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Abstract

As the gap between a shortage of organs and the im-
mense demand for liver grafts persists, every available
donor liver needs to be optimized for utility, urgency and
equity. To overcome this challenge, decision modelling
might allow us to gather evidence from previous studies
as well as compare the costs and consequences of
alternative options. For public health policy and clinical
intervention assessment, it is a potentially powerful
tool. The most commonly used types of decision analyti-
cal models include decision trees, the Markov model,
microsimulation, discrete event simulation and the
system dynamic model. Analytic models could support
decision makers in the field of liver transplantation
when facing specific problems by synthesizing evidence,
comprising all relevant options, generalizing results

November 27, 2018 | Volume 10 | Issue 11 |



Qu Z et al. Decision analytical modelling for liver transplantation

to other contexts, extending the time horizon and ex-
ploring the uncertainty. For modeling studies of econo-
mic evaluation for transplantation, understanding the
current nature of the disease is crucial, as well as the
selection of appropriate modelling techniques. The qua-
lity and availability of data is another key element for
the selection and development of decision analytical
models. In addition, good practice guidelines should be
complied, which is important for standardization and
comparability between economic outputs.

Key words: Cost benefit analysis; Decision tree; Liver
transplantation; Decision analysis; Decision support
models; Resource allocation; Cost effectiveness
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Core tip: This overview focuses on providing an under-
standing of decision modelling approaches and their
application to liver transplantation, outlining the major
characteristics of decision analytic models as well as the
individual strengths and weaknesses of several main
techniques for modelling. We believe decision modelling
may be able to provide tools by bringing all evidence
from other studies together and comparing the costs
and consequences of alternative options to reach a de-
cision. It is a particularly powerful tool for public health
policy and clinical intervention assessment.

Qu Z, Krauth C, Amelung VE, Kaltenborn A, Gwiasda J, Harries
L, Beneke J, Schrem H, Liersch S. Decision modelling for
economic evaluation of liver transplantation. World J Hepatol
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INTRODUCTION

The improvement of immunosuppression, innovation
of splitting technique and growing clinical experience
in liver transplantation have increased the utilization
of available donor organs and survival rates!*?!. Ne-
vertheless, the crisis of organ shortage is subsisting.
In 2013, 5921 livers were donated for transplantation
in the US, while 12407 patients were waiting for an
appropriate donor™, In 2016, 1567 patients received
liver grafts, while 1704 remained on the waiting list in
eight European countries™., The situation in Germany
has been under particularly increasing pressure due to
publicly discussed transplant scandals. Furthermore,
the gap between donated organs and the necessity
of transplants has been widening due to regulatory
issues highlighting the relevance of public trust®. In
2011, 1191 liver transplantations were performed
in Germany, but 1792 patients were listed for liver
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transplantation'. Although living donation and split-
liver transplantation have been established to relieve
the shortage of organs, the immense demand for liver
grafts constantly increases”'”. Managing this widening
gap remains a major challenge both ethically as well
as economically. Decision modelling, based on real
clinical and economic data, might provide the tools to
overcome these challenges.

Due to this scarcity, every available donor liver
should be allocated in a manner that maximizes its
utility, urgency and equity. Required resources, funding
and coverage by health care insurance for transplant
systems need reliable information based on validat-
ed economic models to support political and practical
decisions. The recent liver allocation system has been
urgently confined in the past two decades, and pri-
oritizes candidates by the Child-Turcotte-Pugh score or
Model for End-Stage Liver Disease (MELD) score and
its adaptions!'*), However, MELD scores and similar
systems lack the predictive power for short- and long-
term outcome of liver transplantation™, in addition
to the consideration of utility and transplant benefit.
Furthermore, care management interventions and
extensive treatment of liver transplant recipients are
commonly required and consume considerable financial
healthcare resources™?®. Therefore, selection and
evaluation in this lifesaving procedure is an important
topic in health economics™.

Economic evaluation involves different aspects of
transplantation. Evaluations of donor organ quality, re-
cipient characteristics, as well as strategies for organ
allocation demand an economically-based decision eva-
luation. Considerations of alternative therapies other
than transplantation, as well as adequate immunosu-
ppression therapy regimes after transplantation, requi-
re intensive evaluation. In addition, comorbidities and
complications play an important role in the estimation
of the cost-effectiveness of transplantation!?’.

Decision analytical models combine information
from various sources to assess the implications of differ-
ent decisions, and could therefore generalize evidence
from other contexts when local data and studies are
unavailable. This sets them apart from statistical mo-
dels™, Furthermore, when randomized clinical trials
(RCT) cannot be performed due to practical or ethical
issues, the power of decision analytical models lies in
their ability to generate results without primary data'®’.
This review focuses on providing an understanding of
decision modelling approaches and their application to
liver transplantation.

WHAT IS DECISION MODELLING?

Decision analytic modelling uses mathematical rela-
tionships to define a series of consequences that derive
from a set of options™”). Although it shares a common
theoretical foundation with statistic models and has a
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close association with Bayesian statistics™®, the key
feature of decision analytic modelling accounts for the
variability and uncertainty in all possible decisions.
Moreover, it combines evidence from other studies like
clinical-, cost- and health-related quality of life (QOL)
data as utility values and compares the cost and co-
nsequences of alternative options. This generates a
framework to reflect on the key differences of possible
end points from all the alternative options in terms
of cost and effect. It is thus a powerful tool for public
health policy and clinical intervention assessment.

Even though the methods of decision analysis have
been applied to medicine for over 40 years, their rather
modest impact on real-world decision-making™® has
only recently been on the rise. To illuminate decision
analytic models, we introduce the most commonly
used types of models: Decision trees, the Markov
model, microsimulation, discrete event simulation and
the system dynamic model, illustrating how decision
analytical models perform in the context of liver trans-
plantation.

Decision trees

A decision tree model is recognized as the simplest
structural decision analytical model and represents both
the clinical decision procedure as well as consequential
results in aggregate levels™?%, All clinical outcomes
of patients in a decision tree model are visualized as
a series of decision nodes and follow pathways with
probabilities for each respective branch.

An example is given by Kantola et a/*"! in Figure 1.
This study was designed to determine cost-utility of
molecular adsorbent recirculating system treatment
in acute liver failure. The square node at the start of
the tree represents the decision between alternative
treatment strategies. The circular chance node shows
the possible alternative events for a patient. Pathways
(the “branches”) following each node represent a ser-
ies of alternative events, which are mutually exclusive.
Probabilities show the likelihood of certain events, mul-
tiplying along the nodes and branches to estimate the
overall probability of reaching the distinct outcome.
Probabilities for all events assessed sum up to a total
of one.

Following these branches and nodes, a total cost
can be derived for the distinct combination of therapy
options and compared to the potential benefit, such as
in this case Quality Adjusted Life Years. Nevertheless,
interpretation needs to account for clinical reason and
include a careful discussion when assessing the most
beneficial choice for combining therapies.

The simplicity and transparency of decision trees are
their main advantages and may illustrate which possi-
ble set of options may be most promising. However,
decision tree models can be very complex when used
to model complicated long-term prognosest®. In other
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words, when they are used to model a chronic disease,
decision trees can have numerous lengthy pathways
representing recurring events, which is very time-
consuming to analyze and interpret.

Markov models

Markov models are commonly used to provide a fra-
mework that represents sequences of events as a large
number of complexity modelling options over time.
Certain events lead to different health states (patients
with different probabilities of transitioning from one
state to another) given a defined period of time (cy-
cle length). They commonly include large numbers of
complexity modelling options. The number of states
and the association among them are pre-defined in
accordance with the decision problem, as well as the
transition probabilities and cycle length™”#4,

Sarasin and his colleagues'” showed an example of
using Markov models to compare the gain of life expe-
ctancy and the cost-effectiveness of living and decea-
sed donor liver transplantation in Figure 2. Each patient
starts at the state of “cirrhosis, hepatocellular carcino-
ma (HCC), with no contraindications to cadaveric liver
transplantation”. With this initial state of health, they
can then make a transition into several other states with
different probabilities for each transition state for each
defined, discrete time interval or cycle. They also might
stay in their current state. The chances of transferring
between different states are a set of defined transition
probabilities derived from the appropriate transaction
of longitudinal research data. Lengths of these cycles
(one month in this example) depend on the disease or
interventions of interest. To end the transition process in
this Markov model, an absorbing state “death” was set
that the patients obviously cannot leave once reached.
Then, the Markov process modeled an integrity pro-
file of both donor and recipient life expectancy over a
lifetime-long horizon. The application of this Markov
model handled the complexity of patients with early
HCC and revealed that living donor liver transplantation
is cost-effective compared to deceased donor liver
transplantation under certain conditions®*’.

A major advantage of Markov models is that they
account for time dependency and can model changing
probabilities over time. Therefore, Markov models
are eligible to analyze chronic and complex conditions
and clinical matters®®, such as the transplant field,
relatively quickly and easily™, The important limitation
of Markov models is the “Markov property”, also called
“Markov assumption”, which assumes that transition
probabilities only depend on the current health status
but not on past history. Moreover, the Markov assum-
ption might over-simplify the nature of disease, as it
handles patient cohorts homogenously'®. For higher
resolution in this regard, an alternative approach known
as patient-leveled simulation can be applied.
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Initial state of health

|

Cirrhosis, HCC no contraindications
to CLT

|

CLT available?

|

Cured HCC and
cirrhosis

C

\

Contraindications
to CLT:
Palliative care

D

Death

Figure 2 States of health in the decision model. Each square represents a state of health. Straight arrows represent the changes that may occur during each
month. Curved arrows mean that the patient may remain in the same state of health. Sarasin et al®™ HCC: Hepatocellular carcinoma.

The initial state is “alive”. Patients can enter other
states based on fixed transition probabilities, which
simulate events in one cycle (three months in this
study) until reaching the state “death”. This study
modeled the changes of the allocation policy, which de-
monstrated the survival benefit for the patients who
have a MELD score < 14 from transplantation, among
the highly diverse patient population in the waiting list.
The results appear more reliable than models based on
aggregated data and could also be validated.

The advantage of microsimulation models is flexi-
bility, in regards to different patterns of disease pro-
cesses and intervention, because these models keep
track of each individual’s history!'®!. Moreover, it can be
useful when accumulating the history of each patient
to determine the different transitions, costs and health
benefits. However, there are also disadvantages in us-
ing microsimulation: First, outcome effective determin-
ants in patients’ history demand more detailed data,
which challenge simply structured database research.
Secondly, the simulation and computation of patient
level simulation are time-consuming. Consequentially,
the uncertainty assessment is not flexible when com-
pared with other types of decision analytic models.

Discrete event simulations

Discrete event simulations (DES) can represent the
competition for resources and investigate the chan-
ges in stochastic systems®?”, and are mainly used to
evaluate health care systems. The capacity and utility
of allocation systems have previously been assessed
before and after policy changes”®*"" Another example
reported by Shechter et a/®® is a biologically-based
discrete-event simulation model, which represents the
biological progression of end stage liver disease (ESLD)

Raishidenge ~ WJH | www.wjgnet.com

841

and examines the impact of changing allocation po-
licies on this issue. The model was comprised of five
modules: The patient generator, organ generator, pr-
etransplant natural history, matching algorithm, and
post-transplant survival (Figure 4). DES allows different
modules to run independently, as this study shows,
where pre-transplant history and allocation policy stand
in parallel and individual patient attributes may influ-
ence the pathway, costs and outcomes. Unlike patient-
level simulation models, DES is appropriate to model
situations where constraints on resources could affect
treatment optionst*>*?,

DES has several methodological advantages co-
mpared to other commonly used models, because it
simulates the time until the next event for a given pa-
tient, which reduces the amount of time required for
model construction and interim computations™®. The
output is not limited to survival only, but also allows
estimations of event counts and sub-group analyses®*.
Moreover, statistical processing tools for relevant input
parameters can be deployed. In contrast, structural
complexity is the most prominent disadvantage of DES,
which makes it difficult to apply to clinical research®*.
The complicated structure also makes computations
more extensive, in regards to time and resources com-
pared to Markov models when dealing with the same
decision problem®.,

System dynamic models

System dynamic models allow modeling interactions
within a population and with their environment over
time; hence, they are especially suited for studies re-
lated to infectious diseases. The theoretic background
of a system dynamic model is that complex behaviors
of systems are a result of ongoing accumulations of
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Period of time

Bootstrap group

Live 4

Probability

Alive

Alive
N
1
= Life or death Die 4 Death
Probability

Death 4

0 Collect payoffs
States Transitions

Figure 3 Simple example of a Markov microsimulation model. Perkins et a/*”.

people, resources as well as biological and physiological
states™®. The probabilities of events can change th-
rough feedback of such accumulations. To the best of
our knowledge, there is no application example of sys-
tematic dynamic models in the context of liver transplan-
tation. However, examples of kidney™” and corneal™
transplantation showed that the predicted number of
transplantations are consistent with observed results,
which indicates the potential usefulness of system dy-
namic models for this field.

The advantage of system dynamic models is the
information on interactions between individuals, which
may quantify the impact of intervention on outcomes
more accurately. Disadvantages are similar to DES,
where information and interaction on individual level
exponentially increase the complexity of model stru-
cture, computational burden, as well as lower trans-
parency more than Markov modelst™,

HOW DECISION ANALYTIC MODELLING
CAN BE USED IN THE FIELD OF LIVER
TRANSPLANTATION

Decision analytic models, in contrast to statistical
models, incorporate decision-making into analysis!®.
Established in economic evaluations within other fields,
decision analytic models in liver transplantation aim to
inform decision-makers in two main areas: Decision
analysis and measurement!'®.. There are several aspe-
cts in which decision analytical modelling could help
decision-makers in this field.

Combining different sources of evidence
In concordance with the principle of evidence-based

JRaishideng®
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medicine, decision-making on the basis of economic
evaluation also requires the use of all accessible evi-
dence related to the intervention effectiveness®®, A
decision analytical model offers a logic framework for
the integration of data from very different sources, such
as clinical trials, observational studies, insurance claim
databases, case registries, public health statistics, and
preference surveys™™, In addition, more parameters
related to resource utilization and utilities like unit cost,
health-related QOL and preferences of patients are
important evidence in economic evaluation*®, This
series of non-clinical indicators complement clinical
data within the framework of decision analytics and su-
pport a much more complete picture of expectations
from various parties involved. In particular, the specific
data for patients with ESLD should also be organized
into informative resources. Cillo et a/*" recommend a
prospective assessment, which will substantially help
decision analysis and support the decision-making
processt*?,

Comprising relevant options

In most instances, a single study cannot compare all
the relevant alternative options for treatment paths
for diseases such as ESLD. Decision-makers might
therefore be challenged by a lacking comparison of all
potentially effective interventions. New techniques like
network meta-analysis extend the concept of indirect
comparison by including multiple pairwise comparison
information from clinical trials to constitute a network
of evidence!***, However, system dynamic models are
more eligible to combine different types and sources of
evidence, like clinical trials and patient questionnaires,
and therefore adds fundamental information to the
shared decision-making process.
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Distribution by:
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Patient
generator
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CMV status

User defined priority scheme
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transplant

Die after transplant
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Demographic characteristics
CMV status
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Figure 4 Model structure for patients entering the liver transplantation program. Shechter et af*®.

Applying results to other context/subgroups

The differences between patient subgroups can, for
example, derive from either baseline characteristics like
age, gender, comorbidity severity or variations in the
healthcare context. The application of findings from one
context can be difficult to transfer to other situations.
Cucchetti et a*! performed a study to measure the
risk of age for salvaging transplantation in patients
resected for HCC. A Markov model was developed to
quantify the effect of patient’s age above Milan criteria.
Next, the risk of resection at two or three years below
the age limit could be evaluated. The clinical evidence
may not be able to show the difference between sub-
groups in heterogeneous patients over a long hori-
zon™®. However, in this research, the reduction of life
expectancy of hepatic resection in different patient
groups was clearly shown using a decision model.

Extending the time horizon

Many of the interventions for liver transplant patients
require long time periods, and the weight of personal
value added by these therapy options takes a long time
for patients to assess. Therefore, models that evaluate
the benefits of interventions for patients should cover
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sufficient time horizons. Long-term consequences, as
well as costs of alternative options and interventions,
are substantially affected by time. Even lifetime hori-
zons are often needed for many models and are al-
most always required for models in which options have
different time-varying survival rates'*”. Decision models
offer the framework to include the effect and cost over
time by adding respective results, and can evaluate
the effects of main interventions beyond primary data
sources and their continuous treatment effects*’..

Exploring the uncertainty

A key interest in liver transplantation is weighing the
probabilities of risk and success between different
options, especially in organ resource allocation and the
decision of appropriate time-point selection for certain
interventions. Not only are patients affected, but so are
other potential organ recipients. Transplantation itself is
not a definitively curing option, but leads to a life-long
immunosuppressive treatment. Population variation,
parametric imprecision as well as modelling selections
and other aspects challenge predictive modelling, with
uncertainty in different layers™*”. Clinical and economic
data accessibility and validity also contribute to this
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uncertainty!*®.,

In the face of these challenges, decision modelling
methods are not only for reflecting this uncertainty but
also to assess their influence so that the decision-ma-
kers can make choices with the relevant possibilities
known. Analyses estimating the uncertainty due to pa-
rameters of interest is the most common approach to
perform in modeling, which could be represented via
deterministic sensitivity analysis (DSA) or probabilistic
sensitivity analysis (PSA)*®\. In DSA, parameters in
modelling are specified as multiple point estimates, and
are varied manually to test the sensitivity of modeling
results. In PSA, model inputs are specified as a distri-
bution and varied to predefined probability distributions
accordingly.

Along with the probabilistic analysis mentioned
above, expected value of perfect information analysis
is argued to be the most appropriate presentational
technique for representing decision uncertainty. Jay
and colleagues™ showed the cost-effectiveness of
organ donation after cardiac death versus after brain
death. This novel sensitivity analysis represents both
the probability of whether a decision is appropriate and
its consequence, which is important for comparing the
incremental net benefits under different accessibilities
with the information of probabilities.

KEY POINT IN DECISION ANALYTICAL
MODEL DEVELOPMENT

Understanding the nature of disease history

Model construction should combine efforts from mul-
tiple parties, including clinical and economic experts as
well as decision-makers from the context of interest,
and make best utilization of all available evidence. Nei-
ther the modeler nor the clinician alone can complete
the task that conceptualizes an accuracy-simplicity
balanced model. The accuracy of the model depends
on whether the structure accounts for all important
events or transitions and probabilities™®. A thorough
understanding of the disease is crucial for defining the
possible health states in the model as well as capturing
the occurrence of clinical events beyond follow-up®”.

Model characteristics and techniques

The key consideration of decision analytical model se-
lection is the acceptance of the modelling technique,
model “error”, model appropriateness, dimensionality,
and ease and speed of model development™. Deci-
sion trees are typically used when the process is not
complicated, the recurrence of disease is not impor-
tant and the time frame is short. Markov models are
more feasible when simple chronic interventions are
conducted. When the interaction is important, discrete
event time and system dynamics could construct a
more comprehensive and interactive system, but the
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development time and cost may significantly increase™".

Figure 5 shows a flow chart for selecting the ap-
propriate decision models based on the mentioned sum-
maries and guidelines recommended by Barton et a/"**
and Cooper et al*?.

Data quality and availability
The quality and availability of data is another key
element for the selection and development of decision
analytical models. Without sufficient and high quality
data, the development of models will be difficult and
result in low validity. As discussed above, synthesi-
zing evidence is one of the most important fields that
decision analytical modelling could help with during eco-
nomic evaluation. In general, the information needed
as input parameters for economic evaluation is derived
from different kinds of data sources®®”, including RCT,
observational studies, secondary data analysis (e.g.,
Meta-analysis) and expert opinions®™®. For topics of
interest in liver transplantation, ethical considerations
may additionally constrain the option of performing
RCT. Therefore, data from published literature needs
to be consolidated and considered in this context. In
particular, reviews and reports from both the European
Liver Transplant Registry, Organ Procurement and Trans-
plantation Network as well as the Scientific Registry of
Transplant Recipients database are valuable sources.
However, the consolidated data may cause incorrect
estimations of parameters within the models, espe-
cially when multiple inputs are derived from single pub-
lications. In this situation, individual data from electronic
medical databases or re-analysis of available published
individual level data will be more appropriate. When
several studies provide results on the same parame-
ters of interest, researchers usually need to combine
different results using meta-analytical methods™ or
adopt the results reported in meta-analyses. When po-
tential biases in the original research or meta-analyses
are handled appropriately, the inclusion of these results
might increase uncertainty, which will be noted when
constructing the model. Although expert opinion is the
least preferable data source due to its subjectivity, it
may still play an important role in the evaluation of cost
and resource use when other sources of evidence are
absent™,

Good practice guidelines for modelling

The development of decision analytical models is a
sophisticated task requiring the modelers to have
sufficient experience, as well as the ability to evalu-
ate, present and interpret the model’s output. The
complexity of the clinical pathway for complex interven-
tions such as liver transplantation and the differences
of health care environments between transplant cen-
ters and countries (e.g., organ availability, allocation
strategy, financial assistance for transplantation, post-
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Table 1 Summary of types of decision models in liver transplantation

Model type

Model description

Type of scenario most suited for

Decision tree

Clinical outcomes are modelled as a series of decision nodes and follow

Disease without relapse or recurrence.

pathways with probabilities for each respective branch.

Markov model

Represents sequences of events that lead to different health states with
different probabilities of transitioning from one state to another over a

Chronic conditions involving recurrent
events over time.

defined period of time.

Microsimulation

Simulates one individual patient proceeding through the model with the

Individual level information is important.

chance of multiple parallel events.

Discrete event simulation

System dynamic model
over time.

Represents the competition for resources and investigates the changes in
stochastic systems.

Modeling interactions within a population and with their environment

Interactions of resource allocation between
individuals are of importance.

Spread of infectious diseases.

Is interaction .
Is patient level model

Discrete

between individuals E— Is resource limited? evert
: needed? . .
important simulation
System Micro-
dynamics simulation
model
Can a markov model be
Is it a long-term bulit quickly and without Is the speed of
intervertion? ulit qu .y a ou simulation acceptable?
excessive states?
Is the health state Markov
recurrent? model Yes — >
No >
Decision
tree

Figure 5 Scheme of selecting the appropriate model type.

transplant management and the consequential influ-
ence on QOL) challenge even the most experienced
modeler to develop a model of economic outcomes of
interest’®"), The best practice guidelines have therefore
been significantly improving the process of model de-
velopment, which is important for standardizing and
comparing economic outputs.

The International Society for Pharmaco-economics
and Outcomes Research Task Force group published
a series of guidelines on good practice standards for
modeling research, which set the standards for mo-
deling practice*®*>*" However, these very detailed gui-
delines may not be well-understood in practice when

Raishidenge ~ WJH | www.wjgnet.com 845

performing a modeling study for the first time. To bridge
this gap, Rautenberg et a® developed a beginner’s
guide to support modelers alongside the development of
decision analytical cost-effectiveness models. This guide
is especially helpful for researchers who are interested
in utilizing this economic evaluation instrument, which
is an easy-to-use practical guideline recommended for
elementary modelers to initiate studies in this field.

CONCLUSION

This review demonstrates the major characteristics
of decision analytic models (Table 1) as well as the
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individual strengths and weaknesses of several main
techniques for modelling. Decision trees are fit for
disease interventions without relapse or recurrence.
Markov models are suitable for interventions for chronic
conditions involving recurring events over time. When
individual level information is important, microsimula-
tion models should be considered. If interactions bet-
ween individuals are of importance, discrete event time
models are suitable for simulation of the interaction of
resource allocation. Dynamic models are fit to simulate
the spread of infectious diseases.

Besides this, choosing the best depends on ad-
vanced understanding of the disease and its related
interventions. Inter-professional cooperation is likely
needed to combine methodological and clinical know-
ledge into a purposeful model. Furthermore, data avai-
lability and quality must be taken into account, which
is as important as the definition and measurement of
critical model components. The availability, weight and
information of details for interventions, alternatives,
target populations, health outcomes and time horizons
have to be considered when conceptualizing the model.
This is in regards to the modelling technique, model
appropriateness and both the ease and speed of model
development.

This framework of methods guides the analysis
and interpretation of various data sources that further
conclusions and a more advanced understanding of
various elements and aspects of liver transplantation.
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Abstract

Hepatocellular carcinoma (HCC) is the fifth most com-
mon cancer and the second cause of cancer-related
death worldwide. The incidence of HCC is constantly
increasing in correlation with the rise in diabetes and
obesity, arguing for an urgent need for new develo-
pments in the treatment of this lethal cancer. Exoso-
mes are small double-membrane vesicles loaded with
distinct cargos, particularly small non-coding RNAs
called microRNAs, representative of each donor cell
and secreted to affect the features of neighboring cells
or recipient cells located further away, like in the case
of metastasis. A better understanding of the role of
exosomes with a microRNA signature in cancer path-
ogenesis gave rise to the concept of their use as a non-
invasive diagnostic biomarker and in the treatment of
cancer, including HCC. In this communication, we review
recent works that demonstrate that hepatic stellate
cells establish an epigenetic communication with liver
cancer cells, which affects their pro-malignant features.
If naturally secreted patient-derived exosomes show
major limitations concerning their clinical use, bio-engin-
eered exosome mimetics that incorporate controlled
components and exhibit no protumoral properties could
be promising carriers for the treatment of liver cancers,
which is the organ preferentially targeted by systemic
injection of exosomes.

Key words: MicroRNAs; Hepatocellular carcinoma;
Targeted therapy; Exosomes

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Despite the intensive research efforts to
identify the molecular events responsible for the em-
ergence of liver cancer, hepatocellular carcinoma (HCC)
remains a major health problem worldwide. Thus,
the identification of new therapeutic opportunities to
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counteract the challenging issues linked to HCC hete-
rogeneity and resistance to conventional treatments
is a short-term necessity. Over the last few decades,
microRNAs have appeared as interesting therapeutic
strategies with their pleiotropic inhibitory action, but
the use of a delivery system is a requirement for miRNA
mimic administration. Exosomes, which are small vesi-
cles naturally produced by immune cells and aberrantly
by cancer cells, have recently emerged as a promising
vehicle.

Gougelet A. Exosomal microRNAs as a potential therapeutic
strategy in hepatocellular carcinoma. World J Hepatol 2018;
10(11): 785-789 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v10/i11/785.htm DOI: http://dx.doi.
org/10.4254/wjh.v10.111.785

INTRODUCTION

Hepatocellular carcinoma (HCC) is the second cause
of cancer-related death worldwide for which therapeu-
tic options are very limited. Indeed, because of its
heterogeneity, the development of effective therapies
against this cancer remains a challenging issue. HCC
is considered to be a paradigm of inflammation-asso-
ciated cancer, since 80% of HCC emerges following
vast liver remodeling. Briefly, HCC primarily affects
men with cirrhosis due to hepatitis B and C viruses,
alcohol abuse, genotoxic exposure and metabolic disor-
ders, and the incidence is increasing due to diabetes
and obesity™. Efforts in the molecular and genetic
profiling of HCC revealed that among the mutational
landscape of HCC, the Wnt/p-catenin, p53 and Ras
pathways are the most frequently mutated. Other
prevalent mutations occur in epigenetic modifiers such
as chromatin remodelers and imprinted clusters'™.
Despite these molecular findings, the molecular
pathogenesis of HCC is still not fully understood, and
novel strategies are urgently needed to cure this lethal
disease with high incidence. Over the last decades,
other crucial epigenetic regulators, the small non-coding
RNAs named microRNAs (miRNAs), have been largely
found to be disturbed during hepatocarcinogenesis®.
Promisingly, due to their large spectrum of action on
proliferation, inflammation and metabolism, miRNAs
have emerged as robust therapeutic opportunities in
various cancers. Regarding liver diseases, miRNA-based
therapies have been successfully tested™*' - this type of
molecule is preferentially delivered to the liver®. Despite
promising results obtained with miRNA-based therapies,
a number of challenges remain to improve the efficiency
of this type of treatments. Their limitations are similar to
those which have delayed the use of therapies based on
small interfering RNAs: Improvement of stability, free
or encapsulated administration, problems of specificity,
tissue distribution, response persistence and secondary
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effects.

Recently, new therapeutic candidates for anticancer
drug delivery have been proposed that are based on a
biological system of transporting active cargos called
exosomes. Exosomes are double membrane cell-derived
microvesicles defined by a diameter of 30 to 100 nm
that contain a great diversity of nucleic acids, protein
and lipids - 3408 mRNAs, 2838 miRNAs and 9769
proteins according to the Exocarta database based on
286 studies”. Most cells, and particularly immune cells,
are physiologically secreting exosomes that originate
from multivesicular bodies. Multivesicular body fusion
with the plasma membrane is orchestrated by Rab,
soluble N-ethylmaleimide-sensitive-factor attachment
protein (commonly known as SNAP) and SNAP receptor
(commonly known as SNARE) proteins'. In response
to different activating signals like antigenic, cytokinic or
mitogenic stimuli, immune cells are able to increasingly
release these small vesicles™. Recent studies reve-
aled that disequilibrium in exosome formation and/or
delivery contributes to pathological processes leading
to immunological disorders and cancers. Indeed, during
tumorigenesis, tumor cells aberrantly secrete exosomes
to communicate with stromal cells and to modify se-
condary sites favoring metastasis™'”. In consequence,
the detection of exosomal miRNAs in body fluids has
appeared as a potent non-invasive diagnosis tool for
cancer, including HCC™'", but also as a new therapeutic
opportunity.

Exosome-based therapies have emerged over the
past decade as an attractive strategy for tissue repair,
immune vaccine and against cancer; firstly because of
their biocompatibility. Second, their small size facilitates
their crossing through biological barriers, notably the
blood-brain barrier, and limits their renal clearance.
These microvesicles might prove to be suitable for liver
disease, especially for liver cancer treatment, since exo-
somes accumulate in the liver after systemic injection.
In particular, exosomes preferentially target the resi-
dent macrophages, the Kupffer cells. Interestingly,
the uptake of extracellular vesicles by Kupffer cells
increases in the case of liver damage!'”, Over the
past two years, the Selaru laboratory published two
compelling manuscripts studying exosomes carrying
miRNAs as a way to dialog between stromal cells, in
particular stellate cells, and cancer cells in cholangio-
carcinoma (CCA)™! and in HCC™. Both studies reve-
aled the clinical potential of miRNAs loaded in stellate
cell-derived exosomes for in vivo delivery in mice and,
on a longer-term perspective, CCA or HCC treatment.

STUDY ANALYSIS

The work from Wang et al'** focused on miR-335-5p,
a microRNA already described as a tumor suppressor
in HCC!**! and that is known to gradually decrease in
activated hepatic stellate cells (HSCs) during hepatic
fibrosis™®!, This miRNA is also reduced in the serum of
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Figure 1 An exosomal miR-335-5p-based therapy for hepatocellular carcinoma. In the case of hepatocellular carcinoma, miR-335-5p is lost in cancer cells,
favoring cell proliferation and invasion. The hepatic stellate cells could counteract these pro-malignant features by secreting exosomes containing nucleic acids and
miRNAs, including miR-335-5p, which are captured by HCC cells by a direct fusion with recipient cell membrane (1) or by endocytosis (2). Mimicking this biological
process, therapeutic exosomes, either isolated from patients or bioengineered exosome mimetics, loaded with miR-335-5p might slow cell proliferation, promote
apoptosis and limit cell invasion. It remains to be determined whether other immune cells could participate in this material transfer and which immunomodulators could

regulate this exchange.

HCC patients in association with progressive features
and is predictive of chemo-embolization response’”.
For their study, the authors used different HCC cell
lines either mutated for p53 (HuH-7) or p-catenin
(HepG2), or infected with HBV (MHCC97) with low
or high metastatic features. They confirmed a global
tumor suppressive role of miR-335-5p associated
with miR-335-5p loss in all cell lines compared to the
LX-2 HSC line"™. A miR-335-5p mimic inhibited HCC
cell proliferation and invasion upon transfection, but
also, crucially, when transfected in LX-2 cells seeded
in co-culture with HCC cells. This suggests that a
miRNA dialog between HCC and stromal cells might be
established to favor tumor progression and invasion
(Figure 1).

To confirm the material transfer via the exosomal
route between HSC and HCC cell lines, the authors
used an elegant system with two fluorophores coupled
to a stop signal based on the Cre-lox strategy (loxP-
dsRED-loxP-stop-eGFP) transfected in HCC cells. Using
this tool, they demonstrated that LX-2 cells transfer-
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red Cre recombinase to neighboring HCC cells, as
evidenced by green labeling. An efficient transfer was
also observed when exosomes were purified from LX-2
cells and later added to HCC cell culture. In vivo, intra-
tumoral injection of LX-2 Cre-positive exosomes to a
subcutaneous HCC xenograft also led to GFP signal
in the tumors. This means that the construct was
efficiently recombined in HCC via exosome capture.
Finally, with a view to treatment, Wang et a** showed
that LX-2 isolated exosomes, extemporaneously en-
riched with miR-335-5p, reduce HCC growth after
intra-tumoral injection every 2 d for 4 wk in MHCC97H
cell xenografts.

The intra-tumoral administration was preferred to
concentrate exosomes into the tumor mass and to
mimic the historically intra-arterial administration of
chemotherapeutic agents. Exosome treatment led to
overexpression of miR-335-5p by 30-fold in the tumors
and modification of its target landscape, resulting in
an attenuation of proliferation and an increase in apo-
ptosis. This study confirmed the previous observations
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performed by the Selaru laboratory showing that LX2
cells secrete miR-195-enriched exosomes, which can
communicate with CCA cells and decrease in vivo
tumor growth in a CCA rat model after intravenous inje-
ctions every 2 d™\.

PERSPECTIVES

In conclusion, these proof of concept studies perform-
ed in two different models of liver cancer support the
existence of an epigenetic dialog between cancer cells
and stromal cells driven by exosomes to favor tumor
progression. In particular, HSCs play an important
part in this dialog, but other non-parenchymal cells
like Kupffer cells could also probably participate. They
also highlight that HSC-derived exosome manipulation
succeeds in restoring a more physiological expression
of miRNAs found deregulated in cancer cells in vivo.
The restoration of miRNA expression modifies gene
expression, and subsequently limits cell proliferation
and favors apoptosis. These results, and others gene-
rated in various cancer models, support extracellular
vesicles as an attractive modality for personalized
treatment for liver cancer, especially since this type
of particle primarily targeted the liver after systemic
injection.

Several studies have used exosomes as a targeted
delivery system for chemotherapeutic agents, leading
to cancer cell death and promoting a domino effect
through the release of secondary cytotoxic vesiclest®.
Additionally, exosomes produced by mesenchymal
stem cells have been largely studied in liver disease
and found to be modulators of the immune response,
favored by their engulfment by resident macrophages.
They are also key modulators of oxidative stress and
fibrotic processes'™®.. Despite all these encouraging
features, a number of limitations for their clinical
feasibility are currently a brake for using these delivery
systems. Indeed, the production of patient-derived
exosomes for clinical application appears expensive,
time-consuming and complex (preparation method,
loading, characterization, etc). Since these biological
carriers present pro-tumoral characteristics, the pro-
malignant factors have to be preliminarily identified
and removed before re-injection. The reproducibility
also remains a major barrier, since a previous study
suggested that three independent preparations of
exosomes from mesenchymal stem cells only shared
20% of their proteome!®”.

A promising alternative for extracellular vesicle-
based therapeutics is the synthesis of bioengineered
exosome mimetics, which could allow the production
of exosome preparations suitable for clinical use (sterile,
characterized, reproducible)®'. In conclusion, even
if about @ hundred clinical trials are currently testing
the benefit of exosomes as therapeutic agents, a
gold standard method for their isolation and loading
has to be approved. A better characterization of
their specificity, functionality and safety is required,
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for which liver cancer, characterized by its pro-infla-
mmatory microenvironment and its refractoriness to
conventional treatments, undoubtedly constitutes a
model of choice.
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Abstract

Nonalcoholic fatty liver disease (NAFLD) is highly asso-
ciated with insulin resistance (IR), type 2 diabetes me-
llitus and metabolic syndrome, being characterized as
the hepatic component of metabolic syndrome. Despite
its high prevalence, no pharmacological treatment
has been established, as of yet. A growing body of
evidence, however, shows that reducing IR can result
in improvement of the biochemical and histological
features of nonalcoholic steatohepatitis (NASH)-the
aggressive form of NAFLD that can lead to cirrhosis
and hepatocellular carcinoma. Unfortunately, the se-
veral trials that have assessed the effect of various
antidiabetic agents to date have failed to establish an
effective and safe treatment regimen for patients with
NAFLD. Glucagon-like peptide-1 (commonly known as
GLP-1) agonists are a novel class of antidiabetic drugs
that improve insulin sensitivity and promote weight loss.
They also appear to have a direct effect on the lipid
metabolism of hepatocytes, reducing hepatic steatosis.
Several trials have demonstrated that GLP-1 agonists
can reduce aminotransferase levels and improve liver
histology in patients with NAFLD, suggesting that these
agents could serve as an alternative treatment option
for these patients. This manuscript discusses the role
and potential mechanisms of GLP-1 agonists in the
treatment of NASH.

Key words: Nonalcoholic steatohepatitis; Cirrhosis;
Glucagon-like peptide-1 receptor agonists; Nonalcoholic
fatty liver disease

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There is an urgent need for an effective
treatment of nonalcoholic fatty liver disease (NAFLD).
Growing evidence indicates that reducing insulin resis-
tance can result in improvement of the biochemical
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and histological features of patients with nonalcoholic
steatohepatitis (NASH). However, no antidiabetic
agent to date has been proven as both safe and effe-
ctive for the treatment of patients with NASH. Re-
cent studies have demonstrated that glucagon-like
peptide-1 agonists, a novel class of antidiabetic drugs,
may be effective in slowing the progression of NAFLD,
highlighting their potential role in the treatment of this
complex disease.

Kalogirou M, Sinakos E. Treating nonalcoholic steatohepatitis
with antidiabetic drugs: Will GLP-1 agonists end the struggle?
World J Hepatol 2018; 10(11): 790-794 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v10/i11/790.htm DOI:
http://dx.doi.org/10.4254/wjh.v10.i111.790

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) encompa-
sses a wide spectrum of clinical and histopathologi-
cal conditions, ranging from simple steatosis [i.e.,
nonalcoholic fatty liver (NAFL)] to liver injury [i.e.,
nonalcoholic steatohepatitis (NASH), the aggressive
form of NAFLD that can lead to cirrhosis and hepa-
tocellular carcinoma]™?. NAFLD is highly associated
with metabolic syndrome and type 2 diabetes mellitus
(T2DM)P). In fact, the prevalence of NAFLD in T2DM
has been estimated to be around 60%"*.

The pathophysiology of NAFLD is not yet fully elu-
cidated; however, it is widely believed that insulin
resistance (IR) may play a critical role in the patho-
genesis of the disease. Several studies have shown
that patients with NAFL and NASH are characterized
by IR and hyperinsulinemia, irrespective of glucose
tolerance or body mass index®®, The multi-hit hy-
pothesis, initially described by Day and James!”,
claims that IR is the key factor in the pathogenesis of
steatosis. IR causes dysregulation of peripheral lipolysis
and increases de novo lipogenesis, leading to elevated
levels of circulating fatty acids and lipid accumulation
within hepatocytes-the “first hit” that predisposes to
liver injury, inflammation and fibrosis™.. Disrupted insu-
lin signaling is also involved in inflammatory cascade
activation, lipid peroxidation and liver injury-"the se-
cond hit” leading to NASH™,

Currently, NAFLD is reported to be the most com-
mon chronic liver disease worldwide*”. However,
despite huge efforts, there is still no established ph-
armacotherapy. Lifestyle modifications remain the sole
therapeutic approach!'!. Given that IR is considered as
the main pathogenetic factor for the development of
NAFLD, drugs targeting IR have been investigated the
most as potential treatment options for NAFLD, but the
studies have yielded conflicting results.

Metformin, the most widely used insulin-sensitizing
agent, improves insulin sensitivity by mechanisms
that are not yet fully understood™. A meta-analysis
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assessing the effect of metformin in NAFLD revealed
that, while it can improve the biochemical and me-
tabolic features of NAFLD, it does not improve the
patients’ histological response!’®l, Metformin is not
currently recommended for the treatment of NAFLD by
either the American Association for the Study of Liver
Diseases or the European Association for the Study of
Liver (commonly referred to by their acronyms, AASLD
and EASL, respectively)™***,

Thiazolidinediones, another class of insulin-sen-
sitizers, act by redistributing fat from ectopic tissues
to the adipose tissue, and by increasing levels of adi-
ponectin-an adipokine that has insulin - sensitizing pro-
perties'®”), Several studies have evaluated the effi-
cacy of thiazolidinediones in patients with NAFLD. The
“Pioglitazone vs vitamin E vs placebo for the treatment
of nondiabetic patients with nonalcoholic steatohepati-
tis” trial (published as the PIVENS trial) was the largest
one performed, involving 247 nondiabetic patients with
biopsy-proven NASH!®!, The patients were randomized
to receive either pioglitazone (30 mg/d) or vitamin E
(800 IU/d) or placebo. The pioglitazone treatment was
associated with a significant reduction in steatosis and
lobular inflammation compared to placebo; however,
it did not improve fibrosis. A randomized, placebo-
controlled trial performed in patients with NASH and
prediabetes or T2DM showed that pioglitazone achieved
the primary endpoint of an = 2-point decrease in NAFLD
activity score without worsening fibrosis, and was as-
sociated with improvement in steatosis, inflammation
and ballooning necrosis™. The AASLD and EASL have
suggested the use of pioglitazone in patients with
biopsy - proven NASH™*! although concerns about
the side effects and long-term safety of this drug have
limited its widespread use. Pioglitazone has been asso-
ciated with weight gain that is persistent (even after
discontinuation of the treatment), fluid retention, dete-
rioration of heart failure, bone fractures, and increased
risk of bladder cancer®?,

ROLE OF GLUCAGON-LIKE PEPTIDE-1

AGONISTS IN NAFLD

Glucagon-like peptide-1 (GLP-1) agonists represent a
novel class of antidiabetic drugs. They mimic the action
of endogenous GLP-1, a gastrointestinal hormone
of the incretin class of proteins that is secreted from
Langerhans cells in response to nutrient ingestion®*,
This hormone has several metabolic effects, including
the stimulation of glucose-dependent insulin secretion,
inhibition of glucagon release, induction of pancreatic
B-cell proliferation, and delay of gastric emptying™’.
While native GLP-1 is rapidly degraded by the enzyme
dipeptidyl peptidase-4 (otherwise known as DPP-4),
GLP-1 agonists have increased resistance to DPP-4,
thus prolonging the half-life time'*®’. These agents have
been shown to have beneficial effects on IR and weight
control®!. Several studies have demonstrated the
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presence of GLP-1 receptor in hepatocytes, implying
that GLP-1 agonists may also exert a direct effect on
the liver. Gupta et al””? found that the GLP-1 receptor
plays a key role in the decrease of hepatic steatosis in
vitro, by modulating elements of the insulin signaling
pathway. GLP-1 agonists have demonstrated protec-
tion of hepatocytes from fatty acid-related death by
prohibition of a dysfunctional endoplasmic reticulum
stress response. They also appear to reduce fatty acid
accumulation by activation of both macroautophagy
and chaperone-mediated autophagy™®. Evidence
suggests that GLP-1 secretion is impaired in pati-
ents with NAFLD and NASH, highlighting the role of
GLP-1 agonists as potential candidates for NAFLD
treatment®®”,

Liraglutide
Multiple trials have evaluated the efficacy of GLP-
1-based therapies in NAFLD. Among the GLP-1 ago-
nists, liraglutide is the most widely studied drug. In
the “Liraglutide Efficacy and Action in NASH” study
(published as the LEAN study), a double-blind rando-
mized control trial, Armstrong et al** assessed the
effect of 48 wk of treatment with liraglutide in patients
with biopsy-proven NASH. Fifty-two patients with (n =
17) or without (n = 35) T2DM were randomly allocated
to receive either liraglutide (1.8 mg/d) or placebo.
The primary endpoint of the study was the resolution
of definite steatohepatitis without worsening fibrosis.
Secondary histological endpoints included change in
the overall NAFLD activity score (steatosis, ballooning,
lobular inflammation) and its individual components.
Overall, 9/23 patients in the liraglutide group showed
resolution of NASH with no worsening fibrosis com-
pared to 2/22 patients in the placebo group (P =
0.019), successfully meeting the primary endpoint.
Regarding the secondary outcomes, fewer patients in
the liraglutide group showed progression in fibrosis
compared to the placebo group (2/23 vs 8/22, P =
0.04). However, results concerning lobular inflammation
and overall NAFLD activity score were not statistically
significant when compared between the two groups.
The authors used histological primary endpoints, being
able to evaluate the direct effect of liraglutide on the
liver. The study was performed on patients with biopsy-
proven NASH, avoiding the inclusion of those without
definite NASH. Their findings suggested that liraglutide
led to the histological resolution of NASH, with the
small sample size being, however, a major limitation.
Ohki et al® performed a retrospective cohort
study evaluating the efficacy of liraglutide compared
to sitagliptin and pioglitazone in patients with NAFLD.
They reported a significant reduction in serum amino-
transferase levels for all groups, while the aspartate
aminotransferase (AST)-to-platelet counts ratio index
was significantly reduced only for the liraglutide and
pioglitazone groups. Body weight significantly decr-
eased in the liraglutide group, while it increased in
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the pioglitazone group and did not retain a statis-
tically significant difference for the sitagliptin group.
Administration of liraglutide was identified as an inde-
pendent factor for body weight reduction in multivariate
analysis.

In a recent open-label trial by Feng et a/**!, 87
patients with NAFLD were randomized to receive lira-
glutide, metformin or gliclazide for 24 wk. All three
groups showed reduced intrahepatic fat, but the lira-
glutide group had the greatest reduction. In addition,
the researchers found a statistically significant decrease
in serum AST and alanine aminotransferase levels only
in the liraglutide and metformin group, reporting slightly
better results for the liraglutide group. However, a study
by Khoo et al'** demonstrated that liraglutide was as
effective as structured lifestyle modification for reduction
of liver fat fraction and serum aminotransferase levels.

Exenatide

Two trials examined the use of exenatide in patients
with NAFLD and T2DMP***, In the first, Shao and collea-
gues™¥ studied 60 patients with NAFLD and T2DM™*,
The patients were randomized to receive exenatide
plus insulin glargine U-100 (exenatide group) or insulin
glargine U-100 plus insulin aspart (intensive insulin
group) for 12 wk. The levels of alanine aminotransferase,
AST, and gamma-glutamyl transferase were significantly
lower in the exenatide group than in the intensive insulin
group. The exenatide plus insulin glargine treatment
was also found to be superior to the intensive insulin
therapy concerning the reversal rate of fatty liver (93.3%
vs 66.7%, respectively). The second study, conducted
by Fan et al®!, compared the efficacy of exenatide
versus metformin in patients with NAFLD and T2DM. The
results revealed that exenatide was more effective than
metformin in reducing body weight and improving liver
enzymes. Nevertheless, the efficacy of exenatide has
not been evaluated in randomized trials with histological
outcomes in patients with NASH, as of yet. Lastly, a
recent meta-analysis of six studies assessing the efficacy
of GLP-1 agonists (liraglutide and exenatide) in NAFLD,
revealed that these agents improve liver histology and
reduce serum aminotransferase levels, indicating that
they might be effective in patients with biopsy-proven
NASH™®,

Semaglutide

Semaglutide is a novel long-acting GLP-1 analogue,
and has been recently approved for T2DMP”, It has
94% sequence homology to human GLP-1 and a half-
life of 165 h, supporting a once weekly scheme of
administration™®, Semaglutide has shown beneficial
effects on glucose control and weight loss compared to
placebo and other antidiabetic drugs in patients with
T2DM in the “SUSTAIN” trial program™®., It is currently
under investigation for its potential as a treatment
option for patients with NASH. A 72-wk, randomized,
double-blind trial of 372 patients comparing the effi-
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cacy and safety of three dose levels of subcutaneous
semaglutide once daily vs placebo in NASH patients
is ongoing (NCT02970942). This trial is expected to
be completed during 2019 and will provide additional
information on the effectiveness of GLP-1 agonists in
patients with NAFLD.

CONCLUSION

GLP-1 agonists are not currently recommended by
the AASLD and EASL for the treatment of NAFLD. In
their latest guidelines, it was pointed out that it is
still premature to consider these agents as a specific
treatment for patients with NASH without diabetes,
due to inadequate evidence!****!. Future research is,
therefore, needed to confirm their efficacy in these
patients.

In conclusion, current evidence suggests that GLP-1
agonists may be an attractive therapeutic option for
patients with NAFLD. However, larger studies of longer
duration with histological endpoints are still required
to establish their exact role in the management of
NAFLD.

Perspective for future study

GLP-1 agonists have been shown to be effective in
improving liver histology and reducing aminotransferase
levels in patients with NASH. So, the question arises
as to whether these agents could serve as a treatment
option for such patients. While data are promising,
they are still limited. Large-scale randomized, placebo-
controlled trials with complete histological outcomes
are warranted to elucidate the efficacy of GLP-1 ago-
nists in treating NASH. Another major limitation of
the currently available studies is the lack of long-term
outcomes. Studies of longer duration are required
to properly evaluate the histological improvement in
NASH. What is more, it would be interesting if future
trials would include both diabetic and nondiabetic pati-
ents, in order to clarify the effect of GLP-1 agonists in
NASH, regardless of changes in glycemic control. It will
also be significant to assess whether GLP-1 agonists
affect NAFLD in a dose-dependent manner, in order to
search for preferred doses.
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Abstract

Perinatal transmission of hepatitis B virus (HBV) in-
fection is major contributor to the growing burden of
chronic hepatitis B worldwide. Administration of HBV
immunoglobulin and HBV vaccination as soon after pre-
gnancy as possible are the mainstay of prevention of
perinatal transmission of HBV infection. In women with
high viral loads, antiviral prophylaxis also appears to be
useful. Lamivudine, telbivudine and tenofovir have been
shown to be both safe and effective in this setting but
tenofovir is the first-line option due to its low potential
for resistance and more favorable safety profile.

Key words: Tenofovir; Perinatal transmission; Hepatitis
B; Lamivudine; Telbivudine

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Administration of hepatitis B virus (HBV)
immunoglobulin and HBV vaccination as soon after pre-
gnancy as possible are the mainstay of prevention of
perinatal transmission of HBV infection. In women with
high viral loads, antiviral prophylaxis with tenofovir also
appears to be useful.
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INTRODUCTION

Perinatal transmission of hepatitis B virus (HBV) is a
major healthcare problem, particularly in low-income
countries with high prevalence of chronic hepatitis B
(CHB)™. In regions where CHB is endemic, HBeAg(+)
mothers transmit HBV in 70%-90% of their childr-
en if prophylaxis is not administered™. In addition,
high CHB prevalence, poor compliance with medical
care and barriers to health care among low-income
population groups, especially in immigrants and Roma
population, are associated with increased perinatal HBV
transmission even in developed European countries®.
Women with high viral loads are at particularly increas-
ed risk to transmit hepatitis B to their offspring™”.
In many CHB endemic areas, perinatal transmission
of hepatitis B is the major cause of transmission of
hepatitis B*“'. Moreover, progression from HBV infection
to CHB is substantially more frequent in the offspring of
HBeAg(+) women than in patients who are exposed to
HBV during adulthood**", Indeed, approximately 90%
of the former will progress to CHB"%'!,

ROLE OF HBV IMMUNOGLOBULIN AND
HBV VACCINATION

Administration of HBV immunoglobulin and HBV vaccin-
ation prevents most cases of perinatal HBV transmission"’.
Nevertheless, children born from women with high viral
load are still at considerable risk for acquiring HBV des-
pite the administration of HBV immunoglobulin and HBV
vaccination [8%-18% when HBV deoxyribonucleic acid
(DNA) levels are > 10°-10° copies/mL]*****. On the other
hand, a recent study reported that prompt administration
of HBV immunoglobulin (i.e. within 4 h after birth) and/or
an increase in the number of HBV vaccination doses (at
birth and at 1, 2, 4 and 6 mo) resulted in very low rates
of perinatal HBV transmission (2%) in HBeAg-positive
women with HBV DNA levels > 200000 IU/mL"™,

ROLE OF NUCLEOSIDE ANALOGUES

Several studies also showed that nucleoside analogues
combined with administration of HBV immunoglobulin
and HBV vaccination are more effective in the preven-
tion of perinatal HBV transmission than administration
of HBV immunoglobulin and HBV vaccination alone!*®.
In a meta-analysis of 5 small randomized controlled
trials (RCTs, n = 444 pregnant women), treatment
with lamivudine combined with administration of HBV
immunoglobulin and HBV vaccination reduced infant
HBsAg seropositivity by 11.7% and infant HBV DNA
positivity by 21.2% compared with administration
of HBV immunoglobulin and HBV vaccination™”. In
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a meta-analysis of 4 small RCTs (n = 293 pregnant
women), telbivudine also reduced infant HBsAg se-
ropositivity by 15.8% and infant HBV DNA positivity
by 16.2% compared to the control group'’”’. Three
early small nonrandomized studies (n = 307 pregnant
women) showed that tenofovir also reduces the risk for
perinatal HBV transmission!®*®!, In a more recent RCT
in HBeAg-positive mothers with viral load > 200000
IU/mL (n = 200), HBV transmission was observed in
5% of cases who received tenofovir in addition to HBV
immunoglobulin/HBV vaccination compared with 18%
in mothers treated with HBV immunoglobulin/HBV va-
ccination alone™. In contrast, in a larger RCT (n
331), tenofovir combined with HBV immunoglobulin/
HBV vaccination did not reduce the risk of HBV trans-
mission compared with HBV immunoglobulin/HBV vac-
cination alone™!. However, rates of HBV transmission
in the latter group were very low (2%) and it is possible
that the study was not powered to show superiority of
tenofovir*!,

Very few studies compared the efficacy of different
nucleoside analogues in the prevention of perinatal HBV
transmission. In two non-randomized studies (n = 690
pregnant women), lamivudine was equally effective with
telbivudine®®*®! and in another non-randomized study
(n = 120 pregnant women), lamivudine was similarly
effective with tenofovirt’®. Lamivudine, telbivudine and
tenofovir also appear to be safe during pregnancy and
do not increase the risk of congenital malformation,
prematurity or maternal complications™”**, However,
it should be emphasized that tenofovir and telbivu-
dine are both Food and Drug Administration (FDA)
pregnancy category B drugs (i.e., no risk in animal
studies, unknown in humans) whereas lamivudine is
FDA pregnancy category C drug (i.e., teratogenic in
animal studies, unknown in humans)®*. It has also
been shown that in the United States, a country with
very low prevalence of CHB, combining a nucleoside
analogue with HBV immunoglobulin/HBV vaccination
is more cost-effective than HBV immunoglobulin/HBV
vaccination alone™. Nevertheless, it should be emph-
asized that none of these agents are licensed for use
during pregnancy.

Current guidelines recommend screening of all
pregnant women for CHB during the first trimester of
pregnancy®****’, In all pregnant women with HBV
DNA levels > 200000 IU/mL and/or > 6-7 log:o IU/mL
or HBsAg levels > 4 log:o IU/mL, antiviral prophylaxis
with tenofovir should start at week 24-32 of gestation
and continue for up to 4-12 wk after delivery?®****7),
Tenofovir is preferred over lamivudine and telbivudine
because of lower resistance rates and because it is a
FDA pregnancy category B drug®****”,

ROLE OF CAESAREAN SECTION

The role of caesarean section in the prevention of
perinatal transmission of HBV infection is unclear. In
a recent meta-analysis of 10 studies (n = 5091 new-
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borns), caesarean section reduced the incidence HBV
transmission by 38% compared with vaginal delivery
(95%CI: 0.40-0.98; P = 0.04)™®, However, the benefit
of caesarean section was smaller in studies where
hepatitis B immunoglobulin was administered to all
women™®!, Moreover, caesarean section did not reduce
the risk of vertical HBV transmission in HBeAg(+)
women®®, Accordingly, current guidelines do not re-
commend caesarean section for the prevention of peri-
natal transmission of HBV infection due to insufficient
data™®.

BREASTFEEDING IN HBsAg(+) WOMEN

Regarding breastfeeding, current guidelines state that
it is not contraindicated in HBsAg(+) women who are
not receiving nucleoside analogues, since breast milk
contains the lowest concentrations of HBV among body
fluids and breast feeding does not increase the risk of
HBV transmission in women who receive HBV immu-
noglobulin and HBV vaccination**?”**), Moreover, br-
eastfeeding is also not prohibited in women who are
receiving prophylaxis with tenofovir, since this agent is
excreted in very small amounts in breast milk?*%273%31],

CONCLUSION

Perinatal transmission of HBV infection is major
contributor to the growing burden of CHB worldwide.
Administration of HBV immunoglobulin and HBV vac-
cination as soon after pregnancy as possible are the
mainstay of prevention of perinatal transmission of
HBV infection. In women with high viral loads, antiviral
prophylaxis with tenofovir also appears to be useful.
Strategies to improve the awareness of this major
healthcare problem are also needed to curb the rising
incidence of CHB infection.
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Abstract

Traditional Chinese Medicines (TCMs) have been em-
ployed for centuries in the treatment of patients with
hepatocellular carcinoma (HCC). Previous reviews of this
topic have focused on certain aspects of TCM treatment
rather than an overall assessment of their value and
mechanisms of action. Both the Chinese and English
medical literatures were reviewed to identify where
TCM might be of value in the treatment of HCC and the
justification for such treatment. TCM treatment corrects
the “internal disequilibriums” thought to be responsible
for the development, growth, and spread of the tumor.
It has also been used to manage symptoms associa-
ted with HCC and the adverse effects of chemo- and
radiation-therapies. Recent research has documented
the precise effects of TCM on tumor biology. There are
also increasing efforts to identify which of the many
components of TCM herbal remedies are primarily res-
ponsible for these beneficial effects. This review out-
lines the benefits of TCM treatment of HCC and the
laboratory data describing their anti-tumor properties.

Key words: Hepatoma; Herbal medicine; Liver disease;
Liver; Cancer

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Traditional Chinese Medicines (TCMs) are
commonly employed by patients with hepatocellular
carcinoma (HCC). This review identifies which herbal
concoctions are most frequently recommended by TCM
authorities. TCMs serve to correct internal imbalances
that contribute to HCC. TCMs favorably alter HCC cell
biology.

Xi SY, Minuk GY. Role of traditional Chinese medicine in the
management of patients with hepatocellular carcinoma. World
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INTRODUCTION

Traditional Chinese Medicine (TCM) is a comprehen-
sive medical system that utilizes herbal remedies,
acupuncture, dietary therapy, exercise, and massage
to prevent, treat, and rehabilitate disease states by
restoring the internal environments of an individual to
a state of equilibrium. It is based on traditional medical
theories and the practice experiences of Chinese TCM
physicians. The traditional medical theories describe
two components of illness: “holism” (the concept of
viewing the situation as a whole) and “syndrome dif-
ferentiation” (the consequences of disrupted holism).
Thus, rather than focusing on the tumor per se, TCM
focuses on correcting the internal disequilibriums res-
ponsible for tumor development and progression.

Given the phylogeny of the oncogenic hepatitis B
virus (HBV), it can be assumed that hepatocellular
carcinoma (HCC) has been prevalent in the Chinese
population for centuries!'!. Hence, Chinese TCM phy-
sicians have had extensive experience in identifying,
developing, and refining treatments for this poten-
tially lethal tumor. This longstanding experience and
commitment to treating HCC is an important feature
of TCM. Specifically, unlike “Western Medicine” where
effective treatments are identified by the results of
prospective, randomized, placebo-controlled trials, in
TCM, the value of a particular herbal concoction is gau-
ged by the number of recommendations it has received
by TCM authorities over the course of centuries.

MOST COMMONLY EMPLOYED TCMS
FOR HCC

TCM physicians have identified various Chinese herbal
medicines that represent every category of the Chinese
materia medica recognized by the International Org-
anization for Standardization (ISO)™. The majority of
these agents are deficiency-supplementing herbs, heat-
clearing herbs, and blood-quickening stasis-transfor-
ming herbs (Table 1).

The ten most commonly employed individual he-
rbs are provided in Table 2. They are: Poria (Fuling),
Rhizoma Atractylodis Macrocephalae (Baizhu), Radix
Astragali Mongolici (Huanggi), Herba Hedyotidis
(Baihuasheshecao), Radix Glycyrrhizae (Gancao),
Radix Bupleuri Chinensis (Chaihu), Radix Codonopsis
(Dangshen), Radix Paeoniae Alba (Baishao), Radix
Angelicae Sinensis (Danggui) and Carapax Trionycis
(Biejia).

Often, combinations of herbs are advocated such
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as gi-boosting spleen-supplementing herbs being com-
bined with heat-clearing toxin-resolving herbs, blood-
quickening stasis-transforming herbs and/or liver-so-
othing qi-rectifying herbs (qgi is the vital life force that
is thought to animate the body internally)®. The ten
most commonly advocated combinations of herbs are
provided in Table 3.

TCMS FOR THE TREATMENT OF HCC
SYMPTOMS

Anorexia, fatigue, weakness, and right upper quadr-
ant discomfort are the most common symptoms of
HCC while ascites and jaundice are the most common
signs'. TCMs are often used in the treatment of these
and the other features listed in Table 4. In a recent
cluster analysis performed by Liu et a*, Endothelium
Coreneum Gigeriae Galli (Jineijin) and Fructus Hordei
Germinatus (Maiya) were the most commonly-used
herbal medicines for treating anorexia; Radix Astragali
Mongolici (Huanggqi) for fatigue and weakness; Rhizoma
Corydalis Yanhusuo (Yanhusuo) and Fructus Toosendan
(Chuanlianzi) for right upper quadrant discomfort; Peri-
carpium Arecae (Dafupi), Polyporus (Zhuling) and Poria
(Fuling) for ascites; and Herba Artemisiae Capillaris
(Yinchen) for jaundice™. Other herbal medicines used
to treat less common symptoms and signs of HCC are
also provided in Table 4.

TCM FOR IMPROVED QUALITY OF LIFE
AND SURVIVAL IN HCC PATIENTS

The use of TCM to correct disequilibriums in a patient’s
internal environment has been associated with impro-
ved quality of life for HCC patients. For example, the
Jianpi Jiedu Decoction has been reported to improve
quality of life by attenuating symptoms in 30 patients
with advanced HCC™®. Similar results have been obtain-
ed with other combinations” %

Other studies have described improved survival.
Specifically, compared to untreated controls, treatment
with a Ruanganlidan Decoction and Rhizoma Curcumae
Longae increased median disease-free survival by
approximately 12 mo in 78 HCC patientst**’. In another
study, Qudu Huayu Xiaoji Formula not only improved
the quality of life in 77 HCC patients after hepatic ar-
terial chemoembolization, but also prolonged survival
by 5-9 mo when compared to 76 patients treated with
chemoembolization alone!*?.

TCM AND ADVERSE REACTIONS TO
CHEMOTHERAPEUTIC AGENTS

Side effects of chemotherapy are major concerns for
cancer patients and often interfere with treatment.
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Table 1 Types of herbal medicines and frequency of use in the treatment of patients with hepatocellular carcinoma

Category Relative  Category Relative
frequency frequency

Herbs that supplement deficiency: Baizhu, Huanggi, 27.70%  Herbs that drain downwards: Dahuang, Yuanhua 1.37%

Dangshen, Danggui, Shanyao, Gancao, Baishao, Biejia

Herbs that clear the heat: Baihuasheshecao, Banzhilian, 19.26%  Herbs that astringe: Wuweizi, Shanzhuyu 1.01%

Shengdihuang, Zhizi, Huangqin, Qinghao

Herbs that invigorate blood and dissolve stasis: Ezhu, 13.67%  Herbs that counteract toxins, kill parasites and relieve itching: 0.68%

Danshen, Yujin, Tubiechong Fengfang

Herbs that promote urination and percolate dampness: 12.04%  Herbs that warm the interior: Wuyao 0.54%

Fuling, Yiyiren, Yinchen, Cheqianzi, Yumixu

Herbs that rectify gi: Zhigiao, Chenpi 8.39% Herbs that expel wind and damp: Sangjisheng, Qinjiao 0.46%

Herbs that release the exterior: Chaihu, Guizhi 4.14% Herbs that calm the mind: Suanzaoren, Longgu 0.42%

Herbs that promote digestion: Jineijin 3.18% Herbs that calm the liver and extinguish wind: Muli, Wugong 0.25%

Herbs that relieve cough, dissolve phlegm and calm 2.94% Herbs that open the orifices: Shexiang 0.11%

panting: Banxia, Tinglizi, Walengzi

Herbs that stanch bleeding: Sanqi, Xianhecao, Baimaogen 1.91% Herbs that expel parasites: Binglang 0.08%

Herbs that transform dampness: Houpo 1.86% Herbs that induce vomit: Changshan 0.02%

Table 2 The most frequently prescribed herbal medicines used in the treatment of patients with hepatocellular carcinoma

Herb name Relative frequency Herb name Relative frequency
Poria (Fuling) 5.20% Radix Angelicae Sinensis (Danggui) 2.35%
Rhizoma Atractylodis Macrocephalae (Baizhu) 5.20% Carapax Trionycis (Biejia) 2.22%
Radix Astragali Mongolici (Huanggi) 4.07% Radix Bupleuri Chinensis (Chaihu) 3.66%
Herba Hedyotidis (Baihuasheshecao) 3.75% Radix Codonopsis (Dangshen) 3.26%
Radix Glycyrrhizae (Gancao) 3.71% Radix Paeoniae Alba (Baishao) 3.03%

Numerous TCM herbs have been identified that reduce
the side effects and non-tumor toxicity of chemothe-
rapeutics. For example, Ciji Hua’ai Baosheng Granule
Formula (CHBGF) attenuates the decreases in white
blood cell and platelet counts of Hz: hepatoma trans-
planted tumor caused by chemotherapy™. Combining
Rhizoma Zingberis Recens (Shengjiang) and Rhizoma
Phragmitis (Lugen) reduces the vomiting caused by
chemotherapy in Hz2 hepatoma carcinoma-bearing mi-
ce™, and Danggui Beimu Kushen attenuates cisplatin
toxicity (in the same animal model). Other TCMs such
as Panaxan, Fufang Ejiao Jiang, Liangi Capsule, and
the aqueous extract of Fructus Akebiae (Bayuezha)
have also been reported to reduce side effects and
improve the efficacy of chemotherapy for HCC in Hz2
hepatoma bearing mice!*>*®, Compared to chemoth-
erapy alone, Tremella Polysaccharide, extracted from
Polyporus (Zhuling), improved quality of life and phy-
sical activity and attenuated fatigue, nausea, vomit-
ing, constipation, diarrhea, and white blood cell counts
during chemotherapy in 50 patients®, Jianpi Jiedu
Formula minimized hepatic dysfunction following trans-
arterial chemoembolization (TACE) treatment in 16
patients®”, Similarly, the Zipi Decoction was associated
with improved hepatic function following TACE when
compared to TACE alone™, Jian Pi Li Qi Decoction in 52
patients and Jiedu Granules combined with Cinobufacini
in 60 patients alleviated signs and symptoms of the
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postembolization syndrome following TACE™?, Finally,
it should be noted that on occasion, TCM can adversely
affect patient outcomes when TCM and chemotherapy
drugs interact™®,

TCM AND HCC TUMOR BIOLOGY

Recent developments in molecular and cell biology have
provided important insights into the pathogenesis and
course of HCC. They have also provided investigators
with an opportunity to identify the mechanisms wh-
ereby TCM impacts HCC. To date, such research has
focused on HCC proliferative activity, apoptosis, metas-
tasis, angiogenesis, immune reactivity, and multidrug
resistance.

The effects of TCM on the proliferative activity and
growth of malignant hepatocytes and tumors

A large number of herbs have been reported to inhibit
malignant hepatocyte proliferation and tumor growth.
In many instances, the precise mechanisms and signa-
ling pathways have also been identified. For example,
Akebia trifoliate (Thunb.) and Koidz (Sanyemutong) se-
ed extract inhibited the proliferation of various human
HCC cell lines via induction of endoplasmic reticulum
stress in vitro®* whereas the ethyl acetate extraction
from a Chinese herbal formula, Jiedu Xiaozheng Yin
inhibited proliferative activity by suppression of the
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Table 3 Descending frequency of herbal medicine combinations used in the treatment of patients with hepatocellular carcinoma

Precedence

Herbal medicine combinations

O 0 NN U W N

=
(==}

Rhizoma Atractylodis Macrocephalae (Baizhu) and Poria (Fuling)
Radix Astragali Mongolici (Huanggi) and Rhizoma Atractylodis Macrocephalae Baizhu)
Radix Astragali Mongolici (Huanggqi) and Radix Codonopsis (Dangshen)
Radix Astragali Mongolici (Huangqi) and Radix Angelicae Sinensis (Danggui)
Radix Astragali Mongolici (Huanggqi) and Poria (Fuling)

Rhizoma Atractylodis Macrocephalae (Baizhu) and Radix Curcumae Wenyujin (Yujin)
Rhizoma Atractylodis Macrocephalae (Baizhu) and Radix Bupleuri Chinensis (Chaihu)
Rhizoma Atractylodis Macrocephalae (Baizhu) and Radix Glycyrrhizae (Gancao)
Rhizoma Atractylodis Macrocephalae (Baizhu) and Pericarpium Citri Reticulatae (Chenpi)
Rhizoma Atractylodis Macrocephalae (Baizhu) and Radix Codonopsis (Dangshen)

Table 4 Herbal medicines and the frequency of their use in treating symptoms and signs associated with hepatocellular carcinoma

Symptoms and signs

Herb and frequency of use (1)

Anorexia

Endothelium Coreneum Gigeriae Galli (Jineijin) (18), Fructus Hordei Germinatus (Maiya) (12), Fructus Amomi (Sharen) (9),

stir-baking Fructus Hordei Germinatus et Massa Fer-mentata Medicinalis (Jiaosanxian) (7), Fructus Setariae Germinatus
(Guya) (6), Massa Medicata Fermentata (Shenqu) (5) and Fructus Crataegi Pinnatifidae (Shanzha) (5)

Fatigue
Discomfort

Radix Astragali Mongolici (Huanggi) (23) and Radix Codonopsis (Dangshen) (14)
Rhizoma Corydalis Yanhusuo (Yanhusuo) (15), Fructus Toosendan (Chuanlianzi) (13), Radix Curcumae Wenyujin (Yujin)

(10), Olibanum (Ruxiang) (9), Myrrha (Moyao) (7), Fructus Citri Sarcodactylis (Foshou) (7), Radix Aucklandiae (Muxiang) (5)
and Rhizoma Cyperi (Xiangfu) (5)

Ascites

Pericarpium Arecae (Dafupi) (30), Polyporus (Zhuling) (22), Poria (Fuling) (18), Rhizoma Alismatis (Zexie) (13), Semen

Plantaginis (Cheqgianzi) (8) and Cortex Magnoliae Officinalis (Houpo) (5)

Jaundice

Herba Artemisiae Capillaris (Yinchen) (37), Rhizoma Polygoni Cuspidati (Huzhang) (13), Radix et Rhizoma Rhei Palmati

(Dahuang) (11), Herba Hyperici Japonici (Tianjihuang) (8), Fructus Gradeniae (Zhizi) (8), Herba Lysimachiae (Jingiancao)
(7), Radix Paeoniae Rubra (Chishao) (6) and Radix Scutellariae Baicalensis (Huangqin) (6)

Abdominal distention

Fructus Aurantii Submaturus (Zhigiao) (11), Cortex Magnoliae Officinalis (Houpo) (8), Semen Raphani Sativi (Laifuzi)

(7), Pericarpium Citri Reticulatae Viride (Qingpi) (6), Radix Aucklandiae (Muxiang) (6), Fructus Amomi (Sharen) (5) and
Fructus Aurantii Immaturus (Zhishi) (5)

Nausea and vomiting

Caulis Bambusae in Taeniam (Zhuru) (27), Rhizoma Pinelliae (Banxia) (19), Flos Inulae (Xuanfuhua) (17), Fructus Amomi

(Sharen) (10), Ochra Haematitum (Daizheshi) (7) and Pericarpium Citri Reticulatae (Jupi) (6)

Fever

Gypsum Fibrosum (Shigao) (9), Cortex Moutan Radicis (Mudanpi) (8), Radix Bupleuri Chinensis (Chaihu) (8), Herba

Artemisiae Annuae (Qinghao) (6), Rhizoma Anemarrhenae (Zhimu) (6) and Fructus Gradeniae (Zhizi) (6)

Diarrhea

Constipation

Poria (Fuling) (7), Rhizoma Alismatis (Zexie) (7), Semen Euryales (Qianshi) (6) and Fructus Schisandrae Chinensis

(Wuweizi) (5)

Radix et Rhizoma Rhei Palmati (Dahuang) (12), Fructus et Semen Trichosanthis Kirilowii (Gualou) (6), Semen Pruni

Japonicae (Yuliren) (5) and Fructus Cannabis (Huomaren) (5)

polycomb gene product Bmil and Wnt/p-catenin signal-
ing and inducing GO/G1 phase arrest in vitro and in
vivo'>>?®l, Coptischinensis (Huanglian) restrained HepG2
cell proliferation through activation of the the NAG-1
gene enzyme in vitro™®”.

Other TCM herbs have been reported to inhibit ma-
lignant hepatocyte proliferative activity and tumor gro-
wth through mechanisms that have yet to be identifi-
ed. Of these, Bufalin, a component of Venenum Bufonis
(Chansu), inhibited both proliferation and invasion of
HCC cells in vitro®, and Chaigiyigan granula enhanced
Taxol-induced growth inhibition of HCC xenografts in
nude mice'®., Other herbal medicine extracts that have
been reported to possess tumor growth inhibiting proper-
ties via yet to be defined mechanisms include Jianpi
Huayu Formula, which inhibited BEL7402 cell prolifera-
tion in vitro®”, Compound Recipe Kushen SMMC, which
inhibited 7721 cell proliferation in vitro®"!, and Fuzheng
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Yiliu Granule, which inhibited PLC tumor growth in Hz:
hepatoma-bearing ICR mice and the HepG2 cell line®,

The effects of TCM on apoptosis and autophagy of
malignant hepatocytes

Dysregulation of apoptosis and autophagy are impor-
tant components of tumor development, often resul-
ting from activation of oncogenes and/or mutations in
tumor suppressor genes. Thus, much effort has been
expended on identifying TCM herbs that induce mali-
gnant hepatocyte apoptosis. Kangai Fuzheng Pres-
cription was found to promote apoptosis and inhibit
the growth of human hepatoma SMMZ-7721 cells by
downregulating p53 gene expression in vitro®*., TCM
matrine, a component of Radix Sophorae Flavescentis
(Kushen), induced apoptosis and cell arrest by altering
Bcl-2, Bax, and miR122a expression in human HepG2
cells and murine HCC cells®****!. Quercetin, an extract
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from multiple herbal medicines, promoted apoptosis in
the same HepG2 cells by increasing the transcription
of the apoptosis-related fas gene®. Ligustrumlucidum
Aitfruit (Nlzhenzi) extract could induce apoptosis and
cell senescence through upregulation of p21 in hu-
man HCC cell lines®”. Finally, modified Yi Guan Jian, a
Chinese herbal formula, induced apoptosis in Bel-7402
cells®® and Rhizoma Panacis Majoria (Zhuzishen) in H22
hepatoma cells®,

In addition to inducing apoptosis, Baicalein, from
Radix Scutellariae Baicalensis (Huanggin), enhanced
autophagy via increasing endoplasmic reticulum stress
in HCC cells™*®, Similarly, Arenobufagin (Chansu), a na-
tural bufadienolide from toad venom, induced apopt-
osis and autophagy in human HCC cells but through
inhibition of the PI3K/Akt/mTOR pathway in human HCC
cells™,

The effects of TCM on malignant hepatocyte metastases
Controlling HCC metastases is an important strategy for
preventing tumor recurrence. Various TCM herbs have
been reported to possess this property. Specifically, Sini-
San inhibited HBx-induced migration and invasiveness
of HCC cells by inhibiting multiple signal transduction
pathways including ERK/phosphatidylinositol 3-kinase/
Akt upstream of NF-xB and AP-1 in human HCC cells™*”!
while Biejiajian Pill suppressed the invasiveness of
HepG2 cells by inhibiting the Wnt/B-catenin pathway
in HCC cells™, Jinlong Capsule decreased the adhesi-
ve ability of highly metastatic MHCC97H cells in vitro
and thereby significantly inhibited their movement and
invasion™,

In animal studies, Ginsenoside Rg3 from Ginseng
(Renshen) inhibited the growth and metastasis of the
highly metastatic human LCI-D20 cells in nude mice.
This affect was ascribed to regulating the expression of
nm23 and CD44 proteins™®. By inhibiting SMMC-7721
cell invasion, Radix Salviae Miltiorrhizae (Danshen) de-
creased intrahepatic and distant metastasis of these cells
in nude mice™®. Another TCM that inhibits malignant
hepatocyte metastases is Berberine, which inhibited the
growth and development of spontaneously developed
lung metastases in an orthotopic model of HCC (MHCC-
97L) in mice by suppressing Id-1 expression*’.,

The effects of TCM on HCC angiogenesis

HCC survival, growth, and metastases are dependent
on new blood vessel growth or angiogenesis (Figure
1). TCM herbs that inhibit HCC angiogenesis include
the alkaloids of Rubusalceifolius Poir (Cuyexuangouzi)
and Livistonachinensis seeds (Pukuizi), which interfere
with Notch signaling in a mouse model of HCC*®*!,
Resveratrol [typically extracted from Rhizoma Polygoni
Cuspidati (Huzhang) or Fructus Mori (Sangshen)] de-
creases microvessel density of transplanted hepatic
tumors in nude mice and inhibits tumor growth™®. By
significantly reducing vascular endothelial growth factor
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expression, Celastrusorbiculatus Thunb (Nansheteng)
inhibited Hep-G2 induced tumor growth in orthotopic
nude mice®", Finally, Qinggan Huayu Formula has been
reported to inhibit tumor development and growth
by reducing vascular endothelial growth factor and
transforming growth factor-p1 protein expression and
neovascularization in HCC rats®”.

The effects of TCM on the immunologic response to
HCC

In the absence or setting of a suboptimal immune
response, tumor cell growth, metastasis, and rates of
recurrence are enhanced. Thus, the status of natural
killer cells, T lymphocyte subpopulations such as CDs",
CDs" and CDs*, and pro- as well as anti-inflammatory
cytokines are important, and the ability of TCM to
enhance the immune response to HCC would be of
therapeutic value. Ganodermalucidum polysaccharides
(GLPS) is an extract from Ganoderma Lucidum (Lingzhi)
that significantly increases the ratio of T effector to
regulatory T cells and suppresses tumor growth in HCC-
bearing mice®™. Moreover, GLPS eliminates regulatory
T cells suppression of T effector proliferation resulting
in increased pro-inflammatory IL-2 secretion. GLPS
has also been reported to inhibit T cell Notchl and
FoxP3 expression by increasing miR-125b expression
in hepatoma-bearing mice™. Another TCM with immu-
no-modulant properties is Radix Astragali Mongolici
(Huanggqi), a polysaccharide, which inhibits the growth
of mouse HCC HepA by promoting pro-inflammato-
ry TNF-o and IFN-y production®™. Combining Jiedu
Xiaozheng Yin and Fuzheng Yiliu Formula improved the
immune function of mice with H22 HCC by increasing
CDs* and CDs*/CD+™™!, Shaoyao Ruangan Recipe,
Biejiajian Pill, Ginsenoside Rg3, Fructus Lycii (Gougizi)
polysaccharide, and Fructus Schisandrae Chinensis (Wu-
weizi) polysaccharides are other herbal medications
that have been reported to inhibit HCC by enhancing
the host’s immune responsiveness in HCC-bearing
micel*®®%,

The effects of TCM on the multidrug resistance of
malignant hepatocytes

Increased expression of multidrug resistance (MDR)
protein activity, the family of transporters responsible
for exporting xenobiotics from within cells, is considered
the principal explanation for the failure of chemoth-
erapy in HCC treatment. Many TCM herbs have been
reported to reverse MDR expression and/or activity.
For example, Tetramethylpyrazine, a bioactive constit-
uent isolated from the root of Ligusticum chuanxiong
Hort (Chuanxiong) downregulated P-gp, MRP2, MRP3,
and MRP5 expression in HCC BEL-7402/ADM cells'",
Bufalin, extracted from Venenum Bufonis (Chansu) and
Hedyoticdiffusa (Baihuasheshecao) injection, achieved
the same effect in BEL-7402/5-FU cells®®*®*, and Hirudo
(Shuizhi) extract, Qizhu Decoction, Shehuang Xiaoliu
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Figure 1 Solid tumor’s occurrence and angiogenesis.

Decoction, Jianpi Huayu Formula and Quercetin all rever-
sed MDR activity in HCC tissues!®*®,

CONCLUSION

Although much progress has been made in our uti-
lization and understanding of TCMs for the treatment
of HCC, additional experimentation and research is
still required. Clearly, no single herbal medicine, active
component, or compound recipe has been identified
to be curative. Moreover, the mechanism(s) involved
in achieving the benefits described are multiple and
complex. Nonetheless, empiric and experimental data
suggest that TCM is effective in limiting symptoms,
reducing treatment associated side effects, inhibiting
tumor growth, and altering key intracellular signaling
pathways. While a combination of TCM and Western me-
dicine may evolve as the optimal approach to treating
HCC, certain challenges remain. Principal amongst these
is the need for Western Medicine physicians to consider
and where appropriate accept the concept of “holism” for
cancer treatment. These physicians must also be willing
to consider empiric findings, albeit of century’s duration,
as an additional measure of efficacy, particularly for
compounds such as TCM herbs that due to their unique
fragrance, do not always lend themselves to testing in
placebo-controlled clinical trials.
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Hepatitis B virus (HBV) genotype E with a prevalence
of 90.6% (95%CI: 0.891-0.920) found in this review,
is characterized by low genetic diversity. Hepatitis C
virus (HCV) genotypes 1 and 2 represented 96.4% of
HCV infections in West African countries, while hepatitis
delta virus, hepatitis A virus, hepatitis G virus genotypes
1 and HEV genotype 3 were reported in some studies
in Ghana and Nigeria. HBV genotype E is characterized
by high prevalence, low genetic diversity and wide
geographical distribution. Further studies on the clinical
implications of HBV genotype E and HCV genotypes 1
and 2 are needed for the development of an effective
treatment against this viral hepatitis in West African
countries. Surveillance of the distribution of different
genotypes is also needed to reduce recombination
rates and prevent the emergence of more virulent viral
strains.

Key words: Hepatitis virus; Mutations; Genotypes;
Recombination; West African Economic and Monetary
Union

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The determination of hepatitis viruses geno-
types is very important for the management and treat-
ment of infected patients. Indeed, mutation develop-
ment, disease progression and antiretroviral response
are all dependent on the genotype of the infecting virus.
Genotype determination is therefore very important to
identify patients who are at increased risk of disease
progression and to optimize treatment. The objective
of this review was to determine the prevalence and dis-
tribution of different hepatitis viruses genotypes in 10
West African countries.

Assih M, Ouattara AK, Diarra B, Yonli AT, Compaore TR, Obiri-
Yeboah D, Djigma FW, Karou S, Simpore J. Genetic diversity of
hepatitis viruses in West-African countries from 1996 to 2018.
World J Hepatol 2018; 10(11): 807-821 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v10/i11/807.htm DOI:
http://dx.doi.org/10.4254/wjh.v10.111.807

INTRODUCTION

Viral hepatitis is an inflammation of the liver that may
progress spontaneously to healing or lead to cirrhosis
or hepatocellular carcinoma (HCC). Viral hepatitis cau-
sed 1.34 million deaths in 2015, a figure comparable
to deaths from tuberculosis (TB) and human immuno-
deficiency virus (HIV). However, mortality attributable
to TB and HIV is decreasing, while that due to hepatitis
is constantly increasing™. There are five types of hepa-
titis viruses designated by the letters A, B, C, D and E.
The most common forms of the disease are hepatitis
A, B and C. Another human lymphotropic virus be-
longing to the Flaviviridae family and closely related to
hepatitis C virus (HCV) was identified as hepatitis G
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virus (HGV) or GB virus C (GBV-C). However, several
studies have shown that GBV-C/HGV infection is not
clearly associated with any disease and may play a role
in modulating HIV disease™”. In a study conducted
in Burkina Faso, a prevalence of 7.4% of HGV was
reported in blood donors™. Viral hepatitis usually
occurs as a result of parenteral contact with infected
body fluids: Blood transfusions or contaminated blood
products.

Hepatitis B virus (HBV) is ubiquitous, but the pre-
valence of infection varies across different regions of
the world. According to the World Health Organization,
about two billion people have been in contact with HBV
worldwide, with more than 240 million cases of chronic
infections®™. About 80 to 120 million cases of chronic
HBV infection occur in sub-Saharan Africa®”’. According
to the carriage of hepatitis B surface antigen (HBsAg),
there are zones of low endemicity (< 2%) such as
Western Europe or North America; areas of average
prevalence (2%-7%) such as North Africa or Eastern
Europe and finally high endemic areas (> 8%) such
as West Africa or Southeast Asia'®. Indeed, hepatitis
B is highly endemic in West Africa, with the highest
prevalence in the world (> 8%). In sub-Saharan Africa,
about 47% of HCC have been attributed to HBV™.
Despite the availability of a vaccine, HBV remains
a major public health problem, with approximately
686 thousand deaths per year worldwide due to the
consequences (cirrhosis and HCC) of this infection™’.

More than 71 million people worldwide are chroni-
cally infected with HCV and may develop liver cirrhosis
and/or HCC". There is currently no effective vaccine
against HCV; and about 399000 people die each year
from hepatitis C, mainly cirrhosis and HCC. In North
and West Africa, the prevalence of HCV infection ranges
from 0.5% to 1.0%"%. Hepatitis delta virus (HDV)
is a small defective ribonucleic acid (RNA) virus that
depends on HBV for the assembly of new virions and
proliferation of infection to hepatocytes. HDV infection
can be therefore prevented through vaccination or any
strategy to eliminate HBV infection. Approximately 15 to
20 million people worldwide are co-infected with these
two viruses, with a high risk of severe liver disease!'".
In a study of pregnant women in Benin, the prevalen-
ce of HDV was 11.4% in 15.5% of HBsAg-positive
individuals'?..

There are several genotypes of hepatitis viru-
ses with different clinical implications and distinct
geographic distributions. HBV is classified into 10
genotypes (A-J) and about 40 subgenotypes with a
correlation between genotypes and their modes of
transmission™, In fact, HBV genotype A is found in
North America, Europe, South-East Africa and India;
genotypes B and C in Asia and Oceania while genotype
D is the most common in North America, North Africa,
Europe, the Middle-East and Oceania. HBV genotype E
is hyperendemic in West Africa; genotype F is found in
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South America; and genotypes G and H are in Central
and South America™!. HCV has a high genetic diversity
with a predominance of genotype 1 and 3 worldwide.
The endemic strains of genotypes 1 and 2 are mainly
found in West Africa, genotype 3 in Asia, genotypes 4
in Central Africa and the Middle East, while genotypes
5 and 6 are predominant in South Africa and South
East Asia, respectively™. HCV genotype 2 is the most
common genotype in West African countries, followed
by genotype 1 and genotype 3™!. HDV genotype I is
more common in Europe and North America, genotype
Il is predominant in the Far East and Japan while
genotype Il is predominant in the Amazonian area and
northern South America™®.

The severity of hepatic pathology and the response
to treatment depend on the virus genotype in the
infected host. For example, HBV genotype A infection
tends to chronicity, whereas genotype D has a
high frequency of mutation influencing response to
treatment. Liver cirrhosis and progression to HCC
are strongly associated with HBV genotypes C and
D compared to other genotypes'’'®!. Furthermore,
superinfection of chronic HBV patients by HDV leads
to increased liver damage and more rapid progression
of cirrhosis in 90% of cases!'®’, HDV genotype Il is
thought to be associated with severe forms of liver
disease, while a more moderate clinical evolution and
a wide variety of clinical conditions are observed with
genotypes II and I, respectively. The response to
interferon treatments is more effective against HBV
genotypes A and B compared to genotypes C, D and
I . HBV genotype E seems to have the worst response
to treatment!'®. Rapid progression of hepatic disease
and HCC has also been associated with HBV genotype
A1, HCV subtype 1b is associated with a high risk of
developing HCC compared to other genotypes'™?.. Early
generations of vaccines protected against subtype 1b,
while genotype 3, which accounts for 30.1% of HCV
global infections, is less likely to respond to first and
second generation direct-acting antivirals currently
used for HCV treatment™**”,

Determination of the viral genotype is an essential
element of the pre-therapeutic assessment, because
it is one of the predictors of the response to treatment
and determines the choice of molecules used with
the new anti-HCV treatments. It has also been shown
that HBV genotypes differ according to disease co-
urse, mutation development and response to anti-
viral therapy™®!. Indeed, genotype determination is
important to identify patients who are at increased risk
of disease progression and to optimize treatment™?..
Here, we review various publications on the genotypes
of hepatitis viruses in West African countries [West
African Economic and Monetary Union (WAEMU) coun-
tries, Ghana and Nigeria] in order to map the geno-
types distribution and discuss the infections associated
with the different viruses identified.
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HEPATITIS VIRUSES’ INFECTION IN
WEST AFRICA

HBY infection

HBV belongs to the Hepadnaviridae family and the
Orthohepadnavirus genus™., It is a double-stranded
circular DNA enveloped virus of small circumference
(1.6 million Dalton) associated with a DNA-dependent
DNA polymerase that acts as a reverse transcriptase
during replication. HBV is highly contagious, 100 times
more contagious than HIV and can remain stable at
25 C for seven days in dried blood. Sexual, parenteral
(through the blood), mother-to-child or even close
intrafamily non-sexual contact over a long period of
time are the different modes of infection. The most
common modes of spread of hepatitis B in endemic
areas are mother-to-child transmission and exposure
to infected blood. The appearance of a chronic infection
is very common for infants infected by their mother
before the age of 5 years.

Markers, such as the HBsAg, the HBs antibody
(anti-HBs), the core antigen (HBcAg), the HBe antigen
(HBeAg) and the HBe antibody (anti-HBe) make it
possible to monitor the evolution of this virus. Despi-
te the small size of the genome and the constraints
imposed by its organization, HBV is highly variable.

HBV strains are divided into several genotypes.
These genotypes are defined by a divergence of at least
8.0% of the whole genome nucleotide sequence and at
least 4.1% in the S gene®®. The main genotypes were
divided into subgenotypes based on the divergence
between 4.1% and 8.0% of their complete nucleotide
sequence™!, In the last decade, phylogenetic studies
of sequences of different viral genomes have tentati-
vely classified HBV into 10 genotypes (A-J)?®. Geno-
types and subgenotypes have a distinct geographic
distribution®”. Genotype A is the only predominant
genotype in East Africa, where the prevalence of other
genotypes is less than 5%2**, The subgenotype Al is
predominant in Africa, while subgenotypes A3-A6 are
found in Central and West Africa™®.

Subgenotype D1 is highly prevalent in East Africa™”;
D7 has been isolated in Tunisia®"!; and D8 has been
characterized in Niger®. West Africa is the main focus
of genotype E. Vaccination is the safest way to prevent
HBV infection™®. Major advances in the treatment of
chronic HBV have been made with the development
of nucleoside reverse transcriptase inhibitors with anti-
HBV activity, such as L-nucleosides (lamivudine 3TC)
or alkylphosphates (tenofovir disoproxil fumarate)™",

HCYV infection

HCV belongs to the family Flaviviridae and the genus
hepacivirus®®'. HCV mainly infects hepatocytes but may
also be present in blood mononuclear cells and dend-
ritic cells®®, HCV is a small single-stranded RNA virus
of positive polarity, enveloped 55-65 nm in diameter.
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Parenteral route is the major mode of transmission
of HCV. Transfusion and intravenous drug addiction
are also routes of transmission. To this day, the main
cause of HCV transmission in developed countries is
drug abuse™, The HCV genome shows a high rate of
mutations with considerable genetic heterogeneity of
the virus in infected people worldwide. Phylogenetic
approaches made it possible to classify HCV into 11
major genotypes (designated by the Arabic numerals
from 1 to 11), with many subtypes (indicated by lower
case letters a, b, c, etc.)"®.

Subgenotypes 1a, 1b, 2a, 2b and 3a are widely
distributed worldwide™, while 5a and 6a are com-
mon in South Africa and Southeast Asia*®>*!, Genotype
4 is predominant in Central Africa®**! and in North
Africa™!. In Africa, divergent HCV genotype 1 and
2 strains were found endemic in the West African
subregion*’), Recently, analysis of the epidemic his-
tory of HCV infections has traced modern HCV lines
in West Africa to the 17" and 20" centuries™*. The cu-
rrent standard treatment for chronic infection is the
combination of pegylated interferon alpha (pegIFNa)
and ribavirin (RBV)™®. Currently, new therapeutic
approaches using direct-acting antivirals have been
developed for the treatment of chronic hepatitis C.
These molecules inhibit certain stages of the viral cycle
and prevent the production of viral particles by infected
hepatocytes.

Others hepatitis virus infection (HDV and HGV)

HDV infection: HDV is an infectious agent that can
only infect patients previously or simultaneously
infected with the HBV™*?., It is a single-stranded RNA
negative polarity virus, 1700 nucleotides in size, which
encodes a single structural protein, the hepatitis delta
antigen (HDAg), and requires HBV to replicate. HDV
infection can only occur with simultaneous coinfec-
tion with HBV or superinfection'!. HDV transmission
is predominantly parenteral, and the sexual route is
less effective than HBV. Mother-to-child transmission
is rare. Hepatitis D is a liver disease that can take the
acute form and chronic form. There can be no hepatitis
D in the absence of HBV. Co-infection with HBV or HDV
superinfection results in more severe disease than HBV
mono-infection™. HDV infection is diagnosed by high
titers of immunoglobulin G (IgG) and immunoglobulin
M (IgM) anti-HDV and confirmed by serum detection
of HDV RNA by polymerase chain reaction!!, HDV
isolates in the world are divided into at least eight
phylogenetically distinct genotypes™”.

Genotype 1 is the predominant form of HDV with
worldwide distribution, while genotypes 2 and 4 are
present in Japan and Taiwan and are often associat-
ed with a milder form of disease®™. Genotype 3 has
been reported in the Amazonian region™". Genotypes
5-8 were detected in the sera of patients of African
origin®, In addition, genotype 8 infection was also
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detected in the state of Maranh&o in northeastern
Brazil™®, Some studies have shown that genotypes
3 and 4 can be associated with particularly severe
clinical forms of hepatitis (fulminant hepatitis)***.. HDV
infection is rarely studied in West Africa despite the
high prevalence of HBV. There is currently no effective
antiviral therapy for hepatitis D. The prevention of
hepatitis D involves vaccination against hepatitis B.
peglFNa is the only effective anti-HDV drug; nucleoside
analogues active against HBV have little or no effect
on HDV replication™.

HGV infection: The HGV, called GBV-C or HGV, is a
flavivirus, such as HCV, that causes spontaneously
resolving acute hepatitis or fulminant hepatitis. It
can cause chronic infections. HGV is a single-stranded
positive-strand RNA virus®". Its transmission is mainly
parenteral. Maternal-fetal and sexual transmissions
are higher than those seen with HCV. IFN is effecti-
ve in normalizing hypertransaminasemia in infected
patients, but relapse appears to be common when
treatment is discontinued.

METHODOLOGY

Research strategy and selection criteria

A systematic review of the literature was conducted
to identify relevant articles reporting genotypes of
hepatitis viruses in WAEMU countries including Ghana
and Nigeria from 1996 to 2018. The research was con-
ducted in French and/or English in three databases:
PubMed, Google Scholar and Science Direct. The key-
words used were “HBV and/or HBV and other viruses
“+” the name of each of the 10 countries included in
the study”. A filter limiting the search for keywords in
the title and/or abstract of articles was used [PubMed:
(tiab); Google Scholar: Allintitle and Science Direct:
TITLE-ABSTR-KEY]. Searches with similar terms such
as “hepatitis virus”, “hepatitis virus”, “hepatitis virus
genotypes” or “hepatitis virus genotype” were also
conducted.

The studies were then selected on the basis of the
following criteria: (1) data published in a peer-reviewed
scientific journal; (2) only patients residing in one of the
WAEMU countries, Ghana or Nigeria; and (3) patients
from these countries infected with hepatitis viruses
whose genotypes have been identified. All scientific
publications (52) that reported data on genotypes of
hepatitis viruses in populations from WAEMU countries,
Ghana and Nigeria, between 1996 and 2018 and met
the selection criteria were included in this systematic
review (Figure 1). Eligible studies had to report the
genotype of viral hepatitis in populations from included
countries regardless of method used for viremia de-
tection. Both risk groups or general population were
eligible for inclusion.

HBV and HCV viremia detection were based on
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{
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(n =35)
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No genotypes data reported

the 35 studies
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Total of studies
included in review: 52

Figure 1 Flow diagram showing the method for the study selection. The database search for the search strategy described in the section was cleaned up to
exclude review articles and duplicates. Titles and abstracts were included in the literature review. Seroprevalence articles, articles with ambiguous data that did not
meet the inclusion criteria were then excluded during the full-text review. Fifty-two (52) relevant articles were finally included for this review.

DNA/RNA amplification. Genotypes detection was
performed using polymerase chain reaction or direct
sequencing. HCV genotype classification was considered
because in many studies, HCV cases were classified at
the genotype level but not at the subtype level. Journal
articles, publisher correspondence, news, letters, book
chapters and studies whose data were ambiguous or
could not be extracted were systematically excluded.
The search and selection of the relevant articles in the
three databases were carried out by two independent
reviewers. The inclusion of a study by both reviewers
was a requirement. In case of disagreement on the
eligibility of a study, the problem was solved through a
discussion and/or consensus with a third reviewer.

Extractions of data and analysis

The genotyping data were extracted from the different
studies carried out in Ghana, Nigeria and WAEMU
countries. The data extracted from the various studies
included in this review are: The first author, the year of
the data publication, the study population, the type of
study or data collection (prospective or retrospective),
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the country, the number of samples successfully gen-
otyped and the results of identified genotypes.

In multi-center studies, only data from the cou-
ntries included in this mini-review were considered.
Prevalence was determined by making the ratio of the
genotype considered to the total number of samples
tested for that genotype. Confidence intervals were
calculated using the R software. Phylogenetic analysis
was performed with 53 HBV sequences using the
neighbor-joining algorithm based on the Kimura two-
parameter distance estimation method. Only bootstrap
values of > 80% are shown (1.000 replicates). The
maps were made using genotyping data from each
country (source: Dr. Ouattara AK).

SEARCH RESULTS

Selection of studies

The initial search in the three databases, according
to the search strategy described in the methodology,
found 391 articles after elimination of reviews and
duplicates. Examination of titles and abstracts led
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to the elimination of 321 studies that did not meet
the inclusion criteria of this review. Only 70 studies
were considered eligible after full text review. This
step allowed the exclusion of 35 articles presenting
data reporting only seroprevalences or presenting
ambiguous genotyping data. Finally, 52 studies, 35 of
which were obtained after the full text examination
and 17 after references examination of the 35 articles
selected, were included in this systematic review.

Characteristics of included studies

Tables 1 and 2 present the characteristics of the
different studies included in this systematic review.
The majority of included studies used a prospective
method of sample collection. A case-control study, two
Cas reports, two multi-center studies and four cohort
studies were included in the review, while the rest were
cross-sectional or prospective studies. Twelve studies
were performed in HIV-infected individuals compared
to 11 in blood donors and seven in pregnant women,
while populations and age groups were variable for
the rest of the studies.

HBYV genotypes

The frequency of the different genotypes was deter-
mined by dividing the number of samples presenting
the genotype considered by the total number of
successfully sequenced samples. In this systematic
review, the largest number of successfully sequenced
samples were recorded in Ghana (457/1620), followed
by Nigeria (269/1620) and Céte d'Ivoire (251/1620).
Genotyping studies of hepatitis viruses were rare in
Guinea-Bissau and almost non-existent in Togo. The
HBV genotype E was the predominantly isolated geno-
type in the various studies conducted in the WAEMU
countries, Ghana and Nigeria (Table 1).

Indeed, out of a total of 1620 successfully sequ-
enced HBV samples, E genotypes were individually
isolated in 90.6% (1468/1620, 95%CI: 0.891-0.920)
of HBV infection cases. In addition, its prevalence
of recombination or coinfection with genotypes A
and D was estimated at 0.86% (14/1620, 95%CI:
0.005-0.014) in our study area. HBV genotype E is char-
acterized by low genetic diversity compared to other
genotypes, including genotype A (Figure 2). The second
HBV genotype reported in terms of frequency in the
countries included in this review was genotype A with
an individual prevalence of 7.8% (126/1620, 95%CI:
0.065-0.092), while a prevalence of 0.74% (12/1620,
95%CI: 0.004-0.013) of genotypes D was observed
in the study area. A slight decrease in the overall
frequency of HBV genotype E in West African countries
was found between 2003 and 2010 (94.4%) compared
to 2011-2018 (90.0%) with emergence of genotypes A
and D. Some studies have focused on the genotyping
of other hepatitis viruses with a predominance of HCV
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infections (528/570, Table 2). Figure 3 shows the geo-
graphical distribution of the different HBV genotypes in
the countries included in this review.

Genotypes of other hepatitis viruses (HCV, HDV, HAV)
Of the 535 strains of HCV isolated and sequenced
successfully, genotype 1 was found in the majority of
cases of infections (56.4% or 298/528) against 40.0%
(211/528) for genotype 2 while 3.6% (19/528) of
the samples had genotypes 3 (9/19), 4 (7/19) and 5
(3/19) of HCV. HCV genotype 2 was most common in
Benin, Burkina Faso, Ghana Guinea Bissau and Mali,
while genotype 1 was predominant in Cote d'Ivoire,
Senegal and Nigeria (Figure 4), with a high number
of sequenced samples. Genotypes 1 of other hepatitis
viruses such as HDV, a satellite virus still found in
coinfection with HBV, HAV, HGV, and HEV genotype
3, have been reported in some studies in Ghana and
Nigeria (Table 2).

DISCUSSION

Selection of studies

The aim of this review was to map the genotypes of
the different hepatitis viruses identified in WAEMU
countries, Ghana and Nigeria. The systematic review
in the PubMed, Google Scholar and Sciences Direct
databases included 52 studies reporting genotypes of
hepatitis A, B, C, D, E and G. The availability of gene-
tic data varied across country due to the prevalence
or clinical relevance of the virus or the difficulty of
sequencing in a context of limited resources. Indeed,
most of the genotyping studies (29/52) focused on
HBV because of its endemicity in sub-Saharan Africa
and its clinical implications™. In West Africa, chronic
carriage of HBV in the general unvaccinated population
is estimated to be between 10% and 18%"*. Seve-
ral studies (18/52) have also provided HCV genotype
data, which is the second virus of clinical interest in
this West African sub-region after HBV, while very little
genetic data is available on HDV, a satellite of HBV. The
genetic data on HAV come only from Nigeria where it
is endemic™®, while the genotypes of hepatitis E and
G viruses, very scarce in WAEMU countries®”?, were
reported respectively in Nigeria and Ghana.

HBYV genotypes

Knowledge of hepatitis viruses genotypes is of great
epidemiological and clinical interest. Indeed, genoty-
pes are responsible for variable clinical manifestations
with differences depending on the stage of the dise-
ase, mutations and response to treatments®®*), They
are also an invaluable tool for mapping the molecular
evolution and dynamics of infection transmission beca-
use the different genotypes have a distinct geogra-
phic distribution. The study of Archampong et a/**”
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Table 1 Distribution of hepatitis B virus genotypes in West African Economic and Monetary Union countries, Ghana and Nigeria

Ref. Year Countries Patients Type of study Samples HBYV genotypes (17)
Diarra et al® 2018 Burkina Faso ~ Occult HBV Cross- 21 E (17) and A3 (4)
sectional
Archampong et al®™ 2017 Ghana HBV-HIV Cross- 63 E (58), A (4) and D (1)
coinfected sectional
Boyce et al™ 2017 Ghana HBV-HIV  Case reports 3 D/E (3)
coinfected
Cella et al™ 2017 Mali Malian Cross- 16 E (16)
refugees sectional
Lawson-Ananissoh et al®"! 2017 Cote d'Ivoire  Chronic HBV ~ Prospective 33 E (27), A (6)
Dongdem et al” 2016 Ghana Chronic Cross- 58 E (47), A (8) and D (3)
Hepatitis B sectional
Opaleye et al™ 2016 Nigeria HBV+ Cross- 17 E (17)
sectional
Compaore et al'™ 2016 Burkina Faso  HIV-1+and  Case-Control 120 E (120)
HIV-1-
Candotti et al®™ 2016 Burkina Faso Blood donors ~ Prospective 99 E (71) A3QS (28)
Brah et al® 2016 Niger HBV infected  Prospective 23 E (21), A3E (1) and D/E (1)
Boyd et al®™ 2016 Cote d'Ivoire ~ HBV-HIV ~ Prospective 100 E (98) and A (2)
coinfected
Ampah et al" 2016 Ghana Randomized  Prospective 52 E (52)
volunteers
Traore et al™ 2015 Mali Adults Cohort study 90 E (82), D/E (5), D (1) and A (2)
volunteers
Faleye et al™! 2015 Nigeria Pregnant Cross- 6 E (6)
women sectional
Faleye et al™ 2015 Nigeria Asymptomatic Cross- 13 E (13)
individuals sectional
Maylin et al®™ 2015 Senegal Chronic HBV  Cohort study 87 E (65), A (22)
Honge et al” 2014 Guinea-Bissau HIV+ Cross- 26 E (25)and D (1)
sectional
De Paschale et al™” 2014 Benin Pregnant Prospective 19 E (19)
women
Forbi et al™ 2013 West Africa' Pregnant Multicenter 83 E (74) and A (9)
women and
HIV+
Hiibschen et al™®” 2011 Nigeria Cohorts  Cohorts study 163 E (154) and A (9)
samples
Geretti et al™ 2010 Ghana HIV+ Cross- 86 E (82) and A (4)
sectional
Forbi et al'®” 2010 Nigeria Asymptomatic Cross- 55 E (53) and A3 (2)
volunteers sectional
Chekaraou et al™ 2010 Niger Blood donors Cross- 24 E (20), D/E (4)
sectional
Candotti et al™ 2007 Ghana Pregnant Cross- 70 E (69) and A (1)
women sectional
Vray et al™ 2006 Senegal Blood donors Cross- 32 E (23) and A (9)
sectional
Huy et al'®” 2006 Ghana Blood donors Cross- 12 E (12)
sectional
Candotti et al®! 2006 Ghana Blood donors Cross- 100 E (87), A (10) and D (3)
sectional
Fujiwara et al'® 2005 Benin Blood donors Cross- 21 E (20) and A (1)
sectional
Mulders et al'®! 2004 West Africa®  Measles or Multicenter 79 E (78), and A (1)
HIV+
Suzuki et al” 2003 Cote d’Ivoire  HBV carriers Cross- 48 E (42), A (3) and D (3)
sectional

'Ghana 13 (E = 100%), Cote d'Ivoire 70 (E = 87%); *Benin 13 strains, Burkina Faso 11 with 1 case of HBV-A genotypes (BFA-S121), Mali 18 strains, 15 strains
from Nigeria and Togo 22 strains. WAEMU: West African Economic and Monetary Union; HBV: Hepatitis B virus; HIV: Human immunodeficiency virus.

demonstrated that the majority of HBV-positive and
patients co-infected with lamivudine 3TC resistance
were infected with HBV genotype E. This review con-
firms the endemicity of HBV genotype E, with a pre-
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valence of 90.6% (1468/1620, 95%CI: 0.891-0.920)
and a predominance of serotype awy4. Indeed, some
studies conducted in Ghana
Mali®® exclusively reported the HBV genotype E in

[60,61] 62]

, Burkina Faso'®” and
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Table 2 Distribution of non-hepatitis B virus genotypes in West African Economic and Monetary Union countries, Ghana and

Nigeria

Ref. Year Countries Patients Type of study  Samples Others hepatitis genotypes (17)
Abubakar et ™ 2017 Nigeria HCV+ Prospective 173 HCV G1 (159) and G2 (14)
Ndiaye et al™ 2015 Senegal Drug users Cohort study 25 HCV G1 (21), G2 (1), G3 (1) and G4 (2)
Hengquell et al™ 2016  Burkina Faso woman Case report 1 HCV G5 (1)

Opaleye et al™ 2016 Nigeria HBV+ Cross-sectional 14 HDV G1 (14)

De Paschale et al™ 2014 Benin Pregnant women Prospective 6 HCV G1 (1), G2 (5)
Honge et al”™ 2014  Guinea Bissau HIV+ Cross-sectional 8 HCV G2 (8)

Zeba et al™ 2014 Burkina Faso Blood donors Cross-sectional 36 HCV G1 (4), G2 (22), G3 (8), G4 (2)
Forbi et al"™ 2013 Nigeria Apparently healthy adult ~ Cross-sectional 12 HAV sub-G1A (12)
Diarra et al” 2013 Mali Diabetic Prospective 25 HCV G1 (7) and G2 (18)
Bouare et al™” 2013 Mali Old women Prospective 14 HCV G1 (2) and G2 (12)
Forbi et al'*” 2012 Nigeria Asymptomatic indigenes Prospective 60 HCV G1 (51) and G2 (9)
Sombie et al™ 2011  Burkina Faso HCV+ Prospective 38 HCV G1 (10), G2 (27) and G5 (1)
Bengue et al"" 2008  Céte d'Ivoire Blood donors Prospective 27 HCV G1 (21), G2 (5) and G5 (1)
Plamondon et al"”" 2007  Guinea Bissau Adult volunteers Cross-sectional 57 HCV Gl (1) and G2 (56)
Simpore et al"™ 2005  Burkina Faso Pregnant women Prospective 5 HCV Gl (2) and G2 (3)
Rouet et al™” 2004 Cote d'Ivoire  HIV+/Pregnant women  Cross-sectional HCV G1 (3) and G2 (3)
Agwale et al"™ 2004 Nigeria HIV+ under ART Prospective 12 HCV G1 (9) and G2 (3)
Candotti et al™ 2003 Ghana Blood donors Cross-sectional 23 HCV G1 (3) and G2 (20)
Buisson et al"” 2000 Nigeria Acute hepatitis Cross-sectional 7 HEV G3 (7)

Saito et al” 1999 Ghana HIV+ and HIV- Cross-sectional 9 HGV G1 (9)
Wansbrough-Jones et al"* 1998 Ghana Blood donors Cross-sectional 7 HCV G1 (2) and G2 (5)

Oni et al” 1996 Nigeria blood donors Cross-sectional 5 HCV G1 (2) and G4 (3)

WAEMU: West African Economic and Monetary Union; HBV: Hepatitis B virus; HCV: Hepatitis C virus; HDV: Hepatitis D virus; HEV: Hepatitis E virus;
HGV: Hepatitis G virus; HIV: Human immunodeficiency virus; ART: Antiretroviral treatment.

their study populations.

In addition to the presence of other genotypes,
including HBV genotypes A and D, studies have rep-
orted a strong predominance of genotype E**®®, Simi-
lar observations have led several authors to support
further the common presence of HBV genotype E in
West African populations®. Indeed, the predominance
and almost exclusive circulation of genotype E in sub-
Saharan Africa certainly indicates its West African
origint®®*, Its distribution is limited to West Africa,
unlike other HBV genotypes, despite the migration of
slaves from West Africa to North America’®®. This review
also reports low genetic diversity of HBV genotype
E in West Africa (Figure 2)**®. The low genome di-
versity and large distribution of genotype E in West
Africa suggests a recent introduction of this genotype
in the human host®®”, 1t is possible that it has been
introduced relatively recently into an animal reservoir
(the chimpanzee) as well as for HIV or that variant of
genotype D (the closest to genotype E) has acquired
an evolutionary advantage™®. HBV genotypes A and
D were also reported in this review with respective
prevalence of 7.8% (126/1620, 95%CI: 0.065-0.092)
and 0.74% (12/1620, 95%CI: 0.004-0.013). HBV ge-
notype A, which is also found in sub-Saharan Africa,
has been reported in eight of the 10 countries included
in this review. Indeed, genotype E is predominant in
West Africa, while genotype A has a relatively high
prevalence in East Africat”*.

In 2006, Candotti et a/*® reported a prevalence
of 10% and 3%, respectively, for HBV genotypes A
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and D in blood donors in Ghana. Similar results have
also highlighted the cocirculation of genotypes A and
D in Ghana, Mali, Cote d'Ivoire and Nigeria®. The
majority of genotypes A identified in Burkina Faso are
quasi-A3 genotypes (A3Q) documented in West African
populations”?. Indeed, data from previous studies su-
ggest a predominance of the Al genotype in East Africa
and the A3 genotype in West and Central Africa, while
the A2 subgenotype has a high frequency in North
Africa where the genotype D is predominant. Africa has
a high diversity of HBV genotypes and subgenotypes
displaying distinct geographical distributions. Genotype
A is found mainly in south-eastern Africa, genotype E
in western and central Africa and genotype D prevails
in northern Africa. Genotype E is rarely found outside
Africa, except in individuals of African descent.
Characterization of HBV genotypes allows clinicians
to determine patients’ response to treatment and
potential risks of complications®®”?, Flink et a”*! have
indeed reported that genotype A responds better to
interferon alpha and pegIFNa than genotype D. Gen-
otype recombination occurs in areas where multiple
genotypes are in co-circulation, thus facilitating di-
versification between individuals within the general
population. Our review reports a recombination pre-
valence of HBV genotype E with genotypes A and D
of 0.87% (14/1599, 95%CI: 0.005-0.015). A/B, A/C,
A/E, C/E, D/E and D/E/A recombination have been
reported in West Africa®™, Recombination requires co-
infection with more than one genotype in the same
patient. Appropriate treatment and elimination of risky
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Figure 2 Phylogenetic tree of 53 hepatitis B virus genotype E and A sequences identified in West African Economic and Monetary Union countries
including Ghana and Nigeria (indicated ). Phylogenetic analysis was performed with the neighbor-joining algorithm based on the Kimura two-parameter distance
estimation method. Only bootstrap values of > 80% are shown (1.000 replicates). Reference hepatitis B virus sequences (44) recovered from GenBank are denoted

with their accession numbers and genotypes/sub-genotypes are indicated.

behavior in people infected with the virus are therefore
necessary for a considerable reduction in the spread of
recombinant viruses.

Genotypes of HCV and other hepatitis viruses

The data in this review report five circulating HCV
genotypes in the WAEMU countries, Ghana and Nigeria,
with an overall predominance of genotype 1 (56.4%,
298/528). The prevalence of HCV genotype 1 has been
reported by several authors in Nigeria, Senegal and
Cote d'Ivoire, who record the most data presented in
this review. Genotype 2 with a general frequency of
40.0% (211/528) was the main genotype found in
Benin, Burkina Faso, Ghana, Guinea-Bissau and Mali
(Figure 2). Indeed, several previous studies have re-
ported a predominance of HCV genotype 2 in West
Africal”®!. Most authors suggest a West African genotype
2 origin of HCV in the region, including The Gambia
and Guinea-Bissau*®. Indeed, HCV genotyping data in
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Guinea-Bissau report an almost exclusive predominance
of genotype 2%, Candotti et a**' reported 87.0% of
genotype 2 was associated with chronic HCV infection
with 13% of cases for genotype 1. In a study in Ghana
in HCV/HIV coinfected patients, HCV sequences were
phylogenetically assigned genotype 2 and subtypes
21 and 2r"7, Although no published data on HCV gen-
otypes were found in Togo, genotypes 2 and 1 were the
most frequently isolated, with respective prevalence
73.2% and 17.1%, in a study conducted in 2014 in the
Togolese general population.

Genotype 2 is, therefore, predominant in Togo, as
it is in most parts of West Africa (unpublished data).
In Martinique, where three quarters of the slaves sent
in the 17th and 18th centuries came from West Africa,
there is a great diversity of genotype 2%, The majority
of molecular and epidemiological studies suggest that
HCV genotype 2 has been present in West Africa for
several centuries.
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Figure 3 Hepatitis B virus genotypes reported in West African Economic and Monetary Union countries, Ghana and Nigeria. Pie charts show the proportion
of different hepatitis B virus genotypes in West African countries according to the data in Table 1.
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of different hepatitis B virus genotypes in West African countries according to the data in Table 2.
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Data on the genotypes of other hepatitis viruses
that are very infrequent or with relatively high
frequencies in some areas have also been reported in
this review. HAV genotype 1 and HEV and HDV were
reported in Nigeria, while genotype 1 of HGV was
found in Ghana. HAV, whose transmission is closely
associated with lack of clean drinking water, unsuitable
food, inadequate sanitation and poor personal
hygiene, is prevalent in parts of Nigeria (World Health
Organization). HDV is a satellite virus of HBV, because
HDV only infects people with HBV. Limited data is
available on circulating HDV genotypes. In a study
in Togo, it was reported that 94.3% of the general
population was infected with genotype 1, and 5.7%
was infected with genotype 5. Studies on HGV are
very limited™””®!, The analysis of the 5% untranslated
region nucleotide sequence of the genome of the HGV
shows that the nine Ghanaian isolates of the HGV
belong to genotype 1, the West-African type of the
HGV?.,

CONCLUSION

The complexity of hepatitis virus genotypes often
leads to a specificity of treatment associated with the
genotype. The present review reporting a mapping
of genotypes of hepatitis viruses A, B, C, D, E and G
in the WAEMU, Ghana and Nigeria, reveals that the
majority of studies conducted in Ghana and Nigeria
have very little information on hepatitis D and G. In
the WAEMU area including Ghana and Nigeria, HBV
strains were classified as genotypes E, A, D with a
predominance of genotype E and serotype ayw4.
Genotype E is characterized by a high prevalence, low
genetic diversity and wide geographical distribution.

The majority of HCV genotype data came from
Nigeria, Senegal and Cote d’Ivoire were characteri-
zed by a predominance of genotype 1, while a high
prevalence of genotype 2 was found in Benin, Burkina
Faso, Ghana, in Guinea-Bissau and Mali. Further
studies on the clinical implications of HBV genotype
E are needed for the development of an effective
treatment for HBV in West Africa. Monitoring the dis-
tribution of the different genotypes is also needed
to reduce recombination levels and prevent the em-
ergence of other viral strains. There is a diversity of
genotypes and subtypes of hepatitis viruses with risks
of recombination and emergence of even more virulent
forms. Hepatitis viruses do not need a passport or visa
to move from one country to another, and they have
preceded us in WAEMU or ECOWAS. It is therefore
appropriate for us to develop the adequate means to
prevent, treat and even eradicate these viral infections
using a vaccine covering all variants.
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Abstract

End stage liver diseases (ESLD) represent a major,
neglected global public health crisis which requires an
urgent action towards finding a proper cure. Orthotro-
pic liver transplantation has been the only definitive
treatment modality for ESLD. However, shortage of do-
nor organs, timely unavailability, post-surgery related
complications and financial burden on the patients li-
mits the number of patients receiving the transplants.
Since last two decades cell-based therapies have revolu-
tionized the field of organ/tissue regeneration. However
providing an alternative organ source to address the
donor liver shortage still poses potential challenges.
The developments made in this direction provide useful
futuristic approaches, which could be translated into pre-
clinical and clinical settings targeting appropriate app-
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lications in specific disease conditions. Earlier studies
have demonstrated the applicability of this particular
approach to generate functional organ in rodent system
by connecting them with portal and hepatic circulatory
networks. However, such strategy requires very high
level of surgical expertise and also poses the technical
and financial questions towards its future applicability.
Hence, alternative sites for generating secondary organs
are being tested in several types of disease conditions.
Among different sites, omentum has been proved to
be more appropriate site for implanting several kinds
of functional tissue constructs without eliciting much
immunological response. Hence, omentum may be con-
sidered as better site for transplanting humanized bio-
engineered ex vivo generated livers, thereby creating
a secondary organ at intra-omental site. However, the
expertise for generating such bioengineered organs are
limited and only very few centres are involved for inve-
stigating the potential use of such implants in clinical
practice due to gap between the clinical transplant
surgeons and basic scientists working on the concept
evolution. Herein we discuss the recent advances and
challenges to create functional secondary organs thr-
ough intra-omental transplantation of ex vivo genera-
ted bioengineered humanized livers and their further
application in the management of ESLD as a supportive
bridge for organ transplantation.

Key words: Bioengineered liver; Omentum; Secondary
organ; Transplantation; End stage liver diseases

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The concept of bioengineering functional
humanized neo-organs relies on finding more appro-
priate immunologically tolerable transplantation site.
We have experienced omentum as more appropriate
ectopic site with excellent properties of angiogenesis,
regeneration, fibrotic reconstruction, and immunological
compatibility which together endorse vascularisation,
promote tissue healing, and minimize rejection of for-
eign body. However, regeneration of liver tissue in om-
entum is still unknown. Despite the amazing breakth-
roughs in the bioengineered organs, there is much work
left to do. The approach described herein harbours en-
ormous potential to overcome the limitations of organ
transplantation and may support failing liver through
ectopic transplantation as secondary organ.
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INTRODUCTION

End stage liver diseases (ESLD) have become the major
reason for the increasing deaths worldwide. According
to the World Health Organisation, the total deaths
caused by cirrhosis and liver cancer have increased by
50 million/year since 1990 Liver transplantation is
the only standard treatment available so far. However,
more than 20% patients die on the waiting list due to
a shortage of organ donors'®’. In order to expand the
supply of livers available for transplantation, transpl-
ant surgeons and physicians have explored several
new approaches including split liver transplants, living-
related partial donor procedures™ and the increasing
use of “marginal” organs such as older donors, steato-
tic livers, non-heart-beating donors, donors with viral
hepatitis, and donors with non-metastatic malignancy™.
Despite these medical and surgical developments, it is
unlikely that the availability of good liver grafts will ever
be sufficient to meet the increasing demand of patients
with end stage liver disease.

In order to overcome these limitations, various other
treatment options are being explored among which
hepatocytes transplantation has been described as
the first supportive modality in regenerative medicine.
But major challenges with such treatment is its limited
availability of therapeutic dose from surgical samples,
liver grafts or biopsies and their maintenance in vitro
which requires cell-to-cell and cell-to-matrix interac-
tions for proper functioning of anchorage dependent
hepatocytes™. Usage of hepatocytes from xenogenic
sources such as rabbit, porcine or canine, pose the risk
of immunogenicity and transmission of zoonosis. This
limitation can be addressed to certain extent by the
usage of cell lines which can be maintained for longer
time with higher growth rates under in vitro culture
conditions but modification of gene expression under
culture conditions might lead to problems and has iss-
ues related to its clinical applicability™.

The first land mark study to bring hepatocyte tran-
splantation into clinics was by Mito et al'”) in cirrhotic
patients. In line with this study, our centre has treated
seven acute liver failure patients by intra-peritoneal
transplantation of human primary hepatocytes extra-
cted from human foetus’s which showed clinical impro-
vement and support to the failing liver’®.. Following this,
various other studies have reported successful trans-
plantation of primary hepatocytes in treating various
metabolic diseases™”, Although higher successful rate
has been reported using hepatocyte transplantation,
yet use of fetal hepatocytes poses major hurdle of
ethical issues for its wider clinical applicability. Other
potential treatment alternatives discovered in recent
years included induced pluripotent stem cells, Mesen-
chymal stromal cells (MSC) which have the ability to
differentiate into hepatocytes but still they couldn’t
completely mimic the fully functional hepatocytes poin-
ting towards a need to identify better niche for func-
tional utilization of these cells™ %,
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Other alternative of direct cellular transplantation
includes the use of extracorporeal liver support devices
which can support a failing liver for a short period of
time before organ transplantation™™!. But all these
above mentioned treatment strategies may not fulfil
the requirements to treat ESLD and may not provi-
de immediate support for a failing liver to maintain
normal functions. Hence, there is a need to develop
bioengineered transplantable liver grafts which can re-
tain the natural three-dimensional extra cellular matrix
(3D-ECM) components and intact vascular networks
similar to the native liver with repopulated functional
hepatocytes or human hepatic progenitor cells. Rapid
progress in the area of stem cell research and organ
bioengineering paved a way in generating alternatives
to liver transplantation.

After addressing all these limitations next comes
the question of choosing an exact transplantable site
where in these bioengineered organs can be easily
acceptable and can able to perform the function. Re-
cently omentum has been discovered as a wonderful
ectopic site for transplantation with excellent properties
like remarkable angiogenic'®, stem cell™”*®, fibrotic!'?,
and immune activities’®®, which together endorse va-
scularization, promote wound healing, and minimize
infection. Several studies have already demonstrated
the importance of intra-omental transplantation in dia-
betic animal models'**??, However, the regeneration of
liver tissue in ectopic sites is still unknown. Few studies
have shown the omentum as a reservoir for proliferat-
ing renal, pancreatic, splenic™?” cells and as a site for
hepatocytes engraftment which can be used in tissue
engineering™, Hence, opting omental transplantation
of bioengineered liver may offer development of secon-
dary liver for the treatment of ESLD. This particular
approach should offer promising treatment strategy in
future and may rule out above mentioned limitations to
answer for shortage of organ donors for ESLD.

CURRENT STATE OF REGENERATIVE
STRATEGIES IN ESLD

Since last two decades, significant developments
have been made to overcome the limitations of liver
transplantation in ESLD. Among these strategies cell
transplantation, use of extra-corporeal devices and
transplantable bioengineered organs have been exp-
lored extensively.

CELL TRANSPLANTATION

In cell transplantation strategies, hepatocytes tran-
splantation has been the most preferred cell types for
infusion into liver due to their ability to perform major
liver specific functions. However, getting therapeutic
dose of human hepatocytes represents major limita-
tion towards its wider clinical application'*?®, Although
several studies have reported use of 10% liver tissues
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to isolate enough number of hepatocytes post-in vitro
expansion which can provide required clinical response
in both animal models and human®?®?, The in vitro en-
richment of hepatocytes is challenging due to their
contact-dependent growth, long-term survival and fun-
ction and maintenance of normal phenotype without
de-differentiation™*°). Therefore alternative strategies
are highly desirable to overcome these limitations.
Recent studies have reported use of embryonic
and adult pluripotent stem cells to generate desired
number of functional hepatocytes for therapeutic appli-
cations. However, use of embryonic stem cells (ESCs)
represents ethical hurdles and immune incompatibi-
lity for the transplant recipients®® *!, Moreover, use
of induced pluripotent stem cells (iPSCs) has been re-
ported for effective differentiation into functional hepa-
tocytes, however poses potential issues related to
genetic instability and lack of functional transplantation
studies!'"**, Mesenchymal stromal cells (MSCs) re-
presents another alternative type of pluripotent cells
to generate functional hepatocytes and support liver
regeneration'*'*, However, multi-lineage differentia-
tion of MSCs represents major challenge to control the
effective trans-differentiation into desired number of
functional hepatocytes while restricting other default
lineage cells. Although, stem cell transplantation stra-
tegies have showed potential in liver regeneration thr-
ough various mechanisms, still it has not been consi-
dered as durable solution to completely support the
lost liver functions™®!. Hence, alternative strategies are
highly desirable to generate therapeutic number of
functional heaptocytes under controlled conditions.

MAJOR SOURCES OF REGENERATIVE
CELLS FOR THE TREATMENT OF ESLD

Liver-derived stem sells

These are the stem cells that are derived from adult
or fetal livers. Adult stem cells are known as oval cells
which play an important role in liver regeneration when
replication capacity of hepatocytes is impaired™*. Fe-
tal liver stem cells are known as bipotent hepatoblasts
that has ability to differentiate into bile duct cells or
hepatocytes™ ", Fetal liver stem cells have been used
to repopulate liver in animal models®®** and cultured
hepatoblasts transplanted into immunodeficient mice
showed greater in vivo engraftment and differentia-
tion™”’. But the limitation in use of liver derived stem
cells is their low number around 0.3% to 0.7% of oval
cells in adult liver™", whereas fetal liver mass comprises
only 0.1% of hepatoblasts™® and has associated ethical
issues. Thus isolation and expansion of these cells and
usage for transplantation is challenging.

Bone marrow-derived stem cells

Stem cells derived from bone marrow comprise he-
matopoietic and MSCs'**l, Among these, mesench-
ymal stem cells consists greater potential in liver
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regeneration™** with immunosuppressive and immu-

nomodulatory properties'**. But they always pose pro-
blem with low rates of liver repopulation*® and have
low trans-differentiation ability to hepatoblasts which
limits to restore normal liver function™”.,

Annex group of stem cells

Stem cells derived from human umbilical cord, human
placental tissue, amniotic fluid and human umbilical
cord blood constitutes Annex group of stem cells. These
are pluripotent stem cells with higher proliferation and
differentiation rates than adult stem cells!*®***! and
are not known to cause teratomas or teratocarcino-
mas formation in humans. Di Campli et a*® study on
diabetic severe combined immunodeficient mice after
acute toxic liver injury when treated with intraperito-
neal administration of human umbilical cord stem cells
showed rapid liver engraftment, differentiation into
hepatocytes, improved liver regeneration, and reduced
mortality rates””.

IPSCs

These are similar to ESCs and the limitation of ethical
issue can be overruled by in vitro generation of iPSCs
from somatic cells avoiding the usage of embryonic
tissue or oocytes™!, However, the use of these cells in
clinical practice is limited due to major hurdles with the
genomic instability of these cells.

EXTRA-CORPOREAL LIVER SUPPORT
SYSTEMS

Extracorporeal liver support devices have been de-
signed with a goal to carry out normal liver function
in patients with end-stage chronic, acute-on-chronic
and acute liver failure for a short period of time until
donor organ gets available. Two types of liver support
systems have been designed: (1) Non-biological; and
(2) Bio-artificial liver support devices.

Non-biological liver support devices

Designed to filter and adsorb accumulated toxins that
are not cleared by non-functional liver™, Three major
types of such devices have been explored as follows:

Molecular adsorbent recirculating system: Mole-
cular adsorbent recirculating system (MARS) has been
well explored device which is a hollow fiber membrane
hemodialyzer which removes soluble and protein-bo-
und substances against albumin-rich dialysate. This
device was approved by FDA in 2012 for the treatment
of hepatic encephalopathy. However, the major limi-
tation of such devices represents: (1) Short-term deto-
xification function; (2) Chance of getting sepsis; (3)
Cost issues; (4) Can remove only albumin-bound toxins
or drugs which are excreted in circulation; (5) Safety
and efficacy of MARS has not been demonstrated in
controlled, randomized trials; and (6) The effectiveness
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of MARS in patients that are sedative could not be
established in clinical studies and therefore can’t be
predicted in sedated patients.

Promethus fractionated plasma separator and
adsorption system: Other type of devices includes,
promethus fractionated plasma separator and ad-
sorption system (FPSA) which is an artificial device
which removes both albumin-bound and water soluble
toxins from blood more effectively than MARS. However,
its wide applicability has been limited due to following
reasons: (1) Direct contact between fractionated plasma
and the Prometh anion exchanger causes significant
adsorption of procoagulant and anti-coagulant factors,
associated with clinically relevant adverse events; (2)
Broad disturbances of the coagulation system have
been confirmed in FPSA treated liver failure patients;
and (3) An ex vivo recirculation model demonstrated
nonspecific adsorption of coagulation factors protein S
and protein C on the anion exchange cartridge.

Single-pass albumin dialysis: Moreover, to over-
come on the limitations of above mentioned extra-
corporeal liver assist device, single-pass albumin dia-
lysis (SPAD) system was evolved which functions as
one-pass dialysis against albumin solution to remove
albumin-bound toxins and water-soluble substances.
Detoxification system in SPAD is similar to or greater
than MARS and is less expensive than MARS and FPSA.
However, again the suitability and wide clinical app-
licability of SPAD is limited due to following limitations:
(1) Only albumin bound or water soluble toxins can be
removed; (2) Lipid soluble toxins can’t be removed by
SPAD; (3) Bleeding risk from acquired coagulopathy;
(4) Albumin solution is discarded after a single passage
of membrane without being recycled; and (5) Absence
of clinical data.

Bioartificial liver support systems

These are the bioreactors containing viable hepatocytes
in a 3D network of hollow fibers. These are designed
to achieve plasma perfusion and enhance the activities
of living liver cells. Conversely, the membranes separa-
ting cells from plasma are not capable of achieving
enough in vivo perfusion rates, and lack sources of
safe, reliable, strongly proliferating and functionally
active human cells. Still following major challenges
remain to resolve: (1) Bio-artificial livers should be
able to provide at least 10% of liver functioning; (2)
Very difficult acquiring this many hepatocyte cells; (3)
Controversy over the use of porcine cells due to po-
ssible transmission of infections; (4) Hepatocytes and
plasma have very different physio-chemical properties;
(5) Hepatocytes do not perform well when in contact
with plasma; (6) Have a very high oxygen uptake rate;
(7) Hepatocytes undergo a lot of stress inside of bio-
artificial liver; (8) Any stress above 5 dyn/cm’ renders
cells useless; (9) Limited volume of the bioreactor;
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(10) Maximum blood/plasma that can be safely drawn
out of liver failure patient is one liter; (11) Difficult to
achieve 10% of liver functioning within one liter; and
(12) Makes Bio-artificial liver designing very difficult.

TRANSPLANTABLE BIOENGINEERED
ORGANS

Owing to the hurdles in above mentioned devices, there
is need to develop transplantable biological systems
to provide: (1) Suitable three-dimensional organ ar-
chitecture; (2) Organ specific intact vasculature for
homogeneous supply of oxygen and nutrients; (3)
Long-term cell survival and function within the natural
organ specific niche; and (4) Metabolic, synthetic and
detoxification functions similar to native liver.

MAJOR COMPONENTS OF HUMAN
LIVER FOR BIOENGINEERING

Major components of human liver for bioengineer-
ing includes (1) Organ specific 3D-bioscaffolds; (2)
Organ capsule; (3) Organ vasculature; (4) Cellular
distribution in spatial anatomical organization of liver;
(5) Biomolecules and growth factors for enhanced su-
rvival and function to transplanted cells; (6) Types of
cells required for long-term support; and (7) Long-term
functional response.

To provide these crucial components recently two
major technological advancements have been made:
(1) Organ bio-printing; and (2) Humanized neo-organ
development.

Organ bio-printing

With the advancements in tissue engineering it is
possible to construct complex parenchymal organ st-
ructures along with intact vascular network by 3D
bio-printing™®.. 3D bio-printing is one of the prevalent
examples of bioengineered organs in the science
world today, and it is growing and advancing quickly.
This jaw dropping technology is one of the hot topics
in bioengineering. It still fascinates that we have the
potential to build organs from the push of a button.
3D bio-printing is a form of tissue engineering which
utilizes inkjet printers and builds the scaffolding of a
particular organ, layer by layer™. These inkjet printers
allow the use of multiple cell types for printing. Robbins
et al®® developed a metabolically active 3D hepatic
tissue where they identified increased liver specific
function lasting for up to 135 h, and compartment-spe-
cific organization, along with a primitive hepatocyte
microanatomy of hepatic stellate cells and endothelial
cells. Researchers have also build bone repair constru-
cts by coating the 3D printed scaffold with stem cells,
which can grow into tissues over time®*. The mild con-
ditions used for bio-printing and material sintering have
allowed viable cells and active therapeutic proteins to
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be incorporated into the construct production process.
Today, this particular technology has been emerged
only for ex vivo and its application in vivo has not been
experienced which needs to be validated further.

Humanized neo-organ development

The recent concept of bioengineering functional hu-
manized neo-organs has given a hope towards find-
ing permanent cure as an alternative support to the
failing organ. This concept of artificial organs was first
originated in the radiation field post-World War 1, and
was executed in the first bone marrow transplant in the
1970s™°. According the Llames S tissue engineering
has three main constituents: The ex vivo expansion of
cells, seeding of these expanded cells in three dimensio-
nal structures that mimic physiological conditions and
grafting the prototype. The technology relies on the
development of whole intact organ scaffolds through
whole organ perfusion acellularization procedure which
retains extra-cellular matrix and circulatory networks of
the native organ post-acellularization™”. This important
phenomenon allows three-dimensional intact acellular
organ specific scaffold for efficient repopulation of
desired cell population further to generate functional
neo-organ system.

With advancement in regenerative medicine it
has been possible to create bioengineered functional
tissues or organs that can be used clinically™®*¥, So
far several successful studies have been published
in generating various organs and tissues based on
these acellularization and stem cell repopulation™®®"
that can be used for treating patients. Significant pro-
gress in generating several types of complex organ
biological scaffolds has led to development of an effi-
cient acellularization protocols for whole organs thr-
ough perfusion based techniques®®® (Tables 1 and
2). These acellularized whole organs combined with
an efficient recellularization process® 7 have made it
possible to use these bioengineered organs for in vivo
preclinical studies in small animal models”*7?.,

Our centre has well expertise in generating various
types of acellularized whole organ bioscaffolds including
xenogeneic liver through detergent-based perfusion.
So far, we have successfully generated acellularized and
repopulated humanized whole liver and demonstrated
its applicability as better natural 3D-drug testing mo-
del system™. Apart from liver, we have also generated
acellularized kidney"*, heart””®, spleen, meninges, and
many more. Still various other studies are in pipeline in
generating humanized bioengineered organs from our
centre.

WHOLE LIVER BIOENGINEERING

Highly specialized thick and complex organs like liver
can be subjected to acellularization technology to obtain
intact 3D-ECM. Due to delayed co-morbidity beyond
marginal criteria or because of delayed ischemic time,
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Table 1 Method adopted for whole complex organ acellularization techniques for different organisms

Organ Acellularization agent Perfusion method Animal model Reference
Heart SDS, PEG, Triton X-100, and enzyme-based protocols Antegrade coronary perfusion Rat [98]
deoxycholic acid
Trypsin, EDTA, NaN3, Triton X-100, and deoxycholic Retrograde aortic perfusion Pig [65]
acid
Lung 0.1% and 0.5% SDS Antegrade pulmonary arterial Rat [63]
perfusion
CHAPS Pulmonary artery and tracheal Rat [66]
perfusion
Triton X-100 and sodium deoxycholate Right ventricle and tracheal perfusion Mouse [99]
Liver Triton X-100 plus 0.1% SDS Portal vein perfusion Rat [100]
SDS Rat [70]
1% Triton X-100 and 0.1% ammonium hydroxide Mouse, rat, ferret, [69]
rabbit and pig
0.25% and 0.5% SDS Pig [101]
Sodium citrate + SDS + Triton-X-100 Hepatic artery perfusion Rat [74]
Kidney 05,3, 6,10% Triton X-100, 5 mM Renal artery perfusion Rat [71]
calcium chloride, 5 mM magnesium sulfate, 1 M Rat [72]
sodium chloride, DNase, and 4% sodium deoxycholate
3% Triton X-100, DNase, and 4% SDS
1% SDS and 1% Triton X-100
1% Triton X-100 and 0.1% ammonium hydroxide Pig [68]
Heparin and antibiotic-containing physiological Goat [75]

saline, 0.1-1.0% SDS, 0.1% Triton-X-100 and 0.0025%
deoxyribonuclease 1

Table 2 Study outcome and major limitations of different types of acellularization techniques adopted for different types of whole

organ scaffold development

Organ Acellularization Study out come Limitation References
Method
Rat liver Perfusion with Perfusion with SDS SDS damages the [69,74]
detergents (SDS, Triton X-100) removes most of cells, ECM
damages the ECM when

treated with Triton X-100
and removes 97 % of
DNA

Porcine Mechanical perfusion Most of the cells are Disruption of [102]
liver (electroporation) removed, preserves the microfilament and
blood vessels microtubule
Mouse Enzymatic, detergents, Cells are removed Damages the ECM [103]
heart Acids proteins, poorly
maintains the 3D
architecture
Porcine Enzymatic (trypsin) Cells are removed, clear the Disruption of [104]
trachea non-enzymatic cell debris glycosaminoglycan,
(EDTA), detergent reduce the laminin
(Triton X-100) and deionized and fibronectin
Water
Rat Perfuse with SDS, deionized Twice filtration is observed Loss of cell-mediated [105]
kidney water, dTriton functions like
X-100 and PBS along transport of solutes
with antibiotics
Rat heart Perfused with detergents Long-term cell [63,98]
survival, oxygen
tension and
continuous rhythmic
beating
Goat Perfused with Trypsin- Cells are removed, pore to [75,106]
kidney EDTA in PBS, perfuse pore interconnection in the
antibiotics and then scaffold
with SDS in PBS
ECM: Extra cellular matrix.
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in United Kingdom livers offered for transplantation
are usually discarded””. This act offers a way to use
this kind of livers for acellularization. The liver is the
largest gland in the body and carries out numerous
essential functions such as metabolism, maintaining
homeostasis, and the synthesis of amino acids®”’. Th-
erefore, acellularization is extremely beneficial to the
liver because it not only maintains the microstructure
but also its bio signals such as extracellular matrix
proteins and adhesion peptides™”..

Since extracellular matrices are similar from spe-
cies to species, whole organ scaffolds have become
possible for livers. Several recent studies have been
reported for efficient acellularization of livers obtained
from various xenogeneic sources”®®!! and the resulting
3D-ECM structure has become an outstanding sour-
ce for generating highly functionalized liver cells in vi-
tro®®1, As these extracellular matrices are conserved
between species, the process of recellularization with
human cells into an animal scaffold is easier’®” and this
kind of approach does not elicit any kind of immune
rejection, cross contamination and zoonosis. In our
recent study, we have demonstrated development
of humanized whole liver using human hepatic progeni-
tor cells repopulation through hepatic artery infusion
into acellularized liver scaffolds'”. These humanized
livers perform detoxification and metabolic functions
similar to the native liver. However, the complete re-
cellularization of a fully function human liver has not
yet been accomplished™. Recent advances in isolating
and culturing both native cells and stem cells, as well
as the development of acellularized organ scaffolds
and biocompatible synthetic biomaterials, suggest that
we are making rapid progress towards providing new
alternatives to donor livers for transplantation®®.

CHALLENGES NEED TO BE ADDRESSED
IN GENERATING COMPLETE
BIOENGINEERED FUNCTIONAL LIVER

Despite the amazing breakthroughs in the bioengin-
eered organs, there is much work left to do. Simply
reconstructing the whole organ will not be sufficient
to replace organ transplantation. The approaches
described above are fairly new and are still in the
developmental stages. There has been only handful
of successful transplantation of bioengineered organs
into actual humans. Scientists are still working on ways
to engineer more complex organs such as the liver.
There are also long-term issues to resolve, such as
the preservation of the overall function of these bio-
engineered organs. However, little is known about
the mechanisms by which these grafts may integrate
and maintain function. When more complex organs
are involved, the scenario is completely different, as
investigations are still in very early stages and clinical
translation is not foreseeable on the basis of current
knowledge and available data’®". The following major
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critical issues are yet to be resolved to make these
approaches a clinical reality: (1) Liver is a complex
organ with various cell types, hence rebuilding liver
micro architectures with these cells is yet to be add-
ressed; (2) The optimal cell source that can meet the
criteria for recellularization of acellularized liver sca-
ffolds still remains unclear; (3) The first and foremost
challenge is the need to address the reconstruction
of complete and functional uniform endothelial cell
layer throughout acellularized liver scaffolds; (4) It is
necessary to reconstruct biliary system which is needed
for bile acid excretion to develop a fully functional bio-
engineered liver; (5) Assessing the functionality of
these bioengineered livers after in vivo transplanta-
tion for long term needs to be studied clearly; (6) For
organ functionality, maintaining its vascular structure
is much more important. As hepatocytes require hi-
gher amounts of oxygen for their functionality, it is
necessary to maintain hierarchical vascular network
structure in acellularized liver scaffolds!®™, Critical step
in engineering a transplantable liver is the creation of a
functional vasculature capable of long-term perfusion
following anastomosis. Without an appropriate endo-
thelial lining of the vessels, continuous blood perfusion
of the graft in the absence of anticoagulation quickly
results in thrombosis; and (7) Finding an appropriate
site for providing enough support to the failing liver
has been one of the most challenging issue to use the
bioengineered organs as secondary liver.

OMENTUM AS BETTER ECTOPIC SITE
FOR TRANSPLANTATION TO GENERATE
SECONDARY ORGAN /N VIVO

The major question for applying these humanized
bioengineered livers relies on finding an exact and
more appropriate transplantable site where in these
bioengineered organs can be easily acceptable and
are able to perform the function. Recently omentum
has been discovered as a potential ectopic site for tra-
nsplantation with excellent properties like remarkable
angiogenic™®, stem cell’”*®, fibrotic!*®!, and immune™”
activities, which together endorse vascularization, pr-
omote wound healing, and minimize infection (Table
3). Several studies have already demonstrated the im-
portance of intra-omental transplantation in diabetic
animal models?®*%°,

The omentum is a visceral adipose tissue derived
from mesothelial cells®’ connected to the spleen,
stomach, pancreas, and colon®®%, Although well
known as a visceral fat depot, the role of the omentum
in peritoneal immunity was not recognized until
the early 1900s, when a British surgeon referred
to it as ‘the police man of the abdomen’ due to its
ability to attenuate peritonitis and promote surgical
wound healing®®., In fact, omentum was noted to
move about the peritoneal cavity and occlude sites
of inflammation, such as ruptured ovaries, inflamed
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Table 3 List of recent studies reporting use of omentum as transplantation site to support the lost organ function from ectopic

transplantation of engineered tissues or grafts

Animal model Site of transplantation Mode of graft used Results Reference
Femoral bone of New Greater omentum on the left Free transplant Process of the callus formation and its [107]
Zealand rabbit was side of the greater omentum  mineralisation are much quicker and thicker on the
defect that was covered with the free transplant of
the greater omentum.
Pancreatectomized Spleen or Omentum Islet auto-transplantation Beta cell response to mild non-insulin induced [108]
dogs hypoglycemia was normal, whereas the alpha cell
response was not.
Murine carotid artery Omentum was applied to the Omentum + Omental Omentum can directly contribute reparative [109]
injury model injured vessel progenitor cells progenitor cells to injured tissues upon treatment
with Tp4.
Nondiabetic nude Omentum/kidney capsule Perinatal porcine islet cell  In both sites, the A-cell volume increased fourfold [110]
rats grafts between weeks 1 and 10 reflecting a rise in A-cell
number. In the omental implants, however,
the cellular insulin reserves and the percent of
proliferating cells were twofold higher than in
kidney implants. In parallel, the blood vessel
density in omental implants increased twofold,
reaching a density comparable with islets in adult
pig pancreas.

Diabetic rat and Intra-omental In situ-generated adherent, Improved metabolic function and preservation of [21]
nonhuman resorbable plasma thrombin islet cytoarchitecture, with reconstitution of rich
primate (NHP) models biologic scaffold intrainsular vascular networks in both species.
Adult male Spraguee Omental transposition Hepatic tissue sutured into Omental transposition provided adequate [111]

Dawley rats

of the omentum and

the omentum mobilization

microcirculation for proliferation of ectopic hepatic
cells after liver resection.

transposition onto the left

hepatic lobe

Rat omentum showing
well established
mesenteric circulatory
networks which connects
all major organs including
liver

Figure 1 Intra-omental transplantation of bioengineered humanized livers showing development of secondary liver after 14 d. A: Anatomy of rat omentum
showing well-established web of circulatory networks which connected with major organs; B: Developed bioengineered humanized liver in our lab ex vivo; C: Intra-
omentally transplanted bioengineered humanized liver showing well engraftment with the surrounding tissue.

appendices, ulcerated intestines, or wounds due to
trauma or surgery®®. Consistent with this observation,
the omentum has remarkable angiogenic™®, fibrotic™?,
regenerative”*®! and immune!® activities, which
together promote vascularization, accelerate wound
healing, and limit infection. However, these same
activities are also likely involved in pathological

Baishidenge  WJH | www.wjgnet.com

829

responses, such as the rapid growth of omental tumour
metastases®",

Once thought of as just a large amount of redun-
dant fat overlying the intestines, surgeons’ attitudes
towards the omentum have changed. It is recogni-
zed as an organ in its own right, with many diverse
functions ranging from its ability to attenuate the
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spread of sepsis in peritonitis to acting as a source of
angiogenic and hemostatic factors involved in tissue
healing and repair. The omentum has been identified
as a source of adult stem cells which may have future
prospects in the fields of tissue engineering and the
synthesis of vascular grafts. Its regenerative properties
have been exploited in virtually every field of surgery
from the reconstruction of complex wounds to the pro-
tection of gastrointestinal anastomosis.

The regenerative properties of the omentum have
been exploited by surgeons for over a century, ranging
from the protection of anastomosis in gastrointesti-
nal surgery, revascularization of arterial ulcers, to the
reconstruction of head and neck deformities”®”. The
advantage of the omentum is that it is an accessible
and versatile source of growth factors, angiogenic
factors, and leukocytes. It can be lengthened con-
siderably by careful dissection to produce a mobile
organ®?,

The regeneration of liver tissue in ectopic sites is still
unknown. It has been discovered that the omnetum
is a reservoir for proliferating renal, pancreatic, splenic
tissues'”*! and as a site for hepatocytes engraftment
which can be used in tissue engineering®*®’. Hepatocyte
transplantation has been done in various tissues like
spleen, pancreas and omentum®®’>***¢1_ With advan-
cements in tissue engineering hepatocytes seeded
onto polymer scaffolds and have been transplanted
into omentum wherein engraftment of hepatocytes oc-
curred due to elevated rates of angiogenesis into cell-
polymer constructs within the omentum®®®,

Thus intra-omental transplantation of bioengin-
eered livers may provide adequate microcirculation
for proliferation of ectopic hepatic cells repopulated
within the bio-artificial liver. It has been observed that
portal vein ligation does not affect the ectopic liver
regeneration®!. In our preliminary experiences, we
have observed that intra-omental transplantation of
bioengineered liver lobes gets easily accommodated
into the site without eliciting immunological responses
while maintain their biological functions and commu-
nicates blood borne growth factors for survival and
function of the graft (Figure 1). We also observed that
these bioengineered liver grafts survive at omental site
in long-term and functions as secondary liver (Figure
2). These findings are well supported by earlier studies
wherein other types of grafts have been transplanted
into the omentum™. Future efforts at understanding
mechanisms to regulate ectopic liver regeneration may
assist the pursuit for liver tissue/organ bioengineering
to support the failing liver functions in long-term.

CONCLUSION

Engineers and researches have been making monu-
mental breakthroughs in the area of bioengineered
organs. These bio-artificial organs may redefine tran-
splants for human applications in future with more
critical advancements. The introduction of cells into
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the human body is designed to stimulate regenera-
tion, promote vascularization and/or supplement the
production of hormones and growth factors®™®. Conse-
quently, bioengineered biological substitutes present a
new way to restore damaged tissue and maintain their
functions. Not only does this provide a new source of
organs, but probably even more reliable organs at that.
Not only would people not need an organ donation, but
their body will more readily accept a bioengineered
organ through intra-omental transplantation, most likely
reducing recovery time as well (Figure 3). In near future
these potential strategies can overcome the limitation
of organ donors and these bioengineered organs can
even serve as a best natural 3D-drug testing models”*
and investigating precise molecular mechanisms in bio-
mimetic natural organ system!'® and could support
failing liver through ectopic transplantation as secondary
organ in ESLD.
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Abstract

AIM
To determine if racial disparities continue to exist in the
treatment of hepatocellular carcinoma (HCC).

METHODS

A retrospective database analysis using the Nationwide
Inpatient Sample was performed including patients with
a primary diagnosis of HCC. Univariate and multivariate
analyses were utilized to determine racial disparities in
liver decompensation, treatment, inpatient mortality,
and metastatic disease.

RESULTS

A total of 62604 patients with HCC were included
consisting of 32428 Caucasian, 9726 African-American,
8988 Hispanic, and 11462 patients of other races.
Caucasian patients were more likely to undergo
curative therapies of liver transplant (OR: 2.66,
95%CI: 1.92-3.68), resection (OR: 1.82, 95%CI:
1.48-2.23), and ablation (OR: 1.77, 95%CI: 1.36-2.30)
than African-American patients. Hispanic patients
were more likely to undergo transplant (OR: 2.18,
95%CI: 1.40-3.39) and ablation (OR: 1.46, 95%CI:
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1.05-2.03) than African-American patients. Patients
of other races were more likely to receive a liver
transplant (OR: 2.41, 95%CI: 1.62-3.61), resection
(OR: 1.79 95%CI: 1.39-2.32), and ablation (OR: 2.03,
95%CI: 1.47-2.80) than African-American patients.
There are no differences in the rates of transarterial
chemoembolization between races.

CONCLUSION

Racial disparities in HCC treatment exist despite emphasis
to support equality in healthcare. African-American
patients are less likely to undergo curative treatments for
HCC.

Key words: Racial disparity; Hepatocellular carcinoma;
Liver transplantation; Resection; Ablation

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Racial disparities in the treatment of
hepatocellular carcinoma (HCC) have been noted
previously. This study investigated continued disparities
in healthcare utilizing the Nationwide Inpatient Sample.
African-American patients were less likely to undergo
curative treatments, such as liver transplantation, liver
resection, ablation, and transarterial chemoablation for
HCC despite having less features of liver decompensation.

Sobotka LA, Hinton A, Conteh LF. African Americans are less
likely to receive curative treatment for hepatocellular carcinoma.
World J Hepatol 2018; 10(11): 849-855 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v10/i11/849.htm DOI:
http://dx.doi.org/10.4254/wjh.v10.i11.849

INTRODUCTION

The incidence of hepatocellular carcinoma (HCC) has
increased about 50% since 2003?!, An increasing
incidence across all races and ethnic groups has been
noted, however the incidence in African-American and
Hispanic patients has had the largest increase over the
past ten years!!, The incidence of HCC is two times
higher in African-American, American-Indian, Alaskan-
Native, and Hispanic patients compared to Caucasian
patients™, Unlike other malignancies such as prostate
cancer, where despite increases in incidence, mortality
has actually declined, we have seen a concurrent increase
in the mortality of HCC as the incidence increases. The
mortality rates are twice as high in African-American
patients compared to Caucasian patients™?, A recent
study completed using the Surveillance, Epidemiology,
and End Results (SEER) database showed the median
overall survival of all patients with HCC was 11 mo.
However, African-American patients had a significantly
worse prognosis compared to Caucasian patients with
only a nine-month survival rate™.
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Racial disparities in the treatment of HCC have been
highlighted in previous studies. African-American patients
who presented with localized disease were less likely
to undergo curative therapy with liver transplantation,
surgical resection, and ablation compared to Caucasian
patients with the same tumor burden™®.. Previous studies
have also noted that African-American patients were
more likely to present with metastatic HCC at the time
of diagnosis and were therefore no longer candidates for
specific curative treatments'”,

This study aims to investigate continued disparities
in the treatment of HCC. We hypothesize that racial
disparities will continue to be present despite recent
emphasis for equal treatment in healthcare.

MATERIALS AND METHODS

Data source

Utilizing the (Nationwide) Inpatient Sample, which is part
of the Healthcare Cost and Utilization Project (HCUP),
we performed a retrospective database analysis. The
HCUP is one of the largest publically available inpatient
databases. Information obtained included primary
and secondary diagnoses and procedures, patient
demographics, expected payment source, total charges,
discharge status, and length of stay'®. This study is
exempt from review from The Ohio State University
Institutional Review Board because patient information is
de-identified.

Study sample

Utilizing International Classification of Diseases, Ninth
Revision, Clinical Modification codes, patient with a
primary diagnosis of HCC (ICD-9 155.0) were included
in this study. Patients were excluded if they were under
the age of 18, or if they had a malignancy in the liver
that was not hepatic in origin.

Outcomes of interest

Primary outcomes of interest included treatment
disparities in HCC based on race, which was defined
as Caucasian, African-American, Hispanic, or other.
Specific treatments for HCC that were evaluated
included liver transplantation, liver resection, ablation,
and transarterial chemoablation (TACE). Secondary
outcomes included differences in inpatient mortality,
liver decompensation, and metastatic disease.

Covariates

Other variables evaluated included gender, age,
insurance provider, region where treatment was received,
etiology of cirrhosis, features of liver decompensation,
metastatic disease, and comorbidities, defined by the
Elixhauser Comorbidity (Table 1)!. Modification of
the Elixhauser Comorbidity score was performed to
exclude liver disease. Features of liver decompensation
included ascites, jaundice, and hepatic encephalopathy
as previously defined in other studies!'®.. These variables
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were determined by the appropriate ICD-9 code.

Statistical analysis

Association between race and factors of interest were
evaluated using chi square tests. Multivariate regression
models were fit for the presence of metastatic HCC,
liver decompensation, mortality, and treatment. Terms
in each module were determined through backwards
selection where hepatitis C, hepatitis B, alcohol, non-
alcoholic steatohepatitis (NASH), primary sclerosing
cholangitis, primary biliary cirrhosis, autoimmune liver
disease, metastasis, Elixhauser comorbidity score, and
treatment were eligible for inclusion where appropriate.
Data was analyzed using SAS software (version 9.4).

RESULTS

Demographics

There were 62604 patients with a primary diagnosis of
HCC included in this study. The majority of the patients
were Caucasian (32428, 52%) followed by African
American (9726, 16%), Hispanic (8988, 14%), and
patients of other races (11462, 18%).

Liver severity, metastatic HCC, and inpatient mortality
Upon univariate analysis, features of liver decompen-
sation were significantly different between races (P <
0.001) (Table 1). Multivariate analysis demonstrated
that Caucasian and Hispanic patients were more likely to
have decompensated liver disease than African-American
patients [(OR: 1.16, 95%CI: 1.03-1.30), (OR: 1.28,
95%CI: 1.10-1.30)] (Table 2).

Univariate analysis concluded the presence of
metastatic disease was significantly different between
races (P = 0.007) (Table 1). Upon multivariate analysis,
Caucasian patients were less likely to have metastatic
disease then African-American patients with HCC (OR:
0.82, 95%CI: 0.71-0.94). There was no statistical
difference between other races (Table 2).

Inpatient mortality was significantly different
between races upon univariate analysis (P = 0.017)
(Table 1). Upon multivariate analysis, Caucasian
patients were less likely to have inpatient mortality
compared to African-American patients (OR: 0.78,
95%CI: 0.65-0.93). There was no statistical difference
between other races (Table 2).

Inpatient treatment of HCC

There was a significant difference in treatment between
races in the univariate analysis (P < 0.001) (Table 1).
Upon stepwise multivariate analysis, Caucasian, Hispanic,
and patients of other races were more likely to undergo
liver transplantation compared to African-American
patients [(OR: 2.66, 95%CI: 1.92-3.68), (OR: 2.18,
95%CI: 1.40-3.39), (OR: 2.41, 95%CI: 1.62-3.61)].
Caucasian patients and patients of other races were also
more likely to undergo surgical resection than African-
American patients (OR: 1.82, 95%CI: 1.48-2.23), (OR:
1.79, 95%CI: 1.39-2.32). Caucasian, Hispanic, and
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patients of other races were more likely to undergo
ablation compared to African-American patients (OR:
1.77, 95%CI: 1.36-2.30), (OR 1.46, 95%CI: 1.05-2.03),
(OR: 2.03, 95%CI: 1.47, 2.80)]. There was no significant
difference in the rates of TACE between races (Table 3).

DISCUSSION

African-American patients are less likely to undergo
curative treatments for HCC, and this study confirms
that treatment disparities continue to exist despite efforts
to reduce healthcare disparities. TACE was the only
treatment without a disparity in utilization between races.
TACE, however, is not considered to be curative for HCC.
It is a means of controlling the malignancy and is often
used to downstage tumor burden for liver transplantation
or to keep tumor burden within transplant criteria.
Differences in treatment exist despite African-American
patients being less likely to present with decompensated
disease compared to Caucasian patients. We know
that patients whose disease is better compensated
have a better tolerance of liver directed therapies for
HCC. African-American patients have increased rates of
metastatic disease and higher inpatient mortality. There
are multiple factors that contribute to racial disparities in
the management of HCC, including disease progression
at time of diagnosis and social determinants of health. It
is crucial to recognize these factors and their associations
in order to formulate interventions to reduce racial
disparities in treatment given the direct effect on patient
survival and quality of life.

African-American patients are less likely to undergo
curative treatments for HCC and many factors influence
this disparity with the presence of metastatic disease
being one major limitation to treatment™". African-
American patients were more likely to have metastatic
disease at the time of initial diagnosis’”’. This may be
influenced by decreased HCC screening exams in African-
American patients” and also by genetic differences
between races. The presence of metastatic disease is not
the only contributor to treatment discrepancies, however.
Previous studies have found that African-American
patients were less likely to undergo surgical treatment for
HCC than Caucasian patients even when they presented
with the same tumor burden and both groups were
within Milan criteria™.

Social factors, specifically the location in which
patients receive therapy play a crucial role when
considering treatment for patients with HCC. This study
showed that the majority of African-American patients
receive care in the Southern region of the United
States, and patients living in the Southern United States
are less likely to undergo curative therapies of liver
transplantation and surgical resection'****!, Decreased
access to providers who are able to provide timely
diagnosis and treatment contributes to this disparity
because of the increased rates of physician and hospital
bed inequality in the South compared to the North. This
makes it more challenging for patients in these areas
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Table 1 Demographics and clinical parameters in patients with hepatocellular carcinoma grouped by race

Caucasian African-American Hispanic Other P value
(n = 32428) (n = 9726) (n = 8988) (n = 11462)
n % n % n % n %
Age (yr) <0.001
< 64 17695 54.6 6980 71.8 5357 59.6 6609 57.7
65-79 10982 33.9 2287 235 2888 321 3762 328
=80 3751 11.6 458 47 743 8.3 1090 9.5
Sex 0.880
Male 23845 73.5 7172 73.7 6572 73.1 8319 727
Female 8583 26.5 2554 26.3 2416 26.9 3122 27.3
Primary payer <0.001
Medicare 15765 48.9 3471 35.9 3645 40.6 4520 39.5
Medicaid 4155 12.9 2707 279 2206 24.5 2573 225
Private insurance 9497 294 2236 23.1 2020 225 3143 27.5
Other 2844 8.8 1267 13.1 1118 12.4 1202 10.5
Geographic region <0.001
Northeast 7726 23.8 2603 26.8 1829 20.4 2395 20.9
Midwest 5904 18.2 1785 18.4 536 5.9 3016 26.3
South 13086 40.4 4454 458 3126 34.8 2102 18.3
West 5712 17.6 883 9.1 3497 389 3950 34.5
Discharge year 0.917
2010 8180 252 2194 226 2223 24.7 3162 27.6
2011 8118 25.0 2457 23.8) 2386 26.5 2980 26.0
2012 7910 24.4 2490 25.6 2170 241 2660 232
2013 8220 25.4 2585 26.6 2210 24.6 2660 232
Hepatitis C 5056 15.6 2497 25.7 1518 16.9 1737 15.2 <0.001
Hepatitis B 610 1.9 598 6.2 236 2.6 1975 17.2 <0.001
Alcohol 5566 17.2 1278 13.2 2023 225 1157 10.1 <0.001
NASH 10802 338 3436 353 3601 40.1 4140 36.1 <0.001
Primary sclerosing cholangitis 326 1.0 81 0.8 35 04 140 1.2 0.046
Primary biliary cirrhosis 131 0.4 0 0.0 10 0.1 34 0.3 -
Autoimmune 91 0.3 25) 03 60 0.7 <10 0.1 0.007
Other 14336 44.2 3818 39.3 2967 33.0 4566 39.9 <0.001
Liver decompensation features <.0010
Zero 18388 56.7 5690 58.5 4475 49.8 6827 59.6
One 8968 27.7 2756 28.3 2846 31.7 3092 27.0
Two 4074 12.6 1010 10.4 1340 14.9 1242 10.8
Three or greater 998 3.1 270 2.8 328 3.6 301 2.6
Metastasis 0.007
None 27328 84.3 7841 80.6 7497 83.4 9567 83.5
Single site 3945 12.2 1453 14.9 1092 12.2 1516 13.2
Two or more site 1155 3.6 433 45 399 44 379 33
Elixhauser comorbidity score <0.001
<3 15593 481 4177 43.0 4255 473 6642 57.9
=3 16835 51.9 5549 57.1 4733 52.7 4821 421
Treatment options <0.001
Transplant 1254 3.9 190 19 252 2.8 349 3.1
Resection 4306 13.3 823 8.5 728 8.1 1644 14.3
Ablation 2031 6.3 425 44 517 5.8 833 7.3
TACE 2419 7.5 754 7.8 836 9.3 939 8.2
Noninvasive treatment 22418 69.1 7534 77.5 6656 74.1 7697 67.2
In hospital mortality 2924 9.0 1120 11.5 928 10.3 1151 10.1 0.017

TACE: Transarterial chemoablation; NASH: Non-alcoholic steatohepatitis.

to access a Hepatologist and a hospital that is better
equipped to meet their needs!*®’.

Racial disparities in the utilization of TACE was
not noted in this study, though previous studies have
determined a discrepancy in Native-American patients
and Hispanic patients compared to Caucasian patientst”’.
This intervention may be considered more frequently
in African-American patients because of increased
frequency of the disease burden outside of Milan criteria.
TACE is considered to be a first line treatment for large
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or multifocal HCC"® and may be the ideal treatment for
many African-American patients. However, it should be
noted that TACE is not considered curative therapy for
HCC. The question of whether it is being offered as the
sole treatment option for patients who would otherwise
be candidates for curative therapy should be raised.

The cost of intervention also influences treatment
options. This study shows that African-American patients
are the largest percentage of patients with Medicaid
insurance compared to other races. Previous analysis on
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Table 2 Multivariate logistic regressions comparing outcomes of hepatocellular carcinoma by race

Outcome Race Adjusted odds ratio 95%Cl
Metastatic Hepatocellular Carcinoma’ African-American Reference
Caucasian 0.82 0.71-0.94
Hispanic 0.87 0.73-1.05
Other/unknown 0.84 0.70-1.001
Liver Decompensation” African-American Reference
Caucasian 1.16 1.03-1.30
Hispanic 1.28 1.10-1.51
Other/unknown 1.14 0.995-1.31
Inpatient Mortality’ African-American Reference
Caucasian 0.78 0.65-0.93
Hispanic 0.82 0.66-1.03
Other/unknown 0.86 0.69-1.07

"Model is adjusted for age, sex, race, geographic region, hepatitis C, alcohol, non-alcoholic steatohepatitis (NASH), liver decompensation features, and
Elixhauser comorbidity score; *Model is adjusted for age, sex, race, geographic region, hepatitis C, alcohol, NASH, primary biliary cirrhosis, metastasis,
and Elixhauser comorbidity score; *Model is adjusted for age, sex, race, geographic region hepatitis C, hepatitis B, alcohol, NASH, liver decompensation
features, metastasis, and treatment.

Table 3 Multinomial logistic regression to evaluate disparities in treatment for hepatocellular carcinoma based on payer' ?

Intervention Race Odds ratio Confidence interval
Liver Transplant African-American Reference
Caucasian 2.66 1.92-3.68
Hispanic 2.18 1.40-3.39
Other/unknown 241 1.62-3.61
Resection African-American Reference
Caucasian 1.82 1.48-2.23
Hispanic 1.24 0.94-1.64
Other/unknown 1.79 1.39-2.32
Ablation African-American Reference
Caucasian 1.77 1.36-2.30
Hispanic 1.46 1.05-2.03
Other/unknown 2.03 1.47-2.80
TACE African-American Reference
Caucasian 1.15 0.93-1.41
Hispanic 1.29 0.97-1.72
Other/unknown 1.19 0.90-1.58

'Noninvasive treatment is treated as the reference category; “Model adjusts for age, gender, race, geographic region, hepatitis C, hepatitis B, alcohol, non-
alcoholic steatohepatitis, liver decompensation features, and Elixhauser comorbidity score. TACE: Transarterial chemoablation.

cost of intervention for HCC has shown TACE to be one of life compared to patients that undergo treatment.
of the least costly interventions™, and therefore may Life expectancy is also different between patients that
be the intervention most likely to be reimbursed from undergo treatment for HCC compared to patients that are

government funded insurance. not treated®. If a patient were to undergo treatment,
While it is important to recognize racial disparities life expectancy and quality of life are improved?**,
in the treatment of patients with HCC, it is crucial to Multiple interventions could be utilized to reduce

recognize the effect this has on an underrepresented disparities in the treatment of HCC. For example, early
patient’s quality of life and life expectancy. Studies recognition of liver disease and risk factors for HCC
regarding quality of life in patients with chronic liver are key to initiate and continue HCC screening in all
disease show decreased functional status and increased patients, but specifically in minority patients that may
chronic, debilitating symptoms such as pain, edema, have reduced access to care. This could potentially lead
weakness, anorexia, and vomiting compared to to earlier diagnosis in patients, and therefore the patient
patients without any liver disease'®®. These symptoms, would be a candidate for curative treatment.

specifically bodily pain and fatigue, are worse in patients Limitations in this study must be noted. This data
with liver disease and HCC™Y, Patients with HCC are ~ was obtained through the NIS database through ICD-9
noted to have higher rates of depression compared to coding. Verification of ICD-9 codes could not be obtained
many other malignancies®®, therefore African-American for each patient included in the study given patient
patients with HCC that fail to undergo treatment are privacy restrictions. However, these codes have been
subject to increased complications and diminished quality verified in previous studies. Other factors, specifically
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size and number of lesions that affect the treatment for
HCC were not included in this study. We were not able to
obtain laboratory values and were unable to determine
MELD score. Therefore, disease severity was defined by
features of liver decompensation. Despite limitations, this
study has several strengths. The primary strength was
the number of patients that were enrolled in the study
over a wide geographic area. Using the NIS database
allowed for the collection of a large number of patients
that otherwise would not have been obtained in a single
institution study.

Disparities in the treatment of HCC based on patient
race continue to exist despite emphasis to decrease
disparities in healthcare. Despite having decreased
rates of liver decompensation, African-American
patient have higher rates of inpatient mortality and
are less likely to undergo curative treatments, such
as liver transplantation, surgical resection, or ablation.
Because these patients are less likely to undergo these
interventions, African-American patients with HCC
are prone to a decreased quality of life and increased
mortality rates. Further research needs to be conducted
to find ways to decrease this disparity.

ARTICLE HIGHLIGHTS

Research background

Rates of hepatocellular carcinoma (HCC) continue to increase. Despite new
treatment options, mortality rates are also increasing specifically in minority
patients.

Research motivation
Given recent emphasis to minimize health care disparities, we aimed to
determine if racial disparities in the treatment of HCC were decreasing.

Research methods

We performed a retrospective database analysis utilizing The Nationwide
Inpatient Sample including patients with a diagnosis of HCC. Univariate and
multivariate analyses were utilized to determine racial disparities in liver
decompensation, treatment, inpatient mortality, and metastatic disease.

Research results

This large database analysis included 62604 patients with HCC, including
32428 Caucasian, 9726 African-American, 8988 Hispanic, and 11462 patients
of other races. Despite having decreased rates of liver decompensation,
African-American patient have higher rates of inpatient mortality and are less
likely to undergo curative treatments, such as liver transplantation, surgical
resection, or ablation than Caucasian patients.

Research conclusions

Racial disparities in HCC treatment exist despite emphasis to support equality
in healthcare. African-American patients are less likely to undergo curative
treatments for HCC.

Research perspectives

Further emphasis should be placed on determining why disparities continue
to exist and hypothesize ways to reduce them in order to facilitate equality in
healthcare.
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Abstract

AIM

To describe factors associated with treatment failure
and frequency of resistance-associated substitutions
(RAS).

METHODS

Human immunodeficiency virus (HIV)/hepatitis C virus
(HCV) coinfected patients starting a first direct-acting
antiviral (DAA) regimen before February 2016 and
included in the French ANRS CO13 HEPAVIH cohort
were eligible. Failure was defined as: (1) non-response
[HCV-RNA remained detectable during treatment,
at end of treatment (EOT)]; and (2) relapse (HCV-
RNA suppressed at EOT but detectable thereafter).
Sequencing analysis was performed to describe
prevalence of drug class-specific RAS. Factors associated
with failure were determined using logistic regression
models.

RESULTS

Among 559 patients, 77% had suppressed plasma
HIV-RNA < 50 copies/mL at DAA treatment initiation,
41% were cirrhotic, and 68% were HCV treatment-
experienced. Virological treatment failures occurred in
22 patients and were mainly relapses (17, 77%) then
undefined failures (3, 14%) and non-responses (2,
9%). Mean treatment duration was 16 wk overall. Post-
treatment NS3, NS5A or NS5B RAS were detected in
10/14 patients with samples available for sequencing
analysis. After adjustment for age, sex, ribavirin use,
HCV genotype and treatment duration, low platelet
count was the only factor significantly associated with a
higher risk of failure (OR: 6.5; 95%(CI: 1.8-22.6).

CONCLUSION

Only 3.9% HIV-HCV coinfected patients failed DAA
regimens and RAS were found in 70% of those failing.
Low platelet count was independently associated with
virological failure.

Key words: Human immunodeficiency virus; Hepatitis
C virus; Direct-acting antiviral; Treatment virological
failure; Resistant associated mutations

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In co-infected human immunodeficiency virus-
hepatitis C virus (HCV) patients, after adjustment for
age, sex, ribavirin use, HCV genotype and treatment
duration, low platelets count was the only factor
significantly associated with a higher risk of failure.

Salmon D, Trimoulet P, Gilbert C, Solas C, Lafourcade E, Chas
J, Piroth L, Lacombe K, Katlama C, Peytavin G, Aumaitre H,
Alric L, Boué F, Morlat P, Poizot-Martin I, Billaud E, Rosenthal
E, Naqvi A, Miailhes P, Bani-Sadr F, Esterle L, Carrieri P, Dabis F,
Sogni P, Wittkop L; ANRS CO13 Hepavih study group. Factors
associated with DAA virological treatment failure and resistance-

Raishidenge ~ WJH | www.wjgnet.com

858

associated substitutions description in HIV/HCV coinfected
patients. World J Hepatol 2018; 10(11): 856-866 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v10/i11/856.htm
DOIL: http://dx.doi.org/10.4254/wjh.v10.111.856

INTRODUCTION

The treatment of hepatitis C virus (HCV) infection had
been revolutionized with the recent development of
direct-acting antiviral (DAA) combinations. Cure rates of
over 90%, similar to those in HCV monoinfected patients,
can now be achieved in human immunodeficiency
virus (HIV)/HCV coinfected patients. This has been
documented in clinical trials™™ as well as in real-life
cohorts'®®l, For the few patients failing treatment,
resistance-associated substitutions (RAS) can emerge
and emerging resistant strains appearing at viral rebound
are a consequence rather than a cause of failure™*!,

The real causes of failure to all-oral DAA regimens
can be multiple. Several social and medical factors can
jeopardize treatment adherence. Some first-generation
regimens may not be optimal to treat difficult cases
of hepatitis C, such as decompensated cirrhosis or
genotype 3 HCV infection. In rare circumstances,
especially for genotype la viruses, baseline mutations
in the non-structural-5A (NS5A) gene can preexist in
the viral species before treatment introduction and
may have a potentially deleterious impact on sustained
virological response (SVR)!"?. Drug-drug interactions
between DAA and ARV therapy or other commonly
prescribed medications in HIV/HCV coinfected patients
are frequent and can decrease drug levels, thereby
reducing the efficacy of therapy. Finally, adverse
events, although rare with new DAA combinations, can
occur and lead to treatment interruption and thus to
treatment failure.

We aimed to describe the characteristics of patients
failing first-line DAA treatment in the real-life French
nationwide ANRS CO13 HEPAVIH cohort of HIV/HCV
coinfected patients. Furthermore, we described the
emergence of clinically relevant RAS to DAA classes
upon DAA treatment failure, and report pharmacological
drug monitoring results. Finally, we identified factors
associated with the occurrence of virological treatment
failure.

MATERIALS AND METHODS

Study population
The ANRS CO13 HEPAVIH cohort (ClinicalTrials.gov
Identifier: NCT03324633) is a national multi-centre
prospective hospital-based observational study of
patients coinfected with HIV and viral hepatitis C that
received approval by an Institutional Review board
[Comité de Protection des Personnes (CPP) Ile de France
1T, Paris, France].

All patients included in the cohort gave their consent
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for study participation. In addition, patients from the
29 centers participating in the ANRS CO13 HEPAVIH
cohort, who weren't included in the cohort but who gave
their consent for specific follow-up during and after DAA
treatment, were also eligible. For this sub-study, patients
were included if they had started an all-oral DAA-
based regimen before January 2016 (3 mo treatment),
February 2016 (2 mo treatment) or October 2015 (6
mo treatment). Patients who participated in completed
and published clinical trials were included in the analysis.
We did not include patients who were participating in
an ongoing clinical trial (including those completed but
not yet published), patients who were treated with
combinations including Peg-interferon (PegIFN), or with
the sofosbuvir (SOF) + ribavirin (RBV) combination.
Patients with premature treatment interruption for
intolerance or death were also excluded because we
were specifically interested in a virological outcome.
The DAA regimen was at the discretion of the patient’s
physician™>*),

Data collection and definitions

The following data were collected prospectively by each
participating center, using an eCRF: Age, sex, risk factors
for both HIV and HCV infections, HCV genotype, previous
anti-HCV treatment, HIV-related characteristics, start
and end dates of DAA treatment, initial doses of anti-HCV
and anti-HIV drugs, any changes during follow-up, and
HCV-RNA at each time point [baseline, week (W)2, W4,
W8, W12 if treatment duration was 24 wk, EOT, follow-
up W4 (FU-W4) and FU-W12]. Virological treatment
failures were categorized as: (1) Non-response: HCV-
RNA never undetectable during treatment; (2) Relapse:
HCV-RNA undetectable at EOT and then detectable
within the following 12 wk; and (3) Undefined failure:
HCV-RNA unknown at end of treatment (EOT) and
positive thereafter, without premature discontinuation
of treatment. Cirrhotic status was based on liver biopsy
(METAVIR fibrosis stage F4), liver stiffness = 12.5 kPa
(FibroScan®; Echosens, France), a FibroTest® value = 0.75
(Biopredictive, France) or physical and biological signs of
end-stage liver disease, as previously published™®'",

Sequencing analysis

Patients with virological treatment failure, who provided
specific consent for HCV genotype testing and who had
HCV-RNA > 1000 IU/mL at the sequencing time point
were included for HCV testing. Prevalence of drug class-
specific RAS was evaluated at failure. The HCV NS3,
NS5A and/or NS5B domains were amplified by reverse
transcriptase nested polymerase chain reaction (PCR)
using genotype and subtype-specific PCR primers to
ensure successful amplification of the target gene(s).
PCR products were purified and analyzed by population
sequencing using an automated sequencer (ABI-3500xL
Dx). The cutoff frequency for detecting variants with
Sanger sequencing was approximately 15%. Sanger-
derived sequences were aligned with Clustal_W, version

Raishidenge ~ WJH | www.wjgnet.com

Salmon D et a/. DAA failure in HIV/HCV coinfected patients

859

1.74 (Conway Institute UCD, Dublin, Ireland). NS3,
NS5A and NS5B RAS were defined as clinically relevant
when inducing > 10-fold resistance to DAA!*'#2%,

Drug concentrations
Plasma drug concentrations for DAA and RBV were
collected, when available, for patients included in the
cohort as part of routine therapeutic drug monitoring
performed in several centers. Drug concentrations
were measured using liquid chromatography coupled
with the tandem mass spectrometry method™®!!. Data
were considered interpretable if concentrations were
determined at steady-state and information regarding
the time of the last drug intake was available.

A suboptimal concentration was defined as below the
2 ug/mL threshold for RBV****, and when concentrations
were below the reported expected range for DAA®*?,

Statistical analysis

We included all patients who met the inclusion criteria,
as described in the study population section. Variables
are described as number and percentages, or median
and IQR [or mean (SD)], as appropriate. Patient
characteristics are reported upon initiation of DAA
treatment. The Wilcoxon-Mann-Whitney test and Fisher’
s exact test were used to compare quantitative and
qualitative variables between groups, respectively.
Factors associated with virological treatment failure were
determined using logistic regression models. In order
to identify new independent predictors of virological
treatment failure, we systematically adjusted for a fixed
set of potential confounders based on literature reports.
The following variables were thus forced in all models:
age, sex, RBV use, and prescribed treatment duration™®.
We then tested the following variables in the model
containing the forced variables: HCV genotype (3 vs
others), cirrhosis (Yes vs No), severe cirrhosis (Yes vs No,
and defined by a B or C or an elastometry value = 20
kPa), plasma HIV-RNA (detectable vs undetectable), and
platelet count (< 100 Giga/L vs = 100 Giga/L). The effect
of RBV on virological treatment failure and other potential
factors was assessed by a marginal structural model
(MSM) in order to consider a potential indication bias for
the prescription of RBV. Sensitivity analyses, including
patients with premature treatment discontinuations for
intolerance/death, were also performed. The statistical
methods of this study were reviewed by Linda Wittkop
from Bordeaux Population Health Research Center,
Bordeaux. SAS software version 9.4 (SAS Institute Inc.,
Cary, North Carolina) was used for all analyses.

RESULTS

General characteristics at DAA initiation

Among 877 patients treated with DAA-combination,
559 met the inclusion criteria and were included in
the analysis (318 were not included for the following
reasons: Treatment with PegIFN (n = 30), inclusion
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Table 1 Patient characteristics at treatment initiation according to virological response

Overall (7 = 559) SVR (n = 537) Virological treatment P value
failure (n = 22)

Male sex 431 (77) 414 (77) 17 (77) 0.985
Age (yr) 52 (49-56) 52 (49-56) 53 (51-57) 0.586
CD4 (/mm®) (n = 557) 618 (426-850) 619 (429-861) 527 (346-704) 0.040
Undetectable HIV-RNA (1 = 558) 486 (87) 469 (88) 17 (77) 0.186
ARV treatment 549 (98) 527 (98) 22 (100) 1.000
Pr' 127 (23) 122 (23) 5(23)

NNRTI® 98 (18) 95 (18) 3 (14)

r 204 (37) 197 (37) 7 (32)

Others 120 (22) 113 (21) 7 (32)

Active tobacco consumption (1 = 263) 153 (58) 148 (58) 5(71) 0.703
Active alcohol consumption (1 = 266) 135 (51) 132 (51) 3 (43) 0.719
Active drug consumption (n = 257) 7 (3) 7 (3) 0 (0) 1.000
HCV genotype (1 = 558) 0.475
1 without precision 26 (5) 24 (5) 29)

la 232 (42) 221 (41) 11 (50)

1b 64 (12) 64 (12) 0(0)

2 6 (1) 6(1) 0(0)

3 62 (11) 60 (11) 29

4 165 (30) 158 (30) 7 (32)

5 1(0) 1(0) 0(0)

6 2(0) 2(0) 0(0)

Cirrhosis (1 = 555) 209 (38) 200 (38) 9 (41) 0.748
Child Pugh, if cirrhosis (1 = 189) 0.537
A 172 (91) 165 (91) 7 (88)

B/C 17 9) 16 (9) 1(12)

FIB-4 (n = 405) 2.1(1.4-3.7) 21 (1.4-3.7) 3.3 (1.9-7.3) 0.313
FIB-4 > 3.25 (n = 405) 120 (30) 113 (29) 7 (50) 0.132
Elastometry (kPa) (n = 115) 9 (6-14) 9 (6-14) 10 (6-17) 0.942
Elastometry = 12.5 kPa (n = 115) 32 (28) 30 (27) 2 (50) 0.309
Elastometry = 20 kPa (n = 115) 17 (15) 16 (14) 1(25) 0.478
HCV treatment history 0.570
Naive 210 (38) 203 (38) 7 (32)

Pretreated 349 (62) 334 (62) 15 (68)

HCV viral load (logo IU/mL) (n = 558) 6.09 (5.59-6.51) 6.09 (5.59-6.51) 6.04 (5.72-6.49) 0.886
Prothrombin rate (n = 298) 99 (89-100) 99 (89-100) 92 (82-100) 0.116
Prothrombin rate < 85% (n = 298) 54 (18) 50 (17) 4 (40) 0.087
Platelets (Giga/L) (n = 408) 171 (131-219) 171 (133-219) 148 (97-184) 0.168
Platelets <100 Giga/L (n = 408) 57 (14) 51 (13) 6 (43) 0.007
Albumin (g/L) (n = 301) 41 (38-44) 41 (38-44) 42 (37-45) 0.939
Albumin <35 g/L (n = 301) 26 (9) 24 (8) 2 (25) 0.146
DAA-combination NA’
SOF + DCV + RBV* 240 (43) 231 (43) 9 (41)

SOF/LDV * RBV 271 (49) 261 (49) 10 (46)

SOF + SMV + RBV 26 (4) 23 (4) 3 (14)

Others' 22 (4) 22 (4) 0(0)

Mean (SD) DAA treatment durationa 16 (6) 15 (5) 16 (6)

Results are presented as number (as percentages in brackets) or median (IQR in brackets) unless stated otherwise. 'PI was boosted in 98 patients with SVR
and in five patients with treatment failure; "NNRTI molecule was rilpivirine in 60 patients with SVR and three with failure, and was efavirenz in 25 patients
with SVR; *II molecule was raltegravir in 153 patients with SVR and four patients with failure, and was dolutegravir in 38 patients with SVR and two with
treatment failure; ‘Initial doses of DCV were 30, 60, 90 mg/d in respectively 57, 159 and 21 patients. The dose was unknown for the five other patients;
°NA: not applicable, no formal statistical comparison was performed as the prescription of the DAA regimen was chosen by each patient’s physician. SVR:
Sustained virological response; ARV: Antiretroviral; PI: Protease inhibitor; NNRTI: Non-nucleoside reverse-transcriptase inhibitor; II: Integrase inhibitor;
DAA: All-oral direct-acting antiviral; SOF: Sofosbuvir; RBV: Ribavirin; DCV: Daclatasvir; LDV: Ledipasvir; SMV: Simeprevir.

in an ongoing clinical trial (n = 2), treatment after the Table 1.

period of analysis (n = 190), no available treatment

result (n = 32), treatment with SOF + RBV (n = 60), Virological treatment failure

premature treatment interruption for intolerance (n = The virological treatment failure rate was 3.9% (95%CI:
3), and one patient died while on treatment). Mean 2.5-5.9). Overall, 22 virological treatment failures
treatment duration was 16 wk overall (15 wk in patients were observed: Two non-responses, 17 relapses and
who failed DAA therapy and 16 wk in those with SVR). three undefined virological treatment failures (HCV-
The characteristics of the 559 patients are summarized in RNA unknown at EOT). By univariate analysis (Table
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Table 2 Adjusted logistic regression for factors associated with virological treatment failure

Covariables Model 1 Model 2 Model 3 Model 4
OR (95%CI) Pvalue OR (95% Cl) Pvalue OR(95%CI) Pvalue OR (95%Cl) P value
n =538 n =538 n =526 n =395
Age at treatment initiation (per 10 yr) 1.2 (0.6-2.4) 0.58 1.3 (0.7-2.5) 0.48 1.2 (0.6-2.4) 0.53 1.6 (0.7-4.0) 0.29
Ribavirin vs no ribavirin 1.0 (0.3-3.0) 0.97 1.1 (0.3-3.2) 0.93 1.0 (0.3-3.0) 0.97 1.4 (0.4-5.5) 0.61
Male sex vs female 1.0 (0.4-2.8) 0.98 0.9 (0.3-2.7) 0.92 1.0 (0.3-2.8) 0.97 0.8 (0.2-2.7) 0.69
Treatment duration 24 wk vs 12 wk 0.4 (0.1-1.4) 0.15 0.5 (0.2-1.5) 0.21 0.4 (0.1-1.4) 0.16 0.2 (0.0-1.0) 0.05

Platelet count < 100 Giga/L vs = 100
Cirrhosis vs no cirrhosis

HIV-RNA detectable vs undetectable
Severe cirrhosis vs no severe cirrhosis

14 (0.5-3.9) 051

HCV genotype 3 vs others

6.5 (1.8-22.6) 0.004

21(0.7-5.9) 017

21(0.4-10.3) 035
0.9 (0.1-7.5) 091

HCV: Hepatitis C virus; HIV: Human immunodeficiency virus.

1), patients with virological treatment failure had a
significantly lower CD4 cell count (median 527 cells/mm?)
compared to patients with SVR (619 cells/mm?; P =
0.040). They also more frequently had a platelet count
below 100 Giga/L (P = 0.007) and a trend for more
frequently having a prothrombin time < 85% (40% vs
17%, P = 0.087) and albumin < 35 g/L (25% vs 8%, P
= 0.146). They also had a non-significant trend for less
frequent HIV-RNA suppression (77% vs 88%, P = 0.186).

Factors associated with treatment failure
In adjusted models (Table 2), platelet count < 100 Giga/L
was significantly associated with a higher probability
of virological treatment failure (Model 4). However,
clinical cirrhosis status (Model 1), severe cirrhosis status
(Model 3) or blood albumin (data not shown) were not
associated with a higher probability of failure. Neither
HIV-RNA (Model 2) nor CD4 cell count (data not shown)
were associated with virological treatment failure.
In addition, in the model containing platelet count, a
prescribed treatment duration of 24 wk was associated
with a lower risk of virological treatment failure (Model 4).
RBV use was not associated with outcome in adjusted
logistic regression models, and this result was confirmed
by an analysis using MSMs (data not shown).
Sensitivity analyses, including patients with pre-
mature treatment discontinuations for intolerance/death,
showed similar results (data not shown).

HCV resistance at virological treatment failure

The results of RAS analysis in the 14 patients with
virological treatment failure, in whom either mutation
NS3, NS5A or NS5B could be sequenced, are presented
in Table 3. Almost three quarters of patients with
available data (10/14; 71%) had at least one detectable
RAS at the time of virological treatment failure. In
patients receiving an NS5A inhibitor-based regimen,
55% (6/11) had NS5A RAS upon virological treatment
failure. Common substitutions detected at failure included
Q30R/H, 30E, 58D and/or YO93C/N, all found in patients
with HCV genotype 1. In patients treated with daclatasvir
(DCV) and an available NS5A RAS result (n = 5), four
patients developed resistance to DCV. Furthermore,
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among six treated with ledipasvir (LDV) with available
NS5A RAS result, two developed resistance to LDV.
Overall, in all patients with available genotype (n = 14),
six (43%) presented at least one NS5A RAS, leading to
a high level of resistance to NS5A inhibitors (> 10-fold
resistance). In patients receiving NS3 protease inhibitors,
2/2 patients with available data had NS3 RAS upon
virological treatment failure. The substitutions detected
at failure were 80K, 170T, 174N and 168V, leading to a
high level of resistance to most protease inhibitors.

Multiple RAS conferring a higher level of resistance
were detected in three (21%) patients, including two
with NS3 + NS5A RAS and one with NS3 + NS5A +
NS5B RAS. These three patients were previously treated
with PegIFN + RBV and were exposed to NS5A inhibitors
but not NS3 inhibitors.

Pharmacological data

Nine of the 22 (41%) patients who had DAA therapy
failure had measurements of DAA and/or RBV concen-
tration at W2 or W4 of treatment, seven of which were
interpretable. Among these seven patients, suboptimal
concentrations were reported in two (29%). These low
concentrations concerned either DCV (in a patient treated
with SOF + DCV, whose ARV treatment was rilpivirine +
raltegravir), or RBV (in a patient treated with SOF/LDV +
RBV who was taking rilpivirine + dolutegravir).

DISCUSSION

In this cohort of HIV/HCV coinfected patients, who were
treated with an interferon-free DAA regimen with or
without RBV, we report a low virological treatment failure
rate of 3.9%. Our results are similar to those observed in
clinical trials™® or previous real-world studies of HIV/HCV
coinfection®®”), Most of these virological treatment failures
were due to relapse (77%) followed by non-response
(9%), while 14% were due to undefined virological
treatment failures (HCV-RNA unknown at EOT).

Due to very high rates of SVR, it has been difficult
to identify factors associated with virological treatment
failure of DAA in real-world studies, and no study to
date has focused on HIV coinfection. In studies of HCV

November 27, 2018 | Volume 10 | Issue 11 |



Salmon D et a/. DAA failure in HIV/HCV coinfected patients

Table 3 Resistance-associated substitution results in 14 patients with virological treatment failure for whom sequencing was

performed in routine care

Pat HCV treatment  Treatment received HCV genotype Cirrhosis ARV RAS
history Before After treatment NS3 NS5A NS5B
treatment treatment
A Pretreated SOF + SMV 12 wk la la Yes 11 Q80K, 1170T, Abs Abs
S174N

B Pretreated SOF + SMV 12 wk la la Yes I D168V Abs Abs

C Pretreated SOF/LDV 12 wk 4 4a No PI Abs Abs Abs

G Pretreated SOF/LDV + RBV 12 wk 4 4d No Others Abs Abs Abs

H Pretreated SOF + DCV 10 wk® 4 4 No Others Abs ND Abs

I Naive SOF/LDV 12 wk la la No PI Abs Abs Abs

J Pretreated SOF/LDV 12 wk la la No Others ND Y93C Abs

L Naive SOF + DCV 13 wk’ la la Yes NNRTI Q80K Abs Abs

M Pretreated SOF/LDV 12 wk 4 4a No PI ND Abs A421V,
M414L

N Pretreated SOF/LDV + RBV 12 wk la la Yes I A168V 30E, 58D Abs

P Pretreated  SOF + DCV + RBV 12 wk' la la No PI Abs YI93N Abs

Q Pretreated  SOF + DCV + RBV 24 wk' la la No Others T54S Q30R Abs

R Pretreated SOF + DCV 24 wk’ la la Yes 11 Q80K Y93C Y448H

W Pretreated SOF + DCV 24 wk' 1 la Yes 1T Abs Q30H Abs

'Initial dose of DCV: 30 mg/d; “Initial dose of DCV: 60 mg/d; *Initial dose of DCV: 90 mg/d. Pat: Patient; ARV: Antiretroviral; RAS: Resistance-associated
substitution; NS3: Non-structural-3; NS5A: Non-structural-5A; NS5B: Non-structural-5B; SOF: Sofosbuvir; RBV: Ribavirin; DCV: Daclatasvir; LDV:
Ledipasvir; SMV: Simeprevir; ND: Not done; PI: Protease inhibitor; NNRTI: Non-nucleoside reverse-transcriptase inhibitor; II: Integrase inhibitor; Abs: No

RAS found.

monoinfected patients, however, several factors have
been found to be associated with virological treatment
failure: severity of cirrhosis (assessed by presence of
ascites), low albumin, low platelet count/high total
bilirubin®?*!, male sex***", and the preexistence of
baseline RASP**,

In our study, we found that low platelet count was
significantly associated with a higher rate of virological
treatment failure. It is likely that low platelet count
is a surrogate marker of cirrhosis, since we found an
association between low albumin levels and low PT time
by univariate analysis. However, we failed to observe
a significant relationship between severe cirrhosis and
failure. This might be due to the fact that in cases of
severe cirrhosis, physicians adapted the treatment to
each complex situation by extending the duration or by
adding RBV (76% of the patients with Child Pugh B or C
cirrhosis received treatment of 24 wk duration vs 29%
of the other patients in our study), and this might be
explained by unreported events of decompensation.

In the first randomized phase 3 clinical trials, which
assessed the efficacy and safety of DAA, decompensated
cirrhosis was an exclusion criterion, which precluded
the possibility of assessing this factor as a potential
predictor of failure. More recently, several trials have
clearly demonstrated that patients with Child Pugh B or
C cirrhosis and those with genotype 3 infection have a
lower rate of SVR with DAA alone and need the addition
of RBV. This was the case for the SOF/LDV combination
and for a combination™>* of velpatasvir/SOF™",

We observed a trend (by univariate analysis only)
toward a higher rate of detectable HIV-RNA in patients
with virological treatment failure vs in those with SVR (P
= 0.19). This might reflect suboptimal adherence, with
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patients who are non-compliant for their HIV treatment
while possibly also non-adherent to their HCV treatment.
Nonetheless, this result did not remain significant by
multivariable analysis and thus may also simply reflect a
biased estimate.

Moreover, among seven patients with failure and
interpretable pharmacological data, suboptimal blood
concentrations of DAA were measured in two of them.
These results could reflect different situations (drug
interactions, suboptimal dosing errors, suboptimal
adherence) and warrant both further investigation
and wider-scale assessment of pharmacological data.
Regarding RAS in our study, we did not determine
pretreatment RAS and we cannot exclude the possibility
that some failures may be due to pre-existing RAS.
However, at a population level, the effects of baseline
RAS in NS5A, although not rare, are minimal*®41,
This prompted EASL experts®*® to recommend that
genotyping should not be performed for naive patients
but instead considered when retreatment is anticipated
with a NS5A inhibitor regimen in patients who have
previously failed NS5A treatment.

In most of our patients who failed DAA-treatment,
RAS was investigated. We found RAS in 50% of those
failing NS5A-based therapy and in the two patients
failing NS3, but no major RAS S282T to NS5B. This
high prevalence of NS5A and -3 RAS failure in our study
confirms the EASL recommendation to evaluate HCV
resistance to NS5A inhibitors (spanning amino acids 24
to 93) if resistance testing is available, as these analyses
can guide decisions for further treatment!*#,

There are several limitations to this study. Firstly,
since the study was an observational cohort, our results
must be interpreted with caution, since treatment
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prescriptions were dependent on drug availability (with
variations over time) and known efficacy with regards
to HCV genotypes. Those results were obtained with
second generation DAA (LDV, DCV, elbasvir/grazoprevir),
and those results may not be entirely applicable to the
newer, pangenotypic regimens such as velpatasvir/SOF
or pibentasvir/glecaprevir. Our analysis is limited by
the small number of subjects with virological treatment
failure, and thus likely has limited power to identify
all potential risk factors. All patients with virological
treatment failure could not be explored by genotyping
to investigate the emergence of RAS due to the need to
obtain patient consent. Furthermore, baseline genotyping
was not available routinely, since this test is not
recommended in France for treatment-naive patients.
Finally, Sanger sequencing was used for the detection
of RAS, which may not be sensitive enough to detect
minor populations of RAS (< 15%). The strengths of our
study include prospective data collection with regular
monitoring and high quality data.

In conclusion, our study identified that low platelet
count is associated with a higher probability of DAA
failure. This parameter likely reflects hepatic insufficiency,
and our results are concordant with previously published
findings on HCV monoinfected patients. We also
speculate that some degree of low adherence could
explain some cases of failure, since suboptimal drugs
levels were observed in 29% of the cases that could
be explored, and HIV viral load was often detectable in
patients with virological treatment failure to DAA. This
study confirms the very low rate of treatment failure with
all-oral DAA in HIV/HCV coinfected patients, as well as
the high risk of the emergence of non-structural NS3 or
NS5A RAS in patients with virological DAA failure.

ARTICLE HIGHLIGHTS

Research background

In human immunodeficiency virus (HIV)/hepatitis C virus (HCV) coinfection, all-
oral direct-acting antiviral (DAA) regimens achieve virological cures in > 95% of
patients.

Research motivation

Risk factors for failure are mainly related to severity of cirrhosis in HCV
monoinfected patients, but are unknown in the population of HIV HCV
coinfected patients. We wanted to know whether additional factors related to
non-adherence or HIV status could be involved in the occurrence of failures.
We believed that identifying the risk factors for failure would allow for the
adaptation of treatment to patients with higher risk of failure.

Research objectives

The main objectives were to determine the risk factors for virological treatment
failure to DAA in HIV/HCV coinfected patients and to describe the frequency of
RAS.

Research methods

HIV/HCV coinfected patients who started the first DAA regimen before February
2016 and who were included in the French ANRS CO13 HEPAVIH cohort
were eligible. Failure was defined as: i) Non-response (HCV-RNA remained
detectable during treatment, at end of treatment (EOT)), ii) relapse (HCV-
RNA suppressed at EOT but detectable thereafter). Sequencing analysis
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was performed to describe prevalence of drug class specific RAS. Factors
associated with failure were determined using logistic regression models.

Research results

Research findings: Among 559 patients, 77% had suppressed plasma HIV-
RNA < 50 copies/mL at DAA treatment initiation, 41% were cirrhotic, and 68%
were HCV treatment-experienced. Virological treatment failures occurred in 22
patients and were mainly relapses (17, 77%) then undefined failure (3, 14%)
and non-responses (2, 9%). Mean treatment duration was 16 wk overall. Post-
treatment NS3, NS5A or NS5B RAS were detected in 10/14 patients with
samples available for sequencing analysis. After adjustment for age, sex, RBV
use, HCV genotype and treatment duration, low platelet count was the only
factor significantly associated with a higher risk of failure (OR: 6.5; 95%Cl:
1.8-22.6); Contributions to the field: In HIV/HCV coinfected patients, the risk
factors of failure were more related to the severity of cirrhosis than to HIV
immunovirological status or non-adherence issues. Problems that remain to be
solved: It remains to be determined whether the low platelet count associated
with a higher probability of failure reflects the severity of cirrhosis.

Research conclusions

In our study of HIV/HCV patients receiving all-oral DAA, only 3.9% HIV-HCV
coinfected patients failed DAA regimens. RAS were found in 70% of those
failing. Low platelet count was independently associated with virological failure.
We think that this low platelet count reflects the severity of cirrhosis.

Research perspectives

As the treatment failure number is low, it would be useful to build international
collaborations and gather data for several cohorts in order to gain significance
power. The results obtained with first generation all-oral DAA could be
compared with the newer, pangenotypic drug regimen.
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Abstract

AIM

To evaluate viral hepatitis knowledge among individuals
from different resource areas and health conditions to
identify possible gaps.

METHODS

A cross-sectional, descriptive study was carried out
among 447 individuals from five distinct populations
in Brazil: Southeast Viral Hepatitis Ambulatory (n
100), South (7 = 89) and Northeast (7 = 114) Health
Center, Southeast (7 = 77) and Northeast (7 = 67) low
resource areas. All individuals answered a questionnaire
assessing sociodemographic characteristics and viral
hepatitis awareness. The perception was scored
based on the average number of correct answers of
all participants and categorized as “low"” (0-28 correct
answers) or “desirable” (29-46 correct answers).
Associations between sociodemographic characteristics
and perception were also evaluated.

RESULTS

A low level of knowledge was observed in individuals
from Northeast Health Center, Northeast and Southeast
low resource areas while desirable knowledge was
observed in individuals from Viral Hepatitis Ambulatory
and South Health Center. According to sociodemographic
characteristics, desirable scores were more common
among those with secondary education (47.1%), those
who declared themselves as white (46.3%), and those
who lived in houses with three individuals (25.5%).
Multivariate analysis showed an association between
viral hepatitis perception and type of population.

CONCLUSION

The results demonstrated high level of knowledge
among study participants from health clinics from
the Southeast region of Brazil and the importance of
education programs in increasing the level of knowledge
in low resource areas.

Key words: Viral hepatitis; Knowledge; Perception;
Urban population; Brazil
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Core tip: This study evaluated viral hepatitis knowledge
among individuals from five different resource areas
and health conditions in Brazil. Participants responded
to a questionnaire and the perception was scored as
“low"” or “desirable”. Individuals from Northeast Health
Center and Northeast and Southeast low resource
areas exhibited low perception, while Southeast and
South Health Center exhibited a desirable perception. A
positive association was observed between perception
and education level, race, number of individuals living
in the same house and population type. The results
showed the importance of prevention campaigns,
especially among individuals living in low resource
areas.

Cruz HM, Barbosa JR, Baima Colares JK, de Moraes Neto
AH, Alencar MF, Bastos FI, da Mota JC, Carvalho-Costa FA,
Ivantes CA, Lewis-Ximenez LL, Villar LM. Cross-sectional
study to determine viral hepatitis knowledge in different urban
populations in Brazil. World J Hepatol 2018; 10(11): 867-876
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v10/i11/867.htm DOI: http://dx.doi.org/10.4254/wjh.v10.i111.867

INTRODUCTION

Hepatitis is the name given to liver inflammation resulting
from autoimmune disease, excessive consumption of
alcohol or drugs, bacteria and viruses. Viral hepatitis is
a group of viruses (hepatitis A, B, C, D, E, G known as
HAV, HBV, HCV, HDV, HEV, HGV) that are etiologically and
epidemiologically distinct™ ™.

Ingestion of contaminated food or water transmits
HAV and HEV; in this fashion, washing food and hands
and treating water are methods of prevention. On the
other hand, HBV, HCV and HDV can be transmitted by
contact with infected bodily fluids (transfusion of blood or
blood products, or invasive medical procedures), unsafe
sexual practices, or from transmission from mother
to child. Prevention of HBV, HCV and HDV is made by
blood and organ donor selection, using disposable or
sterilized materials and the use of condoms in sexual
intercourset™**®,

There are vaccines to prevent HAV and HBV
that are safe and effective; one vaccine for HEV is
commercialized only in China, but there are no Federal
Drug Administration-approved vaccines for HCV and
HDVY. The dlinical course of hepatitis viruses can be
acute and chronic for HBV, HCV, HDV and HEV. The
clinical manifestations of hepatitis can be absent or
appear when the disease is advanced, with cirrhosis or
liver cancer'™?.. Viral hepatitis laboratory diagnosis is
performed through the detection of specific antigens,
antibodies and viral genome, mainly by enzyme
immunoassays and molecular assays such as the
polymerase chain reaction™.

November 27, 2018 | Volume 10 | Issue 11 |



HBV and HCV occur chronically in 257 and 71 million
people respectively, causing more than 1.2 million deaths
annually™. Approximately 15 million people are infected
with HDV?. Annually, there are an estimated 126 million
new cases of HAV and 3.3 million new cases of HEV?>*'%,
In 2016, 61297 deaths were related to viral hepatitis
in Brazil. HEV prevalence in Brazil varies from 2% to
29% 1,

The evaluation of knowledge is assessed to verify how
far community knowledge corresponds to biomedical
concepts™, Some factors, such as education, health
literacy, family income, age, and access to information,
could be associated with gaps in knowledge!*®*”.

Around the world studies have been conducted
in order to evaluate viral hepatitis perception among
health professionals and students, viral hepatitis patients
or other risk groups™’?"., There are still few reports
regarding viral hepatitis knowledge in low resource
areas®*?Y, In view of these gaps, the aim of the
present study is to evaluate the viral hepatitis knowledge
among individuals from different resource areas and
health conditions in Brazil to identify possible gaps and
help authorities in the development of prevention and
education programs.

MATERIALS AND METHODS

Population studied

This was a cross-sectional study conducted from
March 2015 to November 2015, wherein a minimum
sample size of 50 participants per group was defined.
A nonprobability sampling method with consecutive
sampling was used in which every subject meeting the
criteria of inclusion was selected until the required sample
size was achieved in this setting.

Individuals were previously informed about the study
and participant eligibility criteria were: Both genders,
more than 18 years of age, free from psychoactive
drug use, agreement to inclusion, and signed, informed
consent. The local ethical committee approved the study
(CAEE 38846914.5.0000.5248).

The final sample was made up of a total of 447
questionnaires about hepatitis knowledge obtained
from five groups belonging to different geographic
regions in Brazil, as follows: (1) Southeast Viral Hepatitis
Ambulatory, comprising 100 individuals living in the Rio
de Janeiro state, both in nearby cities and in different
districts of the city of Rio de Janeiro, who were referred
to the outpatient clinic. These individuals included not
only those with acute, chronic or suspected cases of viral
hepatitis but also those accompanying patients to the
Brazilian Referral center for viral hepatitis diagnosis. The
recruitment was performed prior to medical consultation.
The Rio de Janeiro state is situated in the Southeast
region of Brazil, with a human development Index (HDI)
of 0.761"; (2) South Health Center, comprising 89
individuals residing in the city of Curitiba (Parana State)
that were recruited in the Guidance and Monitoring
Center prior to medical consultation. This center performs
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anonymous testing for hepatitis, syphilis and human
immunodeficiency virus. Curitiba is situated in the South
region of Brazil with an estimated population of 1908359,
an HDI of 0.823, and poverty rate of 31.71%"; (3)
Northeast Health Center, comprising 114 individuals
resident in the city of Fortaleza (Ceara State) and who
were users of the Brazilian Unified Health System seeking
care in Medical Care Center integrated to the University
of Fortaleza. Recruitment was carried out prior to medical
consultation. Fortaleza is situated in the Northeast region
of Brazil, with an estimated population of 2627482,
an HDI of 0.754, and a poverty rate of 43.17%; (4)
Southeast low resource areas, comprising 77 individuals
living in low resource communities from the Southeast
region of Brazil (Complex of Manguinhos district of Rio
de Janeiro city). Interviewers visited residents in their
homes and only applied the questionnaires to those who
agreed to participate. Rio de Janeiro city is situated in the
Southeast region of Brazil, with an estimated population
of 6520266, an HDI of 0.799, and a poverty rate of
23.85%. Manguinhos complex exhibited the fifth worst
HDI (0.726) among the 126 neighborhood groups in the
city of Rio de Janeiro, and the average family income in
population was below a minimum Brazilian income™’;
and (5) Northeast low resource areas, comprising 67
individuals resident in a low-resource community from
the Northeast Region of Brazil (Nossa Senhora de Nazaré
city, Piaui State). This city had approximately 5000
inhabitants and residents had a low income. Interviewers
visited residents in their homes and only applied the
questionnaires to those who agreed to participate. Nossa
Senhora de Nazaré is situated in the Northeast region of
Brazil, with an estimated population of 4786, an HDI of
0.586, and a poverty rate of 56.6%".

To assess knowledge scores, five populations were
further aggregated into three groups, which were
categorized as Southeast Viral Hepatitis Ambulatory (n
= 100), medical centers (n =203, South and Northeast)
and under-privileged communities (n = 144, Southeast
and Northeast low resource areas).

Data collection instrument

The questionnaire was composed of two parts: (1)
Social-demographic characteristics; and (2) viral hepatitis
perception. Social-demographic characteristics included
gender, age, education level, race, monthly family
income, marital status and number of people in-house.
Monthly family income was considered in relation to the
Brazilian minimum salary and classified as “low” (< US
$276.00 approximately), “intermediate” (US $276.00
to $828.00 approximately) or “high” (> US $828.00
approximately).

Viral hepatitis perception was assessed by the
participants’ understanding of the proposed questions.
The questionnaire was composed of nine groups of
questions covering aspects about viral hepatitis including
general information (questions 1 to 4), transmission
(question 5), prevention (question 6), clinical mani-
festations (question 7), risk factors (question 8), and

November 27, 2018 | Volume 10 | Issue 11 |



Cruz HM et al/. Viral hepatitis knowledge in Brazil

complications (questions 9). All questions except items
3 and 4 had subdivisions (i.e. 1a, 1b, 1c and 1d); thus,
a total of 46 answers could be correctly pointed out.
Additionally, in items 3, 4, 5 and 6, individuals were
asked to report which type of hepatitis virus related to
their response.

The initial version of the questionnaire was structured
in the Brazilian Portuguese language and developed
from a questionnaire applied in a previous study!*
and through literature review about knowledge in viral
hepatitis™'®'”). The questionnaire was then piloted with
30 respondents for its acceptability and consistency,
including 15 self-administered and 15 interviewed.
From the self-administered questionnaire, three of them
had many unfilled questions, and one of them entirely
unfilled. The questionnaire was modified after the pilot
study and the interview format was chosen for data
collection. After this evaluation, the questionnaire was
made available for data collection. Data from the pilot
study was not included in the final analysis. Participants
were interviewed face-to-face in a confidential setting. At
the end of the interview, the correct answers were shown
to each volunteer.

Score of knowledge

The viral hepatitis perception score was created based
on the average of correct answers of all participants’
responses (28.7). The perception was divided in two
scores: “low” (0-28 correct answers) and “desirable”
(29-46 correct answers). Associations between
sociodemographic characteristics and perception were
also evaluated.

Statistical analysis

Descriptive statistics were generated for the responses
and the chi-squared test for independence or for
trend and Kruskal-Wallis test were used to compare
categorical and continuous variables respectively, among
the perception score groups. The variables that were
associated with perception score categories were inserted
into the logistic regression model, using a forward
stepwise method. The 95%CIs of the estimated odds
ratios were also calculated, and a P-value was calculated
using the Statistical Package for the Social Sciences (SPSS
for Windows, release 20.0; IBM Corp., Armonk, NY,
United States).

RESULTS

Demographic characteristics

Most of the participants were female (269/60.2%), aged
over 40 years (254/56.8%), had secondary education
(186/41.6%), received intermediate monthly family
income (250/55.9%), and declared themselves as non-
white (225/50.3%), married (224/50.1%) and living in
houses with three individuals (128/28.6%). Only marital
status was not significantly different between the five
populations (P = 0.909) (Table 1).
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Viral hepatitis perception

In the case of most categories, the majority of questions
were correctly answered (varying from 56.4% to
77.3%), with the exception of the complications category
where only 39.4% were answered correctly. Individuals
from Southeast Viral Hepatitis Ambulatory showed
the highest number of correct answers in general
(66.4%), clinical manifestations (84.7%), complications
(46.5%), transmission (81.4%) and prevention
(80.6%). Participants from South Health Center showed
the highest number of correctly answered questions
regarding risk of acquiring hepatitis (68.1%) (data not
shown).

Table 2 describes the correct responses towards viral
hepatitis knowledge separated by populations. More than
70% of participants recognized that hepatitis is caused
by viruses, the existence of HAV, HBV, HCV and the
availability of vaccines for hepatitis. Additionally, more
than 60% of individuals did not know that hepatitis can
be caused by alcohol or medicines and that an individual
cannot have the same type of hepatitis more than once,
while more than 70% of participants were unaware of
the existence of HDV and HEV.

Clinical manifestations and risk of acquiring hepatitis
questions were correctly answered by most individuals.
However, work in rural areas as a risk factor in the
acquisition of hepatitis was incorrectly answered by more
than 60% of participants. Less than 27% of interviewees
were able to associate loss of body movements, blood
through the mouth, loss of vision and blood in the stool
as complications of hepatitis. In addition, more than 50%
of participants incorrectly answered questions about
transmission by seafood, the absence of transmission by
mosquito bite, and modes of prevention, such as killing
mosquitoes and using masks.

In general, correct answers were more common in
Southeast Viral Hepatitis Ambulatory and less common
in Northeast low resource areas. In questions such as
“Does hepatitis D exist?”, “Can hepatitis be transmitted
by mosquito bite?”, “"Can killing mosquitoes prevent
viral hepatitis?” and “Does using masks prevent
hepatitis?” less than 50% were correctly answered by
all participants but more than 50% of such questions
were correctly answered in Southeast Viral Hepatitis
Ambulatory (Table 2).

Less than 10% of correct answers were observed
in questions such as “Do hepatitis D and E exist?” in
Northeast Health Center, “Is loss of body movement a
complication of hepatitis?” in Southeast and Northeast
low resource areas, and “Is blood in the stool a
complication of hepatitis?” in Northeast Health Center,
Southeast and Northeast low resource areas (Table 2).

In bivariate analysis of answered questions, some
were not significant, such as those informing whether
hepatitis can be caused by medicines, whether jaundice,
pale stools and dark urine are clinical manifestations of
hepatitis, whether people working in laboratories are at
risk of infection, and whether loss of blood through the
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Table 1 Participants’ sociodemographic characteristics of studies, 7 (%)

Item Total, 447 Southeast viral hepatitis  South health  Northeast health Southeast low Northeast low P value
ambulatory, 100 center, 89 center, 114 resource areas, 77 resource areas, 67

Gender
Female 269 (60.2) 55 (55.0) 33 (37.1) 76 (66.7) 51 (66.2) 54 (80.6) 0.000
Male 178 (39.8) 45 (45.0) 56 (62.9) 38 (33.3) 26 (33.8) 13 (19.4)

Age groups by yr
<40 193 (43.2) 29 (29.0) 28 (31.5) 68 (59.6) 27 (35.1) 41 (61.2) 0.000
> 40 254 (56.8) 71 (71.0) 61 (68.5) 46 (40.4) 50 (64.9) 26 (38.8)

Education
Tlliterate 136 (30.4) 28 (28.0) 11 (12.4) 27 (23.7) 38 (49.3) 32 (47.8) 0.000
Primary school 66 (14.8) 16 (16.0) 12 (13.5) 15 (13.2) 13 (16.9) 10 (14.9)
Secondary school 186 (41.6) 42 (42.0) 48 (53.9) 51 (44.7) 25 (32.5) 20 (29.8)
College 59 (13.2) 14 (14.0) 18 (20.2) 21 (18.4) 1(1.3) 5 (7.5)

Family income
Low 38 (8.5) 3 (3.0) 1(1.1) 5 (4.4) 7(9.1) 17 (25.3) 0.000
Intermediate 250 (55.9) 62 (62.0) 25 (28.1) 72 (63.2) 55 (71.4) 41 (61.2)
High 145 (32.5) 35 (35.0) 61 (68.5) 34 (29.8) 11 (14.3) 4(6.0)

Race
White 211 (47.2) 47 (47.0) 67 (75.3) 33 (28.9) 42 (54.5) 22 (32.8) <0.0001
Non-white 225 (50.3) 51 (51.0) 20 (22.4) 74 (64.9) 35 (45.5) 45 (67.2)

Marital status
Married 222 (49.7) 46 (46.0) 44 (49.4) 59 (51.8) 40 (51.9) 33 (49.3) 0.909
Unmarried 224 (50.1) 54 (54.0) 45 (50.6) 55 (48.2) 36 (46.8) 34 (50.7)

People in home
1 39 (87) 14 (14.0) 9 (10,1) 8 (7.0) 7(9.1) 1(1.5) 0.000
2 97 (21.7) 23 (23.0) 28 (31.5) 16 (14.0) 24 (31.1) 6 (9.0)
3 128 (28.6) 34 (34.0) 23 (25.8) 30 (26.3) 24 (312) 17 (25.4)
4 94 (21.0) 14 (14.0) 17 (19.1) 32 (28.1) 8 (10.4) 23 (34.3)
5 88 (19.7) 14 (14.0) 12 (13.5) 28 (24.6) 14 (18.2) 20 (29.8)

mouth or blood in the stool are complications of infection
(P=0.110, P = 0922, P =0.054, P=0.233 and P =
0.121, respectively) (Table 2).

Figure 1 shows the distribution of correct answers in
each population; the highest number of correct answered
were found in the Southeast Viral Hepatitis Ambulatory
group and the lowest number in Northeast low resource
areas. Also, it was possible to observe a larger dispersion
of correct-answered in Northeast low resource areas.

In 19 questions, it was necessary to determine
which hepatitis type was related to the participant’s
response; only in three of them were more than 50% of
the participants able to correctly identify at least one of
the related hepatitis types. The percentage of incorrect
answers (i.e. did not know, did not respond, or did not
associate the correct hepatitis type with the question)
from these three questions were 14.5% for “Selecting
uninfected donors is hepatitis prevention”, 40.3% for “Can
hepatitis be transmitted by air?” and 41.2% for “Which
hepatitis types have a vaccine?”. For the other questions,
the percentage of wrong answers varies from 50.6%
(“Can hepatitis be transmitted by hemodialysis?”) to
88.1% (“Can hepatitis be transmitted by seafood?”) (data
not shown).

Perception about viral hepatitis

The average of correct answers from all individuals
was 28.7 * 6.1- which was considered as the cut off
value in this analysis; in this way, scores from 0 to 28
were considered “low” and scores of 29 to 46 were
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considered “desirable”. Only Southeast Viral Hepatitis
Ambulatory and South Health Center demonstrated
a desirable knowledge (30.5 = 5.0 and 29.5 * 5.6,
respectively) (Table 3).

Regarding the rate of correct answers, 255 (57.0%)
individuals scored above average, with 87 (87.0%) from
Southeast Viral Hepatitis Ambulatory, 52 (58.4%) from
South Health Center, 56 (49.1%) from Northeast Health
Center, 34 (44.1%) from Southeast low resource areas,
and 26 (39.4%) from Northeast low resource areas.

The caveats of gender, age, marital status and
number of people in the home were associated with
approximately the same average number of correct
answers. The majority of the individuals with both low
and desirable scores received an intermediate family
income; however, a lower average number of correct
answers was observed in individuals who received low
family income.

Desirable perception was more common among
females (58.4%), subjects aged over 40 years (60.0%),
with a secondary education (47.1%), receiving inter-
mediate family income (56.9%), declaring themselves
white (51.8%), married (50.2%) and living in houses
with three individuals (25.5%), and belonging to
Southeast Viral Hepatitis Ambulatory (34.1%) (Table 3).

Perception was associated only with education level,
race, individuals living in the same home and populations
in bivariate analysis (Table 3). In multivariate analysis,
population-type was found to be statistically significant
(Table 4).
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Table 2 Correct answers regarding viral hepatitis given by individuals from each group evaluated (7 = 447) according to general

aspects, clinical manifestations, risk of acquiring hepatitis, complications, transmission and prevention, 7 (%)

Sentence Total, Southeast South health Northeast Southeast Northeast P value
n = 447  viral hepatitis center, health center, low resource low resource
ambulatory, n =89 n =114 areas, areas,
n = 100 n=77 n =67
General aspects
Can hepatitis be caused by viruses 321 (71.8) 84 (84.0) 69 (77.5) 75 (65.8) 48 (62.3) 45 (67.2) 0.005
Can hepatitis be caused by bacteria 242 (54.1) 50 (50.0) 19 (21.3) 74 (64.9) 56 (72.7) 43 (64.2) 0.000
Can hepatitis be caused by alcohol 172 (38.5) 31 (31.0) 31 (34.8) 38 (33.3) 34 (44.2) 38 (56.7) 0.006
Can hepatitis be caused by medicines 154 (34.5) 45 (45.0) 29 (32.6) 32(28.1) 24 (31.2) 24 (35.8) 0.110
Does hepatitis A exist 394 (88.1) 98 (98.0) 78 (87.6) 97 (85.1) 68 (88.3) 53 (79.1) 0.004
Does hepatitis B exist 410 (91.7) 99 (99.0) 88 (98.9) 95 (83.3) 73 (94.8) 55 (82.1) 0.000
Does hepatitis C exist 359 (80.3) 99 (99.0) 86 (96.6) 66 (57.9) 61 (79.2) 47 (70.1) 0.000
Does hepatitis D exist 121 (27.1) 56 (56.0) 18 (20.2) 10 (8.8) 18 (23.4) 19 (28.4) 0.000
Does hepatitis E exist 92 (20.6) 40 (40.0) 15 (16.9) 7 (6.1) 14 (18.2) 16 (23.9) 0.000
Does a vaccine for hepatitis exist 376 (84.1) 91 (91.0) 78 (87.6) 97 (85.1) 58 (75.3) 52 (77.6) 0.026
Can you have the same hepatitis more the once 132 (29.5) 37 (37.0) 23 (25.8) 37 (32.5) 13 (16.9) 22 (32.8) 0.040
Clinical manifestations
No clinical manifestations 292 (65.3) 89 (89.0) 75 (84.3) 61 (53.5) 35 (45.5) 32 (47.8) 0.000
After years 311 (69.6) 81 (81.0) 75 (84.3) 61 (53.5) 47 (61.0) 47 (70.1) 0.000
Fever discomfort, nausea 369 (82.6) 76 (76.0) 67 (75.3) 99 (86.8) 64 (83.1) 63 (94.0) 0.008
Jaundice, pale stools and dark urine 410 (91.7) 93 (93.0) 81 (91.0) 103 (90.4) 72 (93.5) 61 (91.0) 0.922
People at risk of acquiring hepatitis
People working in laboratory 235 (52.6) 61 (61.0) 39 (43.8) 67 (58.8) 38 (49.4) 30 (44.8) 0.054
People who work in hospitals 310 (69.4) 72 (72.0) 58 (65.2) 88 (77.2) 56 (72.7) 36 (53.7) 0.014
Not people who work in rural areas 157 (35.1) 36 (36.0) 41 (46.1) 46 (40.4) 18 (23.4) 16 (23.9) 0.006
People who work in the beauty areas 353 (79.0) 91 (91.0) 70 (78.7) 89 (78.1) 57 (74.0) 46 (68.7) 0.007
People who use drugs 393 (87.9) 98 (98.0) 85 (95.5) 96 (84.2) 64 (83.1) 50 (74.6) 0.000
People who receive tattoos or piercings 389 (87.0) 98 (98.0) 79 (88.8) 96 (84.2) 64 (83.1) 52 (77.6) 0.001
People who live indoors 253 (56.6) 46 (46.0) 45 (50.6) 66 (57.9) 57 (74.0) 39 (58.2) 0.004
Not people who work in offices 299 (66.9) 19 (19.0) 68 (76.4) 28 (24.6) 26 (33.8) 31 (46.3) 0.000
Complications
Cirrhosis 361 (80.8) 91 (91.0) 82 (92.1) 79 (69.3) 62 (80.5) 47 (70.1) 0.000
Liver cancer 378 (84.6) 91 (91.0) 78 (87.6) 95 (83.3) 65 (84.4) 49 (73.1) 0.031
There is no loss of body movements 88 (19.7) 32 (32.0) 17 (19.1) 27 (23.7) 6(7.8) 6 (9.0) 0.233
There is no loss of blood through the mouth 65 (14.5) 17 (17.0) 18 (20.2) 16 (14.0) 8 (10.4) 6 (9.0) 0.000
There is no vision loss 117 (26.2) 30 (30.0) 23 (25.8) 40 (35.1) 13 (16.9) 11 (16.4) 0.016
There is no blood in the stool 49 (11.0) 18 (18.0) 10 (11.2) 9(7.9) 7(9.1) 5(7.5) 0.121
Transmission
By transfusion and transplantation 386 (86.4) 94 (94.0) 85 (95.5) 91 (79.8) 67 (87.0) 49 (73.1) 0.000
By sex 310 (69.4) 96 (96.0) 76 (85.4) 64 (56.1) 42 (54.5) 32 (47.8) 0.000
By water and contaminated vegetables 318 (71.1) 88 (88.0) 49 (55.1) 79 (69.3) 60 (77.9) 42 (62.7) 0.000
By seafood 135 (30.2) 59 (59.0) 17 (19.1) 27 (23.7) 23 (29.9) 9(13.4) 0.000
By tattoo and piercing 361 (80.8) 96 (96.0) 76 (85.4) 88 (77.2) 57 (74.0) 44 (65.7) 0.000
By cutting instruments 385 (86.1) 99 (99.0) 77 (86.5) 90 (78.9) 66 (85.7) 53 (79.1) 0.005
By hemodialysis 280 (62.6) 74 (74.0) 58 (65.2) 60 (52.6) 53 (68.8) 35 (52.2) 0.010
Cannot be by mosquito bite 221 (49.4) 58 (58.0) 49 (55.1) 60 (52.6) 31 (40.3) 23 (34.3) 0.000
Cannot be by air 268 (60.0) 69 (69.0) 69 (77.5) 68 (59.6) 34 (44.2) 28 (41.8) 0.000
Prevention
Building cesspools 324 (72.5) 78 (78.0) 49 (55.1) 89 (78.1) 63 (81.8) 45 (67.2) 0.000
Channeling water 318 (71.1) 76 (76.0) 53 (59.6) 84 (73.7) 63 (81.8) 42 (62.7) 0.007
Selecting uninfected donors 363 (81.2) 90 (90.0) 71 (79.8) 105 (92.1) 58 (75.3) 39 (58.2) 0.000
Filtering water and treating drinks 372 (83.2) 88 (88.0) 57 (64.0) 101 (88.6) 71(92.2) 55 (82.1) 0.000
Killing mosquitoes does not prevent hepatitis 189 (42.3) 53 (53.0) 41 (46.1) 41 (36.0) 33 (42.9) 21 (31.3) 0.029
Providing vaccine 405 (90.6) 94 (94.0) 80 (89.9) 107 (93.9) 70 (90.9) 54 (80.6) 0.030
Using masks does not prevent hepatitis 210 (47.0) 69 (69.0) 57 (64.0) 46 (40.4) 26 (33.8) 12 (17.9) 0.000
Using condoms 378 (84.6) 97 (97.0) 82(92.1) 93 (81.6) 56 (72.7) 50 (74.6) 0.000

Southeast Viral Hepatitis Ambulatory showed a
higher number of desirable scores while underprivileged DISCUSSION
communities showed a lower number of desirable scores ~ In the present study, knowledge level was scored
compared to low scores in the same areas. Medical according to the mean number of correct answers.
centers also present a larger proportion of desirable Individuals from Southeast Viral Hepatitis Ambulatory
scores compared to low scores though this was less and South Health Center showed a desirable knowledge
pronounced (Figure 2). in contrast to those recruited at Northeast Health Center,
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Table 3 Sociodemographic characteristics according to knowledge scores for viral hepatitis, 7 (%)

Item Mean of knowledge score (+ SD) Knowledge score Bivariate analysis
Low (0-28), 7 = 192 Desirable (29-46), n = 255 P value
Gender
Female 28.49 £ 6.16 120 (62.5) 149 (58.4) 0.430
Male 29.04 £ 6.10 72 (37.5) 106 (41.6)
Ageinyr
<40 27.6 £ 6.6 91 (47.4) 102 (40.0) 0.120
> 40 275+85 101 (52.6) 153 (60.0)
Education level
Illiterate 254+83 74 (38.5) 62 (24.3) 0.002
Primary school 281+51 32 (16.7) 34 (13.3)
Secondary school 309+57 66 (34.4) 120 (47.1)
College 30.8+54 20 (10.4) 39 (15.3)
Family income
Low 26.1+6.9 21 (10.9) 17 (6.7) 0.200
Indeterminate 294+70 105 (54.7) 145 (56.9)
High 30.3+55 57 (29.7) 88 (34.5)
Race
White 298+71 79 (41.1) 132 (51.8) 0.030
Non-white 282+63 107 (55.7) 118 (46.3)
Marital status
Married 284+71 94 (48.9) 128 (50.2) 0.840
Unmarried 273 +8.0 97 (50.5) 127 (49.8)
Individuals living in the same home
1 30.5+5.0 11 (5.7) 28 (11.0) 0.014
2 295+5.6 41 (21.4) 56 (22.0)
3 283+63 63 (32.8) 65 (25.5)
4 288 £ 6.6 31 (16.1) 63 (24.7)
=5 27.6 £ 6.4 46 (24.0) 42 (16.5)
Population
Southeast viral hepatitis ambulatory 33.1+45 13 (6.8) 87 (34.1) <0.0001
South health center 291+53 37 (19.3) 52 (20.4)
Northeast health center 275+5.0 58 (30.2) 56 (22.0)
Southeast low resource areas 27.6 +47 43 (22.4) 34 (13.3)
Northeast low resource areas 25.0 £ 8.5 41 (21.3) 26 (10.2)

Correct answers

0 ! ! ! ! .
P3

Populations evaluated

Figure 1 Distribution of correct answers plotted according to each
population evaluated. The y-axis represents the number of correct answers.
The solid lines represent the average for P1 (Southeast Viral Hepatitis
Ambulatory), P2 (South Health Center), P3 (Northeast Health Center), P4
(Southeast low resource areas) and P5 (Northeast low resource areas), which
were respectively: 33.1 £ 4.5;29.1 £5.3;27.5 £ 5.0; 27.6 £ 4.7; and, 25.0 £
8.5.

Southeast and Northeast low resource areas. The
findings of the current study are in line with previous
findings®>****!, However, the study in Egypt noted high
baseline knowledge about HCV®®, likely due to the scale
of the HCV epidemic in this country.

Complications arising from viral hepatitis was the
worst set of questions evaluated in the current study.
Although more than 80% of participants can correctly
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correlate cirrhosis and liver cancer with complications of
viral hepatitis, most of them related complications that
are not caused by hepatitis. In previous studies between
health professionals, more than half of participants
answered correctly to the questions about HCV
complications®!, However, an insufficient knowledge
regarding HCV complications was observed in a study
among health professionals™®”’. Clinical manifestations of
viral hepatitis were the best set of questions evaluated,
contrary to previous observations®®®,

In the present study, most individuals recognize the
existence of HAV, HBV and HCV and do not recognize
the existence of hepatitis D or E. The same finding has
previously been observed in Brazil®¥. Another study™
observed a very weak knowledge regarding the five
hepatitis types among medical science students. Trans-
mission and prevention modes were correctly answered
in general; this data was also observed among medical
and health science students in Ethiopia in the evaluation
of HBV knowledge™". A large number of individuals
do not know that viral hepatitis can be transmitted by
seafood, as observed previously®". Since HAV and HEV
can be transmitted in this way'***”, the transmission may
continue if preventive measures are not taken.

Viral hepatitis transmission by mosquito and forms
to prevent it were incorrectly answered by most par-
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Table 4 Final adjusted model of multivariate logistic regression for knowledge scores for viral hepatitis

Variable Knowledge score
OR 95%Cl P value
Lower Upper
Education level
Illiterate 2.230 1.084 4586 0.290
Primary school 1.799 0.807 4,009 0.151
Secondary school 1.028 0.528 2.002 0.936
College 1.000 - - -
Individuals living in the same home
1 1.000 - - -
2 1.611 0.671 3.867 0.286
3 2.328 0.992 5.465 0.052
4 0.818 0.332 2,017 0.663
=5 1.832 0.748 4.486 0.185
Population
Southeast viral hepatitis ambulatory 1.000 - - -
South health center 6.154 2.900 13.058 0.000
Northeast health center 8.617 4.177 17.777 0.000
Southeast low resource areas 7.491 3.508 15.994 0.000
Northeast low resource areas 11.262 5.007 25.327 0.000
CI: Confidence interval; OR: Odds ratio.
120 - 10g T Scutheast viral hepatitis ambulatory these infections, especially among individuals from low-
100 L 95 [ Medical centers resource areas that showed a lower level of knowledge in
Tg 84 877 M Underprivileged communities the present StUdY-
g 80r The present study has some limitations. The study did
2 60l 60 not assess the information regarding the neighborhood
5 of each participant to observe the sociodemographic
é 40 diversity. The study did not assess the occupation of
2 20+ 13 participants to categorize and compare with studies in
0 F specific groups, such as health or beauty professionals.

Low Desirable
Knowledge score

Figure 2 Number of individuals according to knowledge score in each
group evaluated.

ticipants, probably due to the country-wide presence
of Dengue virus, the transmission of which is widely
understood by the public. Most individuals did not
cite transmission by air but, curiously, masks to avoid
airborne contamination were cited. These questions
highlight the need for raising awareness among the
public to reinforce knowledge related to the modes of
transmission and prevention.

In present study, population type was the significant
demographic factor associated with knowledge level
in multivariate analysis, the same as found in other
studies™***!!, Contrary to a previous general population
study in Brazil®"!, monthly family income had no asso-
ciation with knowledge in the present study.

The results obtained in the present study can be
used as a data source for the projection of intervention
methods in health and public health policies, such as
explanatory educational leaflet, educational booklets,
lectures in schools, health campaigns, health fairs and
others, in order to increase access to information of viral
hepatitis and possibly to reduce the number of cases of
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In Viral Hepatitis Ambulatory and in medical centers,
it was not asked whether participants had previously
consulted and whether they had any prior knowledge
about hepatitis.

In conclusion, in general, desirable knowledge was
observed among most participants. However, Northeast
Health Center and under-privileged communities showed
low knowledge. Knowledge levels were associated with
education level, race and number of individuals living
in the same home. The results of the present study
should prove useful for information and prevention
campaigns targeted at the general population, especially
between neglected communities, in order to reduce the
transmission of viral hepatitis.

ARTICLE HIGHLIGHTS

Research background

Viral hepatitis is an important public health problem in the world, causing
more than 1 million deaths annually. It is important to evaluate viral hepatitis
perception to identify the possible gaps and help public health authorities to
create strategies to increase access to information about these infections.

Research motivation
Few studies have been done to evaluate viral hepatitis perception in uninfected
individuals, particularly in Latin America.

Research objectives
The main aim of this study was to evaluate the viral hepatitis knowledge among
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individuals from different resource areas and health conditions in Brazil to
identify possible gaps and help authorities in the development of prevention
and education programs.

Research methods

This was a cross-sectional study, wherein a questionnaire to evaluate viral
hepatitis perception was applied among 447 individuals from five different
populations in Brazil (Southeast low resource areas, Northeast low resource
areas, South Health Center, Northeast Health Center, Southeast Viral Hepatitis
Center). The viral hepatitis perception score was created based on the average
of correct answers of all participants’ responses (28.7), and associations
between sociodemographic characteristics and perception were also evaluated.

Research results

High perception level about viral hepatitis was observed in Southeast Viral
Hepatitis Ambulatory and South Health Center compared to Northeast
Health Center, Southeast and Northeast low resource areas. According to
sociodemographic characteristics, desirable scores were more common among
those with secondary education (47.1%), those who declared themselves as
white (46.3%), and those who lived in houses with three individuals (25.5%).
Population type was associated with knowledge level in multivariate analysis.

Research conclusions

The study demonstrated a low level of perception about viral hepatitis among
individuals from low resource areas. Identifying the knowledge gaps in this
group could help to create strategies for increasing access to information and
consequently reducing the transmission of these diseases.

Research perspectives

This study demonstrates that it is necessary to improve the access to health
information about viral hepatitis, especially among residents of low-resource
settings. It is important to conduct a random sampling evaluation of larger
numbers of individuals to confirm the results observed. A questionnaire could
help to conduct these studies, the same as was used in the present work.
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Abstract

AIM

To evaluate the diagnostic value of dobutamine stress
echocardiography (DSE) and myocardial perfusion sci-
ntigraphy (MPS) in predicting coronary artery disease
(CAD) in cirrhotic patients listed for liver transplanta-
tion (LT), using invasive coronary angiography (ICA) as
gold-standard.

METHODS

Retrieval of studies was based on Medical Subject
Headings and Health Sciences Descriptors, which were
combined using Boolean operators. Searches were run
on the electronic databases Scopus, Web of Science,
EMBASE, MEDLINE (PubMed), BIREME (Biblioteca Re-
gional de Medicina), LILACS (Latin American and Cari-
bbean Health Sciences Literature), Cochrane Library
for Systematic Reviews and Opengray.eu. There was
no language or date of publication restrictions. The
reference lists of the studies retrieved were searched
manually.

RESULTS

The search strategy retrieved 322 references for DSE
and 90 for MPS. In the final analysis, 10 references for
DSE and 10 for MPS were included. Pooled sensitivity
was 28% and 61% for DSE and MPS and specificity
was 82% and 74%, for diagnosis of CAD using ICA as
gold-standard, respectively.

November 27, 2018 | Volume 10 | Issue 11 |



Soldera J et a/. CAD in LT candidates

CONCLUSION

DSE and MPS do not have adequate sensitivity for
determination of whether CAD is present, despite
having significant specificity.

Key words: Myocardial perfusion imaging; Coronary
angiography; Liver transplantation; Echocardiography;
Stress

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The concept of cardiac involvement in cirrhotic
patients has been changing as patients listed for liver
transplantation (LT) have become older and sicker.
We aimed to evaluate the diagnostic value of dobutam-
ine stress echocardiography (DSE) and myocardial
perfusion scintigraphy (MPS) in predicting coronary
artery disease (CAD) in cirrhotic patients listed for LT,
using invasive coronary angiography as gold-standard.
A systematic review and meta-analysis was perform-
ed, including 10 references for DSE and 10 for MPS.
We concluded that DSE and MPS do not have adequate
sensitivity for determination of whether CAD is present,
despite having significant specificity.

Soldera J, Camazzola F, Rodriguez S, Branddo A. Cardiac stress
testing and coronary artery disease in liver transplantation can-
didates: Meta-analysis. World J Hepatol 2018; 10(11): 877-886
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v10/i11/877.htm DOI: http://dx.doi.org/10.4254/wjh.v10.111.877

INTRODUCTION

When liver transplantation (LT) programs were be-
ginning three decades ago, it was believed that the
systemic vasodilation that occurs in end-stage liver
disease (ESLD) might be able to protect patients
from coronary artery disease (CAD)™. Nevertheless,
studies have shown that CAD is more prevalent in
cirrhotic patients than previously suspected. In a co-
hort with high risk for CAD, 26% of the patients had
previously unknown CAD on routine invasive coronary
angiography (ICA)™.

The cardiac profile for LT candidates has been
changing, because they are now older and sicker™.
Data from the United Network for Organ Sharing
(UNOS) show that the proportion of LT recipients over
the age of 65 years in the United States increased fr-
om 9.6% in 2003 to 16.3% in 2013™. This has been a
cause for major concern regarding perioperative cardiac
risk. For example, a publication from 1996 predicted
that around 50% of patients with significant CAD wou-
Id die from cardiac complications in the perioperative
period™, However, in a more recent study, the pre-
sence of obstructive CAD did not significantly impact
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post-LT survival, when modern treatment of CAD pre-
LT is taken into account’®. Furthermore, patients with
ESLD have a specific type of cardiovascular sickness,
currently known as cirrhotic cardiomyopathy, whose
role in LT survival is yet to be established".

These findings suggest a real need for protocols for
cardiac evaluation of patients awaiting LT - particularly
for cirrhotic patients. The American Association for
the Study of Liver Diseases (AASLD) published a
guideline in 2005 that recommends myocardial stress
testing for every patient referred for LT®, Neverthel-
ess, the guideline published in 2012 by the American
Heart Association (AHA) and the American College of
Cardiology (ACC)™, suggested that myocardial stress
testing should be reserved for patients with three
or more CAD risk factors. A score has recently been
published for evaluation of perioperative cardiac risk,
but it has yet to be validated further®.

The aim of this systematic review with meta-
analysis is to summarize the evidence related to the
diagnostic value of two non-invasive cardiac stress tes-
ting methods: Dobutamine stress echocardiography
(DSE) and myocardial perfusion scintigraphy (MPS), for
the diagnosis of CAD in cirrhotic pre-LT patients, using
ICA as gold-standard.

MATERIALS AND METHODS

This study was carried out in accordance with the
recommendations contained in the Preferred Report-
ing Items for Systematic Reviews and Meta-Analysis
(PRISMA-P) guidelines™"’. Our systematic review was
registered with the International Prospective Regis-
ter of Systematic Reviews (PROSPERO), maintained
by York University, on 17 August 2015 and was last
updated on 5 April 2018 [registration No. 10.15124/
CRD42015025391 (www.crd.york.ac.uk/prospero/)].

Data sources

Studies were retrieved using Medical Subject Headings
(MeSH) and Health Sciences Descriptors (DeCS),
which were combined with Boolean operators. Sear-
ches were run on the electronic databases Scopus,
Web of Science, Embase, Medline (PubMed), BIREME
(Biblioteca Regional de Medicina), LILACS (Latin
American and Caribbean Health Sciences Literature),
Cochrane Library for Systematic Reviews and Opengray.
eu. There was no language or date of publication restri-
ctions. The reference lists of the retrieved studies were
submitted to manual search. The search strategies
used for each test and each database are shown in
Supplemental material. Databases were last searched
between August and September of 2015.

Inclusion criteria and outcomes
Cohort or case-control studies were eligible for se-
lection, hence it was analyzed the diagnostic accura-
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cy of DSE and/or MPS in adult patients with cirrhosis
submitted for pre-LT evaluation. The tests had to be
performed as a part of cardiac evaluation before LT.
Studies were excluded if they did not meet these
inclusion criteria. If there was more than one study
published using the same population, the most recent
study was selected for the analysis. Studies published
only as abstracts were included, as long as the data
available made analysis possible. The outcome me-
asured was a diagnosis of CAD using ICA as gold
standard.

Study selection and data extraction

An initial screening of titles and abstracts was the
first stage to select potentially relevant papers. The
second step was the analysis of the full-length papers.
Two independent reviewers (Jonathan Soldera, Fabio
Camazzola) extracted data using a standardized
data extraction form after assessing and reaching
consensus on eligible studies. The same reviewers
separately assessed each study and extracted data
about the characteristics of the subjects, the diagno-
stic accuracy for DCE and MPS and the outcomes
measured. A third party (Santiago Rodriguez) was
responsible for divergences in data extraction, clearing
them when required. Quality of evidence regarding
diagnostic accuracy was evaluated according of the
Quality Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2)14,

Statistical analysis

In anticipation of possible heterogeneity between
the populations of the studies, a random-effects Der-
Simonian and Laird model was used. Data regarding
the tests’ diagnostic accuracy was collected. The mea-
sures of diagnostic accuracy chosen were specificity,
sensitivity, likelihood ratio and diagnostic odds ratio.
Heterogeneity was assessed using the I? statistic.
MetaDisc 1.4 was used for diagnostic accuracy. The
small number of studies included made funnel plot
analysis impossible.

RESULTS

Systematic review

The search strategy retrieved 322 references for DSE
and 90 for MPS. After analyzing titles and abstracts,
111 references for DSE and 24 for MPS were excluded
because they were duplicates and the full texts were
retrieved for 60 references on DSE and 26 on MPS.
In the final analysis, 10 references were included for
DSE and 10 for MPS. Flowcharts illustrating the search
strategies are shown in Supplemental Figures 1 and
2, respectively. Studies included were either a case-
control study or a prospective or historical cohort
study.
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DSE

Data were collected after the conclusion of a systematic
review of the 10 studies included in the diagnostic
analysis that used ICA as the gold-standard. The data
extracted are summarized in Table 1.

A minority of the patients included in these studies
underwent ICA and they were generally higher risk
patients with positive DSE findings or multiple risk
factors. Data for risk factors specifically for the patien-
ts who underwent ICA were not available for most
studies, therefore the data on risk factors described
refer to the whole study population, as summarized in
Supplemental Table 1.

The initial meta-analysis was performed including all
studies. Global sensitivity was 28% [95% confidence
interval (CI): 21.2%-35.6%] with high heterogeneity
(I’ = 69%) (Figure 1), specificity was 82.9% (95%CI:
78.5%-86.8%) with high heterogeneity (I = 84.1%)
(Figure 2) and the diagnostic odds ratio was 2.09
(95%CI: 0.96-4.58) with moderate heterogeneity
(I’ = 47.5%) (Supplemental Figure 3). The positive
likelihood ratio was 1.7 (95%CI: 1.06-2.7) with mo-
derate heterogeneity (I? = 51.4%) (Supplemental
Figure 4) and the negative likelihood ratio was 0.92
(95%CI: 0.81-1.04) with little heterogeneity (I’ =
18.8%) (Supplemental Figure 5). An asymmetrical
Receiver Operating Characteristic (ROC) curve is pro-
vided in Supplemental Figure 6.

A meta-regression was performed using the sub-
sets of patients from each of the study samples who
had undergone ICA and no statistically significant ass-
ociation was detected between this variable and the
diagnostic odds ratio (P = 0.0586).

In order to attempt to reduce heterogeneity bet-
ween studies, a sub-analysis was performed of sensi-
tivity and specificity according to the definition of a
positive ICA result employed by each study. Studies
that used a positive ICA defined as any number of
lesions with at least one greater than 70%, had a
sensitivity of 21% (95%CI: 13.4%-31.3%) with high
heterogeneity (I’ = 71%) and a specificity of 91.5%
(95%CI: 86.8%-95%) with high heterogeneity (I*
63.5%), while studies that defined positive ICA as any
number of lesions, with at least one greater than 50%,
had a sensitivity of 36.1% (95%CI: 25.1%-48.3%)
with high heterogeneity (I° = 66.3%) and a specificity
of 69.9% (95%CI: 61.4%-77.6%) with high hete-
rogeneity (I* = 68%).

MPS
Data were collected after conclusion of a systematic
review of the 10 studies included in the diagnostic
analysis that used ICA as the gold-standard. The data
extracted are summarized in Table 2.

As with DSE, a minority of the patients included in
these studies underwent ICA, and they were generally

November 27, 2018 | Volume 10 | Issue 11 |



Soldera J et a/. CAD in LT candidates

Table 1 Studies included in analysis - dobutamine stress echocardiography

Ref. TP FP FN TN Total number of Proportion of  Definition of Criteria for ICA  Lesion for QUADAS-2
patients in the  patients who patients included indication definition of  quality analysis
study underwent ICA positive ICA criteria
Ibrahim et al™ 5 8 5 22 366 10.9% Cirrhotic High risk NA RB:P+I1-R+F
Ppatients in pre- patients/ ?
LT evaluation  positive DSE AC:P+I?R+
Donovan et al™! 3 6 1 8 190 9.5% Cirrhotic High risk >50% RB:P+1+R+F
Ppatients in pre- patients/ +
LT evaluation  positive DSE AC:P+I+R+
Findlay et al™” 1 6 0 0 117 6% Cirrhotic Transplanted >70% RB:P+I+R+F
patients in pre- patients +
LT evaluation AC:P-1+R+
Harinstein et al"” 2 7 14 4 105 61% Cirrhotic High risk >70% RB:P+I+R+F
patients in pre- patients/ +
LT evaluation  positive DSE AC:P+I+R+
Harinstein et al"®! 4 5 20 35 105 61% Cirrhotic High risk >50% RB:P+1+R+F
Ppatients in pre- patients/ +
LT evaluation  positive DSE AC:P+I+R+
Plotkin ef al"” 2 0 0 19 40 52.5% Cirrhotic High risk >70% RB:P+I+R+F
patients in pre- patients/ +
LT evaluation  positive DSE AC:P+I+R+
Ramrakhiani et al™ 4 10 0 0 201 7% Cirrhotic High risk >70% RB:P+I1-R-F
patients in pre- patients/ ?
LT evaluation  positive DSE AC:P+I-R-
Tsutsui et al™ 2 5 0 10 230 7.4% Cirrhotic High risk >50% RB:P+I+R+F
Ppatients in pre- patients/ +
LT evaluation  positive DSE AC:P+I+R+
Umphrey et al™ 0o 0 0 9 157 5.7% Cirrhotic High risk >70% RB:P+I1+R+F
patients in pre- patients +
LT evaluation AC:P+I+R+
Snipelisky et al™" 12 16 20 18 66 100% Cirrhotic High risk >50% RB:P+I+R+F
patients in pre- patients/ +
LT evaluation  positive DSE AC:P+I+R+
Patel et al™ 15 10 56 124 420 48.8% Cirrhotic High risk >70% RB:P+I1+R+F
patients in pre- patients/ +
LT evaluation  positive DSE AC:P+I+R+

TP: True positive; FP: False positive; FN: False negative; TN: True negative; ICA: Invasive coronary angiography; LT: Liver transplantation; DSE:

Dobutamine stress echocardiography; NA: Not available; QUADAS-2: Quality assessment of diagnostic accuracy studies-2; RB: Risk of bias; P: Patient

selection; I: Index text; R: Reference standard; F: Flow and timing; AC: Applicability concerns.

higher risk patients with a positive MPS result or
multiple risk factors. As with DSE, data for risk factors
specifically for the patients who underwent ICA were
not available for most studies, therefore the data
for risk factors described refer to the whole study
population, as summarized in Supplemental Table 2.
The diagnostic data were used for meta-ana-
lysis. The initial meta-analysis was performed in-
cluding all studies. Global sensitivity was 61.8%
(95%CI: 50%-72.8%) with high heterogeneity (I’
= 69.8%) (Figure 3), specificity was 74.3% (95%CI:
70.2%-78.2%) with high heterogeneity (I = 77.1%)
(Figure 4) and the diagnostic odds ratio was 4.74
(95%CI: 1.51-14.8) with high heterogeneity (I
61.9%) (Supplemental Figure 7). The positive like-
lihood ratio was 2.26 (95%CI: 1.47-3.48) with high
heterogeneity (I = 63.5%) (Supplemental Figure 8)
and the negative likelihood ratio was 0.57 (95%CI:
0.32-1.02) with high heterogeneity (I* = 62.7%) (Su-
pplemental Figure 9). An asymmetrical ROC curve is
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provided in Supplemental Figure 10.

A meta-regression was performed using the sub-
sets of patients from each of the study samples who
had undergone ICA and no statistically significant
association was detected between this variable and
the diagnostic odds ratio (P = 0.4984).

In order to attempt to reduce heterogeneity bet-
ween studies, a sub-analysis was performed of sensi-
tivity and specificity according to the definition of a
positive ICA result employed by each study. Studies
that used a positive ICA defined as any number of
lesions with at least one greater than 70% had a
sensitivity of 59.4% (95%CI: 46.4%-71.5%) with high
heterogeneity (I = 70.5%) and specificity of 76.3%
(95%CI: 71.6%-80.5%) with high heterogeneity (I =
80%). In another sub-analysis, including only the four
studies in which ICA was performed for all patients,
sensitivity was 57.1% (95%(CI: 44%-69.5%) with high
heterogeneity (I = 71.1%) and specificity was 75.5%
(95%CI: 71.4%-79.7%) with high heterogeneity (I =
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Ref. TP FP FN TN Total number of Proportion of Definition of  Criteria for ICA Lesion for QUADAS-2
patients in the patients who  patients included indication definition of  quality analysis
study underwent ICA positive ICA criteria
Baker et al®™ 8 4 0 14 74 35.1% Cirrhotic High risk >70% RB:P-1+R+F
patients in pre- patients/ +
LT evaluation  positive MPS AC:P-T+R+
with cardiac risk
factors
Kryzhanovski et al™! 0 1 0 0 63 1.6% Cirrhotic High risk >70% RB:P-1+R+F
patients in pre- patients/ +
LT evaluation  positive MPS AC:P-T+R+
with cardiac risk
factors
Senzolo et al™! 0 2 0 0 24 8.3% Cirrhotic Positive MPS >70% RB:P-1+R+F
Ppatients in pre- +
LT evaluation AC:P-T1+R+
Kandiah et al®” 1 4 0 5 923 10.7% Cirrhotic High risk >70% RB:P-1+R+F
patients in pre- patients/ +
LT evaluation  positive MPS AC:P-T+R+
Oprea-Lager et al™” 1 1 0 0 156 1.2% Cirrhotic High risk >70% RB:P-1+R+F
Ppatients in pre- patients/ +
LT evaluation  positive MPS AC:P-T+R+
Davidson et al™ 7 24 12 40 83 100% Cirrhotic High risk >70% RB:P+I1+R+F
Ppatients in pre- patients/ +
LT evaluation  positive MPS AC:P+I+R+
with cardiac risk
factors
Aydinalp et al®” 6 34 0 64 389 26.7% Cirrhotic High risk >50% RB:P+I+R+F
Ppatients in pre- patients/ +
LT evaluation  positive MPS AC:P+I+R+
Zoghbi et al™ 2 11 2 12 87 31% Cirrhotic High risk >70% RB:P-1+R+F
Ppatients in pre- patients/ +
LT evaluation  positive MPS AC:P-1+R+
Bezinover et al™ 3 1 3 9 173 9.2% Cirrhotic High risk NA RB:P+I1+R+F
patients in pre- patients/ +
LT evaluation  positive MPS AC:P+I+R+
Bhutani et al™ 20 46 12 215 414 70.7% Cirrhotic High risk >70% RB:P+I+R+F
Ppatients in pre- patients/ +
LT evaluation  positive MPS AC:P+I+R+

TP: True positive; FP: False positive; FN: False negative; TN: True negative; ICA: Invasive coronary angiography; LT: Liver transplantation; MPS:
Myocardial perfusion scintigraphy; NA: Not available; QUADAS-2: Quality assessment of diagnostic accuracy studies-2; RB: Risk of bias; P: Patient
selection; I: Index text; R: Reference standard; F: Flow and timing; AC: Applicability concerns.

84.2%).

DISCUSSION

It is essential to understand the role of CAD in cirrhosis
and LT patients. There is a need to improve pre-LT
diagnostic tools because the age of LT candidates is
rising and the proportion of NASH patients has been
increasing. This systematic review is the largest current
meta-analysis of diagnostic data for DSE and MPS in
pre-LT patients. It increases the data available in a
previous study of DSE as a diagnostic and prognostic
tool for LT candidates, published by Nguyen et a/*¥,
which found that DSE had a high negative predictive
value for adverse outcomes post-LT.

Among the general population, a prior meta-an-
alysis of five studies found that both DSE and MPS
are accurate for detection of CAD, with sensitivity of
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85% and specificity of 87%"* for DSE and sensitivity
of 83% and specificity of 77% for MPS, However,
this meta-analysis found much lower sensitivity values
for diagnosis of CAD in patients awaiting LT, while
specificity rates did not vary so much. This could ha-
ve happened because results for stress testing mi-
ght be false due to modifications in hemodynamics
caused by ESLD, such as high-output cardiac failure,
cirrhotic cardiomyopathy, anemia and the use of beta
blockers?®**",

Nevertheless, the most used method for pre-LT
cardiac stress testing is DSE, since cirrhotic patients
have a low tolerance of exercise®®®. When compared
to ergometric cardiac stress testing, DSE has higher
sensitivity (67% vs 88%) and specificity (71% vs
83%)P**11, The prognostic value of MPS has also been
evaluated previously, with a hazard ratio of 3.17 for
all-cause mortality for a group with reversible perfusion
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Figure 2 Forest plot for specificity meta-analysis - dobutamine stress echocardiography.

defect when compared to a group without perfusion
defect™”,

The goal of both tests is to detect significant
CAD prior to LT. In a high risk cohort in whom all pa-
tients underwent ICA and half had arterial systemic
hypertension or diabetes, a 60% prevalence of CAD
was found - one third with severe disease. Presence
of moderate to severe CAD was associated with the
presence of two or more cardiac risk factors®. If ne-
eded, ICA and stenting, seem to be safe in cirrhotic
patients, taking precaution with the doubling of anti-
platelet blockade in patients with esophageal varices™*?.
The presence of CAD is associated with a poorer pro-
gnosis post-LT****! although, Wray et a/® did not
detect a change in prognosis in the cohort they des-
cribed. One must keep in mind also that pre-LT cardiac
evaluation is costly and is not free from risks. In a
previous study by Fili et a*®, the study protocol failed
to demonstrate improvement in prognosis, but did raise
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costs.

One meta-analysis has found that DSE is superior
to MPS among patients undergoing major vascular
surgery - a positive DSE meant higher relative risk
for perioperative MACE and all-cause mortality, when
compared to MPS*), The prognostic role of DSE and
MPS in patients undergoing kidney transplantation
has been studied by two meta-analyses, which found
these tests to be accurate in predicting outcomes,
with DSE performing better than MPS in their analysis.
Nevertheless, in this context, a normal non-invasive
stress test did not necessarily exclude the possibility of
adverse cardiac outcomes'*®*”,

Analyzing the data collected and presented in this
meta-analysis, it can be concluded that DSE and MPS
offer limited accuracy for predicting CAD diagnoses.
They both have low sensitivity and moderate spe-
cificity, which does not make them the ideal tests
for pre-LT cardiac risk evaluation, as they also do
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not predict adverse outcomes with accuracy™. This
is consistent with the latest ACC/AHA guidelines,
which describes non-invasive stress testing as of
low sensitivity and specificity for detecting CAD in
liver-transplant candidates'®. Nevertheless, the high
specificity found in this meta-analysis show that both
DSE and MPS are useful for identifying patients with
CAD. Notwithstanding, a negative stress test does not
exclude the presence of CAD.

The element most likely to affect the results of this
meta-analysis is selection of patients with indications
for both LT and ICA. Generally, physicians happen to
be more cautious in referring sicker and older patients
for LT, which might mean that this group of patients
is under-represented in this meta-analysis. Also, ICA
is generally ordered only for high-risk patients with a
positive DSE or MPS, and a positive ICA can lead to de-
listing for LT, or even death before LT, due to advanced
heart conditions.

This heterogeneity of indications for DSE and
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MPS as part of pre-LT evaluation is reflected in the
heterogeneity found in this meta-analysis, which is
high throughout. Sub-analyses and meta-regressions
were attempted in order to minimize heterogeneity,
but with no substantial success. A major limitation is
that, in most studies, just a few patients were referred
for ICA, generally those with higher risk or a positive
non-invasive stress test, which might over represent
the proportion of CAD in pre-LT patients.

The results of this meta-analysis call into question
the AASLD rationale of recommending routine non-
invasive stress testing in pre-LT cardiac evaluation,
since DSE and MPS both have low sensitivity for
detecting CAD and did not predict outcomes ade-
quately. Nevertheless, further prospective studies
with standardized and homogenous patient charac-
teristics are necessary in order to arrive at a better
understanding of the value of pre-LT cardiac evaluation
and a better-grounded decision on whether it is more
cost-effective to follow AASLD™ or ACC/AHA reco-
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mmendations™.. Initiatives such as development of
the CAR-OLT score might help clarify this problem™®.
This paper’s strengths are its complete search strategy,
performed in multiple databases. Nevertheless, results
are just for pre-LT candidates; hence only patients
referred for LT because of ESLD were reviewed.

The results of this systematic review and meta-
analysis can also have been limited due to a post-
referral bias, since patients with previously known se-
rious cardiac conditions are generally not referred for
LT. Early revascularization, in the general population,
might lead to a significant change in the history of CAD
and a better survival. This is somewhat unclear for
ESLD patients. Because of the small number of studies
and their limitations, the quality of evidence in the
meta-analysis was low throughout, which might have
negatively impacted this review.

In conclusion, this meta-analysis found that among
few and limited studies, DSE and MPS are of limited
value for predicting positive ICA. Their low sensitivity
might make them inadequate for pre-LT cardiac eva-
luation. Prospective studies with larger samples are
needed to better define an adequate test for predicting
CAD in pre-LT patients.

ARTICLE HIGHLIGHTS

Research background

The concept of cardiac involvement with coronary artery disease (CAD) in
cirrhotic patients has been changing as patients listed for liver transplantation
(LT) have become older and sicker. A previous study of dobutamine stress
echocardiography (DSE) as a diagnostic and prognostic tool for LT candidates,
published by Nguyen et al, which found that DSE had a high negative predictive
value for adverse outcomes post-LT. This study tries to elucidate the problem of
CAD screening in pre-LT patients.

Research motivation

There is a real need for protocols for cardiac evaluation of patients awaiting
LT - particularly for cirrhotic patients. The American Association for the Study
of Liver Diseases (AASLD) published a guideline in 2005 that recommends
myocardial stress testing for every patient referred for LT. Nevertheless, the
guideline published in 2012 by the American Heart Association (AHA and the
American College of Cardiology (ACC), suggested that myocardial stress
testing should be reserved for patients with three or more CAD risk factors.
Better understanding the use of these tools might lead to better choices for pre-
LT patients and better prognosis post-LT.

Research objectives

To evaluate the diagnostic value of DSE and myocardial perfusion scintigraphy
(MPS) in predicting CAD in cirrhotic patients listed for LT, using invasive
coronary angiography (ICA) as gold-standard. This could help clinicians choose
the best test for predicting adverse cardiac events post-LT.

Research methods

A systematic review and meta-analysis was performed. Searches were run
on the electronic databases Scopus, Web of Science, EMBASE, MEDLINE
(PubMed), BIREME (Biblioteca Regional de Medicina), LILACS (Latin American
and Caribbean Health Sciences Literature), Cochrane Library for Systematic
Reviews and Opengray.eu. There was no language or date of publication
restrictions. The reference lists of the studies retrieved were searched manually.
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Research results

The search strategy retrieved 322 references for DSE and 90 for MPS. In the
final analysis, 10 references for DSE and 10 for MPS were included. Pooled
sensitivity was 28% and 61% for DSE and MPS and specificity was 82% and
74%, for diagnosis of CAD using ICA as gold-standard, respectively.

Research conclusions

This study found that DSE and MPS do not have adequate sensitivity for
determination of whether CAD is present, despite having significant specificity.
There is a need for better tools in order to detect CAD in pre-LT patients. It is
not feasible to determine whether AASLD or AHA/ACC is correct, hence both
tests underperformed. It is proposed a hypothesis that new methods, tests or
scores are need in order to clarify this question, which could impact pre-LT
decisions in the future.

Research perspectives

It is possible to conclude that current evidence regarding pre-LT cardiac stress
testing is lacking, and future research are bound to focus into solving this
important clinical question. A comprehensive study, cohort or randomized, is
necessary in order to gather more information on the utility and feasibility of
the use of current and future tests in order to determine the presence of pre-LT
CAD.
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Abstract

Abdominal pain with elevated transaminases from in-
ferior vena cava (IVC) obstruction is a relatively common
reason for referral and further workup by a hepatolo-
gist. The differential for the cause of IVC obstruction
is extensive, and the most common etiologies include
clotting disorders or recent trauma. In some situations
the common etiologies have been ruled out, and the
underlying process for the patient’s symptoms is still not
explained. We present one unique case of abdominal
pain and hepatomegaly secondary to IVC constriction
from extrinsic compression of the diaphragm. Based on
this patient’s presentation, we urge that physicians be
cognizant of the IVC diameter and consider extrinsic
compression as a contributor to the patient’s symptoms.
If IVC compression from the diaphragm is confirmed,
early referral to vascular surgery is strongly advised for
further surgical intervention.

Key words: Liver imaging; Abdominal pain; Hepatic
circulation; Ischemia/reperfusion
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Core tip: Common etiologies of abdominal pain with
elevated transaminases are clotting disorders and tra-
uma. In this article, we present a rare case of external
compression of the diaphragm as the cause of these
symptoms that requires surgical intervention to relieve
the obstruction.

Grandhe S, Lee JA, Chandra A, Marsh C, Frenette CT. Trapped
vessel of abdominal pain with hepatomegaly: A case report.
World J Hepatol 2018; 10(11): 887-891 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v10/i11/887.htm DOI:
http://dx.doi.org/10.4254/wjh.v10.111.887

INTRODUCTION

Inferior vena cava (IVC) obstruction presenting with
abdominal pain and hepatomegaly is generally seen
in patients with venous thromboses, including Budd
Chiari syndrome, infective phlebitis, or in iatrogenic
cases such as post-liver transplant or vascular ca-
theter placement™™. In the realm of obstetrics and
gynecology, IVC obstruction is more commonly seen
as vessel compression in the late second trimester of
pregnancy™. Occasionally, tumors, such as renal cell
carcinomas, may be initially detected due to compre-
ssion of the IVC. Herein, we present a unique case of
abdominal pain due to IVC constriction from extrinsic
compression of the diaphragm. Previously this has
been documented in patients with congenital chest wall
abnormalities, such as pectus excavatum; however,
this patient described below is one of the first to have
this pathology without this birth defect™®.

CASE REPORT

A 49-year-old female was referred for further eva-
luation of hepatomegaly, abdominal pain, and thrombo-
cytopenia. On interview, she endorsed a several year
history of right upper quadrant abdominal pain and
very mild dyspnea with exertion. She reported that the
abdominal discomfort was worse in a sitting position. At
the time of initial evaluation she was feeling well with
no symptoms of jaundice, pruritus, abdominal pain,
nausea, vomiting, edema, or ascites. She also reported
no constitutional symptoms.

Past medical history was notable for a 10-year
history of mild thrombocytopenia (platelet count
90000-130000) of unclear etiology with negative labo-
ratory workup. Past surgical history was remarkable
for an enlarged and nodular appearing liver observed
during laparoscopic cholecystectomy performed one
year prior due to the same symptoms. The patient has
been followed by a hematologist as an outpatient, and
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a recent liver spleen single photon emission computed
tomography scan had confirmed hepatomegaly without
splenomegaly. Abdominal ultrasound characterized
the liver as 18.1 cm in size with no evidence of cirr-
hosis or portal hypertension. Patent vasculature was
reported throughout with normal hepatopedal flow.
The patient had also previously undergone a computer
tomography-guided liver biopsy, which showed mild
perivascular and pericellular fibrosis but no evidence
of advanced fibrosis or cirrhosis.

Physical examination revealed hepatomegaly 4
cm below the costal margin but was otherwise un-
remarkable. Initial labs included a complete blood
count (white count: 4.6, hemoglobin: 13.5, platelets:
112000), comprehensive metabolic panel (sodium:
141, potassium: 3.8, urea nitrogen: 11, creatinine: 0.8,
alkaline phosphatase: 51, total protein: 7.3, aspartate
aminotransferase: 30, and alanine aminotransferase:
29), and coagulation panel (international normalized
ratio: 1.0). Additional workup revealed a ferritin of 28.
Antimitochondrial antibody and actin IgG were nega-
tive. Ceruloplasmin level was 32. Patient also tested
positive for antinuclear antibody titer (1:80, diffuse
pattern) and epstein-barr virus IgG. An elevated tran-
sient elastography score of 9.6 was also noted.

Due to concern for early cirrhosis in the setting of
thrombocytopenia and an elevated transient elasto-
graphy score, the patient was advised to pursue a
healthy lifestyle and abstain from alcohol. A magnetic
resonance venography of the abdomen showed no
evidence of thrombosis or obstruction.

At this point in time the patient reported worsening,
intermittent, epigastric abdominal discomfort that ra-
diated to the right upper quadrant of her abdomen,
often waking her up at night and only improved with
standing upright or walking. She occasionally felt nau-
seous but otherwise reported no jaundice, pruritus,
edema, ascites, chest pain, or dyspnea. Physical ex-
amination showed a positive hepatojugular reflux,
consistent with hepatic congestion. The patient was
evaluated by a cardiologist, and a transthoracic echo-
cardiogram showed pericardial thickening but no evid-
ence of constrictive pericarditis or systolic or diastolic
dysfunction.

The patient then underwent a transjugular liver
biopsy with intravenous ultrasound and pressure mea-
surements, which showed an elevated central venous
pressure at 13-15 mmHg, wedged right hepatic vein
pressure with occlusion balloon measuring 16-17 mmHg,
and a dilated IVC of 3 cm cephalad to the patent
veins prior to reentry into the right atrium. Significant
respiratory variation involving near-collapse of the re-
trohepatic IVC at end-expiration was noted. There was
question of intraluminal narrowing of the retrohepatic
IVC down to approximately 10-15 mm, which had sig-
nificantly improved upon Valsalva maneuver. Right
heart catheterization showed hepatic congestion with
normal intracardiac and pulmonary artery pressures.
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Table 1 Laboratory data pre and post-venolysis

Pre-venolysis

Post-venolysis

Sodium 137
Potassium 41
Chloride 109
Bicarbonate 24
Blood urea nitrogen 14
Creatinine 0.8
Glucose 111
Calcium 7.4
Alkaline phosphatase’ 39
Albumin’ 29
Total protein' 5.6
Aspartate aminotransferase' 49
Alanine aminotransferase’ 43
Bilirubin, direct' 0.1
Bilirubin, total 0.6

137
3.7
104
31
10
0.8
98

'Post-venolysis alkaline phosphatase, albumin, total protein, aspartate aminotransferase, alanine aminotransferase, bilirubin direct and total were unable to

be obtained due to loss of insurance.

Figure 1 Venogram of the inferior vena cava (pre-lysis). Significant stenosis
noted at level of diaphragm prior to exploratory laparotomy, inferior vena cava
venolysis, and division of the diaphragmatic constriction.

A multidisciplinary conference among the hepa-
tology, vascular surgery, and cardiology services was
held. It was suspected that the diaphragm, via the dia-
phragmatic hiatus through which the IVC was passing,
was causing extrinsic compression of the vessel, th-
ereby eliciting symptoms of epigastric and right upper
quadrant pain. Repeat transient elastography was still
elevated and the patient underwent an exploratory
laparotomy with IVC venolysis and division of the dia-
phragmatic constriction. After the above intervention,
resolution of previously identified constriction was noted
via repeat venogram (Figures 1 and 2) and intravascular
ultrasound.

Intraoperative liver biopsy revealed sinusoidal con-
gestion with dilatation in the perivenular areas, features
consistent with extrahepatic venous outflow obstruc-
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tion. The patient recovered remarkably well from the
laparotomy. The available pre- and post-venolysis labs
are presented in Table 1. At her four week postoperative
follow up visit, she reported resolution of her abdominal
discomfort and complete ability to perform her activities
of daily living without the use of any pain medications.
Unfortunately, follow-up liver enzymes were unable to
be obtained due to losing her health insurance.

DISCUSSION

The most common etiologies of IVC obstruction are
from hypercoagulable states, inflammation, trauma, or
recent surgery. Budd Chiari syndrome and hepatic vena
cava syndrome, more common conditions associated
with hepatic vein outflow obstruction, and hepatic vena
cava syndrome may present subacutely or even arise
from congenital strictures of the hepatic segment of the
IVC™?, While the cause of IVC obstruction is usually
due to the abovementioned causes, it is important
to consider extrinsic compression from neighboring
tumors or even native structures, such as the dia-
phragm, as in the case outlined above. To date, very
few cases have been published attributing abdominal
pain or hepatomegaly to compression of the IVC by the
diaphragm”.

Chronic IVC obstruction may be silent in presen-
tation or manifest late with acute symptoms of abdo-
minal pain, hepatomegaly, renal dysfunction, or even
unilateral limb symptoms such as leg heaviness, pain,
swelling, or even cramping™®’. These unusual features
may be anatomically related to the extensive network
of collateralization of the natural and tributary vessels
near the IVC.

The symptoms that arise from extrinsic compression
and intrinsic occlusion of the IVC can be explained by
understanding the embryological development of the
large vessel. As the IVC develops near the liver and
diaphragm, new outgrowths from hepatic veins and
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Figure 2 Venogram of the inferior vena cava (post-lysis). Resolution of the
stenosis noted at level of diaphragm after exploratory laparotomy, inferior vena
cava venolysis, and division of the diaphragmatic constriction.

the infrarenal IVC may make this site more prone
to developmental anomalies such as strictures and
webs'®l, The patency of the iliac vein is important to
collateral function, and occlusion of this vessel usually
precipitates acute symptoms of abdominal pain®.
However, the extent of collateralization may actually
prevent patients from developing significant hepatic or
renal dysfunction. In addition to the rich vasculature,
studies analyzing the interaction between the dia-
phragm and the IVC during inspiration are limited, but
they all support the idea that the size and shape of the
lumen of the IVC can be altered by the contraction or
anatomy of the diaphragm”.

The diagnostic workup of IVC obstruction includes
a color Doppler sonography and contrast-enhanced
computed tomography, magnetic resonance imaging,
or venography™. Intravascular ultrasound with pressure
measurements and cavography provide an additional
assessment of hepatic and collateral vein obstructions
and thromboses and may indicate if these obstructions
are subacute or chronic in nature™. Our patient show-
ed evidence of IVC obstruction based on venography
and intravascular ultrasound. In terms of therapeutic
intervention, endovascular management of hepatic vein
outflow obstruction usually includes portocaval shunts
or balloon angioplasties with stent implantation®*.
Stent implantation via balloon angioplasty has proven
to be safer with fewer complications of restenosis
compared to open surgery™.

IVC obstruction continues to remain an infrequent
cause of abdominal pain and chronic liver disease.
While this condition may be rare, it may lead to chronic
abdominal pain, cirrhosis, and portal hypertension if
not recognized and treated appropriately. Nonetheless,
whether from intravascular obstruction, thrombosis, or
extrinsic compression from neighboring structures, it
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is important to keep a broad differential and consider
atypical causes of this phenomenon once common
etiologies have been ruled out. Referral to vascular
surgery may be necessary for surgical intervention,
which will ultimately provide symptomatic relief for
these patients.

ARTICLE HIGHLIGHTS

Case characteristics

Patients who present with abdominal pain and hepatomegaly are commonly
diagnosed as having Budd Chiari or another type of obstruction of the inferior
vena cava (IVC) whether it is intrinsic due to thrombosis or an obstruction.
However, extrinsic compression, although rare, can also be the culprit of the
patient’s symptoms.

Clinical diagnosis
Right upper quadrant and epigastric pain and hepatomegaly.

Differential diagnosis

Budd Chiari, infective phlebitis, intravascular obstruction, thrombosis, or
external compression from neighboring structures including the diaphragm,
kidney, or uterus.

Laboratory diagnosis

Complete blood count, comprehensive metabolic panel, coagulation panel,
in addition to labs evaluating causes of cirrhosis including ferritin, anti-
mitochondrial antibody, anti-smooth muscle antibody, antinuclear antibody, and
ceruloplasmin.

Imaging diagnosis
Color doppler sonography and contrast-enhanced computed tomography,
magnetic resonance imaging, or venography.

Pathological diagnosis
Sinusoidal congestion with dilatation in the perivenular areas, features
consistent with extrahepatic venous outflow obstruction.

Treatment
Portocaval shunts or balloon angioplasties with stent implantation.

Related reports

A case of IVC compression from the diaphragm has been reported only once
in the literature from Louisiana State University Health Science Center in a
patient with Pectus Excavatum. Interestingly an article from 1992 demonstrated
how radiography can help identify how the IVC can be obstructed, but never
specifically discussed a case in which the IVC was externally compressed by
the diaphragm.

Experiences and lessons

This case will guide clinicians to think of other etiologies that can cause
abdominal pain and hepatomegaly in patients with unremarkable laboratory
data. Biopsies are not necessary for this diagnosis. With consideration of
this diagnosis, patient care will be expedited with quicker referrals, thereby
minimizing the delay in treatment and resolution of symptoms.
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