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Preface

The knowledge-driven medical research paradigm is encountering bottlenecks. A 
paradigm refers to a collection of academic elements that are commonly followed 
by a scientific community. These elements include values, basic theories, laws and 
regulations, practical norms, technical standards, and exemplary examples. Since the 
Renaissance, medical research has mainly formed two paradigms: a knowledge-driven 
research paradigm and a problem-driven research paradigm. The former has always 
played an important role in the development of medical systems. Under this paradigm, 
medicine is divided into independent knowledge systems. Medical subdivisions 
accelerate the creation, accumulation, iteration, and sublimation of knowledge, and 
promote the systematic construction and improvement of medical knowledge systems. 
In a relatively closed discipline system, researchers, motivated by their curiosity and 
thirst for knowledge, freely think about and choose topics for research, emphasize the 
non-utilitarian and non-social attributes of knowledge, and recognize that the prog-
ress of theoretical knowledge has endless application prospects. This innovation model 
driven by knowledge exploration has promoted the development of modern medicine 
and the progress of human health care. The well-known milestones of modern medi-
cine, such as the theory of evolution, cell theory, and the principle of life center, are all 
important academic products under the knowledge-driven research paradigm.

The physiological function and pathological changes of the human body are highly 
complex. From molecules, cells, tissues, organs, and systems to the human body, 
these system functions are regulated by multiple factors in a multidimensional 
manner and depend on the nonlinear interaction between components. It is difficult 
to reveal and analyze the complex physiological and pathological mechanisms and 
evolution laws of the human body using traditional research methods dominated 
by reductionism. In the face of the medical problems of complex diseases such as 
malignant tumors, cardiovascular and cerebrovascular diseases, and coexistence of 
multiple diseases brought about by the aging society, the existing research models, 
such as fragmentation, low dimension, and reductionism, are even more difficult to 
use to make major breakthroughs.

Obviously, the knowledge-driven scientific research paradigm has formed disciplinary 
barriers between knowledge systems, resulting in the lack of systematic thinking and 
methods in scientific research, encountering difficulties in solving complex medical 
problems, and significantly weakening the contribution to social economy. The further 
tilt of biomedical research investment has not brought significant improvement in 
people’s well-being.

In addition, another reason the knowledge-driven paradigm is so controversial is that 
it relies on such indicators as papers, academic qualifications, and academic titles as 
evaluation criteria. From the statistical data, with the advance of the years, scientific 
research investment was carried out according to the knowledge-driven model. The 
value of medical research can be embodied and disseminated through papers, but 
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papers should not be the purpose of medical research. We need papers because they 
can help more peers share and apply valuable knowledge and technology to benefit 
patients.

The problem-driven medical research paradigm is gaining acceptance quietly. In 
this paradigm, “problems” play the leading role in research. Here, “problems” refer 
to the practical problems that restrict social and economic development. Therefore, 
academic research under the problem-driven scientific research paradigm has a strong 
social attribute and utilitarian color. It is not for the sake of improving the knowledge 
system of a single discipline but is more focused on whether to solve the problems in 
social and economic development. The goal is to meet practical needs by developing 
new and practical scientific and technological products, and thus this paradigm is 
more suitable for interdisciplinary systematic research.

This problem-solving research can generate rich and useful knowledge in theory 
and technology, stimulate the development of relevant traditional disciplines, and 
promote the generation of new interdisciplinary and marginal disciplines through 
“discipline interaction.” Compared with knowledge-driven research, the evaluation 
criteria of problem-driven research are more diversified, and need to be judged 
from two basic aspects: practicality (usefulness) and scientificity (rationality). It 
depends not only on published research papers but also on the academic, social, 
and economic values of scientific research achievements. It also depends on what 
benefits a medical research achievement really brings to patients and what benefits 
it creates for the social healthcare service system. “Research without innovation is 
nonsense, research without products is futile,” which fully reflects the core values 
of the problem-driven research paradigm.

The problem of people’s health needs is the main battlefield of current medical 
research. Scientific research separated from clinical problems is a tree without roots 
and water without a source. Clinical problem-driven research (CDR) is a way to 
identify problems through clinical practice and then define the scientific and tech-
nical problems therein. Carrying out clinical research or transforming medical or 
scientific research results in the development of diagnosis and treatment standards 
and products, practice guidelines, innovative drugs, medical equipment, and more 
for clinical verification, evaluation, and optimization.

The era of the knowledge economy has higher requirements for “integration of 
science, technology and economy.” Therefore, under the CDR paradigm, we also 
emphasize the health product-oriented (Bedside to Bench to Clients, B2B2C) research 
and development model. The ultimate goal of clinical research is not to publish 
papers, but to produce health technology products with practical value, providing 
inexhaustible momentum for the sustainable development of the health industry, 
so as to form clinical research. The positive interaction between medical practice 
and industrial development is a closed loop.

Therefore, medical science and technology innovation will gradually shift from a 
knowledge-driven research paradigm to a clinical-driven research paradigm. At pres-
ent, a new round of scientific and technological revolution and industrial transforma-
tion is reshaping the global innovation landscape and economic structure. Scientific 
and technological innovation is characterized by intersection, integration, penetration, 
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and radiation. Disruptive technological innovation is constantly emerging. Scientific 
big data is becoming a new scientific research model following experimental science, 
theoretical analysis, and computer simulation. System medicine with data intelligence 
as the core technology in the medical field will strongly promote the steady develop-
ment of CDR characterized by disciplinary integration and systematic research.

Academic physicians are leaders in clinical-driven research. Clinicians are on the 
front line of clinical practice and are the primary discoverers of clinical problems. 
An outstanding academic clinician should always take scientific and technological 
innovation as their mission and responsibility for career development, and should not 
be satisfied with treating patients only with existing knowledge. We should pursue 
knowledge creation and technology innovation and play a leading and integrated role 
in clinical research. Through the research strategy of “finding problems, initiating 
research, establishing projects by consensus, communication and cooperation, find-
ing good strategies, and applying evaluation,” we should solve the problems and pain 
points in practical health care and continue to improve the level of medical services 
and quality of care for patients.

As an endovascular neurosurgeon, I also have some ideas about the growth and 
development of academic doctors. Surgical clinical work is faced with the challenge 
of complex and difficult diseases that cannot be solved by traditional clinical thinking 
and surgical methods. Behind the clinical challenges are the scientific and technical 
issues in surgical practice. In terms of scientific issues, it is necessary to seek system-
atic intervention rules for multi-objective optimization, and in terms of technical 
issues, it is necessary to explore deterministic intervention technologies to achieve 
multi-objective optimization. Through clinical research, we established the maximum 
intersection theory, namely, the three elements balance rule, under the collaborative 
constraint of seeking lesion clearance, nerve protection, and nerve damage control. 
At the same time, we have carried out innovation and practice of deterministic neuro-
interventional technology, using visualization, quantification, and controllability 
technology to overcome factors that are difficult to determine, predict, and control 
in traditional empirical neuro-interventional clinical practice. We achieved a balance 
of three elements in clinical practice with accurate decision-making and application 
of appropriate intervention methods to obtain safe, efficient, and minimally invasive 
multi-objective optimization. The ultimate goal is to maximize the health benefits of 
patients.

Based on the exploration and practice of continuously improving the effect of endo-
vascular therapy for complex cerebral and spinal vascular diseases, I put forward the 
concept of “precision endovascular neurosurgery,” built a precision endovascular 
neurosurgery paradigm, solved a series of difficult endovascular therapy problems for 
complex cerebral and spinal vascular diseases, and promoted the level of endovascular 
neurosurgery.

Lao Tzu of Tao Te Ching says, “A tree that is hugged is born at the end of a centimeter; a 
platform of nine layers begins with a pile of earth; a journey of a thousand miles begins 
with a single step.” It is the responsibility and mission of clinicians to lead clinical-
driven research. The process from clinical practice to theoretical and technological 
innovation is also an important transition process for clinicians from “craftsman” 
to “home.” Clinical-driven research must be supported by the innovative system of 

XIV
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academic hospitals. At present, under the clinical problem-driven research paradigm, 
medical research and medical services are often “two skins.” There are still many 
problems between them, such as differences in professional direction, lack of coopera-
tion channels, difficulties in transformation and application, and contradictions in 
achievement sharing. There is an urgent need to reconstruct the organizational model 
and ecosystem of medical science and technology innovation and the links between 
basic research, clinical research, transformation research, and industrialization.

We would like to thank all the authors for their contributions. We would also like 
to acknowledge the encouragement, motivation, and assistance from the Beijing 
Municipal Administration of Hospitals Incubating Program (PX2020039), China, 
and Tsinghua Precision Medicine Foundation (20219990008), Tsinghua University, 
Beijing, China.
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Chapter 1

Introduction to Bayesian Group
Sequential Design
Chen Li, Ping Huang and Haitao Pan

Abstract

In classical group sequential designs, a clinical trial is considered as a success if the
experimental treatment is statistically significantly better than placebo. The criteria
for stopping or continuing the trial are chosen to control the false-positive rate (type I
error). Bayesian group sequential design has an advantage of allowing inclusion of
prior information in the analysis. The decision criteria can be based on the posterior or
predictive distribution of the treatment effect to stop for success or futility, or to
continue for each interim analysis and the final analysis. This chapter introduces
Bayesian group sequential designs with examples in a confirmatory setting, including
how to calibrate the tuning parameters to set up decision criteria for the interim and
final analyses, how to derive the sample size, and how to evaluate the operating
characteristics via simulations.

Keywords: Bayesian, group sequential design, prior, effective sample size,
decision-making

1. Introduction

In confirmatory trials, randomized controlled trials (RCTs) are the gold standard
for treatment evaluation, which directly compare the investigational drug with the
standard treatment or a placebo (if there is no standard of care). The essential com-
ponent for a trial design is to find the sample size that is necessary to detect a clinically
important treatment difference with sufficient power and controlled type I error rate.
Once all observations have been collected, final analyses will be conducted. However,
due to lack of information on both the magnitude and the sampling variability of the
new treatment effect at the design stage, realized sample size may be different from
what the design gives use. To that end, the fixed designs can be inefficient since they
cannot accommodate this discrepancy.

There has been an increasing interest in group sequential designs that can adapt to
the information collected during the process of the trial. In contrast to fixed designs,
group sequential methods are flexible and adaptive to regularly examine the efficacy
over administratively convenient time intervals [1]. During the process of a trial, strong
evidence in favor of the benefit of the novel treatment may emerge early. If so, the extra
study participants required to provide this protection against a false-negative result may
not be necessary. Stopping the trial before the maximum planned sample size can save
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resources and accelerate the trial process. Of course, this advantage must be balanced
against the potential for the overestimation of the treatment effect and other limitations
of smaller trials (e.g. limited safety data and less information about treatment effects in
subgroups). Conversely, if strong evidence accumulating against the benefit of the new
treatment, it would be unethical for patients continuing to be exposed to the futility
therapy. Interim analysis is a useful tool to stop trials early for futility. In classical
frequentist group sequential designs, the criteria for stopping or continuing the trial are
chosen to control the type I error and p-values are used to make decisions.

Rather than making inference by using p-values, criteria for success and futility
stopping, Go/No-go decisions in Bayesian design are based on the posterior probabil-
ity (PoP) or posterior predictive probability (PreP) at the interim and final analyses
[2, 3]. Based on these statistical tools, use of the cumulating data through interim
analyses allows the trial design adapted to improve design efficiency. For example,
ineffective treatment arms could be dropped; further treatment arms could be intro-
duced; the trial could be stopped early (due to futility/efficacy); or randomization to
treatment could be altered to favor the more effective treatment. Such adaptations are
attractive to both researchers and patients, by making more efficient use of patient
resource and potentially treating patients more effectively. In general, adaptive
clinical trial designs are easier to implement within the Bayesian framework.
Frequentist designs may not always work. While, Bayesian methods have
particular advantage in rare disease scenarios where traditional methods can
be difficult, if not impossible, to achieve due to limited sample size. To that end, the
Bayesian approach is that they allow inclusion of external information, which can be
historical, nonconcurrent information. By applying dynamic borrowing methods or
matching approaches to create a synthetical control arm or augment a control arm,
sample size may be saved.

In this chapter, we provide an introduction of Bayesian group sequential trials and
discuss some commonly used design features with an example.

2. The decision rule in classical frequentist framework

Classical group sequential trials rely on null hypothesis testing involving calcula-
tion of test statistics, along with p-values and confidence intervals. The critical statis-
tical issue with early stopping, particularly for success, is accounting for multiple
“looks” and repeatedly testing the null hypothesis over time. However, the more
frequently the data analyzed, the greater the chance of observing one of these fluctu-
ations. Therefore, the decision criteria for early stopping or continuing the trial are
chosen to control the overall type I error rate (e.g. 0.05) [4, 5]. For example, the null
(H0 : δ≤0) and alternative (H0 : δ>0) hypotheses are formulated for the true treat-
ment difference δ (large values of δ correspond to a positive effect) in a two-arm
trials, and the type I error (α) is set to a specified value. The null hypothesis will be
rejected if the observed one-sided p-value is less than . The interim analysis can be
performed on a specific calendar date within the planning period of times, which is
called calendar time. It can also be performed at the information time, which is a
predefined proportion of maximum subjects or events/outcomes already observed,
especially in time-to-event trials. To account for multiple testing on several interim
analyses, interim hypothesis testing always based on α-spending functions, such as
Pocock method and O’Brien-Fleming method [6]. The stopping rules require a very
small p-value smaller than the false-positive rate boundaries in the interims. The more
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conservative the early stopping criteria, the more assurance there is that an early stop
for success is not a false-positive result.

3. The decision rule in Bayesian perspectives

Unlike frequentist approaches where parameters of interest are considered deter-
ministic, the parameters in the Bayesian paradigm are treated as random, while the data
collected in the trial have been observed and thus considered fixed. The prior distribu-
tions that we assign to the unknown interest parameters (e.g. treatment effect) can be
viewed as our uncertainty initial belief about them. Once data of the current trial
collected, new information becomes available and is summarized by another distribu-
tion—the likelihood. Using Bayes’ theorem, the prior can be combined with the likeli-
hood and updated to become a posterior distribution. Accordingly, various posterior
probabilities and inferences can be drawn. Thus, the decision can be made by the
posterior probabilities which summarize all information available at that point in time.
We can find the empirical frequentist error rates for a Bayesian testing procedure by
fixing certain parameter boundaries at prespecified values. Bayesian approach provides
an alternative statistical framework and uses probability distributions to represent
uncertainty of the parameter estimation. By carefully calibrating design parameters, not
only do the methods enhance flexibility of trial conduct and monitoring, but they can
also maintain the frequentist type I and type II error rates at the nominal levels.

From a Bayesian perspective, the decision-making is based on the PoP for the
treatment effect given the trial data. If the PoP for the interest parameter δ beyond the
effect threshold s is sufficiently high, i.e. above a prespecified boundary θs, denoted by
Pr δ> sjDð Þ≥ θs, the trial could allow for early stopping for efficacy. By the same token,
early stopping for futility may be permitted if the PoP is below the futility boundary
θf , expressed as Pr δ> sjDð Þ≤ θf . If the probability falls between these two values θs
and θf , then the trial may continue recruiting. Since the Bayesian methods are not
required for multiple looks corrections, the decision can be made at any time with the
updating PoP. Also, the stopping rules in each interim can be constructed indepen-
dently and multiple criteria can be required based on several treatment effect thresh-
olds. For example, the success criteria of a trial can be quantified as:

Pr δ> s1jDð Þ≥ θs1 and Pr δ> s2jDð Þ≥ θs2: (1)

where s1 and s2 are specified effect thresholds, and θs1 and θs2 are specified or tuned
probability boundaries. The multiple quantitative criteria based on the PoP may
greatly help to achieve a clinically meaningful decision-making. This is appealing to
clinicians and statisticians who will often want to know how a given design will
conclude in favor of some particular treatment effects.

Although the type I error and power are frequentist concepts, the Bayesian
approach can calculate something analogous to these quantities for any prespecified
decision rules. It can also consider multiple “looks” as the frequentist approach to
control the type I error. The multiple corrections, such as based on α-spending func-
tions, may be conducted as the Bayesian early stopping boundaries on the interim
analysis to maintain the total false-positive rate. The PoP can also be considered as the
power for a specific treatment effect when the target treatment effect is assumed to be
the true value. It assists with decision-making to demonstrate that the Bayesian design
has good frequentist operating characteristics.
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4. Decision boundaries

The decision boundaries for the PoP can be specified based on a clinically
meaningful treatment effect threshold by the investigator. For example, one can stop
for efficacy if the PoP of having a hazard ratio (HR) <1 above 90%, i.e.
Pr HR< 1jDð Þ>0:9, and one can stop for futility if Pr HR< 1jDð Þ<0:2. In practice,
however, Bayesian designs usually rely on simulations to determine the decision
boundaries and parameter calibration. This is achieved by determining how
frequently the Bayesian design incorrectly declares a treatment to be effective or
superior when it is assumed that there is truly no difference. It has often been used to
tune stopping boundaries to ensure acceptable type I error, e.g. 2.5% one-sided type I
error or 5% two-sided type I error. The power for a specific treatment effect can be
calculated as the proportion of simulations that declare the trial to be “successful”
when the target treatment effect is assumed to be the true value. This approach has
been recommended by the FDA [4] and has been used in practice for Bayesian
adaptive designs [7, 8]. These simulations should be performed in the planning stage
of a Bayesian group sequential trail. In the analysis stage, no further adjustments are
required to account for the previous interim analyses that have been performed.

We use a simulations study to introduce how to obtain the decision boundaries.
Consider a two-arm RCT with two interim analyses, and a final analysis is planned
with time-to-event outcomes, such as progression-free survival (PFS) times. Let T
denote the underlying failure time, which may be right-censored, and let C denote the
censoring time. We denote the observed time as X ¼ min T, Cð Þ with a censoring
indicator Δ ¼ I T ≤Cð Þ, i.e. if Δ ¼ 1 then X ¼ T, which is the failure time, and if
Δ ¼ 0, then X ¼ C, which is the censoring time. We assume the survival times for
both the treatment and placebo arms followed exponential distributions with means
of μT and μC, respectively. The null hypothesis is equivalence of the two treatments in
terms of the efficacy, and the alternative hypothesis is the treatment better than the
control. Under the exponential survival model, the mean survival time is the recipro-
cal of the hazard, that is, the hazard ratio (HR) = μC=μT and a lower value means
better treatment. It could be claimed success if HR between two groups given the
observed data D satisfies

Pr log
μC
μT

� �
< δjD

� �
> θT (2)

where δ is an effect threshold for a clinically meaningful treatment difference, and
θT is a probability boundary for decision-making.

In the Bayesian framework, we specify a prior distribution for the mean survival
time μ following an inverse-gamma (IG) prior distribution for μ:

μ � IG α, βð Þ ¼ βα

Γ αð Þ μ
�α�1 exp �β=μð Þ (3)

where α>0 and β>0. Since the IG distribution is conjugate with the exponential
likelihood function, the posterior distribution of μ also follows an IG distribution:

p μjDð Þ∝μ
�
Pn
i¼1

Δi�α�1
exp �

Pn
i¼1xi þ β

μ

� �
(4)
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That is, μ∣D∝IG
Pn

i¼1Δi þ α,
Pn

i¼1xi þ β
� �

. Thus, we can compute the PoP of the
treatment better than the control as shown in Eq.(1). If PoP> θT, we claim the
treatment superior to the control. We should also specify the lower and upper proba-
bility boundaries θL and θU for decision-making in interim analysis. The decision rules
in the interim analysis are given as follows:

1.Success stopping If Pr log μC
μT

� �
< δjD

� �
> θU, we stop the trial to claim a superior

treatment.

2.Futility stopping If Pr log μC
μT

� �
< δjD

� �
< θL, we stop the trial to claim a futility

treatment.

Then, the design parameters (θT,θU,θL) can be calibrated via simulation to achieve
desirable trial operating characteristics.

5. Parameter calibration and setup

The parameters calibration needs two stages.
In stage 1, we focus on choosing an appropriate probability boundary θT for the

specific treatment effect δ. We simulate the data under a “null” scenario of HR = 1 to
calibrate the parameter that can control the false-positive rate. In this step, we firstly
set θL ¼ 1 and θU ¼ 0 such that the trial will not be terminate early. Considering null
hypothesis H0 : μT ¼ μC and the alternative hypothesis H1 : μT ¼ μC � eδ, an initial
sample size can be obtained by the frequentist method. Let the prior distribution of μ
for each arms be non-informative prior such as IG (0.01,0.01) and simulate the data
under the null hypothesis. We simulate millions of trials and count the number of
trials that were declared to be successful in which the decision rule was shown in Eq.1.
The proportion of trials that were successful when assuming a HR = 1 provides the
simulated type I error rate. Then we vary the value of θT (e.g. from 0.6 to 0.95) and
calculate the PoP in Eq.1 Pr logHR< δjDð Þ> θT. If the final PoP is higher than the
given type I error, it means that the probability boundary is too loose to control the
false-positive rate, and we should increase θT and use more stringent stopping
boundaries. On the contrary, if PoP is lower than the given type I error, θT can be
decreased to loosen the efficacy stopping boundaries. Until PoP is close to the type I
error, the corresponding θT can be chosen as the final efficacy success boundary.

In the second stage, we fixed the chosen θT in stage 1 and varied the value of θU
and θL, such as θU ¼ 0:90,…0:99 and θL ¼ 0:01,…0:10, to calibrate early stopping
boundaries in the interim analysis. Similar to the calibration procedures in stage 1, we
select the appropriate combination of θU and θL to control the given type I error with
simulations presented above.

6. Sample size estimation

In this step, based on the above calibrated parameters (θT,θU,θL), we simulate the
data under the alternative hypothesis using the initial sample size estimated by the
frequentist method. The proportion of the simulation trials declared to be successful
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based on the given decision criteria can be interpreted as the conditional power. If it is
lower than the given power, it means the current sample sizes cannot provide ade-
quate power, and we should increase sample size and vice versa. Until the PoP reaches
to the given power, the corresponding sample sizes can be finally determined.

7. Prior distribution and ESS

Although noninformative prior has been widely applied in the design stage,
the prior can also be constructed using domain knowledge based on expert
clinical opinion or information from previous studies. Borrowing data on the
control arm may result in a more efficiently design and more favorable operating
characteristics by way of a smaller trial overall or patients on the control arm.
Although the idea of using historical data is not new, proper application is critical.
Challenges exist in quantifying the level of relevance of historical data. When incor-
porating prior information, it is significant to choose prior beliefs into trials. For
example, we can use skeptical or enthusiastic priors to decide partial or fully borrow-
ing of the external information. In practice, to utilize historical data as enthusiastic
prior data for the current trials, it must be assumed that the historical data are fully
relevant to this trial patient population. If unsure of the relevance of prior informa-
tion, a probability of relevance can be incorporated as part of the prior distribution,
such as

prior ¼ 1� αð Þ ∗ f Dð Þ þ α ∗ g Dð Þ (5)

where f(D) is skeptical prior distribution (the external information or historical
data are completely different from current data), g(D) is the enthusiastic prior distri-
bution (historical data reflects current data) and relevance factor, and α is the appli-
cability probability of current data [9]. A number between 0 and 1 for the relevance
factor α corresponds to the amount of information borrowed from the historical data,
that is, the interpretation of applicability of the historical data. Some other common
methods for discounting are weighted average of the means for the randomized and
historical controls to control bias, such as the power prior approach [10], the com-
mensurate prior approach [11], meta-analytic predictive (MAP) approaches [12], and
so on. Modeling and simulation are useful tools to explore and set expectations on the
relevance of the historical data. Even if prior information seems very relevant, suffi-
cient skepticism about potential efficacy exists; therefore, requiring that prior infor-
mation should be discounted.

Quantification of the amount of information induced by the prior is important to
avoid domination of the prior information on posterior inference. The effective sam-
ple size (ESS) reflects the amount of borrowing by incorporating prior information,
which equates prior information to a certain number of observations. Since the his-
torical information may not be commensurate with the information collected during
the current trial, there may be a prior-data conflict observed. The ESS can quantify the
strength of prior information and its contributions to the inference.

Prior effective sample sizes are well understood for conjugate of one-parameter
exponential families. It can be motivated in the updating rule from prior to posterior
parameters. For example, for Poisson data with a Gamma a, bð Þ prior, the second
parameter of the posterior Gamma distribution is bþ n, implying b as the prior ESS.
In another way, the posterior mean is a weighted average of the prior mean and the

8
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standard parameter estimate, with weights proportional to the prior ESS and the
sample size n. For Poisson data, the prior mean and parameter estimate are a=b andP

Yj=n, and the posterior mean aþP
Yj

� �
= bþ nð Þ is the weighted average of the

two, with weights proportional to b and n. The ESS under conjugacy can be concluded
with different distribution as follow:

Distribution Prior ESS

Normal Normal μ, s2=n0ð Þ n0

Binary Beta a, bð Þ aþ b

Poisson Gamma a, bð Þ b

Another more involved information-based ESS has been suggested in the seminal
paper by Morita [13], which has been denoted as Morita method for short. In addition
to the Fisher information, it uses the information of the prior distribution p θð Þ:

i p θð Þð Þ ¼ � d2logp θð Þ
dθ2

(6)

and the information of and ϵ-information (large variance) prior p0 θð Þ with the
same mean θ

� �
asp θð Þ:

i p0 θð Þ� � ¼ �d2 log p0 θð Þ
dθ2

(7)

The ESS can be defined as an intergerm that minimizes the distance (evaluated at the
prior mean θ) between the expected posterior information for a sample of size m based
on the same mean large variance prior p0 θð Þ and the information of the actual prior:

∣i p0 θ
� �� �þ EYm iF Ym; θ

� �� �� i p0 θð Þ� �
∣ (8)

where the expectation of Ym is taken over the prior-predictive distribution under
p θð Þ. This approach is noteworthy because it appears to be the first formal, metric-based
approach to ESS that complies with the standard one-parameter exponential family ESS.

There is also another information-based ESS, which is described as expected local-
information-ratio (ELIR) method [14]. It also uses the prior and Fisher information, but
instead of locally evaluating the respective information ratio at the mean (or mode), and
it is defined as the mean of the prior information to Fisher information ratio r θð Þ:

ESSELIS ¼ Eθ r θð Þf g ¼ Eθ
i p θð Þð Þ
iF θð Þ

� �
(9)

ESSELIS gives the well-known effective sample sizes for some standard one param-
eter exponential families. For the natural parameter η, it is the standard ESS without
any boundary restriction on the parameters. The information ratio i ηð Þ ¼ i p ηð Þð Þ=iF ηð Þ
does not depend on the parameter. For the natural parameter, the sampling and prior
distribution can be written as:

f yjθð Þ ¼ exp yη�M ηð Þf g,p∣ ηð Þ ¼ exp n0m0η� n0M ηð Þf g (10)
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Since iF θð Þ ¼ d2M ηð Þ=dη2, it follows that ESSELIS ¼ n0. Take Poisson data for
example, with a Gamma prior for the mean μ, η ¼ log μð Þ,M ηð Þ ¼ exp ηð Þ and n0 ¼ b.
Therefore, the ELIS method seems to be simple and superior to current versions.

8. Example

In the following, we use the above example to illustrate the design of Bayesian
group sequential trial. It will be used in a randomized, double-blinded, placebo-
controlled study on the efficacy of new treatment to improve the survival in advanced
triple-negative breast cancer patients. The primary time-to-event end point is PFS
within 30 months. It is allowed for 90% power to detect an improvement in median
PFS from 6 months in the control arm to 10 months in the new treatment arm, that is,
the target HR = 0.6 with 2.5% level of significance (one-sided). Accrual is projected to
occur over 15 months, and the final PFS analysis is expected 30 months after the first
patient enrolls. Assuming normal distribution for logHRs, it could be claimed success
if the posterior distribution of logHR satisfies Pr logHR< δ jDð Þ> θT given the
observed data D, and no futility criterion is required at the end of the trial. Consider-
ing two interim analyses at approximately 50% and 80% of information fraction, the
success and futility early stopping criteria are Pr logHR< δ jDð Þ> θU and
Pr logHR< δjDð Þ< θL, respectively. Now we need to calibrate the design parameters
(θT,θU,θL) for the decision-making.

Firstly, we calculate an initial sample size by classical frequentist method for the
simulation. With an average 5% dropout rate per year, there will be approximately
100 patients required in each arm and totally 164 events occurred. Then, we simulate
the data under null hypothesis (HR = 1) and did not allow early stopping in the
interim analyses. Assuming a non-informative prior distribution of mean survival μ
for each arm, e.g., IG (0.01,0.01), we took 5000 posterior samples of μ for the PoP
calculation. Varying θT from 0.6 to 0.99, we performed simulations to calibrate the
cutoff probability values to satisfy 2.5% type I error. For each configuration, we
carried out 5000 simulated trials to summarize the operating characteristics. The
resulting type I error are presented in Table 1. With the decreasing of the target
logHR, the success probability boundary also decreased to yield 2.5% for the type I

δ θT Success probability Sample size Total time

log(0.8) 0.7 0.0247 218 23.1796

log(0.7) 0.6 0.0083 208 22.0439

log(0.7) 0.5 0.0157 208 22.0022

log(0.7) 0.46 0.0248 208 22.1248

log(0.7) 0.45 0.0210 209 22.2274

log(0.7) 0.43 0.0200 209 22.1462

log(0.6) 0.25 0.0118 190 20.1316

log(0.6) 0.2 0.0123 189 20.0138

log(0.6) 0.18 0.0227 188 19.8901

Table 1.
Stage 1 parameter calibration with no early stopping by varying the design parameter θT at different values of δ
under null hypothesis with HR = 1.
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error. For example, when δ is expected to be log(0.7), we should select the cutoff
value of θT ¼ 0:46. When the target HR decreased to 0.6, the boundary decreased
sharply to 0.18 to maintain the type I error. So the investigator can choose a clinical
meaningful treatment as the target value δ, and multiple criteria can be also required
based on several probabilities.

In the second stage of parameter calibration, given a specific δ and the tuned θT,
we varied the value of θU and θL: θU ¼ 0:90,…0:99 and θL ¼ 0:01,…0:10. To control
the type I error, we finally selected θU ¼ 0:89 and θL ¼ 0:01 to calibrate early
stopping in the interim analysis under the null to detect the effect size of log
(HR = 0.7). Similarly, if we want to detect log(HR = 0.6), we should select θU ¼ 0:91
and θL ¼ 0:01 under the null to control the type I error rate (Table 2).

Then, we obtained the tuned parameters (θT,θU,θL) for a specific effect size of . To
maintain 90% power, we simulate data from the H1, e.g. logHR= δ ¼ 0:6, and the
expected number of events was found to be 172.

9. Conclusion

In this chapter, we introduce the Bayesian group sequential framework with an
example with details for planning and executing interim analyses. The concepts of
PoP and predictive probability are intuitive and efficient tools for making decisions
about continuation or early stopping and can be used at interim analyses even if the
final planned analysis is to be performed in the classical frequentist hypothesis testing
framework. Simulations can help assess the performance of different decision rules
and assist in the determination of the sample size and are needed to tune desirable
design’s parameters. Bayesian approaches are often simpler to interpret than
frequentist methods and allow teams to consider the evidence in support of different
effects. Using these methods in clinical drug development can result in efficient
studies that make the best use of resources while ensuring good chances of success. Li’s
work was partially supported by National Natural Science Foundation of China
Grant 82273728.

δ θT θL θU Success probability Sample size Total time

log(0.6) 0.18 0.01 0.91 0.0245 219 17.0610

0.01 0.93 0.0228 218 16.8673

log(0.7) 0.46 0.01 0.89 0.0236 200 19.8338

0.01 0.91 0.0328 214 20.2497

Table 2.
Stage 2 parameter calibration with the tuned θT by varying the design parameter θL and θU under null hypothesis.
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Chapter 2

Benefits of Organizational Anger 
Management Program to Prevent 
Disruptive Behaviors: A Japanese 
Hospital Case Study
Hiroyuki Oura and Go Miyata

Abstract

Intervention to inhibit disruptive behavior (DB) in healthcare institutions remains 
an unmet need. This study intended to examine the feasibility of an organizational 
anger management (AM) program aimed at inhibiting DB triggered by anger. 
AM dissemination and awareness-building activities for all staff members (1366 
individuals) were implemented from July 2020, including regularly held group AM 
introductory trainings, establishment of “I Will Not Get Angry Today” days (once per 
month), posting of AM promotion posters in all departments (changed monthly), 
disseminating AM-related knowledge through the in-hospital groupware application 
(twice per week), and introduction of AM training methods using the in-hospital 
periodical magazine. The number of responses to the awareness survey questionnaire 
1 year after AM program was 730 (response rate: 54.2%). The results showed that 
the percentage of positive responses indicating that DB “Decreased” or “Somewhat 
Decreased” after AM program intervention was 35.8% overall. The percentages for 
nurses (n = 385) and non-nurses (n = 345) groups were 29.8% and 42.4%, respec-
tively, showing a significantly lower value for nurses (p < 0.001). An organizational 
AM program aimed at inhibiting DB could be implemented at our facility. However, it 
was difficult to properly evaluate the efficacy due to the nature of the study.

Keywords: disruptive behavior, anger management, patient safety, psychological safety, 
medical institution

1. Introduction

Problematic behaviors such as swearing, ranting, and personal attacks by healthcare 
professionals are referred to as disruptive behavior (DB) [1, 2]. It is well known that 
DB causes mental stress to the victimized staff members, inducing errors due to 
decreased motivation and alertness. Furthermore, DB leads to medical accidents 
because of communication failures and labor shortages as a result of high turnover of 
nursing staff and deterioration of psychological safety [3–5]. The large-scale study 
by Rosenstein and Daniel [4] on VHA West Coast hospitals revealed that of all the 
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physicians and nurses who participated in the survey, 97% experienced DB at work. 
A total of 71% of them felt that DB could lead to a medical accident, and 27% rec-
ognized that DB could lead to the death of a patient. A survey of hospital managers 
by the American College of Physician Executives [6] found that 71% of the hospital 
managers were aware that DB occurred on a monthly basis in each hospital, and more 
than 11% were aware that it occurred daily. In addition, 99% of them stated that DB 
had a negative effect on medical care, and 21% felt that it caused a disadvantage to the 
patients.

Thus, DB has long been understood as a serious threat to patient safety and hospi-
tal management. In particular, various measures have been taken against disruptive 
physician behavior [7–9], but at present, sufficient efficacy has not been realized. 
Furthermore, it is well known that DB can occur not only with physicians but also 
with many other medical professionals such as nurses and pharmacists [10–12]. 
However, almost no measures for prevention have been taken in this regard [13]. To 
date, little research has been conducted on DB intervention, and DB management in 
medical institutions remains an unmet need.

In the medical field, where lives are at stake, staff members are exposed to vari-
ous forms of intense stress each day, which can increase the likelihood of a reaction 
of anger, and is one of the factors that causes DB to occur frequently [10, 12–14]. In 
August 2019, we conducted on all staff members (1376 persons) of our hospital, an 
advanced acute care hospital, a survey on the actual condition of in-hospital DB (DB 
cases that occurred in the past 6 months; number of responses: 346; response rate: 
25.1%). The results revealed that of the 365 reported cases of DB, DB that was thought 
to be triggered by anger accounted for 65% of all DB cases (total of 236 cases), includ-
ing 123 cases of “Being screamed at and emotionally criticized.” Anger was the largest 
factor for the occurrence of DB. These results suggested that an organizational AM 
program may be effective in inhibiting DB.

To the authors’ knowledge, there have been no reports on organizational AM 
programs aimed at inhibiting DB in medical institutions. Hence, the present study 
intended to examine the feasibility of an organizational AM program to inhibit DB.

2. Materials and methods

After the in-hospital implementation project team for the AM program was 
launched in May 2020, the lead author, who acted as the team leader, obtained the 
Certified Anger Management Specialist-I qualification from the National Anger 
Management Association. From July of the same year, AM dissemination and aware-
ness-building activities were initiated for all staff members, including part-time staff 
(1366 people). The categorization of staff members by occupation was as follows: 
688 nurses (50.4%), 205 physicians (15.0%), 35 pharmacists (2.6%), 148 technicians 
(10.8%), 118 clerical staff (8.6%), and 172 other occupations (12.6%).

AM dissemination and awareness-building methods consisted of the following 
initiatives. First, group AM introductory training for all staff members was conducted 
regularly. This introductory training was imparted in accordance with the program 
for beginner-level AM training participants established by the Japan Chapter of the 
National Anger Management Association. Next, an “I Will Not Get Angry Today” 
declaration day was established (the first Monday of each month), and by posting 
“Declaration Day” awareness-raising posters in all departments of the hospital at all 
times, the first Monday of each month was made an opportunity to be aware of one’s 
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feelings of anger. An announcement was broadcast twice (once in the morning and 
once in the afternoon) in the entire facility on the “Declaration Day.” Additionally, 
AM promotion posters were posted in all departments, with the training method’s 
theme changed each month. The posters were posted with particular emphasis on 
places where DB frequently occurs, such as the emergency room, operating room, 
and catheter room. Also, AM-related knowledge was disseminated by the in-hospital 
groupware application twice weekly, which could be viewed by the staff members. 
Lastly, the AM training methods were introduced in the periodic in-hospital public 
relations magazine. Participation in AM programs, such as the introductory training, 
was not obligatory, and it was left to the discretion of each staff member.

In July 2021 (the 13th month after the start of the AM program), an aware-
ness survey questionnaire was administered to all employees (1348 individuals) to 
evaluate the efficacy of the organizational AM program with regard to inhibition 
of DB (Table 1). The questionnaire was administered in an anonymous manner, 
and personal information was strictly managed so that the respondents could not 
be identified. The responses to the awareness survey questionnaire were aggregated 
based on the occupation, divided into two groups (nurses and non-nurses), and the 
response selection ratios for each question were compared. Regarding the method 
of intergroup comparative analysis of the response selection ratio, a z-test was used 
to analyze the difference in the unpaired population ratios. A two-tailed test was 
used for statistical hypothesis testing, and the significance level was set to a risk 
rate of <5%. IBM SPSS 25.0 J for Windows was used for statistical processing. In the 
intergroup comparison analysis, Questions 1 and 2 were analyzed using the response 

Administered to all staff members in July 2021 (13th month after the program start)

Details of questions:

Question 1. Do you know about anger management?
1. I know about it
2. I have heard about it, but do not know much
3. I do not know about it

Question 2. Do you practice anger management?
1. I practice it on a regular basis
2. I have practiced it but mostly do not practice it
3. I have never practiced it

Question 3. Do you think that disruptive behavior in your department has decreased since the 
start of the organizational anger management program?
1. Decreased 2. Somewhat decreased 3. Not sure 4. Somewhat increased 5. 
Increased

Question 4. Do you think that an organizational anger management program can help control 
disruptive behavior?
1. Effective 2. Somewhat effective 3. Not sure 4. Ineffective

Question 5. Would you like to recommend anger management training to your family 
members and acquaintances?
1. Would recommend 2. Would somewhat recommend 3. Not sure 4. Would not 
recommend

Question 6. What are your thoughts on the organizational anger management program (free 
response)?

Table 1. 
Awareness survey on the inhibitive effects of an organizational anger management program on disruptive 
behavior.
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selection ratios of the Top Box and Bottom Box. Q3 was analyzed using the response 
selection ratios of the Top 2 Box and Bottom 2 Box. Regarding Questions 4 and 5, the 
response selection ratios of the Top 2 Box and Bottom Box were used.

2.1 Ethical considerations

Since the present study is not health-related and was conducted based on the free 
participation of hospital staff as part of activities to prevent disruptive behavior, ethi-
cal review based on the Ethics Committee Rules of Iwate Prefectural Central Hospital 
was not required. Therefore, obtaining informed consent from employees participat-
ing in the AM program was exempted.

3. Results

The group AM introductory training for all staff members was conducted 14 times 
in total, and the total number of participants was 1136 (attendance rate 83.2%).

The number of responses to the questionnaire on the awareness of DB inhibitory 
effects 1 year after the organizational AM program intervention was 730 (response 
rate: 54.2%) (Figure 1). Regarding the occupation ratio of the respondents, nurses 
accounted for the largest percentage (52.7%), followed by physicians (14.9%) and 
technicians (11.5%). There was no significant difference in the actual occupation 
ratio of the staff members. In terms of age group, the highest number of subjects 
were in their 40s (32.3%), followed by those in their 30s (27.7%) and those in their 
20s (18.5%). Regarding Q1 “Do you know about AM?,” the percentage of the posi-
tive response “I know about it” was 89.2% overall (n = 730) (Figure 2). Groupwise, 
the percentages for nurses (n = 385) and non-nurses (n = 345) were 91.7% and 
86.4%, respectively, showing a significantly higher figure for the nurses (p < 0.05). 
Regarding Question 2 “Do you practice AM?,” the percentage of the positive response 
of “I practice it on a regular basis” was 65.9% overall (Figure 3). Groupwise, the 
results were 71.4% and 59.8% for the nurses and non-nurses, respectively, show-
ing a significantly higher figure for the nurses (p < 0.001). Regarding Question 3 

Figure 1. 
Awareness survey on inhibitory effects of organizational anger management program on disruptive behavior 
Administered to all staff members in July 2021 (13th month after program start).
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“Do you think the number of cases of DB in your department has decreased after 
the organizational AM program started?,” the percentages of the positive responses 
of “Decreased” or “Somewhat Decreased” were 35.8% overall, and the percentages 
of negative responses of “Increased” or “Somewhat Increased” were 7.1% overall 
(Figure 4). The percentages of positive responses groupwise were 29.8% and 42.4% 
for the nurses and non-nurses, respectively, showing a significantly lower figure for 
the nurses (p < 0.001). The groupwise negative response rates were 10.1% and 3.7% 
for the nurses and non-nurses, respectively, showing a significantly higher figure 
for the nurses (p < 0.001). Regarding Question 4 “Do you think that organizational 
AM programs are effective in inhibiting DB?,” the percentage of positive responses 
of “Effective” or “Somewhat Effective” was 64.2% overall, and the percentage of the 

Figure 2. 
Question 1 Do you know about anger management?

Figure 3. 
Question 2 Do you practice anger management?

Figure 4. 
Question 3 Do you think disruptive behavior in your department has diminished since the start of the 
organizational anger management program?
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negative response of “Ineffective” was 7.3% overall (Figure 5). The percentages of 
groupwise positive responses were 55.8% and 73.6% for the nurses and non-nurses, 
respectively, showing a significantly lower figure for the nurses (p < 0.0001). The 
percentages of groupwise negative responses were 9.6% and 4.6% for the nurses 
and non-nurses, respectively, showing a significantly higher figure for the nurses 
(p < 0.05). Regarding Question 5 “Would you recommend AM training to your family 
and acquaintances?,” the percentage of positive responses of “Would recommend” or 
“Would somewhat recommend” was 69.1% overall, and the percentage of negative 
response of “Would not recommend” was 2.6% overall (Figure 6). The percentages 
of groupwise positive responses were 64.2% and 74.5% for the nurses and non-nurses, 
respectively, showing a significantly lower figure for the nurses (p < 0.01). In addi-
tion, in the free response (Q6) of the questionnaire, there were some opinions that 
the AM program had little effect on people who habitually engaged in DB (especially 
physicians). The respondents opined that effective initiatives aimed at such individu-
als are needed.

4. Discussion

DB is defined as any verbal or nonverbal behavior that harms or frightens other 
medical staff, patients, or family members, resulting in a reduction in the quality of 
patient care and a threat to patient safety [1]. While DB is known to have a significant 
impact on patient safety and hospital management, interventions aimed at inhibition 

Figure 5. 
Question 4 Do you think that an organizational anger management program can help control disruptive 
behavior?

Figure 6. 
Question 5 Would you recommend anger management training to your family and acquaintances?
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of DB in medical institutions remain an unmet need. To the authors’ knowledge, the 
present study is the first attempt to intervene via an organizational AM program for 
inhibiting DB.

Past surveys at our hospital have found that the majority of DBs (about two-
thirds) are caused by feelings of anger, and it is well known that the medical field 
has a more complete set of factors that arouse feelings of anger than other industries. 
Anger among healthcare workers is often attributed to a variety of reasons, including 
excessive workloads, life-threatening environments where mistakes are not toler-
ated, family issues, relationships with colleagues, hierarchical relationships between 
professions, and differences in mutual values. It goes without saying that hospital 
organizations need to work on improving the various causes of anger, if any are 
addressable. However, it is clear that healthcare workers should not vent their outrage 
in the workplace for any reason, given the serious impact it can have on the work 
environment. Anger-induced DBs must be viewed as a serious threat to patient safety, 
quality of care, work efficiency, personal career development, and hospital opera-
tions. Therefore, we have been promoting the AM project with the aim of spreading 
awareness of AM throughout the organization for inhibiting DB.

The results of the questionnaire survey of all employees conducted 1 year after the 
start of the AM program revealed that 36% of the respondents positively regarded 
that the frequency of DB occurrence in their department decreased because of the 
AM program intervention. The percentage of respondents who positively regarded 
the efficacy of DB inhibition by the AM program was 64%, which was much higher 
than the percentage of respondents who negatively regarded it (7%). These results 
indicate that a notable percentage of the staff members felt that the AM program 
intervention was effective in inhibiting DB. Although the questionnaire response rate 
was somewhat low (54%), more than half of the staff members responded. Taking 
into consideration the fact that it was an anonymous questionnaire and that the ratio 
of respondents based on occupation type did not differ significantly from the actual 
ratio, it appears that the results of this questionnaire most likely reflected the actual 
feelings of the staff members regarding the number of occurrences of DB within the 
hospital. Based on the above findings, it cannot be ruled out that the AM program in 
the present study might have had some effect on DB inhibition.

The questionnaire results also revealed that the nurse group, which is generally 
considered to be vulnerable to DB, had a higher AM awareness and AM training 
practice rate in comparison with the non-nurse group; throughout the questionnaire, 
the percentage of positive responses regarding the DB inhibition effects of the AM 
program was low. The factors behind the differences in feelings between occupations 
regarding the efficacy of this AM program remain unknown, and further verification 
is needed in the future.

The organizationally introduced AM program in the present study is said to have 
been spontaneously born in the United States during the 1970s as a correction pro-
gram for perpetrators of domestic violence and misdemeanors. Subsequently, AM 
was gradually systematized academically [15] and has become quite common over 
time [16]. At present, AM has been introduced in various workplace trainings and 
fields, such as adult and youth education, and its efficacy has been demonstrated [17]. 
Thus, AM has been established as a common method of cognitive behavioral therapy.

AM training is generally conducted individually or in groups of several indi-
viduals [18]; to date, AM has been mainly used as a correction program for physi-
cians with habitual DB in the medical field [8, 9]. Eslamian et al. reported that 
they introduced an AM program on a group-by-group basis to control DB among 
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nurses in the emergency field and achieved some results in reducing the incidence 
of DB [19]. However, there have been no reports of attempts by medical institutions 
to perform intervention through an organizational AM program with the aim of 
inhibiting DB. In the present study, we aimed to examine the feasibility of a cross-
professional AM intervention program for all employees, with the goal of inhibiting 
DB by fostering a workplace culture that does not tolerate DB triggered by anger. 
Given that the awareness of AM is still low in Japan, it was found to be necessary 
to widely educate hospital staff regarding AM methods. Group AM introductory 
training was frequently conducted at an early stage of the activities. We additionally 
utilized a simple and visual method of awareness building by posting AM promo-
tion posters. We also continued to provide motivation for AM training for each 
individual by sending AM-related information twice a week through groupware 
and broadcasts within the hospital. In the awareness survey questionnaire admin-
istered 1 year after the intervention of the AM program, 66% of the staff members 
responded that they practiced AM on a regular basis, showing the possibility that 
these continuous dissemination and simple awareness-building methods might have 
been effective.

The present study has several limitations. First, while the results of the present 
study suggested that organizational AM programs in healthcare institutions might be 
a somewhat effective intervention to inhibit DB, the present study was a case study 
in a single facility. Hence, it is difficult to generalize the obtained results. Secondly, it 
was extremely difficult to know the actual number of occurrences of in-hospital DB 
before and after the AM program intervention owing to the nature of the DB reports. 
It is well known that in an extremely large number of cases, the victim does not report 
incidents of DB owing to the fear of retaliation from the perpetrator after the DB 
report and because of the distrust of the hospital [7–9, 11]. Therefore, it was necessary 
to replace these reports with the method of evaluation using an anonymous question-
naire after the intervention of the AM program. Thus, it would be advantageous that 
a stable DB reporting system be established in the future. Finally, due to the nature 
of the study, it was necessary for the AM training to rely on the individual choice to 
participate by each staff member. Therefore, it was difficult to appropriately evaluate 
the efficacy of the AM program for the inhibition of DB. Nevertheless, despite these 
limitations, we believe that the present study might serve as an important resource 
for exploring effective intervention methods for DB inhibition in other medical 
institutions.

In conclusion, an organizational AM program aimed at inhibiting DB could be 
implemented at our facility. Although the results of the present study suggest that 
the AM program might be an effective method of intervention to inhibit DB, it was 
difficult to properly evaluate its efficacy due to the nature of the study. Furthermore, 
AM programs may not always be effective in the same way among different occupa-
tions; hence, further research is needed.
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Abstract

Clinical trials in radiation oncology have improved our translational science 
and patient care. All patients referred to departments of radiation oncology can be 
invited to participate in a clinical trial with multiple venues. Study endpoints can 
include intradepartmental endpoints to improve workflow and patient access as well 
as interdepartmental clinical translational trials that include the National Clinical 
Trials Network (NCTN) and industry. The quality of the trial is important to trial 
outcome and influences interpretation of the results of the study and how the results 
can be applied to patient care moving forward. Clinical trials in radiation oncology to 
date have accomplished much, however many important questions remain as patient 
care matures and systemic therapies become more sophisticated and associated with 
specific biomarkers and cellular expression products. In this chapter we review the 
history of clinical trials in radiation oncology and review the current status of the 
structure of quality assurance in clinical trials. We will review unanswered questions 
and areas to study in each disease area and how to design strategy for trials to address 
modern unmet needs in our discipline.

Keywords: quality, clinical trials, oncology, radiation, thoracic oncology

1. Introduction

Clinical trials have become the infrastructure for progress in both translational 
and clinical science in oncology. Unlike other disciplines, oncology care requires 
interdigitation of multiple subspecialties, each with influence on patient outcome 
and toxicity. As part of the National Cancer Institute (NCI) infrastructure, a robust 
clinical trial mechanism has been established and operational for the past 50 years. 
This is the National Clinical Trials Network (NCTN). Radiation oncology as a com-
mittee and discipline is incorporated into each NCTN member group and plays an 
important role in the structure and conduct of most trials. Radiation oncology, unlike 



Frontiers in Clinical Trials

30

medical oncology, can apply dose volume metrics to tumor and normal tissue and 
assign avoidance strategies to normal tissue. Radiation therapy (RT) is not a drug, 
yet colleagues in oncology care continue to apply overly simplistic thought processes 
to RT in the assessment of chemotherapy and RT interactions. Therefore, disease 
specific normal tissue constraints are written into studies to provide dose uniformity 
to tumor targets with protocol-specific dose volume limitations to normal tissue. This 
information can be transferred in digital format from anywhere in the world to a 
protocol quality assurance center and reviewed on a same day basis to ensure compli-
ance with study objectives. In the next section, we will review the history of clinical 
trial development in radiation oncology and review the strengths and opportunities 
of current operational status of the quality assurance process.

2. History of quality assurance in NCTN clinical trials

By the mid 1960’s, investigators and early developers of clinical trials processes 
sought to engage members of different institutions and participate in clinical trials. 
The NCI saw an advantage in further development of these processes and established 
a series of cooperative groups to initiate and manage clinical trials in liquid and epi-
thelial adult oncology and pediatric oncology. Over time, this extended into discipline 
subspecialties including gynecologic oncology. RT began as participants within each 
group rapidly acquired committee status as the importance of RT in combination with 
systemic therapy was recognized as an important step in the development of clinical 
trials. Radiation oncology sections were written into protocols specifying target vol-
ume and computational techniques for quantifying dose. As the influence of radiation 
oncology matured, the Radiation Therapy Oncology Group (RTOG) was established 
as group charged with developing protocols asking RT specific questions [1–3].

In order to confirm dose was accurately delivered to the target volume intended by 
the study and calculated by guidelines, investigators including Arvin Glicksman and 
his colleague Fran Laurie designed a program to collect clinical information, planning 
documentation, and treatment images. The information was reviewed at the time of 
study completion and compliance scores were assigned and reviewed by institutional 
performance committees for each cooperative group [4]. Because there was a signifi-
cant deviation rate on study, effort was made to move the retrospective review into 
an on-treatment review ideally performed during the first week on study to confirm 
compliance to study guidelines. The effort was performed in parallel to colleagues at 
the former Radiological Physics Center (RPC) who performed work using thermolu-
minescence dosimetry and phantoms to ensure consistent radiation dose uniformity 
across institutions participating in clinical trials. These efforts provided the infra-
structure need to support the beginning of a quality assurance process in radiation 
oncology.

The former Pediatric Oncology Group (POG) established a protocol for what 
today would be called intermediate and early advanced stage patients with Hodgkin 
lymphoma, POG 8725. This study treated patients with eight cycles of hybrid che-
motherapy (MOPP-ABVD alternate) with RT post chemotherapy as the point of 
randomization. RT was intended to be delivered to all sites of disease at presentation 
with dose titration permitted to areas of normal tissue tolerance including cardiac 
and pulmonary structures. The results of the study revealed no statistical advantage 
to patients receiving RT. However, a subset analysis revealed that patients treated 
with RT in a protocol compliant manner had a statistically significant improvement in 
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survival at 5 years. There was a significant number of study deviations on study. Most 
were associated with volume of tissue treated with areas of involvement at presenta-
tion at times excluded from management due to concerns of late effects. An example 
of this approach would be the exclusion of involved axilla at presentation to titrate the 
perceived risk of a secondary event such as breast cancer in this patient study popula-
tion. The overall survival in patients with study deviations was equivalent to chemo-
therapy alone. The survival in patients with chemotherapy and study compliant RT 
was 10% greater than chemotherapy alone [1–3, 5].

This study established the fact that the process of quality assurance required 
adjustment if radiation oncology was going to have a meaningful impact on clinical 
trial function and improve the conduct of clinical trials. A decision was made to have 
RT treatment objects, including imaging, reviewed for quality assurance purposes in 
order to make certain clinical trial volumes for treatment were consistent with study 
objectives. The protocols were Children’s Oncology Group (COG) 9425 and 9426. 
COG 9425 was an intermediate risk study permitting mediastinal volume reduction 
after chemotherapy to limit dose applied to pulmonary parenchyma after five cycles 
of chemotherapy. COG 9426 was an early-stage protocol designed to titrate therapy 
based on response to induction chemotherapy. If patients were considered a rapid 
early responder to two cycles of chemotherapy, chemotherapy was discontinued, and 
the patient received 21 Gy of RT to sites of original involvement. Although at that 
time all materials were forwarded to quality assurance offices as hard copy, the pre-
treatment review of objects considerably improved protocol compliance to RT guide-
lines with a statistically significant improvement in study compliance. Investigators 
demonstrated that the process of quality review pre-therapy could be accomplished in 
an enterprise manner across a clinical trial. However, the process uncovered another 
issue which required process improvement. COG 9426 required a response assessment 
after two cycles of chemotherapy. Review of response assessment was performed 
as a retrospective central review and what was identified was that response assess-
ment between radiologists at the site of treatment and the central radiology reviewer 
was not aligned in 50% of cases. This implied that a similar process for intervention 
was required for radiology building upon the success for pre-treatment review for 
radiation oncology. The challenge became how to manage this effort in a nimble and 
time effective manner in order not to delay care for on-site investigators. A different 
approach was going to be required for data transfer in order to achieve these objectives 
as an enterprise function [1–3, 6].

In parallel with the effort to review objects in hard copy, colleagues in the RTOG 
initiated a process for digital transfer of treatment objects directly through the plan-
ning system. Jim Purdy was responsible for this fundamental change in data exchange 
and this process became efficient and timely for management of RT protocols [7]. The 
American College of Radiology Imaging Network (ACRIN) was developed and strate-
gies for digital transfer of imaging objects directly from site investigator imaging 
systems to central archiving supported by the American College of Radiology (ACR) 
[8]. Keith White developed an internal system used by the COG based on a program 
he developed for digital transfer of imaging objects at his home institution to review 
images for tumor board. These efforts created the infrastructure required to re-visit 
models for data transfer and set in motion mechanisms for protocol management that 
remain in use today [1–3, 9–11].

The strategy for simultaneous review of imaging and RT treatment objects using 
digital media was applied extensively in the COG intermediate risk Hodgkin lym-
phoma protocol AHOD0031. In this study, adaptive therapy strategies were deployed 
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to identify patients who had a rapid/delayed response to two cycles of chemotherapy 
which prompted a secondary randomization to a more titrated approach to care with 
rapid response and augmented care in those with a delayed response. A tertiary ran-
domization occurred for patient with rapid early response to therapy and a complete 
response by imaging definition after four cycles of chemotherapy was imbedded in 
the study as these patients were randomized to either RT or observation. The qual-
ity assurance process for this study was extensive as more than 1700 patients were 
enrolled in the study requiring real time imaging response assessment at two time 
points in the study and pre-review of radiation oncology treatment objects. In this 
study metabolic and anatomic response imaging was acquired for outcome analysis. 
The dataset is invaluable and has been used for many publications on secondary study 
endpoints including but not limited to response to pleural effusions, response in 
bone, etc. The protocol demonstrated that these tasks assigned for managing proto-
cols could be accomplished due in large part to the development of modern digital 
transfer tools and re-purposing them for management of group studies [12, 13].

Modern digital transfer tools have greatly facilitated protocol management and have 
brought quality assurance centers and study/site investigators together in real time on 
a same day basis for protocol management. Often protocols may be written in language 
which can be interpreted through a different prism by site investigators. The purpose 
of quality assurance and pre-review of objects is to ensure that the correct objects have 
been obtained for review in a protocol compliant format and the intended treatment 
plan is consistent with study objectives. The process ensures that all necessary data 
required for study interpretation is complete. In this manner, the dataset acquired and 
managed for the study is harmonized and the study results can be trusted.

The tools have also permitted expansion of clinical trial complexity includ-
ing modern studies on therapy titration. These studies included surgery only for 
young Hodgkin lymphoma patients with highly favorable features and titration of 
the intended fields of RT in high-risk Hodgkin lymphoma patients to areas of less 
than complete response or areas that residual disease measures greater than 2.5 cm. 
Modern head and neck adult trials are asking titration questions for both RT target 
volumes and dose with patient functional endpoints to adjudicate the trial. Protocols 
such as this can only be successfully managed by integrative efforts of diagnostic 
radiology and radiation oncology as part of a central protocol review process in 
support of site investigators. These are important questions to answer and can only be 
successfully addressed in a protocol setting in order to accrue enough patients to study 
to answer the study question. These strategies are now applied at an enterprise level in 
all disease areas.

Digital transfer tools have altered the paradigm about clinical trials and how trials 
are managed. They have permitted real time interactions to ensure study compliance 
and archives for the next generation of investigators to review and ask better ques-
tions for subsequent clinical studies. The tools have also made data transfer process 
more nimble and given study investigators the opportunity to review all relevant 
imaging and RT treatment information as part of the review process. In the next sec-
tion we will review pitfalls and problems associated with incomplete data acquisition.

3. Data management and problems generated by incomplete datasets

The tools today for data acquisition and management are outstanding and pro-
vide opportunity to manage protocols on a worldwide basis with real time response 
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assessment. Other sponsor partnerships have brought quality assurance centers to 
standard consistent with industry needs for data compliance, security, and anony-
mization. These are important steps and have generated significant process improve-
ments at quality assurance centers. This is important as many clinical trials centered in 
the NCTN have other sponsor partnerships imbedded into the study. The cost associ-
ated with management is largely centered in the development of the program. Once 
the program is established and operational, maintenance costs associated with data 
acquisition/management are more predictable and study driven. There is a perception, 
however, that cost savings is secured by data titration with ceiling imposed in the study 
charter to limit the amount and volume of information acquired for each study. This 
is an unfortunate perception and has led to limitations in the interpretation of study 
outcome due in part to limitations in the dataset and lack of pre-review of objects 
before the patient is treated on study. In the HeadSTART study of patients with locally 
advanced primary head and neck carcinoma evaluating in a phase III format the utility 
of the hypoxic cell sensitizer Tirapazamine, on-treatment review of imaging and RT 
treatment objects was applied for protocol management with objects to be reviewed 
within the first 3 days of patient treatment. Even in patients where adjustment in 
therapy fields were requested and adjusted for compliance, there was a statistically 
significant decrease in patient survival compared to patients where no adjustment was 
required. This would imply that every treatment mattered and created an argument 
that pre-treatment review of objects would be an important component to clinical 
trials in head and neck cancer to ensure optimal study performance [14]. The former 
American College of Surgeons Oncology Group Protocol Z0011intended to study the 
role of surgical and RT volume titration to the axilla in selected patients undergoing 
breast lumpectomy and post-operative RT intended to be directed to the breast only 
without axillary staging. It is understood that approximately 60% of the axilla includ-
ing level 1 are included in the tangential RT treatment field by default as these tissues 
are synergistic with breast tissue. The strategy was clinically attractive as the goal was 
to demonstrate efficacy for more limited therapy for what was perceived as low risk 
patients. Targets and RT fields were not collected and completion notes describing the 
fields were collected for validation of what was treated to what dose. In retrospective 
review, however, it was found that a large number of patients with high-risk features 
were treated to more comprehensive regional nodal volumes than intended by the 
study, therefore challenging the study objectives, and making interpretation of study 
results more difficult as a significant number of high-risk patients were treated to 
extended nodal volumes. This could have been adjusted with pre-review of protocol 
treatment objects and conversations generated between site and study investigators 
ad hoc to ensure compliance objectives on study [15–17]. RTOG study 0617 became 
a signature study for radiation oncology as the study demonstrated non-inferiority 
to 60 Gy to target in comparison to 74 Gy to target. This has had significant influence 
in the oncology community suggesting that “less is better”. What is less well known 
is that patient-specific diagnostic imaging defining the target was not collected as 
part of the quality assurance process and the plans were reviewed for quality based 
on submitted RT treatment objects. Although this followed more traditional quality 
assurance processes, for the first 3 years on study the high dose arm had statistically 
inferior local control compared to the low dose arm, possible implying that in the 
early phase of the study, tumor may have unintentionally received less dose. This may/
may not have influenced trial outcome. Investigators on study accurately point out 
that the local control rates balanced between the two arms over time, but one has to 
wonder if the separation in local control did not occur in the early phase of the trial, 
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would trial outcome have been different. The trial has become important for multiple 
reasons beyond target dose as the trial called attention to the importance of cardiac 
dose relative to long term outcome as well as provide insight into pulmonary normal 
tissue metrics. It is an important question to re-visit as it remains counter intuitive 
that a decrease in RT dose below what is applied to early-stage larynx cancer would be 
an advantage. The argument is toxicity, however planning techniques have improved 
since the initial phase of that study and it may be the right time to ask the same ques-
tion with the process improvements identified in biomarker driven therapy including 
immunotherapy [18–22].

The data and digital objects from these trials are important and can be repurposed 
for multiple uses for secondary trial analysis and intercomparison of data between 
studies. However, each carries a flaw based on trial charter with each titrating data 
collection and management at different levels. The titration was well intended in 
order to support data management at the institutional level however titration of data 
can lead to unanticipated downstream consequence in outcome analysis which can 
shape outcome interpretation.

Therefore, trials need to be comprehensive in the data acquisition process in order 
to be fully confident in outcome review and use the data to answer unanticipated 
questions not recognized at the time of trial design. Outcome imaging is likewise 
crucial for study interpretation as there can be altered impressions between site and 
study radiology interpretation not easily recognized when we review reports. The 
more comprehensive we become in data acquisition, the more we can move forward 
in clinical trial structure. It is the responsibility of quality assurance centers, however, 
to ensure that the data acquisition process is not so cumbersome that it cannot be 
successfully managed.

4. Next steps in clinical trials

In this section progress in disease specific clinical areas is discussed and opportu-
nities for clinical improvement in RT associated protocols is identified.

4.1 Central nervous system (CNS)

This remains an important area for clinical improvement in both adult and pediat-
ric oncology. There is no other disease site that can affect the status of the individual 
afflicted with the disease from a constitutional and neuro-cognitive perspective. 
Brain tumors comprise 25% of childhood malignancies and primary brain tumors 
have a relatively equal incidence per decade in adult life, often affecting individuals 
during work life and family growth years. For adults with glioblastoma, recent prog-
ress has been made in the identification of biomarker expression with adjustments 
to care in selected patients based on genetic expression and presence of biomarkers. 
Studies to date have not shown a clear benefit to RT dose escalation. This may be due 
in part to asymmetry among radiation oncologists relative to target contours. With 
modern magnetic resonance (MR) imaging and sequence series, each series gives a 
different picture of what a target could resemble including fluid-attenuated inversion 
recovery (FLAIR) and single positron emission computer tomography (SPECT) imag-
ing. Historically, most radiation oncologists generated contours from T1 images with 
contrast. This would identify areas of breakdown of the blood brain barrier however 
would not necessarily define areas of tumor deoxyribonucleic acid (DNA) synthesis 
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which today may be defined by positron emission tomography with amino acids. 
There is tumor in FLAIR and when tumor is involving central structures including 
the corpus, SPECT may better define disease extension across the corpus which may 
explain failure in the contralateral hemisphere in patients with central disease when 
this volume is untreated. There are protocols currently active evaluating dose paint-
ing to separate target volumes using targets derived from multiple MR sequences. 
Establishing uniformity among radiation oncologists in this regard with agreement on 
dose to target will optimize the evaluation of the benefit of biomarker driven therapy 
moving forward as neuro-oncology is dependent on the development of therapies for 
the next generation of CNS clinical trials in concert with RT.

If expanded target volumes using multiple MR sequences proves to be of benefit 
to patients, it becomes important to the radiation oncology community to study our 
use of expanded targets and how they can be applied with modern image guidance 
moving forward. Historically, our volumetric planning language included dose to 
gross tumor (GTV), clinical target volume (CTV), and a planning target volume 
(PTV) to provide for daily patient set up variability. In selected areas an image target 
volume (ITV or internal gross tumor volume (IGTV)) is applied for internal motion 
associated with respiration. The language of expanded targets pre-dated modern 
image guidance. The tools of today include auto-registration of kilovoltage imaging, 
cone beam computer tomography, and optical tracking for positioning with motion 
management, therefore with more security that targets can be reproduced on a daily 
basis in the CNS, PTVs likely can be titrated to one-two millimeters in a manner simi-
lar to stereotactic management. This can be studied both from an intra-institutional 
perspective and a cooperative group perspective with online imaging and outcome 
imaging used to confirm the success or difficulties associated with titration of PTVs. 
This is important as the objective is to minimize dose to normal tissue in as safe a 
manner as possible and feasible. This will be important for adults and children [23].

Sub-total volume CNS directed therapy for primary and metastatic disease will 
become increasingly important moving forward and the radiation oncology com-
munity is assuming more responsibility for follow up in this patient population. 
Targeting and outcome imaging will help optimize the appropriate dose to target in 
selected disease areas as well as better define dose volume limitations to normal tissue.

4.2 Head and neck

Head and neck malignancies have been an important disease area for radiation 
oncology. With more than 30 sites of origin, significant expertise on the part of the 
radiation oncologist and planning team are important for optimal patient outcome. 
Improvements in both anatomic and metabolic imaging have improved targeting and 
contours for the radiation oncologist. Although contouring objects was challenging 
during the HeadSTART trial, metabolic imaging with PET has help to optimize the 
size and extent of what would be referred to as a GTV.

During the past two decades there has been an increase in the incidence of head 
and neck malignancies as the disease now includes viral origin as well as pre-existing 
environmental habits. A subset of patients with viral origin appears to have rapid 
early response to therapy and this cohort merits increasing attention for studies for 
both radiation dose and volume titration. This concept will require rigor in quality 
assurance to make certain that titration, especially for RT volumes, is accomplished in 
a uniform format. Outcome imaging is essential to perform pattern of failure analysis 
in order to see if radiation dose and volume can be successfully decreased in selected 
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patients with favorable biomarkers for outcome and this should be imbedded for 
acquisition in clinical trials moving forward. There is evidence that immunotherapy 
coupled with RT can provide outcomes similar to chemotherapy and RT with a goal 
maintaining optimal tumor control and reduce toxicity associated with therapy. 
Optimizing therapy and decreasing toxicity remains important objectives moving 
forward, therefore clinical trials of the future will include strategies for both dose and 
volume titration for selected patients with more favorable features and biomarkers for 
a durable treatment outcome [24–29].

4.3 Thoracic oncology

Lung cancer has evolved in the past two decades. In the past, the disease was 
exclusively associated with environmental exposure, however recent history has dem-
onstrated that the disease has changed both with respect to pathology and biomarker 
expression and targeted therapies have been approved for use with multiple subsets 
of patients. Immunotherapy has also become important in lung cancer and has shifted 
the paradigm and thought process with this disease including re-introduction of 
maintenance therapy.

This is important as RT remains an important co-partner to systemic therapy in 
this disease Because of known toxicity to pulmonary parenchyma with immunother-
apy, there have been efforts in clinical trials involving thoracic RT to limit the volume 
of pulmonary parenchyma receiving 20 and 5 Gy as well as limit cardiac dose. Often 
lung tumors are located in regions vulnerable to exceeding normal tissue constraints 
and considerable planning skill is required to optimally treat the disease and limit 
dose to critical structures. Although tools for artificial intelligence used in radiation 
oncology strive to provide uniform dose homogeneity through the disease target, at 
times this is at the expense of delivering more dose to normal tissue than desired. In 
this circumstance, it is considered reasonable to accept more non-uniform dose distri-
bution is less critical areas (soft tissues of the chest wall, etc.) in order to limit dose to 
cardio-pulmonary parenchyma. This has changed the treatment of patients on study. 
In order to meet cardio-pulmonary constraints defined on modern protocols, RT 
treatment plans are generated without elective areas to treatment which can require 
discontinuous planning volumes intentionally omitting areas that appear uninvolved 
despite target volumes contoured both inferior and superior to the volume omitted in 
generating the plan. The goal is to provide control of gross tumor without intention-
ally treating tissues as we had done on previous studies before immunotherapy and 
targeted therapy became available for patient care.

This is an area where motion management will play an important role moving 
forward. Because motion needs to be managed on-site at the participating institu-
tion in real time, it may be optimal to have institutions submit a questionnaire listing 
on-site equipment and complete a benchmark test demonstrating competence in 
contouring objects in four dimensions and making an adjustment between online 
imaging and planned treatment execution. Lymphoma often involves the thorax and 
volume modulated arc therapy provides an opportunity to be curvilinear around 
cardiac structures providing conformal avoidance to important structures. Cardiac 
avoidance may also play an important role in innate immunity for patients on study. 
If a significant volume of cardiac chambers is included in the treatment field, the 
blood pool will be exposed to therapy during the time on treatment. Lymphocytes 
die an intermitotic death from RT, therefore if the blood pool is exposed to radiation, 
a significant volume of lymphocytes will be depleted with each treatment. Clinical 
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trials of the future will likely not contour the heart as a single structure, however 
tools including artificial intelligence will help contour chambers, valves, coronary 
arteries, and the electrical conduction system. Different disease types will influence 
the importance of each structure. For example, the anterior descending artery and 
anterior left ventricle will be important for breast cancer patients while the left atrium 
and electrical conduction system will be important for esophageal patients [30–38].

As outcomes improve, clinical trials will provide an opportunity to support and 
improve normal tissue outcome that can be quantified with RT dose volume metrics 
and normal tissue function.

4.4 Liver

Hepatocellular carcinoma and metastatic disease are becoming of increasing 
importance for patient management. The number of patients afflicted with disease in 
the liver is increasing and we are learning how to apply modern therapy technology to 
primary and secondary liver disease. One of the many challenges in modern patient 
care is that multiple therapies have efficacy for patients afflicted with disease includ-
ing surgery, chemotherapy, stereotactic RT, and radiopharmacy. Each, however, 
competes for normal tissue tolerance and the benefits of multiple therapies may not 
be additive and may unintentionally serve to limit additional therapy due to additive 
toxicities. To complicate matters, at the time of diagnosis there is often pre-existing 
normal tissue compromise with image associated injury potentially influencing both 
choice and intensity of therapy. Primary hepatocellular carcinoma therapy is often 
optimally treated by transplant and therapies are often designed to bridge patients 
until transplant can be performed. Often, however, patients are not candidates for 
transplant, and they need to be managed medically with either stereotactic RT or 
radiopharmacy including modern targeted therapy. The choice of therapy can be 
nuanced and driven by the heath of the patient and liver function including Child-
Pugh status. Therapies, although available for patient care, need to be studied in more 
detail to know how to apply them and limit risk of injury. Although radiopharmacy 
with Yttrium-90 (Y-90) can deliver dose to target, there are clinical challenges associ-
ated with the delivery of therapy. Although intrahepatic catheters can be accurately 
placed, tumor vascularity is irregular with areas of limited vascular access, therefore 
shunt and movement of particles/dose away from the intended target can result in 
dose delivery to unintended target and limited dose to the intended target. Because 
of the previous lack of computational software for post therapy dosimetry, quality 
assurance metrics have been limited to the activity of the isotope. Today, computa-
tional dosimetry software is now available to assess dose to tumor target and normal 
tissue using SPECT as an imaging tool to perform voxel dosimetry. This will help 
move the care of these patients to a more optimal assessment of dose to volume and 
assess, especially with Y-90, in defining areas receiving less than tumor specific dose 
and which areas require additional dose augmentation. Although Y-90 is thought to 
be specific to target, there can be unintended consequence to uninvolved segments 
of hepatic parenchyma through migration and dose can extend to organs abutting 
hepatic parenchyma including renal parenchyma and bowel. Modern radiosurgery 
can place limitations and dose gradients in a secure manner across targets with motion 
management and image validation [39–45].

There is a paucity of studies comparing therapies which serves to limit advancing 
the discussion concerning safety and efficacy of each approach. Often patient care 
is driven by the specific expertise of providers on-site. Each case will have tumor 



Frontiers in Clinical Trials

38

specific vascularity, location, and size, therefore, randomized clinical trials will be 
difficult to perform in this area. A registry with clinical information, therapy imag-
ing/dosimetry, and outcome imaging may be the best initial approach to developing a 
definition of dose volume metrics for patient safety.

4.5 Gastrointestinal

Gastrointestinal (GI) disease encompasses many important areas for radiation 
oncology. Esophageal cancer is highly responsive to chemoradiotherapy, and pre-
operative therapy has rapidly become the standard of care. The targets for RT are 
driven in large part by imaging generated from positron emission tomography and 
endoscopy. Initial studies using image-guided definitions for targeting applied gen-
erous superior and inferior margins, however extended volume therapy into unin-
volved nodal regions can make planning difficult to meet dose volume constraints 
especially for cardiac and pulmonary parenchyma. This merits further investigation 
as can targets be titrated considering cardiac and pulmonary parenchyma as “natural 
barriers” even though they abut tumor targets. In other words, can the gross tumor 
volume and the CTV be synergistic in this location with the image-guided target 
symbiotic with the PTV. Outcome metrics relative to cardiac and pulmonary paren-
chyma balanced with outcome imaging to identify local regional failure could be part 
of radiation oncology study objectives challenging traditional computational metrics 
and tumor target definition balanced with normal tissue tolerance metrics [46, 47].

A similar approach can be applied for pancreatic cancer. Although RT has been 
lateralized in clinical protocol development, meta-analysis continues to suggest an 
important role for RT in this disease. Protracted chemotherapy protocols with RT 
applied at the time of disease progression limits the perceived effectiveness of RT 
given as either definitive therapy or post-operative therapy. However, therapy must 
be balanced with normal tissue tolerance as hepatic, renal, and bowel volumes must 
be respected including important anastomoses in post-operative patients. RT will 
eventually be seen again as an asset in this disease and radiation committees will 
be cognizant of the responsibility we need to apply to this situation particularly in 
patients with borderline resectable disease [48].

There is increasing information that compressed fractionation strategies can 
be applied to patients with rectal cancer. Short term data suggests that compressed 
schedules are non-inferior with respect to surgical intervention with variability in 
contouring structures including the mesorectum. More long-term data is needed 
to determine if compressed schedules are non-inferior to local control and normal 
tissue function. This is an area where tissue is available both pre and post therapy and 
biomarkers may play a role in outcome assessment [49, 50].

Anal cancers remain of increasing importance in the treatment community. 
Protocols have often applied a uniform strategy to patients with varied stage and 
tumor burden. Moving forward, stratification of patients in clinical trials by stage/
tumor burden including RT alone trials in selected favorable patients will be an 
important next step in management. Likewise, we need to define as best as possible 
what target volumes should resemble for modern patient care. For example, can the 
mesorectum be considered a CTV at risk with the tumor defined on positron emission 
tomography as the CTV of high risk? If so, dose painting can be applied including 
optimal definition of what nodal volumes are at risk. Only clinical trials with shared 
data information can answer these important questions [51].
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4.6 Genitourinary

Genitourinary (GU) oncology remains an important area of research for radiation 
oncology. Prostate cancer is exceptionally well treated with modern radiation oncol-
ogy. With image guidance and intensity modulation, outcomes have been exceptional 
and continue to improve. Because in large part to limited dose to normal tissue 
including bladder and rectum, compressed fractionation schedules have become more 
popular in clinical care. It is important to couple these changes with patient symptoms 
at presentation in order to optimize dose and fractionation schemes to pre-existing 
genitourinary health. Clinical trials will help us segregate which patients are more 
optimally served with traditional fractionation likely including those with high-risk 
features including the need for regional therapy. Oligometastasis therapy is moving 
forward at a rapid pace as outcome appears to be improved with more aggressive 
management upfront in patients with limited metastatic disease. The nature of treat-
ment in this situation coupled with emerging technologies including radiopharmacy 
hold promise to improve survival in this patient cohort. It will be important to include 
modern anatomic and metabolic imaging as part of staging. This will help optimize 
targets of therapy and identify patients in need of extended volume therapy due to 
oligometastatic disease [52–55].

One potential area for clinical trials is to think of the prostate differently with 
respect to target technology. Today we think of the prostate gland as a uniform 
structure for target definition, often independent of disease identified on imaging 
including MR. As imaging improves, can we consider the gland as a target volume 
of intermediate risk and dose paint image associated areas of concern as targets of 
high risk. This would potentially further serve to titrate dose across critical structures 
including bladder, urethra, nerve bundles, and rectum potentially improving normal 
tissue outcome and not sacrifice local control.

Bladder preservation technology is improving. Often these patients are medically 
vulnerable, therefore therapy choices are often influenced by medical co-morbidities. 
Likewise, the choice for systemic therapy in combination with RT has to recognize the 
potential for toxicity, therefore choices are balanced. Immunotherapy coupled with 
RT remains under investigation and appears well tolerate. These pathways will need 
further exploration [56].

Aggressive RT management upfront of renal metastasis will also be important to 
study moving forward as this may make response to targeted and immunotherapies 
more durable and not interrupt systemic therapy treatment schedule.

4.7 Gynecologic

This remains an important area to study as gynecologic malignancies remain an 
important worldwide public health issue. The incidence of cervix cancer worldwide 
including medically underserved populations continues to grow and often patients 
with limited access to care present with advanced stage disease. Modern imaging 
including positron emission tomography has demonstrated an increase incidence of 
nodal involvement at presentation than was previously acknowledged. Treatment 
programs with RT coupled with brachytherapy remain important and essential to 
patient care, however improving outcome will require optimal application of new and 
novel systemic therapy. Biomarker-driven clinical trials including immunotherapy 
will be important to see if outcome can be improved in these patients [55–61].
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Although endometrial cancers are often found early in the disease process because 
of clinical symptoms, selected patients do not uniformly have optimal outcomes and 
these patients become candidates for chemotherapy and biomarker-driven therapy 
coupled with surgery and RT to optimize tumor control. These can include carci-
nosarcoma and papillary serous histology [62–64]. Current protocols seek to define 
improvements in systemic care. With biomarker-driven care and immunotherapy, 
protocols for therapy are evaluating these issues. Medically inoperable patients are 
increasing in frequency as society ages, therefore protocols optimizing care for these 
patients is likewise important moving forward. Ovarian carcinoma remains a clinical 
challenge as to date, imaging of disease has not been optimal however improvements 
in imaging are anticipated. Biomarker-driven therapeutic options are important mov-
ing forward to optimize care for this cohort and well as those with primary peritoneal 
disease.

4.8 Musculoskeletal

For both adults and pediatric patients, this is an area of increasing importance. 
For adults, patients are often treated with pre-operative RT in order to facilitate 
surgical resection. This provides opportunities to use pre and post therapy imaging to 
determine if radiomics predicts for response and outcome. Tissue is available both pre 
and post therapy, therefore elements of tumor microenvironment and tumor related 
biomarkers are available for study. Tumor specific biomarkers identified in post 
therapy specimens may provide insight into resistance molecules and mechanisms for 
the next generation of studies and identify additional agents and biomarker driven 
therapy could be applied on a pre-operative basis [65, 66].

For childhood sarcoma, these diseases affect both bone and soft tissue. Pediatric 
tumors are less likely to be influenced by epigenetics. In the NCI pediatric Molecular 
Analysis for Therapy Choice (MATCH) trial, a significant percentage of pediatric 
tumors have an actionable mutation. These diseases have remarkable responses to sys-
temic therapy and often local control can be achieved with surgical and RT titration 
of resection and RT dose. These have been studied by outstanding investigators in the 
past within cooperative group disease specific committees. The structure provided by 
the committees will be an excellent resource moving forward as systemic therapy and 
personalized application of targeted therapy moves forward. There will be an increas-
ing use of particle therapy for these diseases in order to exclude normal tissue from 
the RT treatment field and decrease sequelae from management [67].

4.9 Pediatrics

Process improvements in the technology of RT will significantly benefit pediatric 
radiation oncology. The increasing use of particles and intensity modulation coupled 
with image guidance will limit dose to unintended structures and serve to further 
improve outcome relative to tumor control and normal tissue. This will be important 
in all areas of pediatric oncology including the aforementioned sarcoma subgroups 
but also for pediatric brain tumors and all additional disease areas. Because of the 
security provided in treatment reproducibility, PTVs can be titrated to institutional 
tolerance. These is especially important in younger children as an additional 1–2 mm 
of expansion can significantly influence the volume of normal tissue receiving full 
dose, therefore when feasible, titrating high dose and low dose volumes can have a 
measurable impact on outcome. This is true in all disease areas [68–74].
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5. Conclusions

RT has matured as a discipline with tools now readily available to generate metrics 
to assess both tumor control and normal tissue outcome. Databases are available to 
house information in a format to re-purpose the data generated from RT treatment 
objects and imaging to perform accurate and believable outcome assessment. The 
Cancer Imaging Archive (TCIA) has been developed to house data in a format avail-
able for clinical/translational research. Data acquisition and management processes 
are robust and prepared to function at an enterprise level to move us forward [20, 75].
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Chapter 4

Hospital Ethical Climate and Its 
Influence on Clinical Nurses’ 
Perception on Their Organizational 
Citizenship Performance
Teketel Ermias Geltore

Abstract

Healthcare development mainly depends on nurses’ activities, since nurses often  
take much time in contacting patients during clinical activities. Their awareness of 
the hospital’s moral climate disturbs nurses’ attitudes and associated ethical concerns. 
Hospital ethical climates have become a crucial working area element for nurses to pre-
pare and apply ethical judgments. The ethical climate is one feature of an institution that 
denotes the collective insights of morally correct activities and techniques of handling 
ethically varied conduct. Better consciousness of the difficulty of ethical problems in the 
health facility situation has powered attention to nursing ethics. Yet, there is insufficient 
data on the connection between nurses’ awareness of the ethical climate worldwide. 
Hospital ethical climate has been studied in several industrial countries for decades 
but has only been investigated in some developing countries in the past two decades. In 
general, the chapter explained the perception of nurses and correlation between hospital 
ethical climate and job satisfaction, and dimensions of job design.

Keywords: ethical climates, nurses, ethics, hospital, nursing, profession

1. Introduction

Nurses making the biggest group of experts in the healthcare delivery system, who 
communicate broadly with patients. They are well-thought-out and a backbone of the 
healthcare system in terms of provision of the quality of services to patients. Thus, 
it is significant for nurses to have a great sense of welfare and success in the face of 
recent encounters and difficulties [1, 2].

Employees are the fundamental asset of health-care facilities. Nurses are the chief 
human resources in healthcare organizations, who play a pivotal role in providing 
unceasing great quality care [3]. Ethical climate denotes the collective views of ethi-
cally correct conduct and way of treating ethically deviated actions [4]. Organizational 
climate is defined as the recurring patterns of behavior and feelings that describe life in 
the organization that is more linked to atmosphere and values [5, 6].
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Every day, when nurses perform their daily activities, they face different types of 
problems and issues that might be unpredictable with their perceptions. Due to clini-
cal diagnosis and treatments, nurses have repeated ethical concerns with patients, 
attendants, and other staffs. For instance, because the staff number of nurses is 
inconsistent with the needs of patients, thus then, the nurses who should provide 
broad services for patients can only address limited treatment tasks that are ordered 
by the physicians, consequently, this results in ethical problems. They also suffer from 
physical illness, mental disorder, and emotional exhaustion [7–15].

Moreover, nurses might encounter numerous ambiguous beliefs that might affect 
provision of quality of care [16–19]. Scarcity of medical equipment and complex 
clinical problems in the therapeutic system has directed an increment in the ethical 
difficulties encountered by nurses. In addition, sometimes ethical issues arise when 
procedures are performed without informed consent from the patient, during this 
time nurses will be exposed to internal as well as external controls to reply to the 
desires of patients [20, 21].

Furthermore, advance in technology, greater improvement in management 
and intervention, reduced hospitalization capacity, and an increase of awareness 
in patients about their rights have led to focus on an improved ethical climate [22]. 
Organizational citizenship manners are both social and psychological activity, which 
is favorable to sustaining and improving the quality of care [23–25].

Nursing activities are associated with organizational work climate in various 
angles. Within the hospital setting, the nurses’ activities are documented as an 
integral component in the provision of quality health care and it is very important 
in terms of individual choices, such as promotion and retention [26]. Performance 
is the process of assessing how well employees accomplish their tasks as per a set of 
standards and providing that evidence to responsible bodies, and nurses’ perfor-
mance is defined as how well the task is performed in line with a set norm. It denotes 
the forthcoming possibility to carry out certain actions in order to fruitfully attain 
set goals within the given time frame and constraints of the stakeholders [27–29]. 
Structural citizenship manners comprise a group of professional conducts, which are 
not a portion of the character’s proper responsibilities. It is done by the employees 
lacking the formal development system of the institute. Yet, it points to effective and 
improved fulfillment of organizational roles and responsibilities [30].

Moral philosophy with core values is very vital for nurses while they provide 
services, including the consideration of the patient’s wants, needs, and preferences. 
Therefore, nursing has been considered to be an ethical-laden practice [31, 32]. Moral 
sensitivity is the ability to become aware of patients’ vulnerability and recognize ethi-
cal conflicts. Thus, it is considered the first step in ethical decision-making [33–38]. 
The aim of this chapter is to provide information on hospital ethical climate and its 
influence on clinical nurses’ perception on their organizational citizenship perfor-
mance. This chapter recognized the ethical climate and job satisfaction among clinical 
nurses and dimensions of job design.

2. Ethical climate and job satisfaction among clinical nurses

According to the studies conducted in different countries, job satisfaction is a 
complex and multidimensional thought which denotes an internal state of mind of an 
individual. The level of job happiness is determined by the difference between what 
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a person adds to his or her job and what he or she anticipates [39, 40]. The finding of 
different studies showed that ethical standards in an organization encourage esteem 
among the staff members and make them more motived and committed to their 
performance, which results in job satisfaction and organizational success. In addi-
tion, it produces a sense of possession and diminishes loneliness in employees, which 
increases the accomplishment of the organization [20, 41–47].

The study results showed that job satisfaction of employees leads to several positive 
behavioral outcomes at work. Like, it brings about productive work behavior, enables 
employees to satisfy customers/patients, and creates customer experience at work. 
Furthermore, the concept of satisfaction for healthcare employees has been described 
as a positive feeling of contentment that individuals obtain from their job while working 
for a corporate organization. The importance of job satisfaction of nurses on patients’ 
provision of care, patient satisfaction, patient result, and overall healthcare provision 
cannot be over-underlined, as employee’s job satisfaction is critical in the day-to-day 
lifecycle of the employees. It has been well-known that low job satisfaction is the chief 
source of employee turnover among healthcare service workers [48, 49]. Proposed 
that job satisfaction is an employee’s feeling about his or her work environment, which 
includes the job itself, supervisor, workgroup, organization, and life [50, 51].

On the other hand, poor job satisfaction and improper ethical climate are factors 
that promote understaffed wards, loss of motivation, and increase nurses’ turnover 
[41, 52, 53]. A study conducted in Ethiopia showed that more than half of nurses 
responded that they were not satisfied with their jobs [54]. According to the study 
done in Iran, the result revealed that nurses’ perception of ethical climate and job 
satisfaction in hospital was at a moderate level [41].

The study finding showed that improved nurses’ perception of the hospital’s 
ethical climates could enhance their organizational citizenship behavior and at the 
same time it has a critical role in promoting job satisfaction and organizational com-
mitment of nurses [42, 55]. Provided that place of work concerns remains to be seen 
as a major cause of the healthcare shortage it is clear that a positive ethical climate is a 
significant element of nurses’ job satisfaction [56].

The satisfaction of healthcare workers is seriously affected, especially in devel-
oping countries, which is the major justification for turnover intention to foreign 
countries where they will be appreciated and provided with better working  
conditions [57].

Studies results revealed that the association between the work environment and 
job satisfaction across varied background grounds. The idea of the work environment 
and job satisfaction is to grow with time owing to its impact on the larger society 
[58–61]. The main factors that affect job satisfaction and nurses’ assessments of the 
quality of care provided at the case team level are the practice environment and the 
availability of adequate resources [22, 62, 63].

Positive climate in hospitals may decline moods of being alone and it has a positive 
impact on output and patient satisfaction. A positive ethical climate improves job 
satisfaction, decreasing turnover, and nursing shortages [64, 65]. Satisfied nurses 
tend to be more fruitful and dedicated to their employers, and a direct correlation has 
been shown between staff satisfaction and patient satisfaction in health-care organi-
zations [66, 67].

Self-worth has been recognized as a defensive factor alongside psychological 
suffering among nurses, and is positively correlated with nurses’ well-being and is 
related to job satisfaction through both direct and indirect effects [9–12].
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3. Dimensions of job design

Hackman and Oldham, suggest five dimensions of job design that influence on 
psychology mechanisms that profit employees and job results. It takes into consideration 
employees different sights as curbing factors of association between job features and job 
outcome factors [67]. In this regard, they established the five job characteristics as follows:

3.1 Skill variety

This explains the extent to which a job demands various skills, ability and capacity 
from an individual employee in achieving a set task. This is said to drive employee 
satisfaction when an employee has the necessary skills to perform a certain task and 
opportunity for training where there is a deficiency of required skills.

3.2 Task identity

It describes the aspect in which job demands realizing complete and identifying 
the part of the job task that will help in accomplishing the work from beginning to 
the end with a visible, marked, and positive outcome. This also is said to motivate 
employees and gear them to be happy on the job.

3.3 Task significance

This emphasizes the extent to which a job has a cogent influence on the well-being 
of other employees, or how it affects other employees, within and outside the firm. 

Figure 1. 
Job characteristics model.
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In other words, employees’ understanding of several other individuals who depend on 
the work they are performing is a crucial point in their satisfaction.

3.4 Job autonomy

This describes the degree of independent judgment to make informed decisions 
and discretion regarding the assigned task given to individual employees. In other 
words, the liberty to expand on the job and responsibilities is given to the employees 
to perform their duties and functions effectively. Autonomy in the workplace provides 
employees with a sense of job ownership and makes them feel in charge of the work, 
which largely steers up the satisfaction in an individual employee.

3.5 Job feedback

It explains a process by which reporting managers, superiors, and peers at work offer 
constructive suggestions to employees on the assigned task, which allows improve-
ment and possible enhanced productive work behavior. According to the theorist, this 
stimulates the dedication of employees and makes them happy on the job (Figure 1).

4. Conclusion

As the major motor in the change of health-care system, nurses have more interac-
tion time with patients in day-to-day clinical activities.

Hospital ethical climates have become a crucial working area element for nurses to 
prepare and apply ethical judgments.

Health-care professionals have a cluster of principles and attitudes that consist of 
acknowledgments, feelings, and actions, which are a reflection of one’s professional 
values.

Effective nurses’ nature is a positive professional attitude and professional values.
Job satisfaction is indispensable in the daily life of the workforce, and the mecha-

nism that drives job satisfaction requires the attention of the management of corpo-
rate organizations.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Abstract

Barley is a fantastic food option for those with various illnesses as well as for those 
who want to lead a healthy lifestyle. This cereal is a great source of soluble dietary 
fiber, particularly beta-glucans, and it also includes vital vitamins and minerals. For 
its excellent antioxidant activity and as a source of vitamins and minerals, green 
barley is advised. Depending on phytonutrients such as glucan, phenolics, flavonoid, 
lignans, tocols, sitosterol, and folic, regular consumption of whole wheat grain and 
its hydroethanolic extracts decreases the risk of chronic ailments (hyperglycemia, 
malignancy, overweight, cardiac disease, and so on). Barley and its products in recent 
years have gained an importance due to its counteractive components, which play 
potent role against cardiovascular diseases by lowering down the oxidative stress and 
improving high-density lipoprotein, further lowering down low-density lipoprotein, 
VLDL ratios further regulating insulin levels, and lowering down the spike in blood 
glucose levels showing potent antioxidative and cardiovascular functions. Due to their 
abundance in these nutrients, barley is effective in promoting healthy bodily func-
tion. To enjoy all of the advantages of barley, barley grain is a wonderful option.

Keywords: barley, medicinal, therapeutic, cardiovascular disease, herb

1. Introduction

Elevated blood pressure, coronary heart disease (CHD), heart failure, and stroke 
are all examples of cardiovascular disease (CVD), a condition that affects the heart 
and blood arteries. Elevated blood pressure, coronary heart disease (CHD), heart 
failure, and stroke are all examples of cardiovascular disease (CVD), a condition that 
affects the heart and blood arteries. This disease is usually related to fatty deposits, 
which are buildup inside arteries, and there is chance of blood clots. Strokes and heart 
attacks are acute events, which are mainly caused by obstruction of blood from going 
from the heart to brain. Heart muscles and valves are affected by the heart disease; 
this can also result in arrhythmias. Heart and blood vessel disorders that impact the 
anatomy and physiology of the circulatory system are referred to as cardiovascular 
diseases [1]. Hypertension, ischemic heart disease, peripheral vascular disease, 
stroke, rheumatic heart disease, heart failure, valvular heart disease, and a congenital 
cardiac condition are the most prevalent forms of CVD [2].
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Blood clots or hemorrhages from a brain blood artery can both result in strokes. 
A total of 811,940 deaths in 2009 were attributable to CVD, making up 32.8% of all 
fatalities in the country. There are 82 million Americans who suffer from one or more 
types of CVD. The two types of CVD risk factors are modifiable and non-modifiable. 
Gender, age, ethnicity, genetics are all considered as non-modifiable factors. On the 
other hand, smoking, body weight, blood pressure, lipid, lipoprotein levels are all 
modifiable factors. CVD can be avoided or reduced by adopting health-promoting 
habits that target the modifiable risk factors. One can reduce their risk of acquiring 
CVD by engaging in exercise, eating a healthy diet, taking medicine, and quitting 
smoking [2].

Strong epidemiological data support the idea that CVD occurs more frequently 
in families. According to Framingham Study, researchers revealed that not less than 
one parent with CVD quadrupled a person’s 8-year chance of developing the disease 
in men and raised it by 70% in women. The extra risk was unrelated to other risk 
variables such as age, body mass index (BMI), diabetes, total/high-density lipo-
protein cholesterol (HDL-C) ratio, systolic blood pressure (SBP), antihypertensive 
therapy, and current smoking status. History of family is considered as medical and 
health details of members in family. First- and second-degree relatives’ medical and 
health information is the most useful because it shares bout 50 and 25%, respectively, 
of our genes. The presence of common genes that may be responsible for polygenic 
(complex) illnesses, habitats, and gene-environment interactions that may affect 
risk are all reflected in family history, which acts as a connection between genetics 
and genomics in clinical practice. Family history (FH) is a stand-alone CVD risk 
factor that can be possibly used as a screening tool to detect CVD risk, particularly in 
asymptomatic young adults [2]. Increased plasma cholesterol has been shown to be 
a significant CVD risk factor. By boosting LDL expression and lowering LDL oxida-
tion, tea and its polyphenols may lower plasma cholesterol levels. Tea may prevent 
the development of atherosclerosis by lowering antifibrinolysin, eliminating reactive 
oxygen species, and causing hypolipemia. In general, tea and its polyphenols may be 
useful nutritional components for the reduction of cancer and cardiovascular disease 
(CVD) [3].

1.1 Causes

Cardiovascular diseases (CVDs) are becoming more common over the world and 
are currently regarded as the main cause of death in both emerging and industrialized 
nations. The prevalence of these diseases has increased and reached alarming levels 
in recent decades as a result of the quick economic development and increasingly 
Westernized lifestyle. The well-known causes of CVDs include behavioral risk factors 
such as a harmful diet (high in fat, salt, and sugar), physical inactivity, injurious alco-
hol and tobacco use, a high BMI, a high waist-to-hip ratio, and metabolic risk factors 
such as hyperglycemia, hyperlipidemia, and high blood pressure. Inflammatory rheu-
matic disorders are linked to an increased risk of cardiovascular disease (CVD) [4]. 
High blood pressure, also known as hypertension, atherosclerosis or artery blockages, 
inactivity, obesity, sleep apnea, excessive alcohol consumption, stress, air pollution, 
chronic obstructive pulmonary disease, radiation therapy, smoking, poor sleep and 
hygiene, high blood cholesterol, also known as hyperlipidemia, diabetes, a high-fat, 
high-carbohydrate diet, or other conditions that reduce lung function are all risk 
factors for CVD [5]. The growth and progression of CVD are also mediated by metals 
such as lead, cadmium, and arsenic, which are among the top 10 environmental 
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pollutants of concern according to the WHO [6]. Multiple comorbid illnesses are 
frequently present in cardiovascular disease (CVD) patients, which can complicate 
treatment decisions, lower mortality, and interact with one another. One of the most 
significant comorbidities of CVD is chronic obstructive pulmonary disease (COPD), 
which has considerable effects on individuals with ischemic heart disease, stroke, 
arrhythmia, and heart failure. Less physical activity is linked to COPD, which causes 
systemic inflammation and oxidative stress and shares risk factors with CVD such as 
smoking and age [7].

1.2 Signs and symptoms

It has been established that sleep apnea has a negative effect on health. Among its 
severe side effects are chest pain, breathlessness, feeling dizzy, faint, swollen limbs, 
fatigue, weakness, very fast or slow heartbeat, numbness in legs or arms, stress, physi-
cally inactive, being obese or overweight [8]. Heartburn, nausea, vomiting, pressure, 
or squeezing in the chest, pain radiating to the neck, shoulder, back, arm, or jaw, chest 
discomfort, clamminess, and cold sweats. Commonly in women symptoms, which 
are seen are as follows: Slight discomfort in the back, chest, arm, neck, or jaw, sudden 
onset of weakness, shortness of breath, weariness, and a feeling of systemic sickness 
(without chest pain) as shown in Figure 1 [9].

The relative chance of developing hypercholesterolemia is more in men that in 
young women; in postmenopausal stage, lipid profile is adverse, with LDL and total 
cholesterol, which go high by 10–14%, respectively, without any change in high-
density lipoproteins. Therefore, in women with a borderline premenopausal profile, 
postmenopausal reassessment of lipids is crucial to take into account. However, LDL 

Figure 1. 
Sign and symptoms of CVD.
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lowering with statins lowers CHD mortality to a comparable degree as in males, even 
though mean LDL is higher in women over 65 than in males [10].

1.3 Prevalence

The annual rate of cardiovascular death has been calculated to be around 9%. 
The main cause of death worldwide is cardiovascular disease (CVD). According to 
estimates, 17.9 million deaths worldwide in 2019 were attributable to CVDs, or 32% of 
all fatalities. Heart attacks and strokes were to blame for 85% of these deaths. In low- 
and middle-income nations, almost 75% of CVD fatalities occur. In 2019, CVDs were 
responsible for 38% of the 17 million premature deaths (before the age of 70) caused 
by noncommunicable diseases.

By addressing behavioral risk factors such as tobacco use, unhealthy eating and 
obesity, inactivity, and problematic alcohol consumption, the majority of cardiovas-
cular illnesses can be kept away. Initial diagnosis of cardiovascular disease is crucial 
in order to start treatment with counseling and medication. Australian population 
ranged between 1.0 and 2.0%, in Western countries (United Kingdom, Germany, and 
the United States), it is about 25% [11]. In Pakistan, it was found that genetic pre-
disposition caused the disease in 72.9% of men and 79.9% of females, while 27.02% 
of males and 20.99% of females had CVD without any family history. In South Asia, 
ratio of heart disease is 24.2%, and in East Asia, it is 21.3% [12].

The prevalence of CVD was 14.8 (urban) and 9.7% (rural) among Delhi’s urban 
and rural groups (rural). Overall, death rates are the highest for both men and women 
in Punjab, Eastern and Northeastern States, and South Indian States, while they are 
the lowest in Central Indian States [13].

2. Effect of barley on cardiovascular disease

Hordeum vulgare, often known as barley, is a plant in the Poaceae family. It is 
estimated that barley was initially cultivated from its native relative Hordeum sponta-
neum roughly 10,000 years ago. There is proof that the Fertile Crescent’s Israel-Jordan 
region is where barley was initially grown [14] as well as it is been clarified that barley 
was further domesticated in Tibet. Barley is a perennial herb that comes in both 
springs and winters varieties. Winter perennials are sown in the fall and need a dura-
tion of cold weather until they will bloom. Modern cultivars also include both hulled 
and hulless variants [15].

One of the oldest cereal crops still being cultivated today is barley. Barley contains 
dietary fiber, which contributes to many health advantages. Phenolic acid, folate, 
vitamin E, lignans, phenolic acids, flavonoids, phytosterols are all present in whole 
grain barley. These phytochemicals have substantial antioxidant, cholesterol-lowering 
properties, and inhibition of cell growth that may be helpful in reducing the risk 
of developing specific diseases. Therefore, in barley there is high concentration of 
phytochemicals as shown in Figure 2. Barley products were permitted by the Food 
and Drug Administration (FDA) to make the claim that they cut down the chance of 
developing heart issue [4].
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3. Potential barley-based health products

3.1 Multigrain atta

The amount of soluble and insoluble fiber in wheat atta is increased with the help 
of hulled barley (flour). This could lower the glycemic load of flatbreads, a dietary 
staple, which is consumed particularly in northern India [16].

3.2 Multigrain biscuits and bread

The addition of hulless barley may enhance the bread’s and the biscuits’ nutritional 
benefits. Experimental investigations at ICAR-IIWBR have demonstrated the viability 
of barley-based biscuits. Similar to that, barley malts could be used to flavor cookies.

3.3 Barley flakes

Breakfast cereals such as flakes can be made from hulled barley; however, flavor-
ing is required to make the cereals more palatable [16].

Figure 2 
Health benefits of barley.
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3.4  Ready-to-eat and drink sattu: traditionally beverage called as sattu is made 
from barley or gram flour

The Hadiths admonish sattu (finely ground barley) being a nutritional food. 
Yet another health item named as Talbina is made by mixing milk and honey with 
the dried barley powder and by adding Sattoo in it. This meal is very beneficial 
for the sick and the bereaved, and it also provides the patient’s heart a rest and 
stimulates it.

In accordance with Ibn al-Qayyim, barley-enriched water when boiled to that 
extent that only it reduces to three quarters is used to quench thirst and leads in 
treating skin lesions. Hagiwara investigated that barley is enriched with high sodium 
content, which maintains calcium levels in the blood, further aids in dissolving the 
deposits of calcium in joints.

3.4.1 Production

In the year of 2016/2017, worldwide production of barley was 145 million metric 
tons. Due to massive production annually, barley is placed in fourth number after 
rice, wheat, and corn produce. Mainly those countries that produce barley in 
massive amount are Russia, Germany, France, Ukraine, Australia, and Canada. An 
easily grown, widely accepted, and robust crop, it has now been grown in more 
than 100 countries worldwide. Primarily, it is grown over in warm countries but its 
varied growth can also be seen in some tropics regions. About 60% of barley crop 
is utilized for animal feeding purposes, and the remaining percentage is utilized 
for majorly for brewing purposes. Previously to till today, barley production has 
seen an increase of about 60% among European countries. This is partly attribut-
able to the development of more productive cultivars with improved disease and 
pest resistance. Meanwhile, significant improvement in agricultural practices also 
posed a major development [17].

4. Types

4.1 Barley grass

The grass of barley is regarded as more than just the best nutraceutical having 
effective properties required for the cell nourishment with detoxifying effects in 
humans. Barley grass also contains potent functionalized substances, which have 
a variety of health-promoting properties [5]. It has ability to oppose more than 
20 chronic inflammations or ailments, which is due to the presence of gamma 
aminobutyric acid, flavonols, SODs, potassium-calcium, vitamin, and trypto-
phan’s modulatory actions in its grass [18]. The World Health Organization daily 
consumption targets of less salt’s intake (less than 2 g) and improved K consump-
tion (more than 3.5 g) can be achieved with barley grass powder. Barley increased 
the sterols deposition with the help of LTP2 gene modulation that plays potent 
effect in environmental stressed reactions of moderating intracellular lipidases 
 transportation [19].
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4.2 Barley grains

Among cereal crops, they offer the high practicable index (less glycemic index, 
higher glucans, and starches), as well as the best antioxidant capabilities. A class of 
polysaccharides known as soluble fiber glucans can be present in seaweed, barley, 
oats, morels, and Saccharomyces cerevisiae [20]. Whole barley flour should be con-
sumed regularly on a daily basis to prevent chronic diseases, particularly diabetes, 
colonic cancer, hypercholesterolemia, hypertension, and gall-bladder stones [21]. 
Despite the fact that barley grains have contributed significantly to human health 
outcomes, there are many major ways through which barley can benefit human health 
by their modulatory mechanisms [21].

5. Chemical composition

Barley is not just a significant feeder, malts, and food crops in several countries 
throughout the world, as well as the greatest cereal resource of functional component 
among the most widespread variety of multifunctional cereal crops and is incredibly 
full of beneficial nutrients. Particularly fiber, phenols, flavones, phytosterol, alkyl-
resorcinols, benzoxazinoids, lignans, tocols, and folic acid, which have antidiabetes, 
anticancer, antiobesity, preventive cardiovascular disease, antioxidant, antiproliferative, 
and cholesterol lowering properties. Whole barley grains and its outermost grain layers 
are densely packed with the beneficial nutrients [22], as beta-glucans (2.41~7.42%) 
and total tocols (40.9~81.6 μg/g) A lot more there are 64 compounds, out of which 27 
among them are anthocyanides, 9 are flavanols, 9 are flavones glycosidase, and 19 are 
phenolic acids and aldehydones [23]. Among them, green malt is enriched with potent 
functional components, which showed (79.80%) of antioxidant potential, total phenol 
content (123.43 mg/100 g), (+)-catechin (70.06 mg/100 g), quercetin (31.78 mg/100 g), 
1,2-dihydroxybenzene (38.21 mg/100 g), isorhamnetin (23.44 mg/100 g), and carot-
enoid (0.181 mg/100 g) [24]. The largest quantity of folate is found in the germ and out-
ermost layers of hulled barley grains (103.3 mg/100 g). Maximum concentrate of calcium 
is recorded as 12, potassium is above 6, and iron is above 4 in the barley grains [25].

5.1 Β-Glucan

The most prominent class of polysaccharides, which is found in barley, is 
B-glucan. In hulless wheat grain, -d-glucan has a molar mass of 571.4 kDa and is 
composed of glucopyranosyl residues (1, 4, and 3), particularly its trisaccharide and 
tetrasaccharide, which account for 66.6% of the total cellulose subunits. To lower 
triglyceride levels and hence prevent diabetic condition, high blood pressure, cardio-
vascular diseases, and metabolic syndromes, B-glucans interact with the synthesis of 
bile salts and triglycerides in the stomach [26].

5.2 Polyphenols and flavonoids in hull barley

Anti-inflammatory, anticancer, and antioxidative potentials depend on the phe-
nolic acid compound concentration [27]. Most abundantly available phenols in barley 
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are 4-hydroxybenzoic acid (17.6%), isomers of hydroxycinnamic acid (15.2%), and 
ferulic acids (54.4%). Natural polyphenolic compounds, which are present in largest 
proportion, are the flavonoids. Class of anthocyanidins is majorly potent for human 
health related to flavonoids [28].

5.3 Phytosterols

In plants, structure of phytosterol showed similarity with cholesterol. Increased 
concentration of phytosterolic compounds is present in the outermost layer of grains 
of barley and ranges between 81.0 mg/100 g and 114.3 mg/100 g, among which 
β-sitosterol is 46:6 ± 0:1 mg/100 g and campesterol is 17:1 ± 0:2 mg/100 g. Other potent 
phytosterolic compound concentration includes stigma sterol (3.9 mg/100 g), brassicas-
terol, δ5-avenasterol, stigmastanol, stigmastadienol, and other minor sterols (δ5- and 
δ7-avenasterols, δ7-stigmastenol, and stigmastadienol: 8:6 ± 0:1 mg/100 g) [26–28].

5.4 Tocols

Most prominently fat-soluble antioxidative compound for human health is 
vitamin E containing eight stereoisomers. Spring barley compounds have increased 
alpha-tocopherol concentration among its other classes. Alpha-tocopherol concentra-
tion in barley is about 0.860–3.15 mg/100 g dry weight. Tocochromanol concentration 
in barley is 50% in pericarp, >37% in endo-sperm, which is less than 13% in germ 
layer; around 85% tocotrienols and fat-soluble phenolic compounds in germ layer 
(80%) were significant than that which is found in peri-carp (20%) [29].

6.  Functioning ingredients in barley grass and barley grain against chronic 
illnesses

β-Glucans can be used as candidates for the medication in the treatment of human 
chronic diseases (Table 1).

6.1 Mechanism of action

Gamma amino butyric acid (C4H9NO2) in barley grass improves sleeping dis-
orders, lowers down high blood glucose levels, maintains hypertension, improves 
immune system function, has a protective role against liver, has a protective effect 
against depressant, regulates GIT tract function, potent inflammatory effect, shows 
oxidative effect, lowers down the risk of CVDs and heart, lessens down the risk of 
atopic dermatitis, and improves cognitive action. Gamma amino butyric acid and 
signaling pathways of dopamine are associated with sleep regulation [40]. GABA 
contains very potent intra-islet transient neurotransmitter, which maintains and 
regulates cell secretory effect from islets and shows potent inflammatory, immune 
regulator functional capabilities, which prevent diabetic condition and promote 
regenerative functional capabilities against beta-cell apoptotic lysis. GABA b receptor 
agonist baclofen (C10H12ClNO2) affects toll-like receptor 3 and toll-like receptor 4 
activity in glial and immunity boosting cells, which plays the key functional capabili-
ties in neuronal-inflammatory ailments of the body [41].
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Gamma amino butyric acid has the ability to prevent and cure CVDs, which are 
linked with platelet GP VI in such as hemorrhage and heart attack; majorly GABA 
retards activation of platelet, which is upregulated by convulsion, and increases clot-
ting time of blood and the occlusioning times of platelets plugged forming [41].

Preventative action 
against chronic illnesses

Functioning 
component in grass

Functioning 
components in grains

References

Anti-hyperglycemic effect Saponin; fiber calcium; 
AMPK, polyaminases; 
gamma alpha amino 
butyric acid, sodium 
oxide dismutase.

Beta-glucan; phenols 
polysaccharidases; tocolic 
compounds; phytosterolic 
compounds, resistant 
starches.

[30]

Lipid lowering effects or 
anti-obesity

Saponin; α-tocopherols; 
2″-O- homovitexin, 
polysaccharidases

Polysaccharidases, 
starches, tocolic 
compounds, dietary 
fibers, polyphenolic 
compounds, 
polysaccharidases, 
phytosterolic compounds.

[31]

Anti-cancerous Alkaline, flavonoids, 
chlorophyll; tricin; 
sodium oxide dismutase

Beta-glucan, 
phenolic compounds, 
arabinoxylanes, 
phytosterolic compounds, 
lignanes, resistant 
starches

[32, 33]

Anti-oxidative effects Chlorophyll; lutonarin, 
saponarin; isoorientin, 
orientin; γ-tocopherol, 
glutathione; sodium 
oxide dismutase, 
flavonoid, (GABA)

Polyphenolics, 
anthocyanides, 
tocotrienols, 
polysaccharidases, 
(GABA)

[34, 35]

Immunomodulatory effects Arabinoxylan; 
polysaccharide, gamma 
amino butyric acid

Beta-glucans, 
arabinoxylans

[36, 37]

Cardioprotective effects potassium, Gamma 
amino butyric acid

Beta-D-Glucan [38]

Blood pressure regulatory 
effect

Saponarin; lutonarin, 
potassium, calcium; 
gamma amino butyric 
acid

Beta-glucans [39]

Bowel health regulatory 
effect

Soluble and insoluble 
fiber

Beta-glucans, soluble and 
insoluble fiber

[23]

Anti-preventative effect 
against CVD

Saponin; tryptophans, 
vitamins (retinol, 
thymine, tocopherol), 
sodium oxide dismutase; 
potassium, calcium; 
gamma amino butyric 
acid

Beta-glucans, 
arabinoxylans, 
polyphenolic compounds, 
phytosterolic compounds, 
lignanes, tocolic 
compounds, folic acid

[37–39]

Table 1. 
Functioning ingredients in barley grass and barley grain against chronic illnesses.
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7.  Barley align with dietary guidelines for people with cardiovascular 
diseases

Barley, which is been considered as low-fat, fiber-enriched, whole-grain foodstuff 
in accordance with the nutrition recommendation used for the treatment of CVD 
regulated by the leading health promotion administration:

• The Heart and Stroke Foundation of Canada countersign intaking of food in 
relation with Food Guide by Canada’s [42], which recommended that consume 
at least half of grains in the form of whole grains, eat a diversity of whole grains, 
and choose those whole grains items that are low fat, low sugar, or low salt [42].

• The American Heart Association countersign: consume those foods that are 
higher in whole grains, and half of grains consumption should come from whole 
grains. Whole grains are prescribed because it is the part of American Heart 
Association’s lifestyle management regulations for lowering of both low-density 
lipoprotein cholesterol and hypertension [43].

• The Academic Curriculum of Nutrio-Dietetics—outlined on the health imputa-
tion of fiber—suggesting that, in accordance with CVD, consumption of dietary 
fiber from whole foods reduces blood pressure, regulates plasma lipids concen-
tration, further reducing markers of inflammation [43].

8.  Healthy effects of functional ingredients in barley grains against 
cardiovascular diseases

Barley beta-glucan has the ability to lower down low-density lipoprotein and 
highly dense lipoprotein cholesterol alongside retarding gut microbiotas leading to 
the prevention of cardiovascular diseases. Nutraceutical functions of the barley have 
been linked with cardio-protection health, which include polyphenols, phytosterol, 
lignin, tocolic acid, and folic acid [21]. Barley grains showed potent modulatory 
effect that only after 11–16 hours of their intake, and they maintained blood glucose 
levels and appetite hormones by their regulatory actions. Their mechanisms include 
GIT fermentation of indigestible carbohydrates [38]. Studies showed that the barley 
sprouted extricate, which contains 19.65 mg/g of overall polyphenolic concentration, 
and lowers down the extracellular cholesterol concentrations in mice to the levels 
of 24 and 18%, sequentially. Lignans, which are also found in barley, showed potent 
antioxidative functions when compared with vitamin E functionality, which is linked 
in lowering the risk factors of CVD [32].

Barley (1–3) Beta-d-glucan maintains and regulates cardio-protective ischemic 
effect showing 109% rates of survival chance after 30 minutes of having ischemic 
heart attack, reperfusion injury, lessens down the results of increase in the capillary 
at the amount of 12% and arterial density of about 18%, further expressing VEGF 
(88.7%) of hearts in rats [37].

Barley beta-d-glucan naturally activates the expression of manganese superoxide 
dismutase expression, which is maintained by anti-inflammation, metabolically and 
stressed-activated transcriptional factors, which are commonly expressed in rela-
tion to a commonly stressed condition, leading to the prevention of heart failure. 
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Beta-glucan lowers down coronary artery disease progression, hyperglycemia, and 
associated heart problems [38].

Tong et al. in the year 2015 proposed that diet-related beta-glucan found in hulled 
barley lowers down the plasma low-density lipo-protein cholestrolemic condition by 
initiating the evacuation of fecal triglycerides and maintaining the functioning of 
3-OH-3-glutaryl-coenzyme A and cholesteric 7-α-hydroxylase in rats having hyper-
cholesterolemic condition. Barley-enriched bran of 5–10% when added into the diet 
of these hypercholesterolemic rats improved the levels of lipases, lactate dehydroge-
nases, enzymes of liver, and creatinine kinases MB [39].

Wang et al. in the year 2016 conducted an analysis to find out the efficacy of 
B-glucan on cardiovascular ailments and to investigate that the altered composition 
of microbes is associated with biological activities of beta-glucan for improvement of 
the risk factors of cardiovascular diseases in mild hypercholesterolemia participants. 
Individuals received 3°g of increased molar mass (HMW), 3°g of lower molar mass 
(LMW), 5°g of low-molecular-weight barley β-glucan or wheat and rice for the 
time extension of 28 days. Results showed that intake of 3 g/day of high-molecular-
weight Beta-glucan increases Bacteroidetes, which results in increased production 
of Prevotella when compared with 5°g low-molecular-weight Beta-glucan and 3°g 
low-molecular-weight Beta-Glucan, further suggesting that consuming higher-molar-
mass β-glucan restricts the gut microbiota profiling, which is further linked with 
lower levels of risk-associated cardiovascular diseases markers [15].

Bachetti et al. in the year 2015 conducted an analysis, directed to investigate the 
nutraceuticals and functional possessions of barley-complemented vegetable-based 
soup and its protective effect against cardiovascular diseases. A total number of 38 
participants took part, whose edibles were complemented for around 14°days includ-
ing 250°g (Daily portion) of ready-to-eat soup being enriched with carotenes mainly 
(Beta-carotene and lutein), and its outcome was studied on its lipid profile and lipid 
peroxidation. After 14°days of treatment, blood serum concentrations of carotenes 
(lutein and Vitamin A precursor) and levels of overall plasma antioxidative capacities 
were increased. In addition to detection of reduction in lipid levels (total cholesterol 
and LDL-cholesterol), reduction in triglycerides oxidized markers (oxidized LDL 
low-density lipoprotein and lipid hydro peroxides) was seen in plasma levels of all the 
participants. As in terms of glycemic content of barley, it is of low glycmeic nature 
and does not blunt higher sugar levels. This study concluded that barley-enriched veg-
etable soup not only lowers down blood sugar level but also improves cardiovascular 
functions and serves as cardio-protection, further improving plasma lipid levels [44].

Xia et al. in the year 2018 hypothesized that hulled barley-enriched whole grain 
lowers down hypercholesterolemia, further improving cholesterol levels by regulating 
bile acid production leading to its storage in peripheral tissues and lowers down the 
expression of HMG-COA reductase, which leads to increase in the liver expression of 
AMP-kinase alpha, low-density lipoprotein receptors, liver X receptor, and peroxi-
some proliferator-activated receptor alpha [25].

9. Conclusion

Barley (Hordeum vulgare L.) is the world’s fourth most significant cereal grain, 
with the greatest fiber composition, and can be utilized in a variety of industries for 
a variety of uses. Depending on phytonutrients such as glucan, phenolics, flavonoid, 
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lignans, tocols, sitosterol, and folic, regular consumption of whole wheat grain and 
its hydroethanolic extracts decrease the risk of chronic ailments (hyperglycemia, 
malignancy, overweight, cardiac disease, and so on). Barley and its products in recent 
years have gained an importance due to its counteractive components, which play 
potent role against cardiovascular diseases by lowering down the oxidative stress and 
improving high-density lipoprotein, further lowering down low-density lipoprotein, 
VLDL ratios, further regulating insulin levels and lowering down the spike in blood 
glucose levels, showing potent antioxidative and cardiovascular functions.
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