P = 0.04). Modified FOLFOX4-related adverse events were comparable to earlier
studies. Both treated groups experienced similar grade 3/4 drug-related toxicities. The study
concluded that the propensity toward enhanced OS, PFS, and ORR with modified FOLFOX4
regimen may offer some palliative advantages to the Asian HCC patients; however, a definite
OS advantage cannot be deduced from their study, and further research was suggested.

3.3. Interferon alpha (IFNα)

Interferon alpha (IFNα) is an immunomodulatory cytokine (immunotherapy/biotherapy) that
has exhibited antineoplastic effects against many neoplasms counting HCC.

3.3.1. IFNα monotherapy

As a minimum, three controlled trials have examined single-agent IFNα therapy in patients
with far-advanced unresectable HCC; however, research outcomes were contradictory.
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In 1989, Lai et al. (Chinese prospective randomized trial) explored the efficacy of single-agent
IFNα versus single-agent doxorubicin in 75 patients with advanced unresectable HCC. The
IFNα group achieved a higher median OS than the doxorubicin group (8.3 months vs. 4.8
months), although it was not statistically significant. Doxorubicin-related adverse events
included neutropenia and cardiotoxicity in approximately 25% of patients. Conversely, IFNα-
related adverse events included adrenal gland failure and dementia in roughly 3.8% of
patients. Overall, IFNα achieved statistically significant robust cancer regression (P = 0.00199),

Regimen Reference Authors Year
Combination systemic
chemotherapy

n RR (%)
DS
(%)

TTP
(mon)

PFS
(mon)

OS
(mon)

Cisplatin-
based
regimen

[134] Lee et al. 2004 Cisplatin plus doxorubicin 42 18.9 16.2 6.6 NR 7.3

Yang et al. 2004
Cisplatin, mitoxantrone,
plus continuous infusion 5-
FU

63 23.8 NR 2.5 NR 4.9

Ikeda et al. 2005
Cisplatin, mitoxantrone,
plus continuous infusion 5-
FU

51 27 NR NR 4 11.6

[137]
Boucher et
al.

2002
Cisplatin, epirubicin plus
infusional 5-FU

21 14.5 NR 5.9 NR 10

[138] Park et al. 2006
Cisplatin, doxorubicin plus
capecitabine

29 24 20.7 3.7 NR 7.7

[139] Shim et al. 2009 Cisplatin plus capecitabine 178 19.7 45 NR 2.8 10.5

[140] Lee et al. 2009 Cisplatin plus capecitabine 32 6.3 34.3 2 NR 12.2

Gemcitabi
ne-based
regimen

[141]
Parikh et
al.

2005 Gemcitabine and cisplatin 30 20 43 4.5 NR 5.3

[142] Chia et al. 2008 Gemcitabine and cisplatin 15 6.7 20 NR 1.5 4.5

[143]
Lombardi
et al.

2011
Gemcitabine plus
pegylated liposomal
doxorubicin

41 NR 24 NR 5.8 22.5

Oxaliplati
n-based
regimen

[144]
Louafi et
al.

2007
Gemcitabine plus
oxaliplatin (GEMOX)

34 18 58 NR 6.3 11.5

[145] Mir et al. 2012
Gemcitabine plus
oxaliplatin (GEMOX)

18 18.8 18.8 NR 3.2 4.7

[146]
Zaanan et
al.

2013
Gemcitabine plus
oxaliplatin (GEMOX)

204 22 66 NR 4.5 11

[147] Boige et al. 2007
Gapecitabine plus
oxaliplatin (XELOX)

50 6 72 NR 4.1 9.3

n: sample size; RR: response rate; DS: disease stabilization; TTP: time to progression; PFS: progression-free survival; OS:
overall survival; NR: not reported; mon: months

Table 1. Summary of major phases I and II studies on combination systemic chemotherapy in patients with advanced
inoperable HCC
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less worsening cancers (P = 0.00017), less life-threatening long-lasting bone marrow suppres‐
sion (P = 0.01217), and less severe drug-related adverse events (P = 0.01383) when compared
to doxorubicin group. The study concluded that IFNα was superior to doxorubicin in terms
of cancer control as well as less lethal bone marrow suppression and adverse events.

In 1993, Lai et al. [66] (randomized controlled trial) examined the efficacy of IFNα (intramus‐
cular 50 × 106 IU/m2 3 times weekly) and no anticancer treatment in 35 and 36 advanced
unresectable HCC Chinese patients, respectively. The IFNα group achieved a higher median
OS than no anticancer group (14.5 vs. 7.5 months; P = 0.0471), as well as significant robust
cancer regression (P < 0.0001) and less worsening (progressive) cancers (P = 0.001). Despite the
IFNα dose was comparatively high, it was well tolerated; roughly 34% of patients had one-
third to one-half dosage decreases as a result of continuous generalized weakness. Moreover,
type 2 diabetes mellitus patients experienced mental worsening that could be related to
IFNα treatment. The study concluded that IFNα was beneficial in a subset of Chinese patients
with advanced unresectable HCC, in terms of cancer control (tumor regression) and extended
disease-related survival expectancy.

However, the above-mentioned results of Lia et al. [66] were not validated and reciprocated
in a second randomized clinical trial by Llovet et al. in 58 advanced HCC patients with
ineligibility to undergo surgery, transplantation, or other treatment modalities. The study took
place in year 2000 and randomized patients to receive either IFNα (n = 30) or BSC (n = 28). Of
the 30 IFNα-treated patients, only 2 patients (6.6%) achieved objective partial responses.
Although the 1-year and 2-year survival rates were higher in IFNα-treated vs. BSC groups
(58% vs. 38% and 36% vs. 12%, respectively), there were no statistical significant differences.
Although IFNα dose was greatly decreased, 23 (76.7%) of 30 patients experienced severe
unbearable drug-related adverse events (toxicities) resulting in drug suspension in exactly 13
patients. The study concluded that IFNα was not appropriately endured by advanced HCC
patients, and its administration did not yield beneficial advantages in the context of cancer
progression and OS rates.

In conclusion, studies on single-agent IFNα therapy showed conflicting outcomes. Addition‐
ally, dose-related toxicities were frequent despite lower doses were administered. Clear-cut
clinical benefits are uncertain and further research is needed.

3.3.2. IFNα-based combination therapy

There are two major IFN-based combination chemotherapeutic regimens: PIAF regimen and
(5-FU plus IFNα) regimen.

3.3.2.1. PIAF regimen

PIAF regimen is composed of cisplatin, IFNα, doxorubicin, and infusional 5-FU. PIAF regimen
has been shown to exhibit active antitumor effects despite its significantly lethal drug-related
toxic adverse events in patients with advanced HCC 8-. For example, in 1999, Leung et al.
administered PIAF regimen in 50 patients. Around 13 patients (26%) experienced a partial
response. The median OS was 8.9 months. The most frequent toxicities were mucositis and
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myelosuppression. There were two events of drug-related mortality as a result of neutropenic
sepsis.

In 2005, Yeo et al. (multinational randomized phase III study) examined the efficacy of single-
agent doxorubicin (60 mg/m2 every three weeks) versus PIAF regimen (cisplatin: 20 mg/m2 on
days 1-4; IFNα: 5 MU/m2 subcutaneously on days 1-4; doxorubicin: 40 mg/m2 on day 1; and 5-
FU 400 mg/m2 on days 1-4) in 188 chemotherapy-naive patients with inoperable HCC.
Although not statistically significant, the PIAF-treated group achieved higher ORR and
median OS than the single-agent doxorubicin group (20.9% vs. 10.5% and 8.7 months vs. 6.8
months, respectively). However, as expected, drug-related adverse events were more notice‐
able and statistically significant in the PIAF-treated group than in doxorubicin-treated group,
as follows: grade 3/4 hypokalemia (7% vs. 0%, respectively), grade 3/4 neutropenia (82% vs.
63%, respectively), and grade 3/4 thrombocytopenia (57% vs. 24%, respectively). The study
concluded that although the PIAF-treated group achieved higher overall ORR and beneficial
survival outcomes, the difference was statistically insignificant and not worthwhile. Addi‐
tionally, PIAF regimen incurred far greater statistically significant drug-related adverse
events.

One potential clarification for the Yeo et al. study’s failure to demonstrate a survival advantage
may be attributed to the improper patient selection. Subsequently, the correlation significance
between results of PIAF regimen and baseline liver function was exhibited in a retrospective
analysis by Leung et al.. The study analyzed a series of roughly 150 patients with advanced
inoperable HCC who received prior therapy with PIAF regimen. The study concluded that
good risk patients (normal baseline total bilirubin levels and noncirrhotic liver) achieved
higher statistically significant objective responses (50% vs. 6%) and prolonged survival rates
than bad risk patients (total serum bilirubin level >0.6 mg/dL and cirrhotic liver) when
medicated with systemic PIAF regimen.

In short, the role of PIAF chemotherapeutic schedule in the management of advanced inop‐
erable HCC remains unclear. Bearing in mind the lethal drug-related toxicity profile, it should
be indicated only for physically and biochemically fit patients who possess appropriate
performance status and minimal hepatic insufficiency.

3.3.2.2. 5-FU plus IFNα

Stuart et al. and Patt et al. had conflicting results. In 1996, Stuart et al. administered 5-FU (750
mg/m2 weekly) plus IFNα (9 MU three times weekly) in 10 patients with advanced HCC. The
ORR and the OS were 0% and 10 months, respectively. It was concluded that the 5-FU plus
IFNα regimen was not effective and drug-related toxicities were highly significant.

Moreover, in 2003, Patt et al. (phase II) administered 5-FU (200 mg/m2/day for 3 weeks every
4-week interval) plus IFNα2b (4 million U/m2 for three times weekly) in 43 patients with
advanced HCC. Liver cirrhosis was present among 71% of HCC. ORR was evaluable in only
28 patients, and it was 14% (all were partial responses). For all patients, the OS was 15.5 months.
The study concluded that 5-FU plus IFNα is effective and can be tolerated by cirrhotic patients.
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Of note, several studies by Sakon et al., Ota et al., and Nagano et al. have examined the
combination of systemic IFNα with intrahepatic arterial 5-FU in patients with primary
advanced inoperable HCC complicated by major portal vein thrombosis. Interestingly, ORRs
ranging from 33% to 73% were achieved. More specifically, chemotherapy responsiveness,
TTP, and OS rates were higher in IFN-alpha type 2 receptor (IFNAR2)-positive HCC versus
IFNAR2-negative HCC. It was concluded that chemotherapy responsiveness, TTP, and OS are
significantly linked to expression of IFNAR2 in HCC patients receiving 5-FU plus IFNα
combined chemotherapeutic regimen.

In conclusion, combinations of chemotherapeutics with interferon alpha (IFNα) seem to be
active. However, definitive survival benefits are not clear.

3.4. Conclusion

The employment of systemic chemotherapy has been accompanied by low ORRs, no survival
advantages, and high incidences of drug-related toxicities and adverse events. Moreover, there
are no adequate data to endorse or approve any single-agent or combined chemotherapeutic
regimens for the management of patients with advanced inoperable HCC [76].

Recently, chemotherapy is not being employed routinely for patients with advanced inoper‐
able HCC. This tendency can be attributed to three major rationales:

1. First, HCC is largely a chemoresistant neoplasm. This may be related to expression of
several drug resistance genes, such as heat shock proteins, p53 mutations, glutathione-S-
transferase, p-glycoprotein, and multidrug resistance gene (MDR-1) -81].

2. Second, the status of underlying liver cirrhosis and its associated complications (for
example, hepatic encephalopathy, portal hypertension, hypoalbuminemia, coagulopa‐
thies, portal venous thrombosis, ascites, hypersplenism, platelet sequestration, varices
and gastrointestinal bleeding, discrepant drug binding, altered biochemical distribution,
and disrupted pharmacokinetics) in the vast majority of patients precludes the choice and
effective dosing administration of substantial proportions of anticancer chemotherapeu‐
tics. Systemic chemotherapeutics are generally not well tolerated by patients with
substantial underlying hepatic insufficiencies, and this is a major limitation. In one study
by Nagahama et al. [82], there were no objective responses among HCC patients with
bilateral disease (2 hepatic lobes), 50% or more of hepatic involvement, ascites, total serum
bilirubin >2.0 mg/dL, portal venous thrombosis, and poor functional status of 2-3.

3. Third, the vast majority of studies have been conducted in diverse patient populations
with various clinicopathological factors such as old vs. young, cirrhosis due to hepatitis
B or C virus vs. cirrhosis due to alcoholism, chemotherapy-naive patients vs. previously
chemotherapy-treated patients, etc. Such population diversity is expected to result in
inconsistent enrolling criteria and study outcomes among the various controlled trials.
Moreover, almost all controlled clinical trials are negatively impacted by insufficient
sample size, improper study controls, and inappropriate study primary/secondary end
points.
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The arrival of novel molecularly targeted therapy (specifically sorafenib) is rapidly emerging
as the standard of care in patients with advanced inoperable HCC.

That being said, systemic chemotherapy may still be regarded in patients whom their HCC
get worse while on sorafenib and whom baseline liver function and performance status are
adequate enough to endure it.

The chemotherapy-related adverse events of any single-agent or combined regimen should be
deliberated cautiously in patients with progressive inoperable HCC, multiple comorbidities,
and very short life expectancy. Generally speaking, systemic chemotherapy should be
selectively administered to physically and medically fit patients who possess appropriate
hepatic functional reserve. Moreover, such administration should be ideally considered only
within the context of phase II and III clinical trials.

The choice of systemic chemotherapy should be guided by patients’ functional hepatic reserve,
physical fitness, prognosis, life expectancy, and most importantly availability of the best
evidence-based medicine (randomized controlled phase III clinical trials).

Lastly, the reactivation of viral hepatitis may take place in HCC patients receiving aggressively
exhaustive systemic chemotherapeutic regimens. Accordingly, it is crucial and greatly
recommended to maintain antiviral therapies, whenever deemed necessarily.

4. Novel molecularly targeted therapy

These therapies are targeted against specific molecular signaling pathways involved in HCC
carcinogenesis. Several nonrandomized and phase I, II, and III clinical trials have been
conducted to examine the role of novel molecularly targeted therapy (monotherapy or
combination therapy) for the management of advanced inoperable HCC.

4.1. Sorafenib

Sorafenib is the official first Food and Drug Administration (FDA)-approved monotherapy
drug for the management of patients with advanced unresectable HCC, ineligible for surgical
resection, liver transplantation, and loco-regional therapies. Several prospective studies have
evaluated the efficacy of sorafenib as single-agent (monotherapy) and combination therapy
with systemic cytotoxic chemotherapy and loco-regional therapy.

4.1.1. Sorafenib monotherapy

A total of 7 studies have been conducted on single-agent sorafenib with a sum of 1072 patients.

Table 2 exhibits a summary of major phase I and III studies on single-agent sorafenib for the
management of patients with advanced inoperable HCC.
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Ref. Authors Year Phase n
Age

(yr)

Gender (%) CPS (%) Hepatitis
DCR

(%)

TTP

(mon)

OS

(mon)
Toxicities

Male Female A B C HBV HCV Diarrhea Fatigue HFS

[88] Furuse et al. 2008 I 27 70 93 17 48 52 0 15 74 83 4.9 15.6 0 0 27

[148]
Castroagudin et

al.
2008 I 13 64 100 0 92 NR NR 0 23 62 NR 2 82 91 18

[149] Abou-Alfa et al. 2006 II 137 69 88 12 72 28 0 17 48 36 4.2 9.2 8 10 5

[150] Massa et al. 2008 II 16 72 88 12 NR NR NR NR NR 64 3 15 6 6 6

[87] Yau et al. 2008 II 51 56 93 7 71 26 3 90 6 26 3 5 16 20 8

[84] Llovet et al. 2008

III

(sorafenib

)

299 65 87 13 95 5 0 19 29 43 5.6 10.7 1 3 3

III

(placebo)
303 66 87 13 98 2 0 18 27 32 2.8 7.9 1 0.6 0.3

[85] Cheng et al. 2009

III

(sorafenib

)

150 51 85 15 97 3 0 71 11 35 2.8 6.5 6 3 11

III

(placebo)
76 52 87 13 97 3 0 78 4 16 1-4 4.2 1 0 0

n: sample size; yr: year; CPS: Child-Pugh score; HBV: hepatitis B virus; HCV: hepatitis C virus; DCR: disease control rate;
TTP: time to progression; OS: overall survival; HFS: hand-foot syndrome; NR: not reported; mon: months.

Table 2. Summary of major phases I-III studies on single-agent sorafenib for the management of patients with
advanced inoperable HCC

The numbers of phase I, II, and III studies were 2, 3, and 2, respectively. Overall, the vast
majority of patients were elderly (above 50 years), males, CPS-A/CPS-B, and HBV/HCV
positive. The DCR ranged from as low as 26% to as high as 82%. TTP ranged from 3 to 5.5
months, whereas OS ranged from 3 to 15.6 months. The most frequent sorafenib-related
toxicities were fatigue (range: 0-91%), diarrhea (range: 0-82%), and hand-foot syndrome [HFS]
(range: 3-27%).

The two high-quality, large-sized, randomized placebo-controlled phase III trials were the
SHARP and Asia-Pacific reports. In both reports, the greater proportions of patients had CPS-
A cirrhosis, and these proportions were almost similar (95% and 97%, respectively). However,
the occurrence of hepatitis B infection (HBV) was different (19% vs. 71%, respectively). In the
SHARP report, in comparison with placebo groups, the sorafenib group achieved higher
statistically significant median TTP (5.5 vs. 2.8 months, respectively; P < 0.05) and OS (10.7 vs.
7.9 months, respectively; P < 0.05). Conversely, in the Asia-Pacific report, in comparison with
the placebo groups, the sorafenib group achieved higher statistically significant median TTP
(2.8 vs. 1.4 months, respectively; P < 0.05) and OS (6.5 vs. 4.2 months, respectively; P < 0.05).
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The noted differences between TTP and OS between SHARP and Asia-Pacific trials were
contemplated, and a question was raised as whether etiology of cirrhosis (HBV vs. HCV)
influences the therapeutic response to sorafenib. Subsequently, Bruix et al. conducted sub-
analyses of SHARP study and showed that the median OS (sorafenib vs. placebo) was highest
in patients with HCV cirrhosis (14 vs. 7.4 months; difference: 6.6 months), followed by patients
with HBV cirrhosis (9.7 vs. 6.1 months; difference: 3.6 months), and then by patients with
underlying alcohol-related liver disease (10.3 vs. 8 months; difference: 2.3 months). The study
concluded that HCV (as opposed to HBV) positively influences therapeutic response to
sorafenib. Similar conclusions were attained elsewhere in other studies in Korea and Japan.

Exploring prognostic biomarkers of therapeutic responses is necessary. Several molecular (for
example, FGF3/FGF4, MET, VEGF/VEGFR, pERK), biochemical (for example, elevated AST)
-, and clinical (for example, diarrhea, high blood pressure) [94, 95] factors have been proposed
to forecast therapeutic response; however, none has been confirmed and definitely established
for employment in clinical practice.

In summary, based on the findings of SHARP and Asia-Pacific phase III trials, sorafenib is the
official first Food and Drug Administration (FDA)-approved monotherapy drug for the
management of patients with advanced unresectable HCC, ineligible for surgical resection,
liver transplantation, and loco-regional therapies [83]. Table 2 exhibits that single-agent
sorafenib therapy yields statistically significant, although moderate, clinical improvements in
the contexts of DCR, TTP, and OS in males younger than 70 years and have CPS-A cirrhosis.
Not much information are existing regarding the effects of single-agent sorafenib therapy in
females and in patient populations older than 70 years of age and having advanced CPS-B/
CPS-C cirrhosis. Patients with HCV-related cirrhosis have longer OS and higher DCR rates,
whereas patients with HBV-related cirrhosis have shorter OS and lower DCR rates in patients
receiving sorafenib. The most frequent sorafenib-related adverse events include fatigue,
diarrhea, and HFS.

4.1.2. Sorafenib-based combination therapy

Several studies have combined sorafenib with loco-regional and systemic therapies in patients
with advanced unresectable HCC. Loco-regional therapies mainly include transarterial
chemoembolization (TACE), transarterial radioemobolization (TARE), radiation, and others.
Systemic therapies mainly include cytotoxic chemotherapeutics, hormonal (somatostatin
analog) therapies, and others.

The most frequently studied sorafenib-based combination regimen is sorafenib plus TACE. A
recently published meta-analysis in 2014 by Zhang et al. [96] examined six studies published
from 2011 to 2013 (n = 1254 patients) about the efficacy and safety of sorafenib plus TACE
versus TACE alone in patients with intermediate to advanced unresectable HCC. The meta-
analysis concluded that the combination therapy of sorafenib plus TACE was associated with
higher statistically significant ORR (P = 0.021), TTP (P = 0.003), and OS (P = 0.007); however,
greater frequency of grade 3/4 adverse events than in the TACE group.
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underlying alcohol-related liver disease (10.3 vs. 8 months; difference: 2.3 months). The study
concluded that HCV (as opposed to HBV) positively influences therapeutic response to
sorafenib. Similar conclusions were attained elsewhere in other studies in Korea and Japan.

Exploring prognostic biomarkers of therapeutic responses is necessary. Several molecular (for
example, FGF3/FGF4, MET, VEGF/VEGFR, pERK), biochemical (for example, elevated AST)
-, and clinical (for example, diarrhea, high blood pressure) [94, 95] factors have been proposed
to forecast therapeutic response; however, none has been confirmed and definitely established
for employment in clinical practice.

In summary, based on the findings of SHARP and Asia-Pacific phase III trials, sorafenib is the
official first Food and Drug Administration (FDA)-approved monotherapy drug for the
management of patients with advanced unresectable HCC, ineligible for surgical resection,
liver transplantation, and loco-regional therapies [83]. Table 2 exhibits that single-agent
sorafenib therapy yields statistically significant, although moderate, clinical improvements in
the contexts of DCR, TTP, and OS in males younger than 70 years and have CPS-A cirrhosis.
Not much information are existing regarding the effects of single-agent sorafenib therapy in
females and in patient populations older than 70 years of age and having advanced CPS-B/
CPS-C cirrhosis. Patients with HCV-related cirrhosis have longer OS and higher DCR rates,
whereas patients with HBV-related cirrhosis have shorter OS and lower DCR rates in patients
receiving sorafenib. The most frequent sorafenib-related adverse events include fatigue,
diarrhea, and HFS.

4.1.2. Sorafenib-based combination therapy

Several studies have combined sorafenib with loco-regional and systemic therapies in patients
with advanced unresectable HCC. Loco-regional therapies mainly include transarterial
chemoembolization (TACE), transarterial radioemobolization (TARE), radiation, and others.
Systemic therapies mainly include cytotoxic chemotherapeutics, hormonal (somatostatin
analog) therapies, and others.

The most frequently studied sorafenib-based combination regimen is sorafenib plus TACE. A
recently published meta-analysis in 2014 by Zhang et al. [96] examined six studies published
from 2011 to 2013 (n = 1254 patients) about the efficacy and safety of sorafenib plus TACE
versus TACE alone in patients with intermediate to advanced unresectable HCC. The meta-
analysis concluded that the combination therapy of sorafenib plus TACE was associated with
higher statistically significant ORR (P = 0.021), TTP (P = 0.003), and OS (P = 0.007); however,
greater frequency of grade 3/4 adverse events than in the TACE group.
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Prete et al. [97] examined the safety and efficacy of sorafenib plus octreotide in 50 patients with
advanced HCC; 16 patients (n = 16) were treatment naive (34%), whereas the rest underwent
prior local and/or systemic management. Partial response, stable disease, and disease pro‐
gression occurred in 10%, 66%, and 24% of patients, respectively. The median TTP and OS
were 7 months and 12 months, respectively. Regimen therapy was generally well endured,
and hypertension (4%) and diarrhea (6%) were the most common grade 3/4 drug-related
adverse side effects. The study concluded that sorafenib plus octreotide regimen is active and
well tolerated and signifies a potential therapeutic choice in such patient population with
advanced HCC.

Hsu et al. [98] examined the safety and efficacy of sorafenib plus metronomic tegafur/uracil in
53 patients with advanced HCC, all of which (100%) and 72% were CPS-A and Hepatitis B
surface antigen positive. Partial response and stable disease occurred in 8% and 49% of
patients, respectively. The median TTP and OS were 3.7 months and 7.4 months, respectively.
The most common grade 3/4 drug-related adverse side effects included bleeding (8%), HFS
(9%), elevated serum lipase enzyme (10%), deranged liver function tests (13%), and generalized
weakness (15%).

Petrini et al. [99] investigated the safety and efficacy of sorafenib plus 5-FU in 38 patients with
advanced HCC. DCR was 48%, whereas the median TTP and OS were 7.6 months and 12.2
months, respectively. The most common drug-related adverse side effects were HFS (55%) and
diarrhea (13%).

Yau et al. [100] investigated the safety and efficacy of sorafenib plus capecitabine plus
oxaliplatin in 51 patients with advanced or metastatic HCC (phase II trial). The vast majority
of patients had CPS-A (98%) and HBV infection (84%). DCR was 75%, whereas the median
TTP and OS were 7.1 months and 10.2 months, respectively. The most common drug-related
adverse side effects were HFS (73%) and diarrhea (69%).

Richly et al. [101] investigated the safety and efficacy of sorafenib plus doxorubicin in 47
patients with advanced or metastatic HCC (phase II trial). All patients had CPS-A (100%). DCR
was 62%, whereas the median TTP and OS were 6.4 months and 13.7 months, respectively.
The most common drug-related adverse side effects were HFS (6%), diarrhea (11%), and
generalized weakness (6%).

There was only one randomized, placebo-controlled, phase III trial that examined the efficacy
of doxorubicin plus sorafenib (n = 47) versus doxorubicin plus placebo (n = 49) in patients with
advanced unresectable HCC [102]. In contrast to the doxorubicin plus placebo group, the
doxorubicin plus sorafenib group achieved higher statistically significant DCR (62% vs. 29%,
respectively), TTP (6.4 vs. 2.8 months, respectively), and OS (13.7 vs. 6.5 months, respectively).
The frequencies of drug-related adverse events were comparable to those for monotherapies.
Despite the survival benefits associated with doxorubicin plus sorafenib, the combination of
doxorubicin plus sorafenib is not yet indicated for routine clinical use.

In summary, studies of sorafenib-based combination therapy report better DCR, TTP, and OS
benefits when compared to single-agent sorafenib therapy, without increased frequencies of
excessive treatment-related toxicities and adverse events. However, the vast majority of the
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conducted sorafenib-based combination therapy studies were quite small-sized case series
reporting preliminary findings, and comprehensive data about patient characteristics and
clinical outcomes were not often provided. Thus, it is improper to compare such studies.
Moreover, in the only phase III trial by Abou-Alfa et al. [102], it was demonstrated that
sorafenib plus doxorubicin regimen is more efficacious than doxorubicin alone but does not
automatically deliberate that combination therapy (doxorubicin plus sorafenib) is better than
single-agent doxorubicin alone. Further research is needed.

4.1.3. Safety and efficacy of sorafenib in hepatic dysfunction

The safety of sorafenib in patients with hepatic dysfunction, as determined by Child-Pugh
score (CPS), has been explored.

In 2011, Abou-Alfa et al. [103] explored the efficacy and safety of sorafenib in HCC patients
with CPS-A (n = 98) and CPS-B (n = 38). In comparison with CPS-A patients, CPS-B patients
achieved lower statistically significant median duration of therapy (1.8 vs. 4 months, respec‐
tively) and OS (3.2 vs. 9.5 months, respectively). Moreover, grade 3/4 adverse events took place
in both CPS-A and CPS-B patients and encompassed encephalopathy (3% vs. 13%, respective‐
ly), ascites (3% vs. 5%, respectively), and hyperbilirubinemia (14% vs. 53%, respectively).

Moreover, Pinter et al. [104] examined the efficacy and safety of sorafenib in HCC patients
with CPS-A (n = 26), CPS-B (n = 23), and CPS-C (n = 10). Respectively, the median OS was 8.3,
4.3, and 1.5 months. It was concluded that sorafenib is questionable to offer survival advan‐
tages in patients with CPS-C cirrhosis.

Furthermore, Lencioni et al. [105] examined the safety and efficacy of sorafenib in 1586 patients
with liver dysfunction in their first interim analysis of the Global Investigation of Therapeutic
Decisions in Hepatocellular Carcinoma and of its Treatment with Sorafenib (GIDEON). CPS-
B patients experienced more serious adverse events than CPS-A patients (60% vs. 3%, respec‐
tively), higher rates of treatment termination (40% vs. 25%, respectively), and higher
frequencies of mortality during treatment up to 1 month from the latest sorafenib dose
administration (37% vs. 18%, respectively).

However, Raoul et al. [106] in a subanalysis of SHARP trial concluded that sorafenib was safe
and effective in patients with mild to moderate liver dysfunction (equal to or greater than 1.8
times the upper limit of normal) without events of increased hepatic toxicities.

In conclusion, sorafenib has better efficacy and safety profiles in HCC patients with CPS-A
than CPS-B and CPS-C. For HCC patients with CPS-B, standard dosing should be initiated and
then doses can be adjusted accordingly, whenever deemed necessary. Sorafenib is not
recommended for HCC patients with CPS-C. Further research is needed.

4.1.4. Safety and efficacy of sorafenib post liver transplantation

There are minimal data regarding the safety and efficacy of sorafenib plus immunosuppressive
therapies (such as mammalian target of rapamycin [mTOR] or calcineurin inhibitors) in
patients with recurrent HCC post orthotopic liver transplantation (OLT).
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The largest experienced was reported by Gomez-Martin et al. [107]. Twenty-six patients had
recurrent HCC post OLT. Ten and sixteen patients received sorafenib doses at 800 mg and 400
mg daily, respectively, in addition to anti-mTOR as an immunosuppresive therapy post OLT.
The overall DCR was 54%, whereas the overall TTP and OS were 6.8 and 19.3 months,
respectively. Diarrhea (13%, probably due to sorafenib treatment) and mucositis (8%, probably
due to anti-mTOR treatment) were the most frequent adverse events.

However, higher frequencies of therapy-related toxicities and adverse events were document‐
ed in other studies combining sorafenib and anti-mTOR [108-110]. For instance, Staufer et al.
[109] reported grade 3/4 adverse events in 92% of patients, 77% of whom terminated sorafenib
therapy. However, partial response and stable disease were attained in 1 and 4 patients,
respectively.

In summary, the combination of sorafenib plus anti-mTOR is feasible in recurrent HCC
patients following OLT. However, therapy should be carefully checked due to the probability
of severe adverse events. Dose modification may be needed.

4.2. Antiangiogenic agents

HCCs are largely vascular neoplasms as increased expressions of micro-vessel concentration
and vascular endothelial growth factor (VEGF) have been identified [111-114]. The increased
expression of VEGF has been linked to poorer survival outcomes [115-117]. Thus, the inhibition
of angiogenesis denotes a highly desired therapeutic target in patients with advanced inop‐
erable HCC. Numerous antiangiogenic drugs have already been introduced in clinical studies
in monotherapies and combined therapies. Such drugs include bevacizumab, sunitinib,
brivanib, pazopanib, inifanib (ABT-869), cediranib (AZD2171), selumetinib (AZD6244),
orantinib (TSU-68), ramucirumab, vatalanib (PTK787/ZK 222584), tivantinib, and others.

In a randomized, placebo-controlled, double-blind, phase III trial (BRISK-PS study) by Llovet
et al. [118], a total of 395 HCC patients—who failed sorafenib treatment (during or after
therapy) or who were ineligible for sorafenib treatment in the first place—were enrolled in the
study. Patients were randomized to receive brivanib (800 mg orally once per day) plus best
supportive care (BSC) or placebo plus BSC. In brivanib versus placebo groups, the median OS
was 9.4 months vs. 8.2 months (P = 0.3307), respectively, whereas TTP was 4.2 months vs. 2.7
months (P < 0.001), respectively. Treatment-related study termination occurred in 23% and 7%
of brivanib and placebo groups, respectively. Grade 3/4 decreased appetite (10%), hyponatre‐
mia (11%), fatigue (13%), and hypertension (17%) were the most common drug-related harmful
frequencies. The study concluded that patients who were previously managed with sorafenib,
brivanib therapy did not substantially improve OS.

Tivantinib (ARQ 187) is a selective oral inhibitor of c-Met (tyrosine kinase receptor) with
multiple roles in neoplastic cell proliferation, migration, invasion, and angiogenesis [33].
Santoro et al. [119] conducted a randomized placebo-controlled phase II trial and examined
the role of tivantinib as a second-line novel molecularly targeted therapy in patients with
advanced HCC. Major DCR, TTP and DFS advantages were attained in Met+ patients, with an
initial OS inclination favoring tivantinib (HR = 0.47) and no negative effects in Met- patients.
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For Met+ patients, tivantinib achieved higher DCR (50% vs. 20%) and OS (7.2 months vs. 3.8
weeks) than placebo-treated group [33, 119]. Four drug-related mortalities happened in
tivantinib group. Grade 3/4 adverse events in tivantinib group included: neutropenia (14%)
and anaemia (11%); none occurred in the placebo groups. The study concluded that tivantinib
(compared to placebo) substantially benefited second-line HCC patients, particularly if Met+
patients with well-tolerated drug safety dosing at 240 mg twice daily. There is an ongoing
prospective, randomized, double-blind, phase III study of tivantinib in Met-high advanced
unresectable HCC patients with one previous administration of systemic therapy [33].

Table 3 exhibits a summary of major phase I and II studies on antiangiogenesis monotherapies
in patients with advanced HCC. Among the antiangiogenic drugs, bevacizumab stands out as
the most effective single-agent novel molecularly targeted therapy. Objective response and
disease stabilization rates can be achieved in 7%-13% and 54%-57%, respectively, whereas PFS
and OS durations can achieve durations of 3.5-6.9 months and 12.4 months, respectively.
However, the drug-related toxicities of hypertension as well as major bleeding and thrombo-
embolic events are major limiting factors [120-122].

Reference Authors Year Phase
Single-agent

therapy
n

RR
(%)

DS
(%)

TTP
(mon)

PFS
(mon)

OS
(mon)

Antiangi
ogenic
agents

[122] Schwartz et al. 2006 II Bevacizumab 30 6.7 57 6.4 NR NR

[120] Malka et al. 2007 II Bevacizumab 30 12.5 54 NR 3.5 NR

[121] Siegel et al. 2008 II Bevacizumab 46 13 NR NR 6.9 12.4

[151] Hoda et al. 2008 II Sunitinib 23 6 35 NR NR NR

[152] Zhu et al. 2009 II Sunitinib 34 2.9 47 4.1 3.9 9.8

[153] Faivre et al. 2009 II Sunitinib 37 2.7 35 5.3 3.7 8

[154] Koeberle et al. 2010 II Sunitinib 45 2 40 2.8 2.8 9.3

[155] Finn et al. 2012 II Brivanib 46 4.3 41.3 2.7 NR 9.79

[156] Yau et al. 2009 I Pazopanib 27 7 41 4.6 NR NR

[157] Toh et al. 2009 II
Inifanib

(ABT-869)
44 8.7 NR 3.7 3.7 9.8

[158] Alberts et al. 2007 II
Cediranib
(AZD2171)

28 0 NR 2.8 NR 5.8

[159] O’Neil et al. 2009 II
Selumetinib
(AZD6244)

19 0 37.5 2 NR NR

[160] Kanai et al. 2010 I/II
Orantinib
(TSU-68)

35 8.6 42.8 2.1 NR 13.1

[161] Zhu et al. 2010 II Ramucirumab 42 NR 50 NR 4.3 NR

[162] Koch et al. 2007 I
Vatalanib
(PTK787)

18 0 50 NR NR 7.3

Anti-
EGFR
agents

[128] Philip et al. 2005 II Erlotinib 38 7.9 59 NR 3.2 13

[129] Thomas et al. 2007 II Erlotinib 40 0 43 NR 3.1 11

[163] O’Dwyer et al. 2006 II Gefitinib 31 3 22.5 NR 2.8 6.5

[164] Ramanathan et al. 2009 II Lapatinib 57 5 35 NR 2.3 6.2
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Reference Authors Year Phase
Single-agent

therapy
n

RR
(%)

DS
(%)

TTP
(mon)

PFS
(mon)

OS
(mon)

[165] Lin et al. 2008 II Imatinib 15 0 13.3 NR NR NR

[166] Zhu et al. 2007 II Cetuximab 30 0 17 NR 1.4 9.6

[167] Gruenwald et al. 2007 II Cetuximab 32 0 44 1.9 2 NR

Anti-
mTOR
agents

[168] Blaszkowsky et al. 2011 I/II Everolimus 28 4 44 NR 3.8 8.4

[169] Rizell et al. 2008 II Sirolimus 21 4.8 23.8 NR NR 6.5

n: sample size; RR: response rate; DS: disease stabilization; TTP: time to progression; PFS: progression-free survival; OS:
overall survival; NR: not reported; mon: months

Table 3. Summary of major phases I and II studies on single-agent novel molecularly targeted therapy in advanced
HCC patients

In summary, the inhibition of angiogenesis appears to be feasible and promising. The combi‐
nation of antiangiogenic drugs (particularly bevacizumab) and other local/systemic therapies
may further enhance survival outcomes in patients with advanced inoperable HCC. Addi‐
tional research is needed and many randomized controlled trials are already in place.

4.3. Epidermal growth factor receptor (EGFR) inhibitors

The expression of numerous EGF family members (such as EGF, EGFR, transforming growth
factor-alpha [TGF-α], heparin-binding epidermal growth factor, and others) has been con‐
firmed in many HCC cell tissues [123-127]. Thus, disrupting the EGFR signaling pathway
denotes a highly desired therapeutic target in patients with advanced inoperable HCC.
Subsequently, two major categories of anti-EGFR have been created: EGFR tyrosine kinase
inhibitors and monoclonal antibodies against EGFR. Numerous anti-EGFR drugs have already
been introduced in clinical studies in monotherapies and combined therapies. Examples of
EGFR tyrosine kinase inhibitors include erlotinib, gefitinib, lapatinib, and imatinib. The most
commonly used monoclonal antibody against EGFR is cetuximab.

Among the anti-EGFR drugs, erlotinib stands out the most effective single-agent novel
molecularly targeted therapy. In two randomized controlled trials [128, 129] examining the
role of erlotinib in patients with advanced unresectable HCC, a total of 78 patients were
enrolled. Although ORR ranged from 0% to 9%, the average disease stabilization rate reached
51%, whereas average PFR and OS achieved durations of 3 and 12 months, respectively.
However, the most frequent drug-related toxicities were skin-related reactions and diarrhea.
Apart from the fairly moderate antitumor effects associated with erlotinib, the remaining drugs
belonging to EGFR inhibitors have failed to demonstrate any substantial antineoplastic effects
as monotherapies in patients with advanced HCC [33].

Table 3 exhibits a summary of major phase I and II studies on single-agent EGFR inhibitors
(novel molecularly targeted therapy) in patients with advanced HCC.

In summary, interfering with EGFR signaling pathway appears to be feasible, promising, and
an exciting area for future research. The combination of anti-EGFR drugs (particularly
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erlotinib) and other local/systemic therapies may further enhance survival outcomes in
patients with advanced inoperable HCC. Additional research is needed and many randomized
controlled trials are already in place.

4.4. Mammalian target of rapamycin (mTOR) inhibitors

The significance of the mTOR signaling pathway in HCC pathogenesis was explored in a large-
sized research study involving 314 HCC and 37 noncancerous tissues that utilized a variety of
molecular-based laboratory techniques [130]. The major study findings were abnormal mTOR
signaling (p-RPS6) in 50% of patients, chromosomal gains in rapamycinin-sensitive companion
of mTOR (RICTOR) in 25% of patients, and direct correlation between positive p-RPS6
immunohistochemical staining and HCC recurrence post surgical excision. Thus, disrupting
the mTOR signaling pathway designates a highly potential therapeutic target in patients with
advanced inoperable HCC. Numerous anti-mTOR drugs have already been introduced in
clinical studies in monotherapies and combined therapies. Examples of mTOR inhibitors
include everolimus, sirolimus, and temsirolimus.

Among the anti-mTOR drugs, everolimus stands out as the most effective single-agent novel
molecularly targeted therapy despite the modest antitumor activities. Dose-limiting adverse
events are common and include infection, diarrhea, elevated alanine aminotransferase,
elevated total bilirubin, cardiac ischemia, and reactivation of HBV/HCV [131].

Table 3 exhibits a summary of major phase I and II studies on single-agent mTOR inhibitors
(novel molecularly targeted therapy) in patients with advanced HCC.

In view of the modest antitumor activities of everolimus, Zhu et al. [132] conducted a multi‐
center, randomized, double-blind, phase III trial (EVOLVE-1) in 546 adult HCC patients who
failed sorafenib treatment (during or after therapy) or who were ineligible for sorafenib
treatment in the first place. Patients were randomized to everolimus plus best supportive care
(BSC) (n = 362) and placebo plus BSC (n = 184) groups. No statistically significant differences
in median TTP and OS were achieved among both treatment groups. However, a statistically
significant DCR was achieved in everolimus versus placebo group (56.1% vs. 45.1%, respec‐
tively; P = 0.01), and mortality rate was comparable (83.7% vs. 82.1%, respectively). The most
frequent grade 3/4 toxicities observed in everolimus versus placebo groups were generalized
weakness (7.8% vs. 5.5%, respectively), diminished appetite (6.1% vs. 0.5%, respectively), and
anemia (7.8% vs. 3.3%, respectively). No single patient encountered HCV flare-up, however,
HBV reactivation was encountered by 29 everolimus and 10 placebo (n = 39 patients; overall
7%); all of which were symptom free. The study concluded that administration of everolimus
did not improve OS in patients with advanced HCC whose cancer progressed during or after
receiving sorafenib or who were intolerant of sorafenib.

4.5. Combination therapy with novel molecularly targeted therapy and systemic
chemotherapy

Table 4 exhibits a summary of phases I and II on combined novel molecularly targeted therapy
and systemic chemotherapy in patients with advanced HCC.
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center, randomized, double-blind, phase III trial (EVOLVE-1) in 546 adult HCC patients who
failed sorafenib treatment (during or after therapy) or who were ineligible for sorafenib
treatment in the first place. Patients were randomized to everolimus plus best supportive care
(BSC) (n = 362) and placebo plus BSC (n = 184) groups. No statistically significant differences
in median TTP and OS were achieved among both treatment groups. However, a statistically
significant DCR was achieved in everolimus versus placebo group (56.1% vs. 45.1%, respec‐
tively; P = 0.01), and mortality rate was comparable (83.7% vs. 82.1%, respectively). The most
frequent grade 3/4 toxicities observed in everolimus versus placebo groups were generalized
weakness (7.8% vs. 5.5%, respectively), diminished appetite (6.1% vs. 0.5%, respectively), and
anemia (7.8% vs. 3.3%, respectively). No single patient encountered HCV flare-up, however,
HBV reactivation was encountered by 29 everolimus and 10 placebo (n = 39 patients; overall
7%); all of which were symptom free. The study concluded that administration of everolimus
did not improve OS in patients with advanced HCC whose cancer progressed during or after
receiving sorafenib or who were intolerant of sorafenib.

4.5. Combination therapy with novel molecularly targeted therapy and systemic
chemotherapy

Table 4 exhibits a summary of phases I and II on combined novel molecularly targeted therapy
and systemic chemotherapy in patients with advanced HCC.
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Reference Authors Year Phase Combined Therapy n
RR
(%)

DS
(%)

TTP
(mon)

PFS
(mon)

OS
(mon)

[144] Louafi et al.12007 II
Cetuximab plus gemcitabine
plus oxaliplatin

35 24 4.5 NR NR 9.2

[170]
Asnacios et
al.1

2008 II
Cetuximab plus gemcitabine
plus oxaliplatin

45 20 40 NR 4.7 9.5

[171] Sanoff et al. 2011 II
Cetuximab plus capecitabine
plus oxaliplatin

24 12.5 71 4.5 NR 4.4

[172] Zhu et al. 2006 II
Bevacizumab plus gemcitabine
plus oxaliplatin

33 20 27 NR 5.3 9.6

[173] Sun et al. 2007 II
Bevacizumab plus capecitabine
plus oxaliplatin

29 11 78 NR 4.5 NR

[174] Hsu et al. 2008 II Bevacizumab plus capecitabine 45 9 41 NR 4.1 10.7

[175]
Thomas et
al.

2009 II Bevacizumab plus erlotinib 40 25 42.5 NR 9 15.7

[176] Kaseb et al. 2012 II Bevacizumab plus erlotinib 59 24 56 NR 7.2 13.7

[177] Philip et al. 2012 II Bevacizumab plus erlotinib 27 3.7 48 3 NR 9.5

[178] Berlin et al. 2008 II Bortezomib plus doxorubicin 39 2.3 25.6 NR 2.4 5.7

[179] Knox et al.2 2008 II
Oblimersen (G3139) plus
doxorubicin

17 0 35 1.8 NR 5.4

n: sample size; RR: response rate; DS: disease stabilization; TTP: time to progression; PFS: progression-free survival; OS:
overall survival; NR: not reported; mon: months

1 Overlap of patient cohorts cannot be excluded from abstracts.

2 Terminated secondary to absence of efficacy.

Table 4. Summary of phase II studies on combined novel molecularly targeted therapy and systemic chemotherapy in
advanced HCC

Several combination therapy regimens exist, such as bevacizumab based, cetuximab based,
and others. Among all, bevacizumab-based regimens appear to have the most effective
antitumor effects with ORR achieving 3.7%-25%, disease stabilization 27%-48%, PFS 4.1-7.2
months, and OS 9.5-15.7 months. Future studies comparing sorafenib-based versus bevacizu‐
mab-based combination therapies are needed.

4.6. Conclusion

Sorafenib remains the first-line standard of care management in patients with advanced
unresectable HCC. Multimodal therapy with sorafenib and other local/systemic therapy is an
exciting area for future exploration. Absolute advantages of combining novel molecularly
targeted therapy (sorafenib or bevacizumab) and cytotoxic chemotherapy is not yet surely
defined. Much more research is needed about efficacy of existing combination systemic
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therapy (cytotoxic chemotherapy plus novel molecularly targeted therapy) versus sorafenib
alone (the first-line therapy so far) for the management of patients with advanced unresectable
HCC. Such studies should be addressed through large-sized randomized controlled phase II
and III trials; some of which are already ongoing.

Several genetic and epigenetics take place during hepatocarcinogenesis. These signaling
pathways include the Wnt-b-catenin pathway, the hepatocyte growth factor/c-Met pathway,
IGF and IGF-R pathways, and PI3 K/Akt/mTOR pathway. Several drugs targeting these
significant pathways are currently undergoing early-stage assessment in patients with HCC
[33, 133].

5. Summary and final remarks

• Hepatocellular carcinoma (HCC) is a largely aggressive neoplasm that commonly takes
place in the setting of chronic liver disease and cirrhosis.

• At the time of clinical diagnosis, roughly 60%-70% of HCC patients present with primary
advanced inoperable, recurrent, or metastatic disease [7]. Moreover, tumor relapse (recur‐
rence) following curative surgical management continues to be a substantial dilemma and
is documented as high as approximately 70% at 5 years postoperatively [8].

• Systemic therapy is the most appropriate choice for patients with primary advanced,
inoperable, recurrent, or metastatic disease who were inappropriate candidates for other
local or loco-regional therapies.

• Systemic therapy is a rapidly developing area of research. Options of systemic therapy
mainly include hormonal therapy, cytotoxic therapy, and novel molecularly targeted
therapy.

• Single-agent tamoxifen or in combination with diverse chemotherapeutic drugs was
unsatisfactory and failed to yield substantial worthy survival advantages. Similar discour‐
aging results occurred with megestrol administration as well as somatostatin analogs
(octreotide and lanreotide). It can be concluded that the use of hormonal therapy for the
management of advanced inoperable HCC is not recommended. Its use may be only
recommended in the context of clinical trials.

• HCC is largely a chemoresistant neoplasm [77]. The employment of systemic cytotoxic
chemotherapy has been accompanied by low objective response rates, no survival advan‐
tages, and high frequencies of drug-related toxicities and adverse events. Moreover, there
are no adequate data to endorse or approve any single-agent or combined chemotherapeutic
cytotoxic regimens for the management of patients with advanced inoperable HCC [76].

• Systemic chemotherapy may still be regarded in patients whom their HCC get worse while
on sorafenib and whom baseline liver function and performance status are adequate enough
to endure it. The chemotherapy-related toxicities and adverse events should be carefully
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anticipated in such patients. This selection of cytotoxic chemotherapy should be guided by
the available best evidence-based medicine.

• By far, sorafenib is the first-line standard of care therapy for patients with advanced
unresectable HCC. Studies have shown feasibility and safety profiles in patients with
hepatic dysfunction (CPS-A and CPS-B, but not CPS-C).

• The combination of sorafenib and anti-mTOR is feasible in recurrent HCC patients following
orthotopic liver transplantation. However, therapy should be carefully checked due to the
probability for severe adverse events. Dose modification may be needed.

• Studies of sorafenib-based combination therapy report better DCR, TTP, and OS benefits
when compared to single-agent sorafenib therapy, without increased frequencies of
excessive treatment-related toxicities and adverse events. However, such studies cannot be
appropriately compared, and definitive conclusions are yet to be established.

• Multimodal therapy with sorafenib and other local/systemic therapy is an exciting area for
future exploration.

• Absolute advantages of combining molecularly targeted therapy (sorafenib or bevacizu‐
mab) and cytotoxic chemotherapy are not yet surely defined.

• Further prospective research should continue to discover the mechanism of hepatocarcino‐
genesis and subsequently recognize significant molecular targets for therapeutic interven‐
tions.
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Abstract

HCC is one of the most common cancers worldwide with high prevalence, recurrence,
and lethality. The curative rate is not satisfactory. LAPTM4B is a novel driver gene of
HCC first indentified by our group. It is over-expressed in 87.3% of HCC. The expression
levels of the encoded LAPTM4B-35 protein in HCC is also over-expressed in 86.2% of
HCC and shows a significant positive correlation with pathological grade, metastasis,
and recurrence, and a negative correlation with postoperative overall- and cancer free-
survival of HCC patients. Moreover, HCC cells showing high expression of LAPTM4B-35
show a strong tendency to metastasize and enhanced drug resistance. Overexpression of
this gene promotes tumorigenesis, faster growth of human HCC xenografts and metasta‐
sis in nude mice, and leads to anti-apoptosis, deregulation of proliferation, enhancement
of migration and invasion, as well as multi-drug resistance. In addition, overexpression
of LAPTM4B-35 leads to accumulation of a number of oncoproteins and to down-regula‐
tion of a number of tumor suppressing proteins. By contrary, knockdown of endogenous
LAPTM4B-35 via RNAi results in remarkable inhibition of xenograft growth and metasta‐
sis of human HCC in nude mice. Also, RNAi knockdown of LAPTN4B-35 can reverse the
cellular and molecular malignant phenotypes noted above.

Therefore, it is suggested that to down-regulate over-expression of LAPTM4B gene and
LAPTM4B-35 in HCC cells may provide novel strategy for HCC treatment. Moreover, the
extensive effects caused by LAPTM4B-35 overexpression are based on its critical function
in signaling network. Overexpression of LAPTM4B-35 activates at least 4 signaling path‐
ways that are commonly known to be associated with tumorigenesis. Taken together, it is
suggests that LAPTM4B is a HCC driver gene and LAPTM4B-35 is a key protein which
functions in the upstream of cancer-associated signaling network and plays a critical role
in tumorigenesis, progression, metastasis, multi-drug resistance and recurrence. There‐
fore, it may be worth considering the LAPTM4B gene and the LAPTM4B-35 protein a
novel target in cancer therapy.

In recent years, we identified small chemicals that target LAPTM4B-35 for inhibiting
HCC growth and metastasis. We screened 1697 chemicals and found ethylglyoxal bisthio‐
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semicarbazon (ETS) has effective anti-HCC activity probably via targeting LAPTM4B-35.
Bel-7402 and HepG2 cell lines that highly express LAPTM4B-35 and a primarily cell line
from naturally abortioned human fetal liver were used as the cell models and a control,
respectively. Cell survival curve and apoptosis examination in vitro, and HCC xenograft
growth and metastases in nude mice were measured to confirm the anti-HCC efficacy in
vivo. Western blot, Co-IP, cDNA chips and RNAi were applied for mechanism study. The
results showed that ETS can kill HCC cells but not human fetal liver cells in vitro, and
also attenuate xenograft growth and metastasis of HCC and extend the life span of mice
with HCC in vivo. When the endogenious over-expression of LAPTM4B-35 was knock‐
down by RNAi, the killing efficacy of ETS on HepG2 cells was significantly decreased.
Also ETS inhibited the phosphorylation of LAPTM4B-35 Tyr285, which involves in activa‐
tion of PI3K/Akt signaling pathway induced by LAPTM4B-35 over-expression. In addi‐
tion, all of the molecular alterations in HepG2 cells induced by LAPTM4B-35 over-
expression can be reversed by ETS, including significantly decrease of c-Myc, Bcl-2 and
phosphorylated Akt, but increase of Bax and phosphorylated p53. Accordingly, apoptosis
was induced by ETS, and a number of pro-apoptotic genes were upregulated, while anti-
apoptotic genes were downregulated. It is thus suggested that ETS may be a potential
promising drug candidate for treatment of HCC by targeting LAPTM4B-35 protein.

In summary, our previous study demonstrated that LAPTM4B is a driver gene of HCC,
targeting LAPTM4B may provide potential therapy for HCC. Targeting LAPTM4B in‐
cludes bio-targeted therapy and chemical-targeted therapy. The bio-targeted therapy
may further explore aimed at inhibiting over-expression of LAPTM4B gene via RNAi,
miRNA or antisense RNA etc, as well as at blacking the functions of LAPTM4B-35 pro‐
tein via specific antibody. The chemical-targeted therapy may further explore aimed at
attenuating the over-activated signaling pathways in HCC by chemical inhibitors.

Keywords: LAPTM4B, Targeted HCC thrapy, ETS

1. Introduction

Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide with high
prevalence, recurrence, and lethality. The curative rate is not satisfactory. Lysosomal protein
transmembrane 4 beta (LAPTM4B) is a novel driver gene of HCC first cloned and indentified
by our group [1,2]. LAPTM4B maps to chromosome 8q22.1 and encodes three isoforms of
glycoprotein with four transmembrane regions, two extracellular domains (EC1 and EC2), and
one small intracellular loop, together with both N-terminal and C-terminal tails, which reside
in the cytoplasm. Three isoforms of LAPTM4B protein were designated as LAPTM4B-40,
LAPTM4B-35, and LAPTM4B-24 according to their molecular weights [2]. Interestingly,
overexpression of LAPTM4B-35 and LAPTM4B-24 show antagonist functions: LAPTM4B-35
promotes oncogenesis and the malignant cellular and molecular phenotypes, but
LAPTM4B-24 promotes apoptosis and autophage [2].

LAPTM4B mRNA is overexpressed in 87.3% (48/55) of HCC by Northern blot analysis. The
expression levels of the encoded protein LAPTM4B-35 is also over-expressed in 86.2% (T/N≥1.5
in 56/65) of HCC by Western blot analysis [4] and 71.8% (51/71) of HCC by immunohisto‐
chemistry [3] and show a significant positive correlation with pathological grade, metastasis,
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and recurrence and a negative correlation with postoperative survival of HCC patients [3-5].
Moreover, HCC cells with a high expression of LAPTM4B-35 show a strong tendency to
motivate drug resistance [6]. The over-expression of this gene promotes tumorigenesis, faster
growth, and metastasis of human HCC xenografts in nude mice [5,7] and leads to antiapop‐
tosis, deregulation of proliferation, enhancement of migration and invasion, and multidrug
resistance [5]. In addition, the overexpression of LAPTM4B-35 leads to the accumulation of a
number of oncoproteins and downregulation of a number of tumor suppressing proteins.
Conversely, knockdown of endogenous LAPTM4B-35 via RNAi results in remarkable
inhibition of xenograft growth and metastasis of human HCC in nude mice [5,7]. Meanwhile,
the RNAi knockdown of LAPTN4B-35 can reverse the cellular and molecular malignant
phenotypes noted above [5]. It was also found in a number of solid cancers, including non-
small cell lung cancer (NSCLC) that the level of LAPTM4B-35 expression was not only
significantly higher than that in normal tissues and associated with histopathologic differen‐
tiation, lymph node metastasis, and TNM stage but also associated with microvessel density
[8]. Taken together, it is suggested that LAPTM4B is a cancer driver gene and LAPTM4B-35 is
a key oncoprotein, which are both predicted to be a diagnostic marker and a therapeutic target
for cancer.

The extensive effects caused by LAPTM4B-35 overexpression are based on its critical function
on cell trafficking and signaling network. Recently, Tan et al. [9] reported that the oncoprotein
LAPTM4B not only interacts with EGFR but also regulates EGFR internalization and traffick‐
ing, and thus increases the amount and enhances the functions of EGFR on cell surface.
Moreover, LAPTM4B can play a kinase-independent role for EGFR in autophagy initiation
[10]. We found that the over-expression of LAPTM4B-35 can activate several signaling
pathways that are commonly known to be associated with oncogenesis and progression [2].
The activation of PI3K/Akt signaling pathway induced by the overexpression of LAPTM4B-35
has been demonstrated to associate with drug resistance [6]. In this paper, we further present
the functions of LAPTM4B-35 on signaling and a chemical that inhibits HCC in vitro and in
vivo by targeting LAPTM4B-35.

2. Functions of LAPTM4B-35 involved in signaling network

Current evidence indicates that the interaction between cancer cells with their microenviron‐
ment plays key roles in oncogenesis and progression. Cancer microenvironment is composed
of variant signal molecules, including solvable signal molecules (growth factors, cytokines,
etc.), insolvable extracellular matrix (ECM), and variant cells nearby. Cancer cells and their
microenvironment are reciprocally affected. Cancer cell proliferation, survival, and migratio‐
nare all motivated and dependent on not only solvable signal molecules but also ECM. Cancer
cells accept positive or negative regulations of signal molecules from solvable factors, ECM,
and other cells in their microenvironment through signal transduction pathways, which are
organized as a very complicated network. In other words, cancer may be known as a disease
of signaling network. Disturbances of signaling pathways and the converging network initiate
at the early stage and go through the whole process of cancer development. In addition, the
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disturbance of signaling pathways results from oncogenic alternation in genetics and epige‐
netics and contributes to the molecular and cellular malignant phenotypes of cancer cells,
which include disregulations of proliferation, survival/apoptosis, differentiation and metab‐
olism, as well as enhancement of migration/invasion and multidrug resistance. Therefore,
signaling pathways and the network are of importance from a therapeutic perspective because
targeting them may help reverse, delay, or prevent oncogenesis. Notably, since cirrhosis is
associated with hepatic regeneration after tissue damages, which are caused by hepatitis
infection, toxins (for example, alcohol oraflatoxin) or metabolic influences, and is often the
prerequisite of hepato-oncogenesis, it is noticed that the ECM and the ECM-related signaling
pathways, that are commonly alternated in cirrhosis and HCC, are of very importance. Our
preliminary study has indicated that LAPTM4B-35 is most likely an assembly platform or
organizer for a number of signaling molecules which are integrated in the cell membranes or
soluble in the cytoplasm. Overexpression of LAPTM4B-35 would therefore be expected to lead
to disturbance of a wide range of signaling pathways and their networks. We found
LAPTM4B-35 can interact or co-localize with a number of these signal molecules, including
membrane-integrated receptors and cytoplasmic signal molecules. These membrane-integrat‐
ed receptors involve the growth factor receptors of the RTK (receptor tyrosine kinase) family,
such as EGFR [9-11] and IGF-1R (Figure 1a), and ECM receptors of the integrin family, such
as α6β1 [11] and α5β1 (Figures 1d and 2). The cytoplasmic signaling molecules that can interact
with LAPTM4B-35 include FAK (Figure 2c) and PI3K p85α (Figure 3a). Given that
LAPTM4B-35 is a tetra-transmembrane protein and localizes in plasma membrane and
endomembranes (including lysosomes and endosomes). The interaction of LAPTM4B-35 with
both RTK under the stimulation of growth factors, and integrin under ECM stimulation would
be expected to integrate related signal transduction pathways triggered by growth factors and
ECM components at the cell surface. It is well known that based on binding of growth factors
(ligand) to their corresponding RTK receptor, Ras and ERK1/2 (MAPK family)downstream is
subsequently activated [12]. At the same time, based on binding of ECM components (ligand),
such as fibronectin (FN) or laminin (LN), to their corresponding integrin receptor (α5β1 or
α6β1, respectively), FAK397 is phosphorylated and activated, and may subsequently activate
downstream Ras/ERK and PI3K/AKT signaling pathways [13,14]. As has been previously
recognized, the RTK/Ras/ERK signaling pathway and the ECM/Integrin/FAK signaling
pathway converge at Ras and/or FAK. However, we found that over expression of
LAPTM4B-35 can not only dramatically activate Ras (Figure 1b) and the downstream ERK1/2
(MAPK) under the stimulation of growth factors (Figures 1c) or FN (Figure 1f), respectively,
but also activates FAK. This was originally suggested by knock down experiments. When
LAPTM4B-35 is knocked down by RNAi in HCC cells, binding of integrin α5 with
LAPTM4B-35 is dramatically decreased under stimulation with FN, as shown in Figure 1d.
Knockdown of LAPTM4B-35 also coincidently significantly reduces phosphorylation and
activation of FAK397 (Figure 1e) under stimulation by FN or LN. These experiments further
provide evidence for the involvement of LAPTM4B-35 in the ECM/integrin/FAK signaling
pathway. In addition, inhibition of FAK by PP2 (FAK inhibitor) can attenuate phosphorylation/
activation of ERK1/2 in both LAPTM4B35-up-regulated HCC cells (AE) and in wild-type HCC
control cells (Mock) as shown in Figure 1f. AE and Mock cells are both LAPTM4B-35 overex‐
pressed, but to different extents. These results suggest that in LAPTM4B-35 overexpressed
HCC cells, activation of ERK results from both the upstream growth factor/Ras and FN/
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Integrin/FAK signaling cascades. Taken together, it is reasonable to propose that overex‐
pressed LAPTM4B-35 as a linker at the cell surface (plasma membrane) simultaneously over
activates both the growth factor (EGF or IGF-1R)/RTK/Ras/ERK and the ECM (FN or LN)/
Integrin/FAK/ERK signaling pathways by interacting with growth factor receptor (RTK) and
ECM receptor (integrin) under the stimulation of growth factor and ECM components (FN,
LN), respectively. In other words, the growth factor/RTK/Ras/ERK and ECM/
integrin/FAK/ERK signaling pathways initiallyconverge at the plasma membrane level
through overexpression of membrane-integrated LAPTM4B-35 in HCC cells, instead of at Ras
and FAK in the cytoplasm in normal hepatocytes whichexpress LAPTM4B-35 and FAK at
rather low level. Moreover, simultaneous overactivation of these two signaling pathways
caused by LAPTM4B-35 overexpression would result in enhancement of proliferation,
survival, migration and invasion of cancer cells.

Figure 1. Activation of Ras/ERK and FAK/ERK signaling pathways by LAPTM4B-35 overexpression. (a) Co-IP assay
indicates the interaction between LAPTM4B-35 and IGF-1R, but not PDGFR. Lysate from BEL-7402 HCC cells was im‐
munoprecipitated by anti-LAPTM4B pAb, and the supernatant (S) and precipitant (P) were then subjected to Western
blot with anti-PDGFR-mAb and anti-IGF-1R-mAb. (b) GST pull-down experiments with GST-RafRBD fusion protein to
show Ras activation under stimulation of 20% fetal calf serum. The left panel indicates that activated Rasis increased
inthe LAPTM4B-35 overexpressed BEL-7402 HCC cells (AE) as compared to the control cells (MOCK). The right pane‐
lindicates that activated Rasis decreased in the BEL-7402 HCC cells (RNAi)in which theLAPTM4B-35 has been
knocked down via transient transfection by LAPTM4B-shRNA as compared with its control cells (MOCK1). It is obvi‐
ous that activation of Ras in HCC cells is associated with overexpression of LAPTM4B-35. (c) Western blot analysis
indicates that phosphorylated ERK1 and ERK 2 are increased in LAPTM4B-35 upregulated BEL-7402 HCC cells (AE) as
compared with its control (MOCK) under stimulation of 20% fetal calf serum.(d) Co-IP assay indicates that the interac‐
tion between LAPTM4B-35 and integrin α5 and its dependent on the overexpression of LAPTM4B-35. The lysate of
BEL-7402 HCC cells was immunoprecipitated with anti-LAPTM4B pAb, the supernatant (S) and precipitant (P) were
then separately subjected to Western blot analysis with anti-integrin α5-mAb. In the Western blot profiles, Lanes 1 and
2 show the integrin α5 from the HCC MOCK1 cells (as a control) in the supernatant and immunoprecipitant, respec‐
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tively; Lanes 3 and 4 show the integrin α5 from LAPTM4B-35 knocked down (RNAi) HCC cells in the supernatant and
immunoprecipitant, respectively. It is obvious, that integrin α5 in Lane 4 from LAPTM4B-immunoprecipitant of RNAi
HCC cells Is dramatically reduced (disappear) as compared with Lane 2 from LAPTM4B-immunoprecipitant of wild-
type HCC control cells that over express LAPTM4B-35. (e) Western blot analysis indicates that the phosphorylation/
activation of FAK397 is reduced depending on knock down of LAPTM4B-35. The cells are stimulated by ECM compo‐
nent, either fibronectin (FN) or laminin (LN), for 15 min. The lysate of cells was then subjected to Western blot analy‐
sis. Anti- phosphorylated FAK397 mAb was used for blotting. The Western blot profiles indicate that based on
stimulation of FN or LN, the phosphorylated FAK397 is reduced in cells which LAPTM4B-35 expression is knocked
down as compared with the control cells.(f) Western blot analysis indicates that FAK inhibitor (PP2) inhibits the phos‐
phorylation of ERK1/2. After treatment of BEL-7402 HCC cells (AE) by 1 μM PP2, the phosphorylation of ERK1/2 was
analyzed via Western blot for the LAPTM4B-35 up-regulated cells and the MOCK cells under the stimulation of lami‐
nin substrate. The Western blot profile shows that phosphorylation/activation of ERK1/2 is associated with FAK activi‐
ty.

Figure 2. Colocalization between LAPTM4B-35 and integrinα5 or FAK. Cells were attaching and spreading onto fibro‐
nectin for 6 h (a, c) or 24 h(b). (a) and (b) show the colocalization of LAPTM4B-35 (red) and integrin α5 (green). (c) shows
the colocalization of LAPTM4B-35 (red) and FAK(green).

We found that not only membrane-integrated receptors, but also some solvable signaling
molecules in cytoplasm can interact with LAPTM4B-35, such as FAK (Figure 2c) and PI3K
p85α [6]. It is known that PI3K is a kinase which catalyzes phosphorylation of proteins
andlipids. An important phosphorylated product catalyzed byPI3K is membrane-integrated
PIP3 which can recruit cytoplasmic PH domain-containing proteins, including Akt and the
corresponding kinases (PDK1 and PDK2) to the plasma membrane where Akt is phosphory‐
lated by PDK1 and PDK2. Phosphorylated Akt is commonly known as a marker for PI3K/Akt
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signaling pathway activation. In view of the fact PI3K consists of two subunits: p110 catalytic
subunit and p85α regulatory subunit. The kinase activity of p110 is normally inhibited by
binding of p85α. The inhibitory effect of p85αcan be released by binding to an appropriate
molecule [15]. We found that LAPTM4B-35 can interact with p85α, but not with p110 (Figure
3a). Moreover, using site-directed mutation experiments we found that binding of
LAPTM4B-35 to PI3K p85α is mediated by two motifs. One is the proline-rich motif (PPRP) in
the N-terminus of LAPTM4B-35, which may bind to the SH3 domain of PI3K p85αsubunit,
and the other is phosphorylated Tyr285 in the C-terminus of LAPTM4B-35, which may bind to
the SH2 domain of the PI3K p85α subunit (Figure 3b). To demonstrate this a series of HCC cell
variants with highly expressed wild type and mutated LAPTM4B-35 were prepared by
transfection with variant plasmids containing LAPTM4B-35 with mutation at PPRP or at Try
(Y)285, or with deleted N-terminus. These plasmids containg a FLAG sequence as a tag are
designated as pcDNA3-LAPTM4B-flag (AF) containing wild type LAPTM4B-35, pcDNA3-
LAPTM4B-flag (PA) containing P12,13,15A mutated LAPTM4B-35, pcDNA3-LAPTM4B-flag
(△N) containing LAPTM4B-35 with a deletion of N10-19 amino acid residues), pcDNA3-
LAPTM4B-flag (YF) containing Y285F mutated LAPTM4B-35, or pcDNA3-LAPTM4B-flag
(△N+YF). As shown in Figure 3b, the binding of p85α to LAPTM4B-35 in HCC AF cells (up-
regulated wild-type LAPTM4B-35) is dramatically increased under the stimulation of fetal calf
serum, as compared with Mock cells (the control). In contrast, the binding of p85α to
LAPTM4B-35 in the PA, △N, YF, and △N+YF-mutated HCC cell variants are all significantly
attenuated under the same condition, as compared with AF cells. Therefore, the overexpression
of LAPTM4B-35 in HCC cells would promote the interaction of both PPRP and Tyr-p motifs
of LAPTM4B-35 with PI3K p85α and thus release the inhibitory effect of p85α regulatory
subunit to the p110 catalytic subunit, and would cause the phosphorylation of the downstream
AKT. Accordingly, Western blot analysis (Figure 3c) demonstrated that the phosphorylated
Akt (Akt-p) is decreased in the mutated AF(PA) and AF(YF) cells as compared with the wild-
type LAPTM4B-35 (AF), indicating that the proline-rich domain in the N-terminal and the
Tyr285 in the C-terminal tails of LAPTM4B-35 are both required for Akt phosphorylation/
activation. We also found that in the serum-starved HCC cells, LAPTM4B-35 and Akt sepa‐
rately distributes (Figure 4a); conversely under the stimulation of fetal calf serum which
provides growth factors, co-localization of activated Akt and LAPTM4B-35 appears in the AF
cells (Figure 4b); however, there is no co-localization in the PA-mutated cells (Figure 4c), YF-
mutated cells (Figure 4d), and also in the cells in which PI3K is inhibited by its inhibitor
LY294002 (Figure 4e). It is obvious that the co-localization of LAPTM4B-35 and Akt appears
merely in cells wherein wild-type LAPTM4B-35 is up-regulated, but not in the cells transfected
by the empty vector (Mock) nor in any of the cells with mutation of PA, ΔN, and YF of
LAPTM4B-35. These results further provide evidence that the PI3K-dependent activation of
Akt is associated with the up-regulation of LAPTM4B-35 expression via both proline-rich motif
in the N-terminus and the Tyr-p in the C-terminus (Figure 5). It is therefore proposed that
LAPTM4B-35 activates PI3K/Akt signaling pathway through binding PI3K p85α by a proline-
rich domain at the N terminaus and a phosphorylated Tyr285 at the C terminus to release the
inhibitory effect of p85α on PI3K p110 activity, and consequently result in phosphorylation
and activation of Akt.
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Moreover, we demponstrated that theTyr285 is the one single site for phosphorylation of Tyr
residues in the LAPTM4B-35 molecule (Figure 3f). Notably, under stimulation of LN, Tyr285

phosphorylation rises quickly and peaks at 10 min. Thereafter phosphorylation decreases
steadily out to 40 minutes (Figure 3g -1). It is of importance that LAPTM4B-35 Tyr285 phos‐
phorylation can be markedly inhibited by LAPTM4B-EC2-pAb (Figure 3g -2), indicating the
EC2 domain is required for Tyr285 phosphorylation of LAPTM4B-35. Kazarow (2002) reported
that CD151, a member of the tetra-transmembrane protein family, can interact with the integrin
α subunit via an QRD motif in the EC2 domain. Similarly, a YRD motif exists in the
LAPTM4B-35 EC2 domain. We found that in LAPTM4B-35 YRD233-235INF mutated HCC cells,
AKT phosphorylation/activation is significantly inhibited (Figure 3h), suggesting interaction
of LAPTM4B-35 EC2 YRD and integrin is involved in PI3K/AKT activation. In addition,
LAPTM4B-EC2-pAb and integrin α6-mAb can both inhibit FAK phosphorylation under
stimulation by LN (Figure 3i), indicating interaction of LAPTM4B-EC2 with integrin α6 (the
specific receptor of LN) is involved in FAK phosphorylation/activation. Moreover, we found
that the FAK inhibitor PP2 can simultaneously inhibit phosphorylation of LAPTM4B-35 and
interaction of LAPTM4B-35 with PI3K p85α (Figure 3e). These result suggest that FAK is likely
the kinase that catalyzes the Tyr phosphorylation of LAPTM4B-35, by which the binding site
of LAPTM4B-35 to the PI3K p85α SH2 domain is created, thus releasing inhibition of PI3K
p85α to p110 kinase activity, and consequently resulting in activation of downstream AKT
(Figure 5).

It is known that FAK, as a functionally complicated signal molecule with Tyr kinase activity
and nonkinase scaffolding function, is overexpressed in many cancers (including 60% of HCC)
and involves in many aspects of tumor growth, invasion, and metastasis. Given that the
phophorylation of FAK Tyr397 is critical for trigering its Tyr kinase activity and enhancing its
nonkinase scaffolding function, and is induced by binding of integrin with FN or LN. We found
that the PI3K/Akt signaling pathway in LAPTM4B-35 overexpressed HCC cells can be
activated by stimulation of not only serum but also fibronectin or laminin substrate (Figure
3d); additionally the interaction of LAPTM4B-35 with PI3K p85α is inhibited by FAK inhibitor
PP2 (Figure 3e). These results suggest that overexpression and interaction of LAPTM4B-35 and
FAK in cancer cells would be expected tocreate an alternative signaling pathway, i.e. ECM/
integrin/FAK/LAPTM4B-35/PI3K/AKT signaling pathway. In which FAK phosphorylation/
activation results from interaction of the LAPTM4B-35 EC2 domain and integrin α6 subunit
at the cell surface under the stimulation by LN or FN, and results in phosphorylation of
LAPTM4B-35 Tyr285 by FAK kinase activity. This model (shown in Figure 5 on the upper right)
illustrates a novel putative mechanism by which the PI3K/AKT signaling pathway is over
activated through the involvement LAPTM4B-35 in cancer cells. In other words, our prelimi‐
nary results suggest there might be a novel LAPTM4B-35 dependent pathway which gives rise
to overactivation of the PI3K/AKT signaling pathway in HCC cells. In this mechanism,
overexpressed LAPTM4B-35 interacts initially with integrin at the cell surface under stimula‐
tion of an ECM component (FN or LN) via its EC2 YRD motif. This interaction of LAPTM4B-35
and integrin induces phosphorylation and activation of FAK397 through a currently not fully
understood mechanism. Activated FAK may catalyze phosphorylation of LAPTM4B-35
Tyr285 to create a binding site for PI3K p85α. Consequently, downstream AKT is phosphory‐
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lated and activated by PI3K p110, the kinase activity of which comes into play through binding
of phosphorylated LAPTM4B-35 Tyr285 to PI3K p85α. This proposed molecular mechanism
remains to be further studied in detail.

Figure 3. Mechanism for interaction of LAPTM4B-35 with of PI3K p85α and activation of Akt. (a) Co-IP analysis dem‐
onstrates interaction of LAPTM4B-35 with p85α regulatory subunit, but not PI3K p110 catalytic subunit. Anti-
LAPTM4B35-pAb was used to precipitate the binding proteins, and a mixture of anti-PI3K p110-mAb and anti-
PI3Kp85α-mAb was applied to blot the binding proteins. (b) Co-IP analysis demonstrates that the proline-rich domain
in N-terminus and Tyr285 in C-terminus of LAPTM4B-35 are involved in the interaction of LAPTM4B-35 with PI3K
p85α via a serious of mutants, including PA, △N, YF, and △N+YF mutants. PA mutant (P): Prolines in the PPRP motif
in N-terminus of LAPTM4B-35 were mutated to alanines(P12,13,15A). △N mutant: The 10th-19th amino acid residues
in the N-terminus of LAPTM4B-35 were deleted. YF mutant: The Tyr285 in the C-terminus of LAPTM4B-35 was mutat‐
ed to phenylalanine (Y285F). △N+YF mutant: △N mutant plus YF mutant. Anti-FLAG-mAb was used to immunopreci‐
pitate the binding proteins in lysates from variant BEL-7402 HCC cell lines, which were transfected separately by
pcDNA3-Mock-flag (Mock), pcDNA3-LAPTM4B-flag (AF), pcDNA3-LAPTM4B-flag (PA), pcDNA3-LAPTM4B-flag
(△N), pcDNA3-LAPTM4B-flag (YF), or pcDNA3-LAPTM4B-flag (△N+YF) plasmids. Then anti-PI3Kp85α-mAb was
applied to blot the binding proteins. The interaction of LAPTM4B-35 and PI3K p85α was dramatically enhanced in
LAPTM4B-35 up-regulated AF cells as compared with the Mock cells and was significantly attenuated in the variant
LAPTM4B-mutated cells as compared with the AF cells. (c) Western blot profile demonstrates that Akt-p is decreased
in the mutated AF(PA) and AF(YF) cells as compared with wild-type LAPTM4B-35 (AF), indicating that the proline-
rich domain in N-terminal and the Tyr285 in C-terminal tails of LAPTM4B-35 are necessary for Akt phosphorylation. (d)
Western blot demonstrates that ECM components, fibronectin (FN) or laminin (LN), can promote phosphorylation/
activation of Akt in cells in which LAPTM4B-35 expression is up-regulated, indicating association of phosphorylation/
activation of Akt with FN and LN in HCC cells. (e) Co-IP analysis demonstrates that FAK inhibitor PP2 can simultane‐
ously inhibit phosphorylation of Tyr285 and interaction of p85α with LAPTM4B-35. Anti-LAPTM4B-pAb was used to
immunoprecipitate the binding proteins, then anti-phosphorylated Tyr mAb or anti-Akt mAb was used to blot the
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binding protein. (f) Co-IP and Western blot profile show that LAPTM4B-35 Tyr285 is the only phosphorylation site by
mutation analysis. HepG2 cells were transfected by AF or AF(YF) mutant. The phosphorylation appeared merely in
the wild type HepG2 cells, but not the Tyr 285 mutated YF cells. (g) Co-IP analysis indicates that LAPTM4B-35 Tyr can
be phophorylated in a peaky manner under the stimulation of LN. HCC cells were placed on LN-coated vials for var‐
iant times, LAPTM4B-EC2-pAb was used to precipitate LAPTM4B protein in the HCC lysates. The immuno-precipi‐
tants were subjected to Western blot analysis. The anti-phosphorylated Tyr-mAb was used to blot the phosphorylated
LAPTM4B-35. (g-1) shows the time course of LAPTM4B-35 phosphorylation with the highest phosphorylation at 10
min. (g-2) shows the inhibition of LAPTM4B-35 phosphorylation by LAPTM4B-EC2-pAb. (h) Western blot analysis in‐
dicates that mutation of YRD motif in EC2 domain of LAPTM4B-35 can inhibit AKT phosphorylation. BEL-7402 HCC
cells were transfected by pcDNA3-AF(YRD233-235INF) mutated plasmids (INF) and the wild type pcDNA3-AF (AF)
plasmids, respectively. The lysates were analyzed by Western blot with a anti-phosphorylated AKT-mAb. (i) Co-IP
analysis indicates that both LAPTM4B-EC2-pAb and integrin α6 mAb can inhibit FAK phosphorylation. The BEL-7402
HCC cells were pre-incubated with non-immune IgG (as a control), LAPTM4B-EC2-pAb and integrin α6 mAb, respec‐
tively. The lysates were precipitated by FAK mAb. The immuno-precipitants were then subjected to Western blot anal‐
ysis, and phosphorylated FAK mAb (the upper panel) or FAK-mAb (the lower panel) was used as the bloting
antibody.

Figure 4. Co-localization of activated Akt and overexpressed LAPTM4B-35 under the stimulation of serum in BEL-7402
HCC cells. (a) Nonactivated Akt (green) and LAPTM4B-35 (red) are separately distributed in the cells cotransfected
with pEGFP-PH-Akt plasmids and pcDNA3-LAPTM4B-flag plasmids (AF) after serum-starvation for 16 h. (b) Colocali‐
zation (yellow) of activated Akt (green) and overexpressed LAPTM4B-35 (red) understimulation of serum in HCC
cells, which is stimulated by 20% fetal calf serum for 15 min after serum-starvation for 16 h. (c) No colocalization ap‐
peared in PA mutant HCC cells under the same conditions as described in (b). (d) No colocalization appeared in YF
mutant HCC cells under the same conditions as described in (b). (e) No colocalization appeared in the presence of PI3K
inhibitor (LY294002) in AF HCC (wild-type) cells under the same conditions as described in (b).

In summary, cancer-targeted therapy currently focuses primarily on targeting key signaling
molecules in one or more signaling pathways which are overactivated in a given cancer. Tetra-
transmembrane LAPTM4B-35 is believed to function as an assembly platform or organizer for
a number of signaling molecules, which may either be integrated in the cell membranes or
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soluble in the cytoplasm. The LAPTM4B-35 overexpression, which occurs in more than 80%
of HCC tissues, and the interactions with membrane-integrated receptors and cytoplasmic
signal molecules are expected to act as an amplified assembly platform for upstream signal
molecules of several signaling pathways, and leads to over activation of related signaling
pathways (Figure 5), such as growth factor/ RTK/Ras/ERK, growth factor/RTK/Ras/PI3K/Akt,
ECM/integrin/FAK/ERK, ECM/integrin/FAK/PI3K/Akt, and so on. Since these signaling
pathways and their networks are closely associated with malignant molecular and cellular
phenotypes, including cell proliferation/differentiation and survival/apoptosis as well as
migration/invasion, it is believed that over activation of these signaling pathways is linked
with hepatic carcinogenesis and progression [12-15]. Collectively, our data strongly suggest
that LAPTM4B-35 would be an ideal target for HCC treatment, and that LAPTM4B-targeted
therapy is a promising potential therapeutic strategy for HCC which will act in down regula‐
tion of the expression of LAPTM4B-35, or act by obstructing the interaction of LAPTM4B-35
with growth factors, integrins, FAK, PI3K p85α and other LAPTM4B-35 binding signal
molecules.

3. Small chemicals targeting LAPTM4B-35

The molecular targets for cancer therapy have expanded from angiogenesis to oncogenic
signaling pathways. The target indication has shifted from advanced stage to early or inter‐

Figure 5. Signaling pathways activated by the overexpression of LAPTM4B-35 in HCC cells.
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mediate stages of cancer. Agents targeting EGFR, FGFR, PI3K/Akt/mTOR, TGF-β, c-Met, MEK,
IGF signaling, FAK and histone deacetylase have been actively explored [17,20].

Based on the basic characteristics: (1) LAPTM4B is a driver oncogene (2) this gene and
theencoding LAPTM4B-35 protein are over expressed in more than 85% of HCC and (3)
theoverexpression of LAPTM4B-35 can activate multiplesignaling pathways, we propose that
LAPTM4B gene and the LAPTM4B-35 protein might bean ideal target for HCC treatment. We
identified the chemicals that target LAPTM4B-35 for inhibiting HCC growth and metastasis.
A total of 1697 synthetic small chemicals from Li and Liu (Pharmaceutical Institute, Chinese
Academy of Medical Sciences) were screened. Among these chemicals, ethylglyoxal bis-
thiosemicarbazone (ETS) was found to have effective activity for the inhibition of growth and
metastasis of human HCC cells in vitro and in vivo probably via targeting LAPTM4B-35 [18].

Three HCC cell lines (Bel-74402, HepG2, and HLE) from human HCC and a cell line from
naturally aborted human fetal were used as the cell models and a control, respectively. Cell
survival curve and apoptosis analysis in vitro and HCC xenograft growth and metastasis in
nude mice were evaluated to confirm the inhibitory efficacy in vivo. Western blot, Co-IP, cDNA
chips, and RNAi were applied for exploration on mechanism.

We found that ETS can inhibit cell growth of variant HCC cell lines in a dose-dependent
manner shown by cell growth curve in vitro (Figure 6a, 6b, and 6d). The IC50 of ETS inhibition
varies for variant HCC cell lines, such as HepG2 (0.9 μmol/L), Bel-7402 (0.7 μmol/L), HLE (1.1
μmol/L), and H22 (1.6 μmol/L). Convesely, ETS cannot affect the survival of human fetal liver
cells even if the concentration of ETS is increasing to as high as 200 times of that used for HCC
cells. Notably, both Bel-7402 and HepG2 cells express LAPTM4B-35 at very high level and are
most sensitive to ETS; HLE cells express LAPTM4B-35 at relatively low level [19] and are less
sensitive to ETS. However, the fetal liver cells that express LAPTM4B-35 at a low level are not
sensitive to ETS. Accordinly, when the endogenous overexpression of LAPTM4B-35 was
knocked down by RNAi through shRNA transfection, the inhibitory effect of ETS on HepG2
cells was significantly decreased (Figure 6d). Figure 6c demonstrates the killing efficacy of ETS
to HepG2 cell as shown by fluorescently double stained with Calcein-AM (1 μmol/L) and
EthD-1 (2 μmol/L). Cells emitting green fluorescence were alive cells merely stained by
Calcein-AM. Cells emitting red fluorescence were dead cells or apoptotic cells merely stained
by EthD-1. Collectively, It is suggested that the inhibitory/killing efficacy of ETS on HCC cells
depends on the high expression of LAPTM4B-35. At the same time, the effect of ETS on HepG2
cells was more effective than cisplatin (IC50: 7.5 μmol/L), doxorubicin (IC50: 7.6 μmol/L),
mitomycin (IC50: 5.8 μmol/L), and 5-fluorouracil (IC50: >200 μmol/L) in vitro (Figure 6b).
Moreover, the killing efficacy of ETS was confirmed from two aspects. First, after ETS treatment
at a concentration of 1.25 μM for 72 h, HepG2 cells were cultured in a ETS-free medium at 37°C
for as long as 12 days. As a result, when compared with 6 × 103 cells seeded in a well at the
beginning, only a few colonies appeared after the12 days ETS-free culture, indicating that the
vast majority of HepG2 cells were killed by ETS. Second, the significant killing efficacy of ETS
on HepG2 cells was further confirmed by Calcein-AM/EthD-1 fluorescence double staining in
a time-dependent manner (Figure 7b). The time-dependent growth inhibition was also shown
by growth curves of HepG2 cells in vitro (Figure 7a) and HCC xenograft in vivo (Figure 8a).
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Figure 6. Inhibitory and killing efficiency of ETS on HCC cells. (a) Cancer cells of variant lines were incubated in the
absence or presence of ETS at indicated concentrations for 48 h. (b) HepG2 cells were incubated in the absence or pres‐
ence of variant drugs at indicated concentrations for 48 h. (c) The cells were fluorescently double-stained with Calcein-
AM (1 μmol/L) and EthD-1 (2 μmol/L) at 37℃ for 30 min and then surveyed under fluorescence microscope. Cells
emitting green fluorescence were alive cells which were merely stained by Calcein-AM. Cells emitting red fluorescence
were dead cells or apoptotic cells which merely stained by EthD-1. Upper panel: HepG2 HCC cells were treated by
ETS at a concentration of 2 μmol/L for 48 h. The vast majority of HepG2 cells were killed by ETS. Lower panel: human
fetal liver cells were treated by ETS at a concentration of 25 μmol/L for 48 h. None of fetal liver cells were killed by
ETS. (d) HepG2 cell line was transfected by LAPTM4B-shRNA or Mock. The transfected HepG2 cells by LAPTM4B-
shRNA (RNAi) or LAPTM4B-Mock plasmids and the parent HepG2 cells were treated by ETS at indicated concentra‐
tions for 48 h. The LAPTM4B-35 silenced HepG2 cells showed less sensitive to ETS.The cell survival rate (%) of growth
curves was calculated according to ratio of viable cells number determined by acid phosphatase assay (APA) before
and after treatment.

ETS also shows significant effect on the inhibition of HCC growth and metastasis in vivo.
Human HCC BEL-7402 cells were subcutaneously inoculated, and then ETS was administered
either by intratumor injection or intraperitoneal injection. Both ways can inhibit the HCC
xenograft growth. The effect of ETS on attenuation of growth and metastasis of human HCC
xenograft in nude mice is shown in Table 1, as well as Figure 8(a) and 8(b). At the same time,
the mice treated by ETS were less lost their body weight than that treated by mitomycin and
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cisplatin. As a matter of fact, the acute toxicity test indicated that ETS had little poison on mice.
There is no death of mice in the 1000mg/kg, 464mg/kg, and control groups. Of the 10 mice per
group, all died in the 4640mg/kg group, and 4 mice died in the 2150mg/kg group. The LD50 of
ETS was 2329.9 mg/kg, with a 95% dependable limit of 1846.7-2939.0 mg/kg.

In addition, a murine HCC H22 cell line was applied to study the effect of ETS on the life span
of mice with ascetic HCC. A dose-dependent prolongation of life span was observed as shown
in Figure 8(c).

To illustrate the mechanism for killing HCC cells of ETS, apoptosis was studied at cellular,
molecular, and gene levels. Flow cytometry showed that ETS (2μmol/L) can induce apoptosis
of HepG2 cells in a time-dependent manner, i.e., 10.1% (8 h), 15.8% (16 h), 29.1% (24 h), 63.0%
(36 h), and ~100% (48 h). The apoptotic cell rate includes all apoptotic cells at early and late
apoptotic phases. Western blot analysis showed that along with the prolonged time of ETS
treatment, the antiapoptotic Bcl-2 is decreasing and proapoptotic Bax is increasing (Figure
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in Figure 8(c).
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of HepG2 cells in a time-dependent manner, i.e., 10.1% (8 h), 15.8% (16 h), 29.1% (24 h), 63.0%
(36 h), and ~100% (48 h). The apoptotic cell rate includes all apoptotic cells at early and late
apoptotic phases. Western blot analysis showed that along with the prolonged time of ETS
treatment, the antiapoptotic Bcl-2 is decreasing and proapoptotic Bax is increasing (Figure
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ent.

Recent Advances in Liver Diseases and Surgery160

9a). Notably, the phosphorylation of p53 protein is also increasing, suggesting that ETS might
stabilize p53 protein, the key apoptosis regulator. Western blot analysis also showed that the
key effecter molecule of apoptosis pathway, caspase 3, was activated from procaspase into
cleaved caspase by ETS in a time-dependent manner (Figure 9c). At the same time, cDNA array
analysis showed that a large number of proapoptotic genes were up-regulated and a large
number of antiapoptotic genes were down-regulated by ETS treatment (Figure 9d).

Based on LAPTM4B-35 overexpression in HCC can up-regulate a number of oncogenes that
promote cell proliferation and/or resist apoptosis, the effects of ETS on the expression of
oncoproteins were detected. We found that all the molecular alterations in HepG2 cells
induced by LAPTM4B-35 overexpression can be reversed by ETS (Figures 9-11), such as
significant decrease of c-Myc (Figure 9b), cyclinD1, and Bcl-2 (Figure 9a) but increase of Bax
and phosphorylated p53 (Figure 9a).

It is well known that PI3K/Akt signaling pathway plays a key role in antiapoptosis and cell
survival in a large number of cancers and thus is considered as a target for cancer therapy
[20].  We  have  found  that  the  PI3K/Akt/GSK3β  signaling  pathway  is  overactivated  by
LAPTM4B-35  overexpression [5,6].  The  effect  of  ETS on PI3K/Akt  signaling  was  detect‐
ed.We  found  that  the  phosphorylated  Akt  (Akt-p)  is  significantly  reduced  in  the  ETS-
treated HCC cells either in the presence or absence of serum stimulation (Figure 10a). Then
the mechanism was explored. Co-IP and Western blot analyses showed that ETS significant‐
ly  decreased the  phosphorylation  of  LAPTM4B-35  Tyr285  in  C-terminus  of  LAPTM4B-35
(Figure 10b) and therefore the activation of PI3K/Akt signaling pathway is minimized via
reducing interaction of LAPTM4B-35 and PI3K p85α (Figure 12).

In summary, our previous study demonstrated that LAPTM4B is a driver gene of HCC, and
LAPTM4B-35 targeting may provide potential therapy for HCC. To target LAPTM4B for cancer
therapy includes bio-targeted therapy and chemical-targeted therapy. The bio-targeted
therapy may further explore aimed at inhibiting the overexpression of LAPTM4B gene via
RNAi, miRNA, or antisense RNA, etc., as well as at blocking the functions of LAPTM4B-35

Group
No.

of mice
Tumor size (X ± S), cm3

Inhibitory rate
(%)

Tumor growth
rate

Metastasis of lymph node
(number) (X ± S)

PBS control 8 1.96 ± 0.133 0 100% 3.3 ± 0.89

Solvent control 8 2.073 ± 0.118 0 100% 3.5 ± 1.07

ETS (5 mg/kg) 8 1.276 ± 0.104* 38.4% 58.5% 2.8 ± 0.71

ETS (15 mg/kg) 8 0.794 ± 0.090* 61.7% 52.6% 1.8 ± 0.71

ETS (45 mg/kg) 8 0.485 ± 0.123** 76.6% 31.7% 0.8 ± 0.71

Mitomycin (2
mg/kg)

8 0.673 ± 0.119** 67.5% 38.9% 0.9 ± 0.83

Cisplatin (2 mg/kg) 8 0.734 ± 0.098** 64.6% 41.9% 1.0 ± 0.76

*p < 0.05 vs. controls.

**p < 0.01 vs. controls.

Table 1. Inhibitory efficacy of ETS on the xenograph of human HCC in nude mice
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protein via specific antibody. The chemical-targeted therapy may further explore aimed at
attenuating the overactivated signaling pathways by chemical inhibitors and thus inhibiting
proliferation and inducing apoptosis. More signaling pathways and more complicated
signaling network are supposed to be involved in deregulation induced by LAPTM4B-35
overexpression in cancer. Thus, the mechanism of ETS for targeting LAPTM4B-35 may be more
complicated.
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Bel-7402 cells (1 × 106) were inoculated into each nude mice. ETS (5, 15, or 45 mg/kg), cisplatin (2.0 mg/kg), mitomycin
(2.0 mg/kg), PBS (control 1), or solvent (control 2) was administered every other day for each BALB\c-nude mouse in
variant groups (n = 8), respectively, by intraperitoneal injection from day 9 when the xenograft grew out. Tumor vol‐
ume was measured twice a week. The inhibitory efficacy on xenograft growth of ETS was observed to be dose-depend‐
ent as compared with the control groups of solvent and PBS. Mitomycin and cisplatin were used as the positive
controls. (a) Tumor growth curves of human HCC xenograft in nude mice with variant treatments. (b) Tumor photo‐
graph of human HCC xenograft in nude mice with variant treatment for 6 weeks. Left panel: Size of human HCC xen‐
ografts in variant groups. Right panel: Number of lymph node metastases in variant groups. (c) The survival curves of
mice with ascetic HCC in variant groups. Mouse hepatocellular carcinoma H22 cells (1 × 106) were inoculated into peri‐
toneal of each ICR mouse. ETS (0.5 or 1.5 mg/kg) or the solvent was intraperitoneally administered every other day for
each ICR mouse in variant groups (n = 10). The life span showed a significant prolongation in the ETS groups in a
dose-dependent manner.
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Figure 10. Inhibitory effects of ETS on phosphorylation of Akt and LAPTM4B-35. (a) Western blot profile of phos‐
phorylated Akt from lysates of HepG2 cells incubated in the absence and presence of ETS (2 μM), indicating the inhibi‐
tory effect of ETS on activation of PI3K/Akt signaling pathway under stimulation with and without serum. (b) Co-IP
and Western blot profile shows that ETS significantly decreased the phosphorylation of Tyr of LAPTM4B-35 protein.
HepG2 cells were first serum-starved for 16 h, then serum and ETS or PBS (control) were added for 15min. The cell
lysate was first precipitated by anti-LAPTM4B-N10-pAb, which reacts with LAPTM4B-35. After absorption by protein
G/A agarose beads, the precipitant was subjected to Western blot analysis with antiphosphorylated Tyr-mAb. The pro‐
file shows that compared with the control, the phosphorylated LAPTM4B-35 is attenuated by ETS treatment in either
presence or absence of serum stimulation.

Figure 9. Apoptosis-related molecular alteration induced by ETS. (a) Western blot profiles of cyclin D1, Bcl-2, Bax, and
phosphorylated p53 proteins from lysates of HepG2 cells incubated in the presence of ETS (2 μM) for indicated times,
indicating that proliferation- and apoptosis-related proteins are altered by ETS in a time-dependent manner. (b) West‐
ern blot profile of cMyc protein from lysates of HepG2 cells incubated in the presence of ETS at indicated concentra‐
tion for indicated hours, indicating remarkable decrease of c-Myc protein by treatment of ETS in a dose- and time-
dependent manner. (c) Western blot profile of procaspase 3 and cleaved caspase 3 from lysates of HepG2 cells
incubated in the presence of ETS (2 μM) for indicated times, indicating the activation of key effecter molecule in apop‐
totic pathway by ETS. (d) cDNA array analysis shows the up-regulated and down-regulated genes that promote and
inhibit apoptosis, respectively, by treatment of ETS.
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Figure 11. The antagonistic effects of ETS vs LAPTM4B-35 overexpression on expression of oncogenes and tumor sup‐
pressor genes in HCC.

Figure 12. Molecular mechanism of ETS for targeting LAPTM4B-35.

4. Conclusion

Given that LAPTM4B is a driver gene of HCC and the encoding LAPTM4B-35 protein is
overexpressed in HCC and contributes to the cellular and molecular malignant phenotypes [2],
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the study on molecular mechanism reveals that the overexpression in HCC of the membrane
integrated LAPTM4B-35 functions as an amplified assembly platform or organizer of related
signaling molecules that are either integrated in cell membranes or solvable in cytoplasm, and
thus activates several signaling pathways, such as growth factor/ RTK/Ras/ERK (MAPK),
growth factor/RTK/Ras/PI3K/Akt, ECM/integrin/FAK/ERK (MAPK) or ECM/integrin/FAK/
PI3K/Akt, etc. Therefore, it is worth considering the LAPTM4B gene and the LAPTM4B-35
protein as novel targets in HCC therapy. A small chemical (ETS) can inhibit HCC cell growth
and induce apoptosis in vitro, and inhibit growth and metastasis of human HCC xenograft in
vivo. Notably, ETS can reverse the molecular alterations, that are induced by LAPTM4B-35
overexpression and involved in promotion of proliferation and survival of cancer cells.
Moreover, ETS inhibits the phosphorylation of LAPTM4B-35 Tyr285, a key motif forbinding to
PI3K p85α regulatory subunit,, and thus inhibits the PI3K/Akt signaling pathway. Taken
together, developing strategies for LAPTM4B-35 targeting can be a potential treatment for
hepatocellular carcinoma therapy.
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Abstract

Colorectal cancer is among the most frequent malignant tumours. Liver metastases
develop in 70–75% of patients affected by colorectal carcinoma. Nowadays, surgical
treatment can significantly improve the 5-year survival ranging 40–58% of the patients
undergoing liver surgery. The operation extent ranges from nonanatomic minor
resection to major hepatectomy. Recently, liver transplantation has been performed
for metastatic colorectal cancer. Laparoscopic approach and robotic surgery can be
used by experienced specialists. The prerequisites for successful surgical treatment
include exact radiologic diagnostics to determine the number and size of metastases
and their association with anatomic structures; individual anatomic peculiarities and
remnant liver volume, ranging 20–40% in respect to functional liver status. Magnetic
resonance imaging is the most sensitive method that has marked advantages in the
diagnostics of lesions smaller than 1 cm and metastases on the background of liver
steatosis. Computed tomography is an acceptable alternative that benefits from high
spatial resolution and optimal reconstructions to evaluate the anatomy. Additional
information can be obtained from tumour markers, including traditional, e.g.,
carcinoembryonic antigen (CEA) and novel, e.g., microRNAs. To ensure that each
colorectal cancer patient receives the best care, the medical society should be well
informed about the possibilities in the treatment of liver metastases of colorectal
cancer regarding the methods, indications and limits.

Keywords: Colorectal cancer, liver metastasis, liver resection, magnetic resonance
imaging
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1. Introduction

Colorectal cancer (CRC) represents one of the leading malignant tumours both by incidence
and death rate [1, 2]. Metastatic spread to liver occurs in 70–75% of patients, and 20–35% of
CRC patients present with synchronous liver metastases [1, 3, 4]. Although the presence of
metastatic disease significantly adversely affects the survival, a wide scope of treatment
options exists. To ensure that each colorectal cancer patient receives the best care, the medical
society should be well informed about the possibilities in the treatment of liver metastases of
colorectal cancer regarding the methods, indications and limits.

Surgery is the preferred option for long term survival. The operation extent ranges from major
hepatic resection (trisegmentectomy, hepatectomy, extended hepatectomy, and hemihepatec‐
tomy) to parenchyma-sparing minor resection such as segmentectomy or wedge resection [4].
Laparoscopic approach and robotic surgery can be considered, especially in advanced centres
[5, 6]. In patients with questionable adequacy of the liver remnant and wide intrahepatic
tumour spread, portal vein occlusion, forced liver hypertrophy and staged resection can be
helpful [7, 8]. Recently, liver transplantation for metastatic colorectal cancer has been per‐
formed [9].

Surgery at present assumes significant role in treatment of metastatic liver lesions. However,
it demands not only appropriate surgical technique but also correct preoperative diagnosis
and reliable plan for postoperative treatment.

Adequately timed and exact imaging is necessary prior to the surgical or nonsurgical treatment
to reveal the metastases and assess the feasibility of resection. Magnetic resonance imaging
(MRI), computed tomography (CT), ultrasonography (US) and 18F-2fluoro-D-glucose posi‐
tron emission tomography in association with computed tomography (PET-CT) are used for
imaging metastatic lesions in the liver [1]. The radiologic evaluation can be combined with
traditional and novel cancer markers [10–12] and biopsy examination. Among serological
markers, carcinoembryonic antigen (CEA) has been used traditionally despite the limitations
[4] and lack of unified guidelines. MicroRNAs represent a rapidly advancing research field
hopefully yielding diagnostic blood tests to diagnose the cancer by location and to identify the
presence of residual tumour or early recurrence.

If the surgical treatment is not possible, other options must be considered, including systemic
or transarterial chemotherapy; embolisation; ablation by cryotreatment, radiofrequency or
microwaves; or radiotherapy and targeted external beam radio therapy [1].

Due to the wide scope of treatment options, the median survival of patients affected by
metastatic colorectal cancer has increased significantly [13, 14]. The 5-year and 10-year survival
reaches 58% and 36%, correspondingly [15].

In conclusion, liver metastases of colorectal cancer represent a frequent and serious condition.
The remarkable medical advances request dynamic systematisation of up-to-dated evidence.
The present chapter on the surgical treatment of colorectal cancer metastases is intended to
summarise the present knowledge in regard to the approach to patient with liver metastases
of colorectal cancer, discussing the diagnostics, treatment and evaluation of response.
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tumour spread, portal vein occlusion, forced liver hypertrophy and staged resection can be
helpful [7, 8]. Recently, liver transplantation for metastatic colorectal cancer has been per‐
formed [9].

Surgery at present assumes significant role in treatment of metastatic liver lesions. However,
it demands not only appropriate surgical technique but also correct preoperative diagnosis
and reliable plan for postoperative treatment.

Adequately timed and exact imaging is necessary prior to the surgical or nonsurgical treatment
to reveal the metastases and assess the feasibility of resection. Magnetic resonance imaging
(MRI), computed tomography (CT), ultrasonography (US) and 18F-2fluoro-D-glucose posi‐
tron emission tomography in association with computed tomography (PET-CT) are used for
imaging metastatic lesions in the liver [1]. The radiologic evaluation can be combined with
traditional and novel cancer markers [10–12] and biopsy examination. Among serological
markers, carcinoembryonic antigen (CEA) has been used traditionally despite the limitations
[4] and lack of unified guidelines. MicroRNAs represent a rapidly advancing research field
hopefully yielding diagnostic blood tests to diagnose the cancer by location and to identify the
presence of residual tumour or early recurrence.

If the surgical treatment is not possible, other options must be considered, including systemic
or transarterial chemotherapy; embolisation; ablation by cryotreatment, radiofrequency or
microwaves; or radiotherapy and targeted external beam radio therapy [1].

Due to the wide scope of treatment options, the median survival of patients affected by
metastatic colorectal cancer has increased significantly [13, 14]. The 5-year and 10-year survival
reaches 58% and 36%, correspondingly [15].

In conclusion, liver metastases of colorectal cancer represent a frequent and serious condition.
The remarkable medical advances request dynamic systematisation of up-to-dated evidence.
The present chapter on the surgical treatment of colorectal cancer metastases is intended to
summarise the present knowledge in regard to the approach to patient with liver metastases
of colorectal cancer, discussing the diagnostics, treatment and evaluation of response.
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2. Epidemiology of colorectal cancer

Colorectal cancer is among the leading malignant tumours both by incidence and by death
rate [1]. Globally, in the year 2012, it was the 3rd most frequent cancer in men and the 2nd in
women [2]. The incidence and mortality is higher in males (Table 1). The highest incidence
rates are found in Australia and New Zealand, Europe and North America contrasting with
low incidence in Africa and South Central Asia. As shown in Table 2, the incidence is generally
higher in more developed countries [2]. The decrease in colorectal cancer incidence in USA
reflects successful screening and removal of colorectal adenomas. The incidence growth,
recently observed in Western Asia (Kuwait and Israel) and Eastern Europe (Czech Republic
and Slovakia), reflects increased prevalence of risk factors as diet, obesity and smoking.

Gender Incidence Mortality

ASR Proportion1, % ASR Proportion1, %

Males 20.6 10.1 10.0 8.0

Females 14.3 9.2 6.9 9.0

1 Among all cancers.

ASR, age-standardised ratio per 100,000.

Table 1. Global incidence and mortality attributable to colorectal cancer (2012) by Globocan data [16]

Gender and welfare
status

Incidence Mortality

ASR Cumulative risk, % ASR Cumulative risk, %

More developed areas1

Males 36.3 4.3 14.7 1.6

Females 23.6 2.7 9.3 1.0

Less developed areas2

Males 13.7 1.6 7.8 0.8

Females 9.8 1.1 5.6 0.6

1Includes Europe, North America, Australia, New Zealand and Japan.

2Includes Africa, Asia (except Japan), Latin America, Melanesia, Micronesia and Polynesia.

ASR, age-standardised ratio per 100,000.

Table 2. Incidence and mortality caused by colorectal cancer by regional welfare [2]

Colorectal cancer could be prevented avoiding obesity, alcohol, smoking and excessive
consumption of red and processed meat, as well as maintaining physical activity. There are
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also several screening methods, including guaiac-based or immunochemical test for occult
blood in stools, faecal DNA test, virtual colonoscopy by computed tomography imaging,
double-contrast barium enema, flexible sigmoidoscopy and colonoscopy [2]. MicroRNA stool
test could appear in the nearest future. Despite the possibilities of prevention and screening,
metastatic disease is common. Metastatic spread to liver occurs in 70–75% of patients, and 20–
35% of CRC patients are diagnosed with synchronous liver metastases [1, 3, 4]. Although the
presence of metastatic disease significantly adversely affects the survival, a wide scope of
treatment options exist.

3. Radiologic imaging techniques in the diagnostics of liver metastases of
colorectal cancer

The radiologic techniques of liver examination comprise computed tomography, magnetic
resonance imaging, ultrasound evaluation and fluorodeoxyglucose positron emission tomog‐
raphy [17]. CT and MRI represent the cornerstone in the diagnostics of liver metastases of
colorectal cancer [1, 18]. US has the benefits of wide accessibility and lack of irradiation.
However, it is considered a historical method in developed countries as USA [18] due to lower
sensitivity and specificity. These parameters can be improved by contrast-enhanced US [19].
Positron emission tomography (PET) has certain indications.

MRI is characterised by the highest specificity and sensitivity, especially regarding metastases
smaller than 1 cm in diameter [1, 20]. The imaging technology is based on different physical
status of water and fat protons [18]. To identify liver metastases, MRI routinely includes T1,
T2 and diffusion-weighted sequences before and after administration of gadolinium-contain‐
ing contrast agent. The CRC metastases are hypointense on T1 but hyperintense on T2 and
diffusion-weighted imaging sequences. The contrasting reveals metastasis as a hypovascular
focus with an irregular rim of enhancement [18].

In the identification of liver metastases, MRI is characterised by the highest sensitivity that
reaches 76.0–85.7% if enhancement by extracellular contrast agents and dynamic acquisition
is used. The sensitivity can be further improved by diffusion-weighted imaging. Diffusion-
weighted imaging is based on the assessment of Brownian motion of water molecules and
water diffusion within a voxel (a tridimensional pixel). As cell membranes limit the diffusion,
greater cellularity results in diffusion restriction [21]. Thus, the metastasis creates an obstacle
in water molecule diffusion and is revealed by diffusion-weighted imaging at higher sensi‐
tivity and specificity than routine MRI [17, 22, 23]. The hepatobiliary phase MRI represents
another improvement in the diagnostics of liver metastases by contrast agents that are
absorbed by hepatocytes and excreted in biliary system, e.g., gadoxetate disodium and
gadobenate dimeglumine. These agents differ from the traditional MRI contrast agents by the
dual elimination, including both biliary excretion (50%) and renal glomerular filtration, while
the traditional agents, as gadopentetic acid, are almost completely excreted via kidneys [1,
18]. The hepatobiliary phase of MRI corresponds to the peak parenchymal enhancement due
to contrast uptake in hepatocytes. It is observed 20 min after injection. Metastatic foci lack liver
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cells and therefore do not absorb hepatobiliary contrast agents. In the diagnostics of colorectal
cancer liver metastases, the sensitivity of hepatobiliary phase MRI reaches even 90–97% [1, 24,
25]. In comparison with diffusion-weighted imaging, hepatobiliary phase MRI enhances
sensitivity for the detection of colorectal cancer metastasis, e.g., from 78.3–97.5% to 94.4–
100.0%. The combination of diffusion-weighted imaging with hepatobiliary phase MRI yields
better results than isolated techniques [26].

Gadolinium-containing contrast agents can induce nephrogenic systemic fibrosis in a subfrac‐
tion of patients (2.9–4%) with severe renal insufficiency [1, 27, 28]. Sufficient enhancement
quality can be reached by half-dose gadoxetic acid [29]. However, other research groups have
not observed any case of gadoxetate-related nephrogenic systemic fibrosis in a prospective
multicentre study [30]. The risk of nephrogenic systemic fibrosis also varies by different
contrast agents [1].

In comparison with CT, MRI has advantage in the diagnostics of lesions measuring less than
1 cm and shows better ability to discriminate metastases on the background of spontaneous
or treatment-induced (e.g., 5-fluoruracil and irinotecane) liver steatosis [1, 17, 31]. However,
CT provides better resolution of anatomic details that are necessary to plan the surgery [18].
Consequently, controversies have been expressed if the liver imaging in colorectal cancer
patient should be started with CT or MRI [1, 18].

MRI is contraindicated in patients having incompatible implants, e.g., pacemakers; affected
by claustrophobia or impaired glomerular filtration rate, or unable to hold the breath for longer
than 20 seconds. CT should be performed in these patients [1, 18].

Multidetector CT can be used for chest, abdominal and pelvic imaging to reveal the total
visceral metastatic burden. Contrasting with intravenous iodinated agents is necessary to
reveal liver metastases that represent hypodense hypovascular foci with variable heterogene‐
ity, seen in portal venous phase [18]. Rim enhancement can be observed [17]. Due to low
tumour vascularity, arterial phase is more important for detection of arterial anatomy than for
identification of metastases. In nonenhanced CT, the metastases are hypointense but can be
inconspicuous [17, 18]. The possibilities of CT are limited in detection of small lesions and
inhassessment of steatotic liver. MRI is helpful in these situations. The benefits of multidetector
CT include high spatial and temporal resolution exceeding that of MRI. Thus, CT is useful for
planning before surgery. The individual anatomic features can also be detailed by CT [18].

PET-CT reflects the metabolic activity in tumour cells by analysing glucose uptake. It has
advantage in detecting extrahepatic metastatic spread [1] or local recurrence and in evaluation
of indeterminate liver lesions [17]. In a prospective study of 133 consecutive patients, PET-CT
had a major impact on staging of extrahepatic spread in 20% of patients. It resulted in upstaging
(from surgically treatable to inoperable) in 6% of patients and downstaging (from indetermi‐
nate or suspected inoperable to operable) in another 6% of patients [32]. As extrahepatic spread
is more likely in patients who already have liver metastases, PET-CT should be considered a
standard evaluation prior to curative liver surgery for metastatic colorectal cancer. PET-CT
reduces futile laparotomies by 38% [33]. Combination with diagnostic intravenous contrast-
enhanced CT is strongly advised as opposed to noncontrast low-dose CT providing anatomic
data only [1, 34]. The sensitivity of PET-CT is impaired after chemotherapy [1, 35].
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In the early studies, liver US was considered effective in the follow-up after surgical treatment
of colorectal cancer metastases as it disclosed all the resectable cancer metastases as it disclosed
all the resectable with thoracic X-ray [36]. However, more recent data evidence that transab‐
dominal US has limited sensitivity in the diagnostics of CRC liver metastases: 50–75% [17].
Despite the serious shortcoming, US still can be used for screening purposes by experienced
specialist who is aware of these limitations and will combine US by more sensitive methods
of radiologic diagnostics. Intravenous contrast-enhanced US imaging using microbubbles to
contrast blood increases the sensitivity of US by 20% [17, 19] and exceeds the sensitivity of CT,
especially for small lesions [17]. Contrast-enhanced US affords diagnostic benefit in 13.7%
patients with liver mass lesions [19]. The increased sensitivity of contrast-enhanced US in
detection of tumours is explained by the vascularisation pattern and the phagocytosis of
contrasting microbubbles by Kupffer cells that are present in liver parenchyma but absent in
liver tumours. Thus, CRC metastases would be an adequate object for contrast US. The tumours
are hypoechoic. The sensitivity and specificity of US and contrast-enhanced US in diagnosing
malignant liver tumours is around 58.8% and 50.7% for US versus 68.7–90% and 67–88% for
the contrast-enhanced modality. Deep lesions, small metastases and liver steatosis are known
limiting factors. Colorectal cancer metastases may occasionally be hyperechogenic and lack
hypoechoic structure on contrast-enhanced US embarrassing differential diagnosis with
benign lesions, e.g., haemangioma [19].

Hepatic lesions can be missed even by combined radiologic investigation, including US, CT
and MRI. The proportion of such lesions can be as high as 30% [19]. Intraoperatively, US can
be applied. The sensitivity of intraoperative imaging is again enhanced by contrast US [37].

4. Preoperative radiologic evaluation: the target parameters

To plan the surgical treatment, the number, the size and the location of metastases must be
detected [1]. The number of affected segments, the relations between metastases and arteries,
veins and bile ducts as well as the size of remnant liver must be ascertained as well [18]. The
anatomical variations of bile ducts as well as arterial and portal blood vessels must be
established. CT or MRI can be used for these purposes. Although similar efficacy of both
methods has been shown regarding vascular anatomic evaluation, CT can yield better contrast
[1].

Diagnostic problems can be associated with identification of small lesions, imaging of meta‐
stases on the background of liver fibrosis, steatosis or sinusoidal congestion due to preceding
chemotherapy (or other reasons) and detailed characteristics of deep metastasis that necessi‐
tates careful planning of surgical approach and exact data on the involvement of anatomical
structures. Occasionally, differential diagnosis with benign lesions can be complicated. The
presence and extent of extrahepatic disease must be estimated [18].

Software-based three-dimensional CT volumetrics is used to calculate the volume of the
remnant and total liver volumes excluding nonfunctional spaces as tumours, cysts and ablation
cavities. The remnant liver volume is expressed as a proportion of the preoperative total liver
volume. The minimal volume of remnant liver has not been established by exact experimental
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studies therefore the described desirable values differ slightly. The remnant liver volume after
the operation is expected to be 25–30% in young patients with normal liver parenchyma and
40% in cirrhotic patients [4, 18]. In a consensus statement, remnant liver volume is recom‐
mended to be at least 20% for patients with normal extratumoural liver tissue, 30% for patients
having chemotherapy-induced liver injury and 40% in cirrhotic patients [17, 38–40]. As
metastatic tumour is spreading systemically and recurs in most patients, higher preserved
proportion of liver parenchyma provides more options for repeated future surgery if neces‐
sary. The risk factors for postoperative liver dysfunction due to insufficient remnant include
older age, liver fibrosis, cirrhosis and preoperative chemotherapy. Except liver cirrhosis, these
factors are frequent as many patients with CRC liver metastasis are elderly and have received
chemotherapy [4]. To estimate the compromised liver function more exactly, functional tests
are helpful. The liver function is reflected by albumin level, hemostasis, bilirubin level,
lidocaine conversion test or clearance of indocyanine green [18].

5. Traditional and novel tumour markers in the diagnostics of colorectal
cancer

The patients with metastatic colorectal cancer nowadays survive longer, thus they need
prolonged follow-up. CT is a sensitive method but some authors have expressed fears that the
patient is subjected to radiation exposure [41]. MRI benefits from high sensitivity and lack of
ionising radiation, but it is expensive. Blood test for surveillance thus seems to be an attractive,
patient-friendly and radiation-free option. Although the follow-up of colorectal cancer patients
after resection of the primary tumour is controversial, increased blood level of the carcinoem‐
bryonic antigen (CEA) can disclose cancer recurrence and is used traditionally. In a recent
study, 25% increase of CEA level in comparison with the previous value detected 23% of
recurrences while 46% of recurrences were evident both by radiology and CEA and 31%—only
by radiology data. The radiologic imaging in this study comprised US after surgical treatment
and CT after thermal ablation as well as in difficult cases. The resectability of the recurrent
cancer did not differ in patients who were identified through CEA or by imaging [41]. Thus,
CEA alone is not sensitive enough to identify the recurrence but can be helpful in complex
diagnostic protocol. In contrast, CEA alone did not identify any additional case of curable
recurrence after liver resection for metastatic colorectal cancer in comparison with CT [42].

CEA has several benefits, including cheapness and availability. In addition, prognostic
information can be obtained. High perioperative CEA levels indicate worse survival after liver
resection for CRC metastases [43].

CEA has been explored in association with other biological markers both for comparison and
in order to create wider diagnostic protocol. Regarding circulating tumour cells, the findings
along with CEA level added prognostic information in patients with metastatic colorectal
cancer undergoing chemotherapy. In a multivariate analysis, circulating tumour cells but not
CEA at the baseline predicted the survival, but both parameters predicted survival at 6–12
weeks after the initiation of treatment. There was no correlation between CEA and circulating
tumour cells [10]. The levels of circulating tumour cells in colorectal cancer are reported to be
lower than in other cancers due to homing within the liver [44]. The complex mechanism of
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metastasis involving epithelial–mesenchymal and mesenchymal–epithelial transformation as
well as blood clearing in the liver and secondary spread from liver metastasis to systemic
circulation hypothetically can influence the results and interpretation of circulating tumour
cell tests.

Plasma levels of the tissue inhibitor of matrix metalloproteinase 1 (TIMP-1) have also been
explored in parallel with CEA in patients undergoing chemotherapy for metastatic colorectal
cancer. High plasma TIMP-1 and CEA levels both before and during treatment were related
to poor response. Worse survival was predicted by high TIMP-1 level before or during
chemotherapy, and by high CEA values before treatment [45]. However, chemotherapy and
radiation treatment itself influenced serum levels of these markers, decreasing CEA and
increasing TIMP-1 [46]. The treatment-induced switches in the biomarker levels would limit
their application in the surveillance.

MicroRNAs (miRNAs) are small noncoding RNAs that post-transcriptionally modulate the
expression of the target genes [47, 48]. These endogenous molecules are evolutionarily highly
conserved, suggesting an important functional role in cell biology [48]. MiRNAs are located
either between protein-coding genes, or in the introns of protein-coding genes. Transcription
of miRNAs results in primary miRNAs that undergo processing within the nucleus. The
processing yields miRNA precursors that are transported to the cytoplasm and transformed
into mature miRNAs. These molecules perform their regulatory function by complementary
binding to mRNA [11]. miRNAs regulate such crucial steps in cancer development (Table 3)
as cell proliferation, invasion, angiogenesis, epithelial-mesenchymal transformation and the
reverse process [47]. The value of miRNAs is the ability to function as large genomic switches.

Target process Result MicroRNAs

Angiogenesis Activation miR-194; miR-17-92; miR-126; miR-210; miR-424

Suppression miR-221; miR-222; miR-497

Invasion Activation miR-31; miR-122; miR-200; miR-145; miR-103; miR-107;
miR-29a; miR-21; miR-17; miR-19a

Suppression miR-122; miR-328; miR-143

Metastasis Vascular invasion miR-21

Loss of cell adhesion miR-126

Immune regulation miR-155; miR-17-92

Colonisation miR-328; miR-103; miR-107

Apoptosis Induction miR-26b

Table 3. MiRNAs involved in different steps of carcinogenesis

From the practical standpoint, miRNAs at present are explored as diagnostic markers and
therapeutic targets [11]. In contrast to mRNA, miRNAs are stable in formalin-fixed, paraplast
embedded tissues [48–50]. In the blood and plasma, MiRNA also circulate in persistent form,
suitable for testing [51, 52]. The stability might be ensured by development of extracellular
microvesicles [52]. The specificity and sensitivity issues still must be finalised, but promising
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results have already been reported. Thus, 6 serum miRNA-based biomarker signature,
including miR-21, let-7g, miR-31, miR-92a, miR-181b and miR-203, had high sensitivity (93%)
and specificity (91%) in the diagnosis of colorectal cancer. The sensitivity of such traditional
serum markers as CEA and CA19-9 was significantly lower: 23% and 35%, respectively. The
tested panel could discriminate stage I and II colorectal cancer from healthy controls [12], thus
showing appropriate sensitivity for low tumour burden. Moreover, miR-92a, miR-21 and
miR-29a serum levels could discriminate healthy controls from patients affected by colorectal
cancer or advanced adenomas, the well-established precursor lesion of colorectal cancer [53,
54]. The levels of miR-17-3p, miR-92 and miR-221 also differed in plasma of colorectal cancer
patients and healthy controls [55, 56].

Early relapse of colorectal cancer is associated with increased plasma levels of miR-29c [48,
57]. More intense surveillance or postoperative treatment could be offered to these patients.

Patients with liver metastasis exhibit significantly higher miR-21 level in colorectal cancer
tissues. MiR-29a serum level is increased in colorectal cancer patients affected by liver
metastasis and is considered a promising novel marker for early detection of liver metastasis
[58]. In more recent studies, increased serum levels of miR-141 and miR-21 as well as down-
regulation of miR-126 were advised for early diagnosis of liver metastasis of colorectal cancer
while let7a up-regulation was associated with extrahepatic metastases [59]. The applicability
of this or similar biomarker signature for metastatic cancer remains to be subjected to deeper
analysis as at least few controversies can be expected. It has been shown in gastric and
hepatocellular carcinoma that serum and tissue levels of miRNAs can change in opposite
directions [60–62], possibly because cancer cells can selectively retain certain miRNAs [63]. In
colorectal cancer, liver metastasis exhibits higher levels of miR-29c, although miR-29c is
significantly down-regulated in primary colorectal cancers giving rise to distant metastasis.
The seeming controversy can be explained by epithelial–mesenchymal and mesenchymal–
epithelial transition [64]. In addition, surgical treatment can influence the miRNA level; thus,
in hepatocellular carcinoma, miR-92a levels are high in tumour tissue, low in plasma before
the treatment and high in plasma after the operation [61]. In colorectal cancer with liver
metastases, tissue levels of 28 miRNAs were different (Table 4) from nonmetastatic cancers
[65]. The tissue miRNA profile hypothetically could also discriminate between colorectal
cancer metastases in liver and lymph nodes [66].

MicroRNA Change in the target tissue
compared to the control

Target tissue or body liquid Control tissues or body
liquid

miR-21; let-7g Increase Plasma of cancer patients Plasma of healthy controls

miR-31; miR-181b; miR-92a;
miR-203

Decrease Plasma of cancer patients Plasma of healthy controls

miR-21 Increase Colorectal cancer Normal colonic tissue

miR-143 Decrease Colorectal cancer Normal colonic tissue

miR-21; miR-224; miR-96;
miR-31; miR-155

Increase Colorectal cancer Normal colonic tissue

miR-21 Increase Liver metastasis of colorectal
cancer

Normal colonic tissue
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MicroRNA Change in the target tissue
compared to the control

Target tissue or body liquid Control tissues or body
liquid

miR-143 Decrease Liver metastasis of colorectal
cancer

Normal colonic tissue

miR-21 No difference Liver metastasis of colorectal
cancer

Colorectal cancer

miR-143 Decrease Liver metastasis of colorectal
cancer

Colorectal cancer

miR-150; miR-125b-2;
miR-1179; miR139-3p

Increase Colorectal cancer with liver
metastasis

Colorectal cancer without
distant metastasis

miR-93; miR-548e; miR-19b;
miR-96; miR-548c-5p;
miR-140-5p; miR-19a;
miR-17-5p:9.1; miR-101;
miR-579; miR-18b; miR-18a;
miR-455-5p; miR-549;
miR-219-5p; miR-33b;
miR-330-5p; miR-301a
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levels in tumour tissues. Notably, in this study, higher miR-21 and lower miR-143 was found
in cancer and liver metastases in comparison to normal colonic and liver tissues [67]. The
seeming logic discrepancy between the prognostic levels and the differences in normal and
neoplastic tissues suggests multiple mechanisms of a single miRNA. These findings are
warning about high complexity in the elaboration of diagnostic tests. MiRNAs have also been
explored to predict the response to treatment. Thus, increased plasma concentrations of
miR-106a, miR-484 and miR-130 are associated with lack of response to oxaliplatin-based
treatment [48, 70]. Similar markers would be valuable to identify patients that would benefit
from preoperative tumour burden reduction by chemotherapy. The predicted nonresponders
could be treated by ablation techniques. As miRNAs function as large genomic switches, they
are also attractive potential targets of therapy [11].

6. Biopsy in the differential diagnostics of liver lesions

Biopsy evaluation can yield reliable diagnosis of colorectal cancer. The tubular and cribrous
glandular architecture in combination with high cylindrical neoplastic cells frequently is
straightforward (Figure 1). Upon necessity, immunohistochemical evaluation can be applied
as colorectal cancer is characterised by specific markers. Thus, the cytoplasmic expression of
cytokeratin 20 (Figure 2) and nuclear presence of CDX2 protein (Figure 3) is virtually diagnostic
of colorectal cancer.

Figure 1. Metastasis of colorectal cancer in liver tissue. Haematoxylin–eosin, original magnification 50×.
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Figure 2. Intense cytoplasmic expression of cytokeratin 20 in colorectal cancer. Note the heterogeneity. Immunoperoxi‐
dase, anti-cytokeratin 20, original magnification 50×.

Figure 3. Diffuse intense nuclear expression of CDX2 in colorectal cancer. Immunoperoxidase, anti-CDX2, original
magnification 100×.

In contrast to many other metastatic carcinomas, colorectal cancer lacks cytokeratin 7. Meta‐
static neuroendocrine tumours (Figures 4 and 5) can be excluded by the absence of chromog‐
ranin A, synaptophysin and CD56. The combination of several neuroendocrine markers is
advisable, especially in a patient with clinically and/or endoscopically identified colorectal
tumour, due to differential expression of these markers by gut origin (foregut versus midgut
versus hindgut). The clinical relevance of correct differential diagnosis between metastatic
colorectal adenocarcinoma and neuroendocrine tumours is high.
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Figure 4. Metastasis of neuroendocrine carcinoma in the liver tissue. Haematoxylin–eosin, original magnification 50×.

Figure 5. Metastasis of neuroendocrine carcinoma in the liver tissue. Immunoperoxidase, anti-chromogranin A, origi‐
nal magnification 50×.

In contrast to hepatocellular carcinoma, colorectal cancer lacks hepatocyte antigen, glypican
and cytoplasmic TTF-1 expression. Alpha-fetoprotein is absent from colorectal cancer tissues,
although the differential diagnostic value is lower because of relatively infrequent expression
in hepatocellular carcinoma. CD10 can be misleading in the differential diagnosis of hepato‐
cellular and metastatic colorectal cancer. Hepatocellular cancer mostly develops in the
background of liver cirrhosis while metastases are rare in cirrhotic liver. However, hepatocel‐
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lular carcinoma, and especially fibrolamellar variant, can arise in the absence of cirrhosis. In
contrast, colorectal cancer metastasis can be surrounded by liver tissue that is damaged by
peritumoural or treatment-related cell damage, fibrosis and inflammation [71].

The tissue analysis of cardinal tumour features and cancer microenvironment, production of
cytokinesand growth factors in the metastasis, evaluation of circulating neoplastic cells,
analysis of tumour hypoxia and angiogenesis atprotein, gene and miRNA levels can also bring
prognostic and predictive information [72–77]. Besides the tumour characteristics, hepatic
lymphatic anatomy and its involvement by tumour can be evaluated to predict the recurrence
[15].

7. Surgical treatment of the liver metastasis of colorectal cancer

The prognosis of metastatic colorectal cancer is serious. The 5-year survival of patients
receiving chemotherapy is low. In contrast, hepatic metastasectomy is an accepted procedure
with low perioperative mortality (2.3–2.8%) ensuring 5-year survival 28–58% and 10-year
survival 22-36% [15, 18, 78, 79]. The median survival of surgically treated patients is 42.5
months [4].

The CRC metastases can be treated surgically if all metastases can be completely resected, at
least 2 adjacent liver segments can be spared and sufficient liver function is expected [1].

The liver is composed of segments defined by vascular branching. As described by the
International Hepato-Pancreato-Biliary Association, the liver segments are unified in four
sections: left lateral and medial, right lateral and medial. Thus, segmentectomy, singular
sectionectomy, hemihepatectomy involving two sections and trisectionectomy can be per‐
formed [4]. Nonanatomic liver resection shows no differences from anatomic resection
regarding morbidity, mortality, recurrence rate or survival. In addition, it has the benefit of
parenchymal sparing providing more opportunities for repeated resections that are usually
limited by insufficient remnant liver. Nonanatomic resections can be carried out during shorter
operation time and are associated with less blood loss [80].

Extrahepatic vascular anatomy must be carefully considered before the operation as only 55%
of persons have typical arterial anatomy. Aberrant right hepatic arteries can arise from superior
mesenteric artery and from left gastric artery. The trifurcation of portal vein can be observed.
Computed tomography is the method of choice for vascular imaging [4].

Liver resection necessitates parenchymal dissection and haemostasis. The liver parenchyma
can be divided by finger-fracture or crush-clamp technique, by scissors using scratch or sharp
dissection technique, or by ultrasound or radiofrequency knives. Small vessels must be
occluded by bipolar coagulation, titan clipping or ligation. Bipolar or ultrasound coagulation
devices can be used for dissection and closure of small vessels. Larger vessels must be ligated.
Liver resection with staplers involves tissue dissection and automatic vessel clamping [4].

To limit the bleeding, total inflow occlusion can be used but can result in ischemia/reperfusion
injury if prolonged. Intermittent occlusion (15 min, alternating with 5 min of perfusion) better
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preserves liver function. Bleeding from hepatic veins can be decreased by low central venous
pressure (less than 4 mm Hg) or total vascular occlusion of the liver with or without in-situ
cooling of the liver [4].

Laparoscopic approach sincreasinglyapplied for liver resections, including even hemihepatec‐
tomy [4, 81]. The best indications for laparoscopic resection are single metastases, not exceed‐
ing 5 cm in diameter, in readily accessible segments 2–6. In contrast, segments 1, 7 and 8 are
considered difficult to access except for skilled professionals. Single incision laparoscopic
surgery has been used for liver resection but faces technical difficulties in spatial manoeuvres
with the instruments. As human ergonomics is limited, robotic surgery has been developed and
applied for liver resections facilitating the manipulations with the instruments and improv‐
ing the overview of operating field at the expense of remote contact with tissues and patient.
The lack of tactile feedback compromises the estimation of interaction strength and pressure
applied on the tissues. The conversion to open operation necessitates reorganisation of the
operation team [82]. Despite these shortcomings, in a recent review, robotic liver resection was
found to be a safe procedure [83]. Robotic malfunction is rare (2.4–4.5%). Major hepatecto‐
mies have been performed by robotic surgery [82]. However, the greatest advance of robotic
surgery can be the possibility to remove small, but hardly accessible lesions by small sectoral,
segmental or subsegmental resections instead of extensive routine liver resection [82, 84].

The surgical treatment can be precluded by involvement of portal vein, hepatic artery or
common bile duct. The goal of surgery is to resect all malignant tissue. If this would lead to
insufficient remnant liver, as in case of multiple bilobar metastases or deep metastases close
to hilum or major vessels, the surgery also is contraindicated [18]. To increase the size of liver
remnant, two-stage hepatectomy [85] or portal vein embolisation or ligation can be applied.
Both procedures take advantage of the regenerative capacity of the liver [4]. Portal vein
embolisation increases the resectability rate [86]. The portal vein occlusion can be performed
as intraoperative ligation of portal vein branches, transileocolic embolisation or percutaneous
transhepatic ipsilateral or contralateral embolisation. The spectrum of applied embolisation
materials includes polyvinyl alcohol particles, coils, gelatine sponge, fibrin glue, lipoiodol or
butyl cyanoacrylate. In a recent review, authors showed that preoperative portal vein embo‐
lisation has a high technical and clinical success rate. Liver cirrhosis impaired the regeneration.
However, cirrhosis is rarely encountered in association with metastatic cancers. Cholestasis
and preceding chemotherapy had no negative impact [87]. The resectability can also be
improved by chemotherapy-induced downstaging [86, 88, 89]. By chemotherapy, resectability
can be achieved in up to 40% of patients [90]. If the downstaging is successful and followed
by the resection, the 5-year survival reaches 33% that is comparable with the results in patients
with initially resectable metastases [86]. Preoperative chemotherapy is not indicated for
resectable lesions [89] and should not be excessively extended (9 cycles or more) to avoid
marked hepatotoxicity without improving the pathologic response [91]. Among the chemo‐
therapy-related liver damage, steatosis can be induced by 5-fluorouracil, nonalcoholic
steatohepatitis by irinotecan and sinusoidal obstruction syndrome by oxaliplatin [92]. For
successful downstaging, the type of chemotherapy is more important than the number of
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cycles. Thus, the inclusion of bevacizumab in the chemotherapy schedule in addition to
FOLFOX improves the outcome in terms of achieving resectability [91].

The planning of liver surgery can be challenging in patients presenting with colorectal cancer
and synchronous liver metastases. Simultaneous resection of primary tumours and liver
metastases can be performed in selected patients. Liver resection can safely be performed as
the first operation followed by the large bowel operation [93]. The safety of liver-first approach
has been confirmed in a recent review [94].

The risk factors of cancer recurrence include the presence of lymph node or extrahepatic
metastases, high CEA (above 200 ng/mL), multiple and large (above 5 cm) metastases, short
disease-free survival [18], high tumour grade and positive resection lines [4]. Regarding the
resection line, the minimal requirements are under discussion regarding R0 resection with
distance between tumour and resection line less than 1 cm. In the recent literature, lack of 1
cm margin is not considered a contraindication for liver resection [80], and generally the
requirement for tumour-free tissue border has decreased from 10 to 2 mm or even 0 mm [95–
98]. The presence of hilar lymph node metastases is an adverse prognostic factor in comparison
to metastases affecting only liver but can be less hazardous in prognostic terms than metastases
in lymph nodes adjacent to truncus coeliacus or aorta [4].

After resection, MRI or CT should be used for surveillance. The examinations must be repeated
every 3–6 months for 2 years after resection and every 6 months for 3–5 years after the surgery
[1]. Perioperative chemotherapy, including adjuvant treatment, increases recurrence-free
survival [99].

8. Liver transplantation for colorectal cancer metastases

Liver transplantation is indicated for end-stage chronic liver disease and acute liver failure. In
addition, transplantation has certain indications regarding malignant tumours. The classic
indications include hepatocellular carcinoma on the background of liver cirrhosis if the patient
corresponds to the Milan criteria; fibrolamellar hepatocellular carcinoma, hepatoblastoma and
epithelioid haemangioendothelioma. Transplantation is researched in patients having
hepatocellular carcinoma with tumour burden exceeding the Milan criteria, hepatocellular
carcinoma in noncirrhotic liver, cholangiocellular cancer and liver metastases from neuroen‐
docrine tumours. Hepatocellular carcinoma with extrahepatic spread or portal vein invasion,
hepatoblastoma with uncontrolled extrahepatic spread and other malignancies are regarded
as contraindications for liver transplantation. Thus, until recently, colorectal cancer metastases
to the liver also were considered a contraindication for liver transplantation [100] due to
allocation justice in the background of organ shortage and due to the risk of tumour recurrence
on the background of immunosuppression.

A revolutionary approach has been undertaken in Norway by Hagness et al. offering liver
transplantation  to  patients  with  unresectable  liver  metastases  of  colorectal  cancer.  The
resulting life  quality  was good.  The 5-year  survival  was  60%,  that  exceeds the  survival
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obtained by chemotherapy and is comparable to the survival after liver resection in suitable
cases [9].

Interestingly, the recurrence patterns after liver transplantation differ from those after liver
resection. The most frequent event is single-site recurrence in the lungs, followed by recurrence
in multiple sites. In the present group of patients, no single-site recurrences in liver were
observed, although the liver was involved by tumour metastases in patients having recurrence
in multiple sites. Regarding the outcome, the pulmonary metastases followed indolent course,
but metastases to the transplanted liver were prognostically adverse. The immunosuppressive
treatment did not enhance the growth of those pulmonary metastases that were present at the
time of transplantation [9]. The m-TOR inhibitors used for immunosuppression can have
beneficial influence as they block angiogenesis and proliferation [9, 100].

9. Nonsurgical treatment of liver metastases of colorectal cancer

Although surgical treatment ensures the best 5-year survival, only 15–25% of liver metastases
are amenable to resection [98]. If surgical treatment is not possible, radiofrequency ablation,
cryotherapy, microwave ablation, stereotactic body radiotherapy, radioembolisation or
percutaneous alcohol injection canbe used to decrease the tumour burden [101, 102]. Generally,
ablation therapies are not recommended for resectable lesions [103].

The liver metastases can be targeted by radiofrequency ablation although the benefits of it are
controversial. Positive estimates have been published [104, 105]. However, later data showed
that radiofrequency ablation alone or in combination with surgery resulted in inferior survival
in comparison with liver resection. The outcome of radiofrequency ablation was only slightly
better than the results of chemotherapy [39]. The resulting 5-year survival was around 24%
[106–110]. Still later, 5-year survival of 43% has been reported [98]. After the procedure, either
local recurrence or new liver metastases can develop. The risk of local recurrence is higher if
the lesion is larger than 3 cm: 21.7% vs. 1.6–3.8% [111–113]. The development of new metastases
predominates over local recurrence and can be promoted by liver regeneration and production
of cytokines [98, 113]. To avoid complications, proximity to bile ducts but not vessels is of
utmost importance as the blood vessels are moderately sensitive to heat and can be protected
by vascular clamping and Pringle manoeuvre involving alternation of clamping and perfusion.
In contrast, bile ducts are very sensitive to heat-induced damage [113].

Radiofrequency ablation belongs to the group of thermal ablation procedures comprising
also laser-induced interstitial thermotherapy. In this method, laser light is directly transmit‐
ted to the neoplastic tissue through flexible optic fibres, and the absorption of laser photon
energy causes local rise of temperature inducing coagulation necrosis. The results are highly
dependent on the completeness of tumour destruction. The 5-year survival after thermal
ablation is 44% if the ablation is complete and 20% if it is partial. The frequency of partial
ablation  ranges  from  38%  to  52%  [114–116].  The  size  of  neoplastic  mass  is  the  main
predictive  factor  for  the  completeness  of  the  ablation,  with  better  results  achieved  in
metastases smaller than 3 cm [116, 117].
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Cryoablation involves tissue destruction by low temperature, i.e., intended freezing of the
target in order to induce local necrosis. Although percutaneous, laparoscopic or open surgical
approach generally is possible, cryotreatment of liver tumours is mostly performed via open
surgical access. Occasionally, laparoscopic approach is used [118]. The temperature is de‐
creased by liquid nitrogen or argon gas that is delivered to the target by special probe under
US guidance. The freezing is rapid, so the formed ice crystals destroy the cells, including
tumour cells. Ice crystals also propagate in the microvessels. The procedure includes alternat‐
ing cycles of freezing and thawing. Multiple masses are treated consecutively rather than
simultaneously. Necrosis develops within the next 2 days and is well-demarcated in the third
to fourth day after the procedure. Large masses (>5 cm) are not amenable to complete treat‐
ment. Another limitation includes tumours close to large blood vessels [119]. Cryoablation
ensures 5-year survival in 17% of patients [109, 120–122].

In microwave ablation, tissue destruction is induced by microwaves. The electrode is inserted
in the tumour mass under US or CT guidance using percutaneous, laparoscopic or open
surgical access. An alternating high-frequency (900–2450 Hz) electromagnetic field induces
vibration of water molecules representing dipoles. The energy created by the induced
movement of water molecules is released as heat that results in coagulative necrosis [3]. The
method can ensure wider and quicker tissue destruction than radiofrequency ablation. It is
not limited by the temperature 100°C, does not rely on the conduction of electricity and is less
limited by impedance of the destroyed tissues or scars [123]. The 5-year survival after micro‐
wave ablation was 16% in the older reports [109, 124, 125]. Recently, intraoperative microwave
ablation ensured 4-year survival of 35.2% [123] and 3-year survival of 36% [126].

External  beam  radiation  treatment  for  liver  metastases  has  limited  effect  due  to  high
sensitivity  of  hepatocytes  towards  ionising  radiation.  Thus,  therapeutic  radiation  doses
would induce serious liver damage but small  doses lack efficacy.  The treatment of liver
metastases by external beam radiation is associated with high rate of local recurrence and
side effects, both contributing to low survival. Three-dimensional conformal radiotherapy
is more targeted. In stereotactic body radiation treatment, a robotic arm is used to target
the lesion in synchronisation with the respiratory movements. This allows delivering higher
radiation dose to the lesion while retaining appropriate safety profile with only tolerable
complications. After stereotactic body radiation treatment, the 1-year survival of complex,
pretreated patients with the frequent presence of extrahepatic metastases was 45.5% [110].
The 2-year survival is reported to be 45% [127].

Hepatic arterial infusion can be applied due to the fact that metastases larger than 3 mm receive
95% of blood supply from the hepatic artery. This technique yields higher concentration (up
to 16 times higher) of the medication within the metastasis in association with lower systemic
toxicity due to concentrated supply and first-pass effect with maximum absorption in the liver.
Skilled team and qualitative radiologic imaging are the prerequisites [102]. There are several
technically related approaches that also involve direct supply of the therapeutic agent to the
target via hepatic artery, such as placement of hepatic arterial infusion pumps, selective
internal radiation therapy, drug-eluting bead embolisation and irinotecan-containing drug-
eluting particles [128].
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95% of blood supply from the hepatic artery. This technique yields higher concentration (up
to 16 times higher) of the medication within the metastasis in association with lower systemic
toxicity due to concentrated supply and first-pass effect with maximum absorption in the liver.
Skilled team and qualitative radiologic imaging are the prerequisites [102]. There are several
technically related approaches that also involve direct supply of the therapeutic agent to the
target via hepatic artery, such as placement of hepatic arterial infusion pumps, selective
internal radiation therapy, drug-eluting bead embolisation and irinotecan-containing drug-
eluting particles [128].
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Although successful  surgery can yield long term survival,  recurrence develops either in
liver  or  in  other  distant  sites  in  60–70%  of  patients  [15].  Therefore,  adjuvant  systemic
chemotherapy,  hepatic  arterial  infusion  chemotherapy  and  molecular  targeted  therapy
represent  important  adjuncts  to  surgical  treatment.  Systemic  chemotherapy  results  in
significantly better survival [129,  130] but can cause systemic adverse effects along with
vascular liver damage and steatosis [131]. Hepatic arterial infusion of specific chemothera‐
peutic  agents  has  the  benefits  of  directly  targeting the  metastasis  within  liver  and thus
causing  less  systemic  toxicity.  However,  biliary  tract  damage  can  follow  [132,  133].
Monoclonal antibodies against VEGF and EGFR are attractive by the targeted mechanism
[101,  134].  However,  bevacizumab,  cetuximab  and  panitumumab  have  also  caused
controversies regarding liver metastases of colorectal cancer [13].

10. Radiologic evaluation before nonsurgical treatment

In general, the metastatic process must be characterised similarly as before the operation. If
ablation is planned, the relation between the metastasis and the intrahepatic bile ducts and
vessels must be carefully established to avoid heat-induced damage [1]. If the medical centre
has the necessary skills to provide hepatic artery infusion with chemotherapeutic agents for
neoadjuvant therapy to decrease lesion size and allow resection, for adjuvant for treatment
after resection or treatment of unresectable liver disease, hepatic artery must be visualised by
CT angiography [18].

11. Radiologic assessment of the treatment outcome

Classically, the tumour response to treatment is measured by decrease of the tumour mass
diameter as defined by the Response Evaluation Criteria in Solid Tumours (RECIST). The
RECIST criteria, described in 2000 and refined in 2009 [1, 135, 136], necessitate one-dimensional
measurements to detect the sum of maximal diameter of five lesions. The relative difference
of this parameter before and after treatment is interpreted as follows: progressive disease,
increase of at least 20% and at least 5 mm in the sum, or appearance of a new lesion; stable
disease, lack of dynamics or changes within the borders between progressive disease and
partial response; partial response, decrease for at least 30%; and complete radiologic response,
disappearance of all lesions. It must be emphasised that radiologic complete response is not
always equivalent to pathologic complete response; therefore, all the responded lesions still
must be removed surgically [17]. Several controversies exist regarding RECIST criteria. First,
it is suggested that early response for 10% correlates with the outcome better than the border
of 30% [17, 137]. Further, not only size but also the composition of the mass lesion matters as
it can include not only viable tumour but also necrosis, fibrosis, granulations or haemorrhage.
By ablation techniques, the surrounding liver tissue is intentionally damaged and fuses
together with the metastatic mass. After intra-arterial treatment by chemotherapy, drug-
eluting beads, irinotecan drug-eluting beads or radio embolisation, the response evaluation is
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confounded by haemorrhage, necrosis resulting in size enlargement, peripheral thin rim of
granulation tissue mimicking metastasis, fibrosis, peritumoural ischemia or hepatitis [1].
Therefore, the evaluation of treatment response includes not only the changes in the lesionsize,
but also its morphology and functional status [17].

Morphologic radiologic features, including changes in tumour heterogeneity and internal
structure, enhancement and margins, can indicate favourable tumour response to treatment
[138]. On CT, CRC metastases in the liver have heterogeneous structure and ill-defined
margins. Responding lesions obtain homogeneous structure and outlined margins [17]. The
morphologic response on CT correlates with pathologic response and with the survival [138].

PET-CT characterises the metabolic activity in the lesions [1], suggesting pathogenetically
substantiated accurate estimate of tumour response. However, the sensitivity of PET decreases
after chemotherapy [17]. Clinically importantly, PET can identify lack of chemotherapy
efficacy just after 1 cycle [139].

Preceding treatment can induce not only tumour shrinkage but also liver parenchymal
damage. By CT, steatosis that affects more than 30% of parenchyma can be diagnosed by the
liver attenuation index characterising the difference in the attenuation between liver and
spleen. By MRI, the analysis of water and fat proton signals is possible, leading to more accurate
estimates of steatosis than by CT and US [1, 140]. Sinusoid obstructive syndrome can be caused
by oxaliplatin-based chemotherapy. It is characterised by sinusoidal injury that may lead to
fibrosis or veno-occlusive disease. The radiologic findings are nonspecific [1].

12. Complete radiologic response

Complete radiologic response can be obtained in 5–38% of patients. The frequency of complete
radiologic response depends on the efficacy of preoperative treatment and on the quality and
completeness of radiologic investigation. Metastasis can become difficult to observe on CT if
the size decreases and/or the surrounding liver tissue develops steatosis. MRI can be used to
identify the residual lesions. The MRI-documented disappearance of the metastasis is sugges‐
tive of true complete histologic response.

The correlation between radiologic and pathologic complete response ranges 20–100% in
different studies. Thus, at present, all sites of disease should be resected surgically. A fraction
of lesions (up to 24% of patients with complete response on CT) can be grossly identified during
the operation. Full mobilisation of liver and palpation, followed by intraoperative conven‐
tional and contrast-enhanced US, are the subsequent options rising the yield to 45% of patients.
Contrast-enhanced US identifies additional 10–15% of nodules, compared with palpation and
conventional ultrasonography technique. The intraoperative yield is lower in patients who
have had preoperative MRI, suggesting that MRI is the method of choice to identify true small
residual metastases that are missed by less sensitive CT [17].

If the radiologically regressed metastases are not resected, they tend to recur. The frequency
of durable clinical response, usually defined as disease-free period for 1 year, correlates with
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the frequency of complete pathologic response. The recurrence mostly develops in 10–20
months. The median time to recurrence is 11 months. The recurrence occurs more frequently
in patients who have unresected radiologically disappeared metastases in comparison to those
who underwent the surgery, although a more effective adjuvant treatment can diminish these
differences. Hepatic arterial infusion treatment lowers the incidence of intrahepatic recurrence
and increases the frequency of durable response similarly as increasing the rate of complete
pathologic response [17].

13. Survival

The median survival of patients affected by metastatic colorectal cancer has increased signif‐
icantly, e.g., from 27.3 months in 1994 to 39.4 months in 2007 [13]. Analogous increase in the
survival is reported also by other authors [14]. The 5-year and 10-year survival can reach even
58% and 36%, correspondingly [15]. Lower 5-year survival after surgical treatment has been
reported earlier, e.g., 25–40% [78, 110, 141–144], contrasting with the 5-year survival of 15% in
patients with unresectable metastases [33, 145, 146]. The 10-year survival of 25–26% has been
described [123, 147, 148]. Better survival is observed in case of delayed metastases [14].

14. Conclusions

1. In conclusion, liver metastases of colorectal cancer must be treated surgically whenever
possible as surgery ensures the best survival.

2. Contraindications for surgery include wide tumour spread within the liver or to extrahe‐
patic organs, expected insufficient liver remnant and poor general status. Neoadjuvant
treatment should be attempted to downstage the tumour.

3. If the metastatic lesions are not amenable to surgery,ablation or radiation modalities can
be applied in association with chemotherapy.

4. High-quality radiologic investigation is necessary to reveal the metastases of colorectal
cancer. Magnetic resonance imaging is considered the most sensitive technique that has
remarkable advantages revealing subcentimeter metastases and lesions within steatotic
liver. Computed tomography benefits from high discrimination and can be used to replace
magnetic resonance.
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Abstract

Taking into consideration all primary solid tumors, the liver represents the most
common site involved in distant metastasization, also due to its important blood
reception from the majority of digestive organs. Despite the abundant literature
and guidelines about colorectal liver metastases, there is still great debate about
the treatment strategy in the case of non-colorectal ones. Therefore, in this
chapter, we reviewed the treatment strategy and surgical indications for the most
frequent non-colorectal liver metastases. In the case of neuroendocrine hepatic
secondaries, the literature suggests that surgery should be always considered for
patients with resectable hepatic disease, as this treatment results more likely to offer
the best long-term outcome. For what concerns liver metastases from gastric cancer,
surgical approach should always be undertaken if indications are appropriate,
after a multidisciplinary discussion to plan an adequate multidisciplinary adjuvant
treatment, a proper patient selection, and the exclusion of additional secondary
tumors or extrahepatic metastases. Taking into consideration liver secondaries from
breast cancer and their chemosensitivity, in the absence of brain and lung lesions, it
can be considered a space for liver surgery, especially in the case of single lesions or
a maximum of two lesions with dimensions within 3 cm. However, as the number
of cancer survivors is progressively increasing and, with it, the number of patients
affected by non-colorectal liver metastases, further randomized controlled trials are
required in order to better define the benefit of hepatic surgery in these kinds of
patients.

Keywords: Non-colorectal liver metastases, Non-colorectal hepatic metastases,
Metastatic neuroendocrine tumors, Metastatic breast cancer
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2 Recent Advances in Liver Diseases and Surgery

1. Introduction

Cancer metastasization is a highly selective, sequential, interdependent, nonrandom process
which causes transient or permanent changes in different genes at the DNA and/or mRNA,
creating a complex phenotype which favors the survival of a population of tumor cells within
an organ environment, distant from the primary tumor [1, 2]. This kind of complex process
usually requires many years in order to complete the great series of cumulative DNA changes
which consent neoplastic cells to metastasize. As the primary tumor growth may be very
slow and the metastasization process does not directly depend on primary tumor size, we
can observe two kinds of metastases based on the timing of their diagnosis: synchronous
metastases are defined as secondary lesions diagnosed within the first year after primary
tumor diagnosis, although this time, interval may vary in the literature between six months
and one year, while metachronous metastases are usually diagnosed after one year from the
primary tumor diagnosis.

Taking into consideration all primary tumors, the liver represents the most common site
of the distant metastases. This particular affinity for distant metastases may have different
explanations. First, it may be attributable to the site specificity patterns of neoplastic cells
from various primary cancers, which found the liver as the adequate soil where to seed their
circulating neoplastic cells [3, 4]. Furthermore, the liver receives 30% of the whole cardiac
output, second only to the kidney for the quantity of blood which every day will perfuse its
parenchyma, and is consequently more susceptible to neoplastic cell attachment. Moreover,
anatomical or mechanical considerations, such as the efferent venous blood stream or the
loco-regional lymphatic drainage, may be strongly responsible for this preference in the
metastasization site [5]. In fact, most intra-abdominal cancers, and in particular those which
originated in the digestive tract, result in having a great affinity for liver metastasization.

In spite of the great progresses of surgical techniques against the primary tumors, as well
as the improvement of adjuvant therapies, metastatic disease continues to be the greatest
challenge for the medical and the surgical oncologists. In fact, metastases are well recognized
as being the major cause of death among neoplastic patients, and the prognosis of patients
affected by unresectable liver metastases is very poor. However, although once metastatic
malignancies were commonly considered as a terminal neoplastic stage, nowadays, many
different therapeutical options have been introduced in order to provide a safe and efficient
treatment for these kinds of patients and improve both their quantity and quality of life [6–9].

Despite the abundant literature about colorectal liver metastases and the existence of a
great number of guidelines about this argument, there is still great debate about the
treatment strategy in the case of non-colorectal ones and controversies especially about
the management of rare liver secondaries. On the other hand, a recent review about
non-colorectal non-neuroendocrine liver metastases demonstrated surgery to be a benefit for
these kinds of metastatic patients, especially for those affected by primary testicular, ovarian,
and renal cell cancers but also for women with isolated breast cancer metastases to the liver
[10].

Obviously, patients affected by rare hepatic metastases should be conveyed into bigger
and more experienced centers, which could be able to more appropriately treat this kind
of disease. However, metastatic patients are always more numerous – thanks to the
improvement of chemotherapy and the introduction of targeted biological drugs – and
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deserve as many chances of treatment as possible in order to continue their long battle
against cancer. In this chapter, we will then discuss indications and timing of surgery in
cases of the most frequent non-colorectal liver metastases.

2. Liver Metastases from Neuroendocrine Tumors

Neuroendocrine tumors (NETs) include a heterogeneous group of neoplasms with different
origins and biological behaviors [11–13]. They are commonly distinguished into two classes
based on their primary origin: pancreatic neuroendocrine tumors (also known as islet cell
tumors) and gastrointestinal neuroendocrine tumors (also known as carcinoids) [14–16].

The widely promulgated benignity of these neoplasms has been more times brought into
question, due to the high prevalence of distant metastases and recurrences, and the current
literature recognizes nowadays their malignant potential [12, 17–24]. In particular, the recent
classifications of the 7th American Joint Committee on Cancer/Union Internationale Contre
le Cancer (AJCC/UICC) 2009 and of the European Neuroendocrine Tumor Society (ENETS)
2006, associated with the WHO classification 2010, classified NETs into well-differentiated
neuroendocrine tumors (low and intermediate grade based on the Ki67 labeling index, also
named NET-G1 or carcinoid and NET-G2, respectively) and into the group of neuroendocrine
carcinomas (high grade, poorly differentiated, also named NEC) [21].

Despite their rarity, liver metastases from NETs are not an infrequent finding, because they
are usually characterized by a very slow growth pattern and diagnosed in advanced stages
[9, 15, 25–29]. In particular, NETs present with liver metastases in even the 50–75% of cases
[30–32]. In an analysis of Modlin and colleagues on 13,715 patients, synchronous distant
metastases were already evident in 12.9% of patients with gastrointestinal NETs, whose
5-year overall survival rate resulted 67.2% [13].

The occurrence of hepatic secondaries is one of the most important prognostic factor
for survival [9, 21, 33, 34]. In fact, although for patients with unresectable liver
disease, biotherapy with somatostatin analogues, peptide-mediated radioreceptor therapy,
transarterial chemoembolization, selective intra-arterial radiotherapy, or new molecular
target-directed therapy can be employed [16, 35, 36], these therapies are considered as
palliative.

The role of liver surgery for patients with liver metastases from gastrointestinal NETs remains
to be an argument of great debate. In particular, the very small number of patients affected
by NETs explains the lack of randomized control trials in order to better define the role
of surgery in these rare cases. Moreover, the usually inert growth of NETs and their
long-term natural history make even more difficult to assess the real effectiveness of hepatic
surgical approach on their overall survival. Furthermore, it is well known that in most
patients, neuroendocrine liver metastases recur after hepatic resection in up to 70–94% of
cases at 5 years [21, 24, 25, 33, 37–39], the liver is the most common site of progression
of disease (69%) [35], and data on repeat liver directed surgery for recurrent disease have
been extremely limited and controversial [36]. In particular, in a study of Saxena and
colleagues, most patients with hepatic metastases from NETs experienced treatment failure
after liver resection. In particular, 57 patients (79%) developed disease progression at a
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median time of 23 months, and the liver represented the most common site of progression of
disease (69%) [23]. In another multi-institutional study on 339 patients, Mayo and colleagues
demonstrated that the majority of liver metastases from NETs came from carcinoid (53%)
and, at 5 years after surgery, their recurrence rate was 94% [38]. Therefore, the true curative
role of liver-directed surgery results is still very questionable.

A recent meta-analysis performed on five studies, considering 374 patients affected by
NETs liver metastases treated in a conservative manner and 161 treated with liver surgery,
demonstrated a significant increased survival in the group of patients treated with surgical
hepatic resections HR 0.45 (CI.95 0.34–0.60) in comparison to conservative treatments and
to embolization HR 0.34 (CI.95 0.21–0.55) [40]. All considered studies showed an increased
survival in the groups treated with complete surgical resection of liver metastases, but none
of the included studies were randomized so that the clinical evidence was low [21, 41, 42].

A systematic review considering 29 studies (between 1980 and 2009) found 5 years OS
of 70.5% (range 31–100%) and a 5-year progression-free survival of 29% (range 6–66%)
[43]. Histological grade, extrahepatic disease, and macroscopically incomplete resection
of liver metastases were associated with poor prognosis. In another multi-institutional
study evaluating 339 patients, Mayo et al. demonstrated at multivariate analysis that
synchronous disease, nonfunctional NET hormonal status, and extrahepatic disease were
the most important predictive factors of worse survival [36]. Concerning other prognostic
parameters for primary NETs and liver metastases, Katz et al. demonstrated that the robust
presence of tumor-infiltrating lymphocytes is a significant predictor of outcome [44]. Other
recent articles confirmed surgical therapy to be the most efficient approach against solitary
hepatic metastases [7, 8, 14, 22, 23, 33, 34, 40, 45, 46], with a potential curative resection
of liver secondaries can be undertaken in 13.7 to 24.5% of patients with metastatic NETs
[47–49], and a significant reduction of carcinoid symptoms [43], but the majority of studies
focused exclusively on resection rather than combined-modality approaches with ablation or
chemotherapy.

Taking into consideration our institutional cases of liver metastases from NETs, including
52% of synchronous metastases and 48% of metachronous ones, the overall survival of
patients who underwent hepatic resections and OLT resulted, respectively, in 44.9% (95% CI
26.0–77.7%) and 50% (95% CI 12.5–100.0%) at 5 years [45]. The median number of resected
hepatic metastases was 3. Surgical radicalness (R0) was reached in 84% of cases. Recurrences
happened in 60% of patients, among which, 66.7% were intrahepatic and 33.3% extrahepatic.
Postoperative complications affected 12% of patients but required reintervention in a single
case.

In our opinion, surgery should be always considered for patients with resectable hepatic
disease, as this treatment results more likely to offer the best long-term outcome. All patients
should be considered for curative surgical treatment, but also palliative resection of liver
metastases can be suggested. The advantage that can be potentially achieved with surgery
is that of removing all gross diseases. In the future, new clinical and biological prognostic
factors could be of help for the better identification of those patients who might benefit from
hepatic surgical therapy.
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3. Liver Metastases from Gastric Cancer

Gastric cancer is the fourth most common cancer worldwide [50] and the second cause
of cancer-related death worldwide [50]. Despite the significant reduction of gastric cancer
incidence in the last 20 years, we observed an increase of advanced stages at diagnosis [51].
In Western Europe and Anglo-Saxon world, the incidence of hepatic metastases from gastric
cancer during the course of the disease results about 30%-50%, including both synchronous
and metachronous metastases [52, 53]. In particular, at the time of diagnosis, 35% of patients
present with evidence of distant metastases, and 4% to 14% have metastatic disease to the
liver [54–74], whereas metachronous metastases after curative gastrectomy are detected in
up to 25–30% of patients, 80% of which appear within the first 2 postoperative years.

Surgical treatment of hepatic metastases from gastric cancers remains to be an argument
of great debate [72, 75–78]. In fact, although many studies observed no survival difference
among patients submitted or not to liver surgery, in selected cases, an aggressive treatment
can achieve unexpected results [65–68, 70, 73, 74, 79–85]. Moreover, surgical approach is
not always possible, due to multiple hepatic metastases or the presence of extrahepatic
secondaries [52, 53], and only 0.4 to 1% of metastatic gastric cancer patients result in being
eligible for radical surgery [54, 56, 57, 86].

Resection of liver metastases from gastric cancer was initially indicated in patients with
synchronous metastases who have no peritoneal dissemination or other distant metastases
and in those with metachronous metastases without any other recurrent lesion [68] and
only if a complete resection of the metastases can be achieved without compromising
postoperative liver function [70]. Thereafter, Roh and colleagues supported surgery
indication only in cases of metastases in one lobe of the liver without peritoneal
dissemination, hilar node metastases, or distant metastases [64]. Recently, in accordance with
these findings, the Japanese Gastric Cancer Association revisited its treatment guidelines,
which in the case of stage IV gastric cancer recommend only chemotherapy, radiation,
palliative surgery, and best supportive care [87], in favor of surgery with curative intent
for potentially resectable M1 disease, including patients with resectable hepatic metastasis,
positive cytological examination of peritoneal washes, or swollen nodes in the para-aortic
region [88].

Unfortunately, if we review the current literature, hepatectomy was indicated in only 0.4% to
1% of gastric cancer patients with liver metastases, because most hepatic metastases from
gastric adenocarcinoma are multiple, bilateral, and combined with peritoneal or lymph
node metastases, which directly invade adjacent organs, so that finally very few patients
result as good candidates for liver surgery [89]. Moreover, surgical indications for liver
metastases of gastric origin must be carefully determined because of the biological, clinical,
and pathological aggressiveness of the disease [90, 91]. However, even if the percentage
of patients who may benefit from resection is probably small, the majority of authors
agree that the local treatment of hepatic metastases, compared to palliation or systemic
treatment, significantly improved overall survival among these patients [56]. In particular,
overall 5-year survival rate of gastric cancer metastatic to the liver ranges between 0 and
10% [58, 59, 92], whereas it rises up to 20% after curative hepatectomy in the literature
[64–68, 73, 93]. Furthermore, taking into consideration the only article about hepatic
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metastasis local re-treatment after recurrence, the authors found a survival advantage in
local treatment repetition [94].

In the current literature, many factors resulted in influencing the survival rate of
gastric cancer patients with hepatic metastases. In particular, the prognosis seems to
be significantly worsened by greater extent of hepatic involvement (H3) or macroscopic
peritoneal dissemination (P1) detected at surgical exploration, by greater number (>1) and
size of hepatic metastases in H1-2 and P0 patients [61, 62, 95, 96], by greater tumor size
(T4), nodal involvement (N+ independently by the extension of the metastatic spread) or
higher grading (G3) [63, 80, 97], and the timing of liver metastases diagnosis if metachronous
to the primary tumor diagnosis [68, 70, 91]. Therefore, these factors should be considered
as possible confounding factors in the future studies. In addition, considering all these
prognostic factors, some authors suggested the necessity to clearly identify the patients which
could benefit from surgical treatment, in order to offer a chance to cure the patients who have
good prognostic factors and to avoid overtreatment in case of absence of these factors [56].

Taking into account local procedures for hepatic metastases, no consensus about
standardized therapeutic regimen for metastatic gastric cancer has been achieved yet,
so that a variety of alternative, multidisciplinary therapies have been recommended by
clinical practice guidelines, including radiofrequency ablation (RFA) [86], transarterial
chemoembolization (TACE) [98], microwave coagulation therapy (MCT) [95], adjuvant
chemotherapy, molecular targeted therapy, or palliative supportive care [99–101]. In
particular, RFA, MCT, and TACE could additionally be used in the case of an isolated
metastasis in either half of the liver, in the absence of extrahepatic disease [102, 103]. For
example, in some series of patients treated by RFA, survival rates resulted similar to those
reported in the best surgical series [61, 104, 105].

In summary, if indications are appropriate, surgical approach in the case of hepatic
metastases from gastric cancer should always be undertaken, after a multidisciplinary
discussion, a proper patient selection, and the exclusion of additional secondary tumors
or extrahepatic metastases. Neoadjuvant chemotherapy, as well as other multidisciplinary,
adjuvant treatment modalities, may have a synergic role if combined with surgery. And in
particular, local interventional procedures, such as RFA, MCT, or TACE, may be useful in
selected patients.

4. Liver Metastases from Breast Cancer

Breast cancer is the most prevalent cancer among the female population worldwide, with a
peak of incidence after menopause. Despite the gradual reduction of locally advanced breast
cancers and the consensual increase of early breast cancer – thanks to the introduction of an
organized mammographic screening [106, 107] and the evident therapeutic improvement –
stage IV breast cancer continues to represent a fatal disease and its incidence does not seem
to reduce with the passing of years. The first explanation may be that distant metastasis
in the hematogenous way does not depend on tumor size nor on lymph node involvement,
which is usually an expression of metastasization in the lymphatic way. Secondly, groups of
patients who more frequently present distant metastasis from breast cancer do not usually
represent a screening target, such as young premenopausal women.
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Typical breast cancer metastasization sites are, in order of frequency, the bones, liver, lungs,
and brain. In our institutional casistic, distant metastasis prevalence among breast cancer
patients resulted about 10%, which in about the 20% cases are synchronous with the primary
cancer diagnosis, whereas the remaining 80% of women developed metachronous metastasis.

In the context of the incidence of distant metastases, hepatic ones vary from 5 to 34% [108–
111], with values rising up to over 60% in autopsy series [112]. The prognosis is poor in
this area being the median survival of 1–20 months from the diagnosis of liver metastases
[108, 109, 113, 114]. Long survivals seem to be related to a positive endocrine treatment
response, performed in the subgroup of patients with positive estrogen receptor pattern,
with median survivals around 14 months compared to 4 months in the other cases [114].
Overall, with current chemotherapy regimens, survivals ranging from 1 to 25 months are
obtained. However, after discontinuation of chemotherapy, only 40% of cases are responsive
to the same regimen.

Studies on the outcome of local treatment currently do not offer univocal results, probably
because of possible selection bias of cases operated and/or treated with other modalities
such as thermal ablation, destruction with yttrium, or chemoembolization. On average, in
the cases undergoing liver resection, the median survival is of 27–63 months. In almost all
studies, however, there is a subgroup of patients with very encouraging survival responses,
and many efforts have been directed toward the identification of the related prognostic
factors. At the moment, it seems that the receptor status of the primary tumor, the value
of Ki-67, the number of liver lesions removed, resection margin, and menopausal status may
play a positive role on prognosis [115]. However, the proportion of patients that presents the
favorable characteristics is small, not exceeding 3% of patients [116].

Over the past 20 years, the survival of patients with stage IV has been gradually improving
as a function of new chemotherapy regimens, local control with radiation therapy, and
other forms of intervention. As previously stated, the metastatic breast cancer involves
with a high frequency the bones, lungs, liver, and brain. Individually or predominantly
considered within the concept of "oligometastatic state," each of these sites leads to different
outcomes with median survival of 43 months for nodal involvement, 33 months for metastatic
bones, 22 months for the lung, and 12 months for liver. For multiple sites of metastases or
brain metastases, survival values collapse, respectively, to 9 and 3 months [117]. Given
the prognostic value represented by each metastatic site, the meticulous choice of the
liver resection candidate is obvious. In fact, in the studies that show the reference global
population, the rate of resection is absolutely modest, around 0.3%, but with a high resection
rate, 81%, being the non-resected cases due to intraoperatively carcinomatosis diagnosis
[118–120].

In the most recent and representative case studies series, resection of breast cancer liver
metastases shows that the appearance of metastases follows the discovery of the primary
tumor of an average of 40 months (23–77), the indication for resection concerns cases with
single lesion or a maximum of two lesions, with dimensions within 3 cm in most cases,
and that in most cases, major resections were performed (more than 3 liver segments) with
values of radical resection (negative margin resection) of more than 80% [118–125]. The
average survival values reported by these series range from 32 to 74 months and the 5-year
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follow-up survival rates are of 34–80%. Interestingly, the rates of postoperative mortality are
of 0% and morbidity of 0–44% that make absolutely acceptable the surgical treatment in these
cases thus selected. Prognostic factors evaluated in multivariate methods ultimately lead to
the conclusion that the only real risk factor is represented by the positive resection margin.

Considering these results and taking into account the chemosensitivity of breast cancer
emerges the consideration that even in cases of more consistent hepatic invasion, in the
absence of brain and lung lesions, it can be considered a space for liver surgery [126]. It is
evident from many series that survival is influenced by the state of the free margin, although
not always the gap between R0 and R1 leads to a robust statistical difference [122]. Therefore,
considering the possibility of a chemotherapy response and the greater possibility of surgical
treatment also linked to the impact of new intraoperative technologies (e.g., radio frequency
and microwave), it seems natural to expect in the immediate future an expansion of the
surgical indications for breast cancer liver metastasis.

As a paradigm of these considerations, we take as example the case of a woman who after two
breast surgeries for two metachronous cancers underwent chemotherapy for the appearance
of liver metastases, with partial response, followed by rupture of one of the lesions and
therefore emergency surgery for hemoperitoneum. Subsequently, after about six months,
she developed a second hemoperitoneum treated again by surgical hemostasis. Afterward,
she was transferred to our center and it was then made with palliative intent a major liver
resection, left hepatectomy en bloc with part of the stomach and removal of two peritoneal
implants. In the same intervention, the other two lesions on the right liver lobe were not
treated. These two lesions were later treated by radiofrequency ablation combined with
transcatheter arterial chemoembolization. Surprisingly the patient is alive and disease-free
43 months after the last procedure.

5. Conclusive Summary

Thanks to the improvement in the diagnostic and therapeutic pathways, the number of
cancer survivors is progressively increasing, as well as the number of metastatic patients.
Taking into consideration all primary solid tumors, the liver represents the most frequent
site involved by distant metastasization, also due to its anatomical position and its important
blood reception from the majority of digestive organs.

Despite the abundant literature and guidelines about colorectal liver metastases, there is
still great debate about the treatment strategy in the case of non-colorectal ones. Anyway,
many experiences have been published in the last decades about surgical treatment of the
most frequent non-colorectal liver metastases. In particular, we reviewed surgical strategies
in the case of hepatic secondaries from neuroendocrine tumors, gastric cancer, and breast
cancer. And in every case, the literature suggests a role for hepatic surgery for patients with
resectable hepatic disease.

However, the number of considered patients is often very limited as well as the statistical
strength of the current literature. Therefore, further randomized controlled trials are required
in order to better define the benefit of hepatic surgery in these kinds of patients.
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resection, left hepatectomy en bloc with part of the stomach and removal of two peritoneal
implants. In the same intervention, the other two lesions on the right liver lobe were not
treated. These two lesions were later treated by radiofrequency ablation combined with
transcatheter arterial chemoembolization. Surprisingly the patient is alive and disease-free
43 months after the last procedure.

5. Conclusive Summary

Thanks to the improvement in the diagnostic and therapeutic pathways, the number of
cancer survivors is progressively increasing, as well as the number of metastatic patients.
Taking into consideration all primary solid tumors, the liver represents the most frequent
site involved by distant metastasization, also due to its anatomical position and its important
blood reception from the majority of digestive organs.

Despite the abundant literature and guidelines about colorectal liver metastases, there is
still great debate about the treatment strategy in the case of non-colorectal ones. Anyway,
many experiences have been published in the last decades about surgical treatment of the
most frequent non-colorectal liver metastases. In particular, we reviewed surgical strategies
in the case of hepatic secondaries from neuroendocrine tumors, gastric cancer, and breast
cancer. And in every case, the literature suggests a role for hepatic surgery for patients with
resectable hepatic disease.

However, the number of considered patients is often very limited as well as the statistical
strength of the current literature. Therefore, further randomized controlled trials are required
in order to better define the benefit of hepatic surgery in these kinds of patients.
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Abstract

Loco-regional treatments play a key role in the management of hepatocellular carcino‐
ma (HCC). Image-guided tumor ablation is recommended in patients with early-stage
HCC when surgical options are precluded. Radiofrequency ablation is currently es‐
tablished as the standard method for local tumor treatment. Despite major advances
in tumor ablation techniques the disease recurs in a high proportion of cases. A major
limitation in its overall effectiveness is due to the difficulties of heating large tumors.
Small regions of viable tumor may still remain even after apparently good tumor
ablation by perfusion-mediated tissue cooling, preventing the whole tumor reaching a
sufficient temperature for coagulation and necrosis. Moreover simple heating techni‐
ques have trouble discriminating between tumors and surrounding healthy tissues
leading to many side effects. In order to overcome these major limitations numerous
groups are investigating the use of energy-absorbing agents localized within tumor
tissues to facilitate localized heating. A personal answer based on the review of the
literature will be offered to the following questions: NIR photothermal therapy, RFA
with nanoparticles, or magnetic fluid hyperthermia for the long term management of
HCC? How should we deliver nanoparticles: systemically or directly intratumoral?
Ablation versus mild hyperthermia: Pros and Cons in the majority of cases, hyper‐
thermia is applied in one of two ways: a) high temperature for short time periods
commonly referred to as ablation, or b) lower temperatures for long time periods, of‐
ten called mild hyperthermia. The former is used to kill cells directly with heat and
consequently can be used to thermally ablate tumor. The second method is just above
physiological temperature, and these temperatures are more often used to trigger re‐
lease from thermosensitive drug carriers. Both approaches can be combined with
heat-sensitive drug targeting. There are many ways to induce nanoparticle mediated
thermal therapy in solid tumors including absorption of infrared light, radiofrequency
ablation and magnetically induced heating. These approaches have demonstrated
high efficacy in preclinical models of HCC and are already tested in human clinical
trials.

Keywords: Nanoparticles, liver tumors, percutaneous ablation
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1. Introduction

Hepatocellular carcinoma (HCC) occurs predominantly in patients with chronic liver disease
and limited hepatic functional reserve. Therefore, surgical removal of HCC is feasible only in
15–20% of cases and non-surgical modalities play a relatively important role in HCC manage‐
ment. There are several non-surgical methods; however, ablation therapy has become a
mainstay in particular for early-stage HCC because of its superb local control capability and
high safety profile [1].

Ablation modalities currently available include percutaneous ethanol injection (PEI), radio‐
frequency ablation (RFA), microwave ablation (MWA), cryoablation, laser ablation (LA), and
irreversible electroporation.

PEI was one of the first effective ablative techniques to be widely adopted for the treatment of
small HCC. Ethanol causes dehydration and subsequently necrosis [2]. As far as PEIs are
concerned, the 5-year survival rates in patients with HCCs measuring less than 3 cm range
from 47% to 65% and in a recent study of 685 Japanese patients, the 5-, 10-, and 20-year survival
rates—49%, 18%, and 7.2%, respectively, were similar to those observed in patients with
cirrhosis who did not have HCC [3]. PEI maintains the advantage of allowing the treatment
of tumors near sensitive organs and tissues; however the applicability of PEI in larger HCC
has been shown to produce incomplete necrosis mainly due to the heterogeneous consistency
of these tumors [4]. Moreover, PEI is of little benefit in infiltrating HCC or in metastases.

Current limitations of PEI can be overcome with RFA. Radiofrequency current induces ionic
agitation that in turn results in heating. The superiority of RFA to PEI in prolonging patient
survival has been shown in a randomized controlled trial [5]. The 3-year survival rates were
48%–67% following PEI and 63%–81% following RFA. Moreover, Chen et al. performed a
randomized control trial between RFA and hepatectomy in patients who had HCC ≤ 5 cm and
found the same overall and recurrence-free survival between the two patient groups [6]. A
major disadvantage of RFA is mainly the difficulty to target HCC located in “problem” areas
of the liver, for instance tumors adjacent to blood vessels, settings in which the diffusion of
heat is less advisable [7]. This phenomenon is also known as the heat-sink effect.

In the last two years, MWA has gained acceptance as a favorable alternative and in some cases
a preferred choice of ablation alternative. In MWA, the mechanism of heat generation is based
on rapid frictional movement of water molecules in high-frequency (900–2500 MHz) electro‐
magnetic field. The tissue's polar molecules are forced to continuously realign with the
oscillating electric field, increasing their kinetic energy, and hence the temperature of the tissue
[8]. Unlike RFA, microwaves are capable of effectively heating and propagating through many
types of tissue, even those with low electrical conductivity, high impedance, or low thermal
conductivity. Moreover, they can readily penetrate through the charred or desiccated tissues
that tend to build up around all hyperthermic ablation applicators, resulting in limited power
delivery for non-microwave energy systems [9].

MWA has several theoretical advantages, including greater penetration of energy into tissues
resulting in a larger area of ablation, higher intratumoral temperatures, faster ablation times,
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less susceptibility to the heat-sink effect, no need for grounding pads, and low sensitivity to
local variation in tissue physiological properties [10]. In some studies, MWA has been
compared with RFA for the treatment of HCCs of different sizes (< 3 cm and < 5 cm) and despite
the theoretical advantages of MWA, no significant differences have been observed in either
setting with regard to the completeness of tumor necrosis, disease recurrence, survival, or
complication rates [11, 12].

Laser thermal ablation is another technique that has been associated with high rates of
complete necrosis (an average of 95%) in HCCs measuring less than 3 cm [13]. Unfortunately,
there are only a few centers that use this type of ablation and therefore the amount of data is
limited. Moreover, it is based on sophisticated technology, requires much more substantial
operator experience, and involves placement of multiple optical fibers within the neoplastic
lesion according to a programmed spatial distribution scheme [14]. Although more expensive
to set up and support than RF, LAs are a little more predictable.

To date, there are only a few studies comparing LA with RFA in hepatocellular carcinoma. In
their randomized controlled prospective study, Ferrary et al. [15] treated 81 cirrhotic patients
with 95 biopsy proven ≤ 4 cm HCCs comparing LA with RF ablation. Two matched groups
were randomized to US-guided RF or LA under general anesthesia. The authors adopted
multiple fiber techniques using 5 W per fiber delivering a maximum of 1800 J per fiber per
single illumination. They reported no significant overall differences in survival rates between
the two methods with cumulative rates of 91.8%, 59%, and 28.4% at 1, 3, and 5 years, respec‐
tively. However, they demonstrated a statistically significant higher survival rate for RF over
LA for Child A patients (p=0.9966) and nodules ≤ 2.5 cm (p=0.01181). In a randomized
prospective trial in a single center with three years of follow-up, the authors treated 140
patients with 157 biopsy-proven HCCs to compare LA and RFA (70 patients with 77 nodules
and 70 patients with 80 nodules, respectively). Median follow-up in RFA and LA groups was
21 and 22.5 months, respectively. Complete response was observed in 97.2% and in 95.8% of
RFA and LA group patients, respectively. Median time to tumor recurrence was 25.6 and 37.8
months in RFA and in LA groups, respectively (P = 0.129). Estimated probability of survival
at 1, 2, and 3 years was 94%, 88%, and 66% in the RFA group and 94%, 81%, and 59% in the
LA group, respectively (p = 0.693). No major complications or significant treatment-related
morbidity were observed in both groups. The authors concluded that LA was non-inferior to
RFA either in obtaining the complete ablation of HCC nodules or in the long-term outcome [16].

Another type of percutaneous tumor ablation is represented by cryoablation (CRYO). Percu‐
taneous CRYO is a promising local ablation technique, which is believed to ablate cancer cells
by several mechanisms including intracellular ice formation, solute-solvent shifts that cause
cell dehydration and rupture, and small-vessel obliteration with resulting hypoxia. Perhaps,
the main advantage of CRYO relative to RFA is its precise intraprocedural monitoring of iceball
formation via various imaging techniques [17]. There are a few studies comparing CRYO with
other types of tumor ablation techniques; however Wang C et al. report the results of a
randomized, controlled multicenter trial comparing percutaneous CRYO and RFA in patients
with cirrhosis, Child-Pugh class A or B liver function, and 1-2 HCC nodules measuring ≤ 4 cm.
The primary endpoints were local tumor progression at 3 years and safety. As for the former,
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CRYO proved to be significantly superior to RFA in patients with larger tumors (i.e., those that
were 3.1 to 4 cm in diameter). The two methods were not significantly different in terms of
complication rates, which were less than 4% in both groups, or survival (overall and tumor-
free) at 1, 3, and 5 years [18]. The superiority of CRYO over RFA in the larger tumors suggests
that CRYO has the ability to necrotize larger volumes of tissue, hence increasing the chances
of ablating microsatellite lesions that are always possible with lesions of this size.

Irreversible electroporation (IRE) is a new treatment method with certain advantages over the
existing ablative techniques that have gained widespread attention. With IRE, cell death is
induced with electric energy. Under image guidance electrodes are placed around the tumor
and through multiple and short high-voltage electric pulses, the existing cell membrane
potential is disturbed. As a consequence, nanoscale defects appear in the lipid bilayer of the
cell membrane. Although IRE is believed to destroy all cells within the ablation zone effec‐
tively, the non-thermal nature of IRE results in relative preservation of the extracellular matrix.
Hence, the structural integrity of vessels and bile ducts remain intact. Moreover, IRE is not
affected by the heat-sink effect [19]. All these advantages suggest that IRE may be more suitable
for the treatment of HCCs ineligible for surgical resections or thermal ablation because of
unfavorable location.

Currently, there are no published clinical trials for the treatment of hepatic tumors using IRE.
In a recent review, Scheffer J. et al. included 221 patients with 325 lesions in different organs:
227 hepatic tumors, 70 unresectable pancreatic adenocarcinoma, 17 renal tumors, 8 pulmonary
tumors, 1 presacral tumor, and 2 lymph nodes. Most of the patients were treated by IRE owing
to tumor proximity to bile ducts, bronchi, renal pelvis, presacral neural plexus or large vessels,
making the tumor unsuitable for surgery or thermal ablation. They concluded that IRE is a
safe procedure with a promising early efficacy on smaller hepatic tumors near vascular
structures and portal triads, with reported ablation success reaching 90%, but rapidly decreas‐
ing with increasing tumor size [20].

Tremendous efforts have been made in the last decades to improve the currently available
techniques. However, given that there is not a single method available that meets all the
requirements of an ideal ablation system, based on what has been discussed above and on data
from the vast literature available, we can reasonably draw some conclusions.

Firstly, all differences between the techniques in terms of results are modest. Secondly, one
technique may be more difficult than another and more rapid than another. Thirdly, each
technique has its own major advantages and disadvantages. Finally, the rate of recurrence is
still high after tumor ablation despite the major advances in tumor ablation devices, optic
fibers, and improved imaging guidance. A major limitation in its overall effectiveness is due
to the difficulties of heating large tumors. Small regions of viable tumor may still remain even
after apparently good tumor ablation. Moreover, simple heating techniques have trouble
discriminating between tumors and surrounding healthy tissues leading to many side effects.
In order to overcome these major limitations, numerous groups are investigating the use of
different types of nanoparticles, including carbon nanotubes, gold nanoparticles, and magnetic
nanoparticles, placed/ introduced within tumor tissues to facilitate localized heating.
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2. Molecular mechanism of nanoparticle-mediated tumor ablation

A better understanding of the molecular mechanism of nanoparticle mediated tumor ablation
is of great importance in order to improve the current available ablation techniques and also
to increase the synergies between specific drugs and tumor ablation. There are several ways
in which nanoparticles (NPs) alone can affect biological processes.

Several studies have shown that NPs can increase the production of reactive oxygen species
(ROS). Cancer cells are generally deficient in antioxidative enzymes present in normal cells,
making them more vulnerable to an oxidative assault. Iron oxide nanoparticles via direct
uptake in cancer cells result in acutely elevated intracellular iron concentrations and subse‐
quent ROS generation by Fenton reaction [21]. Moreover, silver nanoparticles have also been
linked to ROS generation via a mechanism affecting calcium homeostasis. Silver ions can act
on the same sites as calcium ions that could perturbate calcium influx in and out of the
mitochondria. As a consequence, mitochondrial membrane damage results in ROS production,
inhibition of ATP synthesis, and initiation of apoptotic signaling pathways [22].

From a biological and molecular point of view, NPs can affect different structures of the cancer
cells. For instance, cellular uptake of NPs results in changes to the cytoskeleton and further
affects many biological processes including cell spreading and adhesion, cell growth, viability,
and ECM production [23]. Moreover, the accumulation of NPs in the cytoplasm may lead to
physical interactions with the cytoskeleton, an increase in size and/or number of endosomes
leading to the rearrangement of the cytoskeleton components in order to form new trafficking
routes [24]. We consider that by altering the intracellular trafficking routes many other
fundamental processes, including intracellular signaling pathways, different types of cross-
talks with other cells and proliferation may also be affected. Furthermore, NPs can be engi‐
neered to accumulate preferentially in the nucleus of cancer cells. One study used gold
nanoparticles (AuNPs) coated with polyethylene glycocol, bioconjugated with an arginine-
gyicine-aspartic acid peptide and a nuclear localization signal peptide in order to transport
the nanoparticles into the cancer cell nucleus. The results showed that nuclear targeting of
AuNPs in cancer cells cause cytokinesis arrest, leading to the failure of complete cell division
and thereby resulting in apoptosis [25].

In the past, cancer was considered an isolated self-sufficient ball of aberrant cells. However
nowadays, tumors are viewed as “organs” composed of multiple and highly interactive cell
types. Thus, the tumor is made up of primary cancer cells and of a court of stromal cells
including mesenchymal derived cells, inflammatory cells, and vascular cells. Each of these cell
types can be found in normal stroma, but in a tumorigenic setting, the cancer has appropriated,
modified, and corrupted these cells to do its bidding [26]. NPs can also be used to target the
tumor stroma changing the tumor microenvironment from its pro-tumorigenic state to an anti-
tumorigenic state. One study demonstrated the ability of nanoparticles to target the tumor
endothelium and improve the anti-tumoral efficacy of paclitaxel, both in vivo and in vitro [27].
Another approach would be to target the macrophage because they are inherently phagocytic
and may uptake nanoparticles either within the tumor or in the circulation and subsequently
migrate towards to the tumor. Another ability of macrophage is to store iron; hence, iron oxide
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NPs have been shown to induce cytotoxic effects on themselves and surrounding cells via ROS-
mediated activation of the c-jun N-terminal kinase pathway [28].

Understanding how nanomaterials affect live cell function, controlling such effects, and using
them in therapy (for example In tumor ablation), is now the most challenging aspects of
nanobiotechnology. An ideal NP would be a multifunctional one, targeting both the tumor
cells and tumor microenvironment with low toxicity, which is easy to engineer, and has low
costs. However, there is still a long way and a great deal of research has to be performed in
order to develop what we consider the ideal nanoparticle.

3. Near-infrared photothermal ablation

Near-infrared (NIR) laser light is ideal for in vivo hyperthermia applications because of its low
absorption by tissue chromophores such as hemoglobin and water. NIR light demonstrates
maximal penetration of tissue, thereby reaching deep inside the tissue. Photothermal ablation
(PTA) therapy is a recently developed technique that uses NIR laser light-generated heat to
destroy tumor cells. In recent years, PTA has gained a lot of popularity mainly because a
specific amount of photoenergy is delivered directly into the tumor without causing systemic
effects [29]. However, this therapy approach is limited by the fact that the heating is nonspecific
and nonuniform mainly in areas peripheral to large blood vessels where heat can be rapidly
dissipated by circulating blood.

The efficacy of PTA can be significantly enhanced by using different types of nanoparticles
that are applied to the target tissue to mediate selective photothermal effects. For instance,
AuNPs including gold nanorods, gold nanocages, gold nanostars, and gold nanopopcorns
with unique optical proprieties have been developed [30].

In order to treat a tumor, AuNPs are systemically administered to the subject and allowed
to passively localize in the tumor. The tumor is then exposed to an excitation source such as
the NIR laser light. The AuNPs absorb the incident energy and convert it into heat, which
raises the temperature of the tissue and ablates the cancerous cells by disrupting the cell
membrane  [31].  AuNPs  have  unique  optical-electronic  proprieties  as  a  result  of  surface
plasmon resonances (SPRs). SPR is a phenomenon in which free electrons oscillate collective‐
ly at the interface of metal and surrounding medium in resonance with external electromag‐
netic fields [30].

Nanoparticles in the tissues produce heat strong enough for thermal ablation in both tumors
and surrounding cells. Therefore, it is crucial to increase the intratumoral localization of the
nanoparticles on the one hand and to protect the surrounding tissue on the other hand.
Selective accumulation of AuNPs in the target tumor tissue can be achieved by surface
conjugation of targeting agents, such as antibodies and peptides that can recognize specific
cell types. For instance Liu et al. reported that gold nanoshells functionalized with the small
peptide A54 can significantly increase the efficiency of cancer cell death in the NIR photother‐
mal treatment due to the specific binding (targeting) between the A54-nanoshells and the liver
cancer cells, BEL-7404 and BEL-7402 [32].
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AuNP can also be functionalized to load various cargoes such as different types of anticancer
drugs. As an example in this setting, You et al. investigated DOX-loaded hollow gold nano‐
spheres (DOX@HAuNSs) and conjugated them with a peptide sequence that targets EPHB4,
a tyrosine kinase receptor that is often overexpressed in many tumor cell membranes including
HCC. NIR laser irradiation after treatment with targeted DOX@HAuNSs resulted in signifi‐
cantly suppressed tumor growth when compared with the control treatment with nontargeted
DOX@HAuNSs or HAuNSs [33]. Moreover, another study conducted by the same authors,
evaluated the triggered release of paclitaxel via NIR laser irradiation and its antitumor efficacy
by hepatic arterial administration of HAuNS and paclitaxel loaded microspheres into rabbits
with liver carcinoma in situ [34]. The results showed statistically significant increases in
necrosis and apoptosis percentage in the MS-HAuNS-PTX-plus-NIR treatment group com‐
pared with the other two treatment groups.

A different approach in the field of NPs, mediated NIR thermal ablation has been developed
in the last two years mainly due to the development of therenostic agents, which combine
diagnostic and therapeutic modalities. This approach offers tremendous potential for the
management of chronic liver injury or HCC. In a recent article, multifunctional nanoprobe
based on Glypican-3 anti-body-mediated HCC-targeting Prussian blue nanoparticles (an‐
tiGPR-PBNPs) was developed as a novel theranostic agent for the targeted PTT and MR
imaging of HCC treatments [35]. They concluded that antiGPC3-PBNPs could be used as a
promising nanoprobe for further treating and early diagnosis of HCC.

A major limitation of nanoparticle-assisted drug delivery is represented by their uptake in the
reticuloendothelial system leading to undesirable systemic toxicity and reduced efficacy.
Hence many researchers have investigated the use of different cell types for drug delivery.
Zhao J et al. in their study used adipose-derived mesenchymal cells (AD-MSCs) to deliver
superparamagnetic iron oxide (SPIO)-loaded gold nanoparticles (SPIO@AuNP) into HCC
tumors [36]. They demonstrated that AD-MSC is an effective carrier for the specific delivery
of theranostic agents to liver injuries or HCC and SPIO@AuNP is a host-compatible cargo that
enables both MRI enhancement and laser induced thermal ablation.

Besides the different types of gold nanoparticles described above, carbon nanotubes (CNT)
also have the ability to efficiently convert NIR into heat. The role on CNT-mediated thermal
therapy for the treatment of a wide variety of cancer types both in vitro and in vivo have been
recently reviewed [37]. It is hard to claim that CNTs are better than GNPs because direct
comparisons are hard to make; however, some estimates indicate that CNTs can achieve
thermal destruction of tumors at 10-fold-lower doses and a 3-fold-lower power than what is
required for gold nanorods [23]. On the other hand GNP can be synthesized with great
uniformity and have already been tested in human clinical trials.

It is worth to mentioning that there is a massive amount of research in the field of nanoparticles-
mediated PTA therapy. We only provided a few examples that we considered most suitable.
Describing all the possible applications of nanoparticles mediated thermal therapy is beyond
the purpose of this chapter.
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4. Magnetic fluid hyperthermia-iron magnetic nanoparticles

Thermotherapy represents a physical treatment induced by hyperthermia. Nowadays,
macroscopic thermotherapy (ablative methods: microwave or radiofrequency, optical laser
irradiation via fibers, focused ultrasound) is widely used to destroy focal tumors. The mech‐
anism of tumoral damage is the result of an irreparable destruction of molecular constituents
of cells (mainly protein denaturation) that appears after an exposure of a few minutes at
temperatures higher than 48°C. Even if it has lower side effects when compared to conventional
therapy (chemo/radiotherapy) and although it has proved to be a reliable alternative to
surgery, this therapy has several limits: the relative higher rate of incomplete destruction for
tumors larger than 3 cm and a higher risk of destruction of the proximate healthy tissue. These
deficiencies seem to disappear by using a new thermal method known as magnetic termic
hyperthermia [38]. This approach uses an external alternating magnetic field applied to a target
tumor where magnetic metallic particles (MNPs) have been infiltrated or injected. MNPs show
distinguishing phenomena such as superparamagnetism, high field irreversibility, high
saturation field, extra anisotropy contributions, or shifted loops after field cooling [39].
According to Reference [40], the distinguished phenomena noticed in MNPs are the result of
the interaction between the intrinsic properties (size, distribution, and finite-size effects) and
the interparticle interactions. The MNPs have the ability to absorb the energy of the alternating
magnetic field energy and transform it into heat. Two factors are implicated in producing
hyperthermia, the size of the magnetic material and the strength of the applied magnetic field.
Larger implants (seeds) generate heat by resistance to circumferential eddy currents induced
on the surface of the seeds by an alternative magnetic field [41]. Multidomain particles produce
heat by hysteresis loss effects. On the contrary, nanoparticle, particularly subdomain particle,
suspensions generate heat mainly by Brownian relaxation (heat is the result of friction arising
from the total particle oscillations) and Neel relaxation (heat is the result of friction arising
from the rotation of the magnetic moment with each field oscillation) [42, 43].

Superparamagnetic particles are particles that have sufficient high thermal motion after the
magnetic field is removed, which can be randomly reoriented so as not to leave a residual
magnetization [43].

Due to their properties, these particles may have several applications in clinical practice such
as hyperthermia (HT), drug delivery and diagnosis (s.a nuclear magnetic resonance imaging).

HT represents a therapeutic procedure used to destroy a tumoral tissue at temperatures over
43°C [38]. It has been observed that tumoral cells have an increased thermal sensitivity in
comparison to healthy cells; this feature is the result of an increased metabolism [44, 45].
Apoptosis is the result of cytotoxic effects that depend on physiological cell parameters
(hypoxia or acidity) at temperatures over 43°C. 43°C is the temperature limit over which the
expression of HSPs is stimulated, which leads to antitumor immunity and apoptosis [46]. The
antitumor immunity increases as a result of an enhanced presentation of tumoral antigenic
peptide to a major histocompatibility complex (MHC). HSP70 expression reaches its maximum
24 h after heating. The increased MHC class I surface expression is slower, so it starts 24 h after
applied hyperthermia and the peak is after 48 h [38]. Two mechanisms have been suggested.
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One of the possible mechanisms is that the heat induces the enhancement of antigenic peptide
presentation through MHC class I antigens of tumor cells. Another possible mechanism is the
cross-presentation of antigenic peptides by dedicated antigen-presenting cells (APCs) [46].

The advantage of magnetic hyperthermia is that it restricts the heating to the tumoral area,
which presents both grand opportunities and challenges for the non-invasive treatment of
tumors. Therefore, by combining this characteristic of the tumoral tissue with the MNPs
property, it is obvious that the administration of MNPs (with the purpose of delivering toxic
amounts of thermal energy to the tumoral tissue) will produce a more effective destruction of
the tumoral tissue.

For clinical practice, MNPs must meet several criteria: they must be small enough to remain
in the circulation after injection and pass through the capillary; they must not be an embolic
agent; they must be non-toxic and non-immunogenic; they must maintain the initial structure;
and they must be biodegradable. Another important property of these particles is to be highly
magnetized in order for their movement to be controlled with a magnetic field so that they can
be immobilized near the targeted tumoral area [47]. The most important factors, which
determine the biocompatibility and toxicity of these materials, are the nature of the magneti‐
cally responsive component, the final size of the particles, their core, and their coatings [39].
The most utilized MNPs are magnetite (Fe3O4) or its oxidized form, maghemite (γ-Fe2O3).
Magnetite is easier to obtain than maghemite; therefore, most of the studies utilized magnetite
[38]. In order to avoid the constitution of large aggregates, the modification from the original
form and biodegradation, the MNPs are coated with a biocompatible polymer during or after
the synthesis [39]. The particles’ size influence the stability, tissular diffusion, effective surface
areas (easier attachment of ligands), and the power of absorption at tolerable altering current
magnetic fields. Therefore, only subdomain magnetic particles (nanometer-sized), especially
particles smaller than 100 nm (so-called nanoparticles), can be utilized [48, 49]. Also, it is
important to highlight that the heating potential is dependent on particle size and shape, and
thus the use of uniform particles is essential for a rigorous control in temperature [39].
Therefore, the magnetic particles used may modify the energy, absorption rate, mode of energy
deposition, application, and focusing. For this technique, the sizes of the particles are as
follows: seeds (rods of several millimeter size), multidomain particles (1–300 mm), nanopar‐
ticles (1–100 nm), and subdomain particles (below 20 nm) [41].

Gilchrist was the first author that showed promising results obtained after selective heating
that followed the direct injection of a suspension of magnetic particles into draining lymph
nodes from colon cancer [50]. In 2001, Moroz showed that hepatic arterial infusion of lipiodol
containing ferromagnetic particles could result in an excellent targeting of liver tumors with
hyperthermia on the subsequent application of an external alternating magnetic field [51]. The
following years, encouraged by the results of the use of MNPs in animal studies (on mouse
mammary carcinoma, glioblastoma, and prostate cancer), some authors focused on the
improvement of HT techniques for clinical applications [52–56]. For in vivo delivery, the
authors used thermosensitive liposomes, direct injection into the tumor, or the intravenous
route.
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An important progress has been made in improving the quality of the MNPs; therefore, for
construction, high temperature crystallization or different coatings were used, such as dextran,
polyethylene glycol (PEG), dopamine, silanes and gold [43].

Several  authors  introduced  MNPs  either  in  the  core  or  in  between  the  lipid  bilayer  of
thermosensitive liposomes and, on alternating magnetic field AMF heating, the encapsulat‐
ed drugs  were  released [43].  Shinkai  utilized liposomes where  he  introduced magnetite
nanoparticles  (with  a  diameter  of  10  nm).  After  administration,  these  nanoparticles  in‐
creased the temperature of the tissue [57]. In another study, Ito injected magnetite cationic
liposomes (MCLs) into the tumor tissue. They heated the tissue above 43°C and obtained a
complete regression of mammary carcinomas in all mice [58]. Also, Jimbow [52] developed
a particle  with N-propionylcysteaminylphenol  (NPrCAP) conjugated onto the surface  of
magnetite nanoparticles (NPrCAP/M). The result was the inhibition of melanoma cells growth
as a result of the production of cytotoxic free radicals. In another study, a thermosensitive
polymer  was  layered onto  MNPs covalently  coupled to  doxorubicin  with  an acid-labile
hydrazine bond that  showed release on heating with AMF and a pH of  5.3  (the pH of
endosomes) [59]. The authors combined via emulsification MNPs with a polyvinyl alcohol
polymer and encapsulated hydrophobic/ hydrophilic drugs. The drugs were released after
the heating with an alternative magnetic field [60].

Direct intratumoral injection was used in the first MNP HT clinical trial treating a patient with
a recurrent prostatic tumor [61]. Through the use of transrectal ultrasound and fluoroscopy
guidance, the authors performed a transperineal injection of the MNPs into the prostate. After
the administration of MNPs, the particles were selectively heated in an externally applied
alternative magnetic field. The conclusions of these trials were encouraging. Due to the low
clearance of MNPs from tumors, serial heat treatments were possible after a single magnetic
fluid injection. Another positive aspect was the fact that a low magnetic field was used to
produce the necessary temperatures. Furthermore, this treatment does not cause discomfort
or serious side effects. In these studies, the CT exam had an accuracy rate of 85% in evaluating
the treatment-related parameters. The same good results were obtained later in human glioma
trials [62, 63].

In 2008, Takamatsu et al. combined the intra-arterial selective HT with the transcatheter arterial
embolization technique in a rabbit model for renal carcinoma [64]. For injection, they utilized
a mixture of commercially available nano-sized magnetic particles (Ferucarbotran) and
lipiodol as embolic material. The mixture was injected into the renal artery under fluoroscopic
guidance. The intratumoral temperatures of 45ºC were obtained after the area was exposed to
an external alternating-current magnetic field. Even the result was not spectacular (the treated
tumor was hypovascular) the authors speculated that this method can be used only in
hypervascular tumors. In another study, Huang HS injected IV MNPs (1.9 mg Fe/g tumor) in
a subcutaneous squamous cell carcinoma mouse model. After the injection, they applied a field
of 38 kA/m at 980 kHz; therefore, the tumors could be heated to 60°C in 2 min. The results were
encouraging, showing an ablating with millimeter (mm) precision and a surrounding tissue
intact [43].
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trials [62, 63].

In 2008, Takamatsu et al. combined the intra-arterial selective HT with the transcatheter arterial
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a mixture of commercially available nano-sized magnetic particles (Ferucarbotran) and
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guidance. The intratumoral temperatures of 45ºC were obtained after the area was exposed to
an external alternating-current magnetic field. Even the result was not spectacular (the treated
tumor was hypovascular) the authors speculated that this method can be used only in
hypervascular tumors. In another study, Huang HS injected IV MNPs (1.9 mg Fe/g tumor) in
a subcutaneous squamous cell carcinoma mouse model. After the injection, they applied a field
of 38 kA/m at 980 kHz; therefore, the tumors could be heated to 60°C in 2 min. The results were
encouraging, showing an ablating with millimeter (mm) precision and a surrounding tissue
intact [43].
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Intravenous administration has several advantages compared to sowing such as: it assures a
more precise cover even for an irregular tumor and small tumors; it can be used for the
treatment of metastasis (after one injection more than one tumor can be treated simultaneous‐
ly); the distribution is more overall (rather than the dotted distribution from sowing); and it is
minimally invasive [43, 48].

The evaluation of the iron concentrations can be mapped with high accuracy by MRI, com‐
puted tomography or magnetorelaxometry [43, 65, 66].

The science of MNPs is still in its early stages. The recent results of magnetic HT in cancer
therapy are very encouraging; but it is necessary to traverse the experimental stages into
clinical practice to see the real applicability of this new technique.

5. NP-based thermal therapy using radiofrequency

5.1. Standard RF-mediated nanoablation

Standard RFA is an invasive procedure that requires the insertion of electrodes within the tumor.
Tumor destruction occurs as a result of vibrations of ions within tumor tissue induced by radio
waves, which give rise to friction and lethal heat. Although it is possible to achieve local control
in liver tumors < 2.5 cm, in larger lesions local tumor recurrence is common [67, 68].

Initially, in order to increase the efficacy of RFA, the ablation guidance methods were improved
(contrast-enhanced ultrasound, fusion imaging, etc.), but this led only to a slight efficacy
improvement. Because of the changes that occur after RFA (increased vascular and cellular
membrane permeability), the periphery of the tumor becomes more susceptible to chemo‐
therapy. Thus, the combination of thermal ablation and chemotherapy seemed to lead to
promising results. The results of these methods did increase the efficacy of RFA, but it was not
enough. Therefore, new treatments that will augment cytotoxicity at the margin of the ablation
zone have been developed.

The efficiency of RFA can be significantly enhanced by administration of special thermal
absorbing agents such as NPs, which are targeted into a tumor area (actively or passively) with
the purpose to release locally the retained heat and thus enhance tumoral destruction.

The NPs in free form or those containing various anti-cancer agents may be administrated
before, at the time, or after RFA [68, 69]. Administering CYT-6091, a TNF-labeled NP, 4 h prior
to RFA yielded a significantly larger zone of central necrosis and a 23% increase in ablation
volume in comparison to RFA alone [69]. Using this NP enhanced ablation, the partially ablated
tissue at the periphery was replaced by completely ablated tissue [69].

The administration of NPs containing free doxorubicine at the time of RFA or after leads to an
increased diameter of coagulated tumor tissue (and increased concentration of doxorubicine
in the ablated tumor) [68]. The NPs accumulate in the region of ablation both in the treated
tumor (as result of an increased leakage) and in the peripheral region with thermal induced
inflammation. This is known as the enhanced permeability and retention (EPR) effect [70].
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The liposomes were the first NPs that have been utilized in combination with RFA. The studies
of Ahmed and Goldberg demonstrated that the use of lipid NPs as carriers of a drug combined
with ARF was associated with an increased accumulation of doxorubicin in the tumor, while
non-encapsulated free doxorubicin did not have increased tumor uptake following RFA [71].
Since then, an important number of investigators improved the lipid layer of liposomes that
has contributed to enhanced tumor damage secondary to formation of lipid hydro-peroxide
leading to enhanced oxidative stress. Also, the investigators demonstrated that NPs size could
influence the intratumoral drug accumulation and tissue coagulation [68].

5.2. Non-invasive RF nanoablation

As a negative relationship between the frequency of the waves and the depth of penetration
exists, radio waves may be used as an alternative to heat tumors that are deeply located. The
heating rate of a certain tissue is described by the formula HR = SAR/69.77 CH where SAR is
the specific absorption rate and CH the specific heat capacity of the tissue (kcal/kg °C). As SAR
(W/kg) depends on the dielectric conductivity of the tissue, an enhanced conductivity provided
by AuNPs or carbon nanotubes may increase the heat delivered to the tissue [72].

These low-frequency electromagnetic waves have the advantage to penetrate human tissues
and pass through the entire body with minimal perturbations until the RF fields interact with
metal. The metal particles absorb RF energy and release heat to the adjacent region. Several
reports suggested that tumoral hyperthermia may be improved through the use of targeted
nanomaterials, which produce an intracellular hyperthermia and act as RF-thermal transduc‐
ers, leaving the surrounding healthy tissue intact [68].

The delivery of RF generated heat in deep structures may be achieved either by RF needle
inserted into the tumor (standard RFA) or by an external device that generates an RF field
[68, 72].

If standard RF ablation produces a hyperthermic region of 2–4 cm diameter around the probe's
tip, the nanoparticle-mediated RF field induces a hyperthermic area of approximately 100 μm.
The heating mechanism of NPs in an RF field is a complex phenomenon that is still under
debate [73]. Most of the RF field devices produce shortwave RF fields (13.56 MHz), allowing
them to be used in the medical field. Several reports have shown that Joule heating of the
background ionic suspension where the NPs are suspended can be the main source of RF heat
production [74]. A relative high variety of NPs as AuNPs, carbon nanotubes (SWNTs),
quantum dots (cadmium-selenide and indium-gallium-phosphide), silicon nanoparticles (Si
NPs), and La0.7Sr0.3MnO3 (Dex-LSMO) have been associated with RF field [74, 75]. The use
of NPs seems to improve the standard RFA by increasing the specificity of tumor destructions
and affording a relative target therapy. Between these NPs are several differences, such as the
SWNTs are heated faster than AuNPs unlike quantum dots that are heated in a similar manner
to AuNPs [73].

SWNTs showed that they can be activated from a distance by RF field to produce thermal
cytotoxicity [75]. The SWNTs have been injected in Vx2 tumors and induced the necrosis of all
tumors within 5 min of RF field exposure. Regions of necrosis were identified with 2–5 mm
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borders. It is important to highlight that SWNTs alone or RF field exposure alone did not induce
any measurable tumor necrosis or liver injury. In another study, the authors demonstrated
that SWNTs injected into malignant cells may allow noninvasive RF field treatments to
produce lethal thermal injury to the malignant cells. In a similar study conducted by Raoof,
Hep3B and HepG2 cells were injected to kentera modified SWNT and were exposed to an 800
W RF field. Significant thermal cytotoxicity was demonstrated with 2 min of RF exposure in a
concentration-dependent manner [75]. Also the group conducted by Cardinal obtained similar
results after they exposed a rat model (with HepG2 cells) into an RFA field following the
administration of AuNPs [76]. In a study conducted by Glazer ES, AuNPs utilized cetuximab-
conjugated AuNPs in nonionizing RF radiation to investigate human pancreatic xenograft
destruction in a murine model [73]. The result showed an increased apoptosis with decreased
viability of tumoral cells after treatment with cetuximab-conjugated AuNPs and RF field
exposure. Another important observation was the lack of injury to other organs.

It becomes a reality the fact that nanotechnologies will play a major role in new antitumoral
therapies. In the last years, the thermal approach using nanoparticles, nanoemulsion, pH
responsive nanoparticles, nanoparticles combined with radiation, and nanovectors for drug
delivery have been the most evaluated nanoparticle-based cancer treatment methods. The
ability of SWNTs to convert NIR laser radiation into heat, due to the photon–phonon and
electron interactions, provides the opportunity to create a new generation of immunoconju‐
gates for cancer phototherapy. In 2011, Iancu et al. demonstrated that the HepG2 cells treated
with multi-walled carbon nanotubes (HSA–MWCNTs) following laser irradiation had a higher
necrotic rate compared with normal cells [77].

5.3. Thermosensitive liposomes currently in advanced clinical trials

Discovered in 1964 by Alec Bangham, liposomes are self-assembling, biocompatible, biode‐
gradable, and nonimmunogenic nanovesicles consisting of a lipid bilayer enclosing an aqueous
phase [78]. The features of liposomes allow for a wide range of drug delivery; consequently,
hydrophilic drugs can be trapped in the liposome’s aqueous compartments while the lipid
bilayer can be utilized to incorporate hydrophobic drugs. Due to the discontinuous endothelial
lining and the lack of efficient lymphatic drainage of the tumor, the extravasations of liposomes
into the interstitial space is increased and the liposomes can accumulate in the tumoral tissue;
therefore, they will function as a sustained drug-release formula [79]. Immordino mentioned
for the first time this process and named it as EPR effect [80]. Moreover, the combination
(liposome–chemotherapy) changes drug pharmacokinetic properties and minimizes its
systemic toxicity. Furthermore, the drug prevents the entrapped drug from premature
inactivation in the circulation. The main issue of liposomes is that they are rapidly phagocy‐
tized by the mononuclear phagocyte (MP) and removed from the blood circulation after
intravenous injection. To avoid this inconvenience, the authors developed a grafting poly-
(ethylene glycol) (PEG) or oligoglycerol-moieties on the surface of the liposomal carrier. By
reducing MP system uptake [80], long-circulating PEGylated liposomes can passively accu‐
mulate into solid tumors undergoing angiogenesis. Another improvement was the incorpo‐
ration of additional lipid compounds that further enhance membrane permeability at the phase
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transition temperature of the lipid membrane (lysolipid or oligoglycerol-polyglycol) [79, 81–
84]. The result was a long blood circulation time in vivo. These types of low temperature
thermosensitive liposomes (LTSLs)[79] are injected just prior to or during the HT treatment,
with immediate release of their contents upon arrival in the heated tumor area.

The main limit of this type of therapy remains the intimate relation between the biodisponi‐
bility of liposomes and the vascular permeability. It is important to underline that vascular
permeability between different tumor types and even within tumors can be highly variable,
resulting in unpredictable liposome extravasation into the tumor tissue [85, 86]. Due to the
combination of sub-optimal drug release kinetics and unpredictable vascular permeability,
only modest results in the therapeutic index of chemotherapy have been obtained using
liposomes for target drug delivery [87].

An important progress in the use of liposomes was the invention of small, 100 nm-long
circulating liposomes that have a long blood-residence time as their main characteristic. These
favorable circulation properties resulted in an enhanced accumulation of liposomal drugs in
the tumor area.

To date, several liposomal products have been approved for clinical use: liposomes with
doxorubicin (Doxil/Caelyx, Myocet, and Lipo-Dox) for treatment of Kaposi’s sarcoma, ovarian
cancer, breast cancer, and multiple myeloma; liposomes with daunorubicin (DaunoXome) for
treatment of Kaposi’s sarcoma; and liposomes encapsulating vincristine (Marqibo) for acute
lymphoblastic leukemia [88].

Hyperthermia represents the heating of tumors to temperatures of up to 43°C. The main effect
consists of an increased tissue perfusion, oxygenation and blood flow velocity, and microvessel
permeability contributing to increased antibodies, drug, or nanoparticles levels in tumors at
clinically tolerated temperatures [89–92]. Nowadays, hyperthermia for triggering TSLs is
applied locally and in a noninvasive way from an external source to a targeted area using
focused ultrasound technology (FUS) and high-intensity focused ultrasound (HIFU), or
invasively using ARF or MWA [93, 94]. For superficial tumors, the authors used regional HT
and external antennas or applicators that emit microwaves or radio waves. Localized HT is
used to destroy deeply located tumors. The antennas (microwave antennas, radiofrequency
electrodes) are inserted directly within the tumor. The major limit of this heating method is
the tumor diameter (less than 5 cm). Focused ultrasound is used to heat small lesions (mm).
In a recent study Dromi et al. combined LTSLs with hyperthermia from FUS [95]. They
obtained an increased drug discharge at the tumoral area and the most important tumor had
a delayed growth.

The newest heating method is magnetic resonance guided focused ultrasound technology
(MRgFUS). These combinations allow simultaneous treatments, imaging to guide the treat‐
ment and MR thermometry to noninvasively monitor temperature changes and assure
feedback in real-time [87]. In two recent studies, the authors used MRgFUS and drug-loaded
liposome in rat [96] and rabbit [97] models. The results showed that the combination MRgFUS
with drug loaded liposome assured the greatest uptake of the drug when compared to controls
(liposome only and/or free drug). Several studies have analyzed the combination of RFA and

Recent Advances in Liver Diseases and Surgery236



transition temperature of the lipid membrane (lysolipid or oligoglycerol-polyglycol) [79, 81–
84]. The result was a long blood circulation time in vivo. These types of low temperature
thermosensitive liposomes (LTSLs)[79] are injected just prior to or during the HT treatment,
with immediate release of their contents upon arrival in the heated tumor area.

The main limit of this type of therapy remains the intimate relation between the biodisponi‐
bility of liposomes and the vascular permeability. It is important to underline that vascular
permeability between different tumor types and even within tumors can be highly variable,
resulting in unpredictable liposome extravasation into the tumor tissue [85, 86]. Due to the
combination of sub-optimal drug release kinetics and unpredictable vascular permeability,
only modest results in the therapeutic index of chemotherapy have been obtained using
liposomes for target drug delivery [87].

An important progress in the use of liposomes was the invention of small, 100 nm-long
circulating liposomes that have a long blood-residence time as their main characteristic. These
favorable circulation properties resulted in an enhanced accumulation of liposomal drugs in
the tumor area.

To date, several liposomal products have been approved for clinical use: liposomes with
doxorubicin (Doxil/Caelyx, Myocet, and Lipo-Dox) for treatment of Kaposi’s sarcoma, ovarian
cancer, breast cancer, and multiple myeloma; liposomes with daunorubicin (DaunoXome) for
treatment of Kaposi’s sarcoma; and liposomes encapsulating vincristine (Marqibo) for acute
lymphoblastic leukemia [88].

Hyperthermia represents the heating of tumors to temperatures of up to 43°C. The main effect
consists of an increased tissue perfusion, oxygenation and blood flow velocity, and microvessel
permeability contributing to increased antibodies, drug, or nanoparticles levels in tumors at
clinically tolerated temperatures [89–92]. Nowadays, hyperthermia for triggering TSLs is
applied locally and in a noninvasive way from an external source to a targeted area using
focused ultrasound technology (FUS) and high-intensity focused ultrasound (HIFU), or
invasively using ARF or MWA [93, 94]. For superficial tumors, the authors used regional HT
and external antennas or applicators that emit microwaves or radio waves. Localized HT is
used to destroy deeply located tumors. The antennas (microwave antennas, radiofrequency
electrodes) are inserted directly within the tumor. The major limit of this heating method is
the tumor diameter (less than 5 cm). Focused ultrasound is used to heat small lesions (mm).
In a recent study Dromi et al. combined LTSLs with hyperthermia from FUS [95]. They
obtained an increased drug discharge at the tumoral area and the most important tumor had
a delayed growth.

The newest heating method is magnetic resonance guided focused ultrasound technology
(MRgFUS). These combinations allow simultaneous treatments, imaging to guide the treat‐
ment and MR thermometry to noninvasively monitor temperature changes and assure
feedback in real-time [87]. In two recent studies, the authors used MRgFUS and drug-loaded
liposome in rat [96] and rabbit [97] models. The results showed that the combination MRgFUS
with drug loaded liposome assured the greatest uptake of the drug when compared to controls
(liposome only and/or free drug). Several studies have analyzed the combination of RFA and

Recent Advances in Liver Diseases and Surgery236

the non-thermally sensitive liposomal doxorubicin, showing larger ablation zones compared
with RFA alone, both at the preclinical and clinical levels. The suggested mechanisms for the
synergistic effect of liposomal doxorubicine and RFA are as follows: increased markers of DNA
breakage, oxidative stress and apoptosis, increased heat-shock protein 70 in the areas sur‐
rounding the ablation zone after combination treatment [98, 99]. In addition, Ahmed and
colleagues observed that after combining RFA with Doxil, the intratumoral drug uptake
increased, while the dose of doxorubicin necessary for tumor destruction decreased [100].

In order to optimize the effects of liposomes, the use of TSLs that trigger the release of the drug
at the edge of the heated zone was suggested [101–103]. These TSLs contain thermosensitive
lipids in their bilayer, undergoing a gel-to-liquid phase transition at the desired temperature
(usually between 41°C and 43°C), after which the drug enters tumor cells in free form. This
conversion is the consequence of a conformational change in the alkyl chains of the lipids,
which leads to an increase in the volume occupied by the hydrocarbon chains in the membrane
and thus an increase in the permeability of the lipid bilayer [79]. Common TSLs have been
composed from 1, 2-dipalimitoyl-sn -glycero-3-phosphocholine (DPPC) as the primary lipid,
because its phase transition temperature (Tm) occurs at 41.5°C.

In 2009, TSLs containing Dox known as ThermoDox®, became the first heat-triggered release
formula of the anthracycline doxorubicin that reached pharmaceutical development (Celsion
Corporation, Columbia, Maryland, USA) and clinical application [104–105]. Thermodox® is
composed of DPPC:MSPC:DSPE-PEG2000 (86:10:4 molar ratio) and in combination with mild
was used in the Phase III clinical trial to treat hepatocellular carcinoma and the Phase II trial
in combination with local mild for patients with recurrent breast cancer of the chest wall and
colorectal liver. After intravenous administration, Thermodox® concentrates in the liver where
it rapidly permeates HCC lesions and their vasculature. Regarding safety and tolerability, in
Phase I ThermoDox® was associated with low side effects and the maximum tolerated dose
was established at 50 mg/m2. According to the Phase I trial, RFA and ThermoDox® may be
used as a front-line therapy for HCC > 3 cm [106]. Unfortunately, in 2013 Celsion Corp. was
unable to demonstrate the effectiveness of ThermoDox® in the improvement of free survival
[79]. It seemed that the temperature of drug release is different between in vivo and in vitro. In
a study conducted by Hossann, about 90–100% Dox release from LTSLs in plasma or serum at
39–40°C resulted in 2°C below the theoretical temperature [107]. Therefore, it might be that all
drug content is released from the LTSLs below 41–42°C, which means that the drug is
discharged in blood circulation before the accumulation of LTLS in the target heated tumoral
area [79]. In a recent study, after the incorporation of lysophosphatidylcholines (lyso-PC, e.g.
1-stearoyl-2-hydroxy-sn-glycero-3-phosphocholine, MSPC) into the liposomal membrane, it
was possible to further accelerate the encapsulated drug at Tm [108].

Fine tunings in drug release kinetics of LTSLs was demanded to assure an improved dug
release [109]. In 2014, Chen J evaluated [79] high temperature triggered TSLs (HTSLs) com‐
posed of DPPC and hydrogenated soy phosphatidylcholine (HSPC). For these types of
liposomes, the theoretical temperature of discharge of HTSLs was set at 44°C; thus, the body
temperature had less influence on the drug release from the vesicles. The result of this study
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was encouraging. Compared to conventional LTSLs, the new formula of HTSLs was associated
with higher stability and less content discharge to the heated tumor area.

Several authors recommended the attaching of targeting ligands to the nanoparticles to assure
a more specific localization and retention of the liposomal drug in tumors. Another reason to
utilize these ligands is the capacity of promoting active cellular uptake of the drug-containing
nanoparticles through binding to targeted internalizing receptors [110-112].

The cationic TSLs, called CTSLs (cationic thermosensitive liposome) is a new class of LTSL that
contains a cationic lipid in its membrane. The CTSLs are absorbed by vascular endothelium
and tumor cells; afterwards, they release their contents upon applying a temperature trigger
[113]. It seems that, once accumulated, rapid drug release by intracellular cationic liposomes
may achieve high intracellular concentrations of drug, thereby maximizing damage to both
the endothelial cell and tumor cell compartments [113]. To evaluate tumoral accumulation of
liposomes, radionuclides and nuclear imaging may be used. Even if the authors have obtained
good results, in the future these types of treatment will have to demonstrate their therapeutic
potential in clinical practice.

6. Conclusions and future perspectives

As we have already seen, there are several types of thermal-based therapies that have shown
modest efficacy in HCC treatment. Unfortunately, simple heating techniques have trouble
discriminating between tumors and surrounding healthy tissues. Moreover, the use of thermal
therapies in large HCC is of limited value. In order to overcome these limitations many groups
have investigated the use of NPs to increase the tumor ablation zone.

There are many types of NPs, each type with its own major advantages and disadvantages.
Based on currently available literature, we could not say which of the above-described NPs is
better for the long-term management of HCC. Unfortunately, there are no studies comparing
AuNPs with carbon nanoparticles or magnetic nanoparticle. The use of NPs such as AuNPs,
carbon nanoparticles, and magnetic nanoparticles have shown great promise as light absorbers
for cancer therapy, demonstrating an ability to destroy cancerous lesions both in vivo and in
vitro [31].

We believe that an ideal NP should be a good light absorber in order to achieve complete
ablation of the tumor tissues. To avoid systemic toxicity, the NPs should show selective
accumulation in target tissue with minimal nonspecific distribution. Not at least, they should
be rapidly cleared from the body after their mission to prevent redistribution into off-target
sites [38].

Future research should focus on the development of multifunctional NP. For instance,
theranostic agents could improve both the diagnostic accuracy and therapy of HCC. Small
HCC means better outcomes. The majority of NPs are functionalized to target the tumor cells,
leaving the tumor stroma unaffected. A pro-tumorigenic stroma or better said a pro-tumori‐
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genic microenvironment could lead to tumor recurrence, therefore dual targeting of both
tumor cells and tumor stroma could overcome these limitations.

Specific targeting in HCC is still a major problem. There are many molecular pathways
involved in HCC development. Moreover, not all HCC express the same receptors on the cell
surface. In order to specifically deliver NP in the tumor area, immunohistological staining must
be performed. This is hard to perform, particularly in HCC, since liver biopsy is no longer
recommended for HCC diagnosis. Maybe it is time to go back where we started and reconsider
the role of liver biopsy in HCC management.

In the last 50 years, despite tremendous advances in our knowledge of the molecular mecha‐
nism of cancer, there has been no change in the age-adjusted mortality from cancer [39]. This
data clearly suggests that what we are doing now is wrong and an individualized treatment
could bring new hopes for HCC patients.
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Abstract

Nonparasitic hepatic cysts constitute a heterogeneous group of disorders. A proper
diagnosis  of  hepatic  cyst  is  necessary in order  to  adopt  the best  treatment.  The
term hepatic cyst usually refers to simple hepatic cysts. Nonparasitic hepatic cysts
are also linked to genetic  disorders such as polycystic  liver disease (PLD) with/
without autosomal dominant polycystic kidney disease (ADPKD) or Caroli disease.
Generally, patients with nonparasitic hepatic cysts less than 3 cm are asymptomat‐
ic.  These  cysts  become  symptomatic  when  are  large,  multiple,  or  complicated.
Percutaneous  abdominal  ultrasound  is  the  best  imaging  modality  to  diagnose
hepatic cysts but must be completed by other imaging and serological tests. It is
important to differentiate simple hepatic cyst from hydatid cyst, cystadenoma, and
cystadenocarcinoma  before  proceeding  with  the  treatment.  Sometimes  the
diagnosis is very challenging. Asymptomatic single liver cysts need only surveil‐
lance,  but  symptomatic  and  complicated  ones  require  therapeutic  intervention.
Percutaneous aspiration of the cyst under ultrasound guidance is a mini-invasive
procedure generally associated with sclerotherapy. The highest success rates were
reported  for  laparoscopic  or  open  cyst  fenestration.  Liver  transplantation  is
indicated for patients with severe PLD.

Keywords: Simple hepatic cyst, serous hepatic cyst, nonparasitic hepatic cyst, poly‐
cystic liver disease
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1. Introduction

Nonparasitic hepatic cysts encompass a heterogeneous group of disorders, which differ in
etiology, prevalence, and manifestations. The term hepatic cyst usually refers to solitary
nonparasitic cysts of the liver, also known as simple cysts. Generally, hepatic cysts are
incidentally found during surgery and more frequently during imaging examinations for other
reasons. Nowadays, due to the imaging procedures, prevalence of nonparasitic hepatic cysts
is found increased up to 18% in adult population [1]. The incidence is higher in females older
than 50 years.

2. Classification and etiology

2.1. Serous/simple hepatic cyst

Hepatic serous or simple cysts may be single or multiple and are considered to be congenital.
They are derived from aberrant bile ducts that have apparently lost communication with the
biliary tree and continue to secrete intramural fluid [2]. Microscopically, they are lined by a
single layer of cuboid, columnar, flattened (Figure 1) or pseudostratified (Figure 2), or by
stratified epithelial cells (Figure 3), resembling biliary epithelial cells.
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Figure 1. Serous cyst with flattened epithelium. (A) Hematoxylin and eosin staining ×100. (B) Hematoxylin and eosin 
staining ×400. 

 
 

Figure 2. Serous cyst with pseudostratified epithelium. (A) Hematoxylin and eosin staining ×100. (B) Hematoxylin and eosin 
staining ×400. 
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Figure 1. Serous cyst with flattened epithelium. (A) Hematoxylin and eosin staining ×100. (B) Hematoxylin and eosin
staining ×400.
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Figure 2. Serous cyst with pseudostratified epithelium. (A) Hematoxylin and eosin staining ×100. (B) Hematoxylin and
eosin staining ×400.
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Figure 1. Serous cyst with flattened epithelium. (A) Hematoxylin and eosin staining ×100. (B) Hematoxylin and eosin
staining ×400.
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Figure 2. Serous cyst with pseudostratified epithelium. (A) Hematoxylin and eosin staining ×100. (B) Hematoxylin and
eosin staining ×400.
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Figure 3. Serous simple cyst with stratified cuboidal epithelium. Hematoxylin and eosin staining ×200.

2.2. Polycystic liver disease

Serous hepatic cysts are also linked to genetic disorders such as polycystic liver disease (PLD)
with/without autosomal dominant polycystic kidney disease (ADPKD) or Caroli disease.
Isolated PLD is associated with heterozygous mutations in PRKCSH or SEC63 genes. PLD
associated with ADPKD is linked with mutations in the PKD1 or PKD2 gene [3]. Overall
prevalence is similar for both genders, but females develop a more severe liver disease.
Pregnancy, multiparity, and use of steroids increase the risk for severe hepatic cystic disease.

Gigot and collaborators have described a classification for patients with polycystic liver disease
based on the number and size of hepatic cysts and residual normal liver parenchyma between
the cysts. This description is based on preoperative computed tomography (CT) [4]. Also, this
classification can delineate the therapeutic strategy [5].

• Type I—less than 10 large cyst (7–10 cm) with large areas of noncystic parenchyma

• Type II—diffuse involvement of liver parenchyma by medium-sized cysts (5–7 cm) with
remaining large areas of noncystic parenchyma

• Type III—massive, diffuse involvement of liver parenchyma by small- and medium-sized
cysts (less than 5 cm) and only a few areas of normal liver parenchyma between cysts [2, 4, 5]

It is of exquisite importance to differentiate hepatic cyst from hydatid hepatic cyst, hepatic
cystadenoma, and hepatic cystadenocarcinoma before proceeding with the treatment. In
certain situations, it can be very challenging to properly diagnose a hepatic cystic mass [6, 7].
There are also rare hepatic cystic lesions that must be taken into consideration [8]. In pediatric
population, the surgeon should be aware of the wide range of other types of liver cysts to
ensure appropriate treatment [9].

2.3. Localized Caroli disease or solitary dilatation of intrahepatic biliary duct

Caroli disease is an autosomal recessive inheritance linked to mutation in PKHD1 gene. It is
classified as type V choledochal cyst by the Todani classification [10]. The cystic lesions are
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depicted as irregular in shape, fusiform, or saccular (Figures 4A). On MRCP they are seen to
communicate with biliary tree (Figure 4B). On gross examination of the operative specimen,
the cystic cavity contains biliary sludge and even gallstones (Figure 5).
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2.4. Intrahepatic biliary papilloma

Biliary papilloma represents a tumorous growth of the bile duct epithelia in the bile duct lumen
and can cause a localized dilatation of the intrahepatic bile duct. If native and contrast
enhanced CT fail to observe the biliary papilloma, the bile duct dilatation may be confused
with a hepatic serous cyst. ERCP can demonstrate the communication between the cystic lesion
and the bile duct [11].

2.5. Biliary cystadenoma and cystadenocarcinoma

Biliary cystadenoma is a very rare cystic lesion of the liver that usually occurs in middle-aged
woman. The exact etiology of this insidiously progressive tumor is unknown. This cyst may
originate from a congenitally aberrant bile duct or directly from a primitive hepatobiliary stem
cell.
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depicted as irregular in shape, fusiform, or saccular (Figures 4A). On MRCP they are seen to
communicate with biliary tree (Figure 4B). On gross examination of the operative specimen,
the cystic cavity contains biliary sludge and even gallstones (Figure 5).
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2.4. Intrahepatic biliary papilloma

Biliary papilloma represents a tumorous growth of the bile duct epithelia in the bile duct lumen
and can cause a localized dilatation of the intrahepatic bile duct. If native and contrast
enhanced CT fail to observe the biliary papilloma, the bile duct dilatation may be confused
with a hepatic serous cyst. ERCP can demonstrate the communication between the cystic lesion
and the bile duct [11].

2.5. Biliary cystadenoma and cystadenocarcinoma

Biliary cystadenoma is a very rare cystic lesion of the liver that usually occurs in middle-aged
woman. The exact etiology of this insidiously progressive tumor is unknown. This cyst may
originate from a congenitally aberrant bile duct or directly from a primitive hepatobiliary stem
cell.
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Cystadenoma of the liver is characterized by multilocular cysts with internal septation and
epithelial lining composed of columnar to cuboidal cells capable of mucin production. They
usually contain clear mucinous fluid and rarely the fluid may be bilious, purulent, proteina‐
ceous, or hemorrhagic. Bloody fluid often signifies a malignant component [12]. The septa may
show calcifications.

Two subgroups are distinguished by presence or absence of mesenchymal (ovarian like)
stroma between an inner epithelial lining and an outer layer of collagenized connective tissue
(Figure 6).

Figure 6. Cystadenoma without mesenchymal stroma. Hematoxylin and eosin staining ×200.

The mesenchymal stroma resembles primitive mesenchyme, and cell differentiation varies
from smooth muscle or fibroblasts to adipocytes or capillaries. Cystadenoma with mesenchy‐
mal stroma occurs exclusively in women (Figure 7) possibly as a consequence of the female
milieu influence, while cystadenoma without mesenchymal stroma predominates in men [13].

Mesenchymal stroma may give rise to both cystadenocarcinoma and sarcomas. Intrahepat‐
ic  biliary  cystadenoma cannot  be  clearly  differentiated  from cystadenocarcinoma before
operation.  Some  authors  consider  the  diagnostic  value  of  the  analysis  of  serum  and
aspirated cyst fluid for tumor markers. However, elevated carbohydrate antigen CA 19-9
and  carcinoembryonic  antigen  CEA  has  been  associated  both  with  cystadenoma  and
cystadenocarcinoma  [14].  Only  histopathologic  exam  can  certainly  differentiate  it  from
malignant degeneration. Being considered a premalignant lesion, surgical excision seems
to be a wise decision in patients with intrahepatic biliary cystadenoma. If not completely
resected,  the  recurrence  in  biliary  cystadenoma  is  greater  than  90%  [12].  Moreover,  if
malignancy  is  not  recognized,  a  simple  fenestration  may  prove  catastrophic  to  patient.
Patients  with  cystadenocarcinoma  with  mesenchymal  stroma  have  a  good  prognosis,
whereas cystadenocarcinoma in men, which is not associated with mesenchymal stroma,
has a worse prognosis, even after complete excision [15].
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2.6. Bile duct hamartoma

Bile duct hamartomas, also called von Meyenburg complexes, originate from embryonic bile
ducts that fail to involute. Generally, they are encountered as an incidental finding at imaging,
laparotomy, or autopsy. Macroscopically, they are cyst-like, grayish-white nodular lesions of
0.1-1.5 cm diameter that do not communicate with the biliary tree. Sometimes they are
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Figure 6. Cystadenoma without mesenchymal stroma. Hematoxylin and eosin staining ×200. 
 
The  mesenchymal  stroma  resembles  primitive  mesenchyme,  and  cell  differentiation  varies  from  smooth  muscle  or 
fibroblasts to adipocytes or capillaries. Cystadenoma with mesenchymal stroma occurs exclusively in women (Figure 7) 
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Figure 7. Cystadenoma with mesenchymal stroma. (A) Hematoxylin and eosin staining ×200. (B) Hematoxylin and eo‐
sin staining ×400. (C) Immunohistochemical staining CK7 ×200. Cyst epithelium is positive for CK7. (D) Immunohisto‐
chemical staining CK8-18 ×200. Cyst epithelium is positive for CK8-18. (E) Immunohistochemical staining ER ×400.
Mesenchymal stroma contains cells (brown cells) that are positively stained for estrogen receptors. (F) Immunohisto‐
chemical staining PgR ×400. Mesenchymal stroma contains cells (brown cells) that are positively stained for progester‐
one receptors.
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associated with Caroli’s disease, PLD and congenital fibrosis. In case of intraoperative
discovery, they may be misdiagnosed as liver metastases.

2.7. Ciliated hepatic foregut cyst

Ciliated hepatic foregut cysts are rare foregut developmental malformation usually solitary
and unilocular. Generally, these are situated in the central segments of the liver (Figure 8).
These cysts are characterized by the typical microscopic finding of four layers (the inner
ciliated, pseudostratified, columnar epithelium; subepithelial connective tissue; smooth
muscle layer; and an outer fibrous layer at microscopic examination). Squamous metaplasia
may be present with potential transformation into squamous cell carcinoma. Malignant
transformation to squamous cell carcinoma with aggressive behavior has been reported in 3%
of adult cases [4, 16].

Figure 8. CT series showing a hepatic cyst situated in segment VIII, with an extension that is traced on the hepatic
surface, raising the question of ciliated hepatic foregut cyst in a 14-year-old girl. The patient was submitted to open
surgery due to the close proximity with the inferior vena cava and hepatic vein.

2.8. Intrahepatic pancreatic pseudocyst

Hepatic pseudocyst secondary to acute pancreatitis is extremely rare and is generally situated
in the left lobe. A high level of amylase in the aspirated fluid confirms the diagnosis. Asymp‐
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tomatic intrahepatic pseudocyst can be treated conservatively, and symptomatic intrahepatic
pseudocyst can be managed either percutaneously or surgically [17].

2.9. Posttraumatic hepatic cyst

Only those symptomatic or of uncertain nature need treatment.

2.10. Biloma

Biloma appears as a cystic mass. It is caused by spontaneous, traumatic, or iatrogenic rupture
of the biliary system.

2.11. Peribiliary cysts

Peribiliary cysts are mostly encountered in cirrhotic patients with portal hypertension or after
liver transplantation. The cysts are located along the portal pedicles. Usually they are small
and asymptomatic.

2.12. Liver hematoma

Liver hematomas are cystic lesions that develop after trauma, liver biopsy, or surgery.

2.13. Hepatic epidermoid cyst

Liver epidermoid cysts are extremely rare. These malformations have been diagnosed in
pediatric patients, with the youngest one being 5 months years old. The importance of resection
of such cystic lesions in pediatric population resides in the need of elimination of a lesion lined
by squamous epithelium with possible squamous metaplasia that can potentially undergo
malignant transformation, resulting in squamous cell carcinoma.

2.14. Postcholecystectomy hepatic cystic mass

The term of gossypiboma derived from the Latin term gossypium is used to define a forgotten
surgical material in the body after surgery. Sometimes gossypiboma has a cyst-like appearance
on imaging tests.

2.15. Hepatic endometriosis

So far only 22 cases of hepatic endometrioma have been reported in the literature [18]. Hepatic
endometriosis should be considered in women of any age presenting with a hepatic cystic
mass, with or without previous endometriosis history. Frozen sections of intraoperative
transhepatic biopsy are necessary to avoid radical hepatectomy in order to decrease postop‐
erative morbidity and mortality. However, the diagnosis is confirmed through histological
immunostaining. Complete pericystectomy is necessary to avoid recurrence.
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2.16. Hepatic vascular tumors

There are hepatic vascular tumors with predominantly solid appearance at gross examination
but with cyst-like appearance on imaging examinations due to the high water content.
Histopathological diagnosis must differentiate between lymphangioma, hemangioma,
hemangiopericytoma, or undifferentiated embryonal sarcoma (Figure 9).

2.17. Liver metastases

Liver metastases from ovarian, pancreatic, colon, renal, or neuroendocrine cancer may have
cyst-like appearance on imaging tests.
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Figure 9. Hepatomegaly  caused by multiple bilateral  liver vascular  tumors with cystic 
features on CT and operative specimen. (A) CT, axial view. (B) CT, coronal view. (C) CT 
with  i.v.  contrast,  axial  view,  after  left  lateral  sectionectomy.  (D) CT without  contrast, 
axial  view  after  left  lateral  sectionectomy.  (E)  Resected  specimen  after  left  lateral 
sectionectomy with  hemorrhagic  cystic  feature  on  section.  (F)  Intraoperative  aspect  of 
the hepatic vascular tumor.  (G) Resected specimen after atypical hepatectomies for the 
tumors located in the right lobe, with hemorrhagic cystic feature on section. 
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Figure 9. Hepatomegaly caused by multiple bilateral liver vascular tumors with cystic features on CT and operative
specimen. (A) CT, axial view. (B) CT, coronal view. (C) CT with i.v. contrast, axial view, after left lateral sectionectomy.
(D) CT without contrast, axial view after left lateral sectionectomy. (E) Resected specimen after left lateral sectionecto‐
my with hemorrhagic cystic feature on section. (F) Intraoperative aspect of the hepatic vascular tumor. (G) Resected
specimen after atypical hepatectomies for the tumors located in the right lobe, with hemorrhagic cystic feature on sec‐
tion.
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3. Clinical manifestations

Generally, patients with nonparasitic hepatic cysts less than 3 cm are asymptomatic [2]. Cysts
are classified as “large” when they are greater than 4 cm in the longest diameter. If the diagnosis
of hepatic serous cyst is clear, there is no need of treatment, unless it becomes symptomatic,
has a diameter more than 5 cm, or if the cyst grows rapidly within a short period of time [19].

Around 15% of patients with liver cysts develop symptoms at some stage in life. When the
patients start complaining, the most common symptom is pain in the right upper quadrant.
Other encountered symptoms are nausea, vomiting, abdominal meteorism, shoulder or
lumbar pain, dyspnea, and/or postprandial fullness. Hepatic cysts become symptomatic when
they are large, fast growing, multiple, or complicated.

3.1. Complications

Complications occur in approximately 10% of patients [20]. Obstructive jaundice, portal
hypertension, intracystic hemorrhage, infection, intraperitoneal and/or intrahepatic rupture,
torsion, and inflammation represent complications of nonparasitic hepatic cysts [21–24]. The
compression exerted by a large hepatic cyst on the adjacent structures can manifest as cardiac
arrhythmia or inferior vena cava thrombosis [25, 26]. The vicinity with the cholecyst can cause
its functional disturbance with consecutive gallstones.

Hemorrhage into a simple liver cyst is rather uncommon but poses issues regarding differential
diagnosis. The differential diagnosis between intracystic hemorrhage, cystadenoma, and
cystadenocarcinoma is difficult with the imaging studies currently available. One consequence
is to assume a simple cyst with intracystic hemorrhage as being neoplastic lesion and perform
an unnecessary hepatectomy. The other consequence is to assume a neoplastic lesion as being
benign and perform laparoscopic fenestration with subsequent peritoneal dissemination of
malignant cells.

There are situations when an intracystic hemorrhage occurs unrecognized. Even if no acute
symptoms supervene, the hemorrhage causes a rapid enlargement of the cyst, raising suspicion
of malignant degeneration.

Infection of hepatic cyst can occur through common bile duct or blood stream. The most
common encountered microorganisms are Escherichia coli and Klebsiella pneumoniae. Proteus,
Bacteroides, and Clostridium are also incriminated in infection of hepatic cysts. The most likely
source of infection for simple liver cysts is the gastrointestinal tract. Diverticulitis of the
sigmoid colon and gut manipulation during abdominal operations have been found to be the
cause of infectious complications of hepatic cysts [27]. The patients with diabetes mellitus,
undergoing chronic hemodialysis or immunosuppressive therapy (e.g., after kidney transplant
in patient with polycystic liver and kidney disease), are prone to develop such infections.

The patient with infected liver cyst presents with acute onset of right upper quadrant abdomi‐
nal pain, diarrhea, and/or fever. There are situations when pain is absent, and the only
symptoms are fever and malaise that render a complete workup to rule out other causes.
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The rupture of serous hepatic cyst is a rare complication that needs emergency intervention.
The cyst rupture is generally secondary to trauma, but a spontaneous one is also possible. The
cyst fluid can enter the pleural or peritoneal cavity, causing pain in right upper quadrant or
even diffuse abdominal pain due to peritoneal irritation.

Granuloma degeneration is a rare complication of the hepatic cysts (Figure 10). In severe form,
it can resemble malignant invasion into surrounding tissues. The differential diagnosis is
difficult to make even intraoperatively. Extensive excision of involved tissues is sometimes
necessary [28]. Eventually histology delineates the diagnosis.

Figure 10. Serous cyst with granulomatous transformation, hyaline collagen fibrosis and focal, nonspecific chronic in‐
flammation. Hematoxylin and eosin staining ×100.

4. Diagnosis

Percutaneous abdominal ultrasonography (US) is the best imaging modality for diagnosis of
serous hepatic cysts. US is generally the first choice diagnostic procedure because it is sensitive,
specific, noninvasive, and ready available. The typical appearance of simple cyst on US is as
follows: round or oval anechoic mass, well circumscribed, with thin and smooth borders or
indiscernible walls, strong posterior echo enhancement, without mural vegetations, calcifica‐
tions, or septations (Table 1).

Although US can offer reliable data regarding relations of the hepatic cysts to the vascular and
biliary tree, the standard diagnostic protocol in our clinic includes CT with i.v. contrast
substance. MRI is also useful to establish a correct diagnosis (Algorithm 1) [29].

Intraoperative use of an ultrasound probe, where the abdominal wall thickness is not an issue,
allows the placement of a higher MHz ultrasound transducer directly on the liver surface.
Therefore, intraoperative ultrasound images are much sharper and well defined than those

Diagnostic and Therapeutic Challenges in Nonparasitic Liver Cysts
http://dx.doi.org/10.5772/61057

259



obtained through a transabdominal approach. Intraoperative US not only confirms the
diagnosis but also adds important information to define the relation between the cysts and the
surrounding structures (portal and hepatic veins, inferior vena cava, bile ducts), especially in
deeply located cysts. Intraoperative US is also used to guide the surgeon for cyst approach in
case no capsular expression is found. For laparoscopy, specially designed ultrasound probe
and software are necessary.

Simple cyst Cystic echinococcosis Alveolar
echinococcosis

Cystadenoma and
cystadenocarcinoma

Border Sharp and smooth Laminated, thick Irregular Irregular

Shape Spherical or oval Round or oval Irregular Round or oval

Echo pattern Anechoic Anechoic or atypical Hyperechogenic outer
ring and hypoechogenic
centre

Hypoechogenic, with
hyperechogenic floating
material, fluid–fluid
sedimentation

Appearance No septa Multiseptated Multivesicular Septations and/or papillary
projections

Posterior acoustic
feature

Relative accentuation
of echoes

Dorsal shadowing
(calcified areas)

Dorsal shadowing
(calcified areas)

Dorsal shadowing (calcified
areas)

Table 1. Ultrasonographic features for the diagnosis of monocystic diseases of the liver

CT and MRI can resolve the diagnosis of the doubtful cases and provide more information on
the location of the cyst and relations with the great vessels and biliary tree. Thus, CT and/or
MRI are mandatory for an appropriate treatment planning. US, CT, and MRI are complemen‐
tary in evaluation of hepatic cysts. Based on imagistic examinations, parasitic cysts, neoplastic
degeneration, and complications must be ruled out before pursuing any therapy decision.

On CT scan, simple hepatic cysts are well-defined, space occupying, round or oval-shaped,
thin-walled, homogenous masses, with a density close to water (0–5 Hounsfield) and modest
enhancement after contrast injection.

The presence of septa is not a common feature of the simple cyst, but multiple contiguous cysts
can simulate it. For countries where hydatid disease is endemic, the differential diagnosis must
include it because it is essential for therapeutic decision making.

The injection of intravenous contrast allows the manifestation of a possible communication
between the cyst and the biliary tree on CT and MRI [29]. The communication of the hepatic
cyst with the bile ducts can also be visualized using cystography, intraoperative cholangiog‐
raphy, and ERCP.

The mural calcifications are nonspecific but are usually present in echinococcal cysts and
malignant lesions.

MRI provides valuable information concerning the nature of the cyst content and helps
differentiating between blood and mucin [12]. MRI can identify a hypointense pseudocapsule
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characteristic of the echinococcal cyst. MRI, especially associated with MRCP, is helpful for
the diagnosis of biliary cysts, localized Caroli disease (Figure 4), intrahepatic biliary cystade‐
noma, and cystadenocarcinoma.

A liver cyst with intracystic hemorrhage appears as a heterogeneous echogenic cyst on US. For
improved US imaging, an ultrasound contrast substance (e.g., Levovist, Bayer Australia
Limited; SonoVue, Bracco International B.V.) can be used. The procedure is known as contrast-
enhanced ultrasound (CEUS) and uses a microbubble agent that produces multiple small
(approximately 3 μm) stabilized air bubbles when suspended in water. After intravenous
injection of Levovist, Doppler enhancement of the blood pool is observed for 2–5 min, followed
by a late hepatosplenic phase that lasts for more than 30 min. If no enhancement of the
intracystic structures but an enhanced smooth cyst wall is observed on Levovist US, then an
intracystic clot is suspected. On plain CT, the hemorrhagic cyst appears heterogeneous low-
density (Figure 11). On MRI, T1-weighted images reveal the clot as low intensity and the fluid
as high intensity, whereas T2-weighted images show the clot as low intensity and the fluid as
high intensity [30].

Figure 11. CT, axial view: multiple hepatic cysts, the largest cyst, located in segment VI–VII is ruptured in hepatic pa‐
renchyma; intracystic hematoma and extensive subcapsular hematoma are visible on the right hepatic lobe. (A, C) Na‐
tive examination; (B,D) Examination with i.v. contrast administration.
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On US, the differential diagnosis between intracystic hemorrhage and neoplastic degeneration
may be challenging when intracystic parietal protrusions are identified (Figure 12). If no
Doppler signal exists, these protrusions may be interpreted as sedimentations of hematin on
the cyst wall. On macroscopic examination during operation, these protrusions have the
equivalent of the blackish-brown deposits that stain the cyst wall. If Doppler signal is certified
in the intracystic mural protrusions, then malignancy is highly considered.
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Figure 12. Transabdominal US for a cystic mass in the liver: the mass is anechoic, homogenous, with thin border, with‐
out calcifications, but with small hyperechoic parietal protrusions that do not change with patient’s position. On Dop‐
pler examination, these protrusions are avascular and on CT are not visible. The intraoperative and histological
diagnosis was serous hepatic cyst with hemorrhagic content. Cystadenocarcinoma had to be ruled out. Patient was
submitted to open surgery.

Gallium scintigraphic study can be used to search for the site of infection in a patient with a
previous diagnosis of simple hepatic cyst [27]. 18-F-fluorodeoxyglucose is helpful for the
detection of cyst infection using positron emission tomography in patients with multiple liver
and renal cysts [31]. In a patient diagnosed with hepatic cyst, any febrile status should raise
the question of its possible infectious complication.

In case of cyst rupture, on imaging scans, irregularities of the partially evacuated cyst wall,
heterogeneous content, fluid under the liver capsule, or free liquid in the peritoneal or pleural
cavity are depicted.

Nonparasitic hepatic cysts may coexist with other hepatic lesions, bringing out the issue of
correlation the lesion with the patient’s symptoms and also of adopting the right management
decision.

Nonparasitic cysts may coexist with parasitic ones (Figure 13). Even if the size of nonparasitic
cyst does not justify its fenestration, it is recommended to solve both types of cysts in the same
operation in order to avoid future misdiagnosis between the nonparasitic and parasitic cyst.

Nonparasitic hepatic cysts may coexist with other benign or malignant liver tumors. When a
benign tumor lesion (e.g., hepatic hemangioma) is diagnosed besides hepatic cyst, there is an
issue regarding which lesion should be treated to elevate the pain in the right upper quadrant
(Figure 14).
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Figure 14. CT showing coexistence of two hepatic lesions: central simple hepatic cyst, in close proximity with gallblad‐
der, and hepatic hemangioma in segment VI. (A) Axial view, native; (B) axial view, after i.v. contrast, arterial phase;
(C) sagittal view, after i.v. contrast, arterial phase. Patient was submitted to laparoscopic fenestration of the hepatic
cyst. The operation was successful in abolishing the right quadrant pain.

Nonparasitic cysts can also coexist with peripheral cholangiocarcinoma. The association was
found in patients with PLD after kidney transplantation. The presence of liver metastasis from
colorectal cancer was also found in patients with PLD (Figure 15).

Figure 15. CT, axial view, with (A) and without (B) i.v. contrast showing coexistence of a bulk solid liver metastasis
from colonic cancer in a patient with previously known PLD.

Figure 13. CT, axial view: voluminous hydatid cyst in the right hepatic lobe and small cyst mass in segment II-III. (A)
Native; (B) after administration of i.v. contrast.
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Serological tests for Echinococcus are electrosyneresis, hemagglutination, and ELISA (enzyme-
linked immunosorbent assay) (the latter two being quantitative) [32]. The specific serology for
Echinococcus has a sensitivity of 80% in the diagnostic process of parasitic cysts.

Serum tumor markers (e.g., CA 19-9 and CEA) must be checked to rule out neoplasia.

Right upper pain requires workup to exclude other associated pathology that may be the only
or in addition responsible for causing the symptoms. Thus the surgeon should rule out
cholelithiasis, gastroesophageal reflux disease, peptic ulcer disease, acute gastritis, or color‐
ectal cancer. Upper and lower gastrointestinal endoscopy can reveal such pathologies and help
avoiding misdiagnosis and mistreatment based solely on the pain supposedly caused by the
hepatic cyst.
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complicated hepatic cysts require therapeutic intervention (Algorithm 2). It is considered that
surgery is necessary for cyst of more than 5 cm in diameter. The primary indication for surgery
is troublesome pain.

5.1. Percutaneous treatment

Percutaneous aspiration under ultrasound guidance of the cyst fluid is a mini-invasive
procedure with a high recurrence rate if it is not associated with injection of a sclerosing agent
in the remnant cavity.

Percutaneous treatment is performed on an inpatient basis under local anesthesia with
lidocaine or sedation. For cyst puncture, an 18-gauge aspiration needle can be used. The
puncture line must be chosen through normal hepatic parenchyma to avoid fluid leakage into
peritoneal cavity. To prevent intracystic bleeding during evacuation caused by the sharp
contact of the needle with the cyst wall, a 6- to 7-F catheter can be used instead. After complete
evacuation of the cyst, the fluid is sent to cytological and bacteriological examination. Even in
the absence of obvious signs of communication of the cyst with the biliary tree, this possibility
must also be ruled out before injecting the sclerosant. Otherwise, an irreversible sclerosing
cholangitis may supervene. There are available some imagistic methods to check the commu‐
nication between liver cyst and biliary ducts. The most feasible and reliable method is the
injection of a diluted US contrast agent (e.g., 2–4 drops of SonoVue, Bracco International B.V.
in 40–200 ml 0.9% saline) in the evacuated cyst. The volume of contrast agent injected is the
same or lower than the aspirated one [33]. Other alternative methods in ruling out cyst–biliary
tree communication are cystography, ERCP, and bile duct scintigraphy [23].

Only after the absence of biliary communication is certified, the instillation of the sclerosant is
allowed. One has to choose from a list of sclerosing agents that include ethanol [34–36],
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minocycline hydrochloride [37], tetracycline chloride [38], hypertonic saline solution [39],
polidocanol [40], and ethanolamine oleate [41].

Ethanol has remained the most used sclerosing agent. It destroys the cell lining of the cystic
cavity and discontinues the cystic fluid secretion. Different concentrations of ethanol (95–99%)
and different volumes (10–50% of the cystic volume) have been reported. The exposure time
varies from 10 min to 4 h. In order to minimize ethanol side effects, time exposure to ethanol
should be less than 60 min. When using ethanol instillation, the cyst must be completely
evacuated, a condition that is not necessary when using other sclerosing agents. After complete
cyst evacuation, its walls collapse hampering the thorough distribution of sclerosant, with the
risk of its subsequent lobulation. The other sclerosants are active in small concentration and
do not need complete evacuation of the cystic fluid. When the cyst is only partially evacuated,
the misplacement of needle tip is also avoided. The residual fluid is progressively resorbed
through microscopic communication between the cyst and the surrounding liver parenchyma.
Polidocanol needs only one application. Its application is painless and hence no intracystic
anesthesia or sedation is required [33].

The percutaneous treatment can be repeated when necessary. Percutaneous drainage must be
done under antibiotic prophylaxis. The recommended antimicrobial is ciprofloxacin because
cephalosporins (e.g., cefazolin) were not found totally successful in preventing cyst infection
after drainage [42]. Even if infection of the remnant cavity occurs, it can be remitted by oral
Ciprofloxacin (500 mg twice daily) associated or not with clindamycin (300 mg three times
daily) [42]. Oral ciprofloxacin is also indicated as the first line treatment in infected cysts [43].

5.2. Radiofrequency ablation

Radiofrequency ablation (RFA) for the treatment of hepatic cysts with the largest diameter up
to 10 cm was reported to be efficient, safe, and free from complications [44].

5.3. Surgical treatment

High success rates in the treatment of hepatic cysts were reported being associated with
laparoscopic or open deroofing [24].

5.3.1. Laparoscopic approach

Laparoscopic fenestration was first reported by Z’graggen in 1991 [45]. Being associated with
low recurrence rate, reduced morbidity, and short hospital stay, laparoscopic fenestration
tends to become the standard treatment for the simple hepatic cysts.

The indications for laparoscopic approach are determined not by the size but the location of
the cysts, being limited to those located in the segments II, III, IV, V, and VI (Figure 16) [29].
However, some authors advocate that the use of a flexible laparoscope facilitates the laparo‐
scopic approach of lesions located in the postero-superior segments of the liver (segments I,
VII, and VIII) [46]. Hepatic cysts that cannot be entirely explored laparoscopy are not candi‐
dates for laparoscopic approach.
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Figure 16. CT showing serous hepatic cyst in segment VI–VII. (A) Axial view, (B) coronal view, and (C) sagittal view.
Laparoscopic approach is not indicated for such localization of the hepatic cyst.

Laparoscopy is not suitable for fenestration in case of close proximity of the cyst wall to the
hepatic veins and inferior vena cava (Figure 17) [47].

Figure 17. CT, axial view, with contrast (A) and without contrast (B): large simple hepatic cyst in contact with the infe‐
rior vena cava and hepatic veins and other two small cysts in proximity. Patient was submitted to open surgery.

Previous laparotomies or laparoscopies are not considered contraindications to the laparo‐
scopic approach.
A 30° laparoscope is used. A medium CO2 insufflation and an intra-abdominal pressure less
than 12 mm Hg should be used to avoid gas embolism. Liver veins are little prone to col‐
lapse in the supine position. The effect of venous gas embolism depends on the rate of CO2

infusion and its volume. For adults, the potentially lethal volume is estimated at 200–300 ml
or 3–5 ml/kg [48]. Surgeons must routinely purge laparoscopic tubing systems with CO2 gas.
If the system is not adequately purged with CO2 gas before, substantial amounts of air (con‐
taining 79% of the insoluble N2) may be insufflated into the peritoneal cavity from the tub‐
ing and may cause air embolism [48].Generally, the patient lies in the supine position with/
without abducted legs or lithotomy position on the operating table. A left side-lying posi‐
tion of the patient can help approaching liver cysts located in the segments V-VI.
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The operative procedure in the standard operation of fenestration is performed using three or
four ports. One 10-mm trocar is inserted into the abdominal cavity through the umbilicus as
an observation port. The main operating hole is located under the xiphoid and is made to
accommodate a 10- or 12-mm trocar. Another hole is placed in the right upper quadrant of the
abdomen at the medioclavicular line for insertion of a 5-mm trocar. An additional port can be
placed for exposure, depending on the cyst localization.

On video inspection, the liver mass appears exteriorized on the hepatic surface with a
translucent wall. If the serous hepatic cyst has no complication, there are no tight adhesions
to the surrounding tissues. Instead, if the cyst is complicated by inflammation, infection, or
hemorrhage, the surface of the corticalized cyst may develop tight adhesions to the surround‐
ing organs and the cyst wall appears thick and thus indistinguishable from other hepatic cysts
(e.g., hydatid cyst, pyogenic abscess, and tuberculoma) (Figure 18).
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Figure 18. Serous cyst in segment IV, V, and VIII. (A) Intraoperative aspect of complicated hepatic 
cyst with  adhesions  to  the  diaphragm  and with  thick wall  that make  it  undistinguishable  from 
hydatid  cyst.  (B)  Intraoperative  aspect  of  the  aspirated  liquid.  The  brownish  color  is  likely  the 
result of an unrecognized intracystic hemorrhage.
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converted  to  open  operation,  and  liver  resection  is  performed.  If  mural  nodules,  intracystic  septum,  or  honeycomb 
appearance  is  visualized,  but  there  is  no  microscopic  evidence  of  cystadenoma  or  cystadenocarcinoma  on  frozen 
sections, hepatectomy can be performed laparoscopically to clear all the affected segments.                                                                                
Any  suspected  communication  with  the  bile  duct  should  be  carefully  investigated  intraoperatively.  Some  authors 
consider the closure of the open bile duct under laparotomy to be a more rational choice [49]. Other authors advocate for 
laparoscopic closure of the communication with the bile duct [50]. 
Recurrence  is  low  if wide cyst wall  resection  is accomplished. Fenestration can be carried out by electrocautery hook, 
bipolar  scissors,  high  frequency  bipolar  electrocoagulation  LigaSureTM  (Valleylab,  Tyco  International  Healthcare, 
Boulder, CO), Ethicon Ultracision Harmonic Scalpel LCS‐5  (Ethicon, Cincinnati, Ohio), or cutting stapler. Argon beam 
coagulation may complete hemostasis. The cystic dome is resected up to 3–5 mm from the hepatic parenchyma to avoid 
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In  case  of  aspiration  of  a  straw‐colored  liquid  and  in  the  absence  of  bile  staining  of  the  cystic  wall,  intraoperative 
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Sclerosant  or  alcohol  application  on  the  remnant  wall  of  the  cyst  is  recommended  to  prevent  possible  further  fluid 
secretion  by  cyst  epithelium  and,  hence,  hepatic  cyst  recurrence.  The  great  omentum  should  be  packed  into  larger 
cavities to decrease dead space and prevent fluid collection. An omental flap transposition is recognized as an important 
aid in reducing the risk of cyst recurrence, but it is contraindicated in infected cysts.  
The drainage of  the  remnant  cavity must meet  the declivity principle,  especially  for  those cysts  situated  in  the upper 
liver segments. The main reason for reconstitution of the cyst after operation is the coverage of the remnant cavity by the 
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Figure 18. Serous cyst in the segments IV, V, and VIII. (A) Intraoperative aspect of the complicated hepatic cyst with
adhesions to the diaphragm and with thick wall that make it undistinguishable from hydatid cyst. (B) Intraoperative
aspect of the aspirated liquid. The brownish color is likely the result of an unrecognized intracystic hemorrhage.

After cyst evacuation, a large access to the cavity of the cyst should be obtained. The walls of
the cyst are carefully inspected to identify possible indentation, vegetation, or thickness. Any
suspicious lesion of the cyst wall must be biopsied and sent to frozen examination to rule out
malignancy. If neoplastic changes are found, the laparoscopy is converted to open operation,
and liver resection is performed. If mural nodules, intracystic septum, or honeycomb appear‐
ance are visualized, but there is no microscopic evidence of cystadenoma or cystadenocarci‐
noma on frozen sections, hepatectomy can be performed laparoscopically to clear all the
affected segments.

Any suspected communication with the bile duct should be carefully investigated intraoper‐
atively. Some authors consider the closure of the open bile duct under laparotomy to be a more
rational choice [49]. Other authors advocate for laparoscopic closure of the communication
with the bile duct [50].

Recurrence is low if wide cyst wall resection is accomplished. Fenestration can be carried out
by electrocautery hook, bipolar scissors, high frequency bipolar electrocoagulation Liga‐
SureTM (Valleylab, Tyco International Healthcare, Boulder, CO), Ethicon Ultracision Harmonic
Scalpel LCS-5 (Ethicon, Cincinnati, Ohio), or cutting stapler. Argon beam coagulation may
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After cyst evacuation, a large access to the cavity of the cyst should be obtained. The walls of
the cyst are carefully inspected to identify possible indentation, vegetation, or thickness. Any
suspicious lesion of the cyst wall must be biopsied and sent to frozen examination to rule out
malignancy. If neoplastic changes are found, the laparoscopy is converted to open operation,
and liver resection is performed. If mural nodules, intracystic septum, or honeycomb appear‐
ance are visualized, but there is no microscopic evidence of cystadenoma or cystadenocarci‐
noma on frozen sections, hepatectomy can be performed laparoscopically to clear all the
affected segments.

Any suspected communication with the bile duct should be carefully investigated intraoper‐
atively. Some authors consider the closure of the open bile duct under laparotomy to be a more
rational choice [49]. Other authors advocate for laparoscopic closure of the communication
with the bile duct [50].

Recurrence is low if wide cyst wall resection is accomplished. Fenestration can be carried out
by electrocautery hook, bipolar scissors, high frequency bipolar electrocoagulation Liga‐
SureTM (Valleylab, Tyco International Healthcare, Boulder, CO), Ethicon Ultracision Harmonic
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complete hemostasis. The cystic dome is resected up to 3–5 mm from the hepatic parenchyma
to avoid hemorrhage and bile leakage from the cut edge of the liver parenchyma. The resected
cyst is sent for frozen section and permanent histopathologic evaluation. If the cyst is not well
corticalized on the liver capsule and the standard unroofing of the cyst is considered of
inadequate size that can predispose to recurrence, then the cyst wall should be excised
including a 3- to 4-mm rim of hepatic parenchyma. If the bile is spotted along the cystic edge,
a hemostatic clip or a tie suture can be applied [46].

In case of aspiration of a straw-colored liquid and in the absence of bile staining of the cystic
wall, intraoperative cholangiography is not indicated. However, in case of bile contamination
of the cyst or compression of the biliary tree, intraoperative cholangiography is required to
evaluate the biliary tree [51]. Intraoperatively missed biliary communication could lead to
prolonged biliary fistula and even biliary peritonitis.

Sclerosant or alcohol application on the remnant wall of the cyst is recommended to prevent
possible further fluid secretion by cyst epithelium and, hence, hepatic cyst recurrence. The
great omentum should be packed into larger cavities to decrease dead space and prevent fluid
collection. An omental flap transposition is recognized as an important aid in reducing the risk
of cyst recurrence, but it is contraindicated in infected cysts.

The drainage of the remnant cavity must meet the declivity principle, especially for those cysts
situated in the upper liver segments. The main reason for reconstitution of the cyst after
operation is the coverage of the remnant cavity by the diaphragm. To establish a dry residual
cavity after fenestration of liver cysts located in the segments VII and VIII, the vacuum effect
of the respiratory movements of the diaphragm should be counteracted by an efficient external
drainage. The drainage tube should be left in place until complete cessation of the secretion
certified by ultrasound evaluation. The use of pigtail catheters for drainage is preferred to the
usual drainage tubes for upper sited liver cysts. The realization of an efficient external drainage
might be accomplished by transparenchymatous placement of the tube.

The atypical hepatic resections for large and/or multiple hepatic cysts that occupy more
segments are laparoscopically feasible if performed by surgeons with advanced training in
this technique. Most of these atypical hepatectomies involve the left lobe (Figure 19). Generally,
the cut surface of the liver remains covered by the cyst wall.

5.3.2. Single-incision laparoscopy

Single-incision laparoscopic surgery can reach the effect of “no scar” and can be safely and
effectively carried out in these patients. The operation is performed using a dedicated port
such SILSTM Port (Covidien, MA, USA), GelPort® Laparoscopic System (Applied Medical,
CA, USA), QuadPort+ (Olympus, PA, USA), or X-cone (Karl Storz, Germany). However, three
trocars can also be used by their insertion into abdominal cavity through one 2.5-cm incision
designed along the ventral midline on the upper edge of the umbilicus. The incision is sufficient
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Minilaparoscopic-assisted transvaginal approach is also mentioned [52].

5.3.3. Robotic approach

Robotic surgery is another possible approach, and it has been used in our clinic for nonparasitic
hepatic cyst fenestration. The use of the Da Vinci robotic surgical system has certain technical
advantages over the standard laparoscopic technique in case of the posterior location of the
liver cysts [53]. However, conversion to laparoscopic or open surgery in case of difficulty is
laborious and time consuming and could be life-threatening in a dire emergency.

5.3.4. Classic approach

The communication between cystic cavity and bile duct encountered during operation can be
managed in different ways. The suture of the biliary communication is enough, but the means
of doing that depend on different surgeons. Cystojejunostomy is mentioned by some authors
[54], but it became history in our clinic. Biliary-enteric anastomosis is necessary if there is a
concern of postoperative leak or intrahepatic biliary obstruction after suture control [55].

If cystadenoma is suspected, due to its malignant potential, the recommended therapy is
laparoscopic or open cyst enucleation or liver resection. But if any suspicion of cystadenocar‐
cinoma exists or especially if malignancy is proved by cytology of aspirated cyst fluid or frozen
sections, the surgical decision should be open liver resection with tumor-free margins.

Enucleation is generally feasible due to the existence of a well-defined plane between the cyst
wall and the normal liver parenchyma that is generally avascular (Figure 20). For cysts
centrally situated, with an increased risk of intraoperative hemorrhage, Pringle maneuver

Figure 19. Patient with PLD and ADPKD operated by laparoscopic approach for hepatic cysts. CT in axial view shows
small serous cysts grouped in segments II and III (A) and a large serous cyst in segment IV (B). Laparoscopic interven‐
tion was successfully performed.
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brings clear benefits. If there is a direct contact of the cyst wall with the portal pedicle, hepatic
vein, or inferior vena cava, that portion of the wall can be abandoned if no malignancy is
identified on frozen sections (Figure 21). However, there still remains the risk of abandoning
malignant areas or malignant degeneration of the remnant cyst wall over time. For this reason,
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it is recommended to destroy the epithelium lining of the remnant cyst wall by electrofulgu‐
ration or argon beam coagulation.

In case of  malignant cytology and/or histopathology,  the only potentially curative treat‐
ment is complete removal of the hepatic cyst,  usually by a major liver resection with 1-
cm free margin [15].

The elective treatment for the infected hepatic cysts is antibiotherapy combined with percu‐
taneous drainage. It is thought that infection itself kills the inner epithelium, so the regular use
of sclerosant injection into the cyst is not generally adopted by some authors. A shortening of
time for sclerosant instillation is suggested by others [56]. In case of failure of the mentioned
treatment, there is a need for surgery.

When intracystic or intraparenchymatous hemorrhage is certain, the active bleeding with
negative hemodynamic impact imposes emergency operation. Otherwise, the percutaneous
treatment can be the first option.

In dealing with cyst rupture, there is no standard therapy. In the presence of peritoneal
irritation or internal hemorrhage signs, emergency operation is the rule. In the absence of such
signs, the management may vary from conservatory treatment with close observation to
surgical intervention [57].

18

Enucleation is generally feasible due to the existence of a well‐defined plane between the cyst wall and the normal liver 
parenchyma that is generally avascular (Figure 20). For cysts centrally situated, with an increased risk of intraoperative 
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Figure 20. Recurrent cyst in segments IV–V with close proximity to the right 
portal pedicle (A) and gallbladder (B) on CT, coronal views. Intraoperative 
aspect of a thick cyst wall (C) and of hepatic parenchyma after cyst 
enucleation (D). 

 
 

Figure  21.  Intraoperative  feature  of  the  abandoned 
wall of a huge serous cyst that occupied segments IV 
and  VIII  and  contained  a  chocolate‐like  fluid.  The 
hemostasis  on  the  hepatic  rim  was  achieved  by 
continuous suture. 

Figure 20. Recurrent cyst in segments IV–V with close proximity to the right portal pedicle (A) and gallbladder (B) on
CT, coronal views. Intraoperative aspect of a thick cyst wall (C) and of hepatic parenchyma after cyst enucleation (D).
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Figure 21. Intraoperative feature of the abandoned wall of a huge serous cyst that occupied segments IV and VIII and
contained a chocolate-like fluid. The hemostasis on the hepatic rim was achieved by continuous suture.

5.3.5. Treatment of PLD

The appropriate treatment of PLD is based on Gigot’s classification on CT findings. Most
current therapies are invasive. However, the conservative management with lanreotide, a
long-acting somatostatin analogue, is promising, being associated with a reduction of liver
volume in PLD [58, 59]. Sclerotherapy is considered ineffective in the management of PLD.
Laparoscopic fenestration is feasible only for PLD type I in Gigot’s classification (Figure 22).
For type II, open fenestration is indicated. For type III, only liver resection or liver transplan‐
tation is permitted in symptomatic patients. If liver transplantation is anticipated, fenestration
or resection should be avoided to decrease postoperative morbidity and mortality.

5.3.6. Liver transplantation for PLD

Most of the patients with PLD have combined liver and kidney cystic disease. There are
questions regarding whether kidney and liver transplantation must be performed and whether
these transplants should be performed simultaneously or consecutively. The patients with
advanced renal failure (dialysis or predialysis stage) need combined liver and kidney replace‐
ment. However, those patients who have normal renal function do not need a combined
transplantation. It was reported that maximum 33% of the patients who first received a liver
transplant alone needed a kidney transplant later [60]. In many patients, the renal function
improves after orthotopic liver transplantation (OLT), possibly due to the release of compart‐
ment syndrome. Massive hepatomegaly causes an abdominal compartment syndrome that
negatively affects renal function which can be reversed after OLT. Other authors argue that a
combined liver and kidney transplantation should be performed even in patients with limited
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renal dysfunction or even normal renal function. This strategy is justified by the progression
of cystic renal disease after OLT and the immune advantage in transplanting both organs
harvested from the same donor, rather than having to perform a third-party kidney trans‐
plantation later [61].

OLT is a rare procedure for PLD. It represents approximately 1% of all indications [62]. Total
hepatectomy followed by OLT offers the chance of definitive treatment. The indication of OLT
may be too drastic considering the absence of immediately life-threatening liver failure, the
potential hazards associated with OLT procedure and postoperative immunosuppression, and
the organ shortage. Indications for OLT in PLD are massive hepatomegaly, compartment
syndrome, and clinically advanced malnutrition that produce severe physical and social
handicap. Generally, these patients have preserved liver function and normal model for end
stage liver disease (MELD) score if they do not have renal involvement [63].

Two drawbacks to OLT for patients with PLD are the susceptibility to infection caused by
severe malnutrition and overimmunosuppression, and further degradation of renal function
caused by immunosuppression. Therefore, the maintenance of immunosuppression in such
patients must be lower than usual and the steroids should be discontinued after 3 months. It
is also important not to delay OLT in these patients; otherwise, complications such portal vein
thrombosis, portal hypertension, Budd–Chiari syndrome, peripheral cholangiocarcinoma, and
liver failure may result in poorer tolerance of the patient to procedure, increased graft loss,
and increased costs [62].
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Figure  22.  CT  for  a  female  patient  with  PLD  submitted  to  laparoscopic 
fenestration of the largest cysts situated in hepatic segments IV–V and VII–VIII. 
(A) Axial view of the upper  liver.  (B) Axial view of  the  lower  liver.  (C) Sagittal 
view of the liver. D. Coronal view of the liver.
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patients have preserved liver function and normal model for end stage liver disease (MELD) score if they do not have 
renal involvement [63]. 
Two  drawbacks  to  OLT  for  patients  with  PLD  are  the  susceptibility  to  infection  caused  by  severe malnutrition  and 
overimmunosuppression  and  further  degradation  of  renal  function  caused  by  immunosuppression.  Therefore,  the 
maintenance of immunosuppression in such patients must be lower than usual and the steroids should be discontinued 
after  3  months.  It  is  also  important  not  to  delay  OLT  in  these  patients;  otherwise,  complications  such  portal  vein 
thrombosis, portal hypertension, Budd–Chiari syndrome, peripheral cholangiocarcinoma, and liver failure may result in 
poorer tolerance of the patient to procedure, increased graft loss, and increased costs [62]. 
The first report of OLT for PLD was by Kwork and Lewin  in 1988, but  the patient died intraoperatively of  intractable 
bleeding. In 1990, Starzl successfully performed OLT on 4 patients with PLD. 
OLT  in  PLD  is  technically  challenging  because  of  the massive  organomegaly  (Figure  23).  If  OLT  is  anticipated  on  a 
patient with PLD,  then  any  other  surgical  interventions  should  be withheld  in  order  to  avoid massive  intraoperative 
bleeding and thus transfusion requirements.  

Figure 22. CT for a female patient with PLD submitted to laparoscopic fenestration of the largest cysts situated in the
hepatic segments IV–V and VII–VIII. (A) Axial view of the upper liver. (B) Axial view of the lower liver. (C) Sagittal
view of the liver. D. Coronal view of the liver.
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Figure 22. CT for a female patient with PLD submitted to laparoscopic fenestration of the largest cysts situated in the
hepatic segments IV–V and VII–VIII. (A) Axial view of the upper liver. (B) Axial view of the lower liver. (C) Sagittal
view of the liver. D. Coronal view of the liver.
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The first report of OLT for PLD was by Kwork and Lewin in 1988, but the patient died
intraoperatively of intractable bleeding. In 1990, Starzl successfully performed OLT on 4
patients with PLD.

OLT in PLD is technically challenging because of the massive organomegaly (Figure 23). If
OLT is anticipated on a patient with PLD, then any other surgical interventions should be
withheld in order to avoid massive intraoperative bleeding and thus transfusion requirements.

The anatomic position of the vessels is not respected in patients with PLD. In total hepatectomy,
dissection starts in the liver hilum because it is the only structure that lies at a near-normal
anatomic position. Hepatic artery, portal vein, and principal biliary duct are identified. No
attempt is made to control the suprahepatic vena cava at the beginning of dissection. Early
attempts at controlling it may result in its laceration, fatal bleeding, and pulmonary air
embolism. Patients with PLD have little portal hypertension and spontaneous portocaval
shunts and thus poor tolerance of portal clamping [62]. The surgeons must be prepared for
portal bypass if hypotension develops when portal vein is clamped. Other surgeons system‐
atically use portal bypass. By dissecting portal vein for cannulation, a broad exposure of the
intrahepatic vena cava is obtained. The decision of inferior vena cava resection is made based
on the intraoperative conditions determined during the dissection phase [64]. Some surgeons
choose to continue the dissection of the liver en bloc with the native vena cava and eventually
safely control the suprahepatic vena cava. The en bloc resection of the liver with the native
vena cava is justified by the fact that usually the cava vein is embedded within an extremely
voluminous caudate lobe [62]. There are other surgeons who performed dissection of liver
parenchyma from IVC. Cysts were aspirated to facilitate final access to the suprahepatic
inferior vena cava. However, one should be prepared for vein control through transdiaphrag‐
matic or transsternal approach.

Transcatheter embolization has been proposed to decrease arterial supply of the cysts and thus
reduce the liver size and may be beneficial prior to liver transplantation [65].

Figure 23. Female patient with PLD and ADPKD with indication for liver transplantation. (A) Body topography with
huge abdomen volume. (B) CT, axial view: extensive hepatomegaly with multiple diffuse hepatic cysts entirely occu‐
pying the liver parenchyma. (C) CT, axial view: extensive hepatomegaly with the inferior border of the liver reaching
the pelvis; multiple bilateral kidney cysts with both kidney displaced in the pelvis.
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6. Outcomes

The most frequent complications encountered in the treatment of the simple hepatic cysts are
hemorrhage and infection of the residual cavity. Recurrence of the hepatic cystic mass in the
same location must be differentially interpreted based on the previous treatment, elapsed time
from the treatment, histological type and size of the cyst, and existing symptoms.

In case of early recurrence of the hepatic cystic mass after percutaneous treatment, absence of
malignancy criteria and symptoms, the treatment may vary from simple observation by US
scan to surgical treatment, based on the patient’s consent.

In case of early recurrence of hepatic cystic mass of similar size after percutaneous sclerother‐
apy or laparoscopic fenestration and malignancy criteria absence, the treatment may vary from
percutaneous treatment to open surgery. An intracystic hematoma should be suspected as a
cause of hepatic mass persistence especially when it is associated with inflammatory and/or
internal hemorrhage symptoms. Percutaneous drainage is the first choice in the treatment of
hematoma. In case of active bleeding and/or hemodynamic instability, emergency surgical
intervention is indicated.

If the patient develops symptoms of infection associated with the persistence of hepatic cystic
mass, hepatic abscess should be suspected as a complication and antibiotic treatment should
be initiated empirically followed by further adjustments depending on bacterial cultures. If
the symptoms persist and localization of the abscess permits, the percutaneous drainage is
advisable. If the symptoms do not remit under antibiotics or the percutaneous drainage is not
feasible, the patient must be referred to surgery.

Figure 24. CT for central hepatic serous cyst (segments IV, V VII) (A) with recurrence after 3 months (B), having similar
size and causing the same symptoms to the patient
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In case of late recurrence after laparoscopic or classic fenestration for hepatic cyst, with
documented US follow-up that initially attests the cyst remission, it should be reasonable to
highly consider complete surgical removal of the recurrent cyst even if there are no serologic,
imagistic, or histological criteria of malignancy (Figure 24).

The rate of symptomatic recurrence after percutaneous sclerotherapy is around 20%.

Laparoscopic unroofing or marsupialization can completely relieve symptoms from either
simple lesions or PLD, with the procedure’s morbidity, mortality, and recurrence rates being,
respectively, 2%, 0%, and 2% for patients with simple cysts, and 25%, 0%, and 5% for patients
with PLD. For infected cysts, the procedure of choice is percutaneous drainage, with morbidity,
mortality, and recurrence rates for simple cysts being 0%, 0%, and 75%, respectively, and for
PLD, 0%, 0%, and 20%, respectively [54]. The conversion rate from laparoscopy to laparotomy
is less than 10% [66]. Postoperative morbidity in open deroofing of the hepatic cysts has been
reported to be significantly higher than in laparoscopic procedure (33% versus 13%) but the
difference may reflect the selection of more difficult cases for open surgery [66]. No mortality
is acceptable for surgical therapy of hepatic cysts, unless liver transplantation is considered.
Survival rate after OLT for PLD has been reported as high as 90% [67].
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Abstract

Hepatocellular carcinoma (HCC) is the fifth most common cancer in the world and
the third leading cause of cancer-related deaths. Up to now, surgery remains to be the
main curative strategy for hepatocellular carcinoma. In this article the author summa‐
rizes his experiences of 30 years in right trisectionectomy for huge liver tumor. A total
of 459 primary liver cancer patients were hepatomized in author's group. Among
them, 33 cases of right trisectionectomies were performed under continuous single in‐
terruption of the porta hepatis. The 1-, 3-, and 5-year survival rates were 71.9%, 40.6%,
and 34.4%, respectively. The longest cancer-free survival of right trisectionectomy in
our group is 26 years. In the author's another cohort, 51 patients underwent hepatec‐
tomy without allogeneic blood transfusion. Compared with the control group contain‐
ing 60 patients who underwent hepatectomy with allogeneic blood transfusion, the
morbidity and recurrence rates in the group without allogeneic blood transfusion
were significantly decreased (P < 0.05). Surgical anatomy study of the hepatic veins
and case reports are also included in this article. Taken together, it is obvious that
right trisectionectomy under continuous single interruption of the porta hepatis with‐
out allogeneic blood transfusion would benefit the patient with resectable huge HCC.

Keywords: primary liver cancer, right trisectionectomy, continuous single interrup‐
tion of the porta hepatis, surgical anatomy of hepatic veins, major hepatectomy with‐
out allogeneic blood transfusion

1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most common cancer in the world and the third
leading cause of cancer-related deaths. More than 80% of HCC cases are from the Asian and
African continents, and more than 50% of cases are from mainland China. It is estimated that
more than 50% of liver cancers worldwide are attributable to HBV, and up to 89% of HBV-
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related HCC cases are from developing countries [1]. Recently, increasing trends in HCC
incidence have been reported from several western countries, including France, Australia, and
the United States, mainly because of the rising incidence of HCV [2]. At least one million new
cases of HCC occur annually, and mortality from this disease remains high despite treatment.
It was reported that 10–20% of newly diagnosed HCCs are >10 cm in diameter, which is
commonly defined as huge HCC. Patients with huge HCC who survive more than 5 years were
rarely reported in the literature. Recently, it is reported that a 5-year survival rate is less than
3–5% if without treatment. The mean overall survival rates via treatments at 1 year, 3 years,
and 5 years are 66.1%, 39.7%, and 32.5%, respectively, 93.5%, 70.1%, and 59.1% for early-stage
patients [1, 3–5]. Several novel strategies have been developed for the therapy of HCC in recent
years, and the outcomes have taken marked progress. However, recurrence and metastasis
rates remain high. Up to now, surgery, including hepatectomy and liver transplantation,
remains to be the main curative strategy for hepatocellular carcinoma.

The developing history of hepatic surgery is strongly involved in the history of bleeding
control during hepatic resections. In the early 1900s, a small but significant step forward was
made in liver surgery by J. Hogarth Pringle [6], who in 1908 described a method for digital
compression of the hilar vessels to control hepatic bleeding from traumatic injuries. Since the
middle of the last century, right trisectionectomy (previous trisegmentectomy) has been used
for huge hepatic neoplasms covering right and left medial section (Figure 1). In 1975, Starzl [7]
described and clearly defined in detail a safe technique of right trisectionectomy (Figure 2).
Then he reported his experience on 30 cases of the operation in 1980, including malignant and
benign hepatic lesion [8]. Rui [9] reported his experience of 33 cases of primary liver cancer
patients undergoing right trisectionectomy.

2. Selection of patients for right trisectionectomy of huge liver tumor

Up to now, the treatment of huge liver cancers is still very difficult due to poor outcomes and
higher mortality and morbidity [9–11]. A number of reports have indicated that right trisec‐
tionectomy is effective for extensive hepatic malignancy, based on patients who have had long-
term survival after this operation [9,12,13].

The situations of tumor were detected mainly by image examinations, including B-type
ultrasonography, computed tomography (CT), magnetic resonance imaging (MRI), and
angiography. To assess liver function of the patients before operation, we adopted the classic
Child–Pugh classification, the ICGR test, and some concrete parameters, as described in
standards [9].

The feasibility of right trisectionectomy for a given patient must be carefully evaluated
according to the following criteria [9]: (1) tumor(s), including less than 2 satellite nodules, must
be limited to the right lobe and left medial portion of the liver (there is no evidence of cancer
invasion in left lateral segment); (2) tumor mass with clear borders or a pseudocapsule, and
there is no tumor thrombus in the trunk of the portal vein and hepatic vein; (3) there is no
evidence of distant metastasis; (4) compensatory enlargement of the left lateral section should
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Figure 1. Photograph shows major hepatectomy. The regions in black color present the resected parts of the liver in
various major hepatectomy.
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be obvious; (5) the Child–Pugh classification of liver function must be grade “A” and the
indocyanine green retention rate at 15 min (ICGR 15) should be lower than 15% before surgery;
and (6) serum bilirubin is less than 34 mmol/L, serum albumin higher than 30 g/L, and serum
prothrombin time larger than 60% before surgery.

A total of 459 primary liver cancer patients were hepatomized in our group. Among them, 33
cases of right trisectionectomies were performed. The patients included 24 males (72.7%) and
9 females (27.3%) with ages ranging from 15 to 69 years. Of the 33 cases, 28 (84.8%) were
hepatitis B surface antigen (HBsAg) positive and 5 (15.2%) were negative. There were 8/33
cases (24.2%) with slight cirrhosis and 25/33 cases (75.8%) without cirrhosis; 22/33 cases (66.7%)
were grade A in Child–Pugh classification, and 11/33 cases (33.3%) were grade B when the
patients were hospitalized, but became grade A before surgical procedures through positive
hepatic protective therapy; 27/33 cases (81.8%) with elevated serum α-fetoprotein (the highest
value of AFP was 20,000 ng/ml) and 6/33 cases (18.2%) with normal α-fetoprotein. Sizes of
tumor ranged from 8 to 20 cm. The stage of tumors was all IVa (T4N0M0). Pathological
examination showed that 27 cases (81.8%) were hepatocellular carcinoma, 2 cases (6.1%) were
cholangiocarcinoma, and 4 cases (12.1%) were mixed hepatocellular cholangiocarcinoma.
Tumor thrombi were found in 17 cases (51.5%) in the right branch of the portal vein. Macro‐
scopic satellite nodules were found in 15 cases (45.5%) and did not presented in left lateral
section of the liver. All right trisectionectomies were performed under continuous single
interruption of porta hepatis. The 1-, 3-, and 5-year survival rates after right trisectionectomy
were 71.9%, 40.6%, and 34.4%, respectively [9]. The longest cancer-free survival of right
trisectionectomy in our group is 26 years. This patient is still alive in Beijing. Recently, it is
reported from The National Health and Family Planning Commission of The People's Republic
of China that a mean of 5-year survival rate for HCC is 10.1% in China. It is obvious that right
trisectionectomy would benefit the patients with resectable huge HCC.

3. Surgical procedures characterized by continuous single interruption of
the porta hepatis for right trisectionectomy

Foster said (1989), “Surgical technique is an art form. It can be very personal, based mostly on
experience, or it can take a cookbook approach. For many standard operations, we follow in
the ruts created by our teachers, perhaps adding a nuance or two called forth by an unusual
situation or by a creative mind. Unfortunately, many years ago when I needed help, there was
no available to teach me to operate on the liver” [14].

Multiple intermittent hepatic inflow occlusion for hepatic resection had been proposed. The
significance of intermittent hepatic inflow occlusion for hepatectomy had been generally
accepted [15]. Belghiti et al. [16] demonstrated that the intermittent interruption of flow
through the porta hepatis with periods of 15 min of clamping and 5 min of unclamping led to
better parenchymal tolerance than continuous flow interruption, especially in patients with
abnormal liver parenchyma. The total ischemic time under intermittent interruption of flow
through the porta hepatis for hepatectomy was approximately 30–90 min (2–6 times of
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clamping for 15 min each time). Nevertheless, in 1988, Rui reported his work on hepatectomy
for primary liver cancer in Queen Mary Hospital (Hong Kong) titled 100 Cases of Hepatectomy
under Normothermic Continuously Single Interruption of Porta Hepatis without Mortality. We
performed successfully major hepatectomy (Figure 1) for totally about 600 patients with HCC
combined mostly with cirrhosis under normothermic continuous single interruption of porta
hepatis. These studies were summarized in 20 cases of hemihepatectomy [17]; 4 cases of right
trisectionectomy [18];179 cases of major hepatectomy, including 54 patients in elderly group
and 125 in the nonelderly group [19]; and 33 cases of right trisectionectomy [9]. In the179 cases
of major hepatectomy, the surgical procedures were shown in Tables 1 and 2. The postopera‐
tive complication rate was 10.6% (19/179), and the operative mortality was 1.1% (2/179). We
noted that elderly HCC patients tend to presentations of significantly lower HBsAg positivity,
smaller tumor sizes, less portal vein tumor thrombi (PVTT) and satellite nodule formation,
earlier TNM staging, better differentiated tumors, less progressive, less aggressive, and less
intrahepatically recurrence than that in the nonelderly. We found that Child–Pugh grading,
PVTT, and Edmondson–Steiner grading independently predict postsurgical prognosis of
elderly patients with HCC. In 2015, Uwatoko et al. [20] reported two cases of patients over 90
years old who underwent major hepatectomy for HCC, representing the oldest patients in the
world to have done so. Generally, hepatectomy can be well tolerated for the elderly HCC
patients, and a beneficial outcome similar to that of the nonelderly individuals can be expected,
despite they had poorer liver function.

Surgical type
Elderly group (≥65 years)

(n = 54 )

Nonelderly group
(≤65 years )

(n= 125 )

Right trisectionectomy 2 23

Left trisectionectomy 1 1

Extended right hepatectomy 2 11

Extended left hepatectomy 3

Right hepatectomy 9 20

Left hepatectomy 2 11

Central hepatectomy 4

Combined segmentectomy 20 34

Segmentectomy 8 6

Left lateral segmentectomy 5 7

Nonanatomical resection 5 5

Table 1. Summary of surgical type in 179 major hepatectomy under normothermic continuous single interruption of
porta hepatis

In all of the major hepatectomy performed in our cohorts, the ischemic time under continuous
single interruption of porta hepatis lasts generally 15 to 20 min, occasionally 40 min. The mean
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ischemic time in our cohorts is 20.6 min, which is much less than that of multiple intermittent
hepatic inflow occlusion of the porta hepatic for major hepatectomy. The mean bleeding
amount is 400 ml (400–2000 ml). The mortality and morbidity rates were 1.2% and 24.7%,
respectively, indicating that the procedure can be carried out safely. In the process of hepatic
resection under normothermic continuous single interruption of porta hepatis, the operative
blood losing is much less, and the operating time is much shorter than that under multiple
intermittent hepatic inflow occlusion. Capussotti et al. [21] reported their results of a prospec‐
tive, randomized clinical trial from Italy that is similar to our experience. It is obvious that
major hepatectomy under normothermic continuous single interruption of porta hepatis can
be well performed if the surgeon has meticulous skill in liver surgery. Therefore, the inter‐
mittent interruption of the porta hepatis may not be generally necessary. It is now commonly
agreed that compared with intermittent multiple hepatic inflow occlusions, continuous single
interruption of porta hepatis can simplify procedures, shorten operating time, and reduce
blood losing, especially during transaction of liver parenchyma. In addition, it is well known
that reperfusion injury following ischemia is a clinically important process that contributes
significantly to tissue damage [22,23]. Continuous single interruption of the porta hepatis
during liver resection not only diminishes blood losing but also may attenuate reperfusion
injury following ischemia as compared with multiple intermittent interruption of the porta
hepatis.

Moreover, we have demonstrated via animal experiment on rats that intermittent or continu‐
ous clamping leads to similar extent of postischemic liver injury after a total 40 min clamping
of porta hepatis [24]. The total 40 min interruption of porta hepatis, either intermittently or
continuously, may cause reversible liver injury shown mainly by ALT and AST, and slightly
by MDA and SOD in rats (Figure 3). Structural alteration was seen in liver tissue and hepato‐
cytes but could recover gradually after blood perfusion was restored. Notably, no significant
difference is seen in biochemical and structural injury between multiple intermittent and
continuous single interruption, i.e., continuous single interruption of porta hepatis within 40
min would not significantly enhance the reversible injury of either liver structure detected by
light and electron microscopy or liver functions detected by ALT and AST compared with the
injury resulted from multiple intermittent interruption. Moreover, the levels of MDA, which
is a marker for injury of peroxidation, resulted from ischemia/reperfusion, and SOD, which
represents the scavenging potential for oxygen free radical, have no significant difference

Year Overall survival rate Cancer-free survival rate

1 82.0% 73.1%

2 56.7% 53.2%

3 51.1% 46.0%

4 46.2% 44.5%

5 40.2% 38.1%

Table 2. Survival rate of 179 cases of major hepatectomy for HCC under single time interruption of the porta hepatis
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between continuous single interruption and intermittent interruption of porta hepatis for the
total 40 min ischemia(p>0.05). In addition, this experiment showed that GSH might be a
protectant from liver injury that resulted from ischemia/reperfusion(p<0.05) [22].

Figure 3. Comparison of liver injury induced by continuous single interruption and intermittent interruption of the
porta hepatis via experiment on rats. Rats were divided into four groups (n = 8): (1) treated by intermittent interruption
twice for 20 min each time with an interval of 5 min, (2) treated by continuous single interruption for 40 min, (3) treat‐
ed by intermittent in administration of GSH (reduced glutathione), and (4) treated by continuous single interruption
for 40 min in administration of GSH through portal vein. Malondialdehyde (MDA) and Cu/Zn superoxide dismutase
(SOD) are used for the detection of injury induced by oxygen free radical in ischemia/reperfusion and protection level,
respectively. Blue color curve: intermittent interruption; red color curve: continuous single interruption. Pre: preinter‐
ruption of porta hepatis; After: postinterruption of porta hepatis; Reper: reperfusion after interruption. 1 vs 2 & 3 vs
4 :p>0.05; 1 vs 3 &2 vs 4 : p<0.05.

4. Surgical anatomy study of the hepatic veins

Major hepatectomy under single interruption of porta hepatis requires fast operation in
resection of liver lesion. It is most important for the liver surgeon to proficiently know the liver
surgical anatomy. Hepatic vein is importantly related to the liver surgery. If hepatic vein is

Experiences of 30 Years in Right Trisectionectomy for Huge Liver Tumor
http://dx.doi.org/10.5772/61175

289



not treated perfectly in liver surgery, air embolization and bleeding may easily occur. Dai and
Rui et al. [25] studied the anatomy of hepatic vein by perfusing ABS acetone solutions with
various colors and then etching the liver parenchyma with HCl to show the draining variations
of hepatic veins (Figure 4). We found that in 106 cases of livers from human fresh corpse, the
draining variations of hepatic veins were rather popular. The variations appear mostly at Sg
III, VI, and VII, least at Sg I, II, and VIII (Table 3). We also found that 80% (85/106) of middle
vein and left vein join together into IVC (Figures 5 and 6), and 54.7% (58/106) middle vein is
draining areas of VI, V, and VIII segments [25]. This work provides anatomic basis, especially
when nonregular resection is performing and also warns to the liver surgeons to pay attention
to the variations of hepatic veins. For example, during the execution of right trisectionectomy,
the surgeons must carefully differentiate the middle hepatic vein (MHV) and the left hepatic
vein (LHV) as well as their branch. In this case, the veins being taped must be MHV, as shown
in Figure 6 (3,4), and RHV, as shown in Figure 6 (5,6), but not the HLV in Figure 6 (1,2) in the
variants. As branches 1, 3, and 5 are rather thin, if any branch (such as 3 and 5 in Figure 6) of
MHV and RHV is neglected and not taped, removing the liver being resected not only is
impossible but also would subsequently lead to bleeding. Meanwhile, if the LHV or its branch
(1,2) is taped, necrosis of the remnant liver parenchyma would happen. Any mistake would
result in severe outcome.

Figure 4. Surgical anatomy study of hepatic veins. (1) Left hepatic vein (LHV); (2) middle hepatic vein (MHV); (3) right
hepatic vein (RHV); (4) right posterior and inferior vein; (5) left intersectional plane vein; (6) IVC.
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Figure 5. Photograph shows right hepatic vein (R), left hepatic vein (L), and Middle vein (M).

These veins run in the midplane of the liver (middle hepatic vein), the right intersectional plane
(right hepatic vein), and the left intersectional plane (left hepatic vein). UV is the umbilical
vein, which normally drains part of Sg 4 into the left hepatic vein.

Right hepatic vein (R) Main type 49.0% (52/106)

Disperse type 21.7% (23/106)

Mix type 29.3% (31/106)

Middle hepatic vein (M) Typical type 54.7% (58/106)

Expand toward right type 19.8% (21/106)

Expand toward left type 10.4% (11/106)

Expand toward right and left type 8.5% (9/106)

Contract type 6.6% (7/106)

Left hepatic vein (L) Main type 69.8% (74/106)

Disperse type 20.8% (22/106)

Expand toward right type 9.4% (10/106)

Table 3. Variant rate of hepatic vein draining in 106 cases livers
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Figure 6. The taping veins for right trisectionectomy in one type of variant. This figure shows one type of variant, i.e.,
middle vein and left vein joined together into IVC, in which 1 and 2 are of LHV and 3 and 4 are of MHC. During the
execution of right trisectionectomy on this variant, the taped veins must be RHV (5,6) and MHV (3,4), but not LHV
(1,2).

5. Surgical arts of right trisectionectomy

The aim of liver resection in hepatocellular carcinoma is to remove the cancer with minimal
operative risk. The major causes of hospital mortality associated with hepatectomy are
postoperative hepatic failure, bleeding, and postoperative septic complications. It is obvious
that surgical arts (skills) are extremely important for an ideal outcome of hepatectomy. The
surgical arts of right trisectionectomy applied in my group are as follows:

1. Continuous single interruption of porta hepatis has been conventionally applied to
attenuate bleeding. Based on the majority of HCCs company cirrhoses, the cirrhotic liver
cannot tolerate liver ischemia as well as the normal liver. Compared with multiple
intermittent hepatic inflow occlusion, continuous single interruption of porta hepatis
significantly attenuates bleeding during hepatic resection. The author summarized a
cohort of 459 cases hepatectomy for primary liver cancer patients. Among them, 33 cases
of right trisectionectomies were performed. Continuous single interruption of porta
hepatis has been applied for all of hepatectomy. The interruption of porta hepatis lasted
15 to 40 min. The operative mortality was 3.0% (1/33). These data suggested that contin‐
uous single interruption of the porta hepatis can be regarded as an effective and safe
method to limit bleeding even if in right trisectionectomies [9].
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2. Ultrasonic dissector (CUSA system 200) for dissecting hepatic parenchyma is applied,
instead of previous finger fracture technique, introduced by Lin et al. [26]: The use of
ultrasonic dissector makes the operative fields more clear.

3. Major hepatectomy without allogeneic blood transfusion has been advocated. Blood loss
during liver resection is one of the most important factors affecting the perioperative
outcomes of patients undergone hepatectomy. It has been accepted that infiltrative tumor
type, surgical margin <10 mm and intraoperative blood transfusion are independent
prognostic factors for overall survival [27,28]. Given that, cancer recurrence is the key
factor related to overall survival. Besides the tiny tumor that was not able to be found and
remains of cancer during surgical resection, the tumor recurrence after a curative hepa‐
tectomy generally resulted from the initiation and development of new lesion in the
remnant liver, where apoptosis and proliferation of hepatocytes are both very active based
on chronic hepatitis and cirrhoses. In other words, hepatocarcinogenesis in the remnant
liver may occur de novo. It is well known that oncogenesis and development are tightly
linked with immunosuppression. Perioperative transfusion of allogeneic blood would
result in clinically significant effects on the recipient’s immune system, including immu‐
nosuppression, and thus is associated with an increased rate of cancer recurrence, which
has been confirmed in colorectal cancer, but is less known with other cancers [29,30]. We
have demonstrated that major hepatectomy without allogeneic blood transfusion can
reduce postoperative morbidity and recurrence rate of patients with hepatocellular
carcinoma [25]. In this study, 51 patients were in the test group without allogeneic blood
transfusion, and 60 patients were in the control group with allogeneic blood transfusion.
In the text group the operative mortality and morbidity of major hepatectomy were 0%
and 9.8%; the 1-, 2-, and 3-year recurrence rates were 24.1%, 27.6%, and 31.0%, respectively,
as compared with the control group they were 3.3% and 28.3%; 43.5%, 54.3% and 58.7%,
respectively. Statistically significant differences were seen in the morbidity and recurrence
rates of patients with liver cancer between these two groups (P < 0.05). In the test group,
62.7% of patients underwent autotransfusion in hepatectomy for hepatocellular carcino‐
ma. One potential risk of autotransfusion is considered to be linked with circulating tumor
cells planting back to the remnant liver and leading to HCC recurrence. Hirano et al. [31]
further demonstrated the safety and effective of autotransfusion: the cumulative 10-year
survival rate in autotransfusion group and allotransfusion group were 20% versus 8%.
Therefore, the bleeding control is most important in hepatectomy for avoiding perioper‐
ative transfusion of allogeneic blood. The mechanism of harmful effects resulted from
allotransfusion on morbidity and recurrence of patients undergone hepatectomy have
been discussed in another article from Rui et al. [27].

6. Adjuvant therapy and therapy after recurrence

Surgical therapy is best combined with appropriate adjuvant therapies based on individual
situations of the patient. In case of tumor recurrence, the first choice is resection of the resectable
tumor. Nevertheless, either surgical therapy or nonsurgical therapy, transcatheter arterial
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chemoembolization (TACE), radiofrequency ablation (RFA), percutaneous ethanol injection
(PEI), cryotherapy coagulation therapy, ultrasound (US)-guided percutaneous microwave,
high intensive focused ultrasound (HIFU), iodine125 brachytherapy, immunotherapy, cyto‐
therapy, etc., can be considered according to individual situations of the patient to perform
personalized therapy.

7. Case report

7.1. Case 1

The largest cancer-free survival time in our patients with huge HCC undergone right trisec‐
tionectomy has been more than 26 years. This patient is still alive in Beijing. The patient was
a 57-year-old woman and diagnosed with hepatocellular carcinoma, and a right trisectionec‐
tomy was performed under continuous single interruption of the porta hepatic in 1988. The
resected tumor weighted 2200 g (Figure 7, the left photograph).

7.2. Case 2

A 24-year-old man was diagnosed with hepatocellular carcinoma. A right trisectionectomy
was performed under continuous single interruption of the porta hepatic. The intraoperation
bleeding was 1500 ml. The patient accepted autologous blood transfusion (600 ml), and no
allogeneic blood transfusion was administered. The resected tumor weighted 2500 g (Figure
7, the right photograph). The patient was discharged from hospital after recovery at 32 days
after operation.
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7.3. Case 3

A 40-year-old male patient was suffering from hepatocellular carcinoma. The tumor diameter
over 20 cm. One day, the tumor ruptured and the patient went into shock. Then the patient
was urgently operated for right trisectionectomy. By follow-ups, the CT examination showed
that no recurrence existed within 4 years after operation.

8. Conclusion

Right trisectionectomy is an effective and safe therapeutic strategy for huge HCC. Continuous
single interruption of porta hepatis is an effective procedure in the attenuation of bleeding and
shortening operation time based on skilled surgical manipulation and anatomical knowledge
even in the treatment of huge tumor of primary liver cancers. Because of increasing morbidity
and recurrence it is suggested to avoid allogeneic blood transfusion for patients undergone
major hepatectomy. However, if necessary, autogeneic blood transfusion can be applied.
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Abstract

The liver is the most frequently injured abdominal organ. Abdominal injuries occur in
31% of patients of polytrauma with 13 and 16% spleen and liver injuries respectively, and
pelvic injuries in 28% of cases, making differential diagnosis between pelvic or intractable
abdominal injury difficult.[1] Liver trauma is the most common cause of death after ab‐
dominal injury. The most common cause of liver injury is blunt abdominal trauma. Iden‐
tification of serious intra-abdominal trauma is often challenging; many injuries may not
manifest during the initial assessment and treatment period. Liver frequently injured fol‐
lowing abdominal trauma and associated injuries contribute significantly to mortality
and morbidity, and may mask the liver injury and causes delay in diagnosis. Manage‐
ment of hepatic injuries has evolved over the past 30 years. Prior to that time, a diagnostic
peritoneal lavage (DPL) positive for blood, was an indication for exploratory celiotomy
because of concern about ongoing hemorrhage and/or missed intra-abdominal injuries
needing repair. The recognition that between 50 and 80 per cent of liver injuries stop
bleeding spontaneously, coupled with better imaging of the injured liver by computed to‐
mography (CT) and efficient ICU management, has led progressively to the acceptance of
nonoperative management (NOM) with a resultant decrease in mortality rates.

Keywords: Blunt liver trauma, penetrating liver trauma, liver trauma grade, liver lacera‐
tion, subcapsular hematoma, bile leak, hemobilia, biloma, parenchymal destruction,
FAST, DPL, stab wound, hepatic artery embolization, nonoperative management

1. Introduction

Abdominal trauma is an emergency condition and, if not treated properly, is associated with
significant morbidity and mortality. Today despite advancement in recognition, diagnosis,
and management, the mortality remains high. Trauma is the second largest cause of hospital
admission with 16% of global burden of all health cost. As per the estimate of the World Health
Organization, by 2020, trauma will be the first or second leading cause of years of productive life
lost for the entire world population [1].

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



The liver remains the most frequently and seriously injured abdominal organ due to trauma.
About 31% patients of polytrauma have abdominal injuries. Almost 13% and 16% of cases have
spleen and liver injuries, respectively, and pelvic injuries are seen in about 28% of cases. In
close location of many organs, it is difficult to make differential diagnosis between pelvic or
intractable abdominal injuries [2, 3].

In abdominal injuries, liver trauma is the leading cause of death. The most common way liver
gets injured is in blunt abdominal trauma. By trauma, the identification of serious intra-
abdominal injuries is a challenging task; many injuries may not be apparent during the initial
assessment and treatment period. Since the liver gets frequently injured with other abdominal
organs following abdominal trauma, associated injuries contribute significantly to mortality
and morbidity and may cause the liver injury to be masked and diagnosis delayed. The
management of hepatic injuries has evolved over the past 30 years. Previously, a diagnostic
peritoneal lavage (DPL) was done to find out active bleeding and to diagnose missed intra-
abdominal injuries needing surgical intervention. If DPL is positive for blood, it was an
indication for exploratory celiotomy. Nowadays, it is recognized that between 50% and 80%
of liver injuries stop bleeding spontaneously. In addition, there is better imaging of the injured
liver by computed tomography (CT). Both these factors have led progressively to the accept‐
ance of nonoperative management (NOM) and a resultant decrease in mortality rates [4, 5].

2. Mechanism of injury

Injury to liver ranges from major and serious to minor non serious injuries. It can extend from
minor subcapsular hematomas and small capsular lacerations to major deep parenchymal
lacerations, major crush injury, and vascular avulsion. Many factors contribute to the vulner‐
ability of liver to injury in trauma. The liver is the biggest solid abdominal organ. It is sur‐
rounded by many organs and have attachments with peritoneal ligaments, giving it a relatively
fixed position. Liver is anterior in the abdominal cavity in right upper quadrant. It is highly
vascular in nature and has fragile parenchyma. The support of Glisson’s capsule is easily
disrupted making this organ vulnerable to injury. Motor vehicle accident is the most common
cause of blunt liver injury.

Not surprisingly, even in the penetrating abdominal trauma, the liver is the second most
commonly injured organ [6]. Most common cause of penetrating liver injury are due to knife
assaults and gunshot wound. The severity of penetrating injury depends upon the trajectory
of the missile or implements. The injuries can range from simple parenchymal injuries or se‐
rious and major vascular laceration [7].

During respiration, the liver margin, which can usually be palpated 2 to 3 cm below the right
rib margin, rises and falls with the diaphragm. With expiration the dome of the liver rises as
high as the level of nipple which is T4. This association with chest wall also makes liver
vulnerable during injuries to chest. Furthermore, the penetrating injuries in the lower abdomen
can cause serious trauma to liver as the inferior margin of the liver descends to as low as T12
with deep inspiration. [8].
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Type A injury: Patients suffer from rupture of the left liver lobe mostly along the falciform 
ligament, including segment II, III, or IV of the liver. This injury pattern is observed when 
the trauma has a direct frontal impact of the trauma energy. 

 

Type B injury: These injuries represent mechanisms of trauma with a more complex 
pattern of energy, with impacts coming from several directions, affecting segments V–VIII 
of the liver. 

Figure 1. Type of liver injury 

3. Assessment of liver trauma 

Figure 1. Mechanism of blunt liver trauma and the type of liver injury

The right liver lobe is more often involved, owing to its larger size and proximity to the ribs.
Compression against the fixed ribs, spine or posterior abdominal wall generally result in
predominant damage to posterior segments (segments 6, 7, and 8) of the liver (>85%). Inversely,
a blow to the right hemithorax may propagate through the diaphragm producing contusion
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of dome of right lobe of liver. Liver’s ligamentous attachments to diaphragm and posterior
abdominal wall act as sites of shearing forces during deceleration injury. Liver injury can also
occur as a result of transmission of excessively high venous pressure to remote body sites at
the time of impact. Weaker connective tissue framework, relatively large size, and incomplete
maturation and more flexible ribs account for higher chance of liver injury in children
compared to adults. Deceleration injuries producing shearing forces may tear hepatic lobes
and often involve the inferior vena cava and hepatic veins. While a steering column injury can
damage an entire lobe. In general, liver trauma may result in subcapsular/intrahepatic
hematomas, lacerations, contusions, hepatic vascular injury, and bile duct injury [9, 10].

Based on the mechanism and site of blunt liver trauma, the liver injury could be classified into
two types, type A and B as described in (Figure 1) [11].

3. Assessment of liver trauma

The initial resuscitation and evaluation of the patient with blunt or penetrating abdominal or
thoracic trauma is similar. Most commonly, the initial resuscitation, diagnostic evaluation, and
management of the trauma patient with blunt or penetrating trauma are based upon protocols
from the Advanced Trauma Life Support (ATLS) guidelines, established by the American
College of Surgeons Committee on Trauma (Table 1) [12].

Primary examination

Airway

Breathing

Tension pneumothorax

Open pneumothorax

Flail chest

Massive hemothorax

Circulation

Massive hemothorax

Cardiac tamponade

Secondary examination (thoracic injury that endanger life)

Simple pneumothorax

Pulmonary contusion

Tracheobronchial lesions

Closed cardiac injuries

Traumatic aortic rupture

Traumatic diaphragm injury

Lesions crossing the mediastinum

Table 1. Systematic survey in ATLS
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Accordingly, hemodynamically unstable trauma patients need to be transferred immediately
to the operating room for emergency explore laparotomy for better life-saving evaluation and
management. If the clinical setting allows, a Focused Assessment with Sonography for Trauma
(FAST) exam, DPL, or CT may be performed [13].

Plain films obtained during the trauma evaluation are generally nonspecific but may demon‐
strate right-sided rib fractures, which increase the suspicion for liver injury [14].

3.1. History and physical examination

Trauma generally causes irritation of diaphragm and patient complaints of pain in the right
upper abdomen, right chest wall, or right shoulder. The suspicion for liver injury increases if
patient gives history of trauma to the right upper quadrant, right rib cage, or right flank.
Clinically, most apparent findings like abdominal pain, tenderness, and distention are seen in
cases of severe abdominal hemorrhage, including hemorrhagic shock.

Even though the most common findings indicative of intra-abdominal injury are abdominal
tenderness and other peritoneal signs, these findings are not sensitive or specific for liver
injury. Commonly seen physical findings due to liver injury include generalized abdominal
tenderness or localized tenderness on right upper quadrant or lower chest wall, presence of
abdominal wall contusion or hematoma (e.g., seat belt sign), or chest wall instability due to rib
fractures. Sometimes significant liver damage can occur without a wound in close proximity
to site of injury. Any penetrating injury to right chest, abdomen, flank, or back increases the
seriousness of injury. A negative history and normal physical examination does not reliably
exclude liver injury.

Many times, physical examination findings can be unreliable due to many reasons. Such
mechanisms of injury often result in other associated injuries and that can divert the physician’s
attention from serious life-threatening intra-abdominal pathology. The injury can be under‐
estimated due to nonspecific signs and symptoms, an altered mental state, drug and alcohol
intoxication, and interpatient variability in reactions to intra-abdominal injury [1].

In about 80% of patients, other concurrent injuries can be present with blunt liver injury, which
can include lower rib fractures, pelvic fracture, spinal cord injury, or combination of injuries.
Such concurrent injuries can lead to rupture of vena cava, colon, diaphragm, right lung,
duodenum, kidney, and extrahepatic portal structures [15].

4. Diagnosis

The physical stress of trauma is common in patients of liver injury, and this can cause disturbed
biochemical blood test. Initial rise in white blood cell count and low red blood cell count is a
nonspecific finding. The degree of anemia correlated to the volume of blood loss. Such loss
can be from liver or other than the liver. Other causes include amount of crystalloids or colloids
used during initial resuscitation. In posttraumatic hemorrhage, the duration and course of
developing anemia is variable and as already explained related to the frequency, amount, and
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rapidity of exogenous fluid administration and endogenous fluid shifts. Therefore, it is
important to anticipate that significant liver trauma-related bleeding can happen irrespective
of the presence or absence of anemia at the time of initial patient presentation.

In the hemodynamically stable patient, diagnosis of liver injury may be suspected based upon
history of mechanism of injury, findings on physical examination, or laboratory findings of
blood or other body fluids [16].

Imaging, especially using computed tomography (CT) with intravenous contrast of the
abdomen, confirms the injury and also helps in defining the grade of injury. The characteristic
pattern of pooling of intravenous contrast in or around the liver suggests ongoing bleeding
and thus warrants the need for intervention. The imaging with the help of CT scan is also useful
in identifying concurrent intra-abdominal and chest injuries [2, 17, 18].

The role of FAST examination comes when patient is hemodynamically unstable. However,
in cases of intraparenchymal injuries, a negative FAST examination is not sufficient to exclude
liver injury. Signs of liver injury on FAST examination include the presence of a hypoechoic
(black) rim of subcapsular fluid, fluid in Morrison’s pouch (hepatorenal space), or intraperi‐
toneal fluid around the liver. The main objective of this investigation is quick bedside assess‐
ment for hemoperitoneum and hemopericardium. The primary utility of this investigation is
identifying the presence of blood and bleeding and not the identification of or defining the
degree of organ injuries [19, 20] (Table 2).

Figure 2. Assessment of trauma patient
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⋅ It detects free fluid in the abdomen or pericardium
⋅ It will not reliably detect less than 100 mL of free blood
⋅ It does not identify injury to hollow viscus
⋅ It cannot reliably exclude injury in penetrating trauma
⋅ It may need repeating or supplementing with other investigations

Table 2. Value of The Focused Assessment with Sonography in Trauma (FAST)

Even if diagnostic peritoneal aspiration or lavage (DPL) has largely been replaced by the
FAST examination, it may still be useful in selected patients, if the FAST is equivocal. In
addition,  the  ATLS  still  includes  DPL  modality,  and  it  remains  one  of  the  skills  that
physicians need to learn for ATLS certification. However, a recent Cochrane review has put
a question mark on the reliability of ultrasonography for early diagnostic investigations in
patients with suspected blunt abdominal trauma [21].

Detailed  systematic  abdominal  ultrasound  examination  in  the  radiology  suit  and/or
magnetic  resonance imaging (MRI)  is  time consuming and not  feasible  in the setting of
hemodynamic instability of trauma in the initial diagnosis of liver injury. Furthermore, it
puts the patient in a location remote from trauma management area. However, MRI may
be useful in a subset of hemodynamically stable patients who cannot undergo CT scan (e.g.,
IV  contrast  allergy),  and  patients  with  suspected  bile  ductal  injury.  Arteriography  is
generally reserved for patients who have indications for hepatic embolization to manage
intrahepatic arterial hemorrhage [22, 23].

Recently, studies have tried to find out other markers that will help in grading the severity
and deciding the conservative management of blunt hepatic injury. Koca et al. [24] found that
liver transaminases can predict the hepatic injury with higher accuracy as the grade rises, and
it can be superior to FAST in terms of determining the need for laparotomy.

Out of multiple modalities available for evaluating stable patients, CT scan along with
hemodynamic stability are best in evaluating which patient requires surgery or in deciding
which patient can be safely discharged from emergency. The main drawbacks of CT scan are
its cost, low sensitivity in detecting bowel injuries, and hemodynamically unstable patients [1].
In

Table 3 some important summary points regarding investigation of blunt abdominal trauma
[25].

⋅ The diagnosis of abdominal injury by clinical examination alone is unreliable
⋅ FAST is the investigation of choice in hemodynamically unstable trauma victim
⋅ CT scan with IV contrast is the investigation of choice in hemodynamically stable trauma victim
⋅ Solid organ injury in hemodynamically stable patients with no associated injuries (requiring urgent surgery) can
often be managed without surgery

Table 3. Investigation of blunt abdominal trauma: key points
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5. Hepatic injury grading

One of the most widely accepted injury grading scale to grade hepatic injuries is the American
Association for the Surgery of Trauma (AAST) classification system. A study done using the
National Trauma Data Bank (NTDB) in 2008 about the solid organ injuries showed that about
67% of hepatic injuries are Grade I, II, or III [26].

The nonoperative management (NOM) can give rise to higher successful outcome for low-
grade injuries (Grades I, II, and III) and less success in cases of high-grade injuries (Grades IV
and V). The major benefit of AAST grading system is for predicting the likelihood of success
with NOM (see Figure 3).

(a)  (b) 

 
(c) 

 

Figure 3. CT scan images show (A) Grad II Subcapsular, nonexpanding, 10-50% surface area; intraparenchymal nonex‐
panding <10 cm diameter; (B) Grad III liver injury with >3 cm laceration in the left lobe; (C) CT showing Grade IV liver
injury with parenchymal disruption involving more than 25% of the liver.

Patients with Grade VI injuries are universally hemodynamically unstable and surgical
intervention is required. The grades of hepatic injury are described in Table 4 [27-29].
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Grade Type Injury Description

I Hematoma Subcapsular, nonexpanding, <10 cm surface area

Laceration Capsular tear, nonbleeding, <1 cm parenchymal depth

II Hematoma Subcapsular, nonexpanding, 10-50% surface area; intraparenchymal nonexpanding <10
cm diameter

Laceration Capsular tear, active bleeding, 1-3 cm parenchymal depth <10 cm in length

III Hematoma Subcapsular, >50% surface area or expanding; ruptured subcapsular hematoma with
active bleeding; intraparenchymal hematoma >10 cm or expanding

Laceration >3 cm parenchymal depth

IV Hematoma Ruptured intraparenchymal hematoma with active bleeding

Laceration Parenchymal disruption involving 25-75% of hepatic lobe or one to three Couinaud’s
segments within a single lobe

V Hematoma Parenchymal disruption involving >75% of hepatic lobe or >3 Couinaud’s segments
within a single lobe

Laceration Juxtahepatic venous injuries (i.e., retrohepatic vena cava/central major hepatic veins)

VI Hematoma Hepatic avulsion

Table 4. Grading of liver injury based on the American Association of Surgery for trauma (AAST; 1994 revision) (data
adopted from Moore EE, Cogbill TH, Gregory JJ, Shackford SR, Malangoni MA, Howard CR. Organ injury scaling:
spleen and liver. J Trauma 1995;38:323-4)

In high-grade liver injury patients, liver-related complication rates are 11-13%. These can be
predicted by the volume of packed red blood cells transfused at 24 hours post-injury and the
grade of liver injury [30, 31].

6. Management

In the last 30 years, the management of liver injury has evolved significantly. The advancement
of imaging studies has played an important role in the conservative approach for management.
A shift from operative to nonoperative management for most hemodynamically stable patients
with hepatic injury has been prompted by the speed and sensitivity of diagnostic imaging,
particularly due to CT scanning and by advances in critical care monitoring [32, 33].

The operative versus NOM strategy depends upon presence of other injuries and medical
comorbidities, hemodynamic status of the patient, and grade of liver injury (Table 5).

A positive FAST scan and DPL in hemodynamically unstable liver trauma patient promotes
emergency abdominal exploration to establish the source of intraperitoneal hemorrhage. If the
source is liver itself, an exploratory laparotomy is performed. The bleeding is control may be
achieved through a damage-control approach or by using specific techniques for liver
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hemostasis. The approach depends upon the extent of the liver injury and presence and extent
of associated injuries.

Hemodynamically “normal” Investigation can be completed before treatment is planned.

Hemodynamically “stable”
Investigation is more limited. It is aimed at establishing whether the patient can be
managed nonoperatively, whether angioembolization can be used or whether
surgery is required.

Hemodynamically “unstable”
Investigations need to be suspended as immediate surgical correction of the
bleeding is required.

Table 5. Classification of patients as per their physiological conditions after abdominal trauma

Hemodynamically stable patients with blunt liver injury who do not have other indications
for abdominal exploration can be kept under observation. Patients with right-sided penetrat‐
ing thoracoabdominal injuries, which can lacerate the liver, can remain hemodynamically
stable. Such patients can also be kept under observation provided there are no associated intra-
abdominal injuries. Nonoperative management generally fails in patients with higher-grade
injuries than those with lower-grade injuries. Still such patients should be treated with NOM
as long as they are hemodynamically stable. Other patients who suffer extra-abdominal
injuries but requiring intervention can also be kept under observation. Nonoperatively
managed patients who continue to bleed, and even with ongoing blood transfusion have
hemodynamic instability need surgical exploration. It is also indicated in those patients who
manifest a persistent systemic inflammatory response syndrome (SIRS), like presence of ileus,
fever, tachycardia, and oliguria. Grade III and higher injuries often requires a combined
angiographic and surgical management [34].

6.1. Nonoperative management

Nonoperative management (NOM) is widely accepted as the treatment of choice for hemo‐
dynamically stable patients with hepatic injury and with no other associated injuries indicating
urgent intervention. Nonoperative management (NOM) consists of repeated assessment, close
monitoring, and supportive intensive

2e care management with utilization of indicated arteriography and hepatic embolization.
Furthermore, NOM is now recommended for penetrating injury (stab wound) as well as low-
velocity gunshot wound to right upper quadrant in stable patients after exclusion of other
injuries requiring urgent laparotomy. Most of the injuries that fall in this category are Grade
I and II liver injuries [35].

In the positive response of trauma victim to initial fluid resuscitation with stable hemodynamic
status, allows for further better imaging by CT scan of abdomen and pelvis. Angiogram and
angioembolization are part of the management of all NOM algorithms if contrast extravasation
is demonstrated to improve the success rate of NOM. Operative intervention is currently
reserved to hemodynamically unstable patients, associated injuries requiring laparotomy, and
failure of NOM [36].

Recent Advances in Liver Diseases and Surgery308



hemostasis. The approach depends upon the extent of the liver injury and presence and extent
of associated injuries.

Hemodynamically “normal” Investigation can be completed before treatment is planned.

Hemodynamically “stable”
Investigation is more limited. It is aimed at establishing whether the patient can be
managed nonoperatively, whether angioembolization can be used or whether
surgery is required.

Hemodynamically “unstable”
Investigations need to be suspended as immediate surgical correction of the
bleeding is required.

Table 5. Classification of patients as per their physiological conditions after abdominal trauma

Hemodynamically stable patients with blunt liver injury who do not have other indications
for abdominal exploration can be kept under observation. Patients with right-sided penetrat‐
ing thoracoabdominal injuries, which can lacerate the liver, can remain hemodynamically
stable. Such patients can also be kept under observation provided there are no associated intra-
abdominal injuries. Nonoperative management generally fails in patients with higher-grade
injuries than those with lower-grade injuries. Still such patients should be treated with NOM
as long as they are hemodynamically stable. Other patients who suffer extra-abdominal
injuries but requiring intervention can also be kept under observation. Nonoperatively
managed patients who continue to bleed, and even with ongoing blood transfusion have
hemodynamic instability need surgical exploration. It is also indicated in those patients who
manifest a persistent systemic inflammatory response syndrome (SIRS), like presence of ileus,
fever, tachycardia, and oliguria. Grade III and higher injuries often requires a combined
angiographic and surgical management [34].

6.1. Nonoperative management

Nonoperative management (NOM) is widely accepted as the treatment of choice for hemo‐
dynamically stable patients with hepatic injury and with no other associated injuries indicating
urgent intervention. Nonoperative management (NOM) consists of repeated assessment, close
monitoring, and supportive intensive

2e care management with utilization of indicated arteriography and hepatic embolization.
Furthermore, NOM is now recommended for penetrating injury (stab wound) as well as low-
velocity gunshot wound to right upper quadrant in stable patients after exclusion of other
injuries requiring urgent laparotomy. Most of the injuries that fall in this category are Grade
I and II liver injuries [35].

In the positive response of trauma victim to initial fluid resuscitation with stable hemodynamic
status, allows for further better imaging by CT scan of abdomen and pelvis. Angiogram and
angioembolization are part of the management of all NOM algorithms if contrast extravasation
is demonstrated to improve the success rate of NOM. Operative intervention is currently
reserved to hemodynamically unstable patients, associated injuries requiring laparotomy, and
failure of NOM [36].

Recent Advances in Liver Diseases and Surgery308

The grade of liver injur4y alone and the volume of hemoperitoneum are not considered
definitive criteria for selecting operative versus NOM [37].

Large retrospective reviews reported that more than 80% of patients with blunt hepatic injury
could be treated by NOM with success rates more than 90% [38-40].

A recent Cochrane review also supported nonoperative management by concluding that
currently there is no evidence to support the use of surgery over NOM for patients with
abdominal trauma [41].

Some of the contraindications to nonoperative management of liver injury are listed in Table 6.

⋅ Hemodynamic instability after initial resuscitation
⋅ Other indication for abdominal surgery (e.g., peritonitis)
⋅ Gunshot injury (relative contraindication)

Table 6. Contraindications to nonoperative management

Patients with isolated penetrating hepatic injuries due to abdominal stab wounds has been
managed using nonoperative approach but management of patients with gunshot wounds
remains controversial. Up to one third of patients of gunshot wound, who are treated using
NOM approach, showed failure due to continuous bleeding and development of abdominal
compartment syndrome. One of the most important concerns is missed injuries to the gastro‐
intestinal tract [42].

Patients that are managed by NOM needs to be admitted in hospital, placed on bed rest, and
monitored continuously. If patients have a normal abdominal examination and stable hemo‐
globin for at least 24 hours, they can be discharged from hospitals. Large observational studies
support this practice of discharging patients with liver injury regardless of the grade of injury.
The clinical judgment of surgeon is important for deciding the length of observation [43].
Intensive care monitoring for at least 48-72 hours of hemodynamics and overall clinical
condition is required for the rest of the cases. Other investigations and repeated clinical
examinations and follow up investigations are done as indicated [44].

Thromboprophylaxis is indicated in patients with liver injury or other severe injuries who
require hospitalization and are at a high risk for thromboembolism. At the same time, delay
in the chemical thromboprophylaxis may be needed due to an increased risk of cerebral or
bleeding from other sites. Success of pharmacologic prophylaxis is seen in patients in whom
there are no other contraindications to pharmacologic prophylaxis and used when the
hemoglobin gets stabilized with less than 1 g hemoglobin decrement over a 24-hour period of
time [45].

6.2. Hepatic embolization

Hepatic embolization can be very useful way for prevention of bleeding. Success rates for
embolization depends on many factors. Factors that determine the success includes institution
policy, technique of embolization, access to arteries, skill of operator, and type of embolization
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material used. A properly carried out hepatic embolization has replaced the need for initial
operative intervention from many sites. The highest success of hepatic embolization appears
to be when used preemptively in patients who demonstrate extravasation of contrast on the
initial abdominal CT scan and when patient is hemodynamically stable. The technical success
of this technique ranges from 68% to 87%. The incidence of recurrent hemorrhage is found to
be low in retrospective reviews. Patients who have no success with observational management
can be treated with hepatic embolization. It can also be used adjunctively to manage patients
with ongoing bleeding or rebleeding from the liver after surgical treatment for liver injury [22].

6.3. Benefits and risks of nonoperative management

One of the main advantages of nonoperative management is that it reduces the risks inherent
to surgery and anesthesia procedures. However, one of the main disadvantages associated
with NOM includes an increased risk of missed intra-abdominal injury, particularly hollow
viscus injury, risks associated with embolization, and transfusion-related illness.

Blood transfusion is a life-saving measure during excessive bleeding and related complica‐
tions. However, it is also associated with many complications. Commonly seen complications
include intravascular volume overload (transfusion associated circulatory overload (TACO),
transfusion-related acute lung injury (TRALI), immunologic and allergic reactions, as well as
immunomodulation (transfusion-related immune modulation, TRIM), hypothermia, and
coagulopathy. Hepatic embolization is also associated with additional risks. These includes
risk of bleeding, complications at the arterial access site, necrosis of liver, abscess in the liver
or subdiaphragmatic space, inadvertent embolization of other organs (e.g., bowel, pancreas)
or lower extremities, arterial intimal dissection, contrast-induced allergic reactions, and
contrast-induced renal toxicity and nephropathy. When embolization is performed following
contrast CT scan, particularly in patients who with volume depletion, the risk of contrast-
induced nephropathy is even greater. Repeated clinical monitoring and surgical intervention
is a must if conservative treatment fails. Studies have shown statistically significant difference
in terms of requirements for blood transfusion and intra-abdominal complications when
comparing patients receiving operative and nonoperative treatment of liver injuries. However,
it shows no difference in the length of hospital stay [46].

The underlying important requirement for use of conservative or NOM is that this should be
under guidance of highly trained surgeons. This is because unexpected and difficult to manage
complications can occur during observation, and surgeon should be able to convert this
management to difficult surgical strategies [47].

6.4. Failure of nonoperative management

Failure of NOM is defined as the need for urgent surgical intervention and is generally related
to hemodynamic instability and bleeding that becomes apparent by the need for ongoing fluid
resuscitation or transfusion. Patients who become hemodynamically unstable, by definition,
have failed NOM. The option here is almost limited to the life-saving emergency exploration
laparotomy. Arterial embolization is less favored after NOM failure, mainly due to the time
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needed to set up the interventional radiology suite, the complexity of the embolization
procedure, and the possible failure that will delay a definitive surgical intervention [48].

Figure 4. Patient with Grade IV liver injury, as shown in Figure 3C, who was hemodynamically unstable and showed
extravasation of contrast and was unfit for angioembolization underwent laparotomy and resection of the fragmented
right posterior liver segment.

A number of complications should be anticipated in NOM. One of the most common compli‐
cations is biliary tree disruption with formation of biloma and/or persistent bile leak. Further‐
more, hepatic necrosis can be seen following angioembolization for hepatic injury. It may also
be seen following other procedures like laparotomy and hepatorrhaphy. Factors that may
contribute to or indicate failure of NOM include advanced age of patient, delayed bleeding,
sudden and severe hypotension, and active extravasation of contrast not controlled by
angioembolization [35, 49, 50].

6.5. Surgical management

The operative management of liver injuries that require surgical intervention can be a challenge
even for experienced surgeons (Table 7).

⋅ Complex anatomical structure of the liver
⋅ Large size
⋅ High blood supply (vascularity), which is dual in nature
⋅ Rich and difficult-to-access venous drainage

Table 7. Operative challenges in the management of liver injury
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Operative intervention is most commonly preferred for penetrating abdominal or thoracic
injuries with hemodynamically unstable patients. If the injury is a result of a high-velocity
gunshot wound and if there is associated hollow viscus injury, it is always the preferred
approach [51]. Hemodynamic status rather than grade of injury is more important indication
for operative management in patients with blunt abdominal and chest injuries. As a general
rule, a higher-grade injury usually has higher potential for failure of nonoperative manage‐
ment. Emergency laparotomy is also indicated in NOM if there is rebleeding, constant decline
of hemoglobin, and increased transfusion requirement, as well as the failure of angioemboli‐
zation of actively bleeding vessels [52].

Various surgical methods that are described include direct suture ligation of the parenchymal
bleeding vessel, repair of venous injury under total vascular isolation and damage control
surgery with utilization of preoperative, and/or postoperative angioembolization and perihe‐
patic packing. Less preferred methods include anatomical resection of the liver, vascular
ligation and use of the atriocaval shunt [53].

6.6. Damage control surgery

Damage control or damage limitation surgery is the concept originated from naval strategy,
whereby a ship which has been damaged can be managed with minimal repairs to prevent it
from sinking and definitive repairs can wait until it reaches port. One of the approaches
includes perihepatic packing and closure of the abdominal incision using either a Bogata bag
or a partial closure of proximal abdominal incision. With the similar approach, a minimum
surgery is needed to stabilize the patient’s condition, and in the meantime, the physiological
derangement can be corrected. Damage control surgery is done with main objectives, including
stopping any active surgical bleeding and controlling any contamination. The timing of
reexploration depends upon many factors, including the correction of acidosis, coagulopathy,
and hypothermia (i.e. trauma’s lethal triad). The window considered safe during damage
control surgery is 12-48 hours for reexploration and formal completion of the surgery [54, 55].

The algorithm for blunt liver trauma management is depicted in Figure 5.

7. Morbidity and mortality

Mortality rates for hepatic injury vary as per grade of the injury, associated injuries, and general
condition of the patient. The outcome has improved over the years, and the major contributing
factors are the new approaches in form of nonoperative management strategies, damage
control, and use of perihepatic packing. Since mortality is rarely seen with Grade I and II
injuries, the reduction seen was difficult to perceive. However, reduction in operative mortality
has seen a great decline especially for higher-grade liver injuries (Grades III, IV, and V). The
overall mortality rate may vary from 10% to 42% as per the higher grade of injuries [31].

Many studies have evaluated factors determining the mortality of hepatic injury treated by
surgical management. Various factors have been found to have strong association with rate of
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mortality, which includes hemodynamic instability, coexisting musculoskeletal and chest
injury, high levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT),
lactate dehydrogenase (LDH), long activated partial thromboplastin time (APTT), prothrom‐
bin time (PT), low fibrinogen levels, and platelet counts on admission. Not surprisingly,
mortality is notably decreased when the liver trauma is managed by hepatobiliary surgeon if
feasible [57].

8. Conclusion

i. Liver injury is a significant cause of morbidity and mortality in trauma patients, and
being the largest solid organ within the abdominal cavity, it is easily injured.

ii. Chest X-ray and FAST are useful preliminary investigations in order to determine a
correctible major injury. Diagnostic peritoneal lavage (DPL) may be preferred over
FAST where the latter is not available.

iii. Further radiological assessment may aid diagnosis, but it is applicable if that is not
delaying operative management of a patient in whom FAST is positive and patient
is hemodynamically unstable.

Figure 5. Algorithm For Nonoperative Management of Blunt Hepatic Trauma (adopted from Western Trauma Associ‐
ation critical decisions in trauma: nonoperative management of adult blunt hepatic trauma. J Trauma. 67:1144–1148,
2009).
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iv. If FAST is positive and patient is hemodynamically stable, then CT scan remains the
gold standard investigation as it delineates the extent of liver injury, identifies other
associated injuries, and directs management.

v. For hemodynamically stable patients with liver injury, irrespective of grade of liver
injury, the nonoperative management is preferred over definitive surgical interven‐
tion.

vi. Hepatic embolization may have better outcome for hemodynamically stable patients
with liver injury who demonstrate pooling of intravenous contrast on initial or
subsequent abdominal CT scan, rather than nonoperative management without
embolization.

vii. Hepatic embolization requires specialized imaging facilities and an appropriately
trained interventionist experienced with celiac artery catheterization. Failure of
hepatic embolization to control bleeding indicates the need for surgery.

viii. Operative management involves initial control of hemorrhage and contamination
followed by perihepatic packing and rapid closure, allowing for resuscitation to
normal physiology in the intensive care unit and subsequent definitive reexploration.

ix. If the patient is hemodynamically unstable despite attempts to halt bleeding,
techniques such as Pringle’s maneuver (clamping of the hepatoduodenal ligament),
simple suture and compression, hepatotomy and vascular ligation, or atriocaval
shunt may be considered.

x. If these attempts also fail to achieve hemodynamic stability, transfer to a specialist
liver surgery unit is advisable as there is substantial evidence to indicate that
mortality is reduced when hepato-pancreato-biliary surgeons manage liver trauma.
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