IntechOpen

Skin Biopsy

Diagnosis and Treatment

Edited by Suran L. Fernando







SKIN BIOPSY -
DIAGNOSIS AND
TREATMENT

Edited by Suran L. Fernando



Skin Biopsy - Diagnosis and Treatment
http://dx.doi.org/10.5772/46018
Edited by Suran L. Fernando

Contributors

Maria Azul Montani, Gisela Vaglio Giors, Khitam Al-Refu, Suran Fernando, Olga L. Bohn, Sergio Sanchez-Sosa, Julie
Teruya-Feldstein

© The Editor(s) and the Author(s) 2013

The moral rights of the and the author(s) have been asserted.

All rights to the book as a whole are reserved by INTECH. The book as a whole (compilation) cannot be reproduced,
distributed or used for commercial or non-commercial purposes without INTECH's written permission.

Enquiries concerning the use of the book should be directed to INTECH rights and permissions department
(permissions@intechopen.com).

Violations are liable to prosecution under the governing Copyright Law.

@) |

Individual chapters of this publication are distributed under the terms of the Creative Commons Attribution 3.0
Unported License which permits commercial use, distribution and reproduction of the individual chapters, provided
the original author(s) and source publication are appropriately acknowledged. If so indicated, certain images may not
be included under the Creative Commons license. In such cases users will need to obtain permission from the license
holder to reproduce the material. More details and guidelines concerning content reuse and adaptation can be
foundat http://www.intechopen.com/copyright-policy.html.

Notice

Statements and opinions expressed in the chapters are these of the individual contributors and not necessarily those
of the editors or publisher. No responsibility is accepted for the accuracy of information contained in the published
chapters. The publisher assumes no responsibility for any damage or injury to persons or property arising out of the
use of any materials, instructions, methods or ideas contained in the book.

First published in Croatia, 2013 by INTECH d.o.o.

eBook (PDF) Published by IN TECH d.o.o0.

Place and year of publication of eBook (PDF): Rijeka, 2019.
IntechOpen is the global imprint of IN TECH d.o.o.

Printed in Croatia

Legal deposit, Croatia: National and University Library in Zagreb

Additional hard and PDF copies can be obtained from orders@intechopen.com

Skin Biopsy - Diagnosis and Treatment
Edited by Suran L. Fernando

p.cm.
ISBN 978-953-51-1173-3
eBook (PDF) ISBN 978-953-51-7171-3



We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

41®®+ 116,000+ 120M+

ailable International authors and editor: Downloads

Our authors are among the

151 Top 1% 12.2%

Countries deliv most cited s Contributors from top 500 universities

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y






Meet the editor

Dr. Suran Fernando is a Clinical Immunologist and
Immunopathologist. He is a Clinical Associate Professor
of Medicine at the Sydney Medical School, University
of Sydney, Australia, the Inaugural Head of the De-
partment of Clinical Immunology and Allergy at Royal
North Shore Hospital, Sydney, the Medical Director

of HIV Services in the Northern Sydney Local Health
District, and the Manager of the InmunoRheumatology Laboratory of
the Sydney Division of Pathology North. Dr. Fernando graduated from
the University of New South Wales, Sydney in 1994 with honours and
obtained fellowships of the Royal Australasian College of Physicians and
Royal College of Pathologists of Australasia, respectively, in 2001. He
completed his doctoral thesis in 2005 in the Mycobacterial Laboratory at
the Centenary Institute, Sydney, under the supervision of Prof. Warwick
Britton, studying the p2x7 purinergic receptor and mycobacterial infec-
tions in humans. Since his appointment to Royal North Shore Hospital in
2008, he has strengthened the Discipline of Immunology though the pro-
vision of a thriving tertiary referral inpatient and outpatient service, the
establishment of specialty clinics such as drug testing and neuroimmunol-
ogy clinics, the introduction of in vitro drug allergy tests, and training and
research programs for specialty registrars and scientists. He is on several
advisory and policy forming committees including the New South Wales
HIV and Sexually Transmitted Infections Strategic Planning Committee,
The Australasian Society Clinical Immunology and Allergy Anaphylaxis
Working Party, The Australasian Society Clinical Immunology Sting-

ing Insect Working Party, The Australian and New Zealand Anaesthetic
Allergy Group, and The International Mentoring Program of the Austral-
asian Society of HIV Medicine. Dr. Fernando’s range of research interests
includes drug allergy, autoimmune bullous diseases, neuroimmunology,
and the relationship between infection and immunity. He has over 100
publications in the form of peer-reviewed articles, invited reviews, books,
book chapters, and published abstracts.







Contents

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Preface XI

Site Selection 1
Maria Azul Montani and Gisela Vaglio Giors

Scalp Biopsy and Diagnosis of Common Hair Loss
Problems 13
Khitam Al-refu

Skin Biopsy Diagnosis of Langerhans Cell Neoplasms 27
Olga L. Bohn, Julie Teruya-Feldstein and Sergio Sanchez-Sosa

Severe Cutaneous Adverse Reactions 45
Suran L. Fernando

Pemphigus Vulgaris and Pemphigus Foliaceus 105
Suran L. Fernando, Jamma Li and Mark Schifter

Oral Lichen Planus 149
Mark Schifter, Suran L. Fernando and Jamma Li






Preface

It is with pleasure that I present this book, Skin Biopsy — Diagnosis and Treatment.

Skin Biopsy— Diagnosis and Treatment is a collection of six chapters. The initial chapter on Site
Selection by Maria Azul Montani and Gisela Vaglio Giors illuminates the importance of site
selection as means of optimizing the utility of skin biopsy in the diagnosis of various dermato-
logical diseases and in many instances it is a therapeutic intervention and is useful in monitor-
ing the response to therapy. This is the first article to explore such a topic is depth.

The next five chapters encompass the application and role of skin biopsy to the overall diag-
nosis of certain conditions. An accurate diagnosis allows for an up to date discussion on the
treatment of these complex conditions as the pathogenesis and the histologic findings are
evolving and the therapeutic options are concomitantly emerging. Khitam Al-refu describes
in detail the technique of scalp biopsy and its role in the diagnosis of non-scarring and scar-
ring alopecia. Olga Bohn et al. reveal the clinical manifestations, histopathology, immuno-
profile, electron microscopic and molecular features of Langerhans cell neoplasms of the
skin, a field, which is rapidly evolving with the advances in technological applications used
in the skin tumors. I review and update the reader on the epidemiology, nosology, diagnos-
tic criteria, pathogenesis, and treatment of Stevens-Johnson syndrome/toxic epidermal nec-
rolysis, Drug Reaction Eosinophilia and Systemic Symptoms/Drug Induced
Hypersensitivity Syndrome, and acute generalized exanthematous pustulosis that comprise
severe cutaneous adverse reactions. With Jamma Li, I provide the latest review on the
pathogenesis, histology, and treatment options for pemphigus vulgaris and foliaceus. Mark
Schifter writes the final chapter by lending his expertise to the classification, pathogenesis,
histology and treatment for oral lichen planus.

I am grateful to the other authors for their excellent contributions to this book. I am incredi-
bly indebted to the InTech team for all their efforts in making this publication possible and
widely accessible to the interested public. In particular, I would like to thank Ana Pantar
from InTech for her tireless dedication, organisation, patience and faultless assistance in the
preparation of this book.

Suran L. Fernando

Royal North Shore Hospital and Sydney Medical School,
Sydney University

Sydney, Australia






Chapter 1

Site Selection

Maria Azul Montani and Gisela Vaglio Giors

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/55638

1. Introduction

Skin biopsy is a fundamental method to correct diagnosis in lots of skin diseases. To make a
"good use" of it, it is necessary to know at what time, to whom it can be done, how many
biopsies, and principally in which sites can be applied.

Once choosing the biopsy site, it must be taken into account several factors that depend on the
patient and the type of lesion concerned. Also, it should be considered the elementary type of
lesion, the depth of it, and the indemnity of the skin as well as other factors.

Within the type of lesions, there are certain diseases that have special features when the
physician decide make biopsy such as pigmented lesions and alopecia.

The skin biospies are extremely useful not only for diagnosis, but also for monitoring, therapy
evaluation and sometimes they are the treatment itself for certain skin diseases.

In recent times there have been studies that are used in skin biopsies for the diagnosis and /or
follow up of non-dermatological diseases, such as neuropathies and intravascular lymphoma
B cells. In these diseases there are not typical or no typical cutaneous lesions. Therefore, it is
in these cases when we ask where it would be the most suitable site to take the biopsy.

2. Body

The selection of the site of biopsy depends on two factors which can be classified as: patient-
dependent and dependent on the skin lesion.

Among the factors are patient-dependent which we describe as sex, age, skin type and
reception of treatments for the condition we are evaluating. Sex and age differences implicate

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
I m EC H 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.
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structural skin and variations in thickness or degree of photoaging, treatments received, such
as the use of corticosteroids, may also generate changes. All the above factors are interrelated,
since age is inversely proportional to the thickness, broadly photoaging is also associated with
age and affects the thickness of the skin, as if the patient is receiving treatment corticoid by
parenteral, oral or local cause, a decrease in thickness and increase cutaneous capillary fragility,
which could modify the histopathological appearance of skin biopsy.

Besides skin region where the lesion is located is another factor to consider when choosing the
biopsy site, as this last point can vary the amount of annexes found, as hair follicles, sebaceous
and sweat glands, the presence of previous scars or the presence of inflammatory or reactive
changes unrelated to the underlying disease, such as stasis dermatitis in the legs may become
evident.

Whenever possible, the operator should take samples from several representative sites on the
trunk or proximal extremities, given that skin on the distal lower extremities nearly always
shows a degree of inflammatory infiltrate and changes related to superimposed stasis derma-
titis; moreover, surgical wounds in distal areas will heal more slowly. [1]

Another more trivial aspect but not less important in some patients, especially in women, is
whether the lesion is in a region more or less visible, is not the same to make a skin biopsy in
the face or neck than in the abdomen, if it is located on the face or neck it will be convenient
to perform the procedure in a way that the possible scar will be the smallest. One shave biopsy
is possibly the most likely form of modality used for this area. [2]

Then there are the factors dependent of the skin lesion, first of all, it is essential to select a
representative area of the lesion devoid of artefact, it is different taking a biopsy from a tumor
than from an ulcer.

With regard to this, when choosing the biopsy site it should be taken into account the type of
elementary lesion involved and its evolution time (it depends on the type of lesion, its evolution
and the place where the skin biopsy is taken.[3]

For example, in the case of ulcers, biopsy must be performed in the edge of it trying to cover
healthy skin, and bottom edge of the ulcer; and in the case of annular lesions, such as granu-
loma annulare, dermatomycosis, erythema chronicum migrans, erythema annulare centrifu-
gum, cutaneous lupus erythematosus, porokeratosis and others, tissue must be sampled from
the active border, in the case of a lump or lesion that is felt more than seen, indicating that it
is located in the dermis and / or subcutaneous tissue, it should be done in the deepest part. As
shown, each elementary lesion involves certain characteristics that modify the selection of the
site from which the biopsy will be taken. See Table 1.

A factor to consider at the moment of doing the skin biopsy, is the level of the lesion in the
skin. In case of lesions located in epidermis and papillary dermis such as melanocytic nevus,
age spots, seborrheic keratosis, fibroepithelial polyps, common wart, superficial basal cell
carcinoma, melanoma in situ, mycosis fungoides, actinic keratosis, Paget disease (mammary
and extramammary), contact dermatitis (allergic and irritant), atopic dermatitis, seborrheic
dermatitis, plaque psoriasis, scabies, lichen planus, Gibert pityriasis rosacea and vesiculobul-
lous dermatosis. The skin biopsy should include epidermis and a bit of dermis.
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Disease Time Site selection
Alopecia areata Active Border
Telogen efluvium Active Most hairless
Erythematous, follicular plugs,
Alopecia scarring Active

inflamed follicule

Alopecia paraneoplastica

Suspicious papule

Center

) - Acute Erythematous skin vesicle
Atopic or contact dermatitis - - —
chronic Lichenified areas
Exanthema Active Lesion

Erythema annulare centrifugum

Well-developed lesion

Active border

Erythema multiforme

Targetoid lesion

One from dusky center; one from the

erythematous border

Erythema nodosum and all

o Active lesion, first week Center
panniculitides
Fascitis Active Center
Granuloma annulare Active Raised border

Larva migrans

Migrating erythema

Normal skin 2mm above the tip of

erythematous line

Lichen planus Any time Violaceous papule
o ) ) Erythematous scaly plaque with
Lupus erythematosus discoid Active lesion ]
follicular plugs

Lupus tumidus Active lesion Anywhere
Lupus erythematosus, subacute ) )

Active lesion Anywhere
cutaneous
Lupus erythematous systemic Active Anywhere

Depressed center and adjacent
Lupus profundus Center

area

1- Patche stage, untreated lesion 1- Center

Mycosis fungoides

2- Plaque stage, non-ulcerated

2- Most infiltrated area

3- Tumor stage, non-ulcerated

3-Indurated area

1- Early 1- Lilac ring
Morphea
2- Late 2- Center
o ) Ivory atrophic center, avoid bony
Necrobiosis lipoidica Anytime

area

Nephrogenic fibrosing dermopathy

Sclerotic plaques

Indurated area or sclerotic plaque

and normal-appearing skin

1- Parapsoriasis large plaque

2- Parapsoriasis small plaque

1- and 2- any stages

1- Untreated lesion

2- Center

Pityriasis lichenoides chronica

2-3 weeks old

Papulosquamous papule

PLEVA

2-3 weeks old

Necrotic papule

Psoriasis guttate

Late stage

Lesional

Psoriasis plaque

Scaly

Anywhere
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Disease Time Site selection

Psoriasis pustular Early pustule Anywhere

Pyoderma gangrenosum and ) ) )
T Small, early non-ulcerated lesion Entire lesion
ulcerative disease

Scabies Non-infected Proximal edge of burrow
Scleromyxedema Sclerotic skin Beaded papules

Tinea corporis Untreated, if possible Erythematous raised border
Tinea pedis Untreated, if possible Vesicular or scaly border
Urticaria and urticarial vasculitis Active 3 days Lesional

Table 1. Add caption

If it involves papillary and reticular dermis the technique must include these layers, these
lesions are melanocytic nevus, glomus tumor, neurofibroma, hemangioma, sebaceous nevi,
follicular cysts, basal cell carcinoma (solid, sclerodermiform), melanoma, squamous cell
carcinoma, photoallergic dermatitis, phototoxic dermatitis, polymorphic light eruption,
scleroderma, morphea, scabietic nodules, leukocytoclastic vasculitis, cutaneous lupus eryth-
ematosus, urticaria, granuloma annulare.

If they involve reticular dermis and subcutaneous tissue the biopsy has to be deeper, these
lesions are blue nevus, lipoma, dermatofibroma, epidermoid or trichilemmal cysts, melanoma,
cuteaneous lymphoma, dermatofibrosarcoma protuberans, metastasis (melanoma, breast
cancer), panniculitis, sarcoidosis, rheumatoid nodules, nodular vasculitis, polyarteritis
nodosa, thrombophlebitis, granuloma annulare. [4]

In skin diseases that manifest with multiple lesions, once the physician performs complete
physical examination of the patient along with a complete history he/she will choose the lesion
to perform the biopsy. He/she will observe the most recent lesions, the most representative
ones, in which no treatment was done, medically indicated or not, and if it is an evidence of
more than one type of elementary lesion, he/she will decide to make as number of biopsies as
types of lesions are present. If several specimens are obtained from different lesions or
appearance of different ages, these should be placed in different and appropriately labelled
containers. [3]

In addition, if an infectious process is suspected, then part of the tissue should always be
submitted for microbiology studies to identify bacteria, mycobacteria, fungi and viruses. [3]

As stated, skin biopsies must contain adequate specimen to include the three basic components
of the skin, but this depends on several aspects, a factor taken into account for this to be
possible, is the indemnity of lesional and perilesional skin, whether it is friable or soft it is more
likely that at the time of the procedure is difficult to show the three layers of the skin in the
histopathological examination. If it is hard or fibrous, it is more difficult to accomplish but it
is easier to show the various layers of the skin. The ideal lesion to be biopsied is the harmless
and / or without signs of infection, it is sometimes difficult to be like this way because in the
case of patients with pruritic lesions they can be infected by scratching. For these reasons, it is
advisable that before performing skin biopsy, the lesion should be evaluated and if necessary,
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prescribe antibiotics or local anti-inflammatories and after these take effect, do the same. It is
also common for patients that self-medicate or those who use different free sold medications
that modify the appearance of the lesion.

We note that an untreated lesion should be selected for biopsy, or in addition, one should
discontinue therapy for one week (if possible) before taking the biopsy. [3]

When someone performs a skin biopsy with diagnostic purposes, for therapeutic monitoring
or therapeutic evaluation it should not be always done on skin lesions, it can also be done on
normal skin, this happens in cases of experimental studies in which healthy skin should be
compared with affected skin. Also, biopsy of healthy skin close to skin lesions when you
suspected vasculitis or bullous disease such as bullous pemphigoid, epidermolysis bullosa
acquisita, pemphigoid gestationis, cicatricial pemphigoid, dermatitis herpetiformis, pemphi-
gus or some kind of non bullous diseases that may present blisters as lupus erythematosus or
lichen planus, for direct immunofluorescence seeking deposits of antibody as IgG, IgA, IgM,
C3, fibrin, or complexes antibody- antigen. [3][5][6] This assay should be performed in lesions
that have less than 24 hours of evolution, since otherwise it is difficult to observe the presence
of immunocomplexes and there are only reactive changes. [6]

Certain pathologies involve a careful choosing of the biopsy site, such as pigmented lesions
and alopecia.

Excisional biopsy should be performed in pigmented lesions, but in some cases it can’t be done,
the most representative area would be selected. [6] The skin biopsy is the fundamental tool of
the dermatologist to evaluate the nature of a pigmented lesion. Clinical examination and
dermatoscopy are currently the two widely utilized modalities for examination of pigmented
lesions. [2]

In a randomized controlled trial, dermatoscopy added to routine physical examination was
also shown to decrease the number of biopsies without decreasing the number of melanomas
that were detected. [7] There are 3 major techniques for the biopsy of a pigmented lesion: shave
biopsy, punch/incisional biopsy, and excisional biopsy. [8]

The decision to biopsy a pigmented lesion rests principally on the clinician’s experience;
dermoscopy is useful too. When deciding whether to biopsy or not, Bolognia has said that in
case of pigmented lessions the first step is visualizing the gross configuration of the tumor as
well as a cross-section of the skin that contains the tumor cells. Thus, an important part of the
physical examination is palpation of the suspicious lesion. Due to the fact that a melanoma
with invasion feels thicker than a melanoma in situ, palpation can aid in the selection of the
biopsy method. [8][9]

In case of multiple pigmented lesions the most unusual appearing lesion is the one that must
be taken the biopsy. Guidelines of the British Association of Dermatologists indicate that
excisional biopsy of clinically suspicious lesions is almost always preferable to any other
technique. And they note that each clinical scenario relies on decision making that takes many
factors into account.[10]
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The American Academy of Dermatology has recently issued a position statement on the
management of melanoma, recommending that a narrow excisional biopsy with 1 mm to 3
mm margins is required to clear the subclinical component of most atypical melanocyticlesions
and it is therefore preferable in almost all scenarios. [11] When performing a shave biopsy of
a pigmented lesion, the best is to remove the diameter of the lesion completely, otherwise the
biopsy is considered a partial biopsy and the true nature of the lesion cannot be ascertained
with accuracy by the examining pathologist. If a lesion is large and biopsy of the entire area
would leave a significant scar, it is better to biopsy the darkest or most unsual part of the lesion.
[8] Another remarkable aspect of the shave method is to provide good cosmetic outcome, as
we described before.

Incisional biopsies have been recommended in other circumstances, including extensive or
large pigmented lesions with unclear margins, extensive facial lentigo maligna, pigmented
lesions in acral areas, and pigmented lesions in mucosal areas. [12] Somach et al study found
a diagnostic discordance between incisional and excisional biopsy of about 40% in lesions
evaluated. This finding indicates that the portion of the lesion most worrisome to a clinician
may not correspond to the most histologicaly aggressive portion of a melanocytiv lesion. [13]
The disadvantage of the incisional biopsy technique is overcalling the lesion as a melanoma
when it is not, [8] or missing the diagnosis of a melanoma.

The gold standard for melanoma diagnosis is excisional biopsy, and it should be performed
on any lesion that is highly suspicious for melanoma. One way to select the site or the size of
the excisional biopsy is using a Wood’s lamp to detect subclinical pigmentation. The orienta-
tion is along the relaxed skin tension lines and the draining lymphatics from the site. This
orientation theoretically allows a more accurate sentinel lymph node biopsy if it is later needed.
On the extremities it is preferable to orient such excisions vertically rather than horizontally
to preserve better the lymphatic architecture. [8]

When the decision to biopsy melanonychia is made, there are 3 main methods to do: a 3-mm
punch biopsy, a shave biopsy, or a fusiform excision to the periostium. Although the most
widely accepted one is a longitudinal full-thickness excisional procedure, given that shave
biopsies fail to evaluate the thickness of the lesion. [14] Before obtaining a biopsy, the nail plate
is viewed end-on with dermoscopy, because lesions that are present in the dorsal nail plate
reflect amelanocytic origin at the proximal nail matrix, whereas lesions presented in the ventral
nail plate correspond to origin at the distal nail matrix [2]

Various choices for biopsy are available depending on the presence of Hutchinson's sign,
width and location of the nail band, and the origin within the matrix of the nail band. Regard-
less of the biopsy type, pain management and control of bleeding are paramount. [2]

When melanoma is highly suspected in a pigmented band, nail biopsy should include as much
of the longitudinal band, including periosteum, as possible. Ideally, the proximal nailfold and
nail plate should both be reflected to allow visualization of the origin of the melanonychia. For
lesions smaller than 3 mm, a telescoping punch biopsy technique can be used. [2]

When the pigmented lesion is in the lips the site selection depends on the location of it. On the
cutaneous lip, a shave biopsy is acceptable if the lesion does not cross the vermilion border. [8]
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On the mucosal lip, a punch biopsy is preferred. [8] If the pigmented lesion crosses the
vermilion border, a punch biopsy should be performed with orientation vertically. The border
of the lip should be marked with a gentian violet marking pen so that when the suture is placed
to close the defect, the border can be aligned precisely. [8]

Scalp skin biopsies are frequently performed for evaluation of the classification and patogén-
esis of alopecias. Two 4-mm punch biopsy specimens, both submitted in buffered formalin,
are required: one for vertical (longitudinal) sections, and the other for transverse (cross)
sections. If only one specimen is available, it is bisected vertically, one side (cut side down) for
vertical sectioning and the other side sectioned at Imm below the skin surface, both pieces are
embedded with sides cut down for serial sections. [3] There are limitations in interpreting scalp
skin biopsies in both vertical and cross sections: biopsy site selection is critical; the histopa-
thologic features of several end-stage alopecias cannot be distinguished and a 4 to 6mm biopsy
sample may not be representative of the entire scalp area. [3] In suspected cicatricial alopecia
a sample should be sent to histopathology and another one to perform immunofluorescence.
[6]. In cicatricial alopecias, mainly cutaneous lupus erythematosus and lichen planus, the
biopsy must be performed in an active margin, trying to choose the edge of the activity or scar
areas and (ideally no more than one third of the surface area should correspond to scar). [6]

Another factor to consider in choosing the biopsy site is the goal of it, because it could be for
diagnosis, monitoring or treatment. In case it is diagnostic, the site selection and depth varies
according to the type of elementary lesion concerned, but in most cases the center of the lesion
is the chosen place.

When the biopsy is for diagnosis, it always should, regardless of the method that is done, try
to cover the three layers of skin: epidermis, dermis and hypodermis. This last layer is essential
especially in nodular lesions, more palpable than visible.

Rajaratnam et al revised 100 skin biopsies and in 78% of the cases, histology with the aid of
clinical information was able to provide an accurate diagnosis correlating to the working
diagnosis. [15]

The skin biopsy has been reported to be of varying usefulness in making a diagnosis. [15][16]

As stated earlier the biopsy site will depend on the type of elementary lession, but in general,
incisional biopsy is preferred and will be at the center of the tumor and inflammatory lesions,
in the annular rim of annular lesions and shall include center and border in ulcers areas. In the
case of pigmented lesions excisional biopsy is preferred.

When a biopsy is performed to follow a disease is suggested to do it in the same place as the
biopsy was made to diagnose, not exactly at the same, but as close as you can, because if done
in the exact place, only scar tissue will be evident in histopathological examination. Skin biopsy
for this purpose is not necessary to do as a routine procedure, but it is indicated when the
underlying disease is malignant and treatment of it was just local, it is carried out to assess
whether it was successful or not. It can also be used as a tool for non-responsive dermatoses.
Another plausible case for the biopsy is when the first diagnosis was basal cell carcinoma or
squamous cell carcinoma and in the time of definitive treatment initial lesion can not be found,

7
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a second biopsy was performed at the site of the first or adjacent to it, to make the right
treatment.

In most instances, the purpose of the biopsy is diagnostic or monitoring, but often ends up
being therapeutic,in spite of the fact that it hasn’t been the main objective. That s, for example,
when the lesions are small, that is to say entering in a punch of 6 mm or less. It has also been
described in cases of basal cell carcinoma or keratoacanthoma in which after diagnostic biopsy
at the time of definitive treatment, is not even the primary lesion biopsied. On these cases a
second biopsy must be performed to do the correct treatment. In cases where no lesion was
found, the biopsy ended up being therapeutic without being this its first target. [17]

Laboratories in Europe and the USA have increasingly included skin biopsy in the diagnosis
assessment or follow-up of patients with Peripherals neuropathy. [18] When a skin biopsy is
done with this purpose, it can be done at any site of the body. A 3 milimeters diameter punch
is commonly used with no need for sutures. For diagnostic purpose, one skin biopsy is
commonly done at a distal site on the leg (10 cm above lateral malleolus) and a further biopsy
taken at a proximal site on the thigh (20 cm below the iliac spine); thus a proximal site and a
distal site can be compared if a length-dependent process is suspected. Skin biopsy can also
be done in other regions of the body (eg. Face, trunk, or fingers). [18]

Skin biopsy is a safe, minimally invasive, painless and cheap tool to provide diagnostic
information on small nerve fibers, which are invisible to routine neurophysiological tests.
Sommer et al in his experience with more than 1000 biopsy samples, he discovered that there
were not side-effects or complaints. Healing in those cases was usually complete within one
week, and barely visible scar usually remains. [18] Biopsy can be performed in hairy skin to
investigate unmyelinated and thinly myelinated fibers and in glabrous skin to examine large
myelinated fibers. [19]

One further advantage of skin biopsy over conventional nerve biopsy is that it allows somatic
nerve fibers to be distinguished from autonomic nerve fibers. Morphological changes, axonal
degeneration and abnormal regeneration occur in cutaneous nerves very early in the course
of peripheral neuropathies, making skin biopsy a promising tool to investigate the progression
of neuropathy and the effect of neuroprotective treatments in clinical practice and trials.[19]

The neuropathies in which the skin biopsy is useful are diabetic neuropathy [18], demyelinat-
ing neuropathies like Charcot-Marie-Tooth disease. [20][21], neuropathy associated with
systemic diseases including sarcoidosis, systemic lupus erythematosus, Sjogren’s syndrome,
celiac disease, and Friedreich’s ataxia and Fabry’s disease. [22][23][24][25]. Infectious and
inflammatory neuropathies like leprosy, HIV-associated sensory neuropathy, Churg Strauss
syndrome. [26][27].

In diabetic neuropathy, skin biopsy is the most sensitive measureof a charge in the severity of
neuropathy. [18] Monitoring method is an useful to track the progression of neuropathy in
trials of neuroprotective treatments. In case of using skin biopsy to monitor progression or
evaluate the effect of neuroprotective treatments; it should be repeated close to the site of a
previous biopsy, within the territory of the same sensory nerve [19]Another use of blind skin
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biopsy is in the diagnosis of intravascular B-cell lymphoma. This lymphoma is a rare one and
its diagnoses turns really difficult so blind skin biopsy is an option for diagnosis.

Cutaneous manifestations of intravascular large B-cell lymphoma are nonspecific and appear
as edema, peau d’orange, nodules, patches, plaques, and/or telangiectasias and can mimic
common lesions such as thrombophlebitis, livedo, or vasculitides. [28] These skin lesions are
the result of malignant lymphocytes distributed heterogeneously throughout the papillary and
reticular dermal vascular plexuses. [28][29].

Le et al describes the use of blind skin biopsy in this type of lymphoma and despite the absence
of cutaneous findings, skin biopsy specimens were obtained. There are limited data on how
often blind skin biopsy specimens yield positive results in intravascular large B-cell lympho-
ma, and there are no guidelines on which sites to choose or how many biopsies to perform. [30]
One way to select the site of biopsy is reviewing the frequency depending on location, a recent
review reported: thigh (41%), leg (35%), trunk (31%), arm (15%), and buttock (7,5%).[28] Based
on this review, biopsy specimens from the case of Le et al were taken from the front of the
thighs bilaterally, with 3 of the 4 revealing intravascular large B-cell ymphoma. [30] They have
done more than one biopsy because of the small size of the biopsy specimen itself. The skin
biopsy is a valuable and minimally invasive diagnostic tool that should be considered for
patients with a high index of suspicion for intravascular large B-cell lymphoma, even in the
abscense of cutaneous findings. [30]

Sjoberg et al described another use of skin biopsy, it can be useful to remove sea urchin spines.

A biopsy punch with a diameter of 2 mm was used to cut out each spine including a small
piece of surrounding dermal tissue to support the fragile remmants of calcium carbonate. [31]

Sjoberg et al exposed that a dermal biopsy punch, commonly found in most medical offices,
is a simple and handy tool to solve this problem and thereby reducing the morbidity of the
patient [31]

In these cases, site selection is exactly where the urchin spine is located.

3. Conclusion

In our search for information on the most suitable biopsy sites and stage of disease for optimal
pathologic diagnosis, we did not find any article devoted entirely to this subject. Only sketchy
information was available. Skin biopsy is an accessible tool, easy to perform, inexpensive,
relatively safe and allows us to access the histopathological examination of the skin in all its
depth, all layers, and microbiological studies or immunofluorescence or immunohistochem-
istry can be made from it. This diagnostic method is for the dermatologist what the blood test
is for the clinicians. Notably, its basic use, the most important and widely disseminated is in
the diagnosis of various skin diseases, but it can also be used in monitoring and therapeutic
evaluation of these diseases. For its easy carrying and accessibility, its application has been
described in the diagnosis of non-dermatological diseases such as peripheral neuropathy,

9
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innovative application, which is deployed on multiple research studies, and offers a less

invasive and easy —to-perform tool for the diagnosis of this pathology.
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1. Introduction

Patients presenting with hair loss (alopecia) is a very common problem and is often a cause of
great concern for cosmetic and psychological reasons and this has several causes; as it may be
an important sign of systemic disease.

2. Causes of alopecia

Alopecia can be either scarring or non-scarring. Non-scarring alopecias tend to have
preserved follicular ostia, with no clinically visible inflammation in most presentations,
although histologic inflammation may be present. The common types of non-scarring
alopecias are androgenic alopecia, telogen effluvium, alopecia areata, trichotillomania and
traction alopecia. Scarring alopecias, also known as cicatricial alopecia, refers to a collec-
tion of hair loss disorders that have loss of follicular ostia, or atrophy, with permanent and
irreversible destruction of hair follicles and their replacement with scar tissue. The
histologic confirmation is the best method to confirm the presence of a fibrosing/scarring
process with loss of hair follicles.

Scarring alopecias can be classified as lymphocytic (discoid lupus erythematosus (DLE), lichen
planopilaris (LPP), central centrifugal cicatricial alopecia, pseudopelade of Brocq), neutro-
philic (folliculitis decalvans, dissecting folliculitis), and mixed (acne keloidalis) entities [1].

Many alopecia types are biphasic. For example, androgenetic alopecia eventually results in
loss of ostia and thus may appear like a scarring alopecia.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
I m EC H 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.
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To establish the cause of the hair loss, one requires a history to identify known triggers, scalp
examination, biochemical investigations and in many cases histology to identify the earliest
stages of some types of alopecias esp scarring alopecia.

3. Indications of scalp biopsy in diagnosis of hair loss

Scalp biopsies can be used to make or confirm a diagnosis of alopecia. Scalp biopsy is consid-
ered mandatory in all cases of scarring alopecia. The interpretation of the histopathological
findings of primary scarring alopecias without known clinical history may be difficult and this
is especially true if the biopsy specimen is inadequate.

In non-scarring type, it is not difficult to diagnose these disorders. However, scalp biopsy can
be needed in few cases of:

* Lack of identifiable triggers.

* Severe hair loss (as in some cases of alopecia areata which does not present in a well defined
bald area, but as severe hair loss (Fig 1).

* Acute hair loss.
* Telogen effluvium does not occur in an acute way after a known triggering factor.

* Some cases of female androgenetic alopecia pattern; the clinical presentation may be similar
to other types of non-scarring alopecias.

Figure 1. year old female patient presented with diffuse, acute severe hair loss and with localized patch of alopecia
areata as it demonstrated by red arrow.
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4. Technique of scalp biopsy

It is a crucial to determine the appropriate site of a scalp biopsy to have a correct diagnosis of
alopecia, and thisapproachis differentinscarring and non-scarring types. Forascarring process,
the biopsy should be taken from the active border of hair loss where some hairs still remain and
are more likely to display diagnostic findings. For non-scarring alopecias, the preferred site of
biopsy is generally theborder of alesion (positive exclamation marks in alopecia areata), or from
thesiteofapositivepulltestinthesetting ofadiffusealopecia.Inthesetting ofevaluatingapossible
androgenic alopecia, two biopsies, one from the involved scalp (often vertex) and one from the
uninvolved scalp (often occiput; serves as a positive control) may be beneficial.

The current gold-standard for a scalp biopsy specimen is the use of a 4-mm punch and must
include subcutaneous fat to ensure sampling of the entire follicular unit and any anagen
follicles; the specimen may be sectioned vertically or transversely [2]. Although a combination
of the two may be optimal, the pathologist is frequently only provided with a single specimen.

5. Vertical sections

Vertically-sectioned punch biopsy specimen is adequate for assessing alopecias associated
with interface changes, lichenoid infiltrates, and subcutaneous pathology [3]. However,
vertical sectioning will show only 10% of the follicles present in the specimen [4]because the
hair follicles, which grow at an angle, cannot be visualized in their entirety in conventional
vertical sections.

Figure 2. Vertical section of a scalp biopsy from a patient with DLE.

15
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6. Horizontal sections

Horizontal sections are becoming the method of choice as they offer the advantage of evalu-
ating large numbers of follicles simultaneously, determining hair density, location of inflam-
matory infiltrate and anagen to telogen ratio [5]. A transversely sectioned specimen will
include all the hair follicles present in the biopsy, and in the same section. Although the clinical
impression is very important in diagnosing alopecia, transversely sectioned biopsy specimens
can greatly aid the diagnosis and management of patients with alopecia [6].

Figure 3. Transverse section from a scalp biopsy from a patient with DLE.

7. Hematoxylin and eosin staining of scalp biopsy

The histological findings in many forms of hair loss may be similar, and an accurate diagnosis
of hair loss depends on distinguishing abnormal from normal follicular architecture. It is
important to identify the normal hair follicle structure, the number, size and distribution of
hair follicles within a biopsy specimen. Hematoxylin and eosin staining of the scalp biopsies
is the usual satin in most of the cases of hair loss, but in some of the alopecias (such as DLE),
immunofluorescence staining may be needed to add in diagnosis. In addition, the pathologist
may use additional special stains to narrow a differential diagnosis or confirm an initial
impression and one of these is immunohistochemistry which is dependent on the localization
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of antigens in tissue sections by the use of labeled antibody as specific reagents through
antigen-antibody interactions that are visualized by a marker such as peroxidase.

8. Histopathological findings in different types of hair loss

Specimens are categorized as scarring or nonscarring alopecia, and further diagnostic criteria
discussed herein assist the pathologist in making specific diagnoses of nonscarring and
scarring alopecias.

9. Scarring alopecia

Histologically, cicatricial alopecia is characterized by dermal scarring, along with absent or
reduced hair follicles and reduced number of erector pili muscles. But taking skin biopsy from
the active area will be more informative about the diagnosis.

This scarring alopecia may be secondary, and due to numerous etiologies (such as due to
infectious causes (Fig 4), or primary, where the cause and pathogenesis are largely unknown,
but the target is the hair follicle itself (such as DLE and LPP).

The discussion in following sections is about the primary type as the skin biopsy is more
informative about the diagnosis.

Figure 4. Scarring alopecia in a child secondary to tinea capitis.
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10. Lupus erythematosus

Lupus erythematosus is an autoimmune disease that can affect one or more internal organs as
well as the skin. This disease is a clinical spectrum ranging from mildly affected patients with
only localized skin disease to those at risk of dying from systemic manifestations. The skin
involvement is among the most frequent symptoms; and is characterized by its natural history
of relapsing and chronicity. The scalp (Fig 5) is a common area of involvement, and permanent
alopecia may result with the following morphological features; sclero-atrophy, erythema,
follicular hyperkeratosis, plugging and telangiectasia. The irreversible, scarring alopecia
differs from the reversible non scarring alopecia that is seen in patients with systemic lupus
erythematosus.

Scarring alopecia in DLE may mimic other types of scarring alopecia seen in some dermatoses,
the most common differential diagnosis of this is lichen planopilaris (LPP) and the differen-
tiation between them is possible by early clinical and histological changes. Both LPP and DLE
show perifollicular erythema and keratotic follicular papules, but the distinctive clinical
features of DLE of the scalp are the presence of erythema, scaling, telangiectasia, and mottled
hyperpigmentation within the areas of scarring alopecia and the presence of hyperkeratotic
papules in the central part of the bald area in DLE, while in LPP it presents at the margin of
the alopecia patch [7].

Figure 5. Discoid lupus erythematosus of the scalp. The typical scaling is evident.

DLE is a scarring disease and so early treatment is needed to control existing cutaneous lesions
and limit scaring and to prevent the development of the disease. Patients with DLE lesions
should have regular clinical evaluation accompanied by simple laboratory studies to evaluate
the possible progression from the primary cutaneous disorder to the disorder accompanied
by systemic involvement. Therapy begins with general measures such as the use of sun-
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protective measures, including sunscreens, protective clothing and medical therapy includes
corticosteroids (topical or intralesional) and antimalarials.

Routine histologic examination of lesional skin from CLE patients is necessary, as the diagnosis
of CLE generally requires clinicopathologic correlation and the distinction between different
types of CLE based on histological findings without clinical correlation is difficult; all forms
of CLE are similar histologically in broad terms. Histopathological features (Fig 6) include
pilosebaceous atrophy, hyperkeratosis, parakeratosis, basement membrane thickening,
subepidermal oedema and vasodilatation. A perivascular and peri-appendageal superficial
and deep lymphoid cell infiltrate with plasma cells are other histolopathological findings.

Figure 6. DLE pathology. Note the hyperkeratosis, basal cell degeneration and heavy inflammatory infiltrate.

Direct immunofluorescence (DIF) of lesional skin in CLE is an adjunctive test; it helps to
confirm the diagnosis when the routine histological findings are equivocal. The test is positive
only in some of lesional skin biopsies; so light microscopy should be carried out before DIF.
For DIF, the optimal lesion of LE should be an established, erythematosus lesion, and of at
least 6-8 weeks in duration. The most suggestive findings are the presence of multiple
immunoreactants typically IgG and IgM, in a special pattern (bright in intensity, continuous,
perifollicular, and granular) [8]. Sometimes complement components may be present includ-
ing C3b and Cl1q. Scalp lesions have been reported to show the highest frequency of the DIF
test (83 %), the immunoreactants deposits occur around hair follicles, an important feature not
seen in other types of scarring alopecia.

Using immunohistochemistry 9], there were significant alterations in the basement membrane
zone (BMZ) in patients with active DLE and this explain the previous histological findings of
thickened BMZ in DLE. There was an increase in the expression of the anchoring fibril and
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collagen component antigens in the BMZ with gross thickening and protrusion into the dermis
in active DLE lesions (Fig 7).

Figure 7. Anti-type IV collagen staining in DLE with an exaggerated expression as demonstrated by thickness of the
basement membrane and protrusions.

11. Lichen Planopilaris (LPP)

LPP is a rare type of lichen planus which characteristically affects the scalp (Figure 8) with
perifollicular erythema, keratotic follicular spines and with patchy or diffuse hair loss which
may result in scarring alopecia as its end stage. Scalp lesions can be associated with charac-
teristic flat topped violaceous papules of lichen planus (LP) on the limbs in 50 % of cases [10].
LPP of the scalp is a scarring disease and it is difficult to treat comparing to the glabrous LP
and this has major psychological consequences for the affected patients. The therapeutic
management often is quite challenging, as relapses are common after local or systemic
treatments. The recommended treatments are ultrapotent topical or intralesional injections of
corticosteroid. Some cases may need systemic treatment including oral corticotherapy and
cyclosporine.
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Figure 8. LPP of the scalp.

Histologically (Fig 9) has been reported to show two different patterns [11], each pattern
characterized by the presence of specific histological features that reflects the specific stage of
the progression of the disease. In the first pattern, hair follicles and the perifollicular dermis
were mainly involved in the pathologic process, with no involvement of the interfollicular
structures. In the second pattern, the pathologic changes extended to the interfollicular
epidermis and the papillary dermis.

Figure 9. LPP pathology. The inflammation is mainly perifollicular with some involvement of the basal cell layers which
also show basal cell degeneration.
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Direct immunofluorescence highlights the presence of colloid bodies in the peri-infundibular
area staining with IgM (less frequently with IgG, IgA and C3).

By immunohistochemistry staining [12], there is a significant alteration in the basement
membrane structure in lesions of LPP which could differentiate it from active lesions of scalp
DLE lesions.

Figure 10. Anti-type IV collagen staining in LPP. Interrupted expression of type IV collagen in an affected hair follicle
in an LPP lesion with projections into the underlying dermis, with the adjacent epidermis showing normal expression
of the collagen

12. Non scarring alopecia

The diagnosis of this type of alopecia is usually based on a thorough history and a focused
physical examination. In some patients, punch biopsy may be necessary if the cause of hair
loss is unclear as has been described previously. The focus in the following discussion will be
on alopecia areata and androgenetic alopecia (the skin biopsies will be needed in some of
cases).

13. Alopecia Areata

Alopecia areata (Fig 11) is one form of non-scarring alopecia characterize by patchy hair loss
of autoimmune origin. It usually presents as a single or multiple confluent patches of non-
scarring alopecia. Spontaneous regression of the disease is common in this disease and the hair
may grow back if the affected region is small. Topical treatment is effective including cortico-
steroids clobetasol or fluocinonide, corticosteroid injections, or cream, steroid injections,
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topical minoxidil, irritants (anthralin or topical coal tar), and topical immunotherapy. Oral
corticosteroids decrease the hair loss, but only for the period during which they are taken.

Diagnostic pathological findings (Fig 12) are more prominent in this type of alopecia which
characterize by peribulbar lymphocytic inflammation which is usually considered to be an
essential finding in establishing the diagnosis [13]. The lymphocytic

infiltrate is rich in helper T cells, which are considered to be evidence of an autoimmune
process. Despite this, it may be absent in many scalp biopsy specimens. In the acute stage; a
moderate to dense inflammatory cell infiltrate (mainly lymphocytes and langerhans cells) [14]
develops around anagen hair and this leads finally to anagen arrest and inhibition which
weakens the lowest portion of the

hair shaft. Using follicular counts [15] related to the stage of disease is a useful way to establish
the histologic features of alopecia areata in scalp biopsy specimens taken from different types
of alopecia areata; alopecia areata should be suspected when high percentages of telogen hairs
are present, even in the absence of a peribulbar infiltrate [15].

Figure 11. Alopecia areata in a child presented with diffuse hair loss.

23
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Figure 12. Skin biopsy from a patient with alopecia areata demonstrating perifollicular lymphocytic infiltrate.

14. Androgenetic alopecia

Androgenic alopecia is the most common type of hair loss. Clinically, it is a patterned alopecia,
in that it is characterized by bitemporal recession and vertex balding in men, and in women
(female pattern hair loss) by diffuse hair thinning of the crown with an intact frontal hairline.
Histopathologically, the use of transverse sections is the most valuable method to reach a
diagnosis [16], as all the hair follicles can be visualized.

The terminal (T) to vellus (v) ratio is T: V= less than 4:14. Normal scalp ratio is T: V=7:1). A
ratio of T: V=3:1 or less is considered to be diagnostic [16], [17].
Author details
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1. Introduction

This chapter reviews the clinical presentation, histopathology, immunoprofile and molecular
features of Langerhans cell neoplasms of the skin including Langerhans cell histiocytosis
(LCH) and its malignant counterpart, Langerhans cell sarcoma (LCS). Biopsy of the skin is a
useful method to confirm LCH/LCS diagnosis, as cutaneous involvement is seen in more than
50% cases. Skin can be the only presenting site of LCH, but it is usually seen as an integral part
of multisystemic disease involvement.

Langerhans cells (LC) are bone marrow-derived antigen presenting cells [1]. Although LC,
dendritic cells and monocytic/histiocytic cells share a common multipotential progenitor cells
that reside in the bone marrow, to the date, myeloid derived macrophages and dendritic cells
constitute divergent lines of differentiation from bone marrow precursors [2]. However, recent
evidence demonstrates that LC can be generated from lymphoid-committed CD4** precur-
sors, suggesting the role of lineage plasticity/ trans-differentiation and clonal infidelity [3-4].

LC can be found in the epidermis and mucosal lining of multiple organs including cervix,
vagina, stomach and esophagus. The specific immunophenotypic profile is helpful distin-
guishing LCs, as they can express CD1a and langerin (CD207); in addition the detection of
Birbeck granules, seen in both pathological and resting LC is a prominent feature [5].

LCH encompasses a spectrum of disease characterized by an uncontrolled proliferation of LC
[5]. The etiology of LCH/LCS is unknown in most cases, and there is not clear understanding
of the pathogenesis. Although LCH is believed to be a clonal proliferation of LC [2, 6], the exact
nature is controversial, as pulmonary LCH is thought to be a reactive/inflammatory disorder
rather than a neoplastic process, and spontaneous remissions have been documented [7-8]. In
a recent study of well characterized LCH cases, 30% had clonal immunoglobulin heavy chain
(IGH@), immunoglobulin kappa light chain (IGK@) or T-cell receptor gamma (TCRG@) gene

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
I m EC H 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.
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rearrangements, suggesting a close relationship between LCH and lymphoid lineage [3].
Additional data that suggests LCH is in fact a clonal disease is the presence of specific
mutations such as BRAF V600E, which have been found in up to 76% of tumors in children
<10 years of age [7, 9].

2. Langerhans cell histiocytosis

2.1. Clinical presentation

LCH can affect a wide range of patients, including neonates, young children and adults. In
children younger than 2 years of age, cutaneous involvement is the most common presentation
[10]. In neonates and young infants, skin is frequently involved, as solitary or multiple papules
or nodules with ulceration or necrosis. Patients usually present with dermatitis-like lesions
that involves scalp, trunk, intertriginous skin folds and perineum with brownish/whitish
papules covered with scales and crust [11]. In neonates, eruptions may affect most of the body
surface. In contrast, in adults, LCH with initial presentation occurring in the skin is unusual
[12].

LCH can be localized, multifocal or multisystemic. Systemic disease can involve organs such
as bone marrow, liver, central nervous system, gastrointestinal tract, lungs and spleen.
Systemic forms include Letterer-Siwe disease (with skin, lymph node and visceral involve-
ment) and Hand-Schuller-Christian syndrome (in young children).

Congenital disease is rare and often clinically benign, presented in the form of reticulohistio-
cytosis (Hashimoto-Pritzker disease) as a self-healing or regressive form of the disease.
Congenital disease usually presents at birth or in the first few weeks of life as a widespread
cutaneous eruption of red-brown nodules that resolves spontaneously [10, 13], although it can
rarely be associated with multiorgan involvement [10, 14].

2.2. Histopathology

Recognition of morphologic and immunohistochemical features is essential to establish both
the diagnosis and the LC origin. The skin shows a predominant diffuse papillary dermal
infiltrate composed of large cells with lobulated, eccentric grooved nuclei with “coffee-bean
shape” appearance and inconspicuous nucleoli. The epidermis may be ulcerated and epider-
motropism is commonly seen (FIGURE 1).

A variable polymorphic infiltrate of eosinophils, lymphocytes, plasma cells and neutrophils
is usually admixed with neoplastic cells. Eosinophils are often but not invariably present, and
sometimes can be quite numerous, masking LC (FIGURE 2). Mitotic activity may be brisk. In
some cases, LC may resemble histiocytes or Touton cells. Sometimes, a granulomatous reaction
with histiocytic infiltrate can be identified.
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Figure 1. Histological features of Langerhans cell histiocytosis (LCH). A and B. Skin shows dermal infiltrate with epider-
motrophism. C. Cells with grooved nuclei.

Figure 2. Histological features of Langerhans Cell Histiocytosis (LCH). Skin with inflammatory infiltrate composed of
Langerhans cells admixed with abundant eosinophils and neutrophils.
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2.3. Immunoprofile and electron microscopy

Identification of LC may be done by routine hematoxylyn-eosin alone. However, confirmation
requires positive staining for CD1a, 5100 and langerin (CD207) (FIGURE 3), with variable
expression of CD68 and usually absence of CD163 stain.

Figure 3. Histological features and immunophenotypic profile of Langerhans Cell Histiocytosis (LCH). A. Skin with der-
mal infiltrate and epidermotrophism. B. Langerin immunostain (CD207) highlights neoplastic Langerhans Cells (LC). C.
LC are positive for CD1a.

A novel antibody, JL1, has been described as a specific marker in LCH. Interestingly, LC in the
epidermis of normal skin express langerin but not JL1; however both antibodies are expressed
in inflamed skin [5]. In addition, a recent specific antibody to detect BRAFV600E mutation in
LCH by immunohistochemistry is identified that can be used for routine screening [15]. E-
cadherin expression has been reported as well (FIGURE 4). Electron microscopy can be used
to demonstrate intracytoplasmic Birbeck granules of approximately 300 nm with a tennis-
racket shape.

2.4. Differential diagnosis

Related and unrelated histiocytic disorders and benign LC proliferations lead to diagnostic
pitfalls in LCH. Localized LC proliferations are seen in a vast number of skin conditions that
may be reactive, but are often neoplastic. Similarly, histiocytic infiltrates in the dermis are very
common, and appear in response to inflammatory conditions, infections and neoplasms.
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Figure 4. Immunoprofile of Langerhans Cell Histiocytosis. E-cadherin is positive in scattered LC.

LC microabscesses can sometimes be seen in the epidermis of spongiotic dermatitides and
lichenoid dermatitis. LC are usually seen as small to large collection of pale staining/mono-
nuclear cells, positive for CD1a and S100. These aggregates can mimic Pautrier’s microabs-
cessess in mycosis fungoides [16].

In children with eczematous eruptions and histiocytic infiltrates, langerhans cell hyperplasia
(LCHP) has to be ruled out. LCHP can mimic LCH and has been reported in cases of human
scabies, arthropod bite reaction, contact dermatitis and pytiriasis lichenoides and usually cells
express CD1a and S100 [17-20]. The increased in LC in the dermis can be explained by the
antigenic stimulation and cutaneous trauma that produce LC migration into the skin, espe-
cially when occurs in perivascular areas. Therefore, the clinical context in which the lesion or
proliferation arises is important in the differential diagnosis.

Likewise, reactive histiocytosis in the skin can be seen secondary to foreign body reactions to
implants and polarizable material is often identified [21]. LC can also mimic dermal histiocytes
found in inflammatory and infectious conditions (mycobacteria, fungal and parasitic process-
es), thus clinicopathologic correlation, immunostains and appropriate special stain can be
helpful in the differential. Eosinophils, a common finding in LCH can also be seen in a variable
number of conditions such as drug eruptions, urticaria and wells syndrome.

Furthermore, a group of conditions named as non-Langerhans cells histiocytosis (N-LCH) can
mimic LCH. These entities are characterized by accumulation of histiocytes and immunohis-
tochemistry is a useful adjuvant for the distinction; some of them will be describe in the
following pages [22].
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Rosai-Dorfman disease (RDD) is a self-limiting histio-proliferative disorder that can compro-
mise almost any organ, and occasionally involves the skin [23]. Cutaneous RDD is character-
ized by the presence of a dense infiltrate of foamy histiocytes with emperipolesis surrounded
by a background of lymphocytes, plasma cells and neutrophils. Occasionally, eosinophils can
be increased [24]. Histiocytic cells in RDD usually express CD68 and S100 and lack of CD1a
staining.

The Juvenile Xantogranuloma (JXG) family is a spectrum of conditions characterized by
expression of factor XIlla, CD68, CD163, fascin and CD14 but lack immunoexpression for CD1a
and S100 [22, 24]. The clinical setting is useful to differentiate the entities. JXG is a common
member of this family. JXG presents as a solitary skin lesion, most commonly seen throughout
the first two decades of life, although some cases have been described in extracutaneous sites.
JXGis characterized by circumscribed dermal nodules composed of true foamy histiocytes and
Touton giant cells. Touton giant cells are seen in the majority of cases, and show a wreath of
nuclei around a homogenous eosinophilic cytoplasm and xanthomatous periphery (FIGURE
5) [22, 25]. JXG has been reported associated with neurofibromatosis type 1, hemophagocytic
lymphohistiocytosis and juvenile myelomonocytic chronic leukemia [26-27].

Figure 5. Juvenile Xantogranuloma (JXG). A. Dome shape lesion with dermal infiltrate. B. Touton giant cells in JXG.

Erdheim-Chester disease (ECD) may also be confused by LCH. ECD is a systemic disease
which usually presents with lung and symmetrical long bony lesions. It can also involve the
skin and clinically appears with pruritic rash, xanthelasma and eyelid xanthomas, in a
background of normal lipid profile [28]. ECD displays collections of enlarged histiocytes with
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clear cytoplasm. ECD can be differentiated from LCH by immunohistochemical studies; ECD
cells usually express CD68, CD163, fascin, while negative for 5100, langerin and CD1a. Birbeck
granules are absent [22].

Finally, a hybrid entity, indeterminate cell histiocytosis (immature dendritic cells) is an
uncommon disease with features between LCH and N-LCH. Although it shows immunophe-
notypic similarities with LCH such as CD1a positivity and variable expression of 5100 and
CD68, lacks of Birbeck granules by electron microscopy.

Malignant neoplasms such as histiocytic sarcoma (HS), myelomonocytic leukemia, anaplastic
large cell lymphoma and mast cell proliferations should also be considered into the differential
diagnosis [24, 29]. HS is a malignant proliferation of mature histiocytes. Skin presentation is
often seen, although multisystemic involvement is a frequent feature. Histologically, HS show
cytologic atypia, pleomorphism and mitotic activity; the immunophenotypic profile demon-
strates that the malignant cells are usually positive for CD68, CD163, CD14, CD4, CD11c and
lysozyme. Birbeck granules are not seen [30].

Interestingly, cases of LCH have been found in association with malignancy including solid
tumors and hematologic neoplasms [31-32]. In a recent study, adult patients with LCH
presenting in the skin have shown an increased risk of a second hematological malignancy [12].
They can present with a solitary papule/nodule or multiple reddish-brown papules. The
literature includes reports of LCH and non-Hodgkin lymphoma, Hodgkin lymphoma, acute
lymphoblastic leukemia [33] and acute myeloid leukemia (AML) [31, 34-38]. One of the current
theories that could explain the association between LCH and AML relates to trans-differen-
tiation of hematopoietic lineages as LC, dendritic cells, and monocytic/histiocytic cells share
common multipotential progenitor cells that reside in the bone marrow [39-42]. These cases
suggest a clonal relation between the two neoplastic diseases and support the theories of
lineage plasticity in mature and immature lymphoid tumors.

2.5. Prognosis

LCH is a heterogeneous disease with different outcomes including self healing-limited and
life-threatening or fatal disease [14]. Clinical staging is a prognostic marker in neonates and
infants [14, 43]. Unifocal/localized disease has a good prognosis and long term survival. In
contrast, the clinical course and the prognosis of multifocal and multisystemic disease are
difficult to predict. When disseminated disease is present at the time of diagnosis, the disease
is usually associated with poor outcome [14, 43]. Therefore, identification of specific biomark-
ers is needed in order to determine who will have limited disease and who will benefit from
systemic therapy.

Using OncoMap, the activating mutation BRAF V600E mutation has been recently identified
as a recurrent molecular genetic aberration in LCH, however, its clinical significance is still
unknown [7, 9, 14]. BRAF V600E mutations have been identified in LCH and ECD, however,
they have not seen in RDD and JXG [44]. Interestingly, inhibition of BRAF V600E may be used
in the near future as a therapeutic target for LCH similar to what is being done for melanoma,
gliomas and hairy cell leukemia. Patients with positive mutation status and protein expression
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by screening may be allowed for protocol or clinical trial entry with use of Zelboraf (vemura-
finib), an FDA approved therapy. Recently, a variant BRAF V600D mutation has been reported
in congenital, benign, self-regressive LCH [14]. E-cadherin expression was found as a marker
of good prognosis and limited disease, however, the results have not been validated in
separated studies [10, 45]. The role of Ki67 as a prognostic marker is limited. One of the most
common abnormalities seen in LCH is TP53 over-expression (FIGURE 6); however, TP53
mutations have not been identified [7, 9, 46].

Figure 6. TP53 over-expression in Langerhans Cell Histiocytosis (LCH)

2.6. Treatment

Patients require complete clinical history, physical examination, and a comprehensive
laboratory and radiographic evaluation [47]. The Histiocyte Society recommends that in order
to determine the adequate research protocol, patients should be stratified based upon exten-
sion of the disease (unifocal, multifocal/multysistemic), involvement of risk organs (hemato-
lymphoid including spleen and liver) and central nervous system risk lesions [48-49]. Patients
with unifocal disease limited to the skin require follow up-and usually no additional treatment
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isnecessary as spontaneous regression may occur. Topical therapy with steroids or PUVA may
be used [48]. In cases of multiorgan/multisystemic involvement, the treatment is controversial
as those patients have a variable clinical course; it includes systemic chemotherapy with
assessment of clinical response after the first 6 weeks of treatment. Monoclonal antibodies are
under research. In one large study, Vinblastine with or without prednisolone was the most
common chemotherapy regimen, and the overall survival and event free survival rates were
84% and 51.5%, respectively with a medium follow-up time of 8 years [50]. The LCHIII
treatment protocol is a common strategy used in patients with multiorgan involvement [51].
Targeted therapy with vemurafenib, an inhibitor of mutated BRAF, has been used in few
patients with LCH harboring BRAF V600E mutation [52].

3. Langerhans cell sarcoma

3.1. Clinical presentation

Thirty one cases of LCS have been reported to date [53]. Skin can be a single site involved by
LCS or can be seen as part of widespread disease. Cutaneous involvement is present in more
than half of cases. Multiorgan involvement includes lymph node, lungs, liver, spleen and bone.
Skin biopsy is an accessible and a useful way to demonstrate malignant LC. LCS occurs in all
age groups with a male:female ratio 1:1. LCS can appear as an increasingly progressive
malignant disease followed by multiple LCH recurrences, de novo and with underlying
myeloproliferative disease [53-55]. De novo or primary LCS has been reported exclusively in
adults, without previous evidence of LCH. In a recent publication, a case of trans-differentia-
tion of acute B-lymphoblastic leukemia into a LCS has been documented, as both show
identical IGH@ gene rearrangements [54].

3.2. Histopathology

Skin biopsy usually shows an infiltrative and poorly defined high grade malignant neoplasm
composed of large cells with grooved nuclei, granular chromatin, prominent nucleoli and high
mitotic rate. Although inflammatory infiltrate can be present and abundant, especially if there
is associated necrosis, eosinophils are usually scattered. Epidermis can be ulcerated and
epidermotropism is seen [2, 55]. (FIGURE 7)

3.3. Immunoprofile and electron microscopy

Malignant LC are usually positive for CD1a, S100 and Langerin (CD207) (FIGURE 8). There is
lack of reactivity for T and B cell antigens. Neoplastic cells have a high proliferative Ki67 index
and overexpress p53. CD56 /neural cell adhesion molecule (NCAM) positivity has been found
expressed in LCS [56]. A broad panel of immunohistochemical stains is used to confirm LC
due to the atypical features of the neoplasm, and electron microscopy is usually performed for
identification of intracytoplasmic Birbeck granules.
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Figure 7. Histological appearance of Langerhans Cell Sarcoma (LCS). A. Dermal infiltrate of large atypical cells with
epidermotrophism. B. Bizarre and pleomorphic cells with abundant mitotic figures and lack of cohesiveness. C. De-
tailed figure of LCS cells with prominent intranuclear inclusions.

Figure 8. Immunoprofile of Langerhans Cell Sarcoma (LCS). A. Langerin (CD207) expression in cells with malignant
features. Numerous mitotic figures are identified. B. Malignant cells retain CD1a expression.
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3.4. Differential diagnosis

Because of the marked pleomorphism and cytologic atypia, hematologic and nonhematologic
entities must be considered in the differential diagnosis including malignant melanoma,
carcinoma, mesenchymal malignant neoplasms and lymphomas with anaplastic features.
Pleomorphic large cells may be mistaken for malignant melanoma, which shares 5100
positivity but also expresses other melanocytic markers. LCS comprises cells with bizarre
pleomorphic nuclei and abundant cytoplasm mimicking hematolymphoid neoplasms
including anaplastic large cell lymphoma, anaplastic diffuse large B-cell lymphoma, plasma
cell neoplasm with anaplastic features, lymphomatoid papulosis, peripheral T cell lymphoma
and myeloid sarcoma (FIGURE 9) (TABLE 1) [55]. In those cases, immunohistochemical and
molecular features are useful to distinguish the cell of origin.

Figure 9. Myeloid Sarcoma. A. Skin shows a diffuse dermal infiltrate composed of malignant cells. B. Features of neo-
plastic cells with promyelocytic differentiation. C. CD34 stain is positive in the majority of cells. D. Myeloperoxidase
(MPO) positivity in tumor cells.
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DIFFERENTIAL DIAGNOSIS Immunohistochemical marker

Melanoma S1004, Melan A+, HMB45+

Anaplastic large cell ymphoma CD30+, ALK+/-, EMA+, CD3-/+, CD43+

Histiocytic Sarcoma CD68+, CD163+, CD14+, CD4+, lysozyme, S100+/-

Follicular Dendritic Cell Sarcoma CD21+, CD23+, CD35+, CD68+/-, S100+/-, Clusterin+, CD45+/-
Interdigitating Dendritic Cell Sarcoma S$100+, CD21-, CD35-, CD1a-, fascin +, CD68-/+

Myeloid Sarcoma CD34+, CD117+4, MPO+, CD68+, lysozyme+

Table 1. Langerhans Cell Sarcoma (LCS) - Differential Diagnosis

3.5. Prognosis and treatment

Currently, no specific marker has demonstrated to predict prognosis in LCS. In a study, CD56
expression was associated to poor prognosis and the results have not been validated in a
different set of patients [56]. Despite combination chemotherapy/radiotherapy and surgery,
LCS is an aggressive high grade malignancy with poor prognosis, frequent recurrences and
short survival, usually resulting in death within 1 year [2, 53, 55].
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1. Introduction

Severe cutaneous adverse reactions (SCARs) are generally induced by drugs and encompass
the conditions of Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN),
drug induced eosinophilia and systemic syndrome (DRESS) also known as drug induced
hypersensitivity syndrome (DIHS), and acute generalized exanthematous pustulosis
(AGEP). These conditions, although rare, cause significant morbidity and are potentially fa-
tal. It is therefore important for the treating physician to promptly recognize SCARs through
the identification of their characteristic clinical features so that the offending drug is
promptly withdrawn and supportive and adjunctive therapies are administered. SCARs are
accompanied by particular abnormalities on routine laboratory investigations and skin biop-
sy that enables confirmation of the diagnosis and provision of useful prognostic informa-
tion. Data bases have been established, predominantly in Europe, since the 1980s to
characterize the epidemiology of SCARs including the identification of drugs with the high-
est relative risk and the latency between the commencement of drug intake and the onset of
clinical manifestations. The pathogenesis of the various SCARs involves delayed T cell-
mediated inflammation in a genetically predisposed individual and in the case of DIHS,
may involve viral factors. The emerging field of the genetic susceptibility to SCARs has
raised the important issue of pharmacogenetic screening as a method of predicting an indi-
vidual’s risk of developing SCAR to a certain drug. The treatment of SJS/TEN is dependent
on supportive care in a suitable settling such as a Burns Unit and the role of immunomodu-
latory agents is not well defined and is not robustly supported in the literature by prospec-
tive studies. The evidence for the use of immunomodulatory agents and ganciclovir is
emerging in the treatment of DIHS/DRESS. AGEP usually has favourable prognosis if the
offending drug is withdrawn but a course of corticosteroids may hasten recovery.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
I m EC H Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
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1.1. SJS/TEN

Stevens-Johnson Syndrome (SJS), first described in 1922 as an acute mucocutaneous syndrome
in two boys, and Toxic Epidermal Necrolysis (TEN), first described as a scalding eruption of
the skin in 1956 in four patients, are now considered to lie along the spectrum of epidermal
necrolysis. The terminology is based on the extent of epidermal detachment; SJS indicates that
there is less than 10% detachment of the body surface area, TEN greater than 30%, and
SJS/TEN overlap between 10 and 30%.

The clinical presentation is characterized by a rash featuring target-like lesions, and mucositis
involving the ocular, oropharyngeal and genital surfaces. The patient is also systemically
unwell with fever and malaise. The EuroSCAR case control study collected 379 cases of
SJS/TEN between 1997 and 2001 from 6 countries encompassing over 100 million inhabitants.
The estimated incidence is 1-2 per million per year. The drugs associated with the highest
relative risk include allopurinol, antibacterial sulphonamides, oxicam non-steroidal anti-
inflammatory drugs (NSAIDs), aromatic anticonvulsants (phenytoin, carbamazepine, pheno-
barbital), lamotrigine, and nevirapine. The latency between the intake of these high-risk drugs
and the onset of clinical manifestations is 1 to 8 weeks. Other factors influencing risk include
the presence of other diseases (HIV, malignancy, autoimmune disease, recent radiotherapy,
acute infection within the last four weeks) and pharmacokinetic factors (dose of allopurinol
commenced at 200-300 mg daily). Recently, genes conferring strong susceptibility to SJS/TEN
have been identified, the most prominent of which are HLA-B*1502 and carbamazepine in
individuals of Asian ancestry, HLA-A*3101 and carbamazepine in individuals from Northern
European ancestry, and HLA-B*5801 and allopurinol in various racial groups. A black box
warning has been placed by the Food and Drugs Administration and Health Canada alerting
physicians to not only to be aware of the risk of carbamazepine and SJS/TEN in Asians but to
also screen at risk individuals for the susceptibility allele. Currently, this strategy has been
limited by the lack of availability of cost-effective pharmacogenetic testing methods to the
general physician.

The immunopathogenesis of SJS/TEN involves the release of granulysin by CD8 cytotoxic T
cells and natural killer cells within the epidermis resulting in apoptosis of keratinocytes.
Apoptosis may also result from the degranulation of perforin and granzyme by CD8 cytotoxic
T cells and the ligation of Fas on keratinocytes by Fas-ligand (Fas-L). The source of Fas-L is
still unclear with CD8 cells and keratinocytes proposed as candidates. Histologically, the
resultant widespread apoptosis of keratinocytes results in necrosis of the epidermis and
dermoepidermal separation at the level of the stratum spinosum. Direct immunofluorescence
of skin biopsies in SJS/TEN is negative differentiating it from autoimmune vesiculobullous
diseases.

The diagnosis is made clinically and confirmed histologically. Skin testing is contraindicated
given the risk of precipitating a generalized reaction. In vitro tests are currently not widely
available and relatively poor sensitivity. Lymphocyte transformation tests that assess the
proliferative response of T cells to the drug have a sensitivity of 60-70% and are more likely to
be positive if performed within 6 weeks of the onset of the disease. Cytotoxicity assays that
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determine the extent of degranulation of cytotoxic T cells by flow cytometry or ELISA may
prove useful in the future.

The treatment of SJS involves the removal of the offending drug and supportive treatment
depending on severity and availability in a burns unit to address the manifestations and
complications of acute skin failure including monitoring of fluid-electrolyte balance, provision
of enteral or parenteral nutrition, wound care and treatment of sepsis. In addition, supportive
care of affected mucosal surfaces is required. This includes aggressive ocular lubrication,
topical corticosteroids and topical antibiotics, hygienic mouthwashes and topical oral anaes-
thetics, and monitoring for urinary retention. Large randomized trials on the benefits of
immunomodulatory therapy is lacking but there is sufficient evidence to recommend the
administration of intravenous immunoglobulin (IVIg) as it contains anti-FasL antibodies and
as a result may halt further epidermal necrosis and hasten re-epithelialization. Cyclosporin
due to its effects on cytotoxic T cell depletion has reported to be of benefit in a number of small
studies. A number of early studies revealed that systemic corticosteroids may be not be
beneficial in the treatment of SJS/TEN and in fact may be harmful by promoting sepsis but
these conclusions may have been partly explained by the inadequate doses administered and
the delay in initiating treatment. Recent studies have demonstrated benefit in the immediate
use of high dose pulse methylprednisolone, especially in reducing the rate of ocular compli-
cations. The application of amniotic membranes to the conjunctival surface may also prove
beneficial in minimising ocular sequelae such as dry eye, cicatrization and in rare cases, corneal
perforation.

The mortality rate of SJS/TEN is high; approximately 10% for SJS and 50% for TEN. A score
for the evaluation of TEN (SCORTEN) has proven remarkably accurate in predicting mortality
through identification of 6 risk factors; age > 40 years, presence of malignancy, heart rate > 120/
min, epidermal detachment > 10%, serum urea > 10 mmol/L (28 mg/dL), serum glucose > 14
mmol/L (252 mg/dL) and serum bicarbonate < 20 mmol/L (20 mEq/L).

2. DIHS/DRESS

DIHS/DRESS is also referred to as hypersensitivity syndrome and when caused by antiepi-
leptic drugs it has been often referred to as anticonvulsant hypersensitivity. The condition is
characterised by fever, rash, lymphadenopathy, eosinophilia and/or other leukocyte abnor-
malities, and internal organ involvement such as hepatitis. Reactivation of human herpes virus
(HHV)-6is also considered by some groups to be an instrumental component of the condition.
The rash typically begins as patchy erythematous macules that become confluent and pro-
gresses especially if the causative drug is not withdrawn to an erythroderma or exfoliative
dermatitis. The syndrome typically develops between 3 weeks and 3 months after the starting
therapy and a limited number of drugs appear involved in its causation. They include
anticonvulsants (phenytoin, carbamazepine, phenobarbital, lamotrigine, zonisaminde),
allopurinol, sulphonamides (dapsone, sulphasalazine), antiretrovirals (abacavir, nevirapine),
minocycline, strontium ranelate, and mexilitene. The precise incidence according to the latest
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case definition will be determined by RegiSCAR study, which comprises data collected from
6 European countries and the JSCAR Japanese registry. The incidence following phenytoin
therapy is estimated to be 1 in 1000 to 10000 exposures.

DIHS has a relapsing remitting course lasting several weeks to months despite the withdrawal
of the offending drug and this has been postulated to result from the sequential reactivation
of herpes viruses analogous to that observed in graft versus host disease. The precise role of
HHV-6 in DIHS is unclear. One theory is that HHV-6 triggers DIHS through its reactivation
within T cells resulting in HHV-6 stimulated T cells cross-reacting with the culprit drug,
following which there is sequential activation of heterologous herpes viruses. The alternative
explanation is that drug specific T cells are activated resulting in reactivation of the viral
genome and sequential reactivation of herpes viruses.

The histological features of DIHS are relatively non-specific and typically comprise a superfi-
cial perivascular lymphocytic infiltrate. As the understanding of the disease mechanisms
emerge, novel findings such as granulomatous inflammation have also been identified.

The diagnostic criteria consist of the typical clinical features and laboratory abnormalities.
Confirmation of the role of the causative agent by skin testing is contraindicated because of
the risk of a generalized reaction. The utility of LTTs is unclear as they are often negative early
in the course of disease possibly as a result of regulatory T cell activation. LTTs may become
positive after 5-7 weeks as the expanded regulatory T cell population are removed by apoptosis
at the end of the immune response.

A prolonged course of oral corticosteroids is required to treat DIHS given the relapsing
remitting nature of the condition. The mortality rate is estimated to be 10-20%.

3. AGEP

AGERP is rare with an incidence of 1-5 cases per million per year. The clinical manifestations
are characterised by fever and the rapid appearance of disseminated sterile pustules 3-5 days
after the commencement of treatment. It is accompanied by a marked neutrophilia. Mucous
membranes are not typically involved. The drugs conferring the highest risk of AGEP
according to the EuroSCAR study are aminopenicillins, pristinamycin, hydroxychloroquine,
antibacterial sulphonamides, terbinafine and diltiazem. The pathogenesis of AGEP involves
the initial influx of CD8 cytotoxic T cells resulting in apoptosis of keratinocytes and formation
of vesicles. Then CXCL-8 producing CD4 cells enter the epidermis resulting in neutrophil
mediated inflammation and formation of pustules. As a result the histology reveals intraepi-
dermal usually subcorneal pustules and an accompanying neutrophilic and lymphocytic
infiltrate. Epicutaneous patch testing may also support the diagnosis by causing a localized
pustular reaction 48-96 hours after the offending drug is applied. The condition usually
resolves by 15 days after the causative drug is withdrawn but oral corticosteroid therapy may
be necessary in some individuals. The mortality rate is up to 5% and mostly occurs in the
elderly who have significant comorbidities.
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4. Stevens-Johnson Syndrome/Toxic Epidermal Necrolysis

4.1. History and nosology

SJS and TEN were once considered as variants of erythema multiforme (EM), a condition first
described by Ferdinand von Hebra in 1860 [1] as a mild and relapsing eruption of target lesions
affecting the acral regions. Mucosal involvement occurs in up to 70% of cases of EM. In 1922,
two American paediatricians, Albert Stevens and Frank Johnson, described two cases of fever,
stomatitis, purulent conjunctivitis, and a generalized eruption of purple papules in boys aged
7 and 8 years, respectively [2]. Both cases were distinguished from EM by the prolonged high
fever, and the generalized distribution and heavy terminal crusting of the skin lesions. Bernard
Thomas proposed two categories of EM in 1950: erythema multiforme minor, as described by
von Hebra, and erythema multiforme major, a severe form that encompassed SJS [3]. Alan
Lyell, a Scottish dermatologist, termed the condition toxic epidermal necrolysis (TEN) after
reporting four cases of an acute life threatening mucocutaneous disorder characterized by
diffuse erythema followed by extensive epidermal detachment manifesting as blistering and
sloughing of the skin [4]. Although SJS and TEN were initially considered distinct entities, it
was later proposed that they form a continuum along the same disease process and differ
mainly in the extent of involvement [5],[6]. It was also proposed that EM major and SJS are
distinct conditions, with EM major characterised by acral target-like lesion typical of EM minor
but with mucosal involvement. SJS was applied to cases of mucous membrane involvement
and a more extensive eruption of atypical targetoid lesions, blisters or sloughing of the skin [7].
The distinction between EM and SJS are consistent with observations regarding differences in
etiology, demography and histopathology and not just confined to variations in the severity
of disease. Most cases of EM are related to infection especially those with recurrent disease,
which is related to herpes simplex virus (HSV) infection [8]-[10] in contrast to SJS which usually
is an idiosyncratic reaction to drugs [11]. EM typically affects young adults in their 20s and 30s
although approximately 20% of cases involve children [12],[13] whereas SJS/TEN occurs at any
age [11]. Histopathology in EM in contrast to SJS/TEN consists of a denser infiltrate of
lymphocytes and less apoptosis of keratinocytes [14].

In 1993, a classification scheme was proposed that is widely but not universally adopted that
arbitrarily defines SJS and TEN according to the extent of epidermal detachment [\ In SJS,
epidermal loss affects less than 10% of the total body surface area (TBSA) whereas TEN
involves greater than 30% of the TBSA. Epidermal detachment between 10 and 30% of the
TBSA is classified as SJS/TEN overlap.

4.2. Epidemiology

The epidemiology of SJS/TEN and other severe cutaneous adverse reactions (SCARs) has been
more accurately determined in recent years due to registries that have been established mainly
across Europe comprising cases that are reviewed by expert committees and based on
predefined and validated criteria. A population-based registry was commenced in Germany
in 1990 to collect all hospitalised cases of SJS, TEN and EM major [15]. An international case-
control study was conducted between 1989 and 1995 in France, Germany, Italy and Portugal
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(SCAR study) focusing on cases of SJS/TEN requiring hospitalisation [16],[17]. A European
case-control surveillance study of SCARs (EuroSCAR study) was conducted between 1997 and
2001 in Austria, France, Germany, Israel, Italy, and the Netherlands investigating both
SJS/TEN [11] and AGEP [18] that resulted in admission to hospital. In 2003, the European
registry on SCARs (RegiSCAR) was commenced collecting biological samples across the same
countries that participated in the EuroSCAR study. This network, which is focused on SJS/TEN
and AGEP, has spawned numerous studies on epidemiology, pharmacogenetics and histopa-
thology and includes community cases that requiring hospitalisation as well as cases that
developed during hospital admissions. These registries not only provide valuable information
on the epidemiology of SCAR but they have enabled close scrutiny of the availability and
prescription of high-risk drugs. For example, the SCAR study resulted in the withdrawal of
chlormezanone from the market and restricted indications for cotrimoxazole and phenobar-
bitol [17].

The incidence of SJS/TEN is 1-2 cases/million inhabitants/year [15]. The EuroSCAR study
published in 2008 comprised 379 cases that included 134 cases of SJS, 136 cases of SJS/TEN
overlap, and 109 cases TEN spanning a geographical area encompassing over a 100 million
inhabitants. The median age of cases was found to be 50 years (range 1-95 years), and a female
preponderance (62% of cases) was noted [11].

4.3. Etiology

4.3.1. Drugs

Drugs are nearly always the cause of SJS/TEN. Over 220 medications have been implicated but
only relatively a few are responsible for the majority of cases. The EuroSCAR study comprised
379 cases of SJS/TEN and 1505 age-matched controls, who were patients admitted to hospital
for other acute illnesses [11]. Univariate relative risk (uURR) and multivariate relative risk (mRR)
were calculated for each drug suspected of causing SJS/TEN. The drugs found to confer the
highest risk were cotrimoxazole (uURR 102), other anti-bacterial sulphonamides (uRR 53),
carbamazepine (mRR 72), nevirapine (uRR >22), allopurinol (mRR 18), phenytoin (mRR 17),
oxicam-NSAIDs (mRR 16), lamotrigine (uRR >14), and sertraline (mRR 11). Drugs that were
found to have a significant but lower risk included acetic acid-NSAIDs, macrolides, quino-
lones, cephalosporins, tetracyclines and aminopenicillins. SJS/TEN typically occurs with drugs
that are taken on a long-term basis. The median latency between the onset of medication use
and the occurrence of SJS/TEN in the EuroSCAR study was found to be less than 4 weeks (range
1-8 weeks): carbamazepine 15 days, phenobarbitol 17 days, allopurinol 20 days, phenytoin 24
days. Pantoprazole and tramadol were associated with high uRRs, 18 and 20, respectively, but
the frequent co-medication with highly suspected drugs and the timing of the onset of
SJS/TEN were not suggestive of a true risk. Commonly used medications not associated with
a risk of SJS/TEN included beta-blockers, ACE-inhibitors, calcium channel blockers, thiazide
diuretics, furosemide, propionic acid-NSAIDs, sulphonylureas, and insulin. Interestingly,
valproic acid was not shown to have a significant risk, which is in contrast to previous
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observations [17],[19]. The most likely explanation is that valproic acid was frequently
coadministered with high-risk drugs.

A pooled analysis of the SCAR and EuroSCAR data was performed for children under 15 years
of age and showed that anti-bacterial sulphonamides, phenobarbitol, lamotrigine and carba-
mazepine were strongly associated with SJS/TEN in this paediatric population [20].

4.3.2. Other causes

Infection with Mycoplasma pneumoniae is a known cause of SJS especially in the paediatric
population and a few cases of TEN have been reported to complicate infection with this agent
[13],[21]. However, the EuroSCAR study, failed to show that infection is a risk factor on its
own although there is a suggestion that it may modestly increase the risk of SJS/TEN from
medication. SJS/TEN has been reported in association with vaccinations [22] and exposure to
industrial chemicals and fumigants [23].

4.4. Clinical presentation

SJS/TEN is characterized, as per the original descriptions, by fever, blistering skin eruption
and severe mucositis [2],[4]. The skin lesions initially appear as atypical target -like or targetoid
lesions, which are erythematous macules that contain a central purpuricblister (Fig. 1). Lesions

Figure 1. Atypical target-like or targetoid lesions in a patient with SJS characterized by an erythematous macule with
a central blister.
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are symmetrically distributed often starting on the face and thorax before spreading to other
areas (Fig. 2). The scalp is typically spared. Blisters result from epidermal detachment and they
are easily breached resulting in dark red oozing erosions. Lesions exhibit Nikolsky’s sign,
which is epidermal separation induced by gentle lateral pressure applied to the skin surface.
The skin then sloughs rapidly over several days as a result of separation of large sheets of the
epidermis from the dermis. Fulminant cases of TEN have been reported were total loss of the
epidermis occurs within 24 hours . New lesions may continue to erupt for up to 4 weeks.
However, the growth of a new epithelium occurs after several days and individual lesions are
completely re-epithelialized after a mean of 3 weeks. Cicatrization of the mucous membranes
may take longer to complete.

At least two mucosal surfaces are involved in 90% of cases of SJS/TEN [25]. Oropharyngeal
involvement causes severe pain and odynophagia as a result of erosion and crusting (Fig. 3).
Ocular regions may show a purulent conjunctivitis, pseudomembrane formation and corneal
ulceration as a result of sloughing of conjunctival and corneal epithelia (Fig. 4). Urethritis may
result in dysuria and even urinary retention. Sloughing of the tracheal and bronchial epithe-
lium occurs in up to 30% of cases and may result in hypoxia, bronchial hypersecretion,
pulmonary edema and bronchiolitis obliterans and the need for mechanical ventilation [26],
[27]. The gastrointestinal tract can also be involved resulting in per rectal bleeding [28].

The mortality of SJS is generally below 10% whereas 30-50% of TEN patients die in the acute
phase of the illness mostly as a result of skin failure. Infection and sepsis with multiorgan
failure is the most common of death. The causative organisms are usually Staphylococcus
aureus and Pseudomonas aeruginosa [29]. Fluid and electrolyte imbalances occur as a result of
increased transepidermal water loss and impaired intake of nutrition due to odynophagia from
stomatitis. Less common fatal complications include adult respiratory distress syndrome,
pulmonary embolism and gastrointestinal haemorrhage [30],[31]. Mortality is accurately
predicted by the SCORTEN scale (Table 1) and should be computed within 24 hours and 3
days following admission [32]-[34].

Chronic complications occur frequently following the acute phase of SJS/TEN. The most
serious sequelae relate to the eye. The chronic ocular consequences are that of a cicatrization
of the conjunctiva and symblepharon formation, severe dry eye, trichiasis, eyelid margin
keratinization, and limbal stem cell deficiency, all of which combine to cause corneal ulceration
and scarring and loss of vision (Fig. 5) [35],[36]. Patients may also experience chronic photo-
phobia and eye pain [37]. Skin sequelae include scarring, pigmentation abnormalities, and
shedding of hair and nails [38]. Vulvovaginal involvement can result in stenosis [39]. Vulvar
adenosis can occur in young women several years after resolution of the acute episode and
can present with tender, erosive, haemorrhagic lesions [40]. Phimosis can occur in men [41].
Bronchopulmonary complications confer a poor prognosis and include chronic bronchitis,
bronchiolitis obliterans, bronchiolitis obliterans with organizing pneumonia, bronchiectasis
[42],[43] Oesophageal stricture and webbing has also been described and can result in
dysphagia [44].
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Figure 2. Symmetrical distribution of targetoid lesions in a patient with SIS, which typically first appear on the face
and thorax before spreading to other areas.



54  Skin Biopsy - Diagnosis and Treatment

t} S - -ﬁl'h

i SRR S e MY

Figure 4. Purulent conjunctivitis in a patient with SJS accompanied by pseudomembrane formation, which results
from sloughing of conjunctival and corneal surfaces.
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Severe Cutaneous Adverse Reactions Severe Cutaneous

Adverse Reactions

Age >40 years 1
Presence of malignancy 1
Heart rate >120/min 1
TBSA involved >10% 1
Serum urea > 10 mmol/L (28 mg/dL) 1
Serum glucose >14 mmol/L (252 mg/dL) 1
Serum bicarbonate <20 mmol/L (20 mEq/L) 1
SCORTEN Mortality (%)
0-1 3.2
2 12.1
3 353
4 58.3
=5 90

Table 1. SCORTEN

4.5. Pathogenesis

SJS/TEN results from the T- and NK-cell mediated extensive apoptosis of keratinocytes. The
pharmaco-immune (p-i) concept, the mechanism by which the drug binds directly with the T
cell receptor (TCR) causing activation of proapoptotic pathways. Granulysin is the major
mediator of apoptosis in SJS/TEN. Apoptosis is also mediated through involved Fas-FasL
interaction, and the release of granzyme and perforin.

4.5.1. The pharmaco-immune (p-i) concept

It is generally accepted that in SJS/TEN, the parent drug binds directly and non-covalently to
the MHC and the TCR of primed effector and memory T cells [45]. Naive T cells are not
sufficiently stimulated by a p-i drug and additional signals are required [46]. T cells may be
primed by infection or autoimmune disease resulting in high cytokine levels such as IL-2 and
IFN-y resulting in increased expression of MHC and costimulatory molecules. This may
provide an explanation for the increased incidence of drug hypersensitivity in inflammatory
and infectious diseases. The drug may also bind to toll-like receptors resulting in the expression
of costimulatory molecules by dendritic cells. For drugs such as cotrimoxazole, lamotrigine,
and carbamazepine, the p-i concept may not be the sole mechanism involved; metabolites may
also play a role through haptenization [47].
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Figure 5. Cicatrization of the bulbar and palpebral conjunctival surfaces with resultant symblepharon formation,
shortening of the fornix, and distichiasis.

4.5.2. Granulysin

A recent study by Chung et al using global gene expression profiling showed that granulysin
RNA was the most significant cytotoxic molecule expressed in blister cells from patients with
SJS/TEN. Granulysin protein concentrations were 2-4 times higher than perforin, granzyme B,
and FasL and depleting granulysin reduced cytotoxicity [48]. Granulysin is a cationic cytolytic
protein produced by CTL, NK and NKT cells [49]. The 15-kDa-precursor form, found in blister
fluid, induced skin necrosis when injected into mice and exhibited significant cytotoxicity in
vitro. This contrasted with the minimal cytotoxicity induced by perforin, granzyme B, and
FasL [48]. Granulysin is also a proinflammatory molecule that causes an increase in the
expression of chemokines (RANTES/CCL5, MCP-1, MCP-3, MIP-1a/CCL3) and cytokines
(IL-1, IL-6, IFN-a) resulting in the recruitment of T cells, monocytes and other inflammatory
cells [50].

4.5.3. Fas-FasL, perforin/ granzyme and TNF pathways

Viard et al, showed that the binding of FasL to Fas expressed on the surface of keratinocytes
resulted in their apoptosis [51]. The cytoplasmic death domain of Fas undergoes conforma-
tional changes and trimerization upon recognition of FasL. This results in the recruitment of
the Fas-associated death domain (FADD), which binds to procaspase 8 resulting in triggering
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of the caspase cascade and apoptosis. The source of the FasL is unclear. Viard et al showed
that the FasL was is present on the surface of keratinocytes and in the serum of patients with
TEN but not on the surface of keratinocytes or in the serum of patients with maculopapular
exanthems and normal controls [51]. A further study demonstrated that FasL was not consti-
tutively expressed on the surface of keratinocytes but are transported to the cell membrane
after damage to the keratinocyte [52]. Abe et al, however, found that the source of FasL was
PBMCs and not keratinocytes [53].

Nassif et al showed that mononuclear cells from blister fluid induce cytotoxicity via perforin
and granzyme B [54]. This cytotoxicity was blocked by inhibiting perforin/granzyme but not
by inhibiting Fas. Perforin and granzyme are proteins stored in the granules of CTLs. Upon
recognition of a target cell, the CTL releases perforin, which create 16-nm channels in the target
cell membrane. Granzyme B, a protease passes through these channels to activate the caspase
cascade. The loss of T regulatory cell function in the acute stage of SJS/TEN may further
contribute to the epidermal damage caused by effector T cells [55].

Posadas et al, showed that both Fas-FasL and perforin/granzyme pathways may be involved
in SJS/TEN. They found a direct correlation between disease severity and levels of perforin
and granzyme B in patients with maculopapular exanthems, SJS and TEN. FasL was detected
in the PBMCs and blister fluid of patients in SJS and TEN but not in those in maculopapular
exanthema, suggesting that Fas-FasL is involved in more severe reactions [56].

Nassif et al, also showed a potential role for cytokines in the pathogenesis of SJS/TEN. He
found elevated levels of IFN-y, soluble TNF, IL-10, soluble FasL in the blister fluid of TEN
patients. Although they disputed the central role of FasL, they hypothesised that drug specific
CTLs secrete IFN-v, which activates keratinocytes to produce TNF, a cytokine that upregulated
MHC class I molecules. This increases exposure of keratinocytes to CTL resulting in perforin/
granzyme-mediated apoptosis. IL-10 serves to downregulate the inflammatory reaction [57].

More recently, TRAIL (TNF related apoptosis inducing ligand) and TWEAK (TNF-like weak
inducer of apoptosis) were shown to be present in blister fluid from TEN patients [36]. They
are released by CD1a and CD14 cells and initiate apoptosis of keratinocytes in a MHC-class I-
independent manner.

4.6. Risk factors for SJS/TEN

4.6.1. Genetic susceptibility

It was observed in the 1990s that the most commonly offending drugs varied among different
ethnic populations. In Western countries, the most commonly implicated agents of SJS/TEN
were NSAIDs and sulphonamides [17]. In contrast, carbamazepine was found to be the leading
cause of SJS/TEN in Southeast Asian countries, including India, Malaysia, Singapore, Taiwan
and Hong Kong [58]. Interestingly, carbamazepine in Western countries causes more cases of
DIHS than SJS/TEN. Allopurinol is also a frequent case of SJS/TEN and DIHS but does not
appear to have a racial bias [59].
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The most striking genetic association was detected in a cohort of Han Chinese in Taiwan,
where the HLA-B*1502 allele was found in 100% of the 44 patients with carbamazepine-
induced SJS/TEN and only 3% of the carbamazepine-tolerant individuals; OR 2504 [126—
49522] [60]. These findings were replicated in an extended cohort of subjects of Chinese
descent originating from separated geographic areas of China, Taiwan, and the United
States [61]. This association with carbamazepine-induced SJS/TEN, however, was not
found in individuals with European [62] and Japanese ancestries [63], respectively, and
therefore the allele appears relevant in the context of ethnicity. In a recent study compris-
ing 12 patients of Northern European ancestry with carbamazepine-induced SJS/TEN, 5
(42%) carried the HLA-A*3101 allele, as compared with 10 (4%) of the 257 control sub-
jects; OR 25.93 [4.93-116.18] [64]. The results of this study are yet to be replicated in other
cohorts of subjects with Northern European ancestry. In a Japanese study, The HLA-
A*3101 allele was found in 5/6 (83.3%) carbamazepine-induced SJS/TEN compared to
47/376 (12.5%) carbamazepine-tolerant patients; OR 33.9 [3.9-295.6]. Larger patient sample
sizes are required to confirm this association in the Japanese where the allele frequency is
9% [65]. Interestingly the HLA-A*3101 allele was shown to be associated with maculopap-
ular exanthem (OR 17.5 [4.6-66.5]) but not SJS/TEN in a Han Chinese population [66].

A study comprising a Han Chinese cohort in Taiwan demonstrated the presence of the HLA-
B*5801 allele in all 51 patients with allopurinol-induced SCAR (21 with TEN, 30 with DIHS)
compared with only 15% (20/135) in allopurinol-tolerant subjects; OR 580.3 [34.4-9780.9] [67].

The role of these HLA alleles in the pathogenesis of SCAR is unclear. Certain HLA alleles may
bind to particular drugs more robustly than other alleles. Furthermore, the binding of the drug
in SJS/TEN is MHC class I restricted, which is consistent with the prominent role of CD8 cells
in the pathogenesis of the disease. If an allele has a functional effect that may play a role in the
pathogenesis of disease, this association will be consistently observed across different popu-
lations. The differences observed between the Chinese and European studies may be partly
explained by the fact that pharmacogenetic studies are likely to yield positive results when
conducted in a population with a high frequency of such an allele [69]. The risk of disease from
a genetic polymorphism is influenced by its prevalence. The HLA-B*1502 allele frequency is
4.8 to 12.8% in Southeast Asians compared to 0-0.1% observed in Northern Europeans [58].
For instance, HLA-B*1502 is of low prevalence in Caucasians and hence, if it is a true suscept-
ibility allele, a very large sample size is required in this population to detect a significant odds
ratio of sufficient power. In contrast, the allele frequency of HLA-A*3101 is 2-5% in Northern
Europeans [70] and the sample size required to demonstrate an association in a sufficiently
powered study is less than that for the HLA-B*1502 allele. The HLA-B*5801 allele, in contrast
to HLA-B*1502 is more evenly distributed among different racial groups [59] and hence,
associations, albeit weaker, have been demonstrated in other ethnic groups such as the
Southern Japanese [63] and in whites (OR 80 [34-157]) [68].

Another explanation is that HLA-B*1502, is a marker of a true disease contributing allele
through strong linkage disequilibrium, which varies between populations. In other words, the
same high-risk allele may have a different pattern of association with marker alleles and
therefore HLA-B*1502 is in strong linkage disequilibrium in the Han Chinese population, but
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not in a European population. It is also plausible is that SJS/TEN is a polygenic disorder, with
many susceptibility and protective alleles in genes involved in the pathogenesis of the disease.
Polymorphisms in the proapoptotic gene Fas-L [71], the toll-like receptor 3 gene [72], and in
the IL-4 receptor/IL-13 signalling pathway [73] have all been recently described in a Japanese
study. Such alleles may also vary in different populations.

The FDA and Health Canada have issued warnings for carbamazepine stating that persons
with ancestry in genetically at-risk populations should be screened for the presence of HLA-
B*1502 prior to initiating treatment [74]. Genetic screening for HLA-B*1502 in a high risk
population such as the Han Chinese has a 100% sensitivity and 97% specificity and its presence
confers a 7.7% positive predictive value for carbamazepine-induced SJS/TEN whereas its
absence has a 100% negative predictive value [58]. The odds ratio in test-positive Chinese
patients to test-negative patients of having carbamazepine-induced SJS/TEN is >3200. Al-
though 3% of patients who are test-positive may never develop the disease, the serious and
life-threatening consequences of developing SJS/TEN and the availability of alternative drugs,
justifies its exclusion from these individuals. The lack of prevalence of HLA-B*1502 in non-
Asian populations may limit its cost effectiveness as a screening tool in these populations and
cannot be currently recommended. A recent study demonstrated the benefit of genetic
screening; in a Taiwanese population, screening for the HLA-B*1502 allele resulted in no cases
of SJS/TEN in 4501 patients who were negative for the allele [75]. The authors concluded that
this would have prevented 10 cases of SJS/TEN. Despite the FDA recommendations, screening
is not routinely performed partly because of the lack of availability of cost effective and rapid
methods of detection [76]. Susceptibility alleles can be identified by high resolution sequence
based HLA typing after a 20 ml sample of blood is collected in an ADC tube. However, this
highly specialized and relatively expensive diagnostic technique is limited to a small number
of laboratories that focus on transplantation medicine and may be limited by longer turn-
around times of up to 3-4 weeks. Many laboratories have now developed high resolution
genetic testing using a sequence-specific primer assay method for the detection of this allele
from samples collected in either 7-10 ml of whole blood (EDTA tube) or buccal swabs (provided
by the testing laboratory). The assay can be performed within 3-4 hours. Such a strategy is not
novel and has been very successful in virtually abolishing the incidence of HLA-B*5701-
associated abacavir hypersensitivity in HIV-infected patients [77]. Multiplexed PCRs can be
utilized to assess multiple alleles.

It is important to note that the HLA-B*1502 allele does not predispose to carbamazepine-
induced DIHS, maculopapular eruptions or other adverse reactions and continued vigilance
for the symptoms of SCAR needs to be maintained if treatment is commenced [61].

Currently, there is no recommendation for genetic screening prior to the commencement of
allopurinol therapy. Although such a strategy is plausible, studies are required to determine
the benefits of screening for the HLA*5801 allele in at risk populations.

4.6.2. Diseases

The EuroSCAR study showed that HIV infection conferred the highest risk of SJS/TEN;
multivariate relative risk (mvRR) 12 [2.4-59]. Other disease associations included collagen
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vascular disease mvRR 2.2 [0.9-5.0], recent malignancy mvRR 2.7 [1.3-5.7], recent radiotherapy
mvRR 2.1 [0.5-9.0], or acute infection in the past 4 weeks [1.2-2.3] [11].

4.6.3. Pharmacokinetics

The EuroSCAR study revealed an increased risk of SJS/TEN at higher doses of allopurinol;
adjusted odds ratio (OR) 36 [17-76] for doses >200 mg daily compared with an adjusted OR 3.0
[1.1-8.4] for doses <200 mg daily [78]. This study also revealed that the risk was mostly confined
to short-term use (<8 weeks, unadjusted OR 261 [36-]). Allopurinol should be commenced at
a dose of 100 mg daily and increased by 100 mg increments until the desired serum uric acid
level is attained. Previous reports have shown that allopurinol is commenced at inappropriate
doses [79] and that higher doses are associated with an increased incidence of acute events [80].
It is likely that the rapid accumulation of the chemically reactive metabolite oxypurinol when
higher doses of allopurinol are commenced increases the risk of SJS/TEN [81],[82]. This drug
accumulation hypothesis is further supported by the 4.7 fold increased incidence of allopuri-
nol-induced SCAR in renal insufficiency [83]. The established indications for allopurinol are
treatment of hyperuricemia associated with chronic gout, acute uric acid nephropathy,
recurrent uric acid stone formation, enzyme disorders of purine metabolism, and in the
management of tumour lysis. Allopurinol is not indicated in the majority of patients with
asymptomatic hyperuricemia [84]. However, allopurinol is inappropriately prescribed in up
to 86% of cases [85]-[87]. A comparison of allopurinol exposure between the SCAR (1989-1993)
and EuroSCAR (1997-2001) studies showed a 2-3 fold increase in exposure for both patients
and control subjects, which may be attributed to the increased prescribing of the drug for the
treatment of asymptomatic hyperuricemia. The authors of the EuroSCAR study postulate that
up to 48 of the 56 cases of allopurinol-induced SJS/TEN could have been prevented if the
treatment guidelines for prescribing allopurinol were followed.

Lamotrigine when commenced at high doses can also overwhelm the detoxifying capacity
resulting in an increased risk of SJS/TEN and DIHS [88]. The incidence has reduced signifi-
cantly as a result of the now conventional practice of gradually titrating the dose [89]. Coad-
ministration of certain drugs can predispose to SCAR by competition for the same enzyme-
binding site. Reactions to lamotrigine are more common when given in combination with
valproic acid as the addition of valproic acid inhibits the clearance of lamotrigine by competing
for glucoronic acid conjugation [90].

The role of slow acetylation phenotypes of N-acetyltransferase was thought to confer suscept-
ibility of sulphonamide-induced SJS/TEN in two small studies [91],[92] but this needs confir-
mation in larger studies.

4.7. Diagnosis

A presumptive diagnosis of SJS/TEN is made clinically and is confirmed with a skin biopsy
(Figs. 6 & 7). Early lesions demonstrate vacuolar alteration and scattered necrotic keratinocytes
in the epidermal layers at the level of the stratum spinosum and the basal cell layer. Later, full
thickness epidermal necrosis is evident, which eventuates in the formation of subepidermal
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bullae [93]. The mononuclear predominantly T cell dermal infiltrate is generally sparse but
dense infiltrates can also be present. Quinn et al, has shown an extensive infiltrate was
associated with a 71% mortality rate, a moderate infiltrate with a 53% mortality, and a sparse
infiltrate with a 27% mortality, respectively [94]. A fresh sample for direct immunofluoresence
(DIF) reveals an absence of immunoglobulin and complement deposition. The cornified layer
remains intact. Immunohistochemistry usually reveals a predominance of CD8 cells in the
epidermis and CD4 cells in the dermis. A fresh sample for direct immunofluoresence (DIF)
reveals an absence of immunoglobulin and complement deposition.

Figure 6. Low power view of a skin biopsy from a patient with SIS demonstrates separation of the epidermis from the
dermis at the level of the stratum spinosum and basal cell layer resulting in the formation of subepidermal bullae
(Hematoxylin-eosin, original magnification x40).

Cultures on blood, wounds and mucosal lesions should be performed to evaluate for super-
infection. Serology may be performed for Mycoplasma pneumoniae if indicated.

A recent pilot study showed that serum granulysin levels may be raised early in the course of
disease but rapidly wanes with progression of disease [95]. Further studies are required to
determine whether this assay will prove to be a useful early diagnostic test for SJS/TEN.

4.8. Allergy testing

Skin tests and oral challenges are contraindicated in SJS/TEN because of the risk of inducing
arecurrence of disease. Patch testing has not been investigated extensively. The biggest cohort
comprised 22 patients and showed a poor sensitivity of only 9% [96]. Lymphocyte transfor-
mation tests (LTTs) assesses the proliferation of the patient’s peripheral blood T cells cultured
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Figure 7. High power view of a skin biopsy from a patient with SJS shows necrosis of keratinocytes, and vacuolar de-
generation of the basal cell layer. A sparse lymphocytic infiltrate is present at the dermoepidermal junction and dis-
plays satellitosis or clustering around dying basal cells (Hematoxylin-eosin, original magnification x200).

in the presence of a suspected drug for 6 days by measuring the incorporation of *H-thymidine
during DNA synthesis. The result is expressed as a stimulation index, which is the ratio of cell
proliferation with antigen and without antigen. The sensitivity of LTTs in SJS/TEN is greatly
improved if the test is performed within 1 week of the onset of disease but becomes negative
by 6 weeks [97]. This may be attributed to loss of regulatory T cell function in the acute phase,
which is then restored upon recovery [55]. Recently, a new cytotoxicity assay combining the
measurement of expression of the degranulation marker, CD107a, using flow cytometry and
the release of the serine protease, granzyme B by Elispot after incubating the patient’s
peripheral blood mononuclear cells with the suspected drug for 3 days [98]. The test has very
good specificity with all of the 16 controls having a negative test and good sensitivity with 10
of the 12 patients having a positive result. One role of these in vitro tests is to determine the
culprit drug when more than one drug is suspected.

4.9. Differential Diagnosis

SJS/TEN is differentiated from other conditions on the basis of the acute onset of disease, the
presence of targetoid and vesiculobullous lesions, sloughing of the epidermis, severe mucosal
involvement, the histologic finding of full thickness epidermal necrosis, and a negative DIF.
In EM major, erosive mucous membrane involvement is present but in contrast to SJS, the
patient has typical target lesions mainly affecting the extremities and it is often induced by
acute or recurrent HSV infection. The clinical manifestations of drug-induced maculopapular
exanthems (MPE) are variable and often polymorphic and lesions may have a target-like
appearance. Fever may be present but mucosal involvement is absent. The histopathology
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typically shows an interface dermatitis with hydropic degeneration of the basal cell layer [99].
Some exanthems may progress to more severe reactions such as SJS/TEN or DIHS. Generalized
bullous fixed drug eruption (GBFDE) features large brownish violaceous patches upon which
flaccid blisters arise. These blisters affect only a small percentage of the TBSA. Mucosal
involvement is rare and fever is absent. Most patients report a history of a similar local reaction
or fixed drug eruption [100].

Staphylococcal scalded skin syndrome (SSSS) usually affects children under the age of 5 years
and patients present with fever, erythema and painful skin, followed by blistering, which is
typically accentuated in areas of friction and around orifices [101]. SSSS is caused by the
systemic distribution of epidermolytic toxins produced by certain strains of Staphylococci.
These toxins cause separation at the level of the stratum granulosum, the upper layer of the
epidermis, resulting in very superficial detachment of the skin and blistering[102]. Mucous
membrane involvement is rare. The condition usually but not always follows local or systemic
staphylococcal infection [103]. Adults are less susceptible as improved renal function allows
for better clearance of the toxins. However SSSS has been described in adults who are immu-
nosuppressed or in renal failure [101]. Toxic shock syndrome (TSS) is caused by elaboration
of toxins produced by Staphylococcus aureus and Streptococcus pyogenes that act as superanti-
gens, which bind to the variable regions of {3 chains of antigen receptors on subsets of T cells
and cross-link them to the MHC molecules of antigen-presenting cells [104]. This results in
activation of large numbers of T cells (5-30%) and the massive release of cytokines including
IL-2, TNF, lymphotoxin and IL-1p. TSS is characterised by fever, diffuse red macular rash,
hypotension and involvement of >3 organs: renal failure, hepatitis, thrombocytopenia,
encephalopathy, mucous membrane hyperemia, gastrointestinal involvement with vomiting
and diarhhoea. Desquamation occurs after 1-2 weeks and predominantly affects the palms and
soles. Approximately 50% of cases are menstrually related due to the prolonged application
of absorbent tampons. Notably, 50% of cases of TSS are not associated with menstruation. Non-
menstrual cases of TSS usually complicate the use of barrier contraceptives, surgical and
postpartum wound infections, burns, cutaneous lesions, osteomyelitis, and arthritis. Although
most cases of TSS occur in women, about 25% of non-menstrual cases occur in men.

Autoimmune bullous diseases need to be considered in the differential diagnosis of SJS/
TEN. These conditions, in contrast to SJS/TEN, usually have a chronic course and are
characterized by acantholysis on histopathology and immunoglobulin deposition on DIF.
Drug-induced linear IgA bullous dermatosis can produce an acute extensive eruption of
target-like lesions, pruritic urticarial plaques and tense bullae on the trunk and limbs
[105]. Vancomycin is the most commonly implicated drug. In contrast to SJS, mucosal le-
sions are rare and DIF shows linear deposition of IgA at the basement membrane zone.
Paraneoplastic pemphigus (PNP) is a chronic disease characterized by severe and intract-
able oral mucositis and a generalized polymorphous blistering eruption in association
with an occult or overt malignancy, especially, lymphoma and Castleman’s disease [106],
[107]. Conjunctivitis is common and respiratory and gastrointestinal surfaces may be in-
volved. DIF shows deposition of IgG and complement (C3) within the epidermal intercel-
lular spaces and along the epidermal basement membrane. Drug-induced pemphigus is
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usually triggered by thiol drugs in genetically susceptible individuals [108]. These drugs,
such as penicillamine, captopril and enalapril, directly interact with the epidermis and
cause acantholysis and a superficial blistering eruption with crusts and erosions without
mucosal involvement resembling pemphigus foliaceus (PF) [109]. However, in contrast to
PF, which is mediated by antibodies against desmoglein-3, DIF may be negative in drug-
induced pemphigus. Non-thiol drugs can cause disease indistinguishable from pemphi-
gus vulgaris (PV). These cases of drug-triggered pemphigus, like PV are chronic with
autoantibodies formed against desmoglein-3 [110]. Hence a flaccid blistering eruption
with mucosal involvement occurs, and DIF shows IgG and C3 deposition in the epider-
mal intercellular spaces. Bullous pemphigoid (BP) is a chronic disease that is typified by
a tense bullous eruption that primarily affects individuals in the fifth through seventh
decades of life. Drugs, especially diuretics such as furosemide and spironolactone, can in-
duce BP [111] and should be considered when the condition occurs in a young patient
and the course is more abrupt [112]. Unlike in SJS/TEN, fever is absent, mucosal lesions
are usually absent, and DIF reveals IgG and C3 linear deposition along the epidermal
basement membrane [113].

Acute graft versus host disease (AGVHD) shares many of the same clinical, pathologic and
immunologic features as SJS/TEN. Both conditions are mediated by cytotoxic T cells, which
results in epidermal necrosis and keratinolysis [114],[115]. Furthermore, bone marrow
transplantation (BMT) patients receive medications that can trigger SJS/TEN. AGVHD
generally occurs 4 weeks after stem cell transplantation. Patients describe a sensation of skin
pain and itching followed by a morbilliform rash that in severe cases becomes generalized with
diffuse areas of epidermal necrosis [116]. Mucositis is usually present. AGVHD frequently
begins acrally and spreads proximally in contrast to TEN, which begins on the trunk and
spreads distally. Also, the early exanthem of AGVHD has a folliculocentric distribution [117].

AGEP is characterized by fever and as the disease progresses, widespread erosions mimicking
SJS/TEN may be evident [118]. Mucous membrane involvement is unusual and if present is
mild.

SJS/TEN, Stevens-Johnson syndrome/toxic epidermal necrolysis; EM, erythema multiforme;
MPE, maculopapular exanthem; GBFDE, generalized bullous fixed drug eruption; SSSS,
staphylococcal scalded skin syndrome; TSS, toxic shock syndrome; PNP, paraneoplastic
pemphigus; AGVHD, acute graft versus host disease; AGEP, acute generalized exanthematous
pustulosis

4.10. Treatment

4.10.1. Supportive care

Immediate discontinuation of the culprit drug is mandatory to reduce mortality [119]. As the
management of TEN is similar to that of extensive burns, a transfer to a burns unit reduces
morbidity and mortality. The largest trial showed a mortality rate of 29.8% after transfer to a
burns unit compared to 51.4% (p <.05) after 7 days [120]. The unit has expertise in providing
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Bullous disease Fever Mucositis Rash DIF Onset Other notable
features
SJS/TEN + + Erythroderma - Acute Starts on trunk,
Targetoid lesions proximal upper limbs
Vesicles, bullae and face and then
Erosions, detachment spreads
EM Major + + Acral - Acute HSV-induced
Target lesions recurrences
Drug-induced MPE +/- - Variable - Acute May progress to SJS or
Pleomorphic DIHS
GBFDE - - Brown patches - Acute Antecedent local
Large bullae reaction
Small % TBSA
SSSS + - Erythroderma - Acute Children under 5
Skin tenderness Adults with chronic
Periorificial crusting renal failure and on
immunosuppressive
therapy
TSS + + Diffuse red macular - Acute Hypotension
rash Multiple organ failure
Desquamation of
palms and soles
Drug-induced - - Tense bullae + Acute Vancomycin
linear IgA dermatosis Pruritus
PNP - + Polymorphous + Gradual
Bullae
Drug-induced - - Erosions + Gradual Thiol drugs
pemphigus Crusts
Drug-triggered - + Mucosal erosions + Gradual Non-thiol drugs
pemphigus Flaccid bullae
AGVHD + + Morbilliform rash - Acute Starts acrally and then
Bullae spreads
Erosions, detachment
AGEP + +/- Small nonfollicular - Acute

pustules

Erythroderma

Table 2. The differential diagnosis of SIS/TEN
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analgesia, maintaining fluid and electrolyte balance and preventing and treating superinfec-
tion. It has been recently noted that in contrast to burns, TEN affects the epidermis and hence
fluid and electrolyte requirements are less than for burns of the same extent [121]; initial
administration of 2 ml/kg/%TBSA is usually sufficient [122]. Additional nutritional require-
ments result from loss of nitrogen and energy from the wound exudate, the hypermetabolic
response of TEN and sepsis and the promotion of wound healing. However, these require-
ments may lower than in burns, with one study in the paediatric population suggesting that
that patients with TENS require 22% fewer calories per day than patients with burns. A formula
was subsequently developed: calorie requirement = baseline weight (kg) x 24.6 + wound size
(%TBSA)x 4.1+940 [123]. Enteral or total parenteral nutrition should be considered in patients
unable to ingest food. Nasogastric feeding should be cautiously initiated because of gastroin-
testinal involvement from TEN and the difficulties in placing a nasogastric tube in the presence
of a oropharyngeal involvement [124]. Room temperature should be adjusted to 30-32°C or
heat-air body warmers should be used to prevent excessive caloric expenditure due to
epidermal loss [25].

The optimal approach to wound management has not been determined and will therefore vary
between specialty units. The contrasting measures of surgical debridement with whirlpool
therapy to remove necrotic epidermis, and anti-shear wound care [125], in which detached
skin is left in situ to act as a biological dressing [126], both have equivalent rates of re-
epithelialization and survival. Non-adherent nanocrystalline-containing gauzes are being
increasingly used because of their broad antimicrobial effects [127],[128]. This obviates the
need for topical silver sulphadiazine because of the strong association between sulphonamides
and SJS/TEN. There is also a trend in the use of biosynthetic skin substitutes in place of porcine
xenograft and human allograft cadaveric skin because of reduced pain and improved mobili-
zation in elderly patients [129].

Prophylactic antibiotics are not advised as they predispose to the emergence of resistant
organisms [121]. Hence, repeated cultures of the skin, blood and other sites guide the need for
antibiotic therapy. Sterile handling and reverse-isolation procedures are essential in the
prevention of nosocomial infection [130].

Ophthalmologic consultation is mandatory in SJS/TEN and the combination of aggressive
lubrication, topical antibiotics, topical corticosteroids, and lysis of adhesions with a glass
rod is implemented immediately but has only a modest effect on the long term ocular
complications. Recently, the application of amniotic membranes has proved effective in
preserving visual acuity and an intact ocular surface [37]. The benefit may be derived from
creating a physical barrier between inflamed and denuded mucosal surfaces that minimiz-
es the formation of adhesions. The membrane may also have antiinflammatory and
antifibrotic effects [131].

Other supportive measures include hygienic mouthwashes and topical oral anaesthetics, and
monitoring for urinary retention.
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4.10.2. Corticosteroids

The role of corticosteroids in the treatment of SJS/TEN is controversial. Corticosteroids given
48 hours or more prior to admission are associated with an increase incidence of infection,
length of hospital admission, and mortality in children and adults [132]-[134]. A study in 1986
of 30 patients with TEN with an average TBSA involvement > 80% were equally divided into
those receiving supportive care alone and those receiving dexamethasone at varying doses
[135]. Although the incidence of sepsis was not significant different between the groups, the
survival following onset of sepsis was less in the corticosteroid treated group. The use of
corticosteroids doubled the rate of mortality (66% versus 33%). Corticosteroids do not prevent
SJS/TEN from occurring and have no effect on arresting disease progression [136],[137]. A
retrospective analysis of 281 patients from the EuroSCAR study found no benefit from
corticosteroids or IVIg compared to supportive care alone.

The poor outcomes may have resulted from inadequate doses and the delay in the initiation
of corticosteroid therapy. In a prospective study of 16 children with SJS in 1997, 10 received
methylprednisolone (4 mg/kg/daily) within 3 days of the onset of rash whilst 6 received
supportive care only; corticosteroids were associated with decreased length of fever and
duration of skin eruption [138]. The use of pulsed IV corticosteroids has been shown in
retrospective reviews to reduce mortality [139]-[141]. The initiation of IV methylprednisolone
500-1000 mg/daily for 3-4 days may also prevent ocular complications of cicatrization and
preservation of visual acuity [142]. The benefits of early pulsed therapy with IV corticosteroids
need to be further evaluated in randomized control trials.

The current level of evidence suggests that high dose corticosteroids may be beneficial if
commenced early in the course of disease with vigilant monitoring for emergence of infection.
However, no definitive conclusion can be drawn from this current level of evidence and
prospective trials with well defined protocols are required to define the role of corticosteroids
in the treatment of SJS/TEN.

4.10.3. Intravenous Immunoglobulin (IVIg)

The rationale for the use of IVIg was based on its ability in vitro to block Fas and subsequently
FasL-mediated apoptosis of keratinocytes [51]. The beneficial role of IVIg in SJS/TEN has been
demonstrated in retrospective studies. The largest such study to date comprised 48 patients
with TEN with a 44.8% mean TBSA recruited from centres across Europe and the United States.
Treatment with IVIg resulted in a more rapid cessation of epidermal detachment and a survival
rate of 88%. The authors subsequently recommended a dose of 1 g/kg/daily for 3 days [143].
Studies have also demonstrated benefit when investigators have compared the rates of
mortality following the use of IVIg with the pre-treatment estimate using SCORTEN. For
example, Campione et al, found that 400 mg/kg/daily for 5 days of IVIg resulted in a mortality
rate of 10%, significantly lower that the 35% predicted using SCORTEN [144]. Metry et al,
showed that the benefit of IVIg extended to the paediatric population [145].

In 2006, a retrospective study found that the use of IVIg at a total dose of 2.8 g/kg/daily in 23
patients resulted in a marked difference in mortality compared to 8 patients who received
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supportive therapy alone despite the absence of a difference in SCORTEN between the two
groups. The mortality rate was 26% in the patient group receiving IVIg and 75% in the group
receiving supportive care only. This difference, however, was not statistically significant. A
study by Yang et al, showed a lower than predicted mortality rate for patients given IVIg and
corticosteroids and a higher than expected mortality rate for those receiving corticosteroids
alone. This difference was not statistically significant [146].

Despite the initial preponderance of evidence favouring the use of IVIG in SJS/TEN, a few
published reports have not demonstrated any benefit. Most of these studies comparing the use
of IVIg with supportive care alone used doses less than the recommended 2-3 g/kg [147]-[150].
The largest restrospective analysis on the use of IVIg derived from the EuroSCAR study and
published in 2008 included 109 patients with TEN, 136 with SJS/TEN overlap, and 134 with
SJS found that IVIg administered at a dose of 1.9 g/kg conferred an OR of 1.4 when compared
to the use of supportive measures alone. This study involved the use of lower than recom-
mended doses of IVIg and the patients from the IVIg group tended to have a greater TBSA
involvement [151]. A controlled observational study in an intensive care unit in a French
dermatology department of 34 patients who presented at a mean of 4.3 days after the onset of
TEN revealed a higher mortality rate than that predicted by SCORTEN when 2g/kg of IVIg
was administered within 2 days of admission [85].

Randomized control studies are required using sufficient doses of IVIg to characterize its
benefit in not only reducing mortality but also arresting the rate of progression and hastening
the rate of re-epithelialization. However, the evidence thus far, is not robust as an adjunctive
immunomodulatory therapy in the treatment of SJS/TEN.

4.10.4. C yclosporine

Cyclosporine inhibits CD8 activation and subsequent release of granulysin, granzyme and
perforin as well as inhibiting the proapoptotic effect of NF-xB. Several case and case series
reports have shown arrest of disease progression and shorter time to re-epithelialization with
doses varying from 3-10 mg/kg/daily for a period ranging from 8 days to several weeks [152]
[153]-[161]. The study by Arevalo et al, showed that outcomes for 10 patients treated with
cyclosporin was superior to 6 patients treated with cyclophosphamide and corticosteroids with
respect to re-epithelialization, disease progression and death [157]. However, randomized
control studies are required to better define its benefits, the appropriate dose and duration of
therapy. Furthermore, no studies have been published to date evaluating the efficacy of using
both IVIg and cyclosporine but may be worthwhile considering as different pathways involved
in the pathogenesis of SJS/TEN are targeted.

4.10.5. Plasmapheresis

Plasmapheresis (PE) has been reported to be beneficial in several case reports and series in
patients with TEN based on the principle that the drug, drug metabolite or cytotoxic mediator
is removed from the circulation [162]-[165]. One report from Sweden showed no benefit from
PE in eight patients compared with patients from other studies who received similar support
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care but without PE [166]. There is insufficient evidence at this stage to support the use of PE
in preference to other adjunctive measures.

4.10.6. Anti-TNF therapy

TNF is thought to be upregulated in TEN and immunohistochemistry has demonstrated
increased levels of TNF from 23 patients as compared with controls [167]. Thalidomide, a
potent inhibitor of TNF, was found in a double blinded randomized placebo controlled trial
to be lethal in 10 of 12 patients compared with 3 of 10 control subjects. The exact mechanism
underlying these fatalities is unknown but the drug is firmly contraindicated in SJS/TEN.

Infliximab and eternecept has been shown to be beneficial in a small number of case reports
[168]-[173]. The drug was usually administered late in the course of disease and therefore its
benefit is not clear and requires case-control studies to further elucidate its role.

4.10.7. N-acetylcysteine

Strategies have been explored to overcome the diminished detoxifying capacity of abnormal
inherent metabolic pathways evident in a proportion of patients with SJS/TEN. Administration
of N-acetylcysteine enhances the oxidant buffering capacity of glutathione, which enhances
the detoxification of a range of drugs, as well as inhibiting NF-kB. Two case reports have shown
abeneficial response butlarger studies are clearly required before itis readily applied in clinical
practice [174],[175].

4.10.8. Restricted use of related medications

In addition to the restricted use of the same medication, structurally similar drugs should also
be avoided. The aromatic anticonvulsants carbamazepine, phenytoin and phenobarbitol cross
react with one another. Cross reactivity resulting in SJS/TEN can also occur across different
classes of beta-lactam antibiotics, such as penicillins, cephalosporins and carbapenems [176].
Administration of a structurally related drug can also result in different reactions. One case
report described a patient with ceftriaxone-induced TEN who developed immediate anaphy-
laxis following the administration of piperacillin/tazobactam [177].

The risk of SJS/TEN with structurally distinct agents within the same class of drug is less clear.
For example, the cross reactivity between a priopionic acid NSAID and an enolic acid NSAID
is unknown. The safest practice is to restrict all NSAIDs following NSAID-induced SJS/TEN.

5. Drug induced hypersensitivity syndrome

5.1. Nosology

The term hypersensitivity syndrome has been used for decades to describe a cutaneous drug
reaction accompanied by involvement of internal organs. In 1938, Merritt and Putnam
described a toxic reaction to phenytoin characterized by exfoliative dermatitis, fever and
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eosinophilia [178]. This was distinguished from those patients who developed a mild,
morbilliform rash. Chaiken et al coined the term Dilantin hypersensitivity in 1950 to further
characterize the systemic reaction described by Merritt and Putnam to also include lympha-
denopathy and multivisceral involvement [179]. Saltzein in 1959 described a drug-induced
lymphoma characterized by lymphadenopathy and diffuse skin nodules and plaques without
internal organ involvement. [180]. The anticonvulsant hypersensitivity syndrome was named
in 1988 by Shear and Spielberg to refer the similar cutaneous and systemic manifestations of
idiosyncratic reactions to a range of anticonvulsant medications including phenytoin, pheno-
barbitol and carbamazepine [181]. In 1996, Bocquet et al introduced the term drug reaction
with eosinophilia and systemic symptoms (DRESS) to distinguish it from drug-induced
pseudolymphoma and other drug reactions that are not associated with eosinophilia [182].
Finally, Shiohara et al proposed the term drug induced hypersensitivity syndrome (DIHS) to
include patients who may not have marked eosinophilia but have other evidence of leukocyte
abnormalities, internal organ involvement and evidence of HHV-6 reactivation [183],[184].

5.2. Epidemiology

The incidence of DIHS is estimated to be between 1 in 1000 and 1 in 10000 to phenytoin [185].
The true incidence remains to be determined because of the variable presentations and the lack
of universally accepted criteria. The JSCAR and RegiSCAR studies will provide more accurate
reporting on the basis of stringent criteria. Preliminary data from the RegiSCAR study suggests
that it affects males and females equally with a mean age of 47.4 years (range 3-84 years) [186].

5.3. Etiology and clinical features

Various diagnostic criteria have been proposed. Bocquet et al stipulated the presence of (1)
cutaneous drug eruption; (2) hematologic abnormalities including eosinophilia greater than
1.5 x10°/L or the presence of atypical lymphocytes; and (3) systemic involvement including
adenopathy greater than 2 cm in diameter, hepatitis (liver transaminase values >2 normal),
interstitial nephritis, interstitial pneumonia, or carditis.

Kardaun et al developed a scoring system to validate the diagnosis [187].

The potential role of HHV-6 in the pathogenesis of DIHS was incorporated into the criteria for
DIHS by the JSCAR group [188]: (1) maculopapular rash developing more than 3 weeks after
starting a limited number of drugs; (2) prolonged clinical symptoms 2 weeks after discontin-
uation of the causative drug; (3) fever greater than 38 C; (4) liver abnormalities (eg, ALT levels
>100 U/L); (5) leukocyte abnormalities such as leukocytosis (>11 x 10°/L), atypical lymphocy-
tosis (>5%), and/or eosinophilia (>1.5 109/L); (6) lymphadenopathy; and (7) HHV-6 reactiva-
tion. Diagnosis of typical DIHS requires the presence of all 7 criteria. If criteria 1-5 are present
only, then a diagnosis of atypical DIHS is made.

The syndrome typically begins 3 weeks to 3months after commencing therapy with a limited
number of drugs of which the most prominent ones are listed below.
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Assessment/Score -1

2 min max

Fever =38.5°C n

Enlarged lymph nodes

n/u

Eosinophilia

Eosinophilia

n/u

700-1499/uL

"/>1500/uL 0 2

Eosinophilia if WCC<4000/uL

10-19.9%

>20%

Atyical lymphocytes

n/u

y

Skin involvement

Skin rash extent (%TBSA)

n/u

”/>500/0

Skin rash suggestive of DRESS n

y

Histology suggestive of DRESS n

y/u

Organ involvement *

Liver

Kidney

Lung

n/u

sy

Heart

Pancreas

Other organ

Resolution =15 days n

Serology/PCR

Hepatitis A,B,C
EBV,CMV
Mycoplasma,Chlamydia
ANA

Blood culture

If non +ve and =3 -ve

Total

y, yes; n, no.

*After exclusion of other causes: 0, no organ involvement; 1, 1 organ involved; 2, = 2 organs involved.

Final score: <2, excluded; 2-3, possible; 4-5, probable; >5, definite.

Table 3. Diagnostic validation score for DRESS

High-grade fever (38-40°C) is usually the first symptom followed by the development of facial

oedema (Fig. 8), often with pinhead-sized pustules, and an erythroderma with edematous,

follicular and purpuric lesions (Fig. 9). An exfoliative dermatitis often eventuates especially if
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Carbamazepine

Phenytoin

Phenobarbitol

Zonisamide

Lamotrigine

Allopurinol

Dapsone

Sulphasalazine

Mexiletine

Minocycline

Strontium ranelate

Abacavir

Table 4. The main causative drugs of DIHS

Figure 8. Facial erythema and edema with labial ulceration in a young woman with DIHS/DRESS.
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the causative drug is not withdrawn (Fig. 10). Cheilitis (Fig. 8), pharyngeal erythema and oral
ulceration may occur but severe stomatitis is not present. Tender lymphadenopathy in more
than two sites and bilateral swelling of salivary glands with xerostomia is evident early in the
course of disease. Hepatosplenomegaly is a common finding. Leukocytosis with atypical
lymphocytes and eosinophilia (60-70% of cases) is a prominent feature of this syndrome
although the eosinophilia may not be observed for 1-2 weeks. Thrombocytopenia and anemia
may also be present. Hypogammaglobulinema is noted at the onset of disease with the nadir
occurring several days after the withdrawal of the causative drug [189]. An overshoot in the
IgG level occurs 1-2 weeks after the nadir before returning to normal on full recovery. Internal
organ involvement is listed in table 5.

Figure 9. Maculopapular eruption and erythroderma of the trunk in DIHS.

The onset of symptoms is variable with patients developing 2-3 symptomatic features followed
by stepwise development of other manifestations. In most cases, withdrawal of the drug is not
followed by rapid resolution of symptoms. Many patients may continue to deteriorate and
show periodic relapses for weeks after the withdrawal of the causative drug.

Several reports have described the occurrence of autoantibody formation and autoimmune
diseases up to 4 years after the acute resolution of DIHS/DRESS [201] and these include type
1 diabetes mellitus [202], autoimmune thyroid disease [203], scleroderma GVHD [204], SLE
[205], and bullous pemphigoid [206]. One of the likely explanations for the occurrence of
autoimmune disease is the depletion of regulatory T cells upon recovery of disease.
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Figure 10. Exfoliative dermatitis involving the hand in a young woman with DIHS/DRESS who had continued to ingest
the culprit drug for 4 weeks when this image was taken.

Manifestation Comments

Hepatitis (mixed hepatocellular and cholestatic) 71%!190

Interstitial nephritis 11%, frequent with Allopurinol-induced
D|HS[191]

Pneumonitis/pleuritis Common in minocyclinel'®? and abacavirl'®?!
induced DIHS

Myocarditis Occurs at onset or 40 days after onset of
DIHS09

Limbic encephalitis 2-4 weeks after onset of DIHS, HHV-6

reactivation in CSF{19!
May be assoiciated with SIADH!9¢!

CMV Gastrointestinal ulceration with bleeding 4-5 weeks after onset of DIHS!"7)
Haemaophagocytic syndrome Rare, occurs 2 weeks after onset of diseasel'*®!
Parotid gland enlargement Rarel199

Pancreatitis Rarel200!

Table 5. Internal organ involvement in DIHS

Abacavir, an HIV nucleoside analogue reverse transcriptase inhibitor causes a potentially life-
threatening hypersensitivity syndrome in approximately 5-8% of recipients within 6 weeks of
therapy [207],[208]. The clinical and laboratory features of this syndrome differs from typical
cases of DIHS/DRESS in that there is a predilection for the gastrointestinal system with nausea,
abdominal pain, diarrhoea, and the respiratory tract with cough, pharyngitis and shortness of
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breath. Headache, myalgia and/or arthralgia may also be present. Eosinophilia is present in <
10% of cases and liver function test abnormalities are detected in < 20% of cases [209]. Also,
the manifestations resolve within 72 hours rather than having a protracted relapsing course
and the role of herpetic viruses in this condition is unknown.

5.4. Differential diagnosis

Viral infections such as EBV, CMV, and measles can be distinguished by the absence of
eosinophilia, hypogammaglobulinemia, and supportive serology. In children, DIHS/DRESS is
differentiated from Kawasaki’s disease by the absence of a bulbar conjunctivitis, strawberry
tongue, coronary aneurysms, hypoalbuminemia and thrombocytosis. Serum sickness is
characterized by urticarial lesions and the absence of internal organ involvement. Atopic
erythroderma with bacterial infection does not usually involve hepatitis or nephritis. Drug-
induced pseudolymphoma from carbamazepine or phenytoin is distinguished from DIHS/
DRESS by the absence of internal organ involvement and the prompt resolution of symptoms
when the drug is withdrawn. Cutaneous B and T cell ymphomas have an indolent course and
characteristic histopathology.

5.5. Pathology

The histopathology of DIHS/DRESS is relatively non-specific and consists of a lymphocytic
infiltrate that is superficial, perivascular, dense and diffuse. Eosinophils may be present but is
often absent. The presence of loose rather than discrete granulomatous aggregates of histio-
cytes have been recently reported (Figs. 11, 12) [210]. This may be due to continued exposure
to the culprit drug after the onset of DIHS/DRESS. Granuloma formation occurs as a conse-
quence of a delayed-type hypersensitivity (type IV) reaction, the classic example of which is
the tuberculin reaction where a cutaneous granuloma is induced after injection of purified
protein derivative in a previously sensitized individual. The expansion of CD4 cells and the
secretion of IFN-y and other Th-1 cytokines result in the recruitment of macrophages. Sus-
tained drug exposure and the persistence of cytokine release promote differentiation of
macrophages into epithelioid cells, which secrete TNF promoting their fusion to form multi-
nucleate giant cells and granulomas. HHV-6 and DNA from other herpes viruses may be
detected in skin lesions by PCR or in situ hybridization [183].

5.6. Drug allergy testing

5.6.1. Patch tests

Santiago et al recently studied the utility of patch testing in DIHS/DRESS and found a positive
reaction in 32% of the 56 patients. Patch testing was performed between 6 weeks and 6 months
after healing of the lesion and at least one month after corticosteroids were ceased. They found
that 76% of the 17 patients with carbamazepine-induced DIHS/DRESS were patch test positive
butnone of the 19 allopurinol-sensitive patients were positive to allopurinol and its metabolite,
oxypurinol. No systemic reactions occurred during or after testing [211]. Hence patch testing
may prove useful once the reagent and timing of such testing is optimized. Patch testing has,
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Figure 11. Low power view of a skin biopsy from a patient with DIHS demonstrating the superficial dermal nature and
perivascular distribution of the inflammatory infiltrate with acanthosis and hyperkeratosis of the epidermis (Hematox-
ylin-eosin, original magnification x40).

Figure 12. High power view of a skin biopsy from a patient with DIHS demonstrates granulomatous inflammation
with prominent, but relatively loosely aggregated histiocytes, mixed with lymphocytes. Eosinophils are absent (Hema-
toxylin-eosin, original magnification x200).
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however, proven to be very useful in confirming suspected cases for abacavir hypersensitivity
with a higher degree of specificity than can be confirmed clinically [212].

5.6.2. Lymphocyte transformation tests(LTTs)

LTTs are usually negative up to 3 weeks after the onset of DIHS/DRESS but most patients are
positive at 5-7 weeks and have persistent responses even at 1 year. Treatment with corticoste-
roids did not affect the results [97]. One possible explanation for the negative LTT result during
the acute phase of DIHS is the expansion T regulatory cells with a naive phenotype
(CD4CD25FoxP3), which then are depleted by apoptosis during the recovery phase. These
regulatory T cells are capable of suppressing proliferation of memory T cells in LTTs [55].

5.7. Pathogenesis

The pathogenesis of DIHS/DRESS is still to be fully elucidated. The precise role of HHV-6 in
DIHS is unclear. The initiating event may be the reactivation of one or more herpetic viruses,
which s clinically unapparent. Virus-stimulated T cells may then cross react with drug-derived
hapten-protein conjugates that are presented by dendritic cells to naive antigen-specific CD4
T-cells with the subsequent differentiation into effector/memory CD4 cells. These dendritic
cells may also activate CD8 T-cells by cross-presentation. The expansion of effector CD4 T-cells
with their production of IFN-y and other cytokines results in recruitment and activation of
macrophages. Failure to eradicate the antigenic stimulus, in this instance due to the continued
ingestion of the drug, causes persistent cytokine release and promotes differentiation of
macrophages into epithelioid cells, which secrete large amounts of TNF promoting their fusion
to form multinucleate giant cells [210]. Analogous to that observed in GVHD, longitudinal
real-time PCR analyses of viral loads in blood samples drawn from patients with DIHS show
that various herpetic viruses are sequentially activated as a result of massive T cell stimulation,
B cell loss and hypogammaglobulinemia [213]; Activation of Epstein-Barr virus or HHV-6
extends to the sequential activation of HHV-7, cytomegalovirus and varicella-zoster virus
[189]. The frequent deterioration or several exacerbations that occur despite continuation of
the drug may at least be partly explained by sequential reactivation of herpetic viruses and
the immune response to viral replication. An alternative explanation is that drug specific T
cells are activated resulting in reactivation of the viral genome and sequential reactivation of
herpes viruses.

Genetic susceptibility may also play a role as all patients with allopurinol-induced DIHS in a
Han Chinese population harboured the HLA-B*5801 allele compared with 15% of control
subjects [67]. Recently, an association was described between HLA-A*3101 and DIHS in
Northern Europeans; OR 12.41 [1.27-121.03] [64] and in the Japanese; OR 9.5 [4.6-19.5] [65]. In
a Western Australian HIV Cohort Study, HLA-B*5701 was present in 14 (78%) of the 18 patients
with abacavir hypersensitivity, and in four (2%) of the 167 abacavir tolerant patients; OR 117
[29-481] [193]. There is a discrepancy in the association of HLA-B*5701 and abacavir hyper-
sensitivity across various racial groups The association was confirmed in a separate cohort of
HIV-infected white Americans and was also found to confer susceptibility in Hispanics but
not in blacks [214]. No association was found in a cohort of Korean patients [215]. Hence
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screening for HLA-B*5701 is not useful in predicting sensitivity in all patients. The racial
variation may be partly explained by the differences in MHC haplotypes across different racial
groups. The Caucasian 57.1 ancestral haplotype, which confers susceptibility to abacavir
hypersensitivity possibly as a result of strong linkage disequilibrium with other candidate
genetic factors such as cellular chaperones (e.g. heat shock proteins), inflammatory cytokines
(e.g. TNF), and proteins involved in the stress response (e.g. MHC class I chain-related genes,
MIC-A and MIC-B). African populations do not demonstrate this haplotype [216]. However,
in a recent study by Saag et al, all 42 white patients with immunologically confirmed (i.e.
positive patch tests) hypersensitivity reactions were HLA-B*5701 positive (sensitivity 100%,
OR 1945 [110-34,352]) but in addition all 5 black patients with immunologically confirmed
hypersensitivity reactions were HLA-B*5701 positive (sensitivity 100%, OR 900 [ 38-21,045].
Screening for the HLA-B*5701 has eliminated immunologically confirmed cases of abacavir
hypersensitivity [217].

5.8. Treatment

Early recognition of the syndrome with cessation of the causative drug is essential in improving
patient outcomes. No randomized controlled trials have been conducted to determine the
appropriate adjunctive therapy for DIHS/DRESS. Oral corticosteroids at 1 mg/kg/daily is
commenced and tapered over at least 6-8 weeks to prevent relapse of various cutaneous and
visceral manifestations of the syndrome. If symptoms deteriorate despite corticosteroid
therapy then IVIg [218],[219], plasma exchange [220], rituximab, gangciclovir or a combination
of these modalities [221] can be considered.

Recently, the French Society of Dermatology formulated guidelines on the management of
DIHS/DRESS [133]:

1. Absence of signs of severity: topical corticosteroids, emollients and H1-antihistamines.

2. Presence of signs of severity (transaminases >5 times normal, renal impairment, pneu-
monia, hemophagocytosis, cardiac involvement): prednisone 1 mg/kg/day.

3. Life-threatening signs: (hemophagocytosis with bone marrow failure, encephalitis, severe
hepeatitis, renal failure, respiratory failure): prednisone and IVIg 2 g/kg over 5 days.

4. Presence of signs of severity with confirmation of major viral reactivation: prednisone and
gangciclovir and/or IVIg.

6. Acute generalized exanthematous pustulosis

6.1. Nosology

In 1980, Beylot et al [222] introduced the term acute generalized exanthematous pustulosis
(AGEP) to describe acute pustular reactions with distinct clinical and histological features
thereby differentiating it from pustular psoriasis.
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6.2. Epidemiology

AGEP is rare with an incidence of 1-5 cases per million per year [223]. The EuroSCAR study
comprising 97 validated cases of AGEP recruited from Austria, France, Israel, Italy and the
Netherlands, revealed a mean age (+SD) of 56 (+21) years and a female preponderance with a
male/female ratio of 0.8 [18]. The predominance in women was shown to be even greater in
case series reports from Taiwan (68.7% of 16 cases) [224], and Israel (76.9% of 13 cases) [225].
AGEP has been reported in children, with the largest pediatric series of 20 cases from China
[226].

6.3. Clinical features

The clinical manifestations are characterized by fever and a pruritic or burning edematous
erythema (Figs. 13 A&B) followed by the rapid appearance of dozens of small (<5 mm) non-
follicular sterile pustules (Fig. 14). The skin lesions are often accentuated in the intertriginous
areas (Fig. 13 C). There is usually an accompanying marked neutrophilia (7 x 10°/L) and in a
third of cases, a mild eosinophilia. A mild non-erosive mucous membrane involvement occurs
in 20% of cases. Internal organ involvement is uncommon and usually is confined to a slight
reduction in creatinine clearance and mild elevation of aminotransferases.

The clinical course is characterized by spontaneous resolution of skin and systemic manifes-
tations over a period of up to 15 days once the offending agent is withdrawn [223]. AGEP has
a favourable prognosis; the reported mortality rate is up to 5% and poor outcomes usually
result from secondary infection in the elderly or those patients with significant comorbidities
[227],[228].

6.4. Etiology

AGEP is caused by drugs in at least 90% of cases. According to the EuroSCAR study, the agents
conferring the highest risk are pristinamycin, aminopenicillins, hydroxychloroquine, antibac-
terial sulphonamides, terbinafine and diltiazem [18]. The latent period is short (usually 1-5
days) with the EuroScar study demonstrating that it may vary for different drugs. For
antibiotics, including sulphonamides, the median latent period was 1 day, and for other drugs
it was 11 days [18].

Contact sensitivity has been implicated in a few case reports. Causative agents include
mercury[229], and bufexemac, a potent topical NSAID[230]. Neither of these agents was
implicated in the 97 cases of AGEP in the EuroScar. The role of infectious agents in AGEP has
been suggested in various case reports due to the absence of an inciting drug [231]. The
organisms include coxsackie B4 [232], cytomegalovirus [233], parvovirus B19 [234], Chlamydia
pneumoniae [235], and Escherichia coli [236]. No significant risk for infection was found in the
EuroScar study although the study was not designed to identify potential causative organisms.
Spider bites were suggested as a cause AGEP in a series of three cases from Israel, presumably
as a result of the venom’s ability to induce IL-8 and GM-CSF [237]. Finally, as illustrated in
two recent cases, AGEP may develop without preceding medication or disease [238].
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©

Figure 13. This patient with AGEP had an onset of erythema and edema of the face (A), erythema of the trunk (B)
with a predilection for intertriginous areas (C).
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Figure 14. The lesions of AGEP occur rapidly and are characterized by dozens of small (< 5 mm) non-follicular sterile
pustules.

6.5. Pathogenesis

The pathogenesis of AGEP has been elucidated by patch [239],[240] and in vitro tests [241]-
[243] and initially involves activation, expansion and subsequent migration of drug-specific
CD4 and CDS8 cells to the skin. The initial influx of CD8 cytotoxic T cells results in apoptosis
of keratinocytes and the formation of subcorneal vesicles. The infiltrating CD4 cells release
CXCL-8, which results in recruitment of neutrophils, and granulocyte macrophage-colony
stimulating factor (GM-CSF), which prevents apoptosis of neutrophils. This results in the
conversion of vesicles into pustules. CD4 cells also release IFN-y, which stimulates keratino-
cytes to secrete CXCL-8, as well as RANTES and IL-5, which contributes to the eosinophilia
observed in some patients [244]. Resident Langerhans’ cells may present drug antigens to CD4
cells and keratinocytes may act as antigen presenting cells to CD8 cells thereby augmenting
the neutrophil-mediated inflammatory response. Genetic susceptibility to AGEP has not been
robustly examined and therefore remains largely unknown.

6.6. Diagnostic tests

A pustular smear should be performed to exclude an infectious aetiology. A full blood count
will reveal a neutrophilia. A skin biopsy may show (spongiform or non-spongiform) subcor-
neal and/or intradermal pustules, edema of the papillary dermis, perivascular infiltrates with
neutrophils and exocytosis of some eosinophils and focal necrotic keratinocytes (Fig. 15). The
typical changes of psoriasis such as acanthosis and papillomatosis are usually absent. Patch
testing may be useful in confirming the association between AGEP and the culprit drugs. In a
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controlled study, patch tests were positive in half of the 14 cases of AGEP [96]. Readings should
not be restricted to 24 and 48 hours after the application of the drug but should also be
determined at 96 and 120 hours to maximise sensitivity. Pustule formation is often observed
in positive patch tests in cases of AGEP. The test can be conducted one month after resolution
of the disease. The risk of AGEP with patch testing is considered to be low but not negligible
[245]. A small number of studies have supported a role for LTT [246], IFN-y release [247],
lymphokine macrophage migration inhibition factor release assays [241] but these in vitro tests
are not widely available and its value remains to be determined in large cohorts.

Figure 15. A moderate power view of a skin biopsy from a patient with AGEP shows spongiform subcorneal pustules,
edema of the papillary dermis and perivascular infiltrates with neutrophils and exocytosis of some eosinophils.

Morphology

Pustules

Typical +2
Compatible with disease +1
Insufficient 0
Erythema

Typical +2
Compatible with disease +1
Insufficient 0

Distribution
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Morphology

Pustules

Typical +2
Compatible with disease +1
Insufficient 0

Post pustular desquamation

Yes +1
No 0
Course

Mucous membrane involvement

Yes -2

No 0

Acute onset

Yes 0
No -2
Resolution

Yes 0
No -4
Fever = 38°C

Yes +1
No 0

Polymorphonuclear cells = 7/ul

Yes +1
No 0
Histology

Other disease -10
Not representative 0
Exocytosis of polymorphonuclear cells +1

Subcorneal and/or intraepidermal non-spongiform pustules or +2
NOS pustules with papillary edema or subcorneal and/or
intraepidermal spongiform pustulea or NOS pustules without
papillary edema

Spongiform subcorneal and/or intraepidermal pustules with ~ +3
papillary edema

NOS, not otherwise specified.

Score < 0; excluded, 1-4: possible, 5-7: probable, 8-12: definite

Table 6. Diagnostic score for validation of AGEP
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6.7. Differential diagnosis

AGEP, which is characterized by non-follicular pustules can be readily distinguished from
diseases with follicular pustulosis such as bacterial folliculitis, furunculosis, acneiform
eruptions, pustular contact dermatitis, dermatophyte infection, viral exanthema with primary
vesiculation and secondary postulation, impetigo, Sweet syndrome and SSSS. Other diseases
are not as easily differentiated from AGEP. Generalized pustular psoriasis (Zumbusch
psoriasis) is characterized by pustules that slowly develop on areas of psoriasis accompanied
by the histological changes of psoriasis on skin biopsy. There is also usually a family history
of psoriasis. Sneddon-Wilkinson disease (subcorneal pustulosis) and subcorneal IgA derma-
tosis are characterized by the subacute development of larger pustules than those that erupt
in AGEP and maybe associated with hyopyon formation.

A diagnostic score was devised to validate the diagnosis of AGEP based on the morphology,
course of disease, and histology and assist in the differentiation from similar diseases [223].

6.8. Treatment

As AGEP is a self-limiting disease with a favourable prognosis. Cessation of the causative agent
and supportive treatment is usually all that his required. In the pustular phase, supportive
measures consist of moist dressings with drying and disinfecting solutions to avoid superin-
fection. In the postpustular desquamation phase, emollients are used to optimise preservation
of skin barrier function. In a study of nine cases from Israel, all of who made a full recovery,
seven received supportive care alone and the other two received corticosteroids [248]. It
remains to be established whether oral or parenteral corticosteroids hasten the resolution of
disease. A brief course of systemic corticosteroids may be considered in patients with severe
and widespread inflammation of the skin.

7. Conclusion

SCARs such as SJS/TEN, DIHS/DRESS, and AGEP are idiosyncratic and specific types of
reactions that have distinct clinical, laboratory and histological features. The definition of
DIHS/DRESS has not been universally adopted and will need to be clarified once the role of
herpetic viruses and characteristic histological features are known. The early identification of
these reactions and the subsequent prompt withdrawal of therapy and the implementation of
supportive and adjunctive therapies are crucial in minimising morbidity and rates of mortality.
Multicentre randomized studies are required to adopt the most suitable therapies for these
potentially life-threatening conditions. The emergence in the understanding of HLA suscept-
ibility genes will enable patients to be screened for the risk of developing a SCAR and will
hopefully be more widely performed once cost effective and rapid methods of detection are
widely available to the prescribing doctor.
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1. Introduction

The word “pemphigus” is derived from the Greek term "pemphix” meaning bubble or blister.
Pemphigus is a group of autoimmune diseases (see Table 4) characterized by intra-epithelial
blistering, resulting in superficial vesicles or bullae that easily rupture, resulting in ulceration
of mucosal and/or cutaneous sites. Although rare, pemphigus causes significant morbidity and
potential mortality for patients. The two main subtypes are pemphigus vulgaris (PV), and
pemphigus foliaceous (PF), of which PV is the most common and clinically, the most aggressive
variant, being associated with significant morbidity and mortality, composing 70% of all
reported cases of pemphigus: Less common forms and variants include paraneoplastic
pemphigus, drug induced pemphigus, and IgA pemphigus. This book chapter focuses on the
diagnosis and treatment of PV and PF.

2. Epidemiology

The estimated incidence of pemphigus is 1-16 cases per year per million people [1],[2]. PV is
the most common type of pemphigus found in the USA and Europe. In the USA, PV is 5 times
as prevalent as PF [3]. In contrast, PF is more common in certain countries such as Finland and
South Africa [4] and the endemic variety, Fogo Salvegem, affects up to 3% of the population,
in affected rural regions in Brazil, Columbia, and Tunisia [5]-[7].

3. Pathogenesis

The pathogenesis of pemphigus involves the targeting of inter-keratinocyte adhesion mole-
cules by autoantibodies, leading to acantholysis and subsequent blister formation. There are
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four subtypes of desmoglein, which are glycoproteins that belong to a superfamily of cadherin
molecules and are essential components of desmosomal intracellular adhesive junctions [8].
The molecular target in PF is desmoglein-1, which is found predominantly in the upper layers
of the epidermis of the skin [9] [10]. Two subtypes of PV are described. In mucosal-dominant
PV, the molecular target is restricted to desmoglein-3, whereas in mucocutaneous PV, the
target is desmoglein-3 and desmoglein-1.[8] Desmoglein-3 is found in mucous membranes and
predominantly in the lower layers of the epidermis of the skin and hence explains the absence
of mucous membrane involvement in PF. Current evidence suggests that autoantibodies to
desmogleins cause the loss of this desmosome from the surface of the keratinocyte and
rearrangement of the actin cytoskeleton. This results in an unidentified cascade of signalling
events resulting in apoptotic cell death and acantholysis [11]. Autoantibodies to desmoglein-3
and desmoglein-1 are paramount in the pathogenesis of PV and PF. In PV, this is demonstrated
by the fact that passive transfer of serum IgG to desmoglein-3 into newborn mice induces
blister formation [12].

Interaction between antigen specific T cells and B cells is postulated for the production of
antibodies to desmoglein-3 and desmoglein-1. Autoantibody production has been shown, in
vitro, to be dependent on mononuclear cells [13]. Further, aberrant T cell recognition of
desmoglein-3 and desmoglein-1 is likely involved in the initiation and perpetuation of the B
cell response.

Additionally, in PV, HLA Class 2 alleles including HLA DR(31*0402, 31*1401, $1*0503 may be
involved in the presentation of desmoglein-3 peptides to autoreactive T cells. However, similar
associations are not observed in PF [14]. Further it has been observed that autoantibodies of
the Th2-dependent IgG4 subtype are present in active disease but are not detectable in inactive
disease or healthy individuals [15]. In active disease, IgG1 and IgG4 recognises epitopes in
EC1 (amino acids 50-79, Bos 1) and EC2 (amino acids 200-29, Bos 2) of desmoglein-3. In inactive
disease, only autoantibodies of the Th1-dependent IgG1 subtype to EC1 are detectable [15].
These observations suggest that IgG4 against EC2 is the main antibody responsible for
acantholysis, but that this process may be facilitated or enhanced by IgG4 against EC1 [14].

A Th2 response predominates in PV. This suggests that Th2 cells are needed to activate B cells
to initiate antibody production [16]. Further, in PV and PF, imbalance between Th2 and Th1
cytokines in terms of the elevation of the former against the suppression of the latter is
postulated to contribute to pathogenesis [16],[17]. It is possible that Th17 and Treg pathways
may also be integral. However, the association between Th cell subsets and disease activity is
not well understood.

PV autoantibodies also bind large portions of keratinocytes outside desmosomal structures.
Autoantibodies against other keratinocyte surface antigens such as desmoglein-4, desmocol-
lins, acetylcholine receptors, pemphaxin and a-9 acetylcholine receptors, of which some or
maybe all, may be involved in the pathogenesis of PV [8]. It is not clear whether blister
formation is a direct result of these antibodies or occurs indirectly through immune mediated
pathways which involve inflammatory cells and cytokines [14]. For instance, TNF-a is
observed to be raised in PV compared to healthy controls, and may also increase with disease
activity [16],[18].
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Genetic susceptibility by individuals that increases their risk for developing pemphigus is
suggested by studies describing associations between certain HLA polymorphisms and
subtypes of disease. For instance, HLA-DRB*0102, 0404, 1402, and 1406 have been associated
with endemic PF [5]. In 87 Italian patients, 61 with PV and 26 with PF, it was found that
pemphigus vulgaris and pemphigus foliaceus share HLA-DRB1*1401 and DQB1*0503, are
both associated with both PV and PF, whereas DRB1*0402 is only prevalent in patients with
PV [19]. In a group of 20 French patients [20] the HLA alleles DRB1*0404 and DRB1*0102 were
found to be associated with PF. It remains to be determined, whether these HLA-polymor-
phisms are true disease susceptibility genes given their role in antigen presentation. Alterna-
tively, they may be markers of disease susceptibility through strong linkage disequilibrium
with the causative gene. An environmental trigger may ultimately result in expression if
disease in genetically susceptible individuals as is suspected to occur in endemic PF in
Brazil[21]. Recently, it has been postulated that the inciting antigen in Brazil is a salivary

protein from a haematophagous black fly, Simulium nigrimanum [22].

Disease and Subtype(s) Clinical Presentation Natural History/ Target
(alternate terms) Prognosis/ Antigens
Outcome
Oral Cutaneous
Pemphigus vulgaris (PV) Common. Commonest and most aggressive form of Fatal if untreated Desmoglein 3
Usually the  pemphigus: oral mucosal involvement Good with treatment  (Dsg 3 is more
first site common and often first site of presentation common in oral
involved leading to extensive skin involvement. epithelium)
Pemphigus vegetans Rare Uncommon and less aggressive clinical Often progressesto (& Desmoglein 1
(inall 3 variant of PV: presents with large verrucous  pemphigus vulgaris (Dsg-1 & 3 are
forms of confluent plaques and pustules localized to both found in
pemphigus  flexural areas (axilla/groin). skin))

Pemphigus vegetans vegetans) Often begins and ends as typical PV. Needs  Frequent relapses
of Neumann more intense immune-suppression than (even with treatment)
seen with PV, with patients troubled by

chronic relapses (and remissions).

Pemphigus vegetans Relatively benign, usually very well localised  Prolonged remission
of Hallopeau disease. (with treatment)
Pemphigus foliaceus (PF) Rare All forms of PF are characterised clinically by More benign course  Desmoglein 1

superficial cutaneous blisters and erosions  than PV, with
seen on histology as subcorneal prolonged remission.

acantholysis.

Pemphigus Very rare condition with the combined
erythematosus features of pemphigus foliaceus and SLE
("Senear-Usher

syndrome”)
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Disease and Subtype(s) Clinical Presentation Natural History/ Target
(alternate terms) Prognosis/ Antigens
Outcome
Endemic pemphigus Common PF and FS are identical clinically,
( "Brazillian (endemic histologically, and serologically but differ
pemphigus” or form) significantly, epidemiologically, with marked
"Fogo Sevagem” geographic clustering in Brazil, being a
(FS)) diseases of people resident in/or near the
rainforests. The autoimmune response in FS
is thought to be triggered by a putative
environmental factor.
IgA pemphigus Rare Rare, characterised by pruritic, flaccid Recalcitrant to Desmoglein 3
(all 3forms  vesicles and/or pustules in annular pattern  treatment with (& Desmoglein
of IgA with central crusting, sometimes hypopyon*  corticosteroids 1)
pemphigus) of the eye.
Pathogenesis: related to the neutrophilic
infiltrate in the epidermis rather than solely
to the binding of IgA to target epidermal
antigens.
DIF: IgA (cf IgG seen in all other forms of
pemphigus) deposits in lower epithelium or
entire epidermal cell surfaces
Subcorneal pustular Subcorneal (beneath the stratum corneum)
dermatosis blister containing neutrophils with
("Sneddon-Wilkinson epidermal acanthosis and spongiosis, results
disease”) in superficial fragile blistering.
Intraepidermal Deeper, intra-epidermal blister containing
neutrophilic IgA neutrophils with epidermal acanthosis and
dermatosis spongiosis, results in more marked blistering
and consequent ulceration.
Paraneoplastic pemphigus Common &  Polymorphous skin eruption, consisting of Fatal Desmoglein 3,

very severe

blisters, erosions, and targetoid lesions;
severe mucous membrane involvement.
DIF: IgG deposits on entire epidermal cell
surfaces +/- granular-linear complement
auto-antibodies to rat bladder epithelium in

75% of cases.

Desmoplakin 1,
Desmoplakin 2,
BP 230,
evoplakin,
periplakin,

others

Familial benign Rare
chronic pemphigus

(“Hailey-Hailey disease”)

Not a true form of pemphigus, as it is not
antibody mediated.

It presents a chronic recurrent bullous and
vesicular dermatitis of intertriginous areas
that is characterized histologically by

suprabasilar acantholysis.

chronic, relapsing—

remitting course

Desmocollin 1
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Disease and Subtype(s) Clinical Presentation Natural History/ Target
(alternate terms) Prognosis/ Antigens
Outcome

Pathogenesis: heterozygous mutations of
the ATP2C1 gene leads to a malfunction of
the encoded protein hPMR1 - hPMR1 being
a high-affinity calcium transport ATPase
pump of the Golgi complex. A low level of
intracellular Ca2+ induces premature
keratinocyte proliferation, which leads to
dysfunctional desmosomal proteins and

thus abnormal keratinocyte adhesion.

PV = pemphigus vulgaris; PF = pemphigus foliaceous, SLE = systemic lupus erythematosus, FS = Fogo Sevagem, DIF =
directimmune-fluorescence,

cf =in contrast, BP = bullous pemphigoid, AD = autosomal dominant inheritance, Ca? = calcium ion

*hypopyon= sterile leukocytic exudate, seen in the anterior chamber of the eye

Table 1. Clinical and Immunohistochemical Variants of Pemphigus

4. Clinical features

4.1. Pemphigus vulgaris

Patients with PV usually present, in the initial stage, with highly painful erosions of the oral
mucosa (Figures 1, 2) [23], but other mucous membranes such as the nasal, laryngo-esophageal,
genital, anal and conjunctival mucosae can be involved. Some patients have mucosal dominant
disease whereas in others cutaneous lesions develop and manifest as flaccid blisters followed
by denuding and ulceration (Figure 3). A direct Nikolksy’s sign can be elicited where tangential
pressure on the on perilesional skin causes the epidermis to separate from the dermis. Skin
lesions have a predilection for the trunk, groins, axillae, scalp, face, and pressure points.
Secondary infection and dehydration are frequent cause of morbidity and mortality. Studies
that differentiate PV according to clinical phenotype have shown a lower mortality in patients
with predominantly mucosal PV (1-17%) compared with those with mucocutaneous PV (34—
42%)[24].

4.2. Pemphigus foliaceus

Non-endemic PF usually presents in middle age or older adults whereas endemic PF is more
common in children and young adults. FS in Tunisian affect women 4 times as often as men
[7]. In both non-endemic and endemic PF, patients usually report the eruption of blisters on
the scalp, face and upper trunk but they are fragile and some patients present instead with
multiple painful crusted erosions (Figure 4). There is no history of mucosal involvement.
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Figure 1. Pemphigus vulgaris with palatal ulceration and bleeding

Figure 2. Pemphigus vulgaris with desquamative gingivitis

Pemphigus erythematosus is considered to be combination of PF and systemic lupus erythe-
matosus typified by the presence of erosions in a malar distribution. Drug-associated cases
may implicate angiotensin-converting enzyme inhibitors [25], penicillamine [26] or rifampicin
[27]. There may be an intercurrent medical history of bullous pemphigoid [28], myasthenia
gravis [29] or other autoimmune diseases [30]. PF has been associated with various malignan-
cies such as non-Hodgkin’s lymphoma [31], prostate cancer [32], and cutaneous squamous cell

cancer [33].
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Figure 3. Pemphigus vulgaris characterised by multiple ulcers over the lower back

Figure 4. Pemphigus foliaceus characterised by exfoliative erythroderma

In both non-endemic and endemic PF, superficial flaccid vesicles and bullae may be evident
and a positive Nikolsky sign is commonly elicited. However, the fragility of these lesions result
in the formation of scaled erosions reflecting detachment of the stratum corneum from the
stratum granulosum described as a ‘corn flakes” appearance (Figure 5). At the severe end of
the spectrum, PF can result in an exfoliative erythroderma.
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Figure 5. Pemphigus foliaceus with large scaly and crusted erosions over the trunk giving a ‘corn flakes’ appearance

PF causes significant morbidity as the lesions are painful and patients are prone to secondary
infection, dehydration and metabolic disturbances with fatalities reported for those cases
involving exfoliative erythroderma.

4.3. Differential diagnosis

Clinically, the differential diagnosis for mucosal lesions of PV (before the development of
cutaneous disease) includes herpes simplex virus, lichen planus, mucous membrane (cicatri-
cial) pemphigoid: erythema multiforme, and paraneoplastic pemphigus. The differential
diagnosis for cutaneous involvement include other autoimmune blistering skin conditions,
such as pemphigus foliaceus, pemphigus vegetans, IgA pemphigus, paraneoplastic pemphi-
gus, bullous pemphigoid, linear IgA disease, erythema multiforme, Grover’s disease, and
Hailey-Hailey disease.

The differential diagnosis of endemic and nonendemic PF includes bullous impetigo, IgA
pemphigus, pemphigus herpetiformis, drug eruptions, subcorneal pustular dermatosis, and
systemic lupus erythematosus. If lesions are localized to the face or scalp with abundant scaling
and yellow crusting, seborrheic dermatitis needs to be considered. The differential diagnosis
of exfoliative erythroderma as the manifestation of PF includes papulosquamous diseases such
as psoriasis, pityriasis rubra pilaris, and Drug Reaction with Eosinophilia and Systemic
Symptoms.

5. Diagnosis

5.1. Histopathology

In PV, biopsy of lesional skin demonstrates intraepidermal splitting that occurs suprabasally
forming an intraepidermal blister [34]. A single layer of basal keratinocytes remains attached
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Figure 6. Medium power view of a skin biopsy from a patient with pemphigus vulgaris showing acantholysis of the
suprabasal keratinocytes leaving a single layer of basal keratinocytes attached to the basement membrane (tomb-
stone pattern), which forms the floor of an intraepidermal blister. The roof of the blister comprises relatively intact
superficial epidermal layers with the stratum corneum. A sparse perivascular lymphocytic and eosinophilic inflamma-
tory infiltrate is found within the upper dermis.

to the basement membrane (tombstone pattern), which forms the floor of the blister. The roof
of the blister comprises relatively intact superficial epidermal layers with the stratum corneum
showing a basketweave pattern. Hematoxylin and eosin staining demonstrates suprabasalar
acantholysis and infiltration with predominantly neutrophils and eosinophils. A sparse
perivascular lymphocytic and eosinophilic inflammatory infiltrate is found in the upper
dermis [35] (Figure 6). In contrast, intraepidermal splitting is found subcorneally in PF with
the initial formation of vacuoles within the intercellular spaces of the granular and/or upper
spinous layers of the epidermis. [34] The vacuoles become larger and eventually lead to
subcorneal blister formation within the upper epidermis (Figure 7). Hematoxylin and eosin
staining show variable amounts of acantholytic keratinocytes, neutrophils, and fibrin within
the blisters (Figure 8). Chronic PF lesions may show evidence of papillomatosis, acanthosis,
hyperkeratosis, parakeratosis, and follicular plugging. The papillary dermis contains an
inflammatory infiltrate composed of small numbers of neutrophils, eosinophils, and lympho-
cytes.

5.2. Direct immunofluorescence

Biopsy for direct immunofluorescence should be taken from perilesional mucosa and/orskin
[36]. Biopsy of lesional tissue is not useful as immunoreactants are rapidly degraded by
inflammatory activity [37]. To prevent the destruction of immunoreactants, specimens must
be snap frozen and stored at temperatures below -70°C or placed in special transport media
(such as Michel's medium) [36]. In direct immunofluorescence, specimens are incubated with
fluorescein isothiocyanate-labelled antibodies against immunoglobulins, complement or
fibrinogen, and examined with a fluorescent microscope [36]. In PV, direct immunofluores-
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Figure 7. Medium power view of a skin biopsy from a patient with pemphigus foliaceus showing vacuoles within the
intercellular spaces of the stratum granulosum and the upper stratum spinosum of the epidermis. The papillary dermis
contains an inflammatory infiltrate comprising neutrophils, eosinophils, and lymphocytes (hematoxylin and eosin
staining).

Figure 8. High power view of a skin biopsy from a patient with pemphigus foliaceus showing clefting with acantholy-
sis and spongiosis (hematoxylin and eosin staining).

cence shows intercellular immunoglobulin G (IgG) throughout the epidermis as a result of
deposition of both anti-desmoglein-1 and -3 antibodies (Figure 9). Approximately 50% of
biopsies may display complement 3 (C3) [36]. In contrast, PF is characterized by both inter-
cellular IgG and C3 predominantly in the upper half of the epidermis due to the increased
density of desmoglein-1 and subsequent antibody deposition in the superficial epidermis. The
diagnostic sensitivity of direct immunofluorescence in pemphigus disease is 80-95% [38].
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Figure 9. Direct immunofluorescence of a skin biopsy from a patient with pemphigus vulgaris revealing deposition of
1gG throughout the epidermis resulting in a chicken wire appearance.

5.3. Indirect immunofluorescence

The target of pemphigus is desmoglein. Desmoglein-1 and -3 are restricted to stratified
squamous epithelium, whereas desmoglein-2 is expressed in all desmosome possessing tissues
[8]. In indirect immunofluorescence, patient serum is incubated with epithelial substrates
containing the target antigen. In pemphigus, the most frequently used substrates are monkey
esophagus, which is more sensitive for the detection of PV autoantibodies, and guinea pig
esophagus and rabbit lip mucosa, which are more sensitive for the diagnosis of PF [39]. In PV,
indirect immunofluorescence produces a characteristic chicken-wire pattern predominantly
on the lowermost epithelial layers. The result is invariably positive in active disease. PF
autoantibodies produce a chicken wire pattern in the superficial epithelial layers (Figure 10).
The positivity rate is approximately 79-90% [38]. False positives can result from patient serum
containing antibodies to cell surface antigens[39]; antibodies can be found in patients with
staphylococcal scalded skin, penicillin adverse drug reactions, toxic epidermolysis necrosis,
and burns. Importantly, patients with blood group O who have antibodies to blood groups A
and B may give low false positives on indirect immunofluorescence testing, which is avoided
by preabsorbing their sera with these blood group antigens. Indirect immunofluorescence
titers can be used as a marker of disease activity in patients[38],[40].

6. Enzyme-Linked Immunosorbent Assay (ELISA)

Indirectimmunofluorescence is not reactive with all pemphigus sera and does not differentiate
between desmoglein-3 and desmoglein-1[41]. In response, ELISAs have been developed using
the recombinant ectodomains of desmoglein-1 and -3 [42]. In commercially available assays,

115



116

Skin Biopsy - Diagnosis and Treatment

Figure 10. Indirect immunofluorescence with the serum of a patient with pemphigus foliaceus and monkey oesopha-
gus substrate reveals deposition of specific IgG in the intercellular cement space substance of the epidermis resulting
in a chicken wire appearance. There is an increased deposition in the upper layers of the epidermis.

these desmoglein ectodomains have been expressed in insect cells (MBL, Nagoya, Japan), or
in human HEK293 cells (Euroimmun, Lubeck, Germany) [43]. Meta-analyses suggest that
available ELISAs are highly sensitive and specific, and has a higher diagnostic accuracy than
indirect immunofluorescence [44]. The quantification of these autoantibodies is useful in
monitoring disease activity because the titre of circulating autoantibodies has been observed
to correlate with disease activity. Specifically, the level of desmoglein-1 antibodies matches
the severity of skin disease, and the level of desmoglein-3 reflects the severity of mucosal
disease [45],[46].

7. Treatment

Therapy has resulted in a drastic decline of the mortality from pemphigus rate to below 7%
[24],[47]; however, mortality still occurs, predominantly iatrogenic, caused by complications
of the immunosuppressive therapy [24],[47]. PF tends to have a relatively benign course
compared with PV. However, mortality rates of untreated endemic PF are still very high,
ranging from 40 to 60% [48],[49]. With appropriate treatment endemic PF has a mortality rate
of less than 10% [48]. The mortality of PV was 75% before the introduction of corticosteroids
in the early 1950s [47]. Studies that differentiate PV according to clinical phenotype have shown
a lower mortality in patients with predominantly mucosal PV (1-17%) compared with those
with mucocutaneous PV (34-42%)[24]. Hence, the goal of managing patients with pemphigus
is inducing and maintaining remission using those evidenced-based treatments that have a
favourable side effect profile.

Pemphigus is a rare disease and therefore it is not surprising that only a few blinded random-
ized controlled trials have been performed to guide treatment decisions. A 2009 Cochrane
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review [50] assessed interventions for PV and PF and concluded that there is inadequate
information available to ascertain optimal therapy for pemphigus. They ascertained that the
quality of most studies was not high and the majority examine patients with newly diagnosed
or active disease. Another consideration in the evaluation of data is lack of generally accepted
definitions and measurements for the clinical evaluation of patients with pemphigus and the
definitions of disease control and remission. A recent consensus statement has been released
to assist with future trials enabling improved comparisons to be made [51].

As high-dose systemic corticosteroids, followed by alternate immune-suppressive agents,
serves as the mainstay of initial therapy for PV, there is the need to exclude underlying latent
infectious diseases that can be reactivated by the corticosteroids (e.g.: HIV, Hepatitis B and C,
and tuberculosis). In addition, screening for the diseases initiated or exacerbated by high-dose
‘steroids, such as hypertension, diabetes mellitus and osteoporosis is prudent.

8. Systemic corticosteroids

Systemic corticosteroids are currently the mainstay of treatment as they have a rapid onset of
action and are effective in controlling disease and improving prognosis [52]. However
significant side effects such as diabetes, osteoporosis, adrenal suppression, peptic ulceration,
weight gain, increased susceptibility to infection, mood changes, proximal myopathy,
Cushing’s syndrome, and cataracts limit their usefulness. Adjuvant treatments have therefore
been introduced as steroid sparing agents. Various corticosteroid regimens are used to treat
pemphigus, the most common of which is a gradual reduction of an oral formulation [47]. In
newly diagnosed patients, an initial daily dose of 0.5 mg/kg of prednisone/prednisolone, (or
equivalent) appears preferable to 1 mg/kg. A randomized trial compared these two regimens
in 19 patients with PV and 3 with PF followed for 5 years, with remission defined as less than
15 mg of corticosteroids per day to maintain disease control [53]. No difference was observed
in remission or the incidence of complications between the high and low dose regimens. In a
randomized trial that included only patients with newly diagnosed PV, pulsed oral dexame-
thasone provided no additional benefit to the combination of oral prednisone and azathioprine
with remission defined as cessation of systemic treatment [54]. Furthermore, there were an
increased number of adverse events in those participants receiving pulsed dexamethasone.
However, the possible benefit of high dose pulsed intravenous corticosteroids in achieving
disease control and maintaining remission was suggested in a small case-controlled retro-
spective study of patients with PV initially unresponsive to low dose of prednisone (less than
40 mg daily) [55] and an open study of new diagnosed PV patients [56]. There have no studies
to date examining the effects of high dose pulsed intravenous corticosteroids in PF.

Currently no optimal regimen for corticosteroid therapy has been defined for the treatment of
pemphigus despite its proven benefits. Hence in routine practice, a tailored regime is recom-
mended. A starting dose of prednisolone 0.5 mg/kg daily is prudent that may need to be
increased, until no new blister formation is observed. Such higher doses of corticosteroids
including pulsed therapy may be warranted in newly diagnosed severe disease and recalci-
trant disease but this remains to be substantiated in randomized studies.
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9. Adjuvant treatment of pemphigus

Immunosuppressive therapy for pemphigus includes azathioprine, mycophenolate mofetil,
methotrexate, cyclophosphamide, cyclosporin and dapsone. Adjuvant agents with immuno-
modulatory activity that have also been used in pemphigus include calcineurin inhibitors,
epidermal derived growth factor and tetracycline antibiotics. The main role of these immu-
nosuppressive medications is to function as a steroid-sparing agent. As they generally have a
slow mode of onset, approximately 4-6 weeks, they are used in maintenance therapy rather
than in the initiation of disease control. However, their role needs to be further elucidated as
there has been only limited number of randomized controlled trials with most of the literature
derived from case series reports.

9.1. Azathioprine

Azathioprine is a purine antimetabolite that is cleaved to 6-mercaptopurine, which in turn is
converted to additional metabolites that inhibit de novo purine synthesis. Cell proliferation is
inhibited and as a consequence a variety of lymphocyte functions are impaired. Azathioprine
is commonly used to treat pemphigus; a survey of dermatologists in 2003 showed it was the
most commonly prescribed adjuvant agent used to treat PV [57]. It has even been used as
monotherapy in mild cases [58]. In a recent randomized trial conducted by Chams-Davatchi
et al, 120 new patients with PV were treated for over one year with one of four regimens. These
regimes were prednisolone alone, prednisolone plus azathioprine, prednisolone plus intrave-
nous cyclophosphamide and prednisolone plus mycophenolate mofetil [59]. Azathioprine
reduced the cumulative dose of prednisolone compared with prednisolone alone however
remission rates were similar. Side effects were similar between the two groups. Thus in this
trial, which included only patients with PV, azathioprine reduced the cumulative corticoste-
roid dose but not the rate of remission. More recently, a non-randomized study compared high
dose oral prednisone daily (1.5 mg/kg/daily) versus low dose oral prednisone (40 mg on
alternate days) plus azathioprine (100 mg/daily) in 36 patients with oral PV [60]. Both treat-
ments resulted in high rates of clinical remission; the monotherapy group showed a reduced
mean time to remission but this group was associated with an increased rate of treatment-
associated adverse events Other non-randomized trials using azathioprine are have generally
shown favourable outcomes in PV [61],[62].

9.2. Mycophenolate mofetil

Mycophenolate mofetil is a prodrug and its active drug, mycophenolic acid, inhibits inosine
monophosphate dehydrogenase, an important enzyme in guanine nucleotide synthesis.
Lymphocytes are highly dependent on this pathway and are selectively inhibited by myco-
phenolate mofetil [63]. In the randomized trial by Chams-Davatchi et al, no difference in
remission was observed for mycophenolate mofetil when compared to prednisolone alone
[59]. In this same study no difference in remission was demonstrated between azathioprine
and mycophenolate mofetil. The steroid sparing effect of mycophenolate mofetil was inferior
to azathioprine. Beissert et al. compared oral methylprednisolone plus azathioprine with
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mycophenolate mofetil in 33 patients with PV and 7 patients with PF [64]. The primary outcome
was complete healing of all lesions. This study concluded that mycophenolate mofetil and
azathioprine demonstrated similar efficacy. Safety profiles were similar as was corticosteroid-
sparing effects. There were less severe side effects observed in the mycophenolate group but
this was not statistically significant. Many non-randomized trials have supported the use of
mycophenolate mofetil in the treatment of pemphigus [65]-[69]. The majority of patients in
these trials had PV. Mycophenolate mofetil is generally well tolerated; lymphopenia, gastro-
intestinal symptoms and infections are the most common side effects. Currently itis a relatively
expensive medication, often precluding its off-label use. The drug is usually commenced at
dose of 1 g per day in adult patients, and if required, increased in 500-mg increments up to
doses of 2-3 g per day [70].

9.3. Cyclophosphamide

Cyclophosphamide is an alkylating agent that disturbs DNA synthesis and cell division.
Cyclophosphamide interferes with DNA integrity and function inducing cell death in rapidly
proliferating tissues including lymphocytes. This provides the basis for their therapeutic and
toxic properties. Several randomized trials have assessed cyclophosphamide in treatment of
pemphigus. Chrysomallis et al. used oral cyclophosphamide in patients with PV whose disease
was limited to oral involvement [71]. Twenty-eight patients were divided into 3 groups and
given corticosteroids alone, corticosteroids with cyclophosphamide or cyclosporine. No
difference in remission was seen when cyclophosphamide was compared with corticosteroids
alone, and at 5 years, all patients had their disease controlled with a low dose corticosteroid
regimen. The more recent study by Chams-Davatchi et al. described above and comprising
entirely of patients with PV concluded that there was no difference in remission rates following
pulsed intravenous cyclophosphamide therapy [59]. A randomized control trial that included
6 patients with PF as well as 16 with PV compared pulsed cyclophosphamide with dexame-
thasone and daily cyclophosphamide with methylprednisolone plus azathioprine [72]. No
difference in disease control was observed for the cyclophosphamide group compared to the
azathioprine group after 2 years. Several non-randomized case series have utilized pulse
cyclophosphamide with variable outcomes [73]-[75].

Given the lack of superiority of cyclophosphamide over other regimes in randomized trials
and its well-described serious side effect profile, the authors recommend that its use be
restricted for the treatment of severe or refractory cases of PF, where alternative agents such
as rituximab or IVIg are not available.

9.4. Cyclosporin

Cyclosporin is a calcineurin inhibitor that prevents dephosphorylation of nuclear factor of
activated T cells (NFAT) preventing its translocation into nucleus and as a consequence the T
cells fail to respond to specific antigenic stimulation. Cyclosporin also increases expression of
TGF- beta, a potent inhibitor of IL-2-stimulated T-cell proliferation. A randomized trial
compared oral methylprednisolone alone with oral methylprednisolone plus cyclosporin in
33 newly diagnosed patients, 29 with PV and 4 with PF [76]. The patients were followed for
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4-6 years and the investigators concluded that the combination regimen of corticosteroids and
cyclosporin provided no additional benefit over corticosteroids alone. Side effects, including
hypertrichosis, hypertension and renal dysfunction, were more common in the cyclosporin
group. The randomized controlled study by Chrysomallis et al. in newly diagnosed PV limited
to oral involvement found no difference in remission or relapse rates between the cyclophos-
phamide and cyclosporine (5 mg/kg) groups [71]. Again, adverse events were more common
in the cyclosporin group and included hypertrichosis and renal impairment. A case series
reported successful the successful treatment of 6 patients with recalcitrant PV [77].

The randomized trials have not supported the use of cyclosporine at a dose of 5 mg/kg for the
treatment of new onset pemphigus and side effects are relatively common. Further random-
ized controlled trials are required to determine its benefit in recalcitrant disease.

9.5. Dapsone

Dapsone has anti-inflammatory and antimicrobial actions. Its immunomodulatory action is
incompletely understood but several actions have been described including prevention of the
respiratory burst from myeloperoxidase, suppression of neutrophil migration by blocking
integrin-mediated adherence, inhibition of adherence of antibodies to neutrophils, and
reduction of eicosanoid release. Most studies utilising dapsone have been performed in
patients with PV. A randomized controlled trial performed in 19 patients, all with PV,
compared dapsone with placebo [78]. Patients were in the maintenance phase after glucocor-
ticoids and/or cytotoxic agents (azathioprine, mycophenolate or methotrexate) were used to
achieve remission. Doses of dapsone were increased to 150 mg per day and then to a further
200 mg per day if tolerated. The trial was performed over 1 year, and the main outcome
measured was reduction of prednisolone to doses of 7.5mg/day or less. Five of the 9 patients
in the placebo group achieved the main outcome compared with 3 out of 10 in the placebo
group. The difference was not statistically significant although there was a trend favouring
dapsone as a steroid sparing agent. A retrospective study in 9 patients with PV suggested that
dapsone reduced steroid dependence in these patients [79]. Another study reported improve-
mentin 5 of 9 cases of superficial pemphigus treated with dapsone [80]. A recent meta-analysis
comprising 55 patients with pemphigus revealed that 32 patients with PV and 14 patients with
PF responded to dapsone [81].

The side effects of dapsone observed in these studies include methaemoglobinaemia, haemol-
ysis and agranulocytosis. [81],[82] Patients should be tested for glucose-6-phosphate dehy-
drogenase deficiency prior to commencing this agent. Dapsone at best may have a role as a
steroid sparing agent in the maintaining remission in pemphigus but cannot be recommended
in treatment of acute disease.

9.6. Methotrexate

The antimetabolite methotrexate is a folic acid analogue that competitively inhibits dihydro-
folate reductase and has multiple immunosuppressive actions including suppressing lym-
phocytes in the skin [83],[84]. A small number of non-randomized trials have investigated the
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role of methotrexate in treatment of pemphigus. The most recent study [83] treated 9 patients
with chronic active PV, who were unable to successfully wean their prednisolone dose. They
were treated with a mean dose of 12.5 mg per week of methotrexate. Prednisolone was
discontinued in 6 of the 9 patients within 6 months of commencing methotrexate. There were
minimal adverse effects reported in the study. A recent review of the English literature
revealed that 111 (82%) of 136 pemphigus patients responded to methotrexate [85]. However,
meaningful conclusions are limited by the lack of randomized trials, varying doses and
schedules of treatment, and insufficient information on clinical progress including the lack of

consistency of the length of follow up.

Thus methotrexate may be useful as a steroid sparing agent but further trials are required
before recommending methotrexate as an initial steroid-sparing agent.

Pre-Therapeutic

Medication Dose Contra-indications Monitoring Adverse Reactions

Investigations

prednisolone: o Active infectious o Tb, HIV, HBV, HCV Systemic: hypertension, psychosis,

(1) ¥2-1 mg per kg/ diseases: Tb, HIV, HBV,  hypertension, diabetes mellitus,

bodyweight of the HCV psychosis, diabetes weight gain, cataracts
Corticosteroids patient for 4 days mellitus, weight gain, Oral Mucosa:
(“steroids") (or longer in pemphigus) cataracts candidiasis,
with rapid taper until mucosal atrophy
Oral Mucosa:
clinical remission occurs
o candidiasis, mucosal
(2) < 7.5 mg/daily
atrophy
Calcineurin- Topical Application irritation, pruritis and
A causal relationship has not been established with malignancy. Skin cancer o
Inhibitors: Only: erythema on application

and lymphoma have been reported in patients treated with topical

pimecrolimus thin layer to affected

calcineurin inhibitors, including pimecrolimus 1% cream.

(Elidel®) mucosa twice daily

o pre-existing o baseline visual acuity ¢ annual baseline visual UV (sun) light-initiated

Lysosomotropic

retinopathy testing (for macular acuity testing lichenoid cutaneous

Amines:
200-400 mg o psoriasis degeneration) by an o FBCand LFT's weekly  reactions
hydroxyl-
(once daily)  porphyria Ophthalmologist for first 4 weeks;
chloroquine Note: slow onset of
» G6PD deficiency thereafter, only if
(Plaquenil®) o FBC; G6DP levels; LFT's action of up to 3 months
indicated
o recent use of live o thiopurine methyl- o FBC weekly for first8  severe adverse reaction
vaccines transferase (TPMT) assay ~ weeks; thereafter with xanthine oxidase
1.0-2.0 mg e pregnancy (Category  (determines risk of bone  monthly inhibitors of which the

azathioprine

(Imuran®)

per kg bodyweight/daily

(once daily)

D) (including partner of
male patient)
e concomitant

allopurinol

marrow aplasia)

o FBC; LFT's; E/U/C

most potent is
allopurinol (Progout®

Zyloprim®)
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e pregnancy (Category e HIV, HBV, HCV e FBCand LFT's weekly ~ malignancy risk eg skin

D) for first 4 weeks; cancer, lymphoma;
mycophenolate max 2 g/day

thereafter, only if infection; progressive
(CellCept®, (once daily or
indicated multifocal leuco-
Myfortic®) divided dose)
encephalopathy; bone
marrow depression
o FBC, G6DP levels, LFT's o FBC, LFT's weekly for ~ dose related haemolysis,
o HIV, HBV, HCV the first month, monthly especially in GGDP
maintenance dose:
dapsone for six months and semi-  deficient patients;
50-100 mg daily
(Dapsone®) annually thereafter agranulocytosis; toxic
(=300 mg daily
hepatitis and cholestatic
jaundice
10to 25 mg/ e pregnancy (Category  FBC, LFT's, E/U/C o FBC weekly for first 8 hepato/ nephrotoxicity;
WEEKLY ONLY D) HIV, HBV, HCV weeks, thereafter ulcerative stomatitis;

o liver/renal monthly bone marrow
methotrexate impairment depression; immune-
(Methoblastin®) until adequate response e HIV, HBV, HCV suppression

is achieved « immune-deficiency;
e concomitant
retinoinds
375 mg/m? (body * Murine(mouse) o Tb, HIV, HBV, HCV « infection progressive multifocal
surface area) once protein hypersensitivity leucoencephalopathy
weekly (PML)
Rituximab
for 4 weeks
(Mabthera®)
or 2x 1.0g -500 mg ivi
infusions over two
weeks
(A)
Medication Actions

corticosteroids

(" ‘steroids)

Profound, generalised inhibitory effects on inflammatory processes and cells achieved by the control of protein synthesis by

reacting with certain corticosteroid responsive genes of sensitive cells in many tissues:

4 production of acute inflammatory mediators, especially eicosonoids, postagindins and leukotrienes. (corticosteroids increase
the production of a polypeptide — lipocortin, that in turn inhibits phospholipase A, the enzyme responsible for the mobilising

arachniodonic acid from cell membranes)

4 production and numbers of circulating immune-competent cells: e.g.: neutrophils, macrophages, T and B lymphocytes
3 Complement activation
8 activity of macrophages and fibroblasts involved in the chronic stages of inflammation — leading to decreased inflammation

and healing

cyclosporine

tacrolimus

Calcineurin inhibitors:
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ebinds to the cytosolic protein cyclophilin of T-lymphocytes and the complex of cyclosporin (or other calcineurin-inhibitor) and
cyclophilin inhibits calcineurin, which normally induces the transcription of interleukin-2.

& lymphokine production and interleukin release (further reducing the function of effector T-cells)

hydroxyl-
chloroquine

(Plaquenil®)

Lipophilic weak base that passes easily through plasma membranes to accumulate in acidic vesicles, such as the lysosomes of the
inflammatory cells and acts by:

4 antigen presentation by the antigen-presenting cells (APC's)

4 cytokine production (e.g.: Tumour Necrosis Factor-alpha (TNF-a), Interleukin-6 (IL-6), Interferon-gamma (IFN-y))

4 stimulation of the toll-like receptors

 prostaglandin antagonist

azathioprine

(Imuran®)

Azathioprine is an imidazole derivative of 6-mercaptopurine (6-MP) into which is rapidly broken down (in vivo).

* 6-MP readily crosses cell membranes and is converted intracellularly into a number of purine thioanalogues, including the main
active nucleotide: thioinosinic acid.

« thioinosinic acid inhibits many pathways in nucleic acid biosynthesis causing damage to deoxyribonucleic acid (DNA), through
incorporation of this “false” purine thio-analogue.

e this action is restricted to the cells involved in determination and amplification of immune response; the B and T lymphocytes as
they are unable to source alternate or extrinsic nucleotides being entirely dependent for their proliferation on de novo synthesis

of purines, whereas other cell types can utilise salvage pathways.

mycophenolate
(CellCept®,

Myfortic®)

Mycophenolic acid (MPA) is a potent, selective, uncompetitive and reversible inhibitor of inosine monophosphate dehydrogenase

(IMPDH) which inhibits the de novo pathway of guanosine nucleotide synthesis but without incorporation into the cell’'s DNA:

* MPA has more potent cytostatic effects on T and B lymphocytes than on other cells because these cells are entirely dependent

for their proliferation on their de novo synthesis of purines, whereas other cell types can utilise salvage pathways

« depletion of guanosine nucleotides also leads to the inhibition of glycosylation of the adhesion molecules on lymphocytes

further interfering in their immune functions

dapsone

(Dapsone®)

Dapsone is effective in dermatoses with abnormal neutrophil accumulation

« Dapsone interferes in chemotactic-mediated migration of neutrophils and neutrophil function by: (1) inactivating the function
of the G-protein (Gi type) that initiates the signal transduction cascade common to chemotactic stimuli; (2) the cytokine mediated
adherence of neutrophils to the vascular endothelial cells; and (3) inhibits neutrophil MPO-mediated iodination and cytotoxicity
and eosinophil peroxidise, thereby, dapsone suppresses neutrophil recruitment and protects cells from neutrophil- and
eosinophil-mediated injury by directly inhibiting the generation of toxic, oxygen-derived radicals.

« in antibody mediated diseases, dapsone appears to interfere in the adherence of neutrophils to the auto-antigenic antibodies
(IgA and IgG) bound to the various target sites in the basement membrane zone, so protecting the epithelial cells from
neutrophil-derived cytolytic agents

4 release of prostaglandins and leukotrienes and so blocks their inflammatory effects

methotrexate

(Methoblastin®)

Antimetabolite cytotoxin. Methotrexate (MTX) competitively inhibits the enzyme dihydrofolate reductase and so prevents the
regeneration of intermediates (such as tetrahydrofolate) essential for the synthesis of purines and thymidylate so preventing DNA

synthesis:

« actively proliferating tissues such as the bone marrow stem cells, dermal epithelium, and lymphocytes (as well as the oral

mucosal cells) are in general more sensitive to the effects of MTX

« MTX has more potent cytostatic effects on T and B lymphocytes than on other cells because these cells are entirely dependent

for their proliferation on their de novo synthesis of purines, whereas other cell types can utilise salvage pathways
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Rituximab Rituximab is a genetically engineered chimeric murine/human monoclonal antibody that binds specifically to the antigen CD20, a
(Mabthera®) transmembrane molecule located on pre-B and mature B-lymphocytes, only. This non-glycosylated phosphoprotein is found on

both normal (and malignant B cells), but not on haemopoietic stem cells, pro-B cells, normal plasma cells or other normal tissues:

« inhibits CD20 which regulates the early steps in the activation process for B-cell cycle initiation and differentiation
« the depletion of circulating autoreactive B cells (for up to 12 months) and , presumably specific downregulation of dsg3-specific
CD4(+ve) T-lymphocytes and the associated release of proinflammatory cytokines

mayre-establish immune homeostasis and tolerance

(B)

A: Tb = tuberculosis, HIV = human immune-deficiency virus, HBV = hepatitis B virus, HCV = hepatitis C virus, G6DP = glucose-6-phosphate dehydrogen-

ase, FBC —full blood count, LFT's = liver function tests, UV = ultraviolet light, E/U/C = electrolytes/urea/creatinine

B: § =decreased or reduced

Table 2. (A) Therapeutic Agents Useful in the treatment of Pemphigus, (B) Therapeutic Agents Useful in Treating of
Pemphigus

9.7. Gold

Auad [86] performed a blinded placebo-controlled randomized trial on the utility of auranofin
in 30 patients with PF. Nearly one third of the patients withdrew from the active treatment
arm due to side effects. In the placebo group, a reduction in the mean corticosteroid steroid
dose was evident. Other case series comprising patients with PV and/or PF have described
similar findings [87]-[89]. The most recent study published showed that 62% of patients with
PV achieved remission or halve their dose of prednisone during a period of 10 years of
intramuscular gold therapy [90]. However, the mean time to halve the dose of prednisone was
3 months and 42% developed side effects blood dyscrasia, proteinuria and nephrotic syn-
drome, cutaneous reactions and dizziness. These adverse effects in addition to the relatively
long time to take effect as a steroid-sparing agent preclude its use in favour of other steroid-
sparing agents in the treatment of treatment of pemphigus.

9.8. Tetracycline antibiotics and nicotinamide

Tetracycline antibiotics with and without nicotinamide have been combined with other
adjuvant agents as treatment for pemphigus. Several small non-randomized trials have shown
varying results [91]-[93]. Minocycline given at a dose of 100 mg per day allowed the reduction
of prednisolone in 6 out of 10 patients with pemphigus [91]. Tetracycline at a dose of 2 g per
day for 1 month reducing to 1 g per day for 4 weeks enabled more rapid tapering of cortico-
steroids in 13 patients with PV [93]. However the study by Alspoy found that a combination
of tetracycline (2 g/d) and nicotinamide (1.5 g/d) for 2 months was not an effective alternative
to the classic forms of therapy in 14 patients with pemphigus [92]. Further trials are needed
before recommending these agents.
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9.9. Topical agents

9.9.1. Epidermal growth factor

A double-blind randomized controlled study investigated the use of epidermal growth factor
(EGF) on skin lesions of 20 patients with PV [94]. Topical epidermal growth factor 10 ug/g in
0.1% silver sulfadiazine cream was applied to skin lesions daily until lesions had healed and
compared to the effect of applying 0.1% silver sulfadiazine (S5D) cream alone. Topical EGF
appeared to hasten lesion healing by a median of 6 days compared to SSD.

9.9.2. Topical corticosteroids (Clobetasol)

A small study comprised of 4 patients with mild PF and 3 with mild PV were treated with the
very potent topical corticosteroid, Clobetasol propionate 0.05%, as a sole agent [95]. The cream
was applied to mucosal lesions and involved skin twice a day for at least 15 days, then
progressively tapered. Control of disease was defined as healing of lesions was obtained, with
a 75% decrease in the number of new lesions per week without the addition of systemic
treatment. Disease control was achieved in all 7 patients, with cutaneous remission attained
in 15 days, although mucosal regression occurring more slowly. In 4 patients, remission was
maintained with topical corticosteroid alone for a mean 19-month follow up. In 3 patients,
relapse occurred after 2-11 months, requiring systemic treatment. Another study is in progress
comparing the effect of Clobetosol with placebo in pemphigus vulgaris.

9.9.3. Topical calcineurin inhibitors

Tacrolimus and Pimecrolimus are non-steroidal immunomodulatory macrobactams that
inhibit the enzyme, calcineurin, impairing the production and IL-2 and subsequent T-cell
activation and proliferation [96]. A small number of case reports and case series suggest a
useful role for Tacrolimus in mild PV and PF but further randomized controlled trials are
required to clarify its role in this setting [97]-[99]. A recent double blind study of 11 patients
with PV refractory to azathioprine and corticosteroids showed a marked response to pime-
crolimus 1% by day 15 when compared to placebo using the epithelialization index [100].

10. Novel therapies and strategies

10.1. Biological agents

10.1.1. Rituximab

Rituximab is a chimeric (human/murine) monoclonal antibody directed against CD20, a cell
surface molecule specific to B cells. Although it was initially approved for use in B-cell non-
Hodgkin’s lymphoma, a growing number of reports have described the efficacy of rituximab
for B-cell depletion in the treatment of autoimmune diseases [101]. The mode of action of
rituximab in autoimmune diseases includes the removal of precursors of autoantibody-
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producing plasma cells, and impairment of autoantigen presentation to CD4 cells [102]. In PV,
Eming et al, show that rituximab not also causes marked reduction of anti-desmoglein 3
antibodies but also depletion of desmoglein-specific CD4 cells. In contrast, tetanus toxoid-
specific CD4 cells were not affected nor were the overall number of CD4 cells [103]. Tetaus
toxoid has been used in as an antigen in the assessment of memory CD4 cell responses [104].
Eming et al, speculate that this specific effect of rituximab on autoreactive rather than patho-
gen-specific T cells is that the latter do not require CD20 B cells as antigen-presenting cells. A
number of case reports and series have demonstrated the benefit on the use of rituximab in
over 40 patients with either PV or PF [40]1105]-[115]. The largest case series to date comprising
42 patients, 37 with PV and 5 with PF, utilized the rheumatoid arthritis protocol where two 1g
infusions of rituximab are administered 15 days apart [116]. Patients were followed for up to
5 years and 36 of the 42 patients achieved a complete response and were able to cease corti-
costeroids within 6 months from induction therapy. Twenty patients experienced relapses with
the time to relapse ranging from 8 to 64 months. Relapses were treated with rituximab (500
mg) without corticosteroids resulting in a new complete response. Importantly, no serious
adverse events were observed.

The largest case series to date using the lymphoma protocol where rituximab is administered
weekly (375 mg/m?) for 4 weeks induced remission in 12 of 14 patients with PV and 6 of 7
patients with PF within 3 months [117]. These patients had previously not responded to first-
line immunosuppressive agents or had contraindications to corticosteroid therapy. The
treatment was generally well tolerated; however, two cases were complicated by severe
infection, one resulting in death. Similarly, Canchini et al, showed that the administration of
rituximab, 375 mg/m? once weekly for 4 weeks, induced remission in all 10 patients with PV
and both patients with PF [118]. Another study comprising 11 patients with refractory PV,
evaluated the effect of combination therapy consisting of 10 infusions of rituximab (375
mg/m?) and 6 infusions of intravenous immunoglobulin (IVIg) (2 g/kg body weight) admin-
istered over a 6-month period [119]. Remission was induced in 9 patients for a period of 22 to
37 months following treatment and there were no reports of serious adverse events.

More recently, Kasperkiewicz et al reported use of rituximab in combination with immunoad-
sorption, pulsed dexamethasone and azathioprine or mycophenolate mofetil in 23 patients.
[120] IA was performed at initially 3- and later 4-week intervals until lesions healed by 90%;
1 g rituximab was given at weeks 1 and 3, and intravenous dexamethasone pulses were
administered at first every 3 weeks and then at increasing intervals in addition to daily
azathioprine or mycophenolate mofetil. All patients demonstrated clinical improvement
within the first few weeks of therapy accompanies by a concomitant rapid fall in anti-desmo-
glein antibody levels. However, two patients had non -atal severe adverse events; one
developed Staphylococcus aureus sepsis from a central intravenous line followed by spinal
haemorrhage and transient paraplegia, and another developed extensive herpes simplex
infection

The high frequency of treatment failure with corticosteroids and first line immunosuppressive
therapies has raised the issue of whether rituximab should be implemented earlier in the
treatment of PV. Horvath et al conducted a study comprising 15 patients (12 with PV, 3 with
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PF) who were treated with two infusions of rituximab (500 mg each) at an interval of 2 weeks
[121]. All 15 patients responded to therapy. Eight patients achieved complete remission in a
median period of 5 weeks. Seven patients achieved partial remission in a median period of 34
5 weeks. Relapses (40%) were seen between 53 and 103 weeks after start of therapy.

In the majority of these studies, abrogation of peripheral B cells and concomitant reduction in
the level of circulating antipemphigus autoantibodies for 6 to 12 months occurs with only two
to four infusions of rituximab. Interestingly, clinical remission in both PV and PF is often
sustained beyond B cell recovery. The reason as provided Mouquet et al, is that the phenotype
of restored B cells following rituximab treatment is that of a naive B cell with a diverse
repertoire rather than a primed autoreactive B cell [122].

Accumulation of the data from case reports and series reveals that 16% of patients with PV
developed the serious complications of bacterial sepsis, fatal Prneumocystis jirovecii pneumonia,
persistent hypogammaglobulinemia or pulmonary embolism [123]. Concerns have also been
raised regarding the role of rituximab and other biological agents used in patients with other
immune-mediated diseases such as rheumatoid arthritis developing Progressive Multifocal
Leukoencephalopathy (PML) [124]. PML is an inevitably fatal demyelinating disease of the
central nervous system, that occurs almost exclusively in immunosuppressed individuals due
to reactivation of the polyomavirus JC (JCV) [125]. This is in contrast to rarity of adverse events
observe in patients treated for non-Hodgkin’s lymphoma [126]. Although, the question has
been raised of the use of rituximab as a first line agent due to the impressive rates of remission
[127], the incidence of serious side effects may at present preclude its role in initial therapy.
Ongoing surveillance of patients treated with rituximab for pemphigus and other autoimmune
diseases is required to monitor for long-term complications.

There is enough evidence to suggest that rituximab should be the therapy of choice for patients
with pemphigus who have refractory disease or contraindications to first-line immunosup-
pressive therapy although randomized controlled trials have not been performed and as such,
there is no uniform protocol on its administration. The value of adjunctive therapies such as
IVIg and IA in patients treated with rituximab for pemphigus needs to be also further
elucidated. However, one of the most important questions to address is whether it is cost
effective and safe to administer rituximab for PV and severe PF as a first line agent.

10.1.2. TNF-antagonists

Studies have demonstrated that TNF released by keratinocytes plays a role in acantholysis in
PV.Human keratinocytes pretreated with anti-TNF antibodies, are resistant to the acantholytic
effect of anti-desmoglein 3 antibodies [128],[129]. Furthermore, TNF-deficient mice are more
susceptible to blister formation after injection with anti-desmoglein 3 antibodies [128]. The role
of TNF in PF has not been as extensively studied. Etanercept [130]-[133], infliximab [134],[135],
and adalimumab [136], have all demonstrated benefit in a small number of patients with
refractory PV. Randomized controlled trials of infliximab and etanercept in refractory PV are
currently in progress. However, the effect of these agents in refractory PF has not been reported
to date.
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10.2. Intravenous immunoglobulin

IVIg is a fractionated and purified blood product derived from the pooled plasma of up to 15,
000 healthy donors. Hence it has a high concentration of IgG with a broad range of specificities
against various antigens [137]. The mode of action of IVIg in autoimmune disease has not been
clearly defined but is probably multifactorial and includes provision of anti-idiotypic anti-
bodies, modulation of expression and function of Fc receptors thereby neutralizing the effect
of pathogenic antibodies, blocking of complement activation, reduced secretion of pro-
inflammatory cytokines through modulation of dendritic, T and B-cell activation [138],[139].
IVIg upregulates endogenous caspase inhibitors protecting keratinocytes from proapoptotic
molecules and thereby inhibits acantholysis [140]. In PV, IVIg causes a selective and rapid
decline in serum levels of pathogenic antibodies, specifically IgG1 and IgG4 anti-desmoglein-1
and anti-desmoglein-3 antibodies without affecting total serum IgG levels [141],[142]. A
reduction in anti-desmoglein-1 antibodies also occurs in PF [143]. FcRn receptors, which
normally function to protect serum IgG from degredation, are saturated following IVIg
resulting in catabolism of all IgG molecules including autoreactive antibodies [144]. However,
pathogenic autoantibodies are selectively reduced because catabolized normal antibodies are
replaced by those present in the IVIg preparation [141].

Three case series and 1 retrospective analysis comprising 54 patients with refractory PV
documented the induction of clinical remission following IVIg in all but 2 patients [145]-[148].
Two case series involving a total of 15 patients with refractory PF all responded to IVIg [149],
[150]. One of these studies featuring 7 patients revealed a prolonged mean remission time of
18.6 months following discontinuation of IVIg [150]. Two retrospective analyses that included
17 patients with refractory PV and 2 patients with refractory PF, however, demonstrated a
much less favourable response with the majority of patients harbouring active disease
following IVIg [151],[152]. Recently, a double blind randomized study investigated the effect
of a 5 day course of IVIg at varying doses (400, 200 or 0 mg/kg/day) in 40 patients with PV and
21 patients with PF resistant to doses of steroids greater that 20 mg daily [153]. The study did
not specify whether these patients had previously been treated with or were currently
receiving corticosteroid-sparing immunosuppressive agents. The patients were maintained on
their study entry dose of corticosteroids for the duration of the trial. The primary end point
was the time to escape from the protocol, which was defined as the length of period that the
patient remained on the protocol, without any additional treatment. Patients that showed no
improvement after 2 weeks or developed fresh lesions necessitating an increase in corticoste-
roids or additional immunosuppression were considered as having escaped from the protocol.
The study demonstrated a significantly longer time to escape the protocol, and a lower disease
activity index accompanied by a fall in anti-desmoglein antibody levels in the 400 mg/kg/day
group at days 43 and 85 for both PV and PF patients. There were no significant differences in
the side effects observed between the groups. Adverse events that were reported in a minority
of patients included fever, headache, palpitations, hypertension, gastrointestinal bleeding,
increased creatinine, abnormal liver function tests, and anemia. One patient in the 200 mg/kg/
day died as a result of liver failure from exacerbation of pre-existing chronic hepatitis C. Hence,
this study does provide useful evidence for the efficacy of IVIg in both PV and PF. Cessation
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of IVIg may result in new synthesis of autoantibodies exceeding that initially present [154] and
this rebound in antibody levels may minimized by concurrent cytotoxic therapy.

Comparative trials in refractory disease with other modalities such as biological agents and
extracorporeal treatments still need to be performed. The considerable expense of IVIg
warrants clarification of the optimal dose, frequency and duration of therapy. Further studies
are required to determine whether IVIg can be ceased once remission is achieved, and the
patient maintained on conventional first line immunosuppressive agents to minimize rebound
synthesis of pathogenic antibodies.

10.3. Extracorporeal treatments

10.3.1. Plasmapheresis

Plasmapheresis results in the potential removal of pathogenic antibodies from the pa-
tient’s plasma. Forty patients with pemphigus were recruited in a multicentre study and
randomized to receive prednisone alone or prednisone and plasma exchange, which
consisted of 10 treatments over 4 weeks [155]. No adjuvant immunosupressive therapy was
used for any of the patients. No difference was observed between the 2 groups. Four
patients in each group did not achieve disease control. Four patients in the plasmaphere-
sis group died from either sepsis or thromboembolism. The lack of response is surprising
as Nagasaka et al, demonstrated in 15 patients with PV and 1 patient with PF that one
centrifugal plasmapheresis treatment eliminates 15% of the IgG autoantibodies as meas-
ured in the effluents and this is reflected in serum measurements performed one day later
[156]. Numerous case series have demonstrated benefit in severe or recalcitrant pemphi-
gus when plasmapheresis is combined not only with corticosteroids but other immunosup-
pressive agents as well [157]-[161]. Many of these patients experienced side effects including
thrombocytopenia, hypocalcemia, urticaria, fever, hypotension, acute hepatitis, nausea,
dizziness and leg cramps. The beneficial response observed in these case series studies in
contrast to the randomized controlled study of Guillaume et al, may therefore be ex-
plained by the concurrent use of immunosuppressive agents in order to prevent the
rebound production of autoantibodies. Hence further randomized control studies are
needed to clarify the value of plasmapheresis combined with immunosuppressive therapy.

10.3.2. Immunoadsorption

Immunoadsorption (IA) is an extracorporeal treatment for the selective removal of antibodies
and circulating immune complexes from plasma. This differs from plasmapheresis, which
nonspecifically removes plasma proteins including clotting factors, hormones and albumin,
thus requiring substitution of fresh frozen plasma or albumin. The Food and Drug Adminis-
tration approved IA for the treatment of rheumatoid arthritis, idiopathic thrombocytopenic
purpure and hemophilia with inhibitors. It has also been used off label for the treatment of
various autoimmune mediated conditions including dilated cardiomyopathy, systemic lupus
erythematosus, myasthenia gravis and autoimmune bullous disorders [162].
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Initially, 4 case series and 2 case reports totalling 31 patients with PV and 5 patients with PF
reported efficacy for IA in combination with immunosuppressive therapies in the treatment
of recalcitrant disease [163]-[167]. The treatment schedule generally consisted of 3 initial cycles
on consecutive days, a fourth cycle on day 8, followed by 19 cycles in incrementally prolonged
intervals of 1 to 4 weeks. However, relapses are common once IA is discontinued and concur-
rent immunosuppressive therapy tapered [167]. More recently, a small case series comprising
7 patients with refractory PV demonstrated that 23 cycles of IA administered 40 weeks, as
described above, in combination with rituximab (375 mg/m?* weekly for 4 weeks) and con-
comitant conventional therapy resulted in complete remission in 3 patients for a period of
between 13 and 30 months with minimal or no maintenance immunosupresion [168]. One
patient attained partial remission but required significantly less dose of corticosteroids than
prior to IA and rituximab. The remaining 3 patients relapsed following the completion of
treatment. Two of these patients achieved remission when IVIg (2 g/kg body weight every 4
weeks) was administered and the other only partially responded to IVIg. A retrospective study
on refractory PV compared the efficacy of IA in 6 patients with rituximab in 5 patients and
showed remission in all patients at 6 months [169]. This remission was sustained in all patients
who had received rituximab compared to half of those that received IA. Randomized trials are
required to compare the efficacy of rituximab or IVIg with IA and determine any additional
benefit from a combination of these modalities.

The treatment is generally well tolerated. Rare adverse events that have been reported include
catheter related sepsis, Pneumocystis jerovecii pneumonia, mild hypotension, bradycardia and
in relation to anticoagulant use, hypocalcemia and paraesthesia. The trials by Schmidt et al,
and Shiminovich et al, showed that the combination of IA and immunosuppression resulted
in anemia in 30% of patients [164],[167].

10.3.3. Extracorporeal Photochemotherapy (ECP)

In ECP, a patient’s leukocytes are collected, exposed to 8-methoxypsoralen, irradiated with
ultraviolet-A light and reinfused into the patient. The principle of ECP is to induce apoptosis
of leukocytes with ultraviolet-A radiation after their presentation by psoralens [170]. Early
apoptotic cells produce anti-inflammatory cytokines such as IL-10 and TGF-beta, which
stimulates their engulfment by macrophages and immature dendritic cells. The further
production of IL-10 and TGF-beta by these antigen presenting cells with subsequent down
regulation of proinflammatory cytokines such as TNF, IL-1 and IL-12 results in immunosu-
pression and absence of co-stimulation of effector T cells [171]. A deficiency of apoptotic cell
clearance may contribute to the pathogenesis of autoimmune diseases including pemphigus
and therefore ECP may enhance clearance of autoreactive cells and the reduce formation of
pathogenic autoantibodies by B cells [172],[173]. Collectively, 9 patients, 8 with PV and 1 with
PF, originating from a small number of case studies and series, received ECP for refractory
disease in conjunction with their baseline immunosuprressive agents. [174]-[177]. In contrast
to the patients with PV, the lone patient with PF achieved only partial remission and long term
immunosuppression was unable to be weaned successfully [177]. ECP was well tolerated in
these patients with no adverse effects reported.
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10.4. Cholinergic agonists

Studies have suggested that acetylcholine and its receptors are involved in the acantholysis of
pemphigus. Approximately 85% of patients with pemphigus have antibodies against acetyl-
choline receptors on keratinocytes [178]. Cholinergic antagonists mediate similar acantholytic
effects on keratinocytes as PV IgG [179]. Acantholytic antibodies can recognize the alpha-9
acetylcholine receptor [180] and pemphaxin [181], which can function as an acetylcholine
receptor. Finally, cholinergic agonists can prevent acantholysis in vivo [182] and reverse the
process in vitro [179].

Grando demonstrated a response in 3 of 6 patients with PV treated with pyridostigmine
bromide and conventional immunosuppression with 2 responders ultimately able to control
their disease with pyridostigmine bromide alone [183]. A recent double blind placebo con-
trolled study comprising 3 PV patients showed a superior epithelialisation effect from 4%
pilocarpine gel compared with placebo [184]. The use of these agents in PF has not been
reported.

10.5. Peptide immunotherapy

Immunization with intravenous desmoglein-3 peptides was developed to suppress
production of anti-desmoglein-3 antibodies through inactivation of disease specific CD4
cells. A phase I clinical trial in PV patients found no significant change in anti-desmo-
glein-3 antibodies following administration of intravenous desmoglein-3 peptides [185].
Additional studies utilizing higher doses and longer treatment are in progress. It remains
to be determined whether peptide immunotherapy with desmoglein-1 peptides will have
a beneficial effect in PF.

10.5.1. Inhibitors of intracellular signalling and apoptosis

Studies performed by Berkowitz’s group have demonstrated the role of p38 mitogen-activated
protein kinase (p38MAPK) in the pathogenesis of pemphigus. Human keratinocytes treated
with PV IgG show a time and dose dependent increase in levels of p38MAPK and heat shock
protein 27 (HSP27) proteins involved in regulating cytoskeletal components such as keratin
intermediate filaments [186]. Inhibitors of MAPK signalling blocked phosphorylation of
HSP27 following PV IgG stimulation of human keratinocytes and importantly prevented
keratin filament retraction, an early change evident in acantholysis [186]. Inhibition of
p38MAPK in murine and cell culture models of pemphigus vulgaris also prevented blister
formation [187],[188]. The same group also recently demonstrated p38MAPK inhibition and
prevention of blister formation in a murine model of PF [189]. An open labelled uncontrolled
study is currently in progress to determine the safety and efficacy of the oral allosteric
P38MAPK inhibitor, KC706 (Kémia, Inc), in refractory PV.

Activation of protein kinase C (PKC) followed by plakoglobin dislocation and subsequent
dissociation of desmogleins from desmosomes also appear important in the pathogenesis
of pemphigus [190]-[194]. Inhibitors of PKC and plakoglobin/c-myc proto-oncogene axis
have been shown to inhibit PV IgG induced blister formation in the neonatal passive
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transfer murine model of pemphigus vulgaris [195]. It has been demonstrated that p53
knockout mice are protected from PV IgG induced disease [196]. Neonatal mice pre-
treated with p53 inhibitor pifithrin-alpha were resistant to both PV and PF IgG mediated
blister formation [197].

As shown by the studies of Waschke et al, PV autoantibodies directly block desmoglein-3
transinteraction in contrast to anti-desmoglein antibodies found in PF, which disrupt
desmoglein-1 transinteraction via cellular signalling events rather than by direct inhibi-
tion [198]-[200]. Hence targeting these signalling proteins in PF may provide a more specific
target of therapy as compared to immunosuppressive or biological agents. It remains to be
determined whether targeting these signalling proteins results in mediating disease
remission in humans. Although they target specific areas of pemphigus pathogenesis, these
proteins mediate numerous cellular functions and hence the outcome of early safety studies
is eagerly awaited.

11. Elimination of triggering antigens

The elimination or avoidance of an antigen in a genetically susceptible individual may
prevent the onset of disease or reduce disease activity. Cessation of offending medica-
tions such as penicillamine or captopril results in remission of drug-induced PF [25]1201],
[202]. Similarly, patients with endemic pemphigus, who relocate from their native rural
endemic environment to a more industrialized area experience clinical and immunologic
disease regression [203]. Hence, the clear identification of a triggering environmental
antigen such as arthropod protein, microorganism or otherwise, will not only enhance our
understanding of disease pathogenesis but also significantly enhance therapies in endem-
ic pemphigus and possibly non-endemic PF [5].

12. Conclusion

PV and PF are debilitating and potentially life-threatening conditions that are therefore
important to promptly recognize clinically and then confirm through their characteristic
features on histology and direct immunofluorescence. The detection of serum autoantibodies
by indirect immunofluorescence or ELISA does not obviate the need for a tissue diagnosis but
might be useful is assessing disease severity and activity.

Although, corticosteroids remain the cornerstone of therapy for pemphigus, the morbidity
associated with its use restricts its value as a long term treatment option. This is complicated
by the fact that steroid-sparing agents are also associated with serious adverse events and there
are only few randomized controlled trials demonstrating a beneficial response from the use of
these agents. This has been further compounded, until very recently, by the inconsistent
parameters of disease activity used in different studies. Azathioprine and mycophenolate
mofetil appear to be the most feasible first line adjunctive agents in terms of inducing and
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maintaining remission and having a comparatively favourable side effect profile. An enhanced
understanding of the pathogenesis of pemphigus has resulted in the implementation of a
number of novel agents. These therapies have also been mainly studies through case series
reports, are expensive and difficult to access in some centres, and are associated with a number
of deleterious side effects. Rituximab, has emerged as the therapy of choice in severe refractory
disease and is now being explored as a first line agent. We eagerly await further studies on the
effects and safety profiles of more specific agents, especially those targeting signalling
molecules involved in the pathogenesis of pemphigus.

We have formulated guidelines on the treatment of pemphigus as suggested by the current
level of evidence [204]. Corticosteroids remain the mainstay of treatment and should be
initiated at a dose of 0.5 mg /kg of oral prednisone per day and continued at this dose until
disease control is obtained. This is defined as the time at which new lesions cease to form and
existing lesions begin to heal and in responsive patients, this usually occurs within weeks. At
the end of the consolidation phase defined as the point in time where no new lesions have
occurred after 2 weeks and 80% of established lesions have healed, the corticosteroid dose is
tapered. Unless disease is mild we would recommend adding an adjuvant agent. Either
mycophenolate mofetil or azathioprine could be utilized at this stage. For severe or recalcitrant
disease rituximab is recommended given the current level of evidence. Other biologic agents,
extracorporeal therapies or cytotoxic agents can be considered if rituximab is unavailable or
contraindicated.
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1. Introduction

Lichen planus is a chronic systemic disease of established immune-mediated pathogenesis.
[1] It most commonly, protractedly and persistently, involves the mucosa of the oral cavity,
but it can involve other sites, namely the skin, the scalp (with inflammation around and
affecting the hair follicles) resulting in alopecia), the nails as well as the genital area - the
vulval and vaginal mucosa, and the glans penis. Other sites of involvement that are far less
frequently described include the oesophagus and conjunctiva. There are seven recognized
oral presentations of lichen planus: (1) reticular, (2) papular, and (3) plaque-form and the
(4) atrophic, (5) ulcerative (erosive) and rare (6) vesiculo-bullous form [2] and (7) desquama-
tive gingivitis, this latter term is a clinical descriptor, used to describe inflammation, with
a mix of erythema, erosion and/or ulceration of the gingival tissues and the immediately
adjacent alveolar mucosa, not incited by the presence of dental bacterial plaque. These latter
four forms of OLP can be associated with significant discomfort requiring either topical

and/or systemic immunosuppressive therapy.

The cause(s) of the various oral lichenoid lesions, ranging from idiopathic oral lichen planus
(OLP) to the “contact” lesion, is not understood, but all the lesions are characterized
histologically by a typical “lichenoid tissue reaction” featuring (1) a bandlike lymphohistio-
cytic infiltrate that fills the lamina propria; and (2) liquefactive degeneration of the basal
keratinocytes. [3] These reactions may be the result of several diverse possible triggers, but
all culminate in a common pathologic process, that of T-lymphocyte directed, immune

mediated, damage to the oral epithelial basal cells.[1, 2]

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
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2. Historical overview

Ferdinand Ritter von Hebra (1816-1880), famed dermatologist and co-founder of the
renowned Vienna School of Dermatology, is credited with the first scientific description of
the skin disease, he termed leichen ruber planus (in 1860). [4] But it was the famed British
Dermatologist, Erasmus Wilson (1809-1884), who originally used the term lichen planus in
his publication in 1869, noting the disorder in a group of 50 patients. [5] Lichen planus
obtained its name because of the lacy white lines that bear a close resemblance to the
symbiont, lichen, a composite organism consisting of a fungus (the mycobiont) and a
photosynthetic partner (the photobiont or phycobiont, usually, a green algae) living together
in a symbiotic relationship, seen growing on rocks (Figure 1). However, Ferdinand Ritter
von Hebra used the term “lichen” to denote skin lesions which are exclusively nodular,
that is characterised by a macular-papular skin eruption, hence, terms such as lichen pilaris
(better known as Keratosis pilaris), and lichen nitidus are still used for other skin diseas-
es, whose appearance differs markedly from that of lichen planus. [4] Heinrich Kébner
(1838-1904) described the phenomenon that bears his name in 1872, at a meeting of the
Silesian Society for National Culture. Four years later (1876) he published a paper describ-
ing his original patient describing the development of isomorphic pathologic lesions in
response to trauma in previously uninvolved sites of patients with skin diseases, most often
seen in patients with psoriasis, but also in eczema and lichen planus. [6] These new lesions
are clinically and histopathologically identical to those in the diseased skin and/or muco-
sa. Louis Frédéric Wickham (1861-1913) is acknowledged as the first to describe the
characteristic, fine, white or grey lines known as Wickham's striae (striae is derived from
Latin for groove) or dots seen on the top of the pruritic papular rash of lichen planus of
the skin, and also seen with OLP. [7] In 1910 Frangois Henri Hallopeau reported the first
case of OLP-related oral carcinoma. [8]

Figure 1. Foliose lichens growing on rock
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2.1. Epidemiology

OLP is a common condition, with a prevalence of between 0.5-2.2% of the population. [1, 9]
However, a recent review of epidemiological studies specific to OLP, found only one study as
being the most useful, being the most free of error and bias and so, is regarded as the most
reliable estimation of population prevalence of OLP, at least in European populations with a
reported prevalence of 1.27%. [10, 11] However, OLP most frequently presents in women, aged
40 years and above, by a ratio of approximately 3:1 to 3:2 compared with men, of the same age.

2.2. Pathogenesis

The oral mucosa appears to have a limited immunological repertoire, predominantly a
lichenoid-type reaction. This is characterised by delayed-type IV hypersensitivity reaction,
dominated by cytotoxic CD8" T-lymphocyte induced apoptosis of the basal keratinocytes,
being the final common immunopathological pathway due to variety of insults, such as the
development of autoantibodies against self-antigens, interaction with allergens, such as
various drugs or dental materials, viruses, namely Hepatitis C (HCV), trauma (mechanical and
chemical) and even stress. [12] However, the specifics, including the precise triggering factors,
remain unknown and elusive.

The mechanisms involved in the aetio-pathogenesis of OLP are multifactorial and likely to be
synergistic:

1. antigen-specific cell-mediated immune response

2. loss of tolerance evidenced by the development of autoantibodies against self-antigens
and the promotion of autoimmunity

3. role of the humoral immune response
4. non-specific immune mechanisms; and

5. genetic factors.

3. Antigen-specific cell-mediated immune response

The antigen that serves as the trigger and/or driver of the immune responses seen in OLP is
unknown. Itis likely, in the majority of cases, to be an endogenous peptide, a protein sequence
innate to the basal keratinocyte; therefore, OLP can be characterised as an auto-immune
condition. It is also likely that supposed exogenous triggers for OLP, such as dental materials,
certain drugs, viruses and even trauma serve to expose such self-antigens, or, alter the normal
innate peptide sequences so that they are perceived by the immune-surveillance cells and
system as being “non-self, that is “foreign”. The immune responses to this, as yet, unidentified
antigen develops in three stages: (1) T-cell migration into the epithelium, (2) T-cell activation,
followed by (3) induction of basal keratinocyte apoptosis. [12]
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T-Cell Migration into the Epithelium: Two hypotheses have been proposed to explain this
occurrence. The “chance encounter” hypothesis suggests that normally circulating, antigen-
specific CD8+ cytotoxic T-cells enter the epithelium for routine surveillance and by chance
encounter the putative antigen when it is present in the epithelium. Alternatively, the kerati-
nocytes direct the CD8+ cytotoxic T-cells to migrate into the epithelium by the release of
cytokines that allow the lymphocytes to “home-in” on the antigen-bearing basal keratinocyte,
the so called “directed migration” hypothesis. [12, 13]

T-cell Activation: The lymphocyticinfiltration that characterises the OLP lesion histologically,
is comprised predominantly of T-cells. The majority of the T-cells in proximity to the damaged
and dying basal keratinocytes and within the epithelial layers are overwhelmingly activated
cytotoxic CD8’ T-cells. [14] Cytotoxic CD8+ T-cells binding of antigen on the MHC Class I site
of keratinocytes releases cytokines that attract other lymphocytes and immune-cells into the
site of the developing OLP lesion. The cytotoxic CD8+ T-cells are also activated by the CD4’
helper cells found in the lamina propria. In OLP lesions, helper CD4+ T cells may be activated
by antigen associated with Class II MHC presented by the professional antigen-presenting
cells, the Langerhans cells, or, by the keratinocytes themselves, which are induced to present
antigens on their Class Il MHC sites. Langerhans cells are not only increased in number in OLP
lesions but also have up-regulated Class II MHC expression. [14] Interleukin-12 (IL-12) is
secreted by Class II MHC expressing Langerhans cells and keratinocytes which in turn
promotes CD4+ T-cell secretion of interleukin-2 (IL-2) and interferon-y (IFN- vy). These
cytokines (IL-12, IL-2 and IFN- y) and probably others, together with the presentation of an
antigen associated with MHC class I on basal keratinocytes, promote cytotoxic CD&+ T-cell
induction of keratinocytes apoptosis. So it would appear that within the OLP lesion there is a
cycle of self-inducing and self-perpetuating T-lymphocyte activation.

Basal Keratinocyte Apoptosis: The apoptosis of the basal keratinocytes that characterises all
forms of lichen planus, appears to be mediated predominantly by particularly active, cytotoxic
CD8+ T-cells. [14] In one study of testing the reactivity of lesional versus non-lesional T-cell
clones from LP patients against lesional and non-lesional autologous keratinocytes, the lesional
T-cells lines derived from patients with LP were significantly more active and cytotoxic against
autologous lesional keratinocytes than the T-cell lines obtained from clinically normal skin.
[14] In this same study, it was also shown that the most cytotoxic T-cell clones were CD8" and
the least cytotoxic clones, were CD4'. [15] However, in this same study, the cytotoxicity of some
of these activated CD8’ T-cell clones was shown to be partially inhibited by anti-MHC class I
monoclonal antibody (Dako clone W6/32). This antibody targets a monomorphic epitope on
the 45 kDa polypeptide products of the HLA-A, B and C loci. [16] These findings indicated
that the apoptosis of the basal keratinocytes so characteristic of LP (and OLP) is induced by
the cytotoxic CD8+ T-lymphocytes activated by a putative basal keratinocyte antigen associ-
ated with the MHC Class L

The induction of keratinocytes apoptosis by CD8+ T-cells can occur by three established
pathways: Firstly, secretion by T-cells of tumour necrosis factor-a (TNF-a), which binds TNF-
a receptor 1 on the keratinocytes surface [16] ; secondly, expression on the T-cell surface of
CD95L (Fas ligand), which binds CD95 (Fas) on the keratinocytes surface. Fas ligand (FasL or
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CD95L) is a type-II transmembrane protein that belongs to the TNF family that on binding
with its receptor induces apoptosis in the target cell. [17] Fas-induced apoptosis by the perforin
pathway are the two main mechanisms by which cytotoxic T lymphocytes induce cell death
in cells expressing foreign antigens. Thirdly, by the infusion of granzyme B by T cells into the
keratinocytes. Granzymes are serine proteases that are released from cytoplasmic granules
within cytotoxic T cells (and natural killer cells) and whose usual role is to induce apoptosis
within virus-infected cells, thus destroying them. [18] Cytotoxic T-cells release a protein called
perforin, which attacks the target cells forming multimeric complex (of granzyme B, perforin,
and granulysin) that enters cells through the mannose 6-phosphate receptor. [19] Granzyme
B is then released, to cause apoptosis by various pathways, including the cleaving of caspases
(especially caspase-3), which in turn activates caspase-activated DNase and this enzyme
degrades DNA, so inducing the apoptotic cascade culminating in cell death. [18, 19]

4. Development of autoantibodies against self-antigens and the promotion
of autoimmunity

The autoimmune nature of OLP is evidenced by the chronic and protracted course of the
disease, its later age of onset, its higher prevalence in women, its association with other
autoimmune diseases, proven demonstration of the T-cell auto-reactivity and increased
auto-cytoxicity against basal keratinocytes, its clinical, histological and immunological
similarity to graft-versus host disease (GVHD) and the effectiveness of immunosuppres-
sive therapies. Two theories have been advanced to explain the autoimmune nature of OLP,
specifically the loss of self-tolerance of the basal keratinocytes: (1) impaired immune-
suppression in OLP due to lack of Transforming Growth Factor-g1 (TGF-f1); and (2) loss
of “immune-privilege” in OLP. [14, 20]

Impaired Immune-Suppression in OLP (deficient TGF-p1): TGF-{ isbelieved to be important
regulator of the immune system by inducing and increasing the differentiation of both Foxp3+
regulatory T cells (Tregs) (and Th17 cells). FOXP3 (forkhead box P3) also known as scurfin, is
a protein involved in immune system responses. A member of the FOX protein family, FOXP3
appears to function as a master regulator (transcription factor) in the development and
function of regulatory T cells. [21, 22]

TGF-p also appears to block the activation of lymphocytes and monocyte derived phagocytes.
TGF-p1 levels and/or activity may be deficient for some of the following reasons: insufficient
numbers of TGF-31-secreting Th3 regulatory T cells; blockage of TGF-P1secretion; secretion
of defective, non-functional TGF-31; defective or inadequate TGF-B1receptor expression; or
defective intracellular downstream signalling from the TGF-f31 receptors. Local overproduc-
tion of IFN-y by Th1 CD4'T cells in OLP lesions would down-regulate the immunosuppressive
effect of TGF-31and so up-regulate keratinocyte MHC class II expression and CD8+ cytotoxic
T cell activity explaining the immune responses to antigens including self antigens and the
chronicity of OLP.
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Loss of “Immune-Privilege” in OLP: The normal oral epithelium, similar to the eye, testes
and placenta, may represent an immune-privileged site, by being able to induce apoptosis of
infiltrating T-lymphocytes. In these sites, the stromal cells possess Fas Ligand (CD95L) that
can trigger the apoptosis of infiltrating inflammatory and immune cells that express Fas
(CD95). [20] Keratinocytes themselves can also trigger T-cell apoptosis by the release of the
cytokine TNF-a, which on binding the TNF-receptor-1 of T-cells triggers their apoptosis. Loss
or impairment of either of these two mechanisms to induce T-cell apoptosis may have a role
in the pathogenesis of OLP.

Langerhans cells may also contribute to the loss of self-tolerance. Langerhans cells phagocytose
the apoptoticbodies and debris of basal keratinocytes, but in doing so, may process and present
to the CD4" T helper cells a self-antigen derived from the remains of the basal keratinocyte. In
turn, this may activate self-reactive CD4" T cells that differentiate into Th1 or Th2 phenotypes
and promote cell- or antibody-mediated autoimmune reactions against basal keratinocytes,
including the stimulation of the cytotoxic T cells against the basal keratinocytes. [14]

5. Role of the humoral immune response

The humoral immune response is thought to have some role in the pathogenesis of OLP, even
though it is dominated by the T-cell-mediated immune response. Circulating autoantibodies
to desmoglein 1 and 3 have been identified, but again the exact role of such autoantibodies
remains uncertain. [23 Further evidence of the potential role of humoral immune response in
OLP, is a single case report, dating back to 2008, of full resolution of muco-cutaneous lichen
planus with oral and oesophageal involvement, following a course of anti-CD20 monoclonal
antibody therapy (rituximab) directed against pre-B and mature B lymphocytes, so preventing
their evolution to antibody-releasing plasma cells. [24]

6. Non-specific immune mechanisms in OLP pathogenesis

Some of the T-cells in the T-cell dominant lymphocytic infiltrate so pathognomonic for OLP
are not specific or targeted. Their presence may be due to pre-existing inflammation that
favours the movement of such non-specific T-lymphocytes into the epithelium, which in turn,
causes destruction of the keratinocytes. The mechanisms involved include: (1) basement
membrane disruption; (2) increased presence of matrix metalloprotienases (MMP); (3)
Chemokine (C-C motif) ligand 5 (CCL5) (previously termed RANTES - Regulated on Activa-
tion, Normal T cell Expressed and Secreted) activity; and (4) Mast cell activation and degra-
nulation. [14, 15]

Basement Membrane Disruption: Integrity of the epithelial basement membrane is main-
tained by the keratinocytes, which release collagen IV and laminin V into the basement
membrane zone, but the keratinocytes require a basement membrane-derived signal to prevent
their apoptosis. Thus, the basement membrane is needed for keratinocyte survival and its
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integrity is maintained by the keratinocytes. Apoptosis of the keratinocytes by the CD8’
cytotoxic T-cells results in the loss of the maintenance function by performed the keratinocytes,
leading to disruption of the basement membrane, thereby allowing the non-specific T-cell to
infiltrate the epithelial cell layers. [14, 23] The disruption of the basement membrane also leads
to apoptosis of the keratinocytes, due to the loss basement-membrane derived signal to prevent
their apoptosis, and so on. This ongoing, self-perpetuating cycle may explain the chronicity of
OLP.

Matrix Metalloprotienases (MMPs): MMP-9 concentrations have been found to be increased
in culture supernatants taken from patients with OLP compared with normal controls. [25]
MMP-9 is one member of a family of some 20 MMPs identified to date, which are all zinc-
containing proteinases. [26] MMP-9 (together with MMP-2) are gelatinases that cleave collagen
IV. Other MMPs can cleave collagen IV and laminin. The MMPs are inhibited by tissue
inhibitors of metalloproteinases (TIMPs) that form stable complexes with MMPs or pro
(precursor) MMP’s. [27] T-cells release activators of MMP-9, resulting in disruption of the
basement membrane.

Chemokine (C-C Motif) Ligand 5 (CCL5 (RANTES)): CCLS5 is a key chemokine released by
various cells including, activated T-lymphocytes, oral keratinocytes and mast cells and has a
critical role in the recruitment of various immune and inflammatory cells, including lympho-
cytes, monocytes, eosinophils, basophils and mast cells. CCR1, CCR3 to CCR5, and CCR9 and
CCRI10 are key cell surface receptors for CCL5 and have also been identified in lichen planus.
[28] CCL5 attracts mast cells which degranulate, releasing TNF-a and chymase, which in turn
up regulates OLP lesional T-cell release of CCL5, leading again to the development of a self-
perpetuating cycle, that further contributes to the chronicity of OLP.

Mast Cell Activation and Degranulation: Mast cells are not only increased in numbers, but
most are degranulated in OLP (compared with normal tissues). [14, 23, 28] Mast cell degra-
nulation results in the release of variety of pre-inflammatory mediators, including TNF-q,
chymase and typtase. TNF-a can up-regulate endothelial cell adhesion molecules required for
the lymphocytes to adhere to luminal surfaces of blood vessels and their subsequent extrava-
sation. Chymase, a mast cell protease, activates MMP-9, so contributing to basement mem-
brane disruption. Both chymase and TNF-a can stimulate CCL5 secretion by lesional T-
lymphocytes, which in turn can trigger further mast cell degranulation. [28]

7. Genetic factors

Genetic factors clearly must have a role in the pathogenesis of OLP. Recently, the identification
of genetic polymorphisms of cytokine/receptor gene loci has been shown to act as clear-cut
genetic risk factors for a number of autoimmune diseases. [29] Polymorphism of several
cytokines has been shown to be associated with the clinical presentation of LP. [30] Genetic
polymorphisms of the first intron of the promoter gene of interferon-y and development of
oral lesions of LP and an association between the -308A TNF-a allele and the development of
cutaneous lesions of LP. [30] The occurrence of OLP has also been linked to MHC class II allele
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DRé. in those patients who also have HCV. [31] To date no specific HLA antigen profile has
been found associated with idiopathic OLP.

In summary, despite the oral mucosa only being capable of a limited immunological response,
the immuno-pathogenesis of OLP is complex. OLP appears to be predominantly a delayed-
type IV hypersensitivity reaction, due in large measure to cytotoxic CD8+ T-lymphocyte
induced apoptosis of the basal keratinocytes of the oral epithelium. There are also a number
of aspects, best characterised as immune-deregulation that leads to a self -inducing, self-
perpetuating cycle that may explain the chronicity of OLP. However, despite a limited
comprehension of the pathogenesis of OLP, therapeutic stratagems are being pursued, based
on this understanding, including the trialling of TNF-a inhibitors, interleukin-1 inhibitors,
mast cells stabiliser agents, to prevent their degranulation, and the use of agents that can induce
the up-regulation of key immune-suppressive cytokines such as TGF- and interleukin-8, or
the in-vitro production of these cytokines for use as therapeutic agents.

8. Clinical manifestations of OLP

The diagnosis of OLP is usually made on clinical features alone. However, careful attention to
the clinical history is essential, to ensure assessment, and if warranted, the appropriate
management, of the extra-oral manifestations of lichen planus. [1, 32, 33]

OLP is classified morphological into seven different clinical presentations: Predominantly
white, usually slightly raised lesions consisting of a (1) reticular form (2) papular, and (3)
plaque-form seen in about 23% of patients, [34, 35] the predominantly erythematous presen-
tations, with (4) atrophic mucosa, which is seen in some 40% of patients, (5) ulcerative (erosive)
lichen planus, seen in some 37% of presenting patients and the rare (6) vesiculo-bullous form
(Figures 2a —4b). [2] In some 10% of patients have their OLP confined to the gingivae, termed
(7) “desquamative gingivitis”. This term is a clinical descriptor, used to describe inflammation,
with a mix of erythema, erosion and/or ulceration of the gingival tissues and the immediately
adjacent alveolar mucosa, not incited by the presence of dental bacterial plaque (Figures 5a
and 5b). These latter predominantly erythematous forms of OLP can be associated with
significant discomfort requiring either topical and/or systemic immunosuppressive therapy.
[33] When patients do present with pain, it usually is not spontaneous, but they tend to
complain of mild, but noticeable intolerance to particularly salty, spicy or acidic foods (such
as any form of curry) brushing of their teeth, which can be made worse and is generalised, on
the use of flavoured toothpastes. Rarely, patients will present with widespread oral mucosal
ulceration that is spontaneously very painful and so elicit their presentation. The asympto-
matic, predominantly white appearing, striated, papular and plaque forms of OLP tend to be
found incidentally during the course of an oral examination. They commonly take the form of
minute white papules that gradually enlarge and coalesce to form either a reticular, annular,
or plaque-like pattern. A characteristic feature is the presence of slender white lines (Wick-
ham'’s striae) radiating from the papules. In the reticular form, there is a lace-like network of
slightly raised white lines, often interspersed with papules or rings. The plaque-like form may
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be difficult to distinguish from leukoplakia. Oral lesions of lichen planus may also include
bullae, but this is rare. These different forms can merge or coexist in the same patient. [1, 34,
35] The commonest sites are inevitably bilateral and include the buccal mucosa (seen in some
90% of patients), gingiva, dorsal tongue, lateral tongue, labial mucosa and the lower lip.
Uncommon sites include the palate (Figure 6), upper lip, and floor of the mouth. [34] The
gingivae are commonly the site of erythematous/erosive OLP. Involvement of the gingivae is
described clinically as desquamative gingivitis, but is not unique to OLP and may feature in
the presentation of other oral dermatoses, especially pemphigoid and pemphigus. [34]

Figure 2. a) Reticular OLP (tongue); b) Reticular OLP (buccal mucosa)

Figure 3. Paupular OLP
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Figure 5. a) Desquamative gingivitis; b) Desquamative gingivitis with plaque form of OLP of central lower lip

Figure 6. OLP of the hard palate
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OLP not only tends to develop in sites of trauma (Koebner phenomenon) but tends to be
exacerbated by mechanical factors including biting/chewing habits, dental procedures and
rubbing of malpositioned or ill-fitting dentures, teeth and fillings.

9. Clinical subtypes of oral lichenoid reactions

Oral lichenoid reactions encompass several clinical entities. [33-36]

Oral Lichen Planus (OLP): in which patients present with oral lichenoid lesions not readily
attributable to any defined cause, that is to say “idiopathic” OLP. OLP represents one aspect
of the spectrum of mucocutaneous lichen planus, which can affect potentially any mucosal
surface, and/or the skin and its appendages.

Oral Lichenoid Contact Lesions (OLCL): due to allergic contact stomatitis (delayed immune
mediated hypersensitivity) and seen in direct topographic relationship to dental restorative
materials, most commonly amalgam (Figure 7). [36, 37]

Figure 7. Oral Lichen Contact Lesion (OCLC) - left buccal mucosa

Oral Lichenoid Drug Reactions (OLDR: in which oral and/or cutaneous lesions occur,
temporally associated with the taking of certain medications, such as oral hypoglycaemic
drugs, angiotensin converting enzyme (ACE) inhibitors, and non-steroidal anti-inflammatory
agents (NSAIDS), but historically has been seen with the previous more wide-spread use of
gold salts and penicillamine for the management of rheumatoid arthritis. [38]

Oral Lichenoid Lesions of Graft versus Host Disease (OLL-GVHD): in the setting of patients
with acute, but predominantly, chronic graft versus host disease (cGVHD). [33]

159



160  Skin Biopsy - Diagnosis and Treatment

Lichenoid responses or reactions (“lichenoid stomatitis”) of the oral cavity may also be noted
with other autoimmune or inflammatory diseases including connective tissue diseases and
other immuno-bullous disorders. The cause(s) of the various oral lichenoid lesions, ranging
from idiopathic oral lichen planus (OLP) to the “contact” lesion, is not understood, but all the
lesions are characterized histologically by a typical “lichenoid tissue reaction” culminating in
a common pathologic process, that of T-lymphocyte directed, immune mediated, damage to
the oral epithelial basal cells. [1,2]

The diagnosis of OLP is usually made on clinical features alone. However, careful attention to
the clinical history is essential, to ensure assessment, and if warranted, the appropriate
management, of the extra-oral manifestations of lichen planus (Figures 8a and 8b). [1, 33-35]

(b)

Figure 8. a) LP of the skin; b) LP of the skin (close up)

10. Special investigations

Biopsy (Histopathological and Direct Immune-Fluorescence Investigations (DIF)): The
clinical features alone may be sufficiently diagnostic, particularly when presenting with the
“classic” reticular form. The evidence regarding the need and value of biopsy for histological
confirmation of the diagnosis is not definitive. Studies have shown variability in both inter-
observer and intra-observer reliability in the clinicopathological assessment of OLP. [39] As
OLP is a chronic disorder that often requires long-term treatment and monitoring, biopsy
would be prudent clinical practice, particularly when the disease does not present with its
typical manifestations, or when there is concern and therefore need, to exclude dysplasia or
malignancy. [1] Furthermore, in severe disease warranting treatment with high-dose systemic
corticosteroid therapy or potent “steroid-sparing” immune-suppressant agents, then a
confirmatory biopsy would be appropriate. The histopathological features are shown in Table
1. The findings on direct immune-fluorescence (DIF) are of a fibrin deposition in a linear pattern
in the basement membrane zone. Colloid bodies may be positive for fibrin, IgM, and C3. The
DIF findings, however, are not diagnostic of OLP, but DIF is certainly useful in differentiating
OLP from other oral dermatoses, such as pemphigoid, or immune disorders, such as lupus
(both discoid and systemic lupus) given their similar clinical presentation in the oral cavity. [34]
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Essential Features (for histopathological diagnosis):

e Signs of “liquefaction degeneration” in the basal cell layer

« Presence of well-defined bandlike zone of cellular infiltration confined to the superficial part of the connective
tissue, consisting mainly of T-lymphocytes

« Normal epithelial maturation pattern (absence of epithelial dysplasia)

Non-Essential Histopathological Features that may also be seen:
“Candle-dripping” or “saw-tooth"-like rete ridge conformation
Parakeratosis

Civatte bodies

Separation of epithelium from lamina propria due to basal cell destruction

Exclusionary Histopathological Features (the presence of which would preclude a definitive histopathological
diagnosis of OLP).

eEpithelial Dysplasia/Atypia

->Atypical cytomorphology

->Nuclear enlargement or hyperchromasia

-Prevalent dyskeratosis

-Increased number of mitotic figures; aberrant mitosis

-Disordered stratification

eHeterogeneous inflammatory infiltrate

Heterogeneous inflammatory infiltrate with plasma cells and eosinophils
Deep extension below superficial stroma

or perivascular infiltration

e Blunt rete ridges

Table 1. Histopathological features of OLP (adapted from Eisenberg, E. Clinicopathologic patterns of oral lichenoid
lesions. Oral Maxillofac Surg Clin North Am, 1994, 6, 445.) [3] (Figures 9a, 9b and 9¢)

Figure 9. a) Histopathology (low power) band-like inflammatory infiltrate; b) Histopathology — vacuolar degeneration
of the basal keratinocytes; ) Histopathology — civatte body

161



162

Skin Biopsy - Diagnosis and Treatment

Laboratory Investigations: Generally are not required, except in patients with severe OLP
warranting high-dose systemic corticosteroids, with the need to exclude underlying latent
infectious diseases that can be reactivated by the corticosteroids (HIV, Hepatitis B and C, and
tuberculosis). Again generally not required, except if considering treatment with a suitable
‘steroid-sparing systemic agent (e.g.: hydroxychloroquine (Plaquenil), azathioprine or
methotrexate) then routine full blood count, and assessment of liver and renal function may
be warranted, for baseline assessment and monitoring in patients needing long-term manage-
ment. [33]

Patch Testing and the Removal of Lichenoid-Inducing Dental Restorative Materials:
Idiopathic OLP needs to be distinguished from oral lichenoid contact lesions (OLCL), most
commonly seen in direct topographic relationship with amalgam. Cutaneous patch testing,
undertaken by a clinician skilled and experienced in “reading” the cutaneous response to a
variety of test agents can be useful to confirm the diagnosis of a OLCL, [36, 37] especially in
severe, symptomatic cases, in which wide-spread replacement of the amalgam fillings is being
considered, given the expense in time and money to the patient concerned. The benefit of such
patch testing is to ensure that the alternate dental restorative materials also, in turn, do not
incite a lichenoid contact reaction (e.g.: as has been seen with gold and even composite
materials). In select cases, and if practical, consideration should be given to the replacement
of those isolated restorations, seemingly to be in direct topographic relationship with a
lichenoid oral mucosal lesion, particularly if symptomatic, with an alternate material, but the
patient needs to be counselled that this may not necessarily prove beneficial. As an interim
step, temporary coverage of the suspecting inciting material may be considered to determine
if resolution of the OLCL occurs before undertaking definitive removal and replacement of
the suspected inciting material.

Additional Measures: Referral for examination by a dermatologist or gynaecologist should
be considered, depending on the presenting signs and symptoms reported by the patient.

11. Differential diagnoses

There is a spectrum of oral lesions that resembles OLP both clinically and histopathologically.
[33, 34] These “lichen planus-like” (“lichenoid”) lesions include the following conditions: (1)
Oral lichenoid contactlesions (OLCL) as a result of allergic contact stomatitis (delayed immune
mediated hypersensitivity). They are seen in direct topographic relationship to dental restor-
ative materials, such as amalgam. In regards to the approach to oral lichenoid contact lesions,
the value of patch testing remains controversial. (2) Oral lichenoid drug reactions (OLDR),
wherein oral and/or cutaneous lesions arise in temporal association with the taking of certain
medications, for example, oral hypoglycaemic agents, angiotensin-converting enzyme
inhibitors, and non-steroidal anti-inflammatory agents. Confirmation of the diagnosis of an
oral lichenoid drug reaction may be difficult, since empiric withdrawal of the suspected drug
and/or its substitution by an alternative agent may be complicated. [38] (3) Oral lichenoid
lesions (OLL-GVHD) of graft-versus-host disease are confined to allogeneic haematopoietic



Oral Lichen Planus
http://dx.doi.org/10.5772/56482

stem transplant recipients who have developed acute, or more commonly, chronic graft-
versus-host disease (cGVHD). There is evidence that there is a greater risk of malignant
transformation with OLL-GVHD than seen with OLP. [40]

The oral presentation of discoid lupus erythematosus (DLE) can also present with reticular or
plaque-like lesions, but it is an uncommon condition that tends to present very much unilat-
erally, so meriting biopsy for histopathological and direct immune-fluorescence investiga-
tions, the latter being most useful in distinguishing OLP from DLE. [34]

11.1. Treatment

An essential first step is patient education as to the chronic nature of OLP and that therapy is
not curative, but directed at relieving their symptoms. For treatment to be effective, patients
need educated regarding the need to be patient and persistent with the recommended therapy.
Instilling in patients the need for ongoing monitoring, not only for patients’ response to
treatment, but for malignant transformation is also important.

11.2. Supportive measures

The elimination of precipitating or provoking factors is an important initial step in the
management of symptomatic OLP. The undertaking of active measures to resolve or minimize
mechanical trauma from dental procedures, sharp cusps, rough dental restorations, and ill-
fitting prostheses, or chemical trauma from acidic, spicy, or strongly flavoured foods and
beverages should be encouraged. Of themselves, such supportive measures can lead to
symptomatic improvement, or, more rarely, resolution of the disease.

The accumulation of bacterial plaque, often as a result of the discomfort associated with oral
hygiene procedures in patients with gingival involvement, may also exacerbate the condition.
The use of supplemental oral hygiene measures, including the use of alcohol-free chlorhexidine
gluconate mouth rinses, may be helpful in such cases. [41]

11.3. Pharmacotherapy

Given the immune-mediated aetiology of OLP (and similar conditions such as mucous
membrane pemphigoid (MMP)), the aim of therapy, is to minimise or “restrain” the body’s
immune-mediated inflammatory response, but without risking the activation of opportunistic
infections. Treatment should be kept as simple as possible and should not inordinately burden
the patient with expensive, complex, unwieldy or protracted treatments that result in non-
compliance; therefore, topical corticosteroids remain the mainstay of treatment. [1, 33]
Unfortunately, there are only limited evidence-based studies regarding the therapeutic
interventions in OLP, and so treatment remains largely empirical. [1]

Topical Treatment:Home Remedies and Over-the-Counter (OTC) Preparations: patient
prepared “salty” (saline) mouthwashes are of very limited clinical utility, somewhat palliative,
and do not address the aetiological factors seen in OLP, but may facilitate oral hygiene. Patients
also often self-prescribe and use any of the variety of OTC anti-microbial mouthwashes, in the
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mistaken understanding that OLP may be infective in nature, but often complain of their
astringency, especially the alcohol containing mouthwashes (and a useful clue as to the
diagnosis).

Kenalog in Orabase® is one topical corticosteroid (0.1% triamcinolone) preparation that has
the distinct advantage of being mixed with a vehicle for applying medication to the oral
surfaces — Orabase® (composed of gelatin, pectin and carmellose in a Plastibase (hydrocarbon
gel ointment base)). [1] The use of such an adhesive addresses an important therapeutic issue
in treating OLP; that is having sufficient “contact time” between the medicament and the
mucosal lesion(s) of OLP. It maintains the medication in close contact with the lesion and
provides a protective covering that augments the effects of the corticosteroid. [33]

Prescription Treatments: Topical Corticosteroid Preparations. Topical corticosteroids come
in a range of strengths, rated from mild - e.g.: hydrocortisone, to moderate — e.g.: betametha-
sone valerate, to highly potent, e.g.; clobetasone and means of delivery: pastes, ointments, gels
or as inhaled agents (as used in asthma treatment). All agents, used in a variety of delivery
methods have demonstrated some efficacy in treating OLP.[1] However, the basic principles
guiding topical corticosteroids therapy, is firstly, to use the lowest strength agent possible to
achieve a therapeutic benefit, and secondly, for oral mucosal lesions, (as opposed to skin
conditions) to favour the use of adhesive containing preparations to prolong contact time, and
so avoid the agent being simply washed away by the ever-present saliva.

Compounded Preparations: Empirically, patients report modest to good responses, to the use
of moderate, to highly potent topical corticosteroids such as betamethasone valerate mixed
with an equal amount (by weight) of Orobase, used 3-4 times daily (after meals) given they
are suitably adhesive. One limitation is that they often need to be prepared by specialist
compounding pharmacists. A second limitation is that many patients often complain how
unpleasant and “tacky” they find this mixture. Use of specially fabricated modified topical
fluoride trays, with extended coverage of the gingiva and adjacent alveolar mucosa to hold
topical agents in place in the treatment of the desquamative gingivitis form of OLP are reported
to be helpful, but again, patient compliance can be poor. [1]

Potent corticosteroids, such as dexamethasone, compounded as a mouthwash suspension
(0.1% strength - 40 mg Dexamethasone mixed with 400 ml sterile water) are better tolerated
by patients. However, patients must be carefully instructed in their use, emphasising that it is
to be used as rinse, for at least 3 minutes (for sufficient therapeutic contact time), at most four
times a day (after meals) and to spit out well, to minimise systemic uptake of this highly potent
corticosteroid and thereby avoid its adverse effects.

Antifungal Agents: supplemental use of an antifungal agents, such as Daktarin® (miconazole)
Oral Gel, or chlorhexidine-containing mouthwashes is warranted given the risk of candidial
overgrowth and possible infection secondary to the use of the corticosteroids (whether they
be used topically or systemically).

Systemic Agents: Corticosteroids: systemic corticosteroids are used in two ways mainly:
firstly, as short-term “pulse” dose of prednisolone up to 0.5 mg per kilogram (of the patient’s)
body weight for a short period of time (i.e.: 4 days or less and then rapidly tapered) to bring
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about control of severe ulcerative OLP or in patients with multiple, highly active, sites of lichen
planus. Secondly, longer-term, to supplement topical therapies, at sub-physiological doses
(equal or less than 7.5 mg prednisone (or equivalent) daily). [1] Monitoring for the principle
side-effects (and other adverse effects) of systemic corticosteroid therapy, such as, hyperten-
sion, cataract formation, diabetes mellitus, gastric ulceration, osteoporosis, and infection, is
needed.

Corticosteroid Alternatives: Retinoids (Topical and Systemic): overall, the published studies
suggest that retinoids are potentially effective in the treatment of OLP, but probably inferior
to corticosteroids. [42] Systemic retinoids are associated with a number of serious adverse
effects that would prohibit their routine use for the management of OLP, and include elevated/
deranged transaminase levels, hyper-lipidemia, cheilitis, dryness and desquamation of the
skin, alopecia, and dystrophic nail formation, and as well, being teratogenic and therefore their
use in women of childbearing age would be contraindicated.

Topical Calcineurin Inhibitors. Cyclosporine, is one of the oldest such agents, but it is
relatively expensive and unpleasant tasting, with studies showing an improvement in the oral
symptoms that is not significantly better than 1% triamcinolone paste. [43]

Tacrolimus and pimecrolimus are newer calcineurin inhibitors, [44] with an improved safety
profile in comparison with cyclosporine, but there are only limited studies as to their benefits,
they are expensive and the United States Food and Drug Administration (FDA) has a “Black
Box” warning attached to the use of these agents because of a theoretical increased risk of
malignancy (squamous cell carcinoma and lymphoma) in patients using topical tacrolimus/
pimecrolimus for cutaneous psoriasis. Therefore, the use of these agents should be restricted
and patients should be made aware of these concerns. [45]

Phototherapy: there is one study of the benefits of phototherapy using psoralen ultraviolet A
light (PUVA) and was included in a recent Cochrane review. However, UV light has a known
oncogenic potential and therefore, its use for OLP is questionable. [46

Other and/or “Steroid-Sparing” Systemic Medications: These agents are indicated in patients
with refractory LP, confined to the oral cavity, or also involving extra-oral sites, requiring
systemic corticosteroids for control. There is only limited evidence supportive of only few
potentially useful agents and the use of such agents is best restricted to clinicians highly
familiar with these drugs and importantly their adverse effects: (1) Lysosomotropic amines (the
antimalarials chloroquine and hydroxychloroquine): hydroxychloroquine, at doses of 200 to 400 mg
daily, has also been shown to be effective for OLP. [47] (2) Azathioprine has been reportedly
successful as a “steroid-sparing agent” for cutaneous lichen planus, and there is limited
published evidence suggesting it may have a similar role in recalcitrant OLP at doses ranging
from 1-2 mg per kilogram (patients’ bodyweight), daily. [48] (3) Mycophenolate mofetil (MMF)
has been employed for treatment of OLP. It is a newer immunosuppressive agent introduced
for treatment of immune-mediated skin disorders and also for chronic GVHD. [49, 50] Side
effects related to its use are consistent seen with other steroid-sparing alternate immune-
suppressive therapies, including a risk of infections and malignancy, in particular, lympho-
proliferative neoplasms. MMF, at moderate dosage, appears to be more effective than
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azathioprine in treatment of cutaneous LP. [51] This is probably due to the fact that MMF has
also anti-inflammatory properties exerted by inhibition of leukocyte recruitment and adhesion
to endothelial cells. MMF has been used for treatment of severe, erosive-ulcerative oral and
genital lichen planus recalcitrant to other systemic therapies. [52, 53] It induced complete, long-
lasting remissions without flare-ups over a follow-up period of 4 years. However, the im-
provement of lesions was delayed, evident only after 4-6 week of treatment. No short-or long-
term side effects were experienced, except minor gastrointestinal disturbances. (4)
Methotrexate. Lundqvist et al carried out an open trial with methotrexate, which has an anti-
inflammatory and immunomodulating activity, supplemented with steroid ointments for
severe erosive lichen. [54] Four patients were given methotrexate in a dosage of 10-15 mg/
week for about 17 months and they all improved their symptoms. This and another case series
demonstrated that methotrexate was a well-tolerated and effective treatment for severe OLP.
[54, 55] However, there was a delay in the effect of the methotrexate, so ongoing treatment
with systemic corticosteroids may be needed, which are then weaned as the methotrexate
becomes increasingly effective. (5) Other Systemic Agents: a variety of other immune-suppres-
sant or immune-modifying agents have been trialled in OLP, including Dapsone (diamino-
diphenyl sulfone — an anti-tuberculotic/anti-leprotic medication), [56] and thalidomide, [57,
58] but only in the context of isolated, case reports.

“i

Evidence for the use of “/steroid-sparing” and/or “alternate” systemic immune-suppressant
agents is poor, limited to case series or case reviews and these agents all have significant side
effects that would suggest caution in their use for OLP. However, this needs to be balanced
against the known and significant adverse side-effects of high dose corticosteroids needed for
recalcitrant OLP, or patients with LP active in several sites. The limitation of much of the
literature pertaining to the treatment of OLP is the lack of any unified or agreed objective
measures for disease activity and outcomes, which needs to be urgently addressed, so that the

various treatments used in OLP can be usefully compared.

11.4. Biological therapies

Biologic therapies, more commonly referred to as “biologics”, is a medicinal product such as
a vaccine, blood or blood component, allergenic, somatic cell, gene therapy, tissue, recombi-
nant therapeutic protein, or living cells that are used as therapeutics to treat diseases. [59]
Biologics are produced by means of biological processes involving recombinant DNA tech-
nology, rather than being chemically synthesized. These medications are usually one of three
types: (1) Substances that are (nearly) identical to the body's own key signalling proteins, for
example are the blood-production stimulating protein erythropoietin; (2) Monoclonal anti-
bodies. These are similar to the plasma-cell derived antibodies that are produced in response
to infection, but they are "custom-designed" (using hybridoma technology or other methods)
and can therefore be made specifically to counteract or block any given substance in the body,
or to target any specific cell type, for example rituximab that selectively targets CD20* B-cells;
and (3) Fusion proteins (receptor constructs), usually based on a naturally-occurring receptor
linked to the immunoglobulin frame wherein, the receptor provides the construct with detailed
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specificity, and the immunoglobulin-structure imparts stability and other useful features in
terms of pharmacology.

The management of various immune-mediated disorders has been changed dramatically by
the advent of biologic therapies. Biologics are designed to target every stage, as presently
understood, in the pathogenesis of immune-inflammatory diseases, by either modulation of
T-cells and T-cell functions, or cytokines. However, the future use of biologics will depend on
whether they have the ability to truly treat and modify disease, to prevent disease progression
and chronicity, or, merely offer more sophisticated, but more expensive palliation, a particular
concern in chronic conditions, such as OLP. The other concern is by interfering in the funda-
mental processes of the immune system, are patients at risk of previously rare and indeed fatal
infectious disease, such as progressive multifocal leukoencephalopathy, and is this warranted
for a disease such as OLP, which is associated with distress and discomfort, but not serious
morbidity or mortality. To date, there have only been limited case reports and case series using
biologics for OLP. As with other, more potent immune-suppressive agents now used for OLP,
caution is required and patience needed to await and observe the benefits, safety and long-
term adverse effects of biologic therapies used in immune-mediated diseases with greater
morbidity and potential mortality, such as rheumatoid arthritis, Behget's disease and the
inflammatory bowel diseases, before their use in patients with OLP.

The rationale for the use of biologics in OLP is based on our present understanding of that
activated CD8+ and CD4+ lymphocytes play a pivotal role in the pathogenesis of OLP and
cytokines such as TNF-a, IL-2 and IFN-y are involved in the activation and persistence of OLP.

Efalizumab (Raptiva): a humanized monoclonal antibody that binds the CD11a subunit of
Lymphocyte function-associated antigen-1 (LFA-1). LFA-1 is a T-cell surface molecule and
Intercellular Adhesion Molecule-1 (ICAM-1) is its partner molecule. The interaction between
LFA-1 and ICAM-1 regulates many normal T-cell functions. Binding of efalizumab to CD11a
on T cells blocks the interaction between LFA-1 and ICAM-1, thus interfering with T-cell
activation, migration and cytotoxic functions. This blockade is reversible, and seemingly does
not deplete T cells or cause end-organ toxicity, opportunistic infections or malignancy. [60]
Cheng and Mann, in 2006, reported a case of a 54-year-old woman with recalcitrant OLP
resistant to topical and systemic corticosteroid therapy treated with efalizumab (Raptiva)
reported an improvement of oral and cutaneous lesions at 5 weeks after commencement
efalizumab therapy (initial dose of 0.7 mg/kg/week, followed by 1.0 mg/kg per week). [61]
However, of interest and concern is that efalizumab has been withdrawn from both the
American and European markets over safety concerns following the development of three fatal
cases of progressive multifocal leucoencephalopathy (PML), a condition linked to immuno-
suppression that emerged after 3 years of continuous treatment in patients with psoriasis. [62]

Etanercept (Enbrel): This is an example of a fusion protein, consisting of a fully humanised
TNF soluble receptor composed of the extracellular portion of two TNF type Il receptors joined
to the Fc portion of IgG1. The mechanism of action of etanercept is thought to be its competitive
inhibition of TNF binding to cell surface TNF receptor (TNFR), preventing TNF mediated
cellular responses by rendering TNF biologically inactive. [63] Etanercept may also modulate
biological responses controlled by additional downstream molecules (e.g. cytokines, adhesion
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molecules or proteinases) that are induced or regulated by TNF. It was the first TNF antagonist
approved for treatment of psoriasis and psoriatic arthritis and is administered as subcutaneous
injection. Yarom published a case report in 2007 of a 56-year-old woman with resistant to
treatment to the usual immune-suppressant drugs and whose diabetes and hypertension
precluded the use of high dose corticosteroids. [64] Subcutaneous etanercept (25 mg twice
weekly) was administered with a 90% symptomatic improvement lesions documented 4 week
after beginning therapy. After 10 weeks, the patients stopped the treatment because of the
expense, which highlights another concern with the use of the new biologic therapies, their
cost.

Alefacept (Amevive): a recombinant protein that, binds to CD2 on the T cell membrane thereby
blocking the costimulatory molecule LFA-3/CD2, inhibiting the activation of CD4 and CD8 T
cells by interfering and inducing apoptosis of memory-effector T lymphocytes. It is composed
of an LFA-3 protein and human IgG1 fragment crystallizable (Fc) domain. [65] The rationale
for alefacept use in the treatment of lichen planus is the established role for CD4 T-cells and
alefacept induces T-cells apoptosis through natural-killer cells release of granzyme with a
reduction in the CD4 T-cell lymphocyte numbers. Fivenson et al in 2006, reported two cases
of generalized lichen planus, with OLP, treated with alefacept, with both patients having full
resolution of their lesions and remaining free of lesions and symptoms with completion of the
course alefacept therapy, suggesting that it may have a disease modifying effect, negating the
need for ongoing therapy for patients with seemingly recalcitrant lichen planus, including
OLP. [66]

Rituximab: was approved for the treatment of malignancy by the US Food and Drug Admin-
istration in 1997, has been used in certain B-cell lymphomas and treatment resistant rheuma-
toid arthritis. It is a chimeric murine-human monoclonal antibody to CD20 that depletes
normal as well as malignant B cells. Currently, rituximab has been introduced into therapies
of numerous immune-mediated conditions in dermatology. [67] Parmentier et al reported in
2008, successful treatment with rituximab for muco-cutaneous LP with oesophageal involve-
ment. [24] There has been no follow-up cases reported since. It is controversial that rituximab
targeting B cells could improve T-cell mediated OLP, but it suggests that the humoral arm of
the immune system may have some role in the immune-pathogenesis of OLP.

12. Prognosis and outcome

Protracted involvement is typical for OLP, averaging on 8 years, and ranging up to 20 years.
In many cases, OLP inexplicably “burns out” allowing for the cessation of any therapeutic
interventions. However, some patients may suffer from the cycle of chronic inflammation
followed by healing with scarring, with resultant microstomia, if the bucco-labial mucosa is
involved, or loss of buccal sulcal depth, making the provision of oral hygiene by the use of a
toothbrush difficult for the patient. In such cases, elective removal of the more posteriorly
placed teeth, especially unopposed, non-functional, molar teeth may merit consideration.
Plastic surgery interventions to relieve the microstomia are indicated, but are painful and can
be of limited benefit (Figure 10).
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Figure 10. Microstomia secondary to long-standing OLP

12.1. Malignant transformation

The potential for OLP to undergo malignant transformation is controversial. If there is a risk,
the risk is very difficult to quantify and possibly so low that it is very difficult to determine if
OLP is truly associated with a significant risk for malignant transformation. Prudence would
dictate to treat OLP as a potentially malignant lesion. [1, 33] If this approach is favoured, then
ongoing, and at the least, annual monitoring, of the oral mucosa, by a clinician experienced in
the management of OLP, is indicated. Any lesion suspected to harbour dysplasia and/or frank
malignancy (oral squamous cell carcinoma) merits biopsy, and histopathological assessment,
preferably by a pathologist experienced in oral pathology. Clinical suspicion should be
aroused in the case of a lesion (or lesions) not typical for OLP, a lesion that is heterogeneous
in texture and colour (a mixture of erythema and keratosis), or, any isolated area of mucosa
that appears to be distinctly unresponsive to therapeutic interventions - such as persistent
ulceration - despite clinical improvement in the remainder of the mucosa affected by the OLP.
Before undertaking a biopsy, consideration should be given to a trial of topical (and if indicated
systemic) corticosteroids and anti-fungal treatments to lessen any associated inflammatory or
infectious changes that on histopathological assessment may mask the degree of dysplasia or
malignancy within the lesion. [33, 34]

13. Conclusion

Oral lichen planus is a disease that results from CD8+ T cell-mediated apoptosis of basal
keratinocytes in response to an unknown endogenous or at times a known exogenous antigen.
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The resultant raised white lesions tend to develop in sites of trauma (Koebner phenomenon)
and may exhibit the presence of slender white lines (Wickham's striae) radiating from the
lesions that are generally asymptomatic, observed often by chance and do not warrant ongoing
treatment. However, the predominantly erythematous forms of OLP that is the atrophic,
ulcerative (erosive) and desquamative gingivitis presentations of OLP can be significantly
symptomatic and warrant treatment. A biopsy is prudent, particularly when the disease does
not present with its typical manifestations, or when dysplasia or malignancy needs to be
excluded. Signs of “liquefaction degeneration” in the basal cell layer, presence of a well-defined
band-like zone of cellular infiltration confined to the superficial part of the connective tissue
consisting mainly of T-lymphocytes and normal epithelial maturation pattern are hallmarks
of OLP. Patch testing may be employed by a specialist with sufficient expertise in the area to
differentiate between idiopathic OLP and oral lichenoid contact lesions OLCL if for instance
amalgam is suspected as an allergen.

Therapy, for symptomatic patients, initially should focus on patient education on the elimi-
nation of precipitating or provoking factors. Pharmacotherapies are largely empirical and
initially potent topical corticosteroids (betamethasone in Orobase, clobetasone in Orobase, or
dexamethasone as a mouthwash suspension) are trialled. Topical calcineurin inhibitors are
effective but inferior to topical corticosteroids. Low-dose systemic corticosteroids are useful.
Hydroxychloroquine, azathioprine, methotrexate, and mycophenolate may be effective in
refractory disease. The efficacy (as well as their long-term safety) of biologic agents remains
to better evaluated by larger, prospective studies.

OLP inexplicably burns out after a mean period of 8 years. The risk of malignancy is contro-
versial but regular surveillance is advisable with biopsies of suspicious areas recommended
to detect early dysplastic changes.
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Skin Biopsy - Diagnosis and Treatment is a collection of six chapters that includes an
initial chapter on the site selection of a skin biopsy that optimizes diagnosis of various
dermatological diseases and in many instances it is a therapeutic intervention and is
useful in monitoring the response to therapy. The following five chapters encompass
the application and role of skin biopsy to the overall diagnosis of certain conditions
such as non-scarring and scarring alopecia, Langerhan cell neoplasms, severe
cutaneous adverse reactions, pemphigus vulgaris and foliaceus, and oral lichen planus.
An accurate diagnosis allows for an up to date discussion on the treatment of these
complex conditions as the pathogenesis and the histologic findings are evolving and
the therapeutic options are concomitantly emerging.
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