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Abstract

The world pandemic due to coronavirus disease 2019, known as COVID-19,
embodies a high rate of disease transmission that causes a critical hospitalization
overload. As of May 15, 2020, the disease has been the cause of more than 4
million infections and more than 280000 deaths all over the world. At the
beginning, we underestimated the disease; now, we have sufficient information
and it is clear that it is not just a respiratory disease. In fact, if a prompt treatment
is not initiated, the disease may evolve towards an abnormal immune response
and cytokine storm with an important thrombophilic pattern. Therefore, we think
that while waiting for certainties to be established by evidence-based medicine, it
is not ethical to not try off-label therapies for some of the well-known drugs, as
they could have some efficacy based on their mechanisms of action.

Key words: COVID-19; Evidence based medicine; Hydroxycloroquine; Azithromycine;
Indomethacine; Doxycycline
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Core tip: The world pandemic due to coronavirus disease 2019, known as COVID-19,
embodies a high rate of disease transmission that has caused a critical hospitalization
overload. While waiting for certainties to be established by evidence-based medicine, it is
not ethical to not try off-label therapies with some of the well-known drugs that could
show some efficacy based on their mechanisms of action.
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COMMENTARY ON HOT TOPICS

At the end of 2019, some cases of pneumonia of unknown etiology were observed in
Wubhan (China). A few weeks later, this disease was discovered to be due to a virus of
the coronavirus family, that was named severe acute respiratory syndrome-
coronavirus-2 (SARS-Cov2), and the related coronavirus disease 2019 (COVID-19) was
named accordingly.

COVID-19 embodies a high rate of disease transmission that has caused a critical
hospitalization overload. By May 15, 2020, it had produced more than 4 million
documented positive cases and about 280000 deaths all over the world. At the
beginning, we underestimated and misunderstood COVID-19. Now, however, we
have sufficient information of the disease pathophysiology, and it is clear that we are
not dealing with just a respiratory disease. In fact, in many cases, if a prompt treatment
is not undertaken, the infection may evolve towards a more severe disease and the
occurrence of a cytokine storm with multi-organ damage!'-”..

Multi-organ damage should be investigated in patients recovered from moderate-
severe COVID-19. Follow-up studies should be conducted to verify the higher risk of
developing autoimmune diseases due to the uncontrolled and abnormal immune
response to the virus. Finally, the possibility of developing neoplastic disease should
be examined!l.

It is mandatory to promptly initiate a therapy at the onset of symptoms to stop the
progression of the COVID-19 disease. This will ultimately reduce the risk of cytokine
storm and, consequently, a hospitalization overload.

From the beginning of the pandemic, due to the lack of specific and approved
therapies for the disease, the medical community was split among two currents of
thought. The interventionists suggested that antiviral drugs, immunomodulators and
low molecular weight heparin should be used off-label. In contrast, the evidence-based
medicine (EBM) supporters preferred to wait for a treatment backed by scientific
studies.

In only 4 mo, this pandemic has severely tested hospitals and health organizations
all over the world, particularly under the absence of specific therapies. However, while
waiting for EBM indications, we believe that during an emergency, even with a lack of
specific approved therapies, it is not ethical to not at least try some therapies based on
medical rationale.

Thus, we suggest a therapeutic scheme based on drugs that have an indication
according to their mechanisms of action to treat patients in home health care at the
onset of symptoms. This may allow for the avoidance of disease progression as well as
hospital overload.

An important issue, to which we need to pay attention, is the great difference
among the mechanisms of different antiviral drugs. Some drugs work by inhibiting the
entry of the virus into the host cells and others by inhibiting the viral replication inside
the host cells. The first will be efficacious if promptly administrated at the onset of
symptoms, to avoid the entry of the virus, while the others are useful once the virus
has penetrated. On the basis of these observations, it is not surprising that, in some
studies the use of hydroxychloroquine, which is an inhibitor of virus entry, has been
unsuccessful due to the late onset of the therapy.

FEASIBLE AT-HOME THERAPIES FOR COVID-19

At-home treatment for patients with beginning mild-moderate disease without risk

factors, based on Italian experience (not published data)

Hydroxychloroquine 400 mg b.i.d. p.o. on first day and 200 mg b.i.d. after for 7 d:
Hydroxychloroquine blocks viral internalization into host cells and it is also effective
in terms of modulating the immune response to COVID-19 infection}(Table 1).
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Table 1 Mechanisms of some anti-coronavirus disease 2019 drugs

Drug

Inhibition of viral Inhibition of viral Modulation of immune
internalization into host  replication in the host response to virus Effectiveness against virus

cells

cells infection

Hydroxychloroquine

Azithromycin

Indomethacin

Doxycycline
Sofosbuvir with ledipasvir or
with velpatasvir

Ivermectin

Remdesivir

Yes

Yes

No

No

No Yes Probably effective in the initial
stage of the disease

Yes Yes Probably effective in all stages of
the disease

Yes Yes Probably effective in the initial
and intermediate stages of the
disease

Yes Yes Probably effective in all stages of
the disease

Yes No Probably effective in all stages of
the disease

Yes No Probably effective in all stages of
the disease

Yes No Probably effective in all stages of
the disease

Jaishideng®

Azithromycin 500 mg, 1 tablet/d p.o. the first day and then 250 mg/d for 4 d:
Azithromycin blocks viral internalization into host cells. It probably inhibits viral
proteases and it’s also effective in terms of modulating the immune response to
COVID-19 infection. Furthermore, it can protect patients from bacteria
superinfections!”.

Alternatives: When the above two drugs are contraindicated (particularly in patients
with retinopathy, diabetes, or heart disease because of risk of prolonged QT tract), we
suggest indomethacin as an alternative to hydroxychloroquine and doxycycline as an
alternative to azithromycin.

Indomethacin should be given as 50 mg b.i.d. p.o. (associated with gastric
protection) for 7-10 d. It acts by blocking viral RNA synthesis in vitro and this effect is
independent of cyclooxygenase inhibition. In addition, indomethacin has anti-
inflammatory properties!'’..

Doxycycline should be given as 100 mg 2 tablet/d p.o. on the first day and 1
tablet/d p.o. for another 6 d. It has antiviral properties based on chelating zinc
compounds on matrix metalloproteinases which are important for COVID-19 survival
and cell infiltration. Furthermore, it can block cell-to-cell adhesion and viral
replication. Doxycycline also has anti-inflammatory properties and can protect the
patients from bacteria superinfections!'!l.

Treatment for patients with beginning mild-moderate disease associated with risk

factors and for patients with moderate disease

Low molecular weight heparin (4000 to 8000 u.i. b.i.d.) should be added according to
the patient's weight and condition, in order to block intravascular coagulation
correlated to the cytokine storm!>*l,

Antiviral drugs should also be added. In addition to the antiviral drugs currently
being tested (lopinavir-ritonavir, remdesivir and favipiravir), there are other
promising antiviral drugs not being tested. Antiviral drugs used successfully against
hepatitis C virus (HCV) are sofosbuvir associated with ledipasvir or with
velpatasvirl“'?l. HCV is a single-stranded RNA+ virus, like the coronavirus; as such,
the antiviral drugs against HCV (RNA-dependent RNA polymerase inhibitors and
protease inhibitors) could be effective against the COVID-19.

Ivermectin (an anti-helminthic drug) has already shown antiviral properties against
human immunodeficiency virus, Zika, Dengue and West Nile. It has also shown in
vitro antiviral properties against the COVID-19, likely based on its nuclear transport
inhibitory activity that stops the viral capacity to reduce the host cell’s antiviral
responsel”l.

Recently, the Federal Drug Administration gave emergency-use authorization for
remdesivir in adults and children hospitalized with severe COVID-19!"]. Remdesivir is
a nucleotide analogue, and the RNA-dependent RNA polymerase incorporates the
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active triphosphate form of remdesivir into viral RNA. Incorporation produces
termination of viral RNA synthesis and inhibits viral replication!"’.

Currently, among the antiviral drugs, the most used off-label is hydro-
xychloroquine, particularly in combination with azithromycin. But this combination
seems controversial because of its arrhythmogenic risk. However, recently, a paper
reported the results of a study in which were used data from the United States Food
and Drug Administration Adverse Event Reporting System (on about 13 million total
reports) and concluded that hydroxychloroquine use was not associated with safety
signals, while azithromycin alone was associated with TdP/QT prolongation events
and should be used with caution™. To avoid the problem of additive cardiotoxicity of
hydroxychloroquine plus azithromycin, we can replace azithromycin with doxycycline
in at-risk patients.

It is also very interesting that in some countries, such as Peru, in which
hydroxychloroquine and ivermectin are largely in use, the lethality of COVID-19 is
among the lowest (2.7%). Perhaps this good result could be due to their different
mechanisms of action, which are empowered one with the other.

CONCLUSION

The take-home message we want give is: while waiting a specific vaccine or EBM
indications, upon which old or novel drugs will be certainly useful in the treatment of
COVID-19, and on the basis of the large experience acquired in the first 4 mo of this
pandemic, we think that a prompt treatment should be started at home in those
patients with mild-moderate disease using off-label drugs with a medical rationale. In
this way, we could avoid disease progression, hospital overload and, possibly, reduce
mortality.
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Abstract

In European higher education, application of information technology,
concentration on the learning-processes, consistent implementation, transfer
learning, case-based learning, autonomous learning has been extensively studied
in the last decade. Educational sciences based on neuroscientific findings use
brain-based learning and teaching, including integrated thematic instructions and
emotion-theory. Elements essential to this strategy, such as theory and methods
for learning, competencies, attitudes, social reality, and a metadiscourse are
described herein. Research on learning tends to focus on declarative knowledge,
associative learning with conditional stimuli, and procedural knowledge with
polythematic/ crosslinking thinking. Research on competencies: In research on
competencies (e.g., for clinical reasoning, decision-making), intuitive and
analytical components are studied. As repeated presentation and exercising of
clinical cases is crucial for an efficient learning process, the implementation of
interactive scenarios including affectively involving didactics is considered. For
competence-development observational methods, questionnaires/item sets or
factors have to be targeted and empirically validated. Attitudes and social reality:
Clinical decision-making, identification processes and attitudes (“Hidden
curriculum”), as well as secondary socialization processes (integration of social
norms, values, preparation of role-acquisition, occupational role) are studied via
process research, conceptual research, and observational methods. With respect to
social reality research, conscious and unconscious bargaining processes have to be
taken into account. Methodology: Neuroscience - memory, neuronal, molecular
biology, and computer science (Neurocircuits) are integrated into observational
process research (e.g., affective-cognitive interface, identification processes) and
conceptual research is added and studied on the meta-level, including discussion
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of research paradigms. This discussion provides ongoing feedback to projects in a
hermeneutic circle.
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Core tip: Consequent application of evidence based didactics based on social
neuroscientific findings is necessary to develop good medical doctors and therapeutic
professionals. An overview of the higher education history and development throughout
the past decades is given. An up to date description of the current knowledge regarding
higher education and research strategies to enhance the evidence-based components to
optimize teaching and learning are proposed.
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INTRODUCTION

For a long time, educational sciences were grounded in neuroscience, whereas
“Neurodidactics” were based on computer/mathematical models!”. Constructivist-
didactic perspectives called for revision of such archaic positions and research
paradigms, stating that controlled intervention cannot be possiblel”” nor be studied
reliably, as the trajectory and outcome of learning processes are not assessable!>*. The
next great shift in research methodology involved the expansion of the descriptive and
interpretative perspectives'™, which was suggested in order to adequately investigate
gains in acquisition of knowledge. As a result, the utility of Brain-Based Learning and
Teaching!’, along with Integrated Thematic Instructions!”! (including Emotion-Theory)
were researched in the context of European higher education.

In parallel with discussions on adequate research methodology, the learning context
was refined, and applied research in the domain led to several new strategies in
European Higher Education. First, the Declaration of Prague (2001)" suggested the
application of Information- and Communication-Technology. Later, it was
recommended that a focus on the learning-processes (Declaration of Leuven 2009)"
should take place and that research should be implemented consistently (Declaration
of Vienna-Budapest 2010)!". In the Lancet Report (2010)!"", a lack of research on
Transfer-Learning was stated, and so as a result, Case-based learning (CBL) together
with workplace-based assessment was implemented. With growing evidence for the
applicability and advantages of CBL, several subsequent efforts focused on
autonomous learning, leading to the LLL-Strategy (Lifelong Learning). In general,
with respect to research methodology, once again the basis of Educational sciences
was firmly and prominently grounded in neuroscientific findings!".

We support the claim that brain-based learning and teaching!! using integrated
thematic instructions!? has to include Emotion-Theory, and should not exclude the
constructivist perspective of taking the learning environment into account.

For this strategy to work, we need to concentrate theoretical underpinnings and
research in the following areas: Learning, competencies, attitudes, social reality, and
inclusion of a Metadiscourse.

THEORETICAL CONSIDERATIONS

Learning

Learning and competence development is based on research according to the research
paradigm of the educational sciences and neurosciences, including social
neurosciences.
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Declarative knowledge: Declarative knowledge has to be acquired concerning basic
facts that include knowledge which is available and can be accessed on the conscious
level, and in general is stored as unconscious knowledge in long-term memory.
Teaching and learning etiological concepts to understand basic principles of specific
domains is therefore bound to conscious and unconscious mechanisms.

Associative learning: In this type of learning, the temporal relationship of the two
stimuli has to be recognized: The person responds to the first stimulus in anticipation
of the second (a neural link/association is its foundation). The result of the
reclassification of stimuli and responses are drives (conditional appetence, conditional
action, conditional aversion, and/or conditioned inhibition). Associative learning is
the fundamental basis of memory.

Procedural knowledge: To attain, train, foster, and confirm procedural knowledge,
poly-thematic crosslinking thinking first has to take place: The ability to link
information (thoughts, symbols, images, scenes) in a meaningful way and to know
how to master this information has to be followed by creatively linking and combining
previously seemingly unrelated areas (domains) with each other. The result is to attain
the competence e.g., to write a novel instead of reading a novel. The latter is of course a
less complex task.

For these three steps, evidence shows that both relational factors and feedback
enhance learning outcomes, especially working alliance and motivation. Feedback
over the course of the learning process enhances the effect of the teaching intervention.
Personalized feedback systems fit into the unique profile of the student and monitor
progress in his or her learning priorities. Conducting studies on creating a
personalized feedback system adapted to the cultural diversity of the adolescent
population in Europe could be an interesting task. Previous research shows that
students’ establishment of personal goals and the use of visually attractive mobile
interfaces enhance the adherence of students/adolescents to learning processes.
Moreover, a bottom-up definition of learning tools increases its acceptability among
learners and teachers. Accordingly, a participatory approach, meaning working
collaboratively with learners and teachers to co-design the features, is a recent
development employed in order to strengthen the learning outcome.

Competencies
As attaining competence in a subject is a quite differentiated and complex task, a
conceptual and methodological approach has to be developed. Several studies reached
the consensus that the concept of personalized reasoning consists of intuitive and
analytical components!"**’l. Therefore, the methodological approach to teaching (e.g.,
personalized reasoning) that can be investigated in research studies on mental
processes consists of providing problem descriptions or patterns that can then be
stored in “frames,” “scenarios”, “semantic networks/qualifiers”, or in health
professions, “illness scripts.” Repeated presentation and training of real-life situations
and cases is furthermore crucial for an efficient learning process!'*'"l. These
considerations led to the implementation of interactive scenarios in many didactic
consideration and teaching efforts!'""l. Advanced statistical techniques that enable us
to discover patterns in data and make predictions on natural phenomena and human
interactions with their environment may be used. Pattern recognition, consolidation of
relevant phenotypes, and development of prediction and classification algorithms for
developing decision rules can, for example, be refined.

Research strategies to investigate competence development can either use
observational methods, questionnaires, and / or follow the development of item sets
that can be condensed and studied further as factors!"l and empirically validated.

Attitudes

Attitudes influence competence development. They provide insights into how
biographical experience, motivation, and personality traits have changed in response
to social changes. Who we are today is in part a result of our collective responses to
social and cultural change and may have potentiated a decline or an increase in
prosocial traits in students. The challenges of preparing students are better understood
when viewed within the broader social context.

An attitude especially in health or pedagogic professions normally contains
empathic, precise, ethically sound and scientifically grounded decision making and
authentic care. Identification processes play an important role in reaching this ideal
attitude (“Hidden curriculum”)®! as do secondary socialization processes (i.e.
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integration of social norms, values, training of most important roles, preparation of
role-acquisition, and occupational role).

In this context, research might include process research, conceptual research, as well
as questionnaire/observational methods with each of their own respective research
paradigms.

For research in this context, drawing upon influences from psychotherapy research
and social neuroscience is helpful in order to target and understand learning
processes: For example, Sharpless ef al”! measured the program performance of
universities and teaching institutes in higher education by calculating prediction
models for the Examination for Professional Practice (EPPP) at the end of a university
program. Pass rates and program performance of universities in the United States and
Canada were higher when the total amount of internships and emphasis on practical
aspects were high and very prominent in the curriculum. Overall, the EPPP showed
numerous advantages and better results in case the higher students had scored in the
PreGraduate Record Examination in total, or the higher the percentage of Cognitive
Behavioural Training Elements - CBT orientation was. Interestingly, program
performance correlated positively with higher percentages of ethnic minority students
in the program.

In addition to environmental factors, precise biological factors and structures may
be investigated in order to understand learning processes: The encoding of subjective
value is directly related to emotional regulation as well as neuro-structurally related to
the ventral prefrontal cortex”, and psychological mindedness is connected with
metabolism in the right precuneus™l. Fear influences decision-making, especially in
narcissistic states™, as links between affective and cognitive functioning may
influence the sense of self-agency. These examples of results show the diverse factors
that play a role in the complex puzzle of research on learning and training.

Identity, identification, and social reality

Attitudes are to a great extent influenced by identification processes that start very
early in life. In addition, neuro/psycho-developmental aspects also have to be
considered: It is well established that psychoanalysis provides knowledge that helps
us understand the development of personality. Researchers have begun to emphasize
more and more the role of affect regulation in personality, development, and
individualization and identification processes. Affect regulation refers to cognitive and
behavioral strategies people use to maximize pleasant emotions and minimize
unpleasant ones. These strategies may be explicit (coping mechanisms) or implicit
(defenses). It has been proposed that feelings are mechanisms for the selection and
retention of behavioral and mental responses. To the extent that particular behaviors,
coping strategies, or defensive strategies become associated with regulation of aversive
affective states and maximization of pleasurable ones, they will be encoded as
"solutions" to affective problems. From this viewpoint, affect regulation strategies are a
form of procedural knowledge and are activated under specific circumstances, such as
the presence of particular affects. Affect regulation strategies can be adaptive or
maladaptive. Some regulation strategies are affect-specific, whereas others can be used
to regulate multiple affects of similar valence. These procedures are often activated to
resolve discrepancies between perceived and desired states of self, significant others,
and external circumstances. Emotions and other sensory feeling states are evolved
mechanisms for channeling behavior in directions that foster adaptation. The
avoidance of unpleasant states and the pursuit of pleasant ones leads to goal-directed
mental and behavioral processes, including defenses and compromise formations.
Affects provide a flexible motivational mechanism in humans, as they become
associated with representations of perceived, feared, wished-for, or otherwise valued
states through the interaction of environmental events and highly specific, naturally
selected biological proclivities. The investigation of affect and its regulation also refers
to the detection of coping styles. Vollrath et al! showed that dispositional coping
styles prospectively influence change in personality. Observing affect parameters
should not be left alone, as affects are activated under specific circumstances, i.e. in
object-relationship. The concept of object relations has played an increasingly
important role in psychoanalytic theorizing, as well as in clinical psychoanalysis,
psychotherapy and medicine™. A short summary of a few pertinent issues will
provide a context for describing what is of interest: Ogden!*! traced the contributions
of Freud, Abraham, Melanie Klein, Fairbairn, Winnicott, and Bion to the
conceptualization of internal object relations. The original model of all internal objects
is Freud’s model of the normal development of the superego through the process of
identification, as the ego assimilates aspects of the personality and functions of
external objects. This newly established psychic agency acquires its own set of
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motivations and actions, including object relatedness. Ogden!*! also drew on Freud’s
extension of the role of splitting of the ego, beyond the formation of the superego, in
the development of internal objects. For Ogden”, another core concept is Fairbairn’s
assertion that it is an aspect of the relationship with the object, rather than aspects of
the object, that becomes internalized. In addition, Ogden! incorporated into his thesis
Bion’s description of the potential for the defensive splitting of the mind into active
suborganizations capable of engaging in specific forms of object relatedness. Ogden®’!
’s elaboration of these concepts indicates that splitting of the ego into new subdivisions
is necessary for early interpersonal relationships to be internalized. Each sub-
organization - being a component of the ego - has a dynamic capacity to semi-
autonomously generate experience and leave its stamp on the quality of object
relations. This psychoanalytically informed view of object relations stipulates that they
are the product of intrapsychic sub-organizations of the ego (internal object
representations) and not of external interpersonal relationships. However, the quality
of object relations is manifested in the interpersonal situation*’. Despite the enduring
quality of object relations, these intrapsychic structures are modifiable by experiences
during healthy development. It is suggested that secure attachment is the basis of the
acquisition of metacognitive or mentalizing capacity. Horner cited that the concepts of
internalization and of object relations are fundamental to the developmental
psychology of psychoanalysis, especially in terms of therapeutic technique. The
investigation of object relation styles benefits our understanding of problems that
people with identity disturbances and/or problems in their mentalizing capacity have.
Mentalization and reflective functioning is essential for learning. Primary socialization
is the precursor for secondary occupational socialization and therefore plays a distinct
role in education!.

When the influence of secondary socialization on attitudes is targeted, we have to
provide research data on integration of social norms and values, training of the most
important roles, considerations of the preparation of role-acquisition, and definitions
or possibilities for operationalization of the occupational role, which is not correlated
with development or education, but more influenced by social reality (Figure 1).

Investigation of social reality can be described as a specific situation experienced by
a person that leads to actions and interaction. The person experiences a situation on
the basis of his/her ego-id-superego (i.e. with ego-functions, wishes, moral values, etc
.). Within the person, as well as within the process of connection between two or more
persons, bargaining between each other’s ego, id, and superego structure takes place.
Both conscious and unconscious bargaining processes need to be taken into account.

METHODOLOGY

To investigate complex phenomena, several different research paradigms must be
taken into account in order to identify as many influencing factors as possible. Which
methodologies might be considered?

Neuroscience - memory (place neurons), neuronal, molecular levels, and computer
sciences (Neurocircuits) have to be integrated into observational process research (e.g.,
affective-cognitive interface, identification processes, etc.), and conceptual research has
to be added and repeatedly discussed on a meta-level, with inclusion of discussions of
research paradigms. These discussions should inform ongoing projects in a
hermeneutic circle. In the same way as clinical theories have been developed on the
basis of clinical cases, observations, and continuous discussion among experts, the way
forward is to ground these theories via empirical research work as scientific theory.
Thus, an interdependence of constructivist and empirical research paradigms may be
synergistically combined.

Basic sciences relevant to neurosciences

On a molecular level, as has been investigated by Eric Kandel, the marine snail Aplysia
californica was an important animal model for studying the molecular mechanisms of
learning because of the very few, but very large nerve cells he uncovered. The
objective was to study the gill withdrawal reflex of the animal, as it had been shown
that it can be attenuated (habituation), enhanced (sensitization) or durably reinforced
(conditioning). The basis of such changes is the interaction of different molecules in the
nerve cells and transmitters in the synaptic cleft. These and other similar investigations
on a molecular level are conducted in the neurosciences, fostering scientific knowledge
with respect to brain- or memory-function (e.g., research on place-cells™), resting
state- or DMN investigations, and e.g. research concerning the neuronal anxiety
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networks, all of which contribute to our understanding of learning processes.

Mathematics

As the measurement of change processes concern a number of actors (e.g., therapists,
clinicians, doctors, candidates, students) and their learning efforts, relevant variables,
teaching aims, learning achievements, and factors must first be defined and
operationalized, as these will determine a student’s learning progress. For the
purposes of evaluation of these learning and change processes, implementing a user-
friendly applied model and software-package on different data (i.e., on students’
learning processes) will prove useful. In order to optimize the visualization software,
regular monthly evaluations involving subtests have to be conducted. Afterwards,
algorithms for model-building with the help of the computer algebra program
MATLAB can be implemented and model parameters can be optimized; thus, the
theory of the Hidden-Markov-Models is useful. Teaching experts almost universally
agree that the definition of the requirements for user software and its implementation
has to be discussed and specified in interprofessional teams. Hidden Markov models
are stochastic signal models which consist of two random processes, wherein the first
process is hidden and can only be accessed through the second. Initially, the first
random process is defined as a Markov chain in order to widen it via the second into a
Hidden Markov model. A discrete Markov chain consists of N states, whereby the
system is always in one of these states. At discrete time points, the system states
change. Over the course of these events, the probability that an actual state changes
into a definite state is described with the aid of the state transition coefficient (see
also™"). The most essential points are to work out descriptions of precise evidence-
based physical (bio-psycho-social) parameters regarding the learning progress and to
set up descriptions of mathematical logic, i.e., data processing in a recurring
interprofessional discussion process.

Both methodological approaches follow a natural sciences research paradigm and
have to be integrated into a process research design. Some qualitative methods have to
be added into a mixed-methods approach in order to justify the often diverse,
subjective parameters of human beings.

Observational methods

In order to understand identification processes (relevant for research on attitudes), the
affect-cognitive interface, or subliminal affect perceptions and their influence on
learning in process research, observational methods have to be integrated. The
idiographic design complements nomothetic research strategies, providing more
differentiated answers to behavioral questions. For example, the meaning of nonverbal
communication is widely known in psychotherapy research. So it is thus astonishing
that nonverbal interaction has not yet been established in initial and further training of
clinicians. Different patient and therapist variables need to be taken into account (e.g.,
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via video analysis) in order to understand a number of complex aspects of the
relationship. Within the scope of this research field, investigated micro-process-units
are the clinicians” and patients” micro-expressions, as measured by the emotion facial
action coding system™. The ability to recognize facial expressions enables novel
applications in human-computer interaction and other areas. Consequently, there has
been active research in this field, with several recent works utilizing convolutional
neural networks (CNNs) for feature extraction and inference. Being able to recognize
facial expressions is key to nonverbal communication in human beings, and the
production, perception, and interpretation of facial expressions has been widely
studied™!. Advanced statistical techniques that enable us to discover patterns in data
and make predictions about natural phenomena and human-environmental activity
can be used. Pattern recognition, condensation of educationally relevant phenotypes,
and development of prediction and classification algorithms for development of
preventive decision-rules for states or problems like trainer-trainee feedback strategies
may be developed.

Qualitative-quantifying research designs shed light into the ingredients relevant for
change. Investigations that focused on trainers showed for instance the influence of a
person/the therapist on treatment outcome when fruitful learning and change take
place. Therapist effects explain up to 20% of the variance in outcomes™ .. For research
purposes, it is necessary to study the clinician/therapist dynamic in much more detail:
We know that attitudes differ, or more precisely, that therapeutic attitudes differ
between potential trainees (students)™, trainees in psychotherapy (propedeutics), and
qualified psychotherapists. Attitudes are related, in that therapeutic attitudes relate to
interpersonal problems and emotional reactions™!. Therapeutic attitudes also change
over the course of additional training!. Such research approaches of qualitative,
interview-driven, quantifying designs advance operationalization of different relevant
variables and parameters. Recording and transcription is another approach to be
mentioned™!l.

Another finding was presented via experimental case-series design*, pointing out
two different modes of thinking. Considering factors relevant for clinical reasoning,
clinical decision-making, and authentic clinical care, factor analysis approaches
showed three relevant factors and aspects: (1) Conscious analytic processing consisting
of application of rules, conscious processing, reflecting upon reasons for procedure,
meta-analytic information processing, and search for alternative; (2) Positive, holistic
intuition consisting of variables like complexity, holistic processing, global rating, and
clinician’s emotional arousal; and (3) Automatization. Conscious-analytic processing
and automatization varies with the level of training and the years of clinical
experience.

In addition to these mixed-methods designs, conceptual considerations may be
added.

Conceptual research

Transformative education!” based on disruption, action, reflection is one concept for
learning - a mostly performative one. Taking unconscious/subliminal perception, fast
and slow thinking!"! processes, and implicit aspects into account, learning concepts
could be widened - either via empirical conceptual research!*! or via a theoretical, more
rational epistemic approach.

METADISCOURSE

Conceptual research can be added and repeatedly discussed on a meta-level, also
including discussion of research paradigms. This discussion gives feedback to ongoing
projects according to a hermeneutic circle. New theoretical considerations could be
implemented and investigated in a timely fashion, so that improvements can be
adopted and pursued, and hindering factors can be avoided. Digitization, therefore,
opens up new opportunities and avenues.

Designs

The main concern is how to combine empirical data with constructivist objectives,
which can be solved within a combination of both qualitative and quantitative
research methods. Nevertheless, when it comes to training of aspects such as authentic
care, decision making, training in history taking, or training of other types
negotiations, we have to take into account intuitive factors!', and/or in a broader
sense, the social brain and mind. It consists of perceptions, i.e.conscious and
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subliminal ones, attachment, commitment, refusal, mirror neurons, or mentalization.
Findings show that perception, attachment, rejection, and mentalization network are
perturbed by direct and indirect social stress. Therefore, the learning and teaching
environment should be supported by didactically sound and affect-involving
ingredientst. One possibility to affectively involve students is the training of
communication skills!*’! and discussion of cases in a structured and secure atmosphere.
When social behavior is disrupted, a dysfunction in social perception, attachment, and
rejection may be discerned. Thus, an adequate research design for learning has to take
affect research into account. Case-based teaching can be assessed and studied along
guidelines for case-studies!"’), and simulation and virtual-reality paradigms can be
used to contribute to environmental validity.

Affect research: Theory and practical application

Based on the question of what empathy™! and especially what affects are, the relevant
metapsychological formulations in S. Freud's work are examined within the
framework of recent developments in psychoanalysis and neurosciences. The
theoretical structure of a psychoanalytic affect theory relates, among other things, to
the results of emotion research, endocrinology, and neurophysiology on the one hand,
and to cognitive psychological, behavioral, and linguistic studies on the other!*.

Recent research results from the neurosciences indicate that affects and their
sequence of actions are clearly anchored in neurophysiology or require clearly,
anatomically identified neuronal circuits. The facial expressions linked to affective
expressions, gestures, posture, voice, as well as visceral patterns are part of
subcortically integrated motor reaction patterns. Facial muscle movements and neuron
firing do not reveal anything about the underlying intrapsychic dimension, which is
our main interest. Affects are a central determinant of inner and outer reality.

Solmst! shows that the question of affects forces one to recognize the inner
connection between the soul and the somatic and to bring this state of affairs into line
with the theoretical designs of psychoanalysis. This leads to the conclusion that affect
is a primary sense modality. While sensory modalities such as seeing or hearing
represent aspects of the outer, objective world, affect is that primary sense modality in
which the inner, subjective world is perceived, which in principle is unconscious. The
scientific task is not only to describe and classify the superficial qualities of the inner
perception, but also to gain an understanding of the “real facts” that underlie the
sensory phenomena of the affect according to the psychoanalytic objective (see also™).

Historically, Freud"™ conceptualized affects in the context of his motivation theory,
namely the drive theory, and defined the affects in a specific relation to the drives. In
Freud's earliest drafts of affect theory, which are primarily to be read as fear-
theoretical writings, an event that takes place in external reality triggers an affective
reaction that becomes meaningful due to the connection with a certain idea.

In modern affect theory designs, a connection between instinctual and affect events
is assumed, but other sources of motivation appear earlier in addition to the instincts.
Modern psychoanalytical affect-theoretical designs can be divided into the subject
areas "affects and drives", "affects and ego development" and "affects and object
relationships". According to Krause et al”], one has to differentiate between Freud's
drive theory and his biological foundation of the drive concept and psychological
drive theory. Although it turned out that Freud's attempt to find a biological
foundation for the concept of instinct using ideas from the stimulus physiology of the
time was insufficient, it should be noted that the derivation of the concept of instinct
from biology was considered necessary. In the psychological part of instinct theory,
Freud differentiated between instinctual source, instinctual goal, and instinctual object,
and thus tried to grasp "instincts" by their goals and not by their causes. Starting from
an ethological understanding, many instinctual processes are social processes in which
the characteristics of the object have the same power to trigger behavior as internal
sources of stimulus. Freud's social component only comes into play through the so-
called drive object. Bowlby"™ revised the classical instinct theory, taking into account
the approaches of ethological instinct theory in their application to attachment
motivation.

Following the discussion of Freudian concepts of affect, affects were considered
from the aspect of the instinctual event, the object relationships, as well as in
connection with ego functions. In their affect-theoretical discussion, contemporary
psychoanalytic theories mostly address the connection between affect and ego
functions as well as affects and object relationships - including the object relationship
theories of M. Klein and D. Winnicott. Knapp's exemplary compilation of affect-
theoretical designs from the fields of psychology, neuropsychology and
psychoanalysis offers optimal guidance and understanding!***"! for the basic building
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blocks of psychic life and, above all, poses neurophysiological and psychosomatic
questions.

One possible research design

Application of methods to better measure and interpret non-verbal communication in
personalized interactions may aid in the search for modulators of efficacy in dyadic
encounters. One hypothesis could be formulated: Affective micro-expressions at the
encounter's beginning predict working alliance. The objective is to develop a method
of examining facial affects in therapeutic settings and interpreting the underlying
emotions they represent, with a perspective on future exploitation in the form of
computer-based treatment/monitoring tools. Methodologically, personalized
encounters or treatment sessions (aiming at change) are videotaped, and verbal
content is evaluated with computer assistance from ATLAS.ti. Visual content is
screened for facial action units/micro-expressions using the Emotional Facial Action
Coding System and reevaluated utilizing CNNs for feature extraction and inference.
Working Alliance Inventory scores are compiled to assess their impact on the quality
of the therapeutic relationship. Reliability of facial action unit coding is ensured by a
training course and an independently-evaluated, standardized test. Interrater
reliability can be calculated. Recognizing such expressions under naturalistic
conditions is likely, however, more challenging. In order to highlight the
methodological differences between these works, we have to break down each method
into the three components: (1) Preprocessing; (2) CNN architecture; and (3) CNN
training and inference. Amongst other things, a major finding could be that
confrontations are linked to the display of specific affects and micro-expressions in
both therapist and patient alike. Interestingly, it may be that the display of some
micro-expressions also correlates with a higher WAI score. Results could be a
consequence of the complexity of affects and the interplay of primary/subliminal and
secondary emotions. Finally, we may be able to describe the circumstances of the
routine evaluation and feedback elements to the interviewer via a computer-based
feedback slope if we can develop a such a system for regular evaluation purposes.

Looking ahead, as many recent activities concentrate on training issues, as well as
change- and learning-processes, further collaboration between neuroscientific
(subliminal perception) and imaging techniques (associative learning, DMN) is a
logical way to go. As educational sciences are based on (social) neuroscientific
findings!"”, such an approach could shed light on relevant interaction processes.
Indeed, feedback-studies or randomized controlled trials on supervision processes
could be conducted. Another area of particular interest might be micro-expressions,
focusing on subliminal /unconscious interaction. Drawing upon lessons learned from
conditions that impair social cognition (Digeorge 22q11DS-syndrome/Moderator-MA
for treatment efficacy), this may help further training (Mentalisation Based Treatment
+ training) of educators /mentors in simulation scenarios (compare BeSiC/Bern,
tEACH).

While an evidence-based approach to the practice of medicine has become accepted
as an absolute requirement, (medical) educators have been slow to apply a similar
approach to the educational process. Yet there exists a wealth of evidence-based
learning strategies which have been studied in seminar settings and reported in social
neuroscience and cognitive science literature. As the knowledge base grows
exponentially, with the result that students need to learn ever-increasing amounts, the
very best strategies and the tools necessary to apply those strategies should be
provided. These will be essential to facilitating this essential transformational process
and to describing some of the most effective learning strategies and their application to
teaching processes. The approach leading to evidence-based teaching, dependent on
evidence-based findings that emerged from carefully performed basic science studies
and which were subsequently validated in clinical trials, now forms the basis of nearly
all (clinical) decision-making today.

A scientific approach to studying which methods or strategies were most effective
in the learning process has been validated in real-life classroom studies leading to the
following key findings.

As the doubling rate for knowledge production for 2020 has been estimated to be
just 74 d and the effectiveness of e.g., medical treatments vastly improve when
treatments were directed by evidence-based science, a similar approach has to be
implemented if our students are to be adequately prepared to be doctors in the 21
century. In order to make the learning process as efficient as possible, we have to
provide: (1) Spaced learning: Spaced repetition algorithms spread learning
opportunities over time to improve knowledge retention. Students should have access
to delivery-optimized recall questions, while the learning format itself spreads out the
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topics being studied so that there is space between the study of the same medical
concepts; (2) Interleaving: Knowledge should be broken down into 'easily digestible'
sessions. This enables students to learn more effectively by easily switching between
different topics. Doing this helps students learn the similarities and differences
between different medical concepts, giving them a holistic and interconnected
knowledge base; (3) Didactics videos: Dual coding, which combines verbal and visual
representations of the same information, should be utilized as students learn best
when they have multiple representations of the same idea. Learning science also
shows that shorter length representations (3-9 min) are important for increasing
knowledge retention; and (4) Active retrieval: Quiz questions at the end of each
learning unit should ensure learner engagement utilizing frequent low-stakes or no-
stakes assessments.

Furthermore, readiness assessments should be implemented, as well as briefings
and debriefings of active learning formats supported by assignments with detailed
drill-down analytics that bring data-driven leaning to the forefront for every
instructor. An example was shown at: https://my.ltb.io/www/#/ or
https:/ /moodle.meduniwien.ac.at/course/view.php?id=682. Data-driven solutions
are the key to improving the educational process.

CONCLUSION

Neurosciencel”! defined the non-conscious and allowed some connections between
biology and behavior to be made. Mathematics and computer science have put some
effort into simulating the mind™. Considering the speed, breadth, and depth of
technical/technological advances todays, it is necessary to develop specialized domain
knowledge, and therefore interdisciplinary working groups need to develop
glossaries. The main domains could then be tested and discussed again in a
hermeneutic circle to influence and see the impact on the learning process per se.
Research into the subjectivity of human beings (students, trainees) may be empirical,
qualitative, or inductive, but should ideally be re-evaluated by the subject in an
idiographic manner.

To give an example illustrating the current dilemma as well as the need for at least
two perspectives, consider that in psychoanalytic literature, countertransference is
usually described in a self-report format by the therapist. For example, the most recent
psychometrically sound self-report measure, the Countertransference
Questionnaire™ " asks the therapist to report his or her feeling/reaction towards the
patient by indicating whether sentences such as “I feel guilty about my feelings
toward him/her.” (Item 24) are true. However, even in retrospect, these reports fall
prey to the unavoidable “blind spots” of the therapist. Therefore, psychotherapy
process research has searched for other, more rigourous ways to capture
countertransference, which requires gauging the ongoing therapeutic process in a
multimodal manner, encompassing self-report and observer-rated measurement. The
most frequently applied observer-rated instruments are the Countertransference
Factors Inventory (CFI") and the Inventory of Countertransference Behavior (ICBF).
The ICB can be used by supervisors to assess therapists’ positive and negative
countertransference behaviour in a specific session, whereas the CFI has a broader
focus on therapists’ competencies that may be important to countertransference
management. The dilemma of both perspectives, self-report and observer-rated, is that
the former is vulnerable to the therapist’s “blind spots”, while the latter is confined to
the therapist’s observable verbal behaviour, or, as Hayes has cogently expressed:
“therapists’ self-reports are limited by what they are willing and able to reveal, and
raters’ observations are restricted to overt displays of countertransference”!. Ideally,
one could triangulate further via video-based investigations into unconscious/
subliminal perceptions.

Personalized feedback systems promote change, and the more subjective perception
and experience is assessed and reconsidered, the better significant change can take
place. Differentiated steps may be undertaken to promote motivation, provide more
security in disruptive times, and make change possible. Triangulated research designs,
domain knowledge, and knowledge on data reduction might be considered in
conjunction with idiographic assessment of subjective values, subliminal affect
perceptions and attitudes, and values and beliefs.
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Abstract

Liver cancer is one of the most common causes of cancer death globally, and its
incidence in the United States is increasing. Patients with advanced hepatocellular
carcinoma (HCC) who are not candidates for surgical resection, liver transplant,
or locoregional therapies can be treated with systemic therapies. Multiple agents,
including sorafenib, lenvatinib, and regorafenib are approved for use as either
first- or second-line therapy in this patient population, but all have relatively
modest survival benefits. HCC is potentially susceptible to therapy with
checkpoint inhibitors, including agents such as nivolumab and pembrolizumab,
which are both approved by the Food and Drug Administration for patients
previously treated with sorafenib but have not demonstrated superior overall
survival in phase III trials. It is clear that more effective approaches are needed to
potentiate the effects of checkpoint inhibitors in patients with HCC. This review
will outline and appraise the current literature on the use of checkpoint inhibitors
in HCC as part of a combination treatment involving an additional mode of
therapy. The list of agents that can be paired with checkpoint inhibitors includes
an additional checkpoint inhibitor, vascular endothelial growth factor or vascular
endothelial growth factor receptor inhibitors, tyrosine kinase inhibitors, OX-40
agonists, and PT-112 inhibitors. The main non-pharmacologic therapies currently
being studied for inclusion in a combination strategy include radiation therapy,
trans-arterial chemoembolization, and ablation.

Key words: Hepatocellular carcinoma; Liver neoplasms; Antineoplastic agents;
Immunological; Protein kinase inhibitors; Angiogenesis inhibitors
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with unresectable hepatocellular carcinoma, although nivolumab and pembrolizumab
failed to meet their endpoints in phase III studies. Combining immunotherapy with other
treatment modalities may improve treatment responses. Multiple clinical trials are
evaluating the safety and efficacy of these new combination strategies, which involve
pairing PD-1 or PD-L1 inhibitors with CTLA-4 inhibitors, or pairing checkpoint inhibitors
with alternative agents or non-pharmacologic therapies.
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INTRODUCTION

Worldwide, liver cancer is the fourth leading cause of cancer death and the seventh
most common cancer in terms of incidence!”. The most common liver cancer subtype is
hepatocellular carcinomal'. Over the last 40 years, hepatocellular carcinoma (HCC)
incidence has risen by approximately three-fold in the United States”. Between 2000
and 2009, the incidence rose by approximately 4.5% per year and 0.7% per year from
2010 to 2012F. Between the years 2018 and 2040, global liver cancer incidence is
expected to rise by approximately 62%, while the number of liver cancer deaths
worldwide will rise by 64%". If HCC is detected at an early stage (Barcelona Clinic
Liver Cancer stage 0 or A), surgical resection or ablation can be performed in select
groups of patients). Approximately 70% of patients will develop evidence of
recurrence following resection*”\. If patients are not candidates for surgical resection,
liver transplantation is offered to patients who meet the Milan criteria and provides a
possibility of cure!*”l. Patients who are not eligible for surgery or liver transplantation
are candidates for locoregional therapies, including trans-arterial chemoembolization
(TACE) and ablation, if they have early- or intermediate-stage disease (Barcelona
Clinic Liver Cancer stage 0-B), or systemic therapies if they have advanced disease
(Barcelona Clinic Liver Cancer stage C)I*. Multiple options for systemic therapy exist
(Table 1). The tyrosine kinase inhibitors sorafenib and lenvatinib are approved for use
as first-line therapy!”.. Ramucirumab, a monoclonal antibody directed against vascular
endothelial growth factor (VEGF) receptor 2, and the tyrosine kinase inhibitors
regorafenib and cabozantinib are approved for patients previously treated with
sorafenib, however, candidates for ramucirumab therapy must also have an alpha-
fetoprotein (AFP) level of 400 ng/mL or greater®’. With the exception of lenvatinib,
which produced an objective response rate (ORR) of 24.1%, the rest of the approved
systemic therapies could only achieve an ORR in the range of 2 to 11%[*'?. Sorafenib,
ramucirumab, regorafenib and cabozantinib were directly compared to placebo and
increased overall survival by only 1.2 to 2.8 months*'*-'.

In hopes of discovering therapies that could produce greater responses,
investigators began to utilize checkpoint inhibitors in HCC patients, given their
success in other malignancies and the contribution of the PD-1/PD-L1 and CTLA4
pathways to creating an immunosuppressive tumor microenvironment!**?(Table 2).
Nivolumab demonstrated an ORR of 15% and 20% in the dose-escalation and dose-
expansion phases of the CheckMate 040 trial, respectively, while pembrolizumab
produced an ORR of 17% in the KEYNOTE-224 trial"*'"l. Both agents were then Food
and Drug Administration (FDA)-approved for use in patients who had previously
received sorafenib!'“""l. However, neither nivolumab or pembrolizumab demonstrated
a statistically significant improvement in overall survival (OS) in patients with
unresectable HCC when compared to sorafenib or placebo in phase III trials,
respectively!®"’l. Other checkpoint inhibitors studied in HCC patients in completed
phase II trials include the PD-1 inhibitors camrelizumab, the PD-L1 inhibitor
durvalumab, and the CTLA4 inhibitor tremelimumab®-*J. In a phase II multicenter
study (NCT02989922) involving 217 patients from Chinese medical centers with HCC
who had failed or could not tolerate prior systemic therapy who were treated with
camrelizumab, the ORR was 13.8%, with a six-month OS rate of 74.7%"".. Durvalumab
demonstrated an ORR of 10.3% with a median OS of 13.2 months in a multi-center
phase I/1I study in a cohort of 40 patients with HCC, most of whom had received prior
sorafenib”. In a phase II study of tremelimumab in 21 patients from Spanish medical
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Table 1 List of systemic therapies utilized in combination therapy

Drug class List of agents Mechanism of action

PD-1 inhibitors Nivolumab, Pembrolizumab, Camrelizumab, Tislelizumab  Inhibits PD-1 receptor from binding to PD-L1

PD-L1 inhibitors Atezolizumab, Durvalumab, Avelumab Inhibits PD-L1 ligand from binding to PD-1 receptor
CTLA-4 inhibitors Ipilimumab, Tremelimumab Inhibits CTLA-4 receptor from binding to CD80 or CD86
OX40 agonists INCAGNO01876, INCAGN01949 Activates OX40 receptor via direct binding

Multiple tyrosine kinase inhibitors Sorafenib, Cabozantinib, Lenvatinib, Regorafenib, Apatinib Inhibits signaling from multiple tyrosine kinases
VEGF or VEGFR inhibitors Ramucirumab, Bevacizumab Inhibits VEGF interaction with VEGFR

Phosphaplatins PT-112 Activates tumor cell apoptosis, inhibits angiogenesis

VEGEF: Vascular endothelial growth factor; VEGFR: Vascular endothelial growth factor receptor.

centers with advanced HCC and chronic hepatitis C virus (HCV) infection, the ORR
was 17.6% with a median OS of 8.2 months!*’. Tremelimumab caused a decrease in
AFP levels of more than 50% in slightly more than one-third of all patients, and a
reduction in HCV viral load in most patients*.

The relatively modest benefits of currently-available systemic therapies for patients
with advanced or unresectable HCC underscore the need for novel and improved
therapies. Although nivolumab and pembrolizumab did not reach their endpoints in
phase III trials, checkpoint inhibitors in general remain the focus of multiple active
trials!"*"”! (Tables 3-6). Updated results from the KEYNOTE-224 trial demonstrated that
median OS was much greater in patients who responded to pembrolizumab compared
to non-responders at the time of the first post-treatment scan, and that 30.8% of
patients were alive at a median follow-up of 31.2 months!”l. These results suggest that
patients who respond to checkpoint inhibitors may have a durable response.
Combination therapies involving the use of both a checkpoint inhibitor and another
therapy may provide a greater benefit than single-agent immunotherapy if they can
substantially improve overall response rates. This review will outline the main types
of combination therapies currently under investigation, discuss the rationale behind
their design, and summarize the main clinical trials evaluating their safety and efficacy
in HCC patients.

COMBINATION THERAPY WITH PD-1/PD-L1 INHIBITORS PLUS CTLA-4
INHIBITORS

The combination of nivolumab plus ipilimumab has proven successful in improving
treatment responses in multiple malignancies when compared to standard-of-care
therapy!™*1. As a first line regimen, the combination of nivolumab and ipilimumab has
demonstrated superior ORR, OS, and progression-free survival (PFS) when compared
to either agent alone in patients with metastatic melanoma, even after 48 months of
median follow-up™*1. Given what is known regarding the immune microenvironment
of HCC, these results raised the question about whether or not the combination of a
PD-1 inhibitor and CTLA-4 inhibitor can demonstrate durable clinical responses in
advanced HCC patients that are superior to those seen with single-agent checkpoint
inhibitors or targeted therapies in HCC patients.

Nivolumab plus ipilimumab

The CheckMate 040 study (NCT01658878) randomized 148 HCC patients who were
previously treated with sorafenib to three separate arms comparing various treatment
regimens utilizing ipilimumab and nivolumab!. Patients in Arm A received
nivolumab 1 mg/kg plus ipilimumab 3 mg/kg every three weeks for four doses
followed by nivolumab 240 mg every two weeks, patients in Arm B received
nivolumab 3 mg/kg plus ipilimumab 1 mg/kg every three weeks for four doses
followed by nivolumab 240 mg every two weeks, and patients in Arm C received
nivolumab 3 mg/kg every two weeks plus ipilimumab 1 mg/kg given every six
weeks!™. Initial results indicated that 37% of patients developed grade 3 or 4 toxicity,
with rash and pruritus being the most frequently reported adverse effect™. The ORR
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Table 2 Reported results of successful clinical trials evaluating immunotherapy in hepatocellular carcinoma patients

Thera Approximate data : . . A AV
Therapy Comparator - p.y Phase ' °F . . Patients enrolled  Primary endpoints Trial identifier
indication collection period
Nivolumab None Not specified  I/IT November 26, 2012-August 214 (dose-escalation), ORR (dose-escalation phase - 15%), (dose-expansion phase - 20%) NCTO01658878
8, 2016 48 (dose-expansion) (CheckMate 040)
Pembrolizumab None Second-line I June 22, 2016- February 20, 104 ORR - 18.3%, median OS 13.2 mo NCT02702414
2017 (KEYNOTE-224)
Camrelizumab Camrelizumab (regimen 1) vs Second-line il November 15, 2016- 220 ORR 13.8%, median OS not reached NCT02989922
camrelizumab (regimen 2) November 16, 2017
Durvalumab None Not specified  I/II August 29, 2012-October 24, 40 ORR - 10.3%, median OS 13.2 mo NCT01693562
2016
Tremelimumab None Not specified  II December 2008-May 2012 21 ORR -17.6%, DCR 76.4% NCT01008358
Pembrolizumab Placebo Second-line 11T May 31, 2016-November 23, 413 Median OS 13.9 vs 10.6 months - HR: 0.781; 95%CI: 0.611 to 0.998; P = NCT02702401
2017 0.0238, PFS 3.0 vs 2.8 months - HR: 0.718; 95%ClI, 0.570 to 0.904; P =
0.0022 (pembrolizumab vs placebo)
Nivolumab plus Nivolumab plus ipilimumab Second-line 1/11 Minimum follow-up-28 148 ORR - (32- Arm A, 31- Arm B, 31 - Arm C), median DOR (17.5- Arm  NCT01658878
ipilimumab (regimen 1 vs regimen 2 vs months at time of data A,22.2-ArmB,16.6 - Arm C) (CheckMate 040)
regimen 3) cutoff
Durvalumab plus None Second-line I/11 October 19, 2015-January 40 ORR - 15% NCT02519348
tremelimumab 10, 2017
Atezolizumab plus Sorafenib First-line 111 March 15, 2018-November 501 OS HR: 0.58 (95%CI: 0.42- 0.79; P = 0.0006), PFS 6.8 vs 4.3 mo, P < NCT03434379(IMbrave
bevacizumab 2019 0.0001 (atezolizumab plus bevacizumab vs sorafenib) 150)

ORR: Overall response rate; OS: Overall survival; DCR: Disease control rate; PFS: Progression-free survival; DOR: Duration of response; OS HR: Overall survival hazard rate.

was 31%, and after 24 months of follow-up, the OS rate was 40%*). This study was
updated at the International Liver Cancer Association Conference in Sep 2019"'1. All 3
arms achieved a similar ORR (Arm A - 32%, Arm B - 31% and Arm C - 31%), while
Arm A achieved the longest median OS (22.8 months vs 12.5 months for Arm B and
12.7 months for Arm C) and the highest OS rate at 30 months (44%)""(Table 2). The
study remains activel™.

The rather innovative study design allowed investigators to compare the impact of
various doses of nivolumab and ipilimumab on treatment response”~". The dosing
schedule in Arms A and B was similar, however, the dose of ipilimumab was three
times higher in Arm A, and patients in Arm C received ipilimumab less frequently
than the other two arms®®. The higher dose of ipilimumab received by patients in Arm
A compared to patients in Arms B or C may have been responsible for the improved
median overall survival®. Unsurprisingly, Arm A also had the highest number of
treatment-related adverse effects, possibly due to the larger doses of ipilimumab the
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Table 3 Summary of active clinical trials evaluating checkpoint inhibitor combination therapy

f Estimated
o Estimated study . . . e
Therapy Comparator Therapy indication Phase duration patient Primary endpoints Trial identifier
enrollment
Nivolumab plus ipilimumab ~ None Neoadjuvant I/1 March 1, 2019- 32 Delay to surgery, incidence of =~ NCT03682276
September 1, 2022 treatment-related adverse (PRIME-HCC)
events
Nivolumab plus ipilimumab  Nivolumab vs nivolumab plus ipilimumab (regimen 1) vs Neoadjuvant II September 28, 2017- 45 Incidence of adverse events NCT03222076
nivolumab plus ipilimumab (regimen 2) September 30, 2022
Nivolumab plus ipilimumab ~ None Neoadjuvant I June 1, 2018- 40 Percentage of subjects with NCT03510871
December 31, 2022 tumor shrinkage after therapy
Nivolumab and ipilimumab Nivolumab plus INCAGNO01876 vs ipilimumab plus Not specified I/1 April 13, 2017- 285 Safety and tolerability, ORR NCT03126110
plus INCAGNO01876 (OX-40 INCAGNO01876 October 28, 2021
Agonist)
Nivolumab plus ipilimumab  Sorafenib or lenvatinib First-line 1T September 16,2019 1084 os NCT04039607
- September 16, (CheckMate 9DW)
2023
Durvalumab plus Durvalumab vs tremelimumab vs durvalumab plus Second-line (first-line for patients II October 19, 2015- 433 Number patients experiencing ~ NCT02519348
tremelimumab tremelimumab (regimen 1) vs durvalumab plus receiving durvalumab plus January 6, 2021 adverse events and dose-
tremelimumab (regimen 2) vs durvalumab plus bevacizumab) limiting toxicities
bevacizumab
Durvalumab plus Durvalumab vs durvalumab plus tremelimumab (regimen 1)  First-line III October 11, 2017- 1310 oS NCT03298451
tremelimumab vs durvalumab plus tremelimumab (regimen 2) vs sorafenib October 30, 2020 (HIMALAYA)

HCC: Hepatocellular carcinoma; ORR: Overall response rate; OS: Overall survival.

patients received, highlighting the inherent toxicity of this combination”. Twenty-two
percent of patients discontinued the combination due to drug-related adverse events,
compared to 6% and 2% of patients in Arms B and C, respectivelyl. Based on the
results of CheckMate 040, the FDA has granted a priority review for nivolumab plus
ipilimumab in the treatment of patients with advanced HCC who progressed on
sorafenib as of November 20192,

There are multiple active clinical trials in addition to CheckMate 040 evaluating
nivolumab plus ipilimumab for various treatment indications in HCC patients
(Table 3). These include the phase III CheckMate 9DW clinical trial (NCT04039607)
evaluating nivolumab plus ipilimumab as first-line therapy in comparison to sorafenib
or lenvatinib in patients with advanced HCC™. The primary endpoint is overall
survival™. If the combination of nivolumab and ipilimumab demonstrates
significantly improved OS compared to standard-of-care sorafenib or lenvatinib, it
may become the new standard-of-care first-line therapy. However, the increased
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Table 4 Summary of active clinical trials evaluating combination therapy of checkpoint inhibitors plus vascular endothelial growth factor/factor receptor inhibitors

Thera Estimated study  Estimated patient _ . . A oo
Therapy Comparator o p.y Phase . y P Primary endpoints Trial identifier
indication duration enrollment

Atezolizumab plus bevacizumab None First-line I January 1, 2020-June 48 Best overall response rate NCT04180072
30, 2022

Atezolizumab plus bevacizumab Sorafenib First-line I March 15, 2018-June 480 OS, PFS NCT03434379
29, 2022 (IMbrave 150)

Atezolizumab plus bevacizumab Active surveillance Adjuvant III December 31, 2019- 662 RFS NCT04102098
July 12, 2027 (IMbrave 150)

Durvalumab plus bevacizumab Durvalumab alone vs tremelimumab alone vs durvalumab First-line I October 19, 2015- 433 Number patients experiencing NCT02519348

plus tremelimumab (regimen 1 vs regimen 2) vs durvalumab January 6, 2021 adverse events and dose-limiting
plus bevacizumab toxicities

Durvalumab plus bevacizumab Durvalumab plus placebo vs placebo alone Adjuvant 1T April 29, 2019-June 888 RFS NCT03847428
16,2023 (EMERALD-2)

Camrelizumab plus apatinib None Second-line I June 1, 2019 - 40 ORR NCT04014101
October 1, 2020

Camrelizumab plus apatinib Hepatic arterial infusion of chemotherapy Adjuvant I February 15,2019- 200 RFS NCT03839550
February 28, 2023

Camrelizumab plus apatinib and hepatic None Not specified  II April 13, 2020- 84 ORR NCT04191889

arterial infusion of FOLFOX chemotherapy December 31, 2025

regimen

Camrelizumab plus apatinib Sorafenib First-line 11 June 10, 2019-June 510 OS, PFS NCT03764293

2022

OS: Overall survival; PFS: Progression-free survival; RFS: Recurrence-free survival; ORR: Overall response rate.

toxicity seen with this combination, especially if doses are similar to those used in Arm
A of the CheckMate 040 trial, may lead to higher rates of therapy discontinuation. At
least three separate studies will evaluate the safety and feasibility of neoadjuvant
nivolumab plus ipilimumab administered prior to surgical resection™*l. The phase II
study (NCT03222076) sponsored by Anderson Cancer Center will randomize 45
patients with resectable HCC to receive adjuvant nivolumab or nivolumab plus
ipilimumab prior to resection™l. If successful, further studies may explore whether
neoadjuvant nivolumab plus ipilimumab can decrease the high recurrence rates
observed after surgical resection!*”.

Durvalumab plus tremelimumab
The combination of durvalumab and tremelimumab was studied in a phase I/1I trial
(NCTO02519348) in patients with unresectable HCC. The safety profile was deemed
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Table 5 Summary of active clinical trials evaluating combination therapy of checkpoint inhibitors plus tyrosine kinase inhibitors

. Estimated
Therapy Estimated : . " A BV
Therapy Comparator o ase . patient Primary endpoints  Trial identifier
indication study duration
enrollment
Nivolumab plus Nivolumab plus First-line I April 16, 2018- 40 MTD, ORR NCT03439891
sorafenib sorafenib (regimen 1 May 31, 2020
vs regimen 2)
Pembrolizumab plus ~ None First-line Ib/Il  September 13, 27 ORR NCT03211416
sorafenib 2017-September
13, 2021
Nivolumab plus None First-line 11 June 12, 2019- 50 ORR, NCT03841201
lenvatinib October 2021 safety/tolerability
Pembrolizumab plus  Placebo plus First-line 11 December 31, 750 PFS, OS NCT03713593
lenvatinib lenvatinib 2018-May 13, (LEAP-002)
2022
Nivolumab plus Nivolumab plus Not /1 September 26, 1097 Safety and tolerability NCT01658878
cabozantinib Ipilimumab plus Specified 2012-April 29, (CheckMate 040)
cabozantinib 2022
Nivolumab plus Nivolumab plus Not /1 September 26, 1097 Safety and tolerability NCT01658878
Ipilimumab plus cabozantinib Specified 2012-April 29, (CheckMate 040)
cabozantinib 2022
Atezolizumab plus Sorafenib vs First-line 111 December 10, 740 Duration of PFS, NCT03755791
cabozantinib cabozantinib 2018-December 1, duration of OS (COSMIC-312)
2021
Nivolumab plus None Second-line  I/II March 16 2020- 60 Rate of adverse NCT04170556
regorafenib December 2022 events, rate of death ~ (GOING)
Nivolumab plus None First-line I May 30, 2020- 42 Response rate NCT04310709
regorafenib May 30, 2023 (RENOBATE)

MTD: Maximum tolerated dose; ORR: Overall response rate; PFS: Progression-free survival; OS: Overall survival.
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tolerable and an ORR of 15% was noted, according to results from the phase I portion
of the study™(Table 2). Common adverse effects included pruritus, fatigue, and
elevated transaminases, which are similar to those noted in patients treated with
durvalumab in phase II studies”*".. The phase II portion of the study seeks to evaluate
the safety and feasibility of durvalumab plus tremelimumab as second-line therapy™
(Table 3). This study will randomize 433 patients into five separate arms, in which
patients with advanced HCC will receive either durvalumab or tremelimumab alone,
durvalumab plus tremelimumab, or durvalumab plus bevacizumab™. Two arms of
the study will compare different regimens of durvalumab plus tremelimumab™I.
Additional active studies involving this combination include the phase III
HIMALAYA clinical trial (NCT03298451) which will compare durvalumab plus
tremelimumab to sorafenib or durvalumab alone as first-line therapy in approximately
1310 advanced HCC patients from multiple countriest™(Table 3). Overall survival is
the primary endpoint™..

It remains to be seen whether the combination of durvalumab plus tremelimumab
will have a similar toxicity profile as nivolumab plus ipilimumab. If durvalumab plus
tremelimumab can demonstrate a high ORR with a comparatively lower rate of
immune-related adverse effects, then it may become a viable alternative for HCC
patients who have failed prior systemic therapies and cannot tolerate nivolumab plus
ipilimumab due to adverse effects. If the dosing schedule utilized in the phase I/1I
clinical trial (NCT02519348) is adopted, this may minimize toxicity given the relatively
infrequent dosing schedule of every four weeks!”). Although the most common side-
effects seen in patients treated with either combination include liver function test
abnormalities and skin ailments such as pruritus or rash, the CheckMate 040 study
demonstrated that 22% of patients discontinued therapy with nivolumab and
ipilimumab due to treatment-related toxicity, compared to 7.5% of patients receiving
durvalumab and tremelimumab in the NCT02519348 trial® . Given the ability of
tremelimumab to reduce HCV viral loads, this combination may be preferred for
patients with chronic hepatitis C infections?!.
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Table 6 Summary of active clinical trials evaluating combination therapy of checkpoint inhibitors plus ablation, trans-arterial

chemoembolization, or radiation

Estimated Estimated

Thera . Prima NP
Therapy Comparator o p.y Phase study patient ry Trial identifier
indication . endpoints

duration enroliment
Pembrolizumab plus  None First-line I May 9, 2019- 30 ORR NCT03753659
RFA or MWA September 2022 (IMMULAB)
Durvalumab plus Durvalumab plus tremelimuumab,  Second-line 1II July 5, 2016, 20 PFS NCT02821754
tremelimumab plus  durvalumab plus tremelimumab December 31,
RFA plus TACE, or durvalumab plus 2021

tremelimumab plus cryoablation

Nivolumab plus None First-line il June 14,2018- 49 ORR NCT03572582
TACE September 2022 (IMMUTACE)
Pembrolizumab plus  None First-line I/10 January 28, 26 Incidence of ~ NCT03397654
TACE 2018-December adverse (PETAL)

31, 2020 events
Durvalumab plus Durvalumab plus tremelimuumab,  Second-line 1II July 5, 2016- 90 PFS NCT02821754
tremelimumab plus  durvalumab plus tremelimumab December 31,
TACE plus RFA, or durvalumab plus 2021

tremelimumab plus cryoablation

Durvalumab plus Durvalumab plus tremelimumab Not I June 12,2019- 30 ORR NCT03638141
tremelimumab plus  plus DEB-TACE (regimen 1 vs Specified November 2020
DEB-TACE regimen 2)
Durvalumab plus Durvalumab plus bevacizumab plus Second-line II April 27,2020- 22 PFS NCT03937830
bevacizumab plus TACE (one TACE procedure vs December 31,
TACE possibility of multiple procedures) 2022
Durvalumab and Durvalumab plus placebo plus Not 111 November 30, 600 PFS NCT03778957
bevacizumab plus TACE vs placebo plus TACE specified 2018-November (EMERALD-1)
TACE 29,2023
Pembrolizumab plus  None Second-line  II February 15, 30 ORR NCT03316872
SBRT 2018-April 2,

2022
Durvalumab plus None Second-line  II May 14, 2018- 70 ORR NCT03482102
tremelimumab and October 31,
radiation 2025

RFA: Radiofrequency ablation; MWA: Microwave ablation; ORR: Overall response rate; TACE: Transarterial chemoembolization; PFS: Progression-free

survival; DEB-TACE: Drug-eluting bead transarterial chemoembolization; SBRT: Stereotactic body radiotherapy.

COMBINATION THERAPY WITH CHECKPOINT INHIBITORS PLUS 0X40
AGONISTS

OX40 is a co-stimulatory receptor that is expressed by CD4 and CD8+ T-cells after
antigen stimulation™”. Treg cells can also express OX40". OX40 agonists, which are
monoclonal antibodies that bind OX40, induce T-cell expansion and persistence and
may be able to suppress Treg activity*l. The clinical use of a monoclonal antibody
targeting OX40 was deemed safe following a phase I study (NCT01644968) in 30
patients with various malignancies, with the most common adverse effects including
fatigue, rash, lymphopenia, fever, and pruritus'. Twelve patients in demonstrated a
reduction in the size of at least one individual metastasis!*!l.

A combination strategy utilizing OX-40 agonists in conjunction with checkpoint
inhibitors may be a viable option in the treatment of HCC. PD-1/PDL1 or CTLA4
blockade and OX40 agonism administered together may produce a greater activation
of the immune system due to the targeting of distinct pathways. The use of an OX-40
monoclonal antibody in conjunction with an anti-PD-1 monoclonal antibody in mice
models of ovarian cancer produced responses that were superior than those from
either agent alonel”’. A phase I/1II clinical trial (NCT03241173) was performed to
determine whether this form of combination therapy is safe and effective in patients
with solid malignancies including HCC!"!. The study contained three separate arms,
including two arms where nivolumab or ipilimumab alone were given with the OX-40
inhibitor INCAGN01949, and another arm where both checkpoint inhibitors and
INCAGNO01949 were administered together!*]. Results are pending!!. An additional
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phase 1/11 trial sponsored by Incyte Biosciences (NCT03126110) is active and is
similarly designed to the first trial, but is employing the OX40 agonist INCAGNO01876
in patients with solid malignancies, including HCC**I(Table 3).

COMBINATION THERAPY WITH CHECKPOINT INHIBITORS PLUS
VASCULAR ENDOTHELIAL GROWTH FACTOR OR VASCULAR
ENDOTHELIAL GROWTH FACTOR RECEPTOR INHIBITORS

Anti-angiogenic agents have been a focus of research in HCC due to the relatively high
vascularity of HCC tumors, however, studies suggest they may also have beneficial
effects on the immune system!**1. VEGF expression can modulate the immune system
via various mechanisms, leading to immunosuppression!"”. VEGF molecules can
inhibit leukocyte adherence to the endothelium, inhibit the development of dendritic
cells, and promote Treg proliferation'*"’l. The combination of checkpoint inhibitors
and VEGF or vascular endothelial growth factor receptor (VEGFR) inhibitors may
cause a greater net activation of the immune system than checkpoint inhibitors alone
due to the added effect of VEGF inhibition.

Atezolizumab plus bevacizumab

Bevacizumab, a VEGF inhibitor, is currently approved for the treatment of multiple
malignancies, including metastatic colorectal cancer, non-squamous non-small cell
lung cancer, and ovarian cancer™l. Bevacizumab was studied in a phase II trial in 46
patients with unresectable HCC and treatment resulted in a median PFS of 6.9 months
and an OS rate of 53% at 1 year, 28% at 2 years, and 23% at 3 years!*). However, 11% of
patients developed clinically significant bleeding, including one patient who suffered a
variceal bleed that was ultimately fatal*”). Another phase II study evaluating single-
agent bevacizumab in advanced HCC patients found that 9% of patients developed
gastrointestinal bleeding!*). Atezolizumab is a humanized monoclonal antibody that
targets PD-L1 and prevents its binding to the PD-1 receptor and the B7.1 molecule. It
has been approved either as a single agent or in combination with chemotherapy for
the treatment of patients with non-small cell lung cancer, small-cell lung cancer,
urothelial carcinoma, and breast cancer®™. The combination of atezolizumab plus
bevacizumab demonstrated prolonged progression-free survival in metastatic renal
cell carcinoma patients in a phase III trial with an acceptable safety profile™.

Initial data testing this combination in HCC patients originates from a phase Ib
study (NCT02645531) evaluating this combination as first-line therapy in 26 patients
with advanced HCC™.. Approximately 35% of patients developed grade 3-4 toxicities
with hypertension being the most frequently reported adverse event, with an ORR of
62%1. In late 2019, the study authors reported that patients who received the
combination therapy in Arm F demonstrated significantly better median progression-
free survival (5.6 vs 3.4 months, P = 0.0108) when compared to atezolizumab alonel™!.
The most common side effects seen in the patients randomized to combination therapy
included proteinuria, fatigue and rash™. Patients in Arm A had a median overall
survival of 17.1 months™!. Initial phase III data has been reported from the IMBRAVE
150 trial that randomized approximately 501 systemic treatment-naive patients with
unresectable HCC to receive atezolizumab plus bevacizumab or sorafenib alonel™.
Preliminary data published in November 2019 demonstrated an improved PFS (6.8 vs
4.3) and OS hazard ratio (0.58) with the combination vs sorafenib alone™(Table 2).
Recent quality-of-life data from IMbravel50 presented in January 2020 revealed that
patients taking atezolizumab plus bevacizumab had delayed time to deterioration of
quality-of-lifel”’l. Patients in the combination arm reported greater time to deterioration
of physical functioning, diarrhea, loss of appetite, fatigue, and pain(Table 4).

These data suggest that atezolizumab plus bevacizumab may become an alternative
regimen for patients with advanced HCC due to its relatively acceptable toxicity
profile when compared to a dual checkpoint inhibitor regimen, and improved efficacy
when compared to sorafenib alone. The study remains activel™.

Other active clinical trials evaluating this combination include the NCT04102098
phase III trial, a part of the IMbrave 150 study, which will randomize 662 patients with
resectable HCC and a high risk of recurrence to receive atezolizumab plus
bevacizumab or surveillance as adjuvant therapy!™!(Table 4). Given the significant
improvement in PFS seen when this combination is used as first-line therapy, it may
also be successful as adjuvant therapy and reduce the high recurrence rates often seen
post-resection"***I. A single-arm phase II trial (NCT04180072) will enroll 48 patients
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with advanced HCC and chronic HBV infection, allowing the investigators to
determine whether HBV infection has any significant effect on the safety and
effectiveness of atezolizumab plus bevacizumab!*(Table 4).

Durvalumab plus bevacizumab

The results of the studies testing atezolizumab and bevacizumab may be generalizable
to other checkpoint inhibitors, such as durvalumab, if used in combination with
bevacizumab or other VEGF inhibitors given similar mechanisms of action. The
combination of durvalumab plus bevacizumab is being studied in multiple different
trials, including the aforementioned phase II study (NCT02519348) in patients with
advanced HCC as first-line therapy™(Table 3). The phase III EMERALD-2 trial
(NCT03847428) will compare durvalumab plus bevacizumab to either durvalumab
alone or placebo as adjuvant therapy after either ablation or resection in HCC patients
with a high risk of recurrence®(Table 4).

Durvalumab plus ramucirumab

A phase I trial (NCT02572687) is evaluating the safety of the combination of
ramucirumab and durvalumab in patients with advanced gastrointestinal or thoracic
malignancies including hepatocellular carcinomal®. Although no reported phase II or
III trials are currently active, if this combination proves to be safe with a tolerable side-
effect profile, further study is warranted based on the results of the REACH-2 trial to
determine if this combination is most effective in patients with an AFP greater than
40001,

Camrelizumab plus apatinib

Apatinib is a tyrosine kinase inhibitor of VEGFR2 that binds to its target with ten-fold
more affinity than sorafenib, and is currently approved in China for use in advanced
gastric cancer patients”. Apatinib has demonstrated a tolerable safety profile with
evidence of anti-tumor activity in HCC patients as single-agent therapy®.. In a murine
model of lung cancer, the combination of apatinib and an anti-PD-L1 monoclonal
antibody inhibited tumor growth in a synergistic fashion with a notable increase in
tumor-infiltrating lymphocytes!®l. The combination of apatinib and camrelizumab was
studied in a phase Ia and Ib trial (NCT02942329) that enrolled 43 Chinese patients with
various gastrointestinal malignancies, including gastric cancer, esophagogastric
junction cancer, and advanced hepatocellular carcinomal®l. This combination was
thought to have a tolerable safety profile, with the most common side-effects being
hypertension and an elevated AST*’. Half of all HCC patients demonstrated a partial
response, a response similar in magnitude to results from the initial Phase 1b trial
(NCT02715531) testing first-line atezolizumab and bevacizumab™*l. Multiple studies
are evaluating this combination in distinct HCC patient populations!®*)(Table 4). A
phase II study (NCT04014101) seeks to determine whether camrelizumab plus apatinib
is safe and effective in patients with advanced HCC as second-line therapy!*’. Another
phase II study (NCT03839550) will determine whether this combination is superior to
hepatic arterial infusion of chemotherapy in the adjuvant setting, with recurrence-free
survival as the primary endpoint!l. The phase II TRIPLET study (NCT04191889) will
evaluate the safety and efficacy of the combination of FOLFOX chemotherapy infused
directly into an artery perfusing the tumors, followed by camrelizumab and apatinib
in 84 patients with advanced HCCI*®.. A phase III study (NCT03764293) evaluating
camrelizumab and apatinib as first-line therapy in advanced HCC patients will report
both OS and PFS as primary endpoints“l. The aforementioned studies are primarily
being carried out in Chinese medical centers, which will limit the external validity of
the results and require additional studies before their findings can be generalized to
other patient populations!*=*.,

COMBINATION THERAPY WITH CHECKPOINT INHIBITORS PLUS MULTI-
TARGETED TYROSINE KINASE INHIBITORS

Sorafenib, lenvatinib, cabozantinib, and regorafenib all have activity against VEGF
receptors and may mitigate the immunosuppressive activity of VEGF.. Although the
exact mechanisms of action are unclear, TKIs can modulate the immune system[*"?.
Sorafenib decreased the populations of Tregs and CD8+ T cells that expressed PD-1 in
the tumors of mice models of HCC. An in-vitro study demonstrated that sorafenib
could increase effector-T cell activation and inhibit Treg suppression of effector-T cells,

WIMA | https://www.wjgnet.com 199 June 28,2020 | Volume8 | Issue3 |



Jordan AC et al. Immunotherapy in hepatocellular carcinoma

Jaishideng®

albeit at sub-pharmacologic doses!”.. Sorafenib has also been shown to restore the
ability of dendritic cells to activate T cells in vitrol”. In mouse models of HCC,
lenvatinib demonstrated greater antitumor activity in immunocompetent mice when
compared to sorafenib but not in immunodeficient mice, suggesting that the increase
in activity may be related to immunomodulatory effects™l.

Given that the mechanism of action of TKIs differs from that of checkpoint
inhibitors, pairing a TKI with a checkpoint inhibitor may produce responses that are
either additive or synergistic. Additionally, responses to combination therapy with
checkpoint inhibitors and TKIs may be more effective than responses to VEGF or
VEGER inhibitors alone because TKIs inhibit multiple distinct signaling pathways. If
these combination therapies are proven effective, their safety may be of concern.
Common toxicities observed with the various TKIs include diarrhea, skin rashes,
fatigue, nausea, elevated aspartate aminotransferase levels, and rash!®*'"'"?, The side-
effect profiles of checkpoint inhibitors partially overlap with those of the TKIs, and it is
unclear whether this may lead to greater toxicity when compared to single-agent
regimenst'>**11,

Sorafenib plus checkpoint inhibitors

The safety and effectiveness of sorafenib plus pembrolizumab as first-line therapy will
be evaluated in 27 patients with advanced or metastatic HCC participating in a phase
Ib/1I study (NCT03211416) by the Roswell Park Cancer Institute/(Table 5). One phase
II trial (NCT03439891) will study the combination of nivolumab plus sorafenib as first-
line therapy in patients with advanced HCC"(Table 5). ORR is one of the primary
endpoints for both studies* ..

Cabozantinib plus checkpoint inhibitors

Studies testing treatment regimens involving cabozantinib plus immunotherapy
include the aforementioned CheckMate 040 study (NCT01658878), which contains two
separate arms in which patients are receiving nivolumab plus cabozantinib and
nivolumab and ipilimumab plus cabozantinib”!(Table 2). Initial data from this portion
of the CheckMate 040 study has been reported .. Seventy-one patients with advanced
HCC who were sorafenib-naive or who had previously been treated with sorafenib
were randomized to receive nivolumab plus cabozantinib or nivolumab plus
ipilimumab and cabozantinib’l. The ORR was 26% vs 17% for those who received all
three drugs or nivolumab plus cabozantinib, respectively(Table 2). Median PFS was
6.8 for the three-drug regimen arm and 5.5 for the two-drug regimen arm/(Table 2).
The three-drug regimen caused significantly more toxicity, with 71% of patients in that
arm reporting grade 3-4 adverse effects, vs 42% of patients in the two-drug arm!..
Approximately 20% of patients in the three-drug arm discontinued the drug secondary
to toxicity, compared with 3% of the patients in the two-drug arm!. Although the
three-drug regimen demonstrates promise based on these early results, its high rate of
toxicity may prohibit widespread adoption as standard-of-care therapy. Other
checkpoint inhibitors, such as atezolizumab, are being studied as part of combination
regimens involving cabozantinib(Table 5). The phase III COSMIC-312 trial
(NCT03755791) will study the combination of cabozantinib and atezolizumab vs
sorafenib as first-line therapy in a multi-national group of patients with advanced
HCC)(Table 5).

Lenvatinib plus checkpoint inhibitors

A phase 1b trial (NCT03006926) in which 18 patients were given a combination of
lenvatinib and pembrolizumab demonstrated an acceptable safety profile, with
hypertension and poor appetite reported as the most common adverse effects’l. One
phase II study (NCT03841201) will test the combination of lenvatinib and nivolumab
in a cohort of patients from a German medical center with ORR and safety and
tolerability measures as the primary endpoints””(Table 5). A phase III study
(NCT03713593) sponsored by Merck will test the combination of lenvatinib plus
pembrolizumab in an international cohort of approximately 750 patients with
advanced HCC with PFS and OS as the primary endpoints™!. Patients will be
randomized to receive either lenvatinib plus pembrolizumab or lenvatinib plus
placebol®l(Table 5).

Regorafenib plus checkpoint inhibitors

Multiple studies evaluating regorafenib in conjunction with PD-1 inhibitors are active.
They include a phase Ib trial sponsored by Bayer!"! that will elucidate the safety profile
of regorafenib plus pembrolizumab. Recent results were presented at the American
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Society of Clinical Oncology Gastrointestinal Cancers Symposium in January 2020,
Thirty-five patients had been treated, with 29 in the dose-defining cohort and 6 in the
dose-expansion cohort!™l. Fifteen patients had discontinued treatment, with either
clinical or radiologic disease progression as the most common reason!*”. Eighty-nine
percent of patients experienced grade 3 or 4 treatment-emergent adverse events®. The
multi-center phase II (GOING) trial (NCT04170556) and the single-center phase II
(RENOBATE) trial from South Korea will evaluate the combination of regorafenib and
nivolumab as second-line and first-line therapy, respectively™*I(Table 5).

COMBINATION THERAPY WITH CHECKPOINT INHIBITORS PLUS
LOCOREGIONAL THERAPIES

Locoregional therapies can activate the immune system through various
mechanisms*71,

Treatment with either radiofrequency ablation (RFA) or TACE can stimulate the
expansion of T-cells recognizing tumor-associated antigens, while RFA can lead to
natural killer cell activation®*1. The ability of locoregional therapies to stimulate the
immune system makes them potential candidates for an effective combination strategy
with checkpoint inhibitors®*l. The side-effect profiles of immunotherapy and these
locoregional therapies differ significantly, which may lead to relatively low toxicity
compared to other combination regimens previously discussed!*'>*#1,

Checkpoint inhibitors plus ablation

Patients who will likely be eligible for combination therapies involving ablation will
have tumors 3 cm or less with early-stage, BCLC class 0 or A disease who are not
candidates for surgical resection!*”. Although multiple types of ablation exist, RFA is
the usual standard of care and adverse events may include intraperitoneal bleeding,
intrahepatic abscess, grounding pad burns, bile duct injury, thermal damage to organs
in close proximity to the tumor, pneumothorax, pain, and tumor seeding of tissues!*l.
RFA is not optimal for tumors that are larger than 5 cm, numerous with 3 or more
lesions, poorly visible via ultrasound, or adjacent to structures such as the biliary tree,
bowel, and vital organs such as the heart!>",

Multiple studies evaluating combinations of radiofrequency ablation and
immunotherapy are ongoing!”-*’/(Table 6). Patients with unresectable HCC underwent
treatment with tremelimumab and radiofrequency ablation or chemoablation in a
phase I study in which 32 patients were enrolled”l. A partial response was noted in 5
out of 19 patients, and 12 out of 14 patients with confirmed HCV infection were noted
to have a decrease in their viral load, consistent with prior studies involving
tremelimumab™”. The phase II clinical trial (NCT02821754) sponsored by the
National Cancer Institute (NCI) includes an arm where patients with advanced HCC
will receive durvalumab plus tremelimumab and RFA, and another where patients
will receive cryoablation in conjunction with the checkpoint inhibitors as second-line
therapy!™. Progression-free survival is the primary outcomel. Studies involving
pembrolizumab include the IMMULAB phase II study (NCT03753659), which will test
the combination of RFA or microwave ablation plus pembrolizumab in 30 patients
who had not received prior systemic therapy and report ORR as the primary
outcomel™.

Checkpoint inhibitors plus TACE

TACE plus immunotherapy may be appropriate for patients with intermediate-stage
disease, including those with BCLC class B disease based on current indications for
TACEY. Some patients who are ineligible for RFA, such as those with larger tumors,
multiple lesions, or smaller tumors which cannot be safely ablated may be candidates
for TACEH. Potential adverse events of TACE therapy include damage to the hepatic
artery, bile duct injury, acute liver failure, variceal bleeding, and cholecystitis!*"l.
Specific protocols for performing TACE may differ, and the types of chemotherapy,
embolic agents, and schedule of TACE sessions may vary between institutions, among
other factors™l. This variation in how TACE is performed may lead to variation in
side-effect profiles, and could affect the efficacy of combination therapies when
compared across medical centers!™..

Multiple studies testing the safety of treatment combinations involving checkpoint
inhibitors and TACE are activel”™”|(Table 6). The phase 1I, single-arm IMMUTACE
study from Germany (NCT03572582) will study the effectiveness and safety of
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nivolumab plus TACE for patients with intermediate-stage HCC who have not
received prior systemic therapy or TACE, with ORR as the primary endpoint™l. The
combination of TACE and pembrolizumab will be studied as first-line therapy in the
phase I/11, single-arm PETAL trial (NCT03397654), which will report the incidence of
adverse effects as the primary outcome measure™. A phase II clinical trial
(NCT03638141) will evaluate the combination of durvalumab plus tremelimumab and
drug-eluting bead TACE (deb-TACE) in approximately 90 patients with advanced
HCCM, Patients with active HCV infection will be excluded, which may hinder the
ability to detect any effects of the combination therapy on HCV viral load possibly due
to tremelimumab””). The previously mentioned NCT02821754 phase II trial
sponsored by the NCI contains an arm in which patients will receive durvalumab plus
tremelimumab and TACE". The combination of durvalumab plus bevacizumab and
TACE will be evaluated as second-line therapy in a phase II trial (NCT03937830)
sponsored by the NCI in 22 patients with advanced HCC. The combination of
durvalumab, bevacizumab and TACE will be compared to TACE alone or TACE plus
durvalumab in the phase III, multi-center EMERALD-1 clinical trial (NCT03778957)
which will report PFS as a primary outcome measure!”). Secondary outcome measures
include overall survival®™.

COMBINATION THERAPY WITH CHECKPOINT INHIBITORS PLUS
RADIATION

The effect of checkpoint inhibitors on T-cells can be amplified by radiation!".
Radiation therapy (RT) has been shown to induce antitumor immune responses
through the formation of antitumor antibodies!""). RT directed at one tumor site can
induce responses in other tumor sites not directly targeted, a phenomenon known as
the abscopal effect, which is related to immune system activation'">'l. In mouse
models of melanoma, radiation therapy can increase both antigen presentation to T-
cells recognizing tumor antigens and infiltration of tumors by those T-cells!"”l. RT can
increase the expression of MHC-1 (major histocompatibility complex-1) molecules in
tumors and increase T-cell and natural killer cell tumor infiltration[">'"’l. Stereotactic
body radiotherapy (SBRT) can be used to treat early-stage, BCLC A disease that is not
amenable to treatment with RFA, and can achieve local control rates of approximately
80% or greater™. SBRT is a possible alternative treatment option after TACE has been
unsuccessful, with local control rates of approximately 87%-99% in multiple studies™.
Adverse events as a result of SBRT may include upper gastrointestinal bleeding from
esophageal varices or gastric and duodenal ulcers, and biliary strictures!'™. SBRT
generally has a more tolerable side-effect profile when compared to TACE, with rates
of grade 3 or higher toxicity estimated at 6% to 27% in patients with unresectable HCC
who receive SBRT™'"I If proven safe, SBRT plus immunotherapy could become a
reasonable treatment option for HCC patients who are not candidates for RFA or who
have failed TACE.

Multiple studies testing the combination of ionizing radiation and immunotherapy
are ongoing in patients with unresectable HCC!'')(Table 6). One phase I study
(NCT03203304) will enroll 50 participants with advanced HCC who will first receive
SBRT!'”], Patients will be randomized into two arms, one of which will receive
nivolumab alone after SBRT, while the second will receive nivolumab and
ipilimumabl'”l. If the results from this study suggest that administering nivolumab
plus ipilimumab after SBRT is safe, better responses may be seen with that
combination than with nivolumab alone given after SBRT due to the synergistic effects
of nivolumab plus ipilimumab™*'*l. A phase II study (NCT03482102) sponsored by
Massachusetts General Hospital will evaluate the safety and efficacy of durvalumab
and tremelimumab administered in combination with radiation as second-line
therapy!*l. As with prior studies examining durvalumab plus tremelimumab, a central
question of the NCT03482102 study is whether this combination will be less toxic than
those utilizing nivolumab plus ipilimumab in addition to SBRT, and whether
tremelimumab will lower the viral load in patients infected with HCV®*"'%l, Another
phase II study will report the overall response rate after enrolling approximately 30
patients, and treating them with pembrolizumab and SBRT in the second-line
setting!'”l. Both radiation dosing and the time intervals between radiation treatment
and immunotherapy treatment may affect the efficacy of combination therapies, and
should be considered when the results of these various studies are available".
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FUTURE DIRECTIONS

PD-1 and PT-112 inhibitors

PT-112 is a platinum-based drug of the phosphaplatin class currently under
development by Phosphaplatin Therapeutics with reported anti-tumor effects both in-
vivo and in-vitrol!'”-'"' It promotes apoptosis in tumor cells and may have anti-
angiogenic effects!"’l. An in-vitro study demonstrated that PT-112 treatment led to
increased phosphorylation of a wide variety of targets, including VGFR1, EGFR, and
CDC2, suggesting it may have activity against multiple distinct pathways!"'l. Tumor
cells may not be able to evade the drug’s antitumor effects through traditional drug
resistance pathways because it binds to transmembrane proteins rather than
DNAIMYM2, An in-vitro study in ovarian cancer cells demonstrated that cisplatin enters
cells more readily than phosphaplatins, and may suggest that phosphaplatin treatment
may produce fewer side-effects when compared to cisplatin therapy due to reduced
intracellular accumulation"”l. A phase I clinical trial involving 62 patients receiving
PT-112 (NCT2266745) demonstrated no maximum tolerated dose, with fatigue as the
most frequently-reported adverse event!'!l. A patient with small cell lung cancer who
progressed after prior treatment with both a CTLA-4 inhibitor and PD-1 inhibitor was
progression-free at 7.5 months, while a patient with non-small cell lung cancer who
progressed on a PD-1 inhibitor was progression-free at 6 months, indicating the
potential benefit of PT-112 therapy!**. The ORR was approximately 10.7%!"“. A phase
I/11 trial testing PT-112 in patients with advanced solid tumors, including patients
with advanced HCC, remains active!"”. The safety and efficacy of combining PD-1
therapy and PT-112 is being explored in a multi-center, non-randomized, phase I/1I
trial (NCT03409458) by Phosphaplatin Therapeutics that will administer PT-112 in
combination with avelumab in patients with solid tumors, not including HCC*“l. If
combination therapy involving PT-112 and immunotherapy is safe and effective, the
natural properties of phosphaplatins may prevent drug resistance, leading to more
durable responses. If these regimens are truly less toxic than other combination
regimens due to low levels of intracellular accumulation of phosphaplatins, PT-112-
based combination therapy may become an alternative option for HCC patients who
cannot tolerate other regimens due to adverse effects if it is proven safel'’.

CONCLUSION

Although immunotherapy remains a promising strategy for HCC patients with
unresectable disease, checkpoint inhibitors used as single-agent therapy produce
relatively modest overall response rates without significant improvements in
survival'®’l. As we have outlined in this review, a combination treatment strategy
pairing checkpoint inhibitors with additional pharmacologic agents, locoregional
therapy or radiation therapy may produce greater responses than single-agent
immunotherapy. Multiple active clinical trials are underway to determine which
combination strategies can safely produce durable clinical responses, ideally with
significant improvements in overall survival and overall response rates.
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Abstract

In recent years, a wide range of gastrointestinal endoscopy techniques have been
developed, such as endoscopic submucosal dissection (ESD) and endoscopic
retrograde cholangiopancreatography (ERCP). Although ESD and ERCP have an
important role in gastrointestinal and biliary diseases, each technique has its
limitations. Hybrid techniques that combine endoscopic and surgical procedures
have emerged that have the advantages of different procedures and negate their
limitations at the same time. Laparoscopic endoscopic cooperative surgery and
modified laparoscopic endoscopic cooperative surgery combine ESD and
laparoscopic techniques to resect submucosal tumors with minimum resection
area. Air leak test by intraoperative endoscopy can effectively identify a
mechanically insufficient anastomosis and decrease the complication rate. The
rendezvous technique that combines percutaneous transhepatic biliary drainage
and endoscopy can be performed as a rescue approach for the treatment of biliary
obstruction, stenosis and bile duct injuries. For patients with simultaneous
presence of stones in the gallbladder and the common bile duct, the laparo-
endoscopic rendezvous technique can perform ERCP and laparoscopic
cholecystectomy at the same time and reduces the risk of pancreatic injury caused
by ERCP. Biliobiliary and bilioenteric anastomosis using magnetic compression
anastomosis is another choice for biliary obstruction. The most common used
approach to deliver the magnets is by percutaneous-peroral tract. Laparoscopic-
assisted ERCP is a safe and highly effective therapy for patients who develop
biliary diseases after Roux-en-Y gastric bypass surgery.

Key words: Hybrid technique; Laparoscopic and endoscopic cooperative surgery;
Endoscopic retrograde cholangiopancreatography; Laparoscopic-assisted endoscopic
retrograde cholangiopancreatography; Rendezvous technique; Magnetic compression
anastomosis
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Core tip: A wide range of hybrid techniques that combine two or more of endoscopy,
laparoscopy and percutaneous transhepatic biliary drainage have been developed. The
hybrid techniques include laparoscopic and endoscopic cooperative surgery, air leak test
by intraoperative endoscopy, magnetic compression anastomosis, the rendezvous
technique and laparoscopic assisted endoscopic retrograde cholangiopancreatography.
This review aims to introduce these hybrid techniques and their applications for the
treatment of gastrointestinal and biliary diseases.

Citation: Feng YL, LiJ, Ye LS, Zeng XH, Hu B. Combined
endoscopy/laparoscopy/percutaneous transhepatic biliary drainage, hybrid techniques in
gastrointestinal and biliary diseases. World J Meta-Anal 2020; 8(3): 210-219

URL: https://www.wjgnet.com/2308-3840/full/v8/i3/210.htm

DOI: https://dx.doi.org/10.13105/wjma.v8.i3.210

INTRODUCTION

In recent years, a wide range of gastrointestinal endoscopy techniques have been
developed, such as endoscopic submucosal dissection (ESD) and endoscopic
retrograde cholangiopancreatography (ERCP). ESD is now widely carried out for early
neoplastic lesions of the gastrointestinal tract and has advantages of minimal invasion,
low cost, patient tolerance and better quality of life of patientsl. However, ESD is
confined to incision of mucosal and submucosal layers. Laparoscopy is able to perform
the full thickness resection, but sometimes laparoscopy cannot determine the precise
incision line from the peritoneal cavity. ERCP has matured into an essential technique
for managing biliary and pancreatic disorders, but it can be technically difficult in
some situations (e.g., completely biliary obstruction and altered anatomy) where
percutaneous transhepatic biliary drainage (PTBD) may get access to the biliary tree.

In brief, none of these techniques can overcome all the difficulties encountered in
the clinical practice. Therefore, many hybrid techniques that combine two or more of
endoscopy, laparoscopy and PTBD have been developed that have the advantages of
different procedures and negate their limitations at the same time. This review aims to
introduce these hybrid techniques and their applications for the treatment of
gastrointestinal and biliary diseases.

COMBINATION OF ENDOSCOPY AND LAPAROSCOPY

Resecting the gastrointestinal tumors

Gastrointestinal submucosal tumors (SMTs) are frequently seen in patients
undergoing upper gastrointestinal endoscopy®, and gastrointestinal stromal tumor is
the most common type of SMTF. Usually, SMTs are treated by surgical approaches.
Laparoscopic wedge resection has been confirmed a feasible option for SMT < 5 cmF.
However, localization of small and intraluminal growing SMTs is difficult from the
peritoneal cavity. As a result, excessive resection is needed to ensure the negative
surgical margins, which can cause the deformity of the remaining stomach and gastric
malfunction.

In order to decrease the resection area as much as possible, Hiki et all firstly
reported the conventional laparoscopic and endoscopic cooperative surgery (LECS)
where the resection is performed jointly by the endoscopy and laparoscopy.
Endoscopic submucosal dissection is used in this surgery. Firstly, the periphery of the
tumor is marked by coagulation. Then three-fourths of the marked areas are cut down
to the submucosal layer after submucosal injection. Next, a perforation of the gastric
wall is created artificially, and the tip of the ultrasonically activated device is inserted
into the perforation hole. Then three-fourths of the seromusclar layer is dissected
along the incision line. After the tumor is inverted into the abdominal cavity, the
serosa of the unresected tumor is grasped and retracted, and finally the incision line is
closed by a laparoscopic stapler (Figure 1).

After the emergence of LECS, several modified LECS were developed excessively,
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dissection. Used with permission from John Wiley and Sons.
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including inverted LECS', laparoscopic assisted endoscopic full thickness
resection””], combination of laparoscopic and endoscopic approaches for neoplasia
with non-exposure technique!, non-exposed wall invasion surgery (NEWS)'"! and
closed-NEWSI'l. Based on whether the gastric wall is open during the surgery, these
techniques can be divided into exposed technique and non-exposed technique. Table 1
compares characteristics of these two techniques. Though there are differences among
these techniques, in general they all consist of two main parts that are the ESD
technique and the laparoscopic surgery. The endoscopist determines the precise
margin of the tumor, and then the resection is performed jointly by the endoscopy and
laparoscopy.

As a less invasive approach, LECS has advantages of minimum resecting area and
reserving function of organs at the greatest extent. In addition, LECS can be applied to
tumors located in the esophagogastric junction or pyloric ring that cannot be removed
by laparoscopic wedge resection!"”l. The exposed LECS has a risk of tumor seeding
and contamination of gastric juice in the peritoneal cavity due to the artificial
perforation of the gastric wall'"l. The non-exposed LECS avoids the gastric open
during the surgery and thus expands the indication of LECS for gastric epithelial
neoplasms’l. A series of studies on LECS and modified LECS have been conducted,
showing that these techniques are feasible and safe for gastric SMTs*'"l,

Besides gastric tumors, LECS has been used to resect tumors in other parts of the
gastrointestinal tract. There are a few reports of LECS for early superficial duodenal
tumors (SDT), showing that this technique may be safe and feasible and could be an
option for surgical SDT resection*l. Standard treatment for SDT has not been
established. Though ESD has been considered safe and effective for early gastric
tumors, ESD for early duodenal cancer is associated with a high risk of perforation
during and after surgery as a result of the narrow lumen and thin walls of the
duodenum®*1. In LECS, the laparoscopic suture and monitoring may help to prevent
the occurrence of perforation. Therefore, compared to ESD, LECS might be a safer
approach for the treatment of SDT. For colon polyps and colorectal tumors that cannot
be removed by conventional endoscopic techniques, LECS may also be an alternative
choicel™.

Localization of gastrointestinal tumors

Endoscopic localization is essential in both endoscopic procedures and surgeries. In
laparoscopy, endoscopic tattooing that uses suspensions of carbon particles is a
commonly used approach to localize the tumor during laparoscopy. However,
intraoperative endoscopic localization may be difficult to arrange between endoscopic
and surgical teams. Hu et al™ reported performing tumor resection using an ultrasonic
scalpel through a gastric fistula formed by percutaneous endoscopic gastrostomy.
Some novel methods may provide other choices for preoperative localization of
tumors. Ohdaira ef al®” applied a magnet-string-clip system to gastric mucosa in 15
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Table 1 Comparison between the characteristic of exposed laparoscopic endoscopic cooperative surgery and non-exposed

laparoscopic endoscopic cooperative surgery

Exposed LECS Non-exposed LECS

Techniques Conventional LECS, Inverted LECS, LAEFR CLEAN-NET NEWS, Closed-NEWS

Opening of gastric Yes No No

wall

Advantages Minimum resection area; more evidence of efficacy =~ Non-exposed Precise resection of both serosal and
and feasibility mucosal layers

Limitations Possibility of tumor seeding and gastric juice Potential risk of margin positive or  Not applicable to tumor > 3 cm due
contamination into the abdominal cavity excessive resection to peroral retrieval

LECS: Laparoscopic endoscopic cooperative surgery; LAEFR: Laparoscopic assisted endoscopic full thickness resection; NEWS: Non-exposed wall invasion

surgery; CLEAN-NET: Combination of laparoscopic and endoscopic approaches for neoplasia with non-exposure technique.

Jaishideng®

patients with early gastric cancer, and the tumor site was detected in all cases during
laparoscopic gastrectomy. Hyun et al®"! introduced an endoscopic fluorescent band
ligation method. The fluorescent rubber bands were endoscopically placed on the
mucosa of porcine stomachs and colons, and the bands were clearly identified using
the near-infrared fluorescence laparoscopy system during subsequent surgery.

Air leak test by intraoperative endoscopy

Anastomotic leak (AL) is one of the most frequent and devastating complications after
many gastrointestinal surgeries™ . Among measures that have been used to prevent
AL, intraoperative air leak test (ALT) is the most widely used to identify a
mechanically insufficient anastomosist™. The bowel proximal to the anastomosis is
clamped, and then air is insufflated into the bowel lumen using a syringe or endoscope
with the anastomosis under irrigation of saline. Leakage is detected by the bubbles
arising from the anastomosis.

Compared to syringe, the intraoperative endoscopy can simultaneously provide air
insufflation with adequate and steady pressure for ALT™. More importantly, it
enables real-time assessment of anastomotic integrity, bleeding, vascular insufficiency
and allows for repeatability if a leak is repaired™. The intraoperative ALT is easy,
quick and associated with little or no risk!. One prospective randomized controlled
trial showed that intraoperative endoscopy had significant lower rate of AL and lower
need for reoperation than simple visual inspection in laparoscopic Roux-en-Y gastric
bypass (RYGB)F . For colorectal surgeries, intraoperative endoscope has also been
confirmed safe and effectivel” .

COMBINATION OF ERCP AND PTBD

Rendezvous technique

ERCP has become the first choice of treatment for many biliary diseases, including bile
duct injuries, obstruction and stenosis. Endoscopic treatment of the biliary stricture
relies on initial passage of a guidewire across the stricture, followed by subsequent
stricture dilation and stent placement!”l. However, this maneuver is not possible when
the biliary duct is completely obstructed or transected. The rendezvous technique
could be a choice for the recanalization of bile duct in this situation.

The rendezvous technique that combines endoscopic and percutaneous transhepatic
approach was initially described for duodenoscopic sphincterotomy in the 1980s!*4. A
guide wire is placed via the PTBD route, advanced into the duodenum, then grasped
by grasping forceps or snares of the duodenoscope and pulled out of the
duodenoscope. Then a catheter is advanced into the bile duct over the guidewire for
drainage. Stents or balloons can also be placed to dilate the stricture of the bile duct.
The procedure can also be completed in a reverse way where a guide wire placed
endoscopically is grasped and pulled out through the PTBD route!**.

Because the guide wire may be damaged during withdraw and the procedure is
cumbersome, a few modified techniques have been developed to avoid these
problems, such as parallel cannulation techniquel**1. With the advance in endoscopic
ultrasonography (EUS) technology, the EUS guided rendezvous technique has been
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developed, where the bile duct is punctured under the EUS guidance, and a guide
wire is advanced antegrade through the papilla to perform a transpapillary
procedure!*.

The rendezvous technique increases the success rate of biliary duct cannulation and
facilitates the treatment of biliary tract diseases. It is reported with a high technical
success rate of 80%-100%"! and a significantly lower complication rate when
compared to percutaneous transhepatic cholangiography!™l. The rendezvous technique
can also be used to establish the continuity of the bile duct when surgical bile duct
injury occurs, with a high primary success rate and a long term success rate of 55%!*1.

Besides recanalization of bile ducts, the rendezvous technique is also reported to
remove stones in the bile ducts!***. Lithotomy by percutaneous transhepatic
approach was performed firstly, but there were stones remaining in the intrahepatic
duct or common bile duct (CBD). After the guide wire was grasped, the endoscopy
was inserted further with the guide wire into the hepaticojejunostomy anastomotic
region or CBD and lithotomy was performed for the remaining stones.

Magnetic compression anastomosis

Besides the rendezvous technique, biliobiliary and bilioenteric anastomosis using
magnetic compression anastomosis (MCA) is another choice for the treatment of
severe biliary strictures or complete obstructions. The working principle of MCA is
that the magnetic compression force leads to gradual tissue necrosis within magnets
while with tissue healing at the edge of the magnet simultaneously™.

Two magnets are needed for the procedure, parent and daughter magnet. These two
magnets can be delivered by a variety of methods, but the most common route is by
the percutaneous-peroral approach”. One magnet is delivered through the PTBD
route into the anastomosis site, and the other magnet is delivered endoscopically.
When inserting a magnet into the CBD, full sphincterotomy or balloon dilation is
usually required, and a metal stent may be inserted to facilitate further magnet
delivery®™ .. After recanalization and magnets removal, biliary stents can also be
placed to prevent restenosis®™.

Bilioenteric anastomosis is a common operation to bypass extrahepatic biliary
obstructions!®l. The conventional hand-sewn is time-consuming and associated with a
high risk of complications!®’. In contrast, the MCA is considered to be associated with
little complication because fistula formation after MCA requires a relatively long time.
Also, there is no dilation of fibrotic tissue in the progress of fistula formation, so the
risk of restenosis upon recoiling of fibrotic tissue is low!”’.

COMBINATION OF ERCP AND LAPAROSCOPY

Laparoscopic-assisted ERCP

RYGB surgery is one of the most common bariatric procedures to treat obesity!.
However, the patients have a high risk of biliary disease with up to 40% developing
symptomatic cholelithiasis*"“”. In addition, ERCP is challenging due to the surgically
altered anatomy. Laparoscopic-assisted ERCP (LA-ERCP) is an option for these
patients.

A gastrostomy is performed by the laparoscopy, and a port is placed into the
remnant stomach. Then ERCP is performed by a conventional side-view
duodenoscope via this port (Figure 2). After completion of the procedure, the port is
removed, and the defect is closed by a suture or stapler. The transgastric route is
commonly used to perform the LA-ERCP, and transjejunal route has also been
reported®]. Because the jejunal loop can easily reach the abdominal wall, the
transjejunal LA-ERCP can be performed in all Roux-en-Y cases, even when the gastric
remnant is not attainable. However, the transjejunal route needs a colonoscope to
reduce the risk of intestinal injuries as a result of limited visual field of side-viewing of
the duodenoscope.

LA-ERCP is a safe and highly effective therapy for patients who develop biliary
diseases after RYGB surgery™l. One advantage of LA-ERCP is the high successful rate,
which was reported to be approximately 90%-100%. Another one is that the
successful rate remains high in long-limb reconstruction cases because a limb length of
> 150 cm is associated with a high failure rate in other ERCP techniques!*. In addition,
LA-ERCPs would be favored if the patient also requires cholecystectomy. Therefore,
LA-ERCP is preferred in patients with long limbs who require concomitant
cholecystectomy!*l.
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Figure 2 Laparoscopic-assisted endoscopic retrograde cholangiopancreatography in patients with Roux-en-Y anatomy!’.
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Laparo-endoscopic rendezvous technique

The simultaneous presence of stones in the gallbladder and the CBD is a common
clinical circumstancel”). ERCP and laparoscopic cholecystectomy (LC) are considered
as standard approaches to treat CBD stones and gallstones, respectively®l. To
perform ERCP and LC at the same time, the rendezvous intraoperative ERCP with
transcystic guide-wire-assisted cannulation technique was developed as a one-stage
intervention”'l. An antegrade guidewire is inserted and advanced through Vater’s
papilla into the duodenum by a surgeon. Subsequently, the guidewire is grasped by a
snare and pulled out through the working channel of the duodenoscope and then
cannulation of the CBD is performed.

The major advantage of the rendezvous procedure is a lower risk of pancreatic
injury caused by the ERCP. The transcystic guide wire facilitates the endoscopic
procedure and thus ensures elective CBD cannulation and avoids the inadvertent
cannulation of the pancreatic duct. In addition, the antegrade approach avoids the
problem of discordant patient positioning encountered when ERCP and LC are
performed at the same time but separately. A recent meta-analysis compared different
combinations of laparoscopic and intraoperative techniques (LC plus preoperative,
intraoperative and postoperative ERCP and LC plus laparoscopic CBD exploration)
and showed that the rendezvous approach was associated with the highest rates of
safety and success!”’l. The major limitation is that an experienced endoscopist may not
be available for the procedure, and it may be difficult to arrange and carry out the
rendezvous procedures in the operating room!*”?. Moreover, using intraoperative
cholangiography to detect CBD stones is essential before performing the rendezvous
procedurel®l. Therefore, in centers where preoperative ERCP is routinely used to
detect CBD stones, this technique is not applicable.

CONCLUSION

A wide range of hybrid techniques have been developed for the treatment of
gastrointestinal and biliary diseases. These techniques expand the indications of
therapeutic endoscopy, make it easier and safer to perform difficult procedures and
decrease the agony of patients. Some of the techniques are only reported in few cases
and further detailed evaluation of feasibility and efficacy is needed. For those that
have been confirmed safe and effective, how to choose between hybrid techniques and
conventional methods could be difficult. Further prospective investigations should be
conducted to determine the best treatment options.
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Abstract

Thrombocytopenia is a multifactorial disorder that is common in patients with
chronic liver disease (CLD), leading to challenging perioperative planning. As
thrombocytopenia in CLD is associated with thrombopoietin (TPO) deficiency, the
use of TPO-receptor agonists (TPO-RAs) to increase platelet counts is a promising
approach. This has led to the development of various TPO-RAs, including
romiplostim, eltrombopag, avatrombopag, and lusutrombopag. Of these, only
avatrombopag and lusutrombopag are approved by the United States Food and
Drug Administration for the perioperative treatment of thrombocytopenia in
patients with CLD. Platelet transfusion is commonly used for the clinical
management of thrombocytopenia in patients with CLD undergoing invasive
procedures. However, the limitations and possible risks of transfusion, including
short duration of efficacy, development of antiplatelet antibodies, risk of
infections and such complications as transfusion-related acute lung injury or
circulatory overload, and possibility of refractoriness, limit its use. Moreover,
there is no consensus among guidelines as to the platelet count at which
transfusions are indicated. Results from studies using TPO-RAs perioperatively in
patients with thrombocytopenia and CLD are promising and provide an
alternative to platelet transfusions in the pre- and post-operative setting. These
TPO-RAs are the subject of this review, with focus on their use in the
perioperative setting in patients with thrombocytopenia, associated supporting
clinical trials, efficacy and safety data, and their use with respect to platelet
transfusions.

Key words: Chronic liver disease; Thrombocytopenia; Thrombopoietin; Receptor agonist;
Avatrombopag; Lusutrombopag; Romiplostim; Perioperative
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Core tip: Thrombocytopenia in patients with chronic liver disease complicates
perioperative planning. Platelet transfusions are typically used as periprocedural treatment
in these patients, but their use is complicated due to risk factors such as the development
of infections and refractoriness. This has led to the development of thrombopoietin-
receptor agonists, such as avatrombopag and lusutrombopag, that can increase platelet
counts in patients with compromised thrombopoietin production and chronic liver disease.
These thrombopoietin-receptor agonists can provide physicians with a safe and effective
alternative to platelet transfusions and their use in clinical practice is the focus of this
review.

Citation: Qureshi K, Bonder A. Thrombopoietin-receptor agonists in perioperative treatment of
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INTRODUCTION

Thrombopoietin (TPO) is a hormone produced by the liver that regulates platelet
production by binding to and activating TPO receptors that are present on the surface
of megakaryocytes. This induces a series of signaling cascades, leading to increased
platelet production!l. As a result, TPO levels typically decrease as liver disease
progresses. This impaired TPO production, along with other factors, including platelet
sequestration due to hypersplenism, bone marrow suppression, altered TPO
metabolism, and development of anti-platelet antibodies, can contribute to
thrombocytopenial™.

Recombinant TPOs, as a treatment option, were developed to counter the lowered
TPO levels by stimulating the TPO receptor. These pharmacologic agents mimic the
action of TPO by binding to and activating different receptors on the megakaryocytes.
The first generation of TPO-receptor agonists (TPO-RAs) included recombinant
human thrombopoietin (known as rhTPO) and pegylated-human recombinant
megakaryocyte growth and development factor (known as Peg-rHuMGDEF). These
resulted in the development of neutralizing autoantibodies that cross-reacted with
endogenous TPO and were therefore discontinued. The next-generation TPO-RAs
developed did not have homology to endogenous TPO and did not, therefore, produce
an antigenic effect. These included romiplostim (NPLATE®) and eltrombopag
(Promacta®/Revolade®), and most recently, avatrombopag (Doptelet®) and
lusutrombopag (Mulpleta®). Of these, avatrombopag and lusutrombopag are
approved by the United States Food and Drug Administration for the treatment of
thrombocytopenia in patients with chronic liver disease (CLD) who are scheduled to
undergo a procedure. Hetrombopag is another TPO-RA that is currently undergoing
Phase 2 trials.

Patients with thrombocytopenia can have a negative perioperative outcome and
platelet transfusions can be used to manage platelet counts during this period.
Bleeding risk associated with low platelet counts has been demonstrated in several
studies; however, the literature is equivocal, as some studies do not support an
association. The optimal platelet count prior to performance of surgery varies,
depending on the procedure and on patient variables, and while various guidelines
advocate different platelet count thresholds for different invasive procedures, there are
inadequate data to support these recommendations. For instance, the British Society of
Hematology proposes thresholds of 50, 80 and 100 x 10°/L according to the type of
invasive procedure!’l.

This review will provide an overview of the currently available TPO-RAs, with a
focus on their use in the perioperative setting in patients with thrombocytopenia and
CLD, associated supporting clinical trials, including the efficacy and safety data, and
their use with respect to platelet transfusions.
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ROMIPLOSTIM

Romiplostim is a recombinant fusion protein (peptibody)® containing two identical
single-chain subunits, each consisting of a human immunoglobulin IgG1 Fc domain
covalently linked to a peptide, itself containing two TPO receptor binding domains. It
has no sequence homology to endogenous TPO and is produced using recombinant
DNA technology in Escherichia coli. Romiplostim increases platelet production in a
dose-dependent manner by the binding and activation of the TPO receptor, c-Mpl. As
it is given intravenously, romiplostim avoids first-pass metabolism and is cleared by
its binding to c-Mpl receptors and via the renal pathway. A single subcutaneous dose
of 1 mcg/kg to 10 mcg/kg in patients with immune thrombocytopenia (ITP) results in
a peak platelet count 1.3-14.9 times greater than the baseline platelet count over a 2-wk
to 3-wk study period®.

Efficacy and safety in clinical studies

Romiplostim is a subcutaneously administered drug indicated in the treatment of
thrombocytopenia in patients with chronic ITP who have shown an insufficient
response to corticosteroids, immunoglobulins, or splenectomy. Several studies have
explored the efficacy of romiplostim for the management of perioperative
thrombocytopenia in patients with CLD (Table 1). However, the small sample size in
these studies is a major limitation. A 3-mo, single-center, single-arm, open-label study
by Moussa et al”! evaluated the efficacy of preoperative romiplostim treatment in 35
male patients with chronic hepatitis C, liver cirrhosis, and thrombocytopenia
secondary to hepatitis C virus infection over 90 d. Romiplostim administered at 2
pg/kg once a week for up to 1 mo before the scheduled surgeries resulted in an
increase in platelet counts (= 70 x 10°/L) in 33 of the 35 patients, making them eligible
for the procedure. Additionally, no serious adverse events (AEs) were observed
during the treatment period (up to day 30) and none of the patients experienced
postoperative bleeding or a thrombotic event within 60 d of the operation®. The
authors concluded that preoperative treatment with romiplostim could be a viable and
cost-effective alternative for patients who are unresponsive to standard therapy.

A recent single-center retrospective review of 47 patients treated with romiplostim
perioperatively showed that the median platelet counts improved from 47 x 10°/L at
the time of romiplostim initiation to 164 x 10°/L at the time of surgery. Romiplostim at
a dose of 3 pg/kg per week for 2 wk increased the platelet count to over 100 x 10°/L in
79% of patients. Additionally, bleeding and thromboembolic events were within
acceptable limits in these patients’. The large cohort of patients, the fact that patients
in this study had a wide variety of etiologies of thrombocytopenia, and that they
underwent major surgical procedures, such as open cardiac surgery (unlike previous
studies where procedures were minor in nature), makes this study stand out from the
rest. However, the facts that this was a retrospective study without randomization,
that no uniform platelet count threshold was set prior to proceeding with the medical
procedure, that romiplostim doses were not standardized, and that bone marrow
evaluation was not performed limits the conclusions that can be drawnll
Nevertheless, this study provides evidence for the use of romiplostim perioperatively
in patients with chronic thrombocytopenia; although, this remains an off-label use for
romiplostim.

Romiplostim treatment was also found to cause partial portal vein thrombosis
(PVT), as reported for a 50-year-old woman with Child class B liver cirrhosis and
hepatitis C-associated ITP; upon discontinuation of treatment complete recanalization
of the portal vein was noted!"l. Based on this case study, caution must be exercised in
the use of romiplostim in patients with advanced liver cirrhosis.

ELTROMBOPAG

Eltrombopag is a small-molecule non-peptide TPO-RA that interacts with the
transmembrane domain of the TPO receptor on megakaryocyte precursors and
megakaryocytes, leading to increased platelet production”. Eltrombopag is
metabolized via cleavage, oxidation, and conjugation with glucuronic acid,
glutathione, or cysteine. The cytochrome P450 enzymes involved in the oxidation
pathway include CTP1A2 and CYP2C8, whereas UGT1A1 and UFT1A3 are involved
in the glucuronidation pathway"!. Eltrombopag increases platelet production after 7 d
of repeated dosing, and platelet counts decrease to baseline 1 wk to 2 wk after
discontinuing treatment!l. Eltrombopag is approved for the treatment of
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Table 1 Efficacy and safety results from clinical trials studying the effect of perioperative use of thrombopoietin-receptor agonists in patients with thrombocytopenia

Ref.

Dosing

Efficacy results

AEs

Romiplostim

Basu et ul[%’], 2012

Moussa et ul[“’], 2013
Marshall et all*”), 2015

Al-Samkari et all”],
2018

Eltrombopag

ELEVATE
(Eltrombopag); Afdhal
etall'l, 2012

Avatrombopag

ADAPT-l ; Terrault
et all'l, 2018

ADAPT-2; Terrault
et all''l, 2018

Lusutrombopag

L-PLUS-1; Hidaka
et all', 2018

L-PLUS-2; Peck- B
Radosavljevic et all'”],
2019

65 patients with CLD and thrombocytopenia randomized 1:1:1
to 500 pg romiplostim: 75 mg eltrombopag: 7 units of platelet
transfusion

35 male patients with thrombocytopenia and CLD secondary to
hepatitis C infection, dosed 2 pg/kg romiplostim weekly

18 patients with various etiologies of thrombocytopenia,
including CLD, undergoing wide range of procedures

48 patients with various etiologies of thrombocytopenia,
including CLD, undergoing 51 procedures, dosed 3 pg/kg
romiplostim weekly (range 1-10 pg/kg/wk)

292 patients with CLD administered

75 mg/d or placebo for 14 d

231 patients with CLD and thrombocytopenia divided into low
(<40 x 10°/L) and high (40 to < 50 x 10°/L) baseline platelet
count cohorts

Both cohorts were randomized 2:1 to receive avatrombopag or
placebo; the low baseline cohort was treated with 60 mg and
the high baseline cohort was treated with 40 mg avatrombopag,
or placebo

204 patients with CLD and thrombocytopenia; same dosing as
ADAPT-1

97 patients with thrombocytopenia and CLD randomized to
receive 3 mg of lusutrombopag or placebo once daily for up to 7
d

215 patients; same dosing as L-PLUS-1

Improved platelet count > 180 x 10?/L in all groups

Improved platelet count 2 70 x 10°/L

Improved platelet counts in all patients; all patients could receive surgery without
delay or cancellation

Improved platelet counts achieved in all patients after 1, 2 or 3 doses

Platelet transfusion not required in 72% of patients in the eltrombopag group and
19% of patients in the placebo group

Platelet transfusion, or rescue procedure for bleeding not required in 65.6% of
avatrombopag-treated patients and 22.9% of placebo-treated patients in the low
platelet count cohort and 88.1% of avatrombopag-treated patients and 38.2% of
placebo-treated patients in the high platelet count cohort

Platelet transfusion, or rescue procedure for bleeding not required in 68.6% of
avatrombopag-treated patients and 34.9% of placebo-treated patients in the low
platelet count cohort and 87.9% of avatrombopag-treated patients and 33.3% of
placebo-treated patients in the high platelet count cohort

Platelet transfusion, or rescue procedure for bleeding not required in 79.2% of
lusutrombopag-treated patients and 12.5% of placebo-treated patients

Platelet transfusion, or rescue procedure for bleeding not required in 64.8% of
lusutrombopag-treated patients and 29% of placebo-treated patients

Nausea, vomiting, dry mouth, headache, insomnia,

irritability, local skin rash, shortness of breath, myalgia,

arthralgia, erythema

No serious AEs reported

No venous thromboembolic events

Bleeding and thromboembolic events within acceptable

limits

Early study termination due to six portal vein thrombotic

events in the eltrombopag group; headache, pyrexia,

abdominal pain, diarrhea, nausea, etc.

Mild to moderate in severity in all treatment groups; most
common TEAEs: abdominal pain, dyspepsia, nausea,
pyrexia, dizziness, and headache; no thromboembolic

TEAEs

Same as ADAPT-1; three thromboembolic TEAEs reported

Most common TEAEs: Nausea, pyrexia, headache, pain,

and portal vein thrombosis; most common SAE with

lusutrombopag was portal vein thrombosis

Most TEAEs were mild or moderate in severity; four
asymptomatic thrombotic events, two each in the

lusutrombopag and placebo groups, respectively; none

attributed to lusutrombopag

JBaishideng®
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AE: Adverse event; CLD: Chronic liver disease; SAE: Serious adverse event; TEAE: Treatment-emergent adverse event.
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thrombocytopenia in adults and children with chronic ITP who have an insufficient
response to corticosteroids, immunoglobulins, or splenectomy, in patients with
chronic hepatitis C virus infection to allow initiation and maintenance of interferon-
based therapy, and in patients with severe aplastic anemia who have an insufficient
response to immunosuppressive therapy®l.

Efficacy and safety in clinical studies

The Eltrombopag Evaluated for Its Ability to Overcome Thrombocytopenia and
Enable Procedures (referred to as “ELEVATE”) study was a double-blind,
randomized, placebo-controlled, Phase 3 trial conducted in 288 patients with CLD and
platelet counts below 50 x 10°/L to study the ability of eltrombopag to increase platelet
counts and to reduce the need for platelet transfusions in patients undergoing an
elective invasive procedurel'l. Patients received either 75 mg eltrombopag once daily
or placebo. The primary efficacy endpoint was the proportion of patients who did not
require a platelet transfusion before, during, and up to 7 d after the elective invasive
procedure, and the secondary endpoint was the proportion of patients with bleeding
before, during, and up to 7 d after the procedure. A majority of patients in the
eltrombopag and placebo groups (62% and 56%, respectively) underwent elective
invasive procedures that were in the lowest bleeding risk category. At the end of 2 wk,
59% of patients treated with eltrombopag and 5% of those receiving placebo had an
increased platelet count, and primary endpoint was achieved in 72% and 19% of
patients, respectively. With the exception of thrombotic events being higher in the
eltrombopag group (4% vs 1% in the placebo group), the incidence and severity of AEs
were similar in both groups. Serious AEs occurred in 13% and 12% of patients in the
eltrombopag and placebo groups, respectively. A total of 8 patients, comprising 6 in
the eltrombopag group and 2 in the placebo group, experienced 10 thrombotic events,
with 9 of those events involving the portal venous system. It must be noted that none
of the 8 total patients with a thrombotic event had received both eltrombopag and a
platelet/blood product transfusion, and of the 26 patients who received both
eltrombopag and a transfusion, none had a thrombotic event. Additionally, 5 out of
the total 8 patients who had a thrombotic event were found to have cancer. However, a
separate post hoc analysis identified an association between higher platelet counts (>
200 x 10°/L) and an increased risk of thrombotic events!'], and the study was
terminated early due to the increased incidence of PVT in the eltrombopag arm. Key
efficacy and safety data from the study are outlined in Table 1.

In the absence of better identification of risk factors for the development of
thrombotic events, dose optimization, and the risk of PVT in patients with
thrombocytopenia and CLD undergoing an elective procedure, eltrombopag must be
used with caution and is not recommended as an alternative to platelet transfusions in
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this group of patients; this is an off-label use of eltrombopag.

AVATROMBOPAG

Avatrombopag is an oral, small-molecule non-peptide TPO-RA that, like eltrombopag,
binds to the TPO receptor to bring out a number of cellular reactions that give rise to
megakaryocytic proliferation and differentiation and increased platelet production.
Similar to eltrombopag and lusutrombopag!’, it does not compete with TPO for
binding to the TPO receptor, and may thus have an additive effect with TPO on
platelet production!®'”. Cytochrome P450 enzymes CYP2C9 and 3A are responsible for
metabolizing avatrombopag to corresponding 4-hydroxylated products, with the
former enzyme playing the predominant rolel. It is the first TPO-RA to be approved
for use perioperatively to treat thrombocytopenia in adult patients with CLD
scheduled to undergo a procedurel®. Avatrombopag is an orally administered drug
that is taken with food for 5 d consecutively prior to an elective procedure.
Avatrombopag results in a dose- and exposure-dependent increase in platelet counts
in adults within 3-5 d of treatment, with a peak effect occurring after 10-13 d and
counts remaining elevated over 50 x 10°/L for at least 7 d post-procedure. Baseline
levels are achieved after 35 d°l.

Efficacy and safety in clinical studies

There have been two randomized, double-blind, placebo-controlled Phase 3 trials!" -
ADAPT-1 and ADAPT-2 - with identical designs that have studied the effectiveness
and safety of avatrombopag in reducing the need for platelet transfusion and rescue
from bleeding in patients with CLD scheduled for a procedure. Patients were screened
to exclude several criteria, including presence of arterial or venous thrombosis and a
portal vein blood flow below 10 cm/s. Included patients were divided into low and
high baseline platelet count cohorts and received 60 mg/d and 40 mg/d of
avatrombopag, respectively. The primary endpoint of these studies was the proportion
of patients who did not require a platelet transfusion or rescue procedure for bleeding
after randomization and up to 7 d after a scheduled procedure. Secondary efficacy
endpoints included the proportion of patients achieving the target platelet count of >
50 x 10°/L on the day of the procedure and the mean change in platelet count from
baseline to procedure day. Patients treated with avatrombopag demonstrated
increased platelet counts that were approximately 30-50 x 10°/L higher on average
compared with patients treated with placebo before minor invasive procedures, with a
net doubling of counts on average. There were no meaningful differences in AEs of
special interest among the avatrombopag-treated and placebo-treated patients,
including thromboembolism, and the rates of occurrence of AEs across both the
studies were comparable in the avatrombopag- and placebo-treated groups!l. A
treatment-emergent AE (TEAE) of partial PVT was observed in 1 avatrombopag-
treated patient in the high baseline platelet count cohort in the ADAPT-2 trial at 13 d
after the last avatrombopag dose and was assessed as nonserious and possibly related
to the drug. Thromboembolic events were also observed in 2 placebo-treated patients
in the ADAPT-2 trial, one being an acute myocardial infarction and the other a
disseminated intravascular coagulation/ pulmonary embolus. Thromboembolic
TEAEs were not noted in the ADAPT-1 trial. One non-TEAE of PVT was observed in
the avatrombopag group (60 mg) at 31 d after the final dose of avatrombopag and was
assessed as serious but not related. Table 1 outlines the key efficacy and safety results
from these trials.

Results from a pharmacokinetic modeling study have shown that repeated dosing
of avatrombopag as early as 12 d after completion of the first dosing can increase
platelet counts to within safe limits"”. Saab et al" have recently reported that repeated
dosing of avatrombopag in 4 patients with CLD and thrombocytopenia led to a 2.3-
fold mean increase in platelet count after the first dosing and 2.6-fold mean increase
after the second dosing. The patients underwent procedures within 9-13 d after
starting avatrombopag, with repeat dosing performed at least 30 d after completing
the first dose. None of the patients required platelet transfusions or rescue therapy, or
had TEAEs, and repeated dosing did not reduce the efficacy of avatrombopag!'’l.
Avatrombopag dosing has the ability to limit the magnitude and duration of increase
in patient platelet counts and this predictable pharmacokinetic/ pharmacodynamic
profile could potentially be contributing to the limited risk of thromboembolic events
associated with this treatment!"*l.
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LUSUTROMBOPAG

Lusutrombopag is an orally administered, small-molecule non-peptide TPO agonist
that activates the signal transduction pathways in a manner similar to endogenous
TPO (while not competing for the same binding site), leading to increased platelet
production™. Lusutrombopag is metabolized via the - and w-oxidation pathways
and glucuronidation. The cytochrome P450 enzymes are mainly responsible for its
metabolism, including CYP4A11M"). The mean maximum platelet count following
treatment with 3 mg/d lusutrombopag was 86.9 x 10°/L and the median time to reach
this was 12 d".

Efficacy and safety in clinical studies

Data from two Phase 3 double-blind studies, L-PLUS-1 and L-PLUS-2, have shown
lusutrombopag to be effective in raising platelet counts in patients with CLD and
thrombocytopenia prior to undergoing an elective invasive procedure. The primary
endpoint of both trials was the proportion of patients who avoided pre-procedure
platelet transfusions and rescue therapy for bleeding, as assessed from randomization
through 7 d post-procedurel”""l. Key secondary endpoints included the number of
patients who required no platelet transfusions during the study, the proportion of
patients who achieved a platelet count of > 50 x 10°/L with an increase of > 20 x 10°/L
from baseline at any time during the study, and the number of days during which the
platelet count was maintained at > 50 x 10°/L"]. Safety assessments included the
incidence of AEs, adverse drug reactions, bleeding-related AEs, and thrombotic
events. Patients treated with lusutrombopag perioperatively demonstrated
improvements in platelet counts similar to those seen with avatrombopag after 7 d of
treatment. In the L-PLUS-1 trial, one serious AE of PVT, possibly related to
lusutrombopag treatment, was reported in the lusutrombopag-treated group and one
mild incidence of superior mesenteric vein thrombosis was reported in the placebo
group that was considered not related to the study drug. As neither event was
associated with an extremely high platelet count, and the incidence of thrombotic
events were similar in both treatment groups, the authors concluded that no further
monitoring for thromboembolic events was required in lusutrombopag-treated
patients. In the L-PLUS-2 trial, four TEAEs were reported, two each in the
lusutrombopag- and placebo-treated groups, respectively. All events were
asymptomatic and deemed to be consistent with the findings of a meta-analysis that
suggested the prevalence of PVT in patients with CLD and thrombocytopenia. Table 1
outlines the key safety and efficacy results from these trials.

A recent retrospective report of 1760 cirrhotic patients with low platelet counts!”!
found that 66% of patients with platelet counts below 50 x 10°/L required platelet
transfusions for radiofrequency ablation, 43% for transarterial chemoembolization,
and 55% for endoscopic injection sclerotherapy/endoscopic variceal ligation. When 25
of these patients were administered lusutrombopag prior to the procedures, platelet
counts increased significantly compared with baseline levels (82 x 10°/L vs 41 x 10°
/L), and of these patients, only 4 needed platelet transfusions before the procedures.
The proportion of lusutrombopag-treated patients who required platelet transfusions
was significantly lower (16%) compared with patients not treated with lusutrombopag
(54%)P. Lusutrombopag was also found to be more effective in raising platelet counts
in patients with baseline platelet counts above 30 x 10°/L compared with patients with
baseline platelet counts [/less than or equal to 30 x 10°/L and spleen index greater than
or equal to 40 cm*. The authors of this retrospective study reported 1 case of portal
thrombosis in the lusutrombopag group, which was revealed via a routine CT scan
taken on the 12" d of treatment. The causal relationship of thrombosis with
lusutrombopag treatment was unclear®.

Sato et all”! were the first to report the efficacy of repeated administration of
lusutrombopag (3 mg daily) in a patient with hepatocellular carcinoma who had two
planned invasive procedures, radiofrequency ablation and transarterial
chemoembolization. In the first instance, lusutrombopag was discontinued after 5 d, as
the platelet count increased to 98 x 10°/L by day 5, while in the second instance, the
patient required the full 7-d treatment to achieve a platelet count above 50 x 10°/L. No
AEs such as portal thrombus were reported during either of the treatments. More
recently, Ishikawa et al™ reported the safety and efficacy of repeated use of
lusutrombopag to increase platelet counts in 8 patients with hepatocellular carcinoma
and thrombocytopenia prior to repeated scheduled radiofrequency ablation
procedures. Platelet counts increased from 42500 + 5200/ pL at baseline to 103100 +
22800/ uL at day 14 after first treatment, and from 43800 + 6000/ uL at baseline to
110700 £ 17800/ puL at day 14 after repeat treatment, demonstrating that the repeated
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use of lusutrombopag does not decrease its effect on platelet counts. None of the
patients developed clinical symptoms such as thrombosis or PVTM.

HETROMBOPAG

Hetrombopag is a small-molecule non-peptide TPO-RA, with a mechanism of action
similar to eltrombopag but with an in vivo pharmacological effect that is 8-10 times that
of eltrombopag!”!. Based on animal studies, it appears that hetrombopag is primarily
metabolized via glucuronidation and hydrolyzed into aglycone following excretion
with bile acid”'l. A Phase 1 study demonstrated that hetrombopag is safe and well-
tolerated in healthy subjects and can be a potential candidate for the treatment of
patients with chronic ITPP. It is now in Phase 2 trials for the treatment of ITP.
Currently, there are no clinical studies underway to examine the effectiveness and
safety of hetrombopag as perioperative treatment of thrombocytopenia in patients
with CLD.

TPO-RAs FOR OTHER INDICATION UNDER INVESTIGATION

Romiplostim and eltrombopag are currently approved for management of chronic ITP
but there are studies (like the ones outlined earlier) demonstrating their efficacy in
other indications. For instance, romiplostim has demonstrated efficacy in treating
chemotherapy-induced thrombocytopenia and myelodysplastic syndromes*.
Eltrombopag has been shown to be effective in the treatment of hepatitis C infection
(where it raises the platelet counts enough to allow continued treatment with ribavirin
and pegylated-interferon), myelodysplastic syndrome, acute myeloid leukemia, and
severe aplastic anemial”’. Both avatrombopag and lusutrombopag have been approved
for use perioperatively to treat thrombocytopenia in patients with CLD. Recently, a
supplemental New Drug Application was filed for avatrombopag as therapy for the
treatment of chronic ITP; meanwhile, the trial for avatrombopag as therapy in
chemotherapy-induced thrombocytopenia (NCT03471078) is still underway. A trial to
study the safety and efficacy of hetrombopag (NCT03222843) for the treatment of
chronic ITP is currently underway.

RECOMMENDATIONS ON USING PLATELET TRANSFUSIONS BY
SCIENTIFIC AND GOVERNING BODIES

Patients with thrombocytopenia and CLD are at an increased risk of bleeding. Platelet
transfusions can be administered in these patients prophylactically, prior to scheduled
medical procedures to minimize the risk of bleeding, or therapeutically to control
bleeding. The goal of any prophylactic treatment is limiting hemorrhagic events in the
peri- and post-operative surgical setting. However, there is uncertainty in prophylactic
treatment of thrombocytopenia, as there are no effective tools that can predict bleeding
risk in patients, and data on the correlation between thrombocytopenia and the risk of
bleeding are equivocal®*l. While platelet transfusion is a primary option in these
patients, the decision to undergo transfusion can be a complicated one.

Lack of consensus among guidelines

There is a lack of consensus among guidelines related to platelet transfusion in
patients, primarily due to lack of sufficient and supportive data to substantiate the
recommended platelet transfusion triggers®”. Further, there are no guidelines that
provide recommendations for platelet transfusion specifically for patients with CLD
prior to an elective procedure. The variations in the recommended platelet threshold
values before invasive procedures often depend on the type of patient and the
perceived risk of the procedure. The American Society for Gastrointestinal Endoscopy
(ASGE) guidelines!™, which are not specific to gastrointestinal bleeding, state that the
minimum threshold platelet count for undergoing upper gastrointestinal endoscopy
has not been established, but they also point out that there are publications supporting
20 x 10°/L and 50 x 10°/L as the threshold for platelet counts prior to diagnostic
procedures and biopsies, respectively. The American Association for the Study of
Liver Diseases guidelines for transcutaneous or transvenous liver biopsy state that
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platelet transfusions should be considered when platelet counts are less than 50-60 x
10°/L%, and the ASGE guidelines recommend platelet transfusions only in case of
severe thrombocytopenia®l. The current American Society of Hematology guidelines
recommend the use of corticosteroids as first-line treatment in newly diagnosed adults
with a platelet count less than 30 x 10°/L who are symptomatic or have minor
mucocutaneous bleeding. In adults with ITP = 3 mo who are corticosteroid-dependent
or unresponsive to corticosteroids, the guidelines suggest treatment with TPO-RA
eltrombopag or romiplostim. The guidelines recommend second-line treatment to be
individualized, based on duration of disease and patient preferences; however, they
provide no recommendations regarding the use of therapies prior to undergoing an
invasive procedure or treatment.

The updated (2019) International Consensus Report on Management of ITP
recommends target platelet counts above 50 x 10°/L for minor surgery, above 80 x 10°
/L for major surgery, and above 100 x 10°/L for major neurosurgery®'l. The National
Institute for Health and Care Excellence guidelines recommend prophylactic platelet
transfusions in patients who are having invasive procedures or surgery, in order to
raise the platelet counts above 50 x 10°/L. They advocate a higher threshold (50-60 x
10°/L) for patients with a high risk of bleeding who are having invasive procedures or
surgery after taking into account the type of procedure, the cause of
thrombocytopenia, any coexisting causes of abnormal hemostasis, and whether the
patient’s baseline platelet count is falling. These guidelines also recommend
prophylactic platelet transfusions to raise the platelet counts above 100 x 10°/L in
patients having surgery at critical sites, such as the central nervous system, whereas
they do not recommend transfusions for patients having procedures with a low risk of
bleeding, such as central venous cannulation or bone marrow aspiration”. The
American Association of Blood Banks guidelines recommend prophylactic platelet
transfusion for minor invasive procedures, such as central venous catheter placement
at platelet counts < 20 x 10°/L and for major non-neuraxial surgery at platelet counts <
50 x 10°/L, but do not make recommendations for bleeding patients with
thrombocytopenia.

Downsides of platelet transfusions
The choice of initiating platelet transfusions can also be complicated due to the
associated risks. Platelet transfusions have been associated with a number of blood
transfusion reactions, the possibility of fatal complications (i.e. sepsis),
proinflammatory responses, febrile non-hemolytic reactions, and acute lung injury!™..
There is also the risk for development of refractoriness that can prevent further platelet
transfusions which can, in turn, lead to decreased survival, prolonged hospital stays,
and increased healthcare costs!'**l. A major limitation of platelet transfusions is the
short lifespan of platelets, which require use to occur within 4 d of obtainment to
prevent bacterial growth!™. There is also a shortage of platelets currently, due to the
decline in blood collection and utilization™.

While platelet transfusions can effectively increase platelet counts in the
perioperative setting, factors such as alloimmunization or personal beliefs (e.g.
Jehovah’s Witnesses), suggest a need for alternatives!’.

GUIDANCE ON USE OF TPO-RAs

The treatment of patients with thrombocytopenia who require a medical procedure is
variable and uncertain, as there are limited data to inform decisions. The aim of the
treating physician is to minimize bleeding and improve clinical outcomes. Even
though guidelines have no consensus on the threshold for platelet transfusion, most
do support raising the platelet levels (to varying degrees) prior to procedures. This,
combined with the risk associated with platelet transfusions, may make TPO-RAs an
alternative to platelet transfusions in patients with CLD.

An ideal treatment for thrombocytopenia in patients with CLD undergoing an
invasive procedure would have the following characteristics: (1) Effectiveness; (2) Oral
bioavailability; (3) Minimal adverse effects; and (4) Cost-effectiveness. Neither platelet
transfusions nor TPO-RAs satisfy all these requirements. Table 2 lists the key safety
and tolerability information for each TPO-RA approved for use. Unlike platelet
transfusions, TPO-RAs are not capable of increasing platelet counts rapidly, as the
platelet counts increase approximately 5-7 d after and peak approximately 10-14 d
after administration of a TPO-RA, Therefore, one potential disadvantage of TPO-
RAs is the lag time between dosage and increased platelet numbers, as it prevents the
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Drug Indication Boxed warning AEs Use in special populations
Romiplostim Treatment of thrombocytopenia in patients with chronic ITP who have had an None Thrombotic and thromboembolic events; bone marrow  Not to be used in pregnancy and during lactation;
insufficient response to corticosteroids, immunoglobulins, or splenectomy fibrosis; most common AEs: Arthralgia, dizziness, safety and effectiveness in pediatric patients has not
insomnia, myalgia, pain in extremity, abdominal pain, been established; use in geriatric patients with dose
shoulder pain, dyspepsia, and paresthesia, headache adjustment
Eltrombopag Treatment of thrombocytopenia in adult and pediatric patients 1 yr and older  Risk for hepatic Thrombotic and thromboembolic events; hepatoxicity; ~ Not to be used in pregnancy and during lactation;
with chronic ITP who have had an insufficient response to corticosteroids, decompensation in monitor liver function before and during therapy; safety and effectiveness in pediatric patients 1 yr
immunoglobulins, or splenectomy; treatment of thrombocytopenia in patients patients with chronic increased risk of death and progression of MDS to AML; and older with chronic ITP has been established;
with chronic hepatitis C to allow the initiation and maintenance of interferon-  hepatitis C; risk of common AEs in patients with ITP: Nausea, diarrhea, use in geriatric patients has not been studied in
based therapy; treatment of patients with severe aplastic anemia who have hepatotoxicity upper respiratory tract infection, vomiting, increased clinical trials; reduced initial dose recommended
had an insufficient response to immunosuppressive therapy ALT, myalgia and urinary tract infection for patients of East Asian ancestry with ITP
Avatrombopag  Treatment of thrombocytopenia in adult patients with chronic liver disease None Thrombotic and thromboembolic complications: Not to be used in pregnancy and during lactation;
who are scheduled to undergo a procedure Monitoring platelet counts essential; common AEs: safety and effectiveness in pediatric patients has not
Pyrexia, abdominal pain, nausea, headache, fatigue, and been established; use in geriatric patients has not
edema peripheral been studied in clinical trials
Lusutrombopag Treatment of thrombocytopenia in adult patients with chronic liver disease None Thrombotic and thromboembolic complications: Not to be used in lactating patients; use in geriatric

who are scheduled to undergo a procedure

Monitoring platelet counts essential; most common AE:
headache

patients has not been studied in clinical trials;
safety and effectiveness in pediatric patients has not

been established

AE: Adverse event; AML: Acute myeloid lymphoma; ITP: Immune thrombocytopenia; MDS: Myelodysplastic syndrome.

use of TPO-RAs in emergent situations. The advantages of TPO-RAs include oral
bioavailability (except in case of romiplostim, which is administered subcutaneously),
their ability to increase platelet counts endogenously, and sustaining the increase over
a longer duration compared to that produced by platelet transfusions and thereby
reducing the need for rescue therapy while causing fewer procedure-related
complications than platelet transfusions. Avatrombopag and lusutrombopag are
currently the only TPO-RAs approved for the perioperative treatment of
thrombocytopenia in patients with CLD, and compared with romiplostim and
eltrombopag, they are associated with a decreased risk of thromboembolic and hepatic
events. Nevertheless, platelet counts must be measured during treatment, as counts
higher than 200 x 10°/L have been shown to be associated with serious AEs, such as
PVT. Both avatrombopag and lusutrombopag may be used in cirrhotic patients with
low platelet counts scheduled to undergo an elective procedure with bleeding risks
and in patients who cannot undergo platelet transfusions (Figure 1). Depending on the
pre-procedure platelet counts, patients should be treated with either 40 mg or 60 mg of
avatrombopag; the dose of lusutrombopag is always 3 mg. The window for
undergoing procedures following dosing with avatrombopag and lusutrombopag is
between 9-13 d and 8-14 d, respectively. It must be noted that while clinical trials with
avatrombopag and lusutrombopag excluded patients with PVT, a PVT-prescreen is

WIMA | https://www.wjgnet.com 229 June 28,2020 | Volume8 | Issue3 |

JBaishideng®



Qureshi K et al. TPO-RAs for perioperative treatment in CLD

Inclusion/exclusion criteria
Chronic liver disease
+ Hepatocellular carcinoma
Cirrhosis
Child Pugh A, B

Pre-procedure platelets
<40 x 10°/L
Ava - 60 mg
Lusu — 3 mg
40-50 x 10°/L
Ava — 40 mg
Lusu — 3 mg
Portal vein thrombosis ruled out

Child Pugh C (enrolled only in Ava trials)
Elective procedure with moderate/high risk for bleeding

Dosing and timing of administration of TPO-RAs

Ava-5d Ava -4d Ava-4d
Lusu-7d Lusu—1d Lusu-7d

Dosing period Waiting period

Start treatment Check platelets Day procedure needs
Ava - 10-13 d prior prior to procedure to be done by
Lusu — 8-14 d prior

Figure 1 Patient criteria and general schema for administration of oral thrombopoietin-receptor agonists in patients with chronic liver
disease and thrombocytopenia scheduled to undergo a procedure. Ava: Avatrombopag; Lusu: Lusutrombopag; TPO-RAs: Thrombopoietin-receptor

agonists.
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not a requirement as per labeling guidelines for both these TPO-RAs. Patients with
liver cirrhosis and high Child-Turcotte-Pugh scores are more likely to have severe
thrombocytopenia and also require invasive diagnostic procedures. Extreme caution
must be taken when using TPO-RAs in such patients, as they are at high risk of
developing PVT; currently, no data on the effects of the TPO-RAs avatrombopag and
lusutrombopag in this class of patients are available, as they were excluded from the
clinical trials!"'*'.

There are also pricing differences between avatrombopag and lusutrombopag; in
the United States, the wholesale acquisition cost (WAC) of avatrombopag for a 5-d
course is $2970 for the 40-mg dose and $4455 for the 60-mg dose. The WAC for a 7-d
course of lusutrombopag is $85001"1.

CONCLUSION

Recommendations for procedure-specific minimum platelet counts prior to a
scheduled procedure often have inadequate supporting evidence, and the benefit of
prophylactic platelet transfusion remains unclear. Physicians typically assess the need
for platelet transfusions on a patient-to-patient basis, relying on their own experience
and patient comorbidities to inform their decisions. TPO-RAs are a safe and effective
alternative treatment option for patients with thrombocytopenia who are undergoing a
medical procedure. They are associated with increased platelet counts, decreased
bleeding events, and a reduced need for rescue treatments. Recent studies also support
the safe and efficacious repeated use of TPO-RAs in patients with CLD. The exact fit of
TPO-RAs, as compared with platelet transfusions, in patients with thrombocytopenia
prior to undergoing a medical procedure is still unclear. Comparative clinical trial data
in patients with thrombocytopenia are required to assess the efficacy, safety, cost-
effectiveness, and impact on patient quality of life of TPO-RA use compared with the
traditional use of platelet transfusions prior to scheduling a medical procedure. In the
meantime, treatment decisions must be individualized by establishing the advantages
and disadvantages of both these treatment options on a case-by-case basis.
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Abstract

Gastrointestinal stromal tumors (GISTs) are considered the model solid
malignancies of targeted therapy after the discovery of imatinib effectiveness
against their tyrosine kinase inhibitors. Non-coding RNAs are molecules with no
protein coding capacity that play crucial role to several biological steps of normal
cell proliferation and differentiation. When the expression of these molecules
found to be altered it seems that they affect the process of carcinogenesis in
multiple ways, such as proliferation, apoptosis, differentiation, metastasis, and
drug resistance. This review aims to provide an overview of the latest research
papers and summarize the current evidence about the role of non-coding RNAs in
pathogenesis of GISTs, including their potential clinical applications.

Key words: Gastrointestinal stromal tumors; Non-coding RNA; MicroRNA,;
Transcriptomics; Biomarker; Long non-coding RNAs

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: There are several excellent reviews at the last decade contributed the role of non-
coding RNAs in gastrointestinal stromal tumors (GISTs) carcinogenesis. However, until
now, most of them focused only on the microRNAs characteristics. Recently there has
been a substantial motion in understanding the role of other non-coding RNAs in GIST
progress, like the long non-coding RNAs. This review provides an overview of both
microRNAs and long non-coding RNAs role in GIST progression, their potential
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therapeutic use, their ability to predict drug sensitivity and many other aspects concerning
GIST development.
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INTRODUCTION

Non-coding RNAs

The discovery of transfer RNA (tRNA), and ribosomal RNA (rRNA), in the 1950s is the
beginning of the history of the non-coding RNAs (ncRNAs) that play functional roles
in the eukaryotic cells!l. James Watson imagined the one gene, one ribosome and one
protein hypothesis (central dogma). Therefore, RNA changed from being a just
information carrying molecule, to having three flavors. rRNA, tRNA and everything
else was assumed to be mRNAP. Later on, in the 70s Stark et al! published the
existence of other functional RNAs like ribonuclease P and snRNAs!". One of the
prominent examples about how huge was the surprise at this period of time, was the
eventual renaming of signal recognition protein to signal recognition particle (SRP-
RNA). That happened after the discovery, that it contains a 7S RNA (by Walter ef al).
In the early 90s, other long intergenic non coding RNAs were discovered, like XIST, by
Brockdorff et all’? Nowadays, it is generally known, according to the encyclopedia of
DNA elements (published by the ENCODE Project”) consortium that the 80% of the
human genome is transcripted for RNA molecules that have no protein coding
capacity!. In the past, it was believed that this huge amount of RNA molecules was a
transcriptional noise. Contrariwise, they appear to have direct function as regulators in
several endocytic molecular paths. They seem to play crucial role in differentiation,
development, and apoptosis of normal cells!, so even in the era of complete genome
sequences, non-coding RNAs gene have been eventually invisible. These features of
non-coding RNAs have turned them into one of the most promising fields of scientific
research.

ncRNAs are classified into two big subgroups according to their size".

Short ncRNAs, with < 200 nucleotides (nts) in length and include: MicroRNAs
(miRNAs) usually bind to a specific molecular locum at the mRNA to induce
degradation or block the prosses of translation. In addition, this may be done in the
context of a feedback mechanism that involves chromosome methylation.

Small interfering RNAs (siRNAs) have a similar function as miRNAs with the
additional feature of inducing heterochromatin formation through RNA
transcriptional silencing complex which, when bound to siRNA, promotes H3K9
methylation and chromatin condensation.

Piwi-interacting RNAs seem to interact with the piwi family proteins. They involve
in chromatin regulation and suppression of transposon activity in germline and
somatic cells!"'l.

Long ncRNAs (IncRNAs) are longer than 200nt and may comprise thousands of
nucleotides!"?: This group includes the long intergenic ncRNAs (lincRNAs), the natural
antisense transcript, the transcripted ultraconserved regions and non-coding
pseudogenes!”l. It seems to be transcribed mostly by RNA polymerase 2 as the mRNA
does but they do not undergo the standard processing steps'“l. The mechanism of their
function is generally unknown, but it is suggesting that it is similar to that of HOX
antisense intergenic RNA (HOTAIR) which is the most studied IncRNA. It regulates
chromatin methylation of the HOXD locus through polycomb repressive complex 2.
HOTAIR was recently reported to play a crucial role in metastatic disease and may be
a good prognostic marker in patients with breast cancer!"”l.

Post-transcriptional modifications that occur in RNA molecules started being
explored at the recent years and therefore led to a new field of research called
epitranscriptomics. Equivalent to epigenetics, which analyzes the post-transcriptional
events occurring in DNA, epitranscriptomics investigates modifications resulting from
all RNA processing events, such as RNA splicing, RNA editing, or methylation!"l.
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Gastrointestinal stromal tumors

Gastrointestinal stromal tumors (GISTs) are specific, generally c-Kit (CD117)-positive,
mesenchymal tumors of the gastrointestinal tract, encompassing a majority of tumors
previously considered gastrointestinal smooth muscle tumors!’l. They are believed to
originate from interstitial cells of Cajal or related stem cells. Interstitial cells of Cajal
and GIST cells express the hematopoietic progenitor cell marker CD34 and the growth
factor receptor c-Kit. Expression of the c-Kit gene protein product, CD117, has
emerged as an important defining feature of GISTs!'*"l. Using these criteria, the
incidence of GISTs has been estimated to be 6 to 15 cases per million individuals per
year”]. They constitute a significant percentage ranging from 1%-2% of all the
gastrointestinal neoplasms. The most common genetic alterations found in GISTs
include mutations of growth factors genes such as c-Kit (70-80%) and PDGFRA
(platelet-derived growth factor A, 5%-8%). Several features of GISTs have been
postulated in the past to predict their clinical behavior. Nowadays, much is known
about the histological, immunohistochemical and molecular aspects of GISTs
especially in diagnostic purposes””l. However, little is known about the
clinicopathological features that can predict the biological behavior of these tumors.

At the recent years, plenty of studies have revealed the specific molecular
characteristics of GISTs. Nowadays, these tumors are considered among the best
genetically understood human cancers®!.

Especially after the discovery of their sensitivity to tyrosine kinase inhibitors, GISTs
tend to be referred as ideal tumor for novel molecular targeted therapies. Apart from
that, the fact that many studies have been published specific chromosomal changes (
e.g. loss of 14q), genetic mutations (e.g. KIT, PDGFRA), gene expression profiles (
e.g. ETV1, fascinl) and miRNA expression profiles, have contributed to make them one
of the well-recognized tumors. It is important to mention that KIT and PDGFRA
mutations are almost exclusive in GISTs, which makes them specific biomarkers of
these tumors. The gold standard therapy in primary localized GISTs is a R0 surgical
resection). First line therapy for the advanced disease is Imatinib that offers a
dramatic response, in most of the cases, for about 2-3 years™l. After long term
treatment, resistance is quite common. Sunitinib and regorafenib are the second line
agents in imatinib resistant GISTs with also unsatisfactory outcomes in progressive
diseasel”l. Therefore, further fundamental clinical studies are being conducted in order
to provide improved diagnostic modalities to increase the possibility for the patients to
be diagnosed in early disease, and furthermore provide novel therapeutic options for
the advanced disease cases.

NcRNAs in GISTs

At the present, a clear relationship with GISTs has been reported for only a few
ncRNA classes, especially miRNAs and some IncRNAs such as the ultra-conserved
genes, HOTAIR, H19, MALAT1 and CCDC26%%1. The other types of ncRNAs it seems
to participate in the genetic puzzle that gives rise to carcinogenic phenotypel'”.

miRNAs are the most widely studied class of ncRNAs in GISTs and generally in
human cancer. These small ncRNAs of approximately 22 nucleotides, mediate post-
transcriptional gene silencing by controlling the translation of mRNA into proteins.
miRNAs are estimated to regulate the translation of more than 60% of protein-coding
genes!”). They are involved in regulating many processes, including proliferation,
development, differentiation, and apoptosis. Alterations of miRNAs expression profile
has been reported in GISTs, and is associated with tumor location, mutation status,
tumor risk, and chromosomal changes". Two excellent reviews by Nannini ef alt*?,
and Kupcinskas ef al®! have perfectly analyzed relevant miRNA profiling studies.
Since then several papers came out concerning ncRNA and GISTs.

STUDIES SELECTION

This review included all studies published in PubMed database related to the role of
ncRNAs in GIST published from 2008 to 2020. The keywords we used to retrieve the
papers were GIST, ncRNAs, miRNAs and IncRNAs. 82 papers selected using these
keywords. According the selection criteria, only 52 of them were relevant to the topic,
32 profiling studies, 9 reviews, 11 other studies (Figure 1).
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11 other papers

CHROMOSOMAL LOSS OF 14q AND MIRNA EXPRESSION

Chromosomal deletions have been reported as frequent and characteristic aberrations
and are related to the carcinogenesis of the GISTs"™.. The most common described are
in 14q, 22q, and 1p. Among them, partial or entire chromosomal loss of 14q is the most
frequently found (60%-70%) and represents the majority of gastric GISTs, while 1p
loss is usually present in small bowel GISTs™ and its characterized by poor clinical
outcomel™]. None of the other common chromosome eliminationst™! (22q, 1p) seems to
affect the miRNAs expression profile. Table 1 summarizes the studies related to
chromosomal loss of 14q and miRNAs expression. miRNAs seem to form two distinct
clusters on the 14q chromosome. A study by Choi et al* published in 2010, identified a
clear correlation between the 14q loss and deregulation of miRNA expression profile
in 20 tumors. They noticed that, 6 GISTs that did not have 14q loss, formed a separate
cluster. Furthermore, they found 73 deregulated miRNAs at a significant level
according to 14q loss status. Among the 73 miRNAs, 38 were encoded on 14q. Kelly
et al’! studied a cluster of miRNAs on 14q32 region and revealed similar
downregulated miRNAs according to 14q loss statue, in both adult and pediatric
patients, but distinguish miRNA expression pattern between the adult and pediatric
GISTs. They suggest that this happens due to the different methylation state of the
maternal and paternal allele during the aging. Another study by Haller et al*]
identified 44 miRNAs located at 14g32.31 chromosomal region. Moreover, in a qRT-
PCR analysis of additional 49 GIST, the authors observed a significant lower
expression of miRNA-134 and miRNA-370 in GIST with 14q loss. As mentioned above
these miRNAs found to affect the mutational status of KIT and PDGRFA, and some of
them including miRNA-494 are experimentally confirmed to target KIT or PDGFRA.
Deregulation of these miRNAs were associated with tumor progression and shorter
disease-free survival, suggesting that GIST with low expression of miRNAs located at
the 14q32.31 chromosomal loss might represent o group with higher risk of tumor
progressiont™l.

POTENTIAL DIAGNOSTIC AND PROGNOSTIC BIOMARKERS

GISTs are considered among the best recognized tumors, regarding their specific
phenotypic and molecular characteristics. The diagnosis relies on the specific
morphology and the unique immunohistochemistry (CD117, CD34 and/or DOGI).
Although, despite the high specific value of these biomarkers, in many cases, the
diagnosis may be difficult. Table 2 summarizes the studies concerning ncRNAs as new
emerging novel biomarkers, highly specific to GISTs. First of all, Subramanian et al*"
founded 16 upregulated and 10 downregulated miRNAs specifically in GISTs. In this
study, they compared 84 miRNAs (that met the filtering criteria) expression status of
27 mesenchymal tumors (including GISTs), 5 normal smooth muscle and 2 normal
skeletal muscle. Remarkably, the miRNA expression patterns suggested that two of
the mesenchymal tumors had been misdiagnosed and this was confirmed by
reevaluation of the tumors using immunohistology and molecular analyses. These
findings demonstrated that miRNA expression profiling is unique for each tumor type,
suggesting the potential use of miRNAs as diagnostic biomarkers.
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Table 1 Chromosomal loss of 14q and miRNA expression studies

miRNAs
Ref. Samples studied Results
Choi et all*, 2010 20 GISTs (15 gastric, 5 intestinal) 73 38 miRNAs encoded at 14q region
Haller et all""l, 12 GISTs for microarray analysis and then 49 GISTs for qRT-PCR ~ miR-370; miR- Downregulated in GISTs with 14q loss
2010 analysis 134
Kelly et al®, 73 GISTs 47 adult and 18 pediatric 667 74 downregulated miRNAs in GISTs with 14q
2013 loss

GISTs: Gastrointestinal stromal tumors.

Jaishideng®

Koelz et al*! were the first who found significant depressed the 220/221 miRNAs
compared to peripheral healthy tissue and blood samples. Niinuma et al*’], after the
examination of 56 GISTs founded that, overexpression of miRNA-196a and HOTAIR
was associated with high-risk grade, metastasis, and poor survival among GISTs.
Yamamoto et al*! later in 2013 published a clear correlation between fachin-1
overexpression and miRNA-133b downregulation in the progression of
gastrointestinal stromal tumor, making fascin-1 as a useful potential biomarker to
predict the aggressive behavior. Another two studies by Haller et al*! and Gits et al*”!
are coming to confirm the downregulation of these two miRNAs 220/221 specific in
GIST. However, according to the findings of all the previously mentioned studies the
220/221 miRNAs may not have had any impact on routine diagnostics because KIT-
positive and KIT-negative GIST exhibited a completely inverse expression pattern.
One recent study by Gyvyte ef al*l 2017, the first one which used the next generation
sequencing kit in order to reveal deregulated miRNAs in GISTs and their possible
associations with oncogenes. They found 19 deregulated miRNAs, 13 of which were
not previously reported. They also proposed miRNA-215-5p to be negatively
correlated with the risk grade, while miRNA-509-3p to be associated with epithelioid
and mixed histological subtypes. The same research team, one year later (2018)!"/,
found a significant correlation between a lincRNA H19 and GIST oncogene ETV1, and
between H19 and miRNA-455-3p. A Polish study, by Kosela-Paterczyk et al'*], aimed
to identify the miRNA expression profiles in four common soft tissue tumors. They
also founded different miRNA signatures in serum samples in each soft tissue tumor,
included GISTs. At the recent years, many studies came out regarding the IncRNAs
and their task in GIST progression. A Chinese study by Hu et al*’, questioned for the
first time about the role of IncRNA AOC4P in GIST development. They identified that
AOCH4P regulate the epithelial mesenchymal transition (EMT) related proteins, which
is important step for the metastatic ability of the tumor cells. One year later
Badalamenti ef al®, questioned about the role of H19 and MALAT1 in GISTs. They
found high expression levels of both IncRNAs in tumor samples which could be
associated with prognosis and clinical response to IM. Yan ef al®! in a latest study
through a microarray analysis, compared 3 metastatic GISTs with 3 normal tissue and
3 low grade GISTs and found significant expression of certain IncRNAs, including Inc-
DNAJC6-2 in high risk tumors.

THE ROLE OF NON-CODING RNAS IN IMATINIB RESISTANCE

Numerus studies (Table 3) have been released about the imatinib resistance GISTs and
their potential prognostic biomarkers. Overexpression of miRNA-196a in GIST tissues
was associated with high-risk grade, metastasis, and poor survival. Ak¢akaya ef al*?
highlighted a novel functional role of miRNA-125a-5p on imatinib response. They
experimentally showed that overexpression of miRNA-125a-5p suppressed PTPN18
expression and furthermore this eventually increased the GIST cells viability upon
imatinib treatment. Almost the same research team (Huang et al* 2018) evaluated
phosphorylated FAK (pFAK) as a candidate target of PTPN18. They revealed a
downstream regulation of pFAK and direct association with imatinib resistance. Fan
et all explored the role of miRNA-218 on imatinib resistance GIST cells and they
found a clear correlation between the downregulation of miRNA-218 and imatinib
resistance. They also proposed that, miRNA-218 overexpression can improve the
sensitivity of GIST cells to imatinib mesylate, with PI3K/AKT signaling pathway
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Table 2 Non-coding RNAs as potential prognostic biomarkers of gastrointestinal stromal tumors

Ref. Compared groups ncRNAs studied Results and potential prognostic biomarkers

Subramanian 8 GISTs compared to 19 mesenchymal tumors 84 miRNAs 16 upregulated miRNAs: miRNA-10, miRNA-22, miRNA-29a, miRNA-29b, miRNA-29¢, miRNA-30a-5p, miRNA-30e-5 miRNA-30c,

et all*!l, 2008 miRNA-30d miRNA-99b miRNA-125a miRNA-140, miRNA-143, miRNA-145 miRNA-368 ABI-13268 let-7b, miRNA-1; 10 downregulated
miRNAs: miRNA-1 miR-92 miRNA-133a, miRNA-133b miRNA-200b miRNA-221, miRNA-222 miRNA-368, miRNA-376a ABI-13232

Haller et al'""l, 4 gastric PDGFRAmut, 4 gastric KITmutand 4 734 miRNAs Downregulated miRNA-221 and miR-222 in in KIT-mutant GIST compared with KIT/PDGFRA wild type GIST

2010
Koelz et all*], 2011
Niinuma et ul[”],

2012

Yamamoto
et all*'l, 2013

Gits et all*"}, 2013
Gyvyte et all*"),
2017

Gyvyte et all*®],
2018

Hu et all*, 2018

Yan et al®"l, 2019

Badalamenti
et al®, 2019

Kosela-Paterczyk
et all*™l, 2020

intestinal KITmut. 49 GISTs further analyzed
by qRT-PCR

54 GISTs compared to healthy blood samples

56 GISTs

4 low grade vs 4 intermediate vs 11 high grade
GISTs

50 GISTs compared to 10 gastrointestinal
leiomyosarcomas

15 GISTs compared to 15 samples of adjacent
tissue

15 gastric GISTs vs 15 adjacent tissue through
next generation seq and then validation
analysis of 22 more GISTs

79 GISTs vs 79 paracancerous normal tissues

3 primary GISTs (A) vs 3 GISTs secondarily
resistance to IM (B) vs 3 normal gastric tissue

©

40 GISTs (25 localized disease vs 15 advanced
disease)

31 high grade GISTs treated with IM, 16 high
grade OS, 26 high grade SS, 8 high grade ES, 30
healthy controls

miRNAs-22/-222

939 miRNAs

904 miRNAs

725 miRNAs

1672 miRNAs

7250 lincRNAs

LncRNA AOC4P

63,542 IncRNAs 27,134

miRNAs

H19, MALAT1

156 dysregulated miRNAs
in sarcomas vs control

group

Depressed miRNA-221 and 222 in kit positive tumor samples, whereas Kit-negative GISTs exhibited a completely inverse expression
pattern

Association of miR-196a and HOTAIR with high risk tumors, metastasis, and overall survival

Downregulation of miR-133b in high grade tumors and correlation with Fachin-1 overexpression

Downregulated miR-17-92 and miRNAs 221/222 in tumor samples

15 downregulated and 4 upregulated miRNAs; miRNA-215-5p negative correlation with the grade; miRNA-509-3p association with
epithelioid and mixed subtypes

6 upregulated lincRNAs, 3 downregulated lincRNAs; Strong correlation between expression of lincRNA H19 with both ETV1 and miR-
455-3p

Increased in GIST vs normal tissue, Higher expression in high risk vs low/medium risk. AOC4P regulate EMT thus increase the metastatic
ability of the tumor

2250 deregulated IncRNAs on group B vs group A; 2209 deregulated IncRNAs on group C vs group A; 922 deregulated IncRNAs on group
Cvs group B

H19 and MALATT1 higher expression levels in advanced disease samples

10 microRNAs were commonly deregulated in SS, OS and GISTs; 99, 42, 36 and 24 differentiated controls from GISTs, ES, SS and OS,
respectively

GISTs: Gastrointestinal stromal tumors; OS: Osteosarcoma; SS: Synovial sarcoma; ES: Ewing sarcoma.
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possibly involved mechanism. Lee et al" revealed that HOTAIR is upregulated is
GISTs and can promote GIST cell metastatic status in vitro. HOTAIR found to regulate
promoter methylation of protocadherin 10 (PCDH10) and promote tumor invasion
status. Bure etal’™ come to confirm the correlation of HOTAIR and tumor
aggressiveness and propose specific methylation patterns caused by the upregulation
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Table 3 Studies about the role of non-coding RNAs expression profile and imatinib resistance

Ref. Compared groups and samples NcRNAs studied Results

Akgcakaya 7 IM resistant vs 10 IM sensitive 903 miRNAs in profiling analysis 27 overexpressed miRNAs and 17 underexpressed miRNAs

etall’,2014  (profiling analysis) 10 IM resistant vs 14 (microarray) 10 miRs for in IM resistant group compared to IM sensitive. Mir-125a-5p
IM sensitive (validation analysis) validation analysis (RT-PCR) as a key modulator to IM resistance

Huan, 28 tumor samples (all patients received miRNA-125a-5p RNU6B Phosphorylation of FAK is regulated by PTPB18 and miR-

etal® 2018 neoadjuvant IM) 125a-5p. Pfak plays crucial role in IM resistance

Fan et al[‘w,
2015

Lee et al[‘;r’],
2016

Bure et al[s"],

2018

Yan et al[m],
2019

IM sensitive GIST cells (GIST882) vs IM
resistance cell line (GIST430)

9 low vs 1 intermediate vs 7 high risk
tumors.

67 primary GIST samples subdivided
according the tumor grade and the cell
line.

3 primary GISTs (A) vs 3 GISTs
secondarily resistance to IM (B) vs 3

miRNA-218

HOTAIR

HOTAIR

63542 IncRNAs 27134 miRNAs

MiR-218 is down-regulated in IM-resistant GIST430 cells;
MiR-218 over-expression may improve the IM sensitivity
through PI3K/ AKT signaling pathway

HOTAIR higher expression in high risk GISTs. HOTAIR also
found to regulate promoter methylation of PCDH10 through
in vitro investigation of high-risk GIST cell lines

HOTAIR higher expression in high risk GISTs. Distinct
methylation patterns through upregulation of HOTAIR
during the different stages of carcinogenesis

They found Inc-DNAJC6-2 to be associated with the HIF-1
pathway

normal gastric tissue (C)

Yan et al™, LncRNA CCDC26

2019

IM sensitive cell lines (GIST-882) vs IM
resistance cell lines (GIST-T1)

LncRNA CCDC26 regulate IM resistance and interact with
IGF-1R

GISTs: Gastrointestinal stromal tumors; IM: Imatinib.

of HOTAIR during the progression of carcinogenesis. Zhang et al*"! proposed Hsa-
miRNA-28-5p and hsa-miRNA-125a-5p to be involved in the development and
progression of GIST and therefore may be able to serve as prognostic markers for
imatinib-response in GIST patients. Yan et al In their study they found that IncRNA
CCDC26 induced imatinib resistance and decreased imatinib induced apoptosis. These
results introduced IncRNA CCDC26 to be a possible target to reverse IM resistance.
The same authorP" also proposed Inc-DNAJC6-2 to be associated with the HIF-1
pathway. HIF-1 is responsive for the modulation of over 200 genes that are associated
with proliferation, cycle arrest, apoptosis, and drug efflux. Therefore, investigating
molecules that target the HIF-1 pathway may identify a novel treatment strategy.

There have been observations that miRNAs constantly export from cells and
circulate in body fluids as a part of a lipoprotein complexes called exosomes,
containing miRNAs and proteins®™. Furthermore, to date, there is no study looking at
the role of circulating miRNAs in GIST patients, which is essential for the potential
clinical use.

GENE REGULATING NON-CODING RNAS AND THEIR ROLE IN GIST
CARCINOGENESIS

miRNAs are thought to act as regulators in gene expression. Although KIT gene
mutations and KIT protein overexpression are the main genetic characteristics of
GISTs, little is known about the mechanism of KIT overexpression. It is essential to
identify molecules that regulate c-KIT and other relative genes as they could be
excellent candidates for future clinical trials on GIST treatment. Plenty of recent
studies suggesting that miRNAs directly regulate KIT protein expression levels and
inhibit cell proliferation in GISTs. Felli et al®! reported, in 2005, the downregulation of
KIT receptor by miRNA-221/miRNA-222 in erythroleukemic cells. MiRNA-221 and
miRNA-222 are highly homologous miRNAs, whose upregulation has been recently
described in several types of human tumors. Later studies have been proposed them as
oncomirs, acting by targeting tumor suppressor genes such as PTEN, TIMP3 p57,
p27%¢t and BIM"'. MiRNA-221/222 overexpression induces cell proliferation through
the activation of cell cycle and the Akt pathway and blocks TRAIL-induced apoptosis.
Koelz et al**! was the first to show that miRNA-221 and miRNA 222 act as regulators of
Kit protein expression in GISTs and hence reveals a new aspect in the molecular
pathogenesis of these tumors. They found a completely inverse expression among KIT
positive and KIT negative tumors. Further studies came to correspond this by the
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observation that miRNA-222 and miRNA -17/20a directly target KIT and ETV1 in
GISTs. MiRNA-494 is proposed as a potential KIT targeting miRNA by Kim ef all*’l.
This study showed that miRNA-494 is a negative regulator of KIT in GISTs and an
overexpressing miRNA-494 may be a promising approach to GIST treatment. Gits
et al™! published that miRNA-17, miRNA-20a directly target KIT. They also showed
that overexpression of these two miRNAs induced apoptosis and significantly
inhibited cell proliferation. Interestingly they did not found correlation of miRNA494
and KIT expression like Kim et al'*” did! Lu et al'! founded at their study, that miRNA-
152 induced cell apoptosis, prevents cell proliferation and migration by repressing
cathepsin L, suggesting miRNA-152 an attractive anti-tumor agent. In a latest study,
Badalamenti et al® founded that the expression levels of MALATI IncRNA seem to
affect the c-KIT mutational status. A recent Chinese study by Long et al*, indicated
that miRNA-374b inhibits apoptosis promotes viability of GIST cells by targeting
PTEN gene through the PI3K/Akt signaling pathway. Another similar study!”!
focused on the effects of neferine, an alkaloid derivative of lotus plant, in GIST
development. They interestingly founded that neferine possibly upregulate miRNA-
449a and then inactivate the PI3K/AKT and Notch pathways and by this mean
suppress growth and migration of GIST cells. A latest paper came out from Chen
et all. Their results suggested that miR-4510 downregulation could promote GIST
development, including growth, metastasis and invasion, through increasing APOC2
expression. Needless to say that much more scientific effort is needed in order to
clarify the exact role of non-coding RNAs in GIST carcinogenesis and their interaction
with tumor related genes and the respectively molecular endocytic paths.

POTENTIAL ROLE OF NON-CODING RNAS IN GIST TREATMENT

The potential role of ncRNAs as treatment tools against cancer has been explored
through many studies during the recent years. The main treatment strategies aim to
inhibit cell proliferation by importing exogenous ncRNAs through viral vectors
(adenoviral, lentiviral and rectoviral vectors), which are mainly tumor suppressor
miRNAs”L. A recent study by Tu et all! suggested miR-218 loaded nanoparticle as
tumor suppressor miRNA in GIST. Another study by Durso et al*) proposed modified
miRNAs 221/222 as effective inhibitors of KIT. Nowadays it is generally accepted that
miRNAs can act as oncogenes or tumor suppressor genes. For this reason, it seems
reasonable to manipulate those molecules against the carcinogenetic process. For
example, synthesized miRNAs mimics imports into the cells and enhance endogenous
miRNA function (antagomirs)’. Another strategy is proposed for the inhibition of
over-expressed oncogenic miRNAs (oncomirs), by the use of antisense
oligonucleotides!”l. This strategy includes inhibition or replacement of miRNAs
through anti-miRNA oligonucleotides, antagomirs, miRNA sponges and
nanoparticles. Only a few of the investigated miRNAs are currently in phase 2
stagel™”. But it must be pointed out that, up to now, although they have been shown
remarkable success in in vitro models, none of these particles have been tested in GIST
clinical trials.

CONCLUSION

A huge amount of preclinical data introduces non-coding RNAs as a new weapon
against cancer in biomedical sciences armamentarium, although many efforts need to
be done in order to understand the role of epitranscriptomics in GISTs. Especially for
GISTs, numerus studies identified association patterns among specific ncRNAs with
subsequent phenotypic characteristics. NcRNAs related to the tumor progression,
grade, site, chromosomal eliminations, and imatinib sensitivity could probably be of
importance as diagnostic or prognostic tumor biomarkers. In vitro studies revealed
some of the mechanisms of action of these molecules. The endocytic paths could be
served as guidance for future targeted drugs, acting as interfering or enhancing
molecules. In addition, published data concerning GISTs and ncRNAs is based mainly
on in vitro cell lines and fresh frozen paraffin-embedded tumor tissue blocks, thus
necessitating high quality, randomized, multicentric clinical studies at a large scale of
patients.
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Abstract

BACKGROUND
Little information has been published on the risks of cigar smoking. Since 1990
cigar smoking has become more prevalent in the United States.

AIM
To summarise the evidence from the United States relating exclusive cigar
smoking to risk of the major smoking-related diseases.

METHODS

Literature searches detected studies carried out in the United States which
estimated the risk of lung cancer, chronic obstructive pulmonary disease (COPD),
heart disease, stroke or overall circulatory disease in exclusive cigar smokers as
compared to those who had never smoked any tobacco product. Papers were
identified from reviews and detailed searches on MEDLINE. For each study, data
were extracted onto a study database and a linked relative risk database. Relative
risks and 95%Cls were extracted, or estimated, relating to current, former or ever
exclusive cigar smokers, and meta-analysed using standard methods. Sensitivity
analyses were conducted including or excluding results from studies that did not
quite fit the full selection criteria (for example, a paper presenting combined
results from five studies, where 86% of the population were in the United States).

RESULTS

The literature searches identified 17 relevant publications for lung cancer, four for
COPD and 12 for heart disease, stroke and circulatory disease. These related to 11
studies for lung cancer, to four studies for COPD and to eight studies for heart
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disease, stroke or overall circulatory disease. As some studies provided results for
more than one disease, the total number of studies considered was 13, with results
from four of these used in sensitivity analyses. There was evidence of significant
heterogeneity in some of the meta-analyses so the random-effects estimates are
summarized below. As the results from the sensitivity analyses were generally
very similar to those from the main analyses, and involved more data, only the
sensitivity results are summarized below. For lung cancer, relative risks (95%ClI)
for current, former and ever smokers were respectively, 2.98 (2.08 to 4.26), 1.61
(1.23 to 2.09), and 2.22 (1.79 to 2.74) based on 6, 4 and 10 individual study
estimates. For COPD, the corresponding estimates were 1.44 (1.16 to 1.77), 0.47
(0.02 to 9.88), and 0.86 (0.48 to 1.54) based on 4, 2 and 2 estimates. For ischaemic
heart disease (IHD) the estimates were 1.11 (1.04 to 1.19), 1.26 (1.03 to 1.53) and
1.15 (1.08 to 1.23) based on 6, 3 and 4 estimates, while for stroke they were 1.02
(0.92 to 1.13), 1.08 (0.85 to 1.38), and 1.11 (0.95 to 1.31) based on 5, 3 and 4
estimates. For overall circulatory disease they were 1.10 (1.05 to 1.16), 1.11 (0.84 to
1.46), and 1.15 (1.06 to 1.26) based on 3, 3 and 4 estimates.

CONCLUSION
Exclusive cigar smoking is associated with an increased risk of lung cancer, and
less so with COPD and IHD. The increases are lower than for cigarettes.

Key words: Tobacco products; Cigar smoking; Lung neoplasms; Pulmonary disease;
Chronic obstructive; Heart diseases; Stroke; Circulatory disease; Systematic review; Meta-
analysis

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Thirteen studies in the United States presented evidence relating exclusive cigar
smoking to risk of lung cancer, chronic obstructive pulmonary disease (COPD) and/or
circulatory disease. Compared to never smokers, current exclusive cigar smoking
increased risk of lung cancer about three-fold, COPD by about 40% and heart disease by
about 10% but did not increase risk of stroke. These increases are much lower than those
for cigarette smoking.

Citation: Lee PN, Hamling JS, Thornton AJ. Exclusive cigar smoking in the United States and
smoking-related diseases: A systematic review. World J Meta-Anal 2020; 8(3): 245-264

URL: https://www.wjgnet.com/2308-3840/full/v8/i3/245.htm

DOI: https://dx.doi.org/10.13105/wjma.v8.i3.245

INTRODUCTION

There is extensive evidence on the relationship of cigarette smoking to health
endpoints but far less evidence relating to cigar smoking. While some studies have
reported results relating to dual use of cigars and pipes!'! or to cigar smoking in those
who may also smoke other tobacco productsl’, the health effects of exclusive cigar
smoking have been less often reported. Comparing disease risk in cigar smokers who
have never smoked other tobacco products with that in never smokers of any tobacco
product avoids the problems of residual confounding by other smoking habits and of
possible differences in cigar smoking habits (such as depth of inhalation!) in those
who have ever smoked other tobacco products.

Exclusive cigar smoking is much less common than cigarette smoking so the
population studied must be large enough to include enough exclusive cigar smokers
for a useful risk assessment to be made. For this reason we have restricted attention to
studies in the United States, a country not only with a large population, but one where
cigar smoking is relatively common compared with other countries*l. We also restrict
attention to the major smoking-related diseases.
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MATERIALS AND METHODS

Study inclusion criteria

Published studies were included if they were carried out in the United States and
reported the risk of lung cancer or chronic obstructive pulmonary disease (COPD) or
heart disease, stroke and/or overall circulatory disease, comparing exclusive cigar
smokers (current, former or ever cigar smokers who never smoked other tobacco
products) with never smokers of any tobacco (or a closely-related comparison group).
The results considered were for overall lung cancer rather than lung cancer subtypes,
and related to overall risk measures rather than dose response indices, although dose
response results by amount smoked were also identified.

Literature searches

Searching for results on cigar smoking was complicated by the MEDLINE search term
“cigar smoking” being available only from the start of 2018. Before then the only
search term to include cigar smoking was “tobacco products”.

For lung cancer, the first step was to examine publications from a previous review
relating lung cancer to various indices of smoking based on studies published during
the 1900s". Subsequently three different MEDLINE searches were conducted using
terms such as (“cigar” or “cigars”), “United States” and “lung neoplasms”. This was
followed by a fourth search that attempted to retrieve relevant papers that had not yet
been indexed with MeSH terms on MEDLINE, this search not being lung cancer
specific. A fifth search used wholly non-MeSH search terms, with the final stage being
to look for relevant results in papers identified as relevant in the searches for COPD
and for heart disease, stroke and circulatory diseases.

For COPD, the process started with three different MEDLINE searches using the
terms “COPD” or “pulmonary disease, chronic obstructive” to identify the disease.
The fourth search used the term “Smoking” rather than “Cigar”, while the fifth search
used the MeSH terms “Smoking/mortality” or “Smoking/adverse effects”. The next
step was to review the results from the fourth lung cancer search, while the final step
was to look at papers identified as relevant in the searches for lung cancer and for
heart disease, stroke and circulatory diseases.

For heart disease, stroke and circulatory diseases, the process started with four
different MEDLINE searches using the disease terms “Heart disease”, “Stroke” or
“Heart”. The next step was again to review the results from the fourth lung cancer
search, while the final step was to look at relevant papers from the lung cancer and
COPD searches.

Searching ended when no new data was found and all the papers referenced by
reviews had been examined. Full details of the searches are given in Supplementary
material.

Sorting publications into studies and avoidance of overlap
The papers identified in the searches were reviewed for the studies they reported, and
multiple publications reporting the same study were identified.

The source papers identified as providing relevant estimates were then considered
for overlap of reporting. Where more than one of the source papers reported on the
same study, the results may have been reported in different ways or for different
lengths of follow-up, or have combined results from multiple studies.

Data recorded
For each paper identified as providing relevant results details were entered onto a
study database and a linked relative risk (RR) database for the relevant disease.

The study database contained a record for each study describing the following
aspects: A study name based on the published study name or on the name of the first
author of the paper; study title; study design; sexes considered; age range and other
details of the population studied; timing and length of follow-up; details of overlaps or
links with other studies; number of cases; number of controls or subjects at risk; types
of controls and matching factors used in case-control studies; and confounding
variables considered.

The RR database holds the detailed results, typically containing multiple records for
each study. Each record is linked to the relevant study via the study name, and holds
details of a specific risk estimate. It records the type of estimate, its value and
confidence interval, its source and other details such as the age range included in the
estimate if this is different from the overall study age range. Some estimates were
taken directly from the source paper. Others were derived using the details provided
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in the paper.

Where no RR estimate was given or a RR estimate was given without a confidence
interval, information on the sample size and the number of deaths was used to
estimate these. Estimates for separate independent subsets of the population such as
age groups were combined using simple meta-analysis. Non-independent RRs using a
common comparison group (e.g., never smokers) were combined using the Hamling
method!"’. This method was used to combine RRs by number of cigars smoked per day
and to combine RRs for former and current smokers to give an estimate for ever
smokers. It was also used to estimate risk for overall circulatory disease when the
study provided separate estimates for cerebrovascular disease and a broad definition
of coronary heart disease, and to estimate overall stroke from separate risk estimates
for ischaemic and haemorrhagic stroke. The International Classification of Disease
codes used to define IHD, stroke and circulatory disease can be found at
https:/ /coder.aapc.com/icd-10-codes-range/110.

Each extract was carried out by one of the authors, the entered data and any
additional calculations then being reported and checked by another of the authors,
with problems discussed and amendments made until both agreed that the data
entered were a true representation of the study data.

Dose-response data on risk by number of cigars smoked per day were also
identified and are discussed below.

Statistical analysis

For each disease considered, fixed-effect and random-effects meta-analyses were
conducted using the Fleiss and Gross method!"), with heterogeneity quantified by H,
the ratio of the heterogeneity to its degrees of freedom, which is directly related to the
Pstatistic!'” by the formula I* =100 (H-1)/H.

Whenever more than one paper provided equivalent results for a study, only one
result was included in a meta-analysis. The selection of the result was based on four
criteria: Prospective follow-up was given preference over cross-sectional analysis at
baseline; the longest follow-up reported (for prospective studies); the widest age range
reported; and finally the RR adjusted for the most confounding factors.

Some papers provided results for comparisons that did not exactly match our
selection criteria. Where any were relevant to a meta-analysis, the analysis was
performed excluding those results, and then including them in a sensitivity analysis.

The KAISER study™! used a questionnaire that asked about the participant’s history
of cigarette smoking and their current pipe and cigar smoking. Ever cigarette smokers
were excluded from their analyses. It was, therefore, possible to identify participants
who had never smoked cigarettes and who did not, at baseline, smoke cigars or a pipe.
This is not completely equivalent to our requirement for the comparison group to be
never smokers of any tobacco product. Also, the participants categorised as current
cigar smokers may have included former pipe smokers. However, the study was large
(1546 current cigar smokers and 16228 never cigarette smokers) and had a long follow-
up (25-26 years) so justified inclusion in sensitivity analyses.

For the MALHOT study a pooled analysis of data from five large prospective
studies was reported!"’l. Of these studies, two (the Netherlands Cohort Study and the
Melbourne Collaborative Cohort Study) were conducted outside the United States,
while the other three (the VITamins And Lifestyle study, the NIH-AARP Diet and
Health study and the Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial)
were conducted in the United States. However, the studies in the United States were
larger and formed 85.7% of the total population reported, and the largest of the studies
(NIH-AARP) followed up participants for a median of 15.5 years. The size of this
pooled analysis, the large proportion of participants from the United States, the long
follow-up in the largest study, and the lack of study-specific reports relating to cigar
smoking for the studies pooled justified including the combined results in sensitivity
analysis.

For the NHIS study, a cross-sectional analysis of baseline data!"”! reports results for a
definition of “Heart conditions” including angina, coronary heart disease, heart attack
and other heart disease which is too broad for the results to be included in our main
analysis of ischaemic heart disease (IHD). However, as the report considers data from
four years’ surveys of this large, repeated, nationally representative study, and as no
other source was found that reported IHD for this study, it was decided to include its
results in sensitivity analysis.

Also for the NHIS study, an analysis of prospective findings from six years’ survey
data with follow up for at least five years, the source publication!" reports results for a
broad definition of coronary heart disease which includes rheumatic fever, some
hypertensive heart disease, IHD and some other heart disease. Though this definition
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is too broad to be included in our analyses of IHD, the paper also reports results for
cerebrovascular disease (stroke), and taken together, the definitions of coronary heart
disease and cerebrovascular disease were very close to our ideal definition of
circulatory disease. We therefore combined the results for coronary heart disease and
for cerebrovascular disease, and included the resulting estimates in the sensitivity
analyses for overall circulatory disease.

The NLMS study!”! reported too broad a definition of cardiovascular disease, an
ideal definition of stroke and a definition of circulatory disease that included all the
relevant disease categories except diseases of the veins and other diseases of the
circulatory system. The reported results for stroke were included in the main meta-
analyses and the results for circulatory disease were included in sensitivity analysis
only.

RESULTS

Literature search

For lung cancer, 17 publications were identified that were relevant to the meta-
analyses (including the sensitivity analyses), 13 from the previous review!”, three from
additional searches, and one from reviews identified in the searches, as shown in
Figure 1. Two of these!"""l are by the same authors reporting the same study, the first
giving overall study information and the second giving results by disease, so only the
latter is cited in the analysis results. For COPD, four publications were identified
(Figure 2), while for heart disease, stroke and circulatory disease 12 were found
(Figure 3).

Studies

Table 10541751 (lung cancer), Table 20517221 (COPD), and Table 301%!5171921:2326-2552,53]
(heart disease, stroke and circulatory disease) present details on each study, including
its name, the source publications, the study type, the years of follow-up, the study size,
and the sexes and age groups considered. Results used in sensitivity analyses only are
marked with an asterisk. Table 3 also includes details of the definition of heart disease,
stroke and circulatory diseases.

For lung cancer, the 17 publications relate to 11 studies, though two (KAISER,
MALHOT) are only used in sensitivity analyses. Eight of the studies are of prospective
design and three case-controls. Except for NLMS, which considers both sexes, all
provide results only for males. The studies vary widely in size, with three involving
over 400000 people, and four less than 10000.

For COPD, the four publications concern separate studies, though again KAISER is
only used in sensitivity analyses. All the studies are prospective, with all except NLMS
considering only males. All four of these studies also provide results for lung cancer.
The study size in KAISER is much lower than in the other three studies.

For heart disease, stroke and circulatory disease, the 12 publications concern eight
studies: Six prospective, one case-control and one reported both as a cross-sectional
analysis of baseline data and using prospective follow-up. KAISER (all results), NHIS
(prospective results for circulatory disease and cross-sectional results for ischaemic
heart disease) and NMLS (results for circulatory disease) were only used in the
sensitivity analyses. Most results were for men only, the exceptions being those from
NHIS and NLMS that were for the sexes combined. As for lung cancer, the studies
varied widely in size.

Overall, as many studies provided data for more than one disease, there were 13
studies, of which two only provided results for the sensitivity analyses and two others
had some results restricted to sensitivity analyses.

Meta-analyses

The individual study RR estimates used are given in Table 4017192022227 with the
results of the meta-analyses conducted summarised in Table 5. Unless otherwise stated
references to combined estimates are to random-effects estimates, with 95%ClI given in
parentheses.

Lung cancer

For current smokers there was highly significant heterogeneity (P < 0.001) between the
five estimates, which ranged from 1.66 (1.18 to 2.34) for DORN to 5.10 (4.00 to 6.60) for
CPS 1II. The overall estimate was 3.12 (2.11 to 4.62). Including the result from study
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Table 1 Studies in meta-analysis of lung cancer and exclusive cigar smoking’

Study name’ Data source Study type Years of follow-up®  Sex Age group Study size*
BOUCOT Boucot et al”’l, 1972 P 10 M 45+ 6027
CPS1 Hammond!”', 1966 P 4 M 35-84 440558°
Hammond!*, 1972 P 6 M 35-84
Shanks et all*’l, 1998 P 13 M 35+
CPSII Jacobs et al*l, 1999 P 12 M 30+ 508576
Shapiro et all*’}, 2000 P 12 M 30+
DORN (US veterans Dorn”l, 1959 P 2 M 30+ 2480467
study)
Kahn””), 1966 P 8 M 35-84
Rogot et all**], 1980 P 16 M 31-84
HAMMON Hammond et all'*'?, 1958 P 3 M 50-69 187783
KAISER Iribarren et all"*l, 1999 P 25 M 30-85 17774
LEVIN Levin!®, 1954 C = M 35+ 2855
MALHOT Malhotra et all'*l, 2017 P 15 M 55-62 524440°
NLMS Christensen et all'”l, 2018 P 26 C 35-80 146529
SADOWS Sadowsky etall’, 1953  C - M All 2605
WYNDE7 Higgins et al’'l, 1988 C - M 20-80 6033’

1Compared with never smoking any tobacco product.

2Study name is an identifier assigned by the authors based on the published study name or the name of the first author of a source paper. This identifier is

used in the meta-analysis output. Note that studies KAISER and MALHOT were included in sensitivity analysis only.

3Years of follow-up is relevant only to prospective studies.

“Study size: Total number of participants in the study, irrespective of smoking habits but taking account of sex.

5Size not given for second source, and a slightly different number of 442455 given for third source.

8Slightly different size of 508353 given for second source.

"Size taken from third source, other sources only gives person-years. The numbers include about 0.5% females.

8Includes 74770 from two non-United States studies.

%Size is for sexes combined. P: Prospective; C: Case control; M: Male; C: Combined male and female.
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KAISER little affected the combined estimate, which became 2.98 (2.08 to 4.26).

The four results for former smokers showed no significant heterogeneity (at P < 0.1),
and gave a somewhat lower estimate of 1.61 (1.23 to 2.09).

The nine results for ever smokers showed significant (P < 0.05) heterogeneity due to
the high estimate from BOUCOT of 8.81. The rest of the estimates ranged from 1.02 to
3.01. The overall estimate was 2.11 (1.64 to 2.72). When the result from MALHOT was
included, this became 2.22 (1.79 to 2.74).

COPD

None of the analyses showed significant heterogeneity, and there was very limited
evidence of an association. Results were available from only four studies and for only
two of these were results available for each of the exposures current, former and ever
smokers (Table 4). This resulted in all the combined estimates being based on between
two and four results. For current smokers the overall estimate was slightly raised at
1.42 (0.89 to 2.26) excluding KAISER and 1.44 (1.16 to 1.77) including KAISER, but no
increase was seen for ever smokers 0.86 (0.48 to 1.54). For former smokers, the overall
estimate of 0.47 had an extremely wide CI of 0.02 to 9.88, based on individual
estimates of 0.05 (0.00 to 3.19) and 1.38 (0.42 to 4.51).

IHD, stroke and circulatory disease

As is evident from Table 5, overall estimates generally only slightly exceeded 1.00,
though some of those for IHD and circulatory disease, but not stroke, were
significantly raised (at P < 0.05). There was also evidence of heterogeneity in some of
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Table 2 Studies in meta-analysis of chronic obstructive pulmonary disease and exclusive cigar smoking'

Study name’ Data source Study type Years of follow-up ~ Sex Age group Study size’
CPST Shanks et all”’l, 1998 P 13 M 35+ 442455
DORN (US veterans Kahn!*, 1966 P 8 M 35-84 248046"
study)

KAISER Iribarren et all*], 1999 P 25 M 30-85 17774
NLMS Christensen et all'’l, 2018~ P 26 C 35-80 146529

ICompared with never smoking any tobacco product.
%Study name is an identifier assigned by the authors based on the published study name or the name of the first author of the source paper. This identifier
is used in the meta-analysis output. Note that study KAISER was included in sensitivity analysis only.

3Study size: Total number of participants in the study, irrespective of smoking habits but taking account of sex.

4See Table 1 for study size. P: Prospective; M: Male; C: Combined male and female.

the meta-analyses presented. Generally, the results from the sensitivity analyses were
similar to those from the main analyses, so only the former set of results, which
involve more studies, are considered below.

For ischaemic heart disease, the estimates were somewhat higher for former than
current smokers, being 1.11 (1.04 to 1.19) for current smokers, 1.26 (1.03 to 1.53) for
former smokers, and 1.15 (1.08 to 1.23) for ever smokers.

For stroke, the estimates were all closer to 1.00, but again somewhat higher for
former than current smokers, being 1.02 (0.92 to 1.13) for current smokers, 1.08 (0.85 to
1.38) for former smokers, and 1.11 (0.95 to 1.31) for ever smokers.

For overall circulatory disease, the three estimates were quite similar, being 1.10
(1.05 to 1.16) for current smokers, 1.11 (0.84 to 1.46) for former smokers and 1.15 (1.06
to 1.26) for ever smokers.

Dose-response data

Many studies did not provide data on risk by number of cigars smoked per day.
Table 6051723275052 summarizes the limited data available from six studies, five of
which provided data for ischaemic heart disease, four for lung cancer, and two for
COPD. With the possible exception of the result for the SADOWS study, the data for
lung cancer seemed consistent with an increasing risk with increasing amount
smoked. The data for COPD and for ischaemic heart disease, however, did not
consistently show any clear increase in risk with amount smoked.

DISCUSSION

The meta-analysis results show some increase in risk among exclusive cigar smokers
for each disease studied, except for stroke where all the risk estimates were close to 1.
For current smoking the overall estimates in the sensitivity analyses were 2.98 for lung
cancer, 1.44 for COPD and 1.11 for ischaemic heart disease. These are much lower than
those associated with cigarette smoking: For the United States, estimates for current
cigarette smokers™! are 11.68 for lung cancer and 4.56 for COPD; for ischaemic heart
diseasel* the current cigarette smoker estimate for age 65 to 74 is 1.70, with estimates
for younger ages being higher. Even for heavy cigar smokers, the RRs shown in
Table 6 are still generally lower than the estimates for overall cigarette smoking. For
former smoking the estimates of 1.61 for lung cancer, 0.47 for COPD (though based on
only two widely differing estimates) and 1.26 for ischaemic heart disease are again
much lower than those for cigarette smoking. Similar results were observed for ever
smoking.

There are some limitations with the data available for our analyses. Several of the
studies were conducted some time ago. The numbers of exclusive cigar smokers
participating in the studies were often quite low. Very few studies have reported
results for exclusive cigar smokers. For many of these studies, cigar smoking is not the
primary focus of the study. This suggests that there may be reporting bias, in that
other studies may have had relevant data but did not report a non-significant finding
for the study’s small number of cigar smokers.
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Table 3 Studies on ischaemic heart disease, stroke and circulatory disease and exclusive cigar smoking'

Years of A Stud . .
Study name’  Data source LY . Sex ge . 4y Disease data available and notes®
type follow-up group size
CPST Hammond®!, P 4 M 3584 440558°  THD: CHD (ICD-6 420); Stroke: -; Circ: -
1966
Shanks et all”l, P 13 M 35+ IHD: CHD; Stroke: CVD; Circ: -
1998
CPSTI Jacobs etall™, P 9 M 30+ 508576  IHD: CHD; Stroke: -; Circ: -
1999
DORN (US Dornm], 1959 P 2 M 30+ 248046° IHD: -; Stroke: -; Circ: Cardiovascular diseases (ICD-6 330-334, 400-468)
veterans study)
Kahn!”, 1966 P 8 M  35-84 IHD: Arteriosclerotic (coronary) heart disease (ICD-6 420); Stroke: Cerebral vascular lesions (ICD-6 330-334); Circ: Total cardiovascular disease
(ICD-6 330-334, 400-468)
Rogot et all*, P 16 M  31-84 THD: CHD (ICD-6 420); Stroke: Stroke (ICD-6 330-334); Circ: Cardiovascular (ICD-6 330-334, 400-468)
1980
HAMMON Hammond P 3 M 50-69 187783 IHD: Coronary artery disease; Stroke: Cerebral vascular diseases; Circ: Heart and circulatory diseases (ICD-6 330-334, 400-468)
etall"”], 1958
KAISER Iribarren P 25 M  30-85 17774 THD: CHD; Stroke: Ischaemic stroke and haemorrhagic stroke combined; Circ: -
etall"™!, 1999
KAUFMA Kaufman C - M 40-54 1506” IHD: Non-fatal myocardial infarction; Stroke: -; Circ: -
et all”l, 1987
NHIS Inoue-Choi P 17 C 18-95 71314 IHD: - (“Coronary heart disease” used too broad a definition); Stroke: Cardiovascular disease (ICD-10 160-169); Circ: Combined “Coronary heart
et ul[w, 2019 disease” and Stroke; this excludes some hypertensive disease, diseases of arteries and diseases of veins and other circulatory disease - included
in sensitivity analysis only
Rostron et all'”l, X - C 35+ Not IHD: Heart conditions; this includes angina, CHD, heart attack and other heart disease - included in sensitivity analysis only; Stroke: Stroke;
2019° specified  Circ: -
NLMS Christensen P 26 C 35-80 146529 IHD: - (“Cardiovascular diseases” used too broad a definition); Stroke: Cerebrovascular disease (ICD-10 160-169); Circ: Circulatory disease (ICD-

et all'l, 2018

10 100-109, 120-125, 126-128, 129-151, 160-169, 170, 171, 172-178); this definition excludes “Diseases of veins” and “Other circulatory diseases” (ICD-
10 180-189) - included in sensitivity analysis only

1Compared with never smoking any tobacco product.

%Study name is an identifier assigned by the authors based on the published study name or the name of the first author of the source paper. This identifier is used in the meta-analysis output. Note that some study results were included in

sensitivity analysis only: The results from study KAISER (each disease); study NHIS (the prospective result for circulatory disease and the cross-sectional result for IHD); and study NLMS (the result for circulatory disease).

3Years of follow-up is relevant only to prospective studies.

*Study size: Total number of participants in the study, irrespective of smoking habits but taking account of sex.

5The diseases considered were IHD, stroke and circ. The text gives, for each of these diseases, the disease definition as given in the paper together with additional notes where relevant (reason for rejection, method of derivation, problems

with the result that mean it should be included in the sensitivity analysis only). The ICD codes relating to IHD, stroke and circ can be found at https:/ /coder.aapc.com/icd-10-codes-range/110.
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fSee Table 1 for study size.

’Study limited to non-cigarette smokers.
8This is a cross-sectional analysis of baseline data: Results from the prospective study (above) were used in the meta-analysis when possible. IHD: Ischaemic heart disease; Circ: Stroke and circulatory disease P: Prospective; C: Case control;

X: Cross-sectional; M: Male; C: Combined male and female; ICD: The International Classification of Disease.

There was a limited amount of dose-response data, and a lack of data on how risk
varied by type of cigar smoked. No meta-analyses could be carried out by subgroups
such as race and age and gender, as there was insufficient data. No study reported
results for sex separately, so no analysis by sex could be done.

Nevertheless, the data provide fairly clear evidence that exclusive cigar smoking is
associated with an increased risk of lung cancer, though less markedly than is the case
for exclusive cigarette smoking. For COPD and ischaemic heart disease, the association
is weaker, and is also less than that for cigarette smoking.

How do these results compare with previous estimates? It should be noted that no
other review has provided meta-analysis estimates for exclusive cigar smokers in the
United States, and that many of the previous reviews considered below were
conducted many years ago.

The review of smoking and lung cancer referred to under literature searches
provided random effects meta-analysis estimates for lung cancer in current, former
and ever exclusive cigar smokers of 4.67 (n = 15), 2.85 (n = 5) and 2.95 (n = 15)
respectively, but these analyses were not restricted to studies in the United States. The
risk estimates included in those analyses showed significant heterogeneity. A review
by Wynder et al® considering the risk of lung cancer in pipe and cigar smokers noted
that, in prospective studies in North America the mortality ratios were in the range 2
to 6. For retrospective studies, mostly conducted in Germany and Switzerland, “it
appears that the risk of lung cancer is higher than that for such smokers in the United
States”. This review suggested that these differences stemmed from different patterns
of inhalation in the two regions. A similar review by Higgins et al"}, also considering
pipe and cigar smokers, again suggested that risk estimates from prospective studies
in North America are lower than those from case control studies in Europe. Smoking
and Tobacco Control Monograph No. 9, reviewing data from CPS-I, stated that
“Lung cancer mortality ratios increase with increasing number of cigars smoked per
day and with increasing depth of inhalation. When depth of inhalation and number of
cigars per day are examined together, depth of inhalation is more powerful in
predicting lung cancer risk than number of cigars smoked per day.” The 1979 report
by the Surgeon General™! summarised the available evidence as “Several prospective
epidemiological studies have demonstrated higher lung cancer mortality ratios for
pipe and cigar smokers than for nonsmokers, but the risk of developing lung cancer
for pipe and cigar smokers is less than for cigarette smokers”.

Smoking and Tobacco Control Monograph No. 9% also reported estimates for
COPD risk. It concluded that “The data taken as a whole support the conclusion that
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Table 4 Individual estimates used in the meta-analyses’

Disease Study name’ Source Exposure Relative risk (95%Cl)
Lung cancer BOUCOT = Ever 8.81 (0.45 to 170.58)
crsl =1 Current 330 (2.68 to 4.06)
1 Ever 2.11 (145 to 3.07)
CPsII (BT Current 510 (4.00 to 6.60)
B Former 1.60 (1.20 to 2.40)
] Ever 3.01 (242 to 3.74)
DORN B Current 1.66 (118 to 2.34)
1271 Former 1.02 (0.41 to 2.54)
B Ever 1.49 (0.97 to 2.27)
HAMMON [ Ever 1.02 (0.42 to 2.51)
KAISER ey Current’ 214 (112 to 4.11)
LEVIN (=1 Ever 1.41 (0.76 to 2.60)
MALHOT G Ever’ 2.73 (2.06 to 3.60)
NLMS (A Current 3.26 (1.86 to 5.71)
(i1 Former 1.35 (0.70 to 2.61)
(A Ever 2.04 (1.33 to 3.15)
SADOWS (e Ever 2.98 (1.06 to 8.33)
WYNDE7 E1 Current 315 (1.78 to 5.57)
(1 Former 246 (1.27 to 4.77)
F Ever 2.83 (1.78 to 4.51)
COPD cpsI (e Current 1.42 (0.96 to 2.03)
DORN L Current 0.79 (0.31 to 2.03)
&1 Former 1.38 (0.42 to 4.51)
] Ever 0.94 (0.43 to 2.04)
KAISER [ Current’ 1.45 (110 to 1.91)
NLMS [ Current 2.44 (0.98 to 6.05)
A Former 0.05 (0.00 to 3.19)
[ Ever 0.77 (0.32 to 1.87)
IHD crsl =1 Current 1.05 (1.00 to 1.11)
CPSII (& Current 1.13 (0.96 to 1.34)
2] Former 1.07 (0.93 to 1.24)
[E Ever 1.09 (0.98 to 1.22)
DORN = Current 1.12 (1.05 to 1.18)
e Former 1.41 (1.25 to 1.60)
127 Ever 113 (1.05 to 1.22)
HAMMON & Ever 1.28 (113 to 1.44)
KAISER = Current’ 1.27 (112 to 1.45)
KAUFMA [E=L Current 1.25 (0.58 to 2.67)
NHIS [ Current’ 0.88 (0.61 to 1.27)
L] Former® 1.33 (1.03 to 1.72)

JBaishideng®

WJMA | https://www.wjgnet.com

254

June 28,2020 | VolumeS8 |

Issue 3



Lee PN et al. Exclusive cigar smoking and smoking-related diseases

Ever’ 1.15 (0.93 to 1.41)

Stroke cpsI B Current 0.96 (0.87 to 1.06)
DORN = Current 1.07 (0.95 to 1.21)
¥ Former 1.14 (0.85 to 1.53)

& Ever 1.09 (0.93 to 1.29)

HAMMON 1 Ever 1.33 (1.04 to 1.70)
KAISER = Current’ 1.08 (0.88 to 1.33)
NHIS 1 Current 1.60 (0.72 to 3.57)
(el Former 0.56 (0.20 to 1.57)

= Ever 0.94 (0.50 to 1.77)

NLMS & Current 0.50 (0.21 to 1.22)
o Former 1.08 (0.66 to 1.75)

& Ever 0.85 (0.55 to 1.30)

Circulatory disease DORN = Current 1.10 (1.05 to 1.16)
¥ Former 137 (1.24 to 1.52)

¥ Ever 1.13 (1.06 to 1.20)

HAMMON 1 Ever 1.27 (115 to 1.40)
NHIS 1 Current’ 1.34 (0.88 to 2.06)
= Former’ 0.75 (0.52 to 1.10)

1 Ever® 0.93 (0.70 to 1.24)

NLMS o Current’ 1.11 (0.87 to 1.42)
& Former’ 1.13 (0.93 to 1.38)

07l Ever’ 112 (0.96 to 1.31)

ICompared with never smoking any tobacco product.

%Study name is an identifier assigned by the authors based on the published study name or the name of the first author of the source paper. This identifier

is used in the meta-analysis output.

3These results were only included in the sensitivity analyses. COPD: Chronic obstructive pulmonary disease; IHD: Ischaemic heart disease.
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cigar smoking can cause COPD in smokers who inhale deeply”.

The same Monograph reviews coronary heart disease risk, concluding that “The
studies of cigar smoking and coronary events present a pattern of slightly elevated
rates among cigar smokers who smoke heavily or inhale deeply”. The Surgeon
General’s 1983 report”! states that “In general, the risk for coronary heart disease
mortality of smoking pipes and cigars is substantially lower than the risk of smoking
cigarettes. This is generally felt to be due to the tendency of pipe and cigar smokers not
to inhale smoke into the lung”.

For risk of stroke, the Surgeon General’s 1983 report”’ cited results from the United
States Veterans study™ (which are included in this review), stating that “Mortality
ratios for stroke were near unity for smokers of only cigars or pipes - 1.07 and 0.99,
respectively.” As noted for lung cancer, there may be differences in stroke risk
estimates between studies in the United States and in Europe. Smoking and Tobacco
Control Monograph No. 9% states “It is difficult to reconcile the results from the
European studies and the CPS-I results. The CPS-I primary cigar data are primarily
individuals who report that they do not inhale (78 percent), while inhalation
information is not provided by the other studies. If inhalation rates are much higher in
the European studies, this could explain some of the differences found in the RR of
stroke between the two groups of studies.”

Generally, these results reach conclusions quite similar to ours, and suggest that the
conclusions we have drawn from our review of the evidence from the United States
may not necessarily apply to cigar smoking in Europe.

In conclusion, we find that exclusive cigar smoking is associated with a moderate
increase in risk of lung cancer, and a smaller increased risk of COPD and IHD, and

WIMA | https://www.wjgnet.com 255 June 28,2020 | Volume8 | Issue3 |



Lee PN et al. Exclusive cigar smoking and smoking-related diseases

Table 5 Meta-analysis results for lung cancer, chronic obstructive pulmonary disease, ischaemic heart disease, stroke and circulatory

disease for cigar smoking'

Disease B Number of Relative risk (95%Cl) Relative risk (35%Cl) Heterogeneity £()
studies fixed effect random effects S
Lung cancer Current cigar smokers, 5 3.36 (2.93 to 3.84) 3.12 (2.11 to 4.62) 85.22 (P < 0.001)
excluding KAISER
Current cigar smokers, 6 3.29 (2.88 to 3.76) 2.98 (2.08 to 4.26) 82.65 (P < 0.001)
including KAISER
Former cigar smokers 4 1.61 (1.23 to 2.09) 1.61 (1.23 to 2.09) 0.00 (NS)
Ever cigar smokers, 9 2.35 (2.04 to 2.71) 211 (1.64 to 2.72) 54.77 (P < 0.05)
excluding MALHOT
Ever cigar smokers, 10 2.43 (2.13 to 2.75) 2.22 (1.79 to 2.74) 51.51 (P < 0.05)
including MALHOT
COPD Current cigar smokers, 3 1.42 (1.02 to 1.96) 1.42 (0.89 to 2.26) 29.95 (NS)
excluding KAISER
Current cigar smokers, 4 1.44 (1.16 to 1.77) 1.44 (1.16 to 1.77) 0.00 (NS)
including KAISER
Former cigar smokers 2 1.06 (0.34 to 3.31) 0.47 (0.02 to 9.88) 58.19 (NS)
Ever cigar smokers 2 0.86 (0.48 to 1.54) 0.86 (0.48 to 1.54) 0.00 (NS)
IHD Current cigar smokers, 4 1.08 (1.04 to 1.13) 1.08 (1.04 to 1.13) 0.28 (NS)
excluding NHIS and
KAISER
Current cigar smokers, 6 1.09 (1.06 to 1.14) 1.11 (1.04 to 1.19) 48.68 (P <0.1)
including NHIS and
KAISER
Former cigar smokers, 2 1.25 (1.14 to 1.38) 1.23 (0.94 to 1.61) 87.72 (P < 0.01)
excluding NHIS
Former cigar smokers, 3 1.26 (1.16 to 1.38) 1.26 (1.03 to 1.53) 75.96 (P < 0.05)
including NHIS
Ever cigar smokers, 3 1.15 (1.09 to 1.21) 1.16 (1.06 to 1.26) 51.96 (NS)
excluding NHIS
Ever cigar smokers, 4 1.15 (1.09 to 1.21) 1.15 (1.08 to 1.23) 27.95 (NS)
including NHIS
Stroke Current cigar smokers, 4 1.00 (0.93 to 1.08) 1.01 (0.87 to 1.16) 46.09 (NS)
excluding KAISER
Current cigar smokers, 5 1.01 (0.94 to 1.09) 1.02 (0.92 to 1.13) 33.51 (NS)
including KAISER
Former cigar smokers 3 1.08 (0.85 to 1.38) 1.08 (0.85 to 1.38) 0.00 (NS)
Ever cigar smokers 4 1.12 (0.98 to 1.27) 1.11 (0.95 to 1.31) 21.80 (NS)
Circulatory disease Current cigar smokers, 1 1.10 (1.05 to 1.16) - -
excluding NHIS and NLMS
Current cigar smokers, 3 1.10 (1.05 to 1.16) 1.10 (1.05 to 1.16) 0.00 (NS)
including NHIS and NLMS
Former cigar smokers, 1 1.37 (1.24 to 1.52) - -
excluding NHIS and NLMS
Former cigar smokers, 3 1.28 (1.17 to 1.39) 1.11 (0.84 to 1.46) 81.92 (P < 0.01)
including NHIS and NLMS
Ever cigar smokers, 2 1.17 (1.11 to 1.23) 1.19 (1.06 to 1.33) 72.63 (P <0.1)
excluding NHIS and NLMS
Ever cigar smokers, 4 1.15 (1.10 to 1.21) 1.15 (1.06 to 1.26) 51.29 (NS)

including NHIS and NLMS

ICompared with never smoking any tobacco product.

Heterogeneity between the results included in the meta-analysis, given as the I statistic together with its significance coded as: Not significant; P < 0.1; P <
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0.05; P < 0.01; P < 0.001. The I? statistic is calculated as 100 x (H-df)/H, where H is the heterogeneity chi-squared statistic, df is the degrees of freedom, and

if the resulting value is negative I* is taken to be 0. NS: Not significant; COPD: Chronic obstructive pulmonary disease; IHD: Ischaemic heart disease.

that these increases in risk are less than for cigarette smoking.
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Table 6 Relative risks and 95%Cls by current amount smoked'

RR (95%Cl) lung

Study Cigars per day cancer RR (95% CI) COPD  RR (95%Cl) IHD Adjustment factors
Cps 1171
1-2 0.90 (0.54 to 1.66) 1.39 (0.74 to 2.38) 0.98 (0.91 to 1.07) Age
3-4 2.36 (1.49 to 3.54) 1.78 (0.89 to 3.18) 1.06 (0.96 to 1.16)
5+ 3.40 (2.34 to 4.77) 1.03 (0.37 to 2.23) 1.14 (1.03 to 1.24)
CPS 11!
Age 30-74 years 1 1.18 (0.76 to 1.82) Age+”
23 1.43 (1.03 to 1.99)
4+ 1.33 (0.95 to 1.86)
Age 75+ years 1 1.07 (0.64 to 1.78)
23 0.72 (0.45 to 1.16)
4+ 1.03 (0.70 to 1.51)
DORN[P
Age 55-64 <5 0.64 (0.15 to 2.69) 0.84 (0.70 to 1.01) None
5+ 3.74 (1.53 to 9.10) 0.98 (0.78 to 1.24)
Age 65-74 <5 1.32 (0.65 to 2.69) 1.07 (0.94 to 1.23)
5+ 1.83 (0.78 to 4.27) 1.21 (1.02 to 1.45)
KAISER!"!
<5 1.57 (0.67 to 3.66) 1.30 (0.93 to 1.81) 1.20 (1.03 to 1.40) Age+*
5+ 3.24 (1.01 to 10.40) 2.25 (1.39 to 3.65) 1.56 (1.21 to 2.01)
KAUFMANE!
1-4 0.90 (0.30 to 2.70) Age+’
5+ 1.70 (0.60 to 4.80)
NLMS!]
<1 0.74 (0.08 to 7.26) Age+®
1+ 4.18 (2.34 to 7.46)
SADOWE
1 1.62 None
2 451
3 438
4+ 2,54

1Relative to never smoking.

2Adjusted also for education, hypertension, BMI, exercise, alcohol, environmental tobacco smoke and vitamin C.

3Estimated from data provided.

#For lung cancer and chronic obstructive pulmonary disease adjusted also for race, body mass index (BMI), history of diabetes, alcohol and occupational

exposure; for ischaemic heart disease adjusted also for race, BMI, history of diabetes, alcohol, education, systolic blood pressure and serum cholesterol.

®Adjusted for religion, education, ethnicity, personality, family history of myocardial infarction, doctor visits, geography, physical activity, BMI, and

treatment for diabetes, cholesterol, hypertension and chest pain.

®Adjusted also for sex, race, education and survey year.

795% CI not available, RRs estimated from data provided. RRs: Relative risks; COPD: Chronic obstructive pulmonary disease; IHD: Ischaemic heart disease.
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Previous review:
35 papers reporting results for cigar smoking
No relevant results: 22

Search 1:
No papers identified

Search 2: 14 papers

No additional relevant results: 9

Papers with additional relevant results: 2
Additional reviews: 3

From these reviews:

Search 3: 12 papers

Rejected from abstract: 1
Already identified: 3

No additional relevant results: 7
Additional reviews: 1

Papers from that review: 0

Papers with relevant results: 13 N

Papers with additional relevant results: 1 |

Search 4 (not Medline indexed): 296 papers
Rejected from abstract: 293

No additional relevant results: 2

Papers with additional relevant resulits: 1

Search 5: 30 papers

Rejected from abstract: 21

Already identified: 6

No additional relevant results: 3

Papers with additional relevant results: 0

Review of COPD and Heart disease sources:
Papers with additional relevant results: 0

Figure 1 Lung cancer searches. COPD: Chronic obstructive pulmonary disease.
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Search 1: 7 papers

Rejected from abstract: 1

No relevant results: 5

Reviews: 1

From the review:

Papers with relevant results: 1

Search 2: 6 papers

Already identified: 3 g
Not USA: 2
Papers with additional relevant results: 1 |

Search 3: 13 papers

Already identified: 7

No additional relevant results: 5
Additional reviews: 1

From the review:

Papers with additional relevant results: 1

Search 4: 290 papers
Rejected from abstract: 282
No additional relevant results: 8

Search 5: 59 papers

Rejected from abstract: 53

No additional relevant results: 4
Additional reviews: 2

From the reviews:

Papers with additional relevant results: 0

Rejected from abstract: 293 P
No additional relevant results: 2 pd
Papers with additional relevant results: 1

Review of Lung cancer and Heart disease sources:
Papers with additional relevant results: 0

Figure 2 Chronic obstructive pulmonary disease searches.
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Search 1, heart disease: 49 papers
Rejected from abstract: 30
No relevant results: 11

Reviews: 6
From these reviews:

Papers with relevant results: 2 N

Papers with relevant results: 4 .
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Search 2, stroke: 6 papers

Rejected from abstract: 3

No additional relevant results: 2
Additional reviews: 1

From that review:

Papers with additional relevant results: 0

Search 3, stroke: 21 papers
Rejected from abstract: 15
No additional relevant results: 3

Additional reviews: 1
From the review:

Papers with additional relevant results: 2

Papers with additional relevant results: 2 | — _—

\\
\\\ \\\\\
\\\ \\\\
\\\ \
\\\ \\\\
S I
\\\ \\
\\\\ \\\
\\\ \\\\\
. g
. .
\\\ \\
S AN
| Papers
providing
relevant
. | results: 12

Search 4, heart: 85 papers
Rejected from abstract: 67
Already identified: 16

No additional relevant results: 1

Papers with additional relevant results: 1 |

Rejected from abstract: 293
No relevant results: 3
Papers with additional relevant results: 0

Search 5 (not Medline indexed): 296 papers

Review of Lung cancer, COPD and in-house sources:
Papers with additional relevant results: 1

Figure 3 Heart disease, stroke and circulatory disease searches. COPD: Chronic obstructive pulmonary disease.

JBaishideng®

WIMA | https://www.wjgnet.com

ARTICLE HIGHLIGHTS

Research background

Many reviews have studied the relationship of smoking to lung cancer, chronic
obstructive pulmonary disease (COPD), heart disease and stroke, but the effects on
these diseases of cigar smoking, particularly exclusive cigar smoking, have rarely been
considered.

Research motivation

As the United States is a country with a large population and a relatively high
percentage of cigar smokers, we felt that insight into the effects of exclusive cigar
smoking could usefully be gained from studies conducted there.

Research objectives
To carry out a systematic review of the relationship of exclusive cigar smoking to the
four main smoking-related diseases in studies conducted in the United States.

Research methods

Literature searches were conducted to identify studies in the United States that
reported risk of lung cancer, COPD, heart-disease, stroke and/or overall circulatory
disease comparing cigar smokers who had never smoked other tobacco products with
those who had never smoked any tobacco. For each study identified as providing
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relevant results, data were recorded on study characteristics and on the appropriate
relative risks (RRs) and 95%Cls relating to overall current, former and ever exclusive
cigar use, and, for current smokers, by daily cigar consumption. RRs for a given
smoking group and disease were combined using fixed-effect and random-effects
meta-analyses.

Research results

Data were available on lung cancer from 11 studies, on COPD from four studies and
on heart disease, stroke and circulatory disease from 10 studies. As RRs tended to be
heterogeneous, random-effects estimates are given below. For current smoking overall
RR estimates were 2.98 (95%CI: 2.08 to 4.26, based on n = 6 estimates) for lung cancer,
1.44 (1.16 to 1.77, n = 4) for COPD, 1.11 (1.04 to 1.19, n = 6) for ischaemic heart disease,
1.02 (0.92 to 1.13, n = 5) for stroke and 1.10 (1.05 to 1.16, n = 3) for overall circulatory
disease. These RRs are much lower than those reported for the United States for
exclusive cigarette smokers; 11.68 for lung cancer, 4.56 for COPD and at least 1.70,
depending on age, for ischaemic heart disease. Even for heavy cigar smoking, RRs are
generally lower than for overall cigarette smoking. RRs for former and for ever
smoking were also much lower than for cigarette smoking.

Research conclusions

Although our analyses were based on relatively few studies, some conducted some
time ago, the results clearly show that exclusive cigar smoking is associated with an
increased risk of lung cancer, though much less than is the case for exclusive cigarette
smoking. For COPD and ischaemic heart disease the association is weaker, and also
less than for cigarette smoking. No previous study has clarified the effects of exclusive
cigarette smoking so clearly. Future research could extend results on exclusive cigar
smoking to countries other than the United States, and compare risks of cigar smoking
with those of using other nicotine products.

Research perspectives

While our results show that exclusive cigar smoking is associated with risks of
smoking-related diseases that are much lower than those associated with cigarettes
smoking, little of the evidence comes from studies conducted in this millenium.
Further large prospective studies are needed to collect more up-to-date results, and to
clarify how risk varies by type of cigar smoked.
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Abstract

BACKGROUND
Injury to the duodenum (fistula formation, compression, or other complications)
by a hydatid cyst (HC) is an exceptional complication.

AIM

To perform a systematic review of the literature on the fistulization of HC in the
duodenum.

METHODS
Following PRISMA guidelines, a search for HC with duodenal involvement was
carried out in the databases of PubMed, SCielo and EMBASE without time limits.

RESULTS

Fourteen patients were identified, seven men and seven women, with a mean age
of 53.14 years (SD = 17.65, range: 28-78). Three out of the 14 (21%) had HC relapse.
The most frequent clinical manifestations were abdominal pain and nausea
and/or vomiting. Various imaging studies were performed in almost all cases, the
most commonly used being abdominal computed tomography (10/14, 71%). A
range of surgical techniques were reported, most frequently HC drainage (41%)
and enucleations (16%). Ten of the 14 patients had no complications and one
patient died. The follow-up period and recurrences could not be determined.

CONCLUSION

The most frequent symptoms were abdominal pain, nausea and vomiting.
Computed tomography was the most used diagnostic imaging technique, and HC
drainage and fistula closure via laparotomy was the most frequent treatment.
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However, all diagnostic and therapeutic options for HC fistulizing the duodenum
had a low level of evidence.
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Core tip: Hydatidosis is a global zoonosis. The most frequent organs affected are the liver
(50%-70%) and the Iungs (20%-30%) The duodenum is an organ that is very rarely
affected by hydatidosis, either primarily or secondarily. Possible forms of secondary
duodenal involvement are compression, or, more frequently, fistulization from hydatid
cysts located in neighboring organs. The hydatid cysts that most often fistulize the
duodenum are those located in the liver (0.15% of instances), with cases also described
from the pancreas and kidney. Its low prevalence and the few existing records mean that
the choice of the best therapeutic management is a challenge. A systematic review let
readers know all published cases and best management.

Citation: de la Fuente-Aguilar V, Beneitez-Mascaraque P, Bergua-Arroyo S, Fernandez-Riesgo
M, Camon-Garcia I, Cruza-Aguilera I, Ugarte-Yafiez K, Ramia JM. Hydatidosis and the
duodenum: A systematic review of the literature. World J Meta-Anal 2020; 8(3): 265-274
URL: https://www.wjgnet.com/2308-3840/full/v8/i3/265.htm

DOI: https://dx.doi.org/10.13105/wjma.v8.i3.265

INTRODUCTION

Hydatidosis is a zoonosis caused by the larval form of the genus Equinococcus spp, and
Equinococcus granulosus (E. granulosus) causes the formation of hydatid cysts (HC). The
life cycle of E. granulosus includes different herbivores (lambs, cows, pigs, deer) and
carnivores (dogs, foxes, wolves); the dog is the most frequent definitive host!'. The
distribution of E. granulosus is associated with livestock exploitation and temperate
climate zones such as southern Europe, Latin America, Australia and New Zealand,
Africa, and the Middle East. A prevalence of HC of 2%-6% is estimated in the
population in endemic areast.

The human being is an intermediate host, as it is infected orally with food
contaminated by eggs from the feces of the definitive host. The eggs hatch in the
intestine, releasing oncospheres that penetrate the intestinal wall and invade different
sites via the bloodstream, the most frequent being the liver (50%-70%) and the lungs
(20%-30%). The oncospheres evolve into HC, which may remain asymptomatic until
their growth causes complications derived from the mass effect, depending on their
location. Rupture of the HC can spread its contents throughout the body and trigger
anaphylactic shockl.

The duodenum is an organ that is very rarely affected by HC, either primarily or
secondarily. Possible forms of secondary duodenal involvement are compression, or,
more frequently, fistulization from HC located in neighboring organs!*. The HC that
most often fistulize the duodenum are those located in the liver (0.15% of instances),
with cases also described from the pancreas and kidney. Its low prevalence and the
few existing records mean that the choice of the best therapeutic management is a
challengel..

Here we present a systematic literature review of cases of hydatidosis with
duodenal involvement published in the scientific literature.

MATERIALS AND METHODS

Literature search

Following the guidelines of the PRISMA methodology for systematic reviews, a search
was performed in the PubMed, SCielo and EMBASE databases, unlimited by
language or time. The terms used for the search were: (duodenum) AND
[(echinococcosis, hepatic) OR (echinococcosis) OR (echinococcosis, hepatic) OR
(hepatic echinococcosis) OR (hepatic echinococcosis) OR (echinococcosis, hepatic
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alveolar) hepa (alveolar) hepato) OR (alveolar echinococcosis, hepatic) OR
(echinococcosis, hepatic alveolar) OR (hepatic alveolar echinococcosis) OR (hepatic
alveolar echinococcosis) OR (hydatidosis, hepatic) OR (hepatic hydatidosis) OR
(hepatic hydatidosis) OR (hepatic hydatidosis) hepa (alveolar echinococcus, hepatic)
OR (echinococcus, hepatic alveolar) OR (hepatic alveolarechinococcus) OR (hydatid
cyst, hepatic) OR (cyst, hepatic hydatid) OR (cysts, hepatic hydatid) OR (hepatic
hydatid cyst) OR (hepatic hydatid cyst) OR (hepatic hydatid ) OR (hydatid cysts,
hepatic) OR (echinococcosis) OR (echinococcus infection) OR (echinococcus infections)
OR (infection, echinococcus) OR (cystic echinococcosis) OR (cysticechinococcosis) OR
(echinococcosis, cystic) OR (echinoco cystic) OR (hydatidosis) OR (hydatidosis) OR
(cysts, hydatid) OR (cyst, hydatid) OR (hydatid cysts) OR (hydatid cyst) OR (hydatid
disease) OR (hydatid diseases) OR (echinococcus granulosus infection) OR
(echinococcus granulosus infections) OR (granulosus infection, echinococcus) OR
(granulosus infections, echinococcus) OR (infection, echinococcusgranulosus) OR
(infections, echinococcus granulosus)].

A case was defined as any patient diagnosed with primary duodenal hydatidosis or
hydatidosis in any location with secondary duodenal involvement.

A total of 83 articles were obtained with the search strategy described, and all
articles that included patients with the characteristics mentioned were selected. Case
reports were not excluded. Fourteen articles were chosen, but only 12 could eventually
be studied; the other two could not be accessed even though the corresponding
publishers were contacted.

The available data on the patients were extracted and included in Tables 1 to 3, for
later discussion. They were classified into three groups: Clinical data, including age,
sex, main symptoms and signs and personal history; analytical and radiological data,
including laboratory data and the main findings reported in the imaging and
endoscopic tests performed; and intra and postoperative findings that include the
surgeries performed and the complications detected in the postoperative course and
follow-up.

RESULTS

The twelve articles selected were all case reports, describing 14 cases. The countries
where the 14 patients were treated were: Spain (6), Tunisia (4), India (2), France (1),
and Turkey (1)®¢.

Clinical data

Seven patients were men and seven women, with a mean age of 53.14 + 17.65 years
(range: 28-78) (Table 1). Nine of the patients (64%) had abdominal pain (3/9 located in
the right hypochondrium, 2/9 in the epigastrium and in the remaining 4/9 not
specified). As for the rest of the clinical data, nine patients (64%) presented nausea and
vomiting, two of them with hematemesis and one with hydatidemesis. Six patients
(42%) had fever > 38°C, three did not, and in five this information was not specified.
Abdominal palpation was painful in ten cases (71%), and in seven patients masses
were noted. Other symptoms and signs described included jaundice, melena,
hydatidenteria, anorexia and weight loss. Three patients had previously undergone
surgery for liver HC.

Analytical, radiological and endoscopic studies
Analytical values were only available in nine patients (Table 2). In six of these (66%)
leukocytosis was observed, in three neutrophilia, and in one eosinophilia. Blood
analysis was only reported in five patients: In one it was found to be normal, and the
remaining four presented low levels of hemoglobin and hematocrit. Serological results
of hydatidosis (Casoni test or others) were provided in only six cases (42%: Four
positive and two negative); in the other eight, no serological studies were mentioned.

As for radiological studies, only abdominal X-ray was reported in six patients (42%)
and thorax in three (21%); in one case both tests were discussed. No simple radiology
information was available in six cases (the last six published). Abdominal radiography
found masses in four patients, two of which presented calcification. The chest
radiograph revealed an over-elevation of the right hemidiaphragm in one patient, the
presence of intralesional gas in two, calcification of the wall in one. Abdominal
ultrasound was reported in only four patients (28%), three of whom presented cystic
lesions.

Computed tomography (CT) was performed in ten patients (71%) (in two of them
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Table 1 Clinical data

Age Abdominal Nauseaand . . e f
Ref. Sex J : " Fever Abdominal exploration Past Medical history Other signs and symptoms
(yr) pain vomiting
Gilmas Y Male 32 No Yes (hematemesis) 38.5-  Six scars from previous surgeries. Slight collateral circulation. Soft ~ Dyspeptic vagal syndrome. Melena. Daytime sleepiness and nocturnal
Mocoroal’®], 39°C splenomegaly with increased percussion. Epigastric pain on Heartburn. Operated six times for delirium. Signs of hypoventilation and
1963 palpation hydatidosis hypophonesis of right thorax
Perrotin et all'”], Male 37 Yes (RH) Yes 38- Guarding in the right hypochondrium. Right subcostal mass poorly NA
1978 39°C limited and painful
Cosmeetall™,  Male 55 Yes (E) NA 38°C Painful abdominal mass (12 cm x 15 cm) located in the epigastric Pleural effusion, recurrent episodes  Asthenia, anorexia and weight loss of 3 kg
1987 region of bronchitis
Robbana Female 64 NA Yes (hematemesis) No Tender mass in right hypochon-drium NA Dysuria, diarrhea
etall™?!, 1991
Noguera Female 60 Yes NA NA Large tender epigastric mass NA Weakness, anorexia and joint pain
etall'l, 1993
Thomas et all', Male 31 Yes Yes 39°C Ill-defined mass in the LH. Non-tender mass in the left iliac fossa. ~ Fully excised intraabdominal cysts ~ Hydatidenteria
1993 (hydatidemesis) Smooth and firm hepatomegaly (6 cm). Rectal examination: Soft atage 9 and 21 years
cystic swelling in the rectovesical pouch
Diez Valladares Female 68 Yes (E) Yes NA A tender mass in the epigastrium and right hypochon-drium NA
et all’l, 1998
Diez Valladares Female 84 Yes Yes Yes Tenderness and muscle guarding on the right side and a palpable ~ NA
et all”l, 1998 mass
Patankar Male 35 Yes (RH) No No Non-tender hepatomegaly NA
et all"’}, 1998
Muinelo Male 78 No No NA NA Osteoarthritis and benign prostatic
Lorenzo et all®], hypertrophy. Laparoscopy cholecy-
2012 stectomy
Daldoul et all/l, ~ Female 28 Yes (RH) Yes NA Tenderness in right hypochon-drium and right lumbar fossa with ~ Liver hydatid surgery and recurrent
2013 lumbar contact hydatid cysts 21 and 17 years
previously
Daldoul et all/l, ~ Female 63 Yes (EH) NA 38.6°C  Abdominal involuntary guarding in the right hypochon-drium NA Anaphylactic reaction with diarrhea Chills and
2013 jaundice: Bilirubin: 10 mg/dl
Jarrar et all”), Male 63 NA Yes NA No palpable abdominal mass. Gastric distension NA Sensation of weight in RH
2015
Akbulut et all®),  Female 46 No Yes No Painful epigastric palpation NA Intra-abdominal aggressive fibromatosis
2018

E: Epigastric; RH: Right hypochondrium; LH: Left hypochondrium; NA: Not available
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using contrast). In all of them cystic lesions were discovered (two with calcification) a
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Ref. Leukocytosis Red blood cell  Hydatid X-ray Ultrasound CT Contrast studies Endoscopy
count serology
Gilmas Y 16000 (84% Erythrocytes: Casoni’s test: Chest: Right hemidia- NA NA Barium study: Stomach not filled due NA
Mocoroal'®l, neutrophils) 3.286.000; Ht: Positive phragm raised to huge cysts compressing the
1963 30% ESR: Katz stomach body
Index 109
Perrotin 14300/ uL NA Positive Abdominal: No findings NA NA Barium study: Heterogeneous opacity NA
et all'™ 1978 from the first portion of the
duodenum, rounded cavity of 10 cm
in the liver Cholangiography: Slightly
dilated bile duct without signs of
obstruction
Cosme 12200/ L Ht: 34% NA Abdominal: Inconclusive Cystic lesion with air-fluid level within the Barium study: Fistula in the Fistulous opening of 5
et all™®l, 1987 Supramesocolic mass of pancreas duodenum filling a pancreatic cyst cm in diameter, in the
15 cm deforming the with gas bubbles duodenal bulb
stomach
Robbana No Hgb11.1 g/dL Positive Abdominal: 10 cm right 14 cm cyst in right NA X-ray with iodinated intravenous Esophagitis type 1-2,
et all'”, 1991 mass by L2-L3 hypochon-drium contrast: Right kidney delayed chronic erosive
excretion and tumoral syndrome in gastritis. No access to
lower lobe. Barium swallow test: duodenum
Static stomach, megaduo-denum with
fistulae to mass
Noguera NA NA NA Chest and abdominal: NA Cavity in the left hepatic lobe with partially Todinated oral contrast passing into NA
et all'l, 1993 Atypical gas bubble in calcified walls with communication with the the hepatic cavity confirmed the
the epigastric region duodenum. Another cystic multiloculated lesion presence of a fistulous
with peripheral in the peritoneal cavity lateral to the hepatic communication between the
calcifications flexure of the colon duodenal bulb and the cystic cavity
Thomas No Hgb 11 g/dL Casoni's test: NA Three cysts: Leftand ~ Multiple intra-abdominal hydatid cysts. One NA NA
et all'!l, 1993 Strongly right hypochon-drium, large cyst in the left hypochon-drium
positive pelvis communicating with the stomach and the
second part of the duodenum
Diez No Normal Negative Abdominal: Calcified NA Calcified cystic mass in the left hepatic lobe and ~ Barium swallow study: Cavitated Fistula in the pyloric
Valladares circular line in the in continuity with the digestive tube mass communicating with the region with features of
et al”l, 1998 upper abdomen duodenum near the pylorus an echinococcal cyst
Diez 18000/uL (85% NA NA Abdominal: Calcified NA Pneumoperitoneum and a liver cyst with an air ~ Barium swallow X-ray showed the Cyst opening into
Valladares  neutrophils) mass in right hypochon- fluid level presence of a cyst opening into de duodenum
et all”), 1998 drium first duodenal knee
Patankar NA NA NA Chest: Crescentic gas NA TC Dynamic contrast: Two cystic lesions in right NA
et all'’, 1998 shadow under the right liver lobe. Air in one of the cysts, tracking to the
dome of the diaphragm region of the first part of the duodenum.
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Muinelo
Lorenzo
et all’l, 2012

Daldoul
et all’l, 2013

Daldoul
et all*l, 2013

Jarrar
etall’l, 2015

Akbulut
et alll, 2018

NA

11300/ uL (18%
eosinophils)

13700/ ul (92%
neutrophils)

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Negative
(postoperative)

NA

NA

NA

NA

NA

showed a megaduodenum and a fistula to the
mass

NA 3.5 cm hepatic hydatic cyst in segment IV NA

NA One multilocular hydatic cyst in the posterior Barium swallow X-ray: Opacification
part of the lateral sector of the right lobe of the  of the hydatid cavity through a
liver, extended into retroperitoneum (until right ~duodenal fistula near the pylorus.
kidney). Second hydatid cyst in segments Iand  Preoperative cholangiogram:
V of the liver compressing the duodenum with a Retrograde opacification of the cyst
distended stomach through the duodenal fistula

Two multivesicular NA NA
hydatid cysts in

segments IV and VI of

the liver (5 and 6 cm

respectively)

NA Upper gastrointestinal stenosis due to a hydatid NA
cyst located in segment VI of the liver attached
to the duodenum compressing it extrinsically

NA CT scan with contrast 100 mm x 80 mm lesion
originated by the body of pancreas

Fistulous
communication with
calcified liver mass

NA

NA

Gastric stasis due to
extrinsic compression
of the second portion
of the duodenum

NA

CT: Computed tomography; NA: Not available; HT: Hematocryte; HGB: Hemoglobin

JRaishideng®
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The location of the HC causing the duodenal fistula, confirmed by imaging
techniques, was the liver in 11 cases (78%), and kidney, pancreas and paraduodenal
area in one case each.

Intraoperative findings, postoperative period and follow-up

Twelve patients presented fistula between the HC and the duodenum (Table 3). One
patient presented a paraduodenal HC diagnosed incidentally during surgery for
abdominal fibromatosis and another had large-scale duodenal compression due to a
liver HC, without a true fistula.

Twelve patients (85%) received surgical treatment. Of the other two, one received
only pharmacological medical treatment with antiparasitic drugs and in the other the
treatment was not specified. The type of laparotomy was reported in seven patients:
Three midline, two bilateral subcostal, and two right; in one, the type was not
specified.

The techniques performed to treat HC in the twelve patients operated on were
conservative in nine [partial cyst resection (3), enucleation (2), evacuation/drainage
(2), Lagrot (1) and ablation (1)] and radical in three (all total cystectomies). The
procedures performed on the duodenal fistula in the ten patients with this condition

270 June 28,2020 | Volume8 | Issue3 |



Table 3 Intraoperative findings, postoperative period and follow-up
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Ref.

Intraoperative findings

Surgical procedure

Postoperative period
morbidity

Follow-up

Gilmas Y
Mocoroal'®,

1963

Perrotin
et all"™, 1978

Cosme
et al™!, 1987

Robbana
et al™, 1991

Noguera
etall''l, 1993

Thomas
et al™, 1993

Diez
Valladares
et al”!, 1998

Diez
Valladares
et al”!, 1998

Patankar
et all'l, 1998

Muinelo
Lorenzo
et all®l, 2012
Daldoul
etall”l, 2013

Daldoul
et all"l, 2013

Jarrar et al”l,
2015

JBaishideng®

Multiple adherences from past surgeries. Stomach filled with blood clots.
Multiple cysts (> 10) across peritoneum, liver, and spleen; duodenal fistula
connecting with 15 cm cavity in left hepatic lobe

Adherences are found in the right hepatic lobe. Visualization of liver mass

with purulent liquid and food remains. Intraoperative cholangiography:
Communication of 1-1.5 cm diameter between the cyst and the duodenum

Infected and multivesicular hydatid cyst in the head of the pancreas closely
attached to and communicating with the duodenum

Calcified hydatid cyst in anterior kidney area. Fistula connected the kidney
mass to the duodenum

NA

NA

Segment IV of the liver a 5 cm diameter mass adherent to the pylorus

15 cm multiloculated hydatid cyst in right hepatic lobe in contact with the
duodenum. Two hydatid cysts in the greater omentum with purulent fluid

NA

NA

Single multilobular hydatid cyst in the posterior part of the lateral sector of
the right lobe in close contact with the duodenum. Duodenal fistula
affecting the posterior wall of the duodenal knee

Two liver cysts: Segment V (5 cm) and in the underside of the segment IV (8
cm) in close contact with the first duodenum knee. Exploration of the cystic
cavity: Wide communication with the first duodenum and a large fistula
with the confluence of the hepatic biliary ducts

Multivesicular hydatid cyst measuring 6 cm, at the right lateral sector, with
extraparenchymal development, adhering to the duodenum. Exo-

WJMA | https://www.wjgnet.com

Ablation of cysts. Gastrostomy. Pylorotomy. Suture of
duodenal fistula with surgical drains placed in cavity

Fistula closed, cyst drained with a gastric aspiration
probe and placement of a cholecystostomy

Partial removal of the cyst with two catheters inserted
into the cavity

Evacuation, intralaminar pericystectomy, and reduction
of fistula. Vagotomy

Enucleation

Medical treatment: Albendazole, Ciprofloxacin,
Crystalline penicillin and Chloroquine + US guided
aspiration

Total resection of the cyst, including a piece of the
duodenal wall, a Heinecke Mikulicz pyloroplasty,
cholecystectomy and truncal bilateral vagotomy

Total cystectomy with resection of the duodenal sinus,
excision of the omental cyst. Closure of the bile fistula

and bile drainage

Enucleation

NA

Cholecystectomy. Large resection of the prominent
cystic dome. Duodenostomy associated with
gastrostomy and jejunostomy to treat duodenal fistula

Resection of the dome of the 5 cm cyst, duodenal
diverticulization and external drainage

Lagrot’s procedure, a partial cystectomy and
epiploplasty filling the residual cavity

271

Evisceration with
massive hemorrhage.
Postoperative death

NA

NA

NA

NA

NA

Postoperative course was

uneventful

NA

NA

NA

NA

NA

Postoperative course was
uneventful

NA

Day 3: Probe is removed The drainage of the cavity
after being washed with lactic acid is removed after 18
d. Control cholangiography and duodenal transit are
normal. Follow up in clinics

8th week: Injection of contrast through the drainage
tubes demonstrating progressive closure of the
remaining cavity. Asymptomatic 4 mo after surgery

Discharged on 17" postoperative day. 7-mo
postoperative ultrasound and urography were normal

NA

NA

Discharged on the 7 day

Discharged on 15" day

NA

NA

After 6 wk the patient was discharged

Discharged after 3 wk

NA
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vesiculation of 2 cm, communicating with the cyst, compressing the
duodenal wall without fistula

Akbulut The diameter of the fibromatous mass was 120 mm x 100 mm, originated in ~ The fourth portion of the duodenum, the jejunum, the Postoperative course was NA
et all”l, 2018 the pancreatic body and creating adherences to adjacent tissues forming a distal pancreas and the spleen were removed en bloc. uneventful

conglomerate with the fourth portion of the duodenum, jejunal loops and Anastomosis between the third part of the duodenum

prepyloric stomach antrum and the proximal jejunum

NA: Not available; US: Ultrasound.

operated upon were: (1) Closure of the duodenal fistula in five patients, in one case
associated with vagotomy, and in another with gastrostomy plus pylorotomy; (2)
Partial duodenal resection plus pyloroplasty and bilateral truncated vagotomy (one
patient); (3) Duodenostomy, gastrostomy and jejunostomy (one patient); (4) Duodenal
diverticulization (one patient); (5) Not specified (one patient); and (6) Intracavitary
drainage without action on the fistula (one patient).

Postoperative morbidity and mortality was not described in detail in the articles
consulted. In three patients the postoperative period was reported to be
uncomplicated, and one patient (7%) died due to hemoperitoneum following massive
hemorrhage. In the five cases in which mean hospital admission was mentioned, it was
20.4 £11.72 d (range: 7-42). The follow-up was not described in detail, though it was
usually very short.

DISCUSSION

Hydatidosis is a zoonosis caused by Echinococcus spp associated with livestock activity,
predominantly in geographical areas with temperate climates such as Southern
Europe, Latin America, Australia, New Zealand, Africa and the Middle East. Primary
or secondary duodenal involvement due to HC via fistulization or compression from
other locations is extremely rare and the number of reported cases is very low!*'‘l. The
main objective of our study was to evaluate the clinical, diagnostic and therapeutic
data of duodenal involvement recorded in the literature and to assess whether a
diagnostic and therapeutic algorithm could be obtained.

The articles included do not describe any etiological factors or pathogenesis related
to duodenal injury caused by HC. HC located in segments IVB, V and VI, and those
located in the kidney or pancreas may affect the duodenum, but this is exceptional.
Our (unprovable) opinion regarding this low frequency is that a series of conditions
must exist for a fistula to appear: The cyst must be large, complicated, and long-
standing, since the duodenal wall is sufficiently thick to allow compression without
fistulization. If these conditions are met, after very prolonged inflammatory processes
the fistula eventually forms.
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The epidemiological data of the 14 patients studied do not indicate any
differentiation according to sex (the ratio was 1:1) or age (the range was large).
Duodenal injury caused by HC is mostly secondary. There was only one case of a
paraduodenal cyst; in the cases reported the duodenum was secondarily affected by
hepatic (11/13: 85%), renal (1/13) and pancreatic (1/13) HC***l. In 90% of patients the
injury is in the form of a fistula between the HC and the duodenum. The descriptions
in the articles do not indicate which duodenal segment is the most affected. Three
patients had previously undergone liver hydatidosis.

The most frequent clinical manifestations in the patients studied were abdominal
pain, nausea and vomiting. The rest of the clinical data were very heterogeneous. Two
cases presented hydatidemesis and/or hydatidenteria"l, but the condition may also be
asymptomatic. Therefore, there is no typical clinical picture of HC affecting the
duodenum.

The diagnosis of duodenal fistula due to HC is not always easy. Computed
tomography was the most used diagnostic tool in the patients reviewed; it allows
accurate location of the HC and its relationship with the digestive tract, but in our
study only achieved preoperative diagnosis of fistula in four patients (40%). It should
be noted that some reports do not specify whether oral contrast was used in the CT,
and some of the older cases the CT techniques used are not comparable to the ones
used today!'“l. The use of various radiological tests with contrast, especially in the
first cases, allowed the diagnosis of fistula, although barium contrast studies are not
currently used. Upper gastrointestinal endoscopy was used in six patients with a
diagnostic capacity of 66% (4/6)!"“'l. Therefore, we are unable to propose a definitive
diagnostic algorithm, but the combination of CT with contrast and upper
gastrointestinal endoscopy seems to be the most effective.

In the literature, there is no consensus on which treatment that should be applied.
Surgery was performed in practically all patients (12/13), using a wide variety of
procedures to treat both HC and duodenal fistula, adapting to intraoperative findings.
Conservative techniques were used in 75% of HC, while in the duodenum the most
frequent technique (50%) was the closure of the fistula associated with various types of
intestinal bypass; partial duodenal resection was performed in only one case. The
operative morbidity rate was 7% (1/14), and postoperative mortality 7% (1/14). We
believe that the estimation of morbidity is excessively low, because in many articles it
is not reported or it is simply stated that the postoperative period was uneventful; in
addition, duodenal surgery usually presents a much higher complication rate than that
reported in these patients. Furthermore, in the cases in which data on postoperative
stays are given, these stays are much longer than one would expect in uncomplicated
patients. The follow-up carried out in patients is not usually specified, so we cannot
draw any conclusions about disease recurrence or long-term evolution.

Our intention in carrying out this systematic review was to provide a therapeutic
algorithm for hydatidosis that affects the duodenum, but especially the surgical
strategy to be performed. As we have summarized, no conclusion can be drawn from
the literature. Our group thinks that radical surgery is the best approach in
hydatidosis, but we also believe that surgical procdures should be tailored to every
patient. Our non Evidence Based Medicine supported recommendation is: If the
surgeon thinks that radical surgery is technically feasible, should be performed in the
liver and duodenum. But if an unacceptable risk is to be assumed to carry it out,
conservative procedures can be useful in the most bizarre cases. Duodenal surgery is
not simple, nor is it free of complications, and techniques can range from a simple
closure, duodenal exclusion to duodenectomies. The decision of which technique to
perform in the duodenum will depend on the amount of circumference affected, the
duodenal segment to be treated, and anatomical relationship with the Vater’s ampulla.

The following conclusions can be drawn from this systematic review. The reports of
duodenal damage by HC are based on isolated clinical cases with very low scientific
evidence; the most common clinical findings are abdominal pain, nausea and
vomiting; the combination of computed tomography plus endoscopy seems to be the
best diagnostic option; finally, the most frequently recommended treatment is surgery
to treat the HC and to close the fistula.

ARTICLE HIGHLIGHTS

Research background
The duodenum is an organ that is very rarely affected by hydatid cysts, either
primarily or secondarily.
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Research motivation

Duodenal involvement by hydatidosis is an exceptional finding and this study aimed
to characterize epidemiological, clinical and diagnostic features and options of
treatments.

Research objectives
Our aim is to characterize epidemiological, clinical and pathological features and
options of treatment in hydatidosis with duodenal involvement.

Research methods
We perform a system review including all patients with hydatidosis and duodenal
involvement following PRISMA guidelines.

Research results

This review shows that the most frequent symptoms were abdominal pain, nausea and
vomiting. Computed tomography was the most used diagnostic imaging technique,
and hydatid cyst drainage and fistula closure via laparotomy was the most frequent
treatment.

Research conclusions
Literature on hydatidosis with duodenal involvement is scarce, only case reports, so
the evidence is low.
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Abstract

BACKGROUND

A diagnosis of gestational diabetes mellitus (GDM) negatively influences maternal
mental health. There is a lack of systematic review and meta-analysis on
prevalence of anxiety among GDM women.

AIM
To pool data from existing literature to determine the pooled estimates for the
prevalence of anxiety among women diagnosed with GDM.

METHODS

We searched multiple databases including MEDLINE, Cinahl, PubMed and
Scopus to identify studies published up to 31 October 2019 with data on the
prevalence of anxiety among women diagnosed with GDM. Data were extracted
from published reports. Estimates were pooled using random-effects meta-
analyses.

RESULTS
We reviewed 19 abstracts, retrieved 10 articles and included three studies
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incorporating 12744 GDM women from three countries. The pooled prevalence of
anxiety was 29.5% (95%Cl: 6.9, 52.0) among GDM women.

CONCLUSION

Prevalence of anxiety among GDM women was high. We suggest that
epidemiological studies on anxiety should be conducted urgently as it merits
clinical attention. In addition, it is important to identify factors associated with
anxiety among women diagnosed with GDM.

Key words: Prevalence; Anxiety; Gestational diabetes; Psychiatry; Meta-analysis;
Systematic review
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Core tip: This is a systematic review and meta-analysis reporting the pooled prevalence of
anxiety among gestational diabetes mellitus patients which stood at 29.5%.
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INTRODUCTION

The prevalence of gestational diabetes mellitus (GDM) has been increasing over the
past decades!”l. Globally, GDM has been reported as a leading cause of morbidity and
mortality among both the infants and their mother*. Mothers with GDM are at
increased risk of getting pregnancy complications such as preterm delivery,
preeclampsia, abnormal birth weight, metabolic and electrolyte disorders. Studies
also indicated that GDM may persist after postpartum and subsequently develop into
overt diabetes mellitus, and it was estimated that the risk for developing diabetes
mellitus after GDM increased linearly with the duration of follow-up ranged from
19.72% at 10 years. The estimated risks for type-2 diabetes mellitus ranged from 19.7%
at 10 years to 39.0% at 30 years'.. Neonates born to GDM mothers are at higher risk of
suffering from adverse neonatal outcomes such as abnormal birth weight, congenital
anomalies, hypoglycaemia and longer duration in neonatal intensive care unit for
further investigation1.

Previous studies showed that the prevalence of depression among mothers with
GDM were ranging from 25.9% to 56.7%""""1 and the prevalence of anxiety was within
a range of 4.8% to 57.7%!">"l. Anxiety is a normal reaction to stress which involves both
psychological and physical reactions. It becomes clinically significant when the anxiety
grows out of proportion to the situation and causes functional impairment. Anxiety
disorders are among the most common mental illnesses, and are characterized by
feelings of tension, worrying thoughts and physical changes such as increased blood
pressure. People with anxiety disorders usually have recurring intrusive thoughts or
concerns. They may avoid certain situations out of worry. They may also have
physical symptoms such as sweating, trembling, dizziness or a rapid heartbeat!". With
a remarkable increase in lifetime prevalence, anxiety has become a public health
burden worldwide, causing increased use of mental health services and loss of
productivity™.. In particular, anxiety is a common psychiatric condition that affects up
to one-fifth of the pregnant mothers”! and is significantly associated with postpartum
depression (odds ratio = 2.6, 95%ClI: 2.0, 3.5) and reduced odds of breastfeeding (odds
ratio = 0.63, 95%Cl: 0.5, 0.7)'"1. Thus, anxiety and related mental conditions could pose
negative effects on child development!”l. A high state of anxiety is found in 15.8% of
pregnant women, while 12.5% of women suffer high trait anxiety!’. Similarly,
pregnant mothers with GDM were more anxious than pregnant women with other
medical problems or healthy pregnant women®’l.

There are multiple factors associated with anxiety during pregnancy, including
current or past pregnancy-related complications, previous pregnant loss and personal
history of mental illness”l. Study have also shown that women with GDM experience
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significantly worse quality of lifel. However, findings from previous studies indicate
that there is a lack of data on the epidemiology of antenatal anxiety among GDM
patients. Therefore, we aimed to determine the pooled prevalence of anxiety among
GDM patients by conducting a meta-analysis.

MATERIALS AND METHODS

This present study was registered in the Medical Research and Ethics Committee,
Ministry of Health Malaysia (registration number: NMRR-20-117-52644), and
conducted according to Preferred Reporting Items for Systematic Reviews and
Meta-Analyses!”. As this work only involved secondary data retrieval and analysis, no
ethical approval was sought.

Literature search

Two investigators (Lee KW and Loh HC) independently searched MEDLINE, Cinahl,
PubMed and Scopus databases for potential studies published in journals from
inception to 31 October 2019. We used following search terms: (Anxiety OR anxiety
symptom OR anxiety disorder OR generalized anxiety disorder OR panic disorder OR
panic attack OR agoraphobia OR phobia OR specific phobia OR specific phobic
disorder OR medication-induced anxiety disorder OR medical condition induced
anxiety disorder OR social anxiety disorder) AND (prevalence) AND (gestational
diabetes OR GDM OR gestational diabetes mellitus OR diabetes in pregnancy). The
search strategies with the Boolean or phrase operators were shown in the
Supplementary material 1. Studies in English, available in full-text and conducted
among humans were searched. Then, we removed duplications using Endnote, after
that we screened the title and abstracts for its suitability. Finally, articles with their full
text were assessed for eligibility to be recruited into the quantitative analysis.

Inclusion criteria

Any studies that reported the prevalence or percentage for anxiety symptoms or
anxiety disorders among GDM patients and fulfilled the inclusion criteria were
analysed. The inclusion criteria were as follows: (1) Diagnosing or screening of anxiety
was made according to Diagnostic and Statistical Manual of Mental
Disorders/International Classification of Diseases diagnostic criteria or by any
screening tools; (2) Participants in the study were diagnosed with GDM; and (3)
Studies were published in English peer-reviewed journal from inception to 31 October
2019. Other related studies were also included through careful review of the reference
lists of related review articles and reverse-forward citation tracking. Studies were
excluded if they included only pregnant mothers with pre-existing diabetes mellitus,
were of case-control design or examined anxiety prior to the diagnosis of GDM.

Study selection

All relevant articles identified through the above databases were imported into
Endnote programme X5 version. Initially, we performed de-duplication. Two
investigators independently screened each title and abstract for suitability based on
the search strategies mentioned above. Then, full-text articles were assessed based on
the inclusion criteria mentioned above. Any disagreements between the investigators
were resolved through discussions before the final consensus for quantitative analysis
was reached.

Data extraction

The following data were extracted from every study: The last name of the first author,
year of publication, country, sample size, study design, recruitment duration, timing
of GDM diagnosis, GDM diagnosis guidelines, assessment of anxiety guidelines, and
timing of anxiety assessment. The outcomes measures included the numbers of GDM
patients with anxiety symptoms or disorders and total number of GDM patients. Two
investigators (Lee KW and Loh HC) individually extracted the data and assessed the
study quality, with differences resolved through discussion with the third and fourth
investigators (Ching SM and Hoo FK).

Quality assessment
The quality of the individual studies was determined using the checklist of
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)™1.
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The aim and use of STROBE were to assess the strengths and weaknesses of the
studies reported in the medical literature. STROBE results also helps readers to know
what was planned, done and found, as well as what is incomplete and inadequate in
the reporting of the articles. The tool consists of 22 items to help assess the important
components found in observational studies. In certain instances where the information
provided was insufficient in order to make judgement for a certain item, that item was
graded with a “0”, rendering the item as having a high risk of bias. Each article’s
quality was graded as “good” if the STROBE score was > 14; or graded as “poor” if the
STROBE score was < 14. Two investigators (Devaraj NK and Maiza T) individually
assessed the study quality, with differences resolved by discussion with the third and
fourth investigators (Ching SM and Hoo FK). Studies were included in analysis
regardless of STROBE score and grade.

Statistical analysis

A random-effects (DerSimonian and Laird Method) meta-analysis method was
employed to pool the prevalence estimated from these related studies and was
reported with a 95%CI. I? index was used to assess the studies heterogeneity (i.e. low is
<25%, moderate 25%-50%, and high >50%) that indicated the total percent of
discrepancy due to variation in the included studies!. For statistical analysis, Open
Meta (Analyst) software was used, this software can be accessed and downloaded
from http://www.cebm.brown.edu/openmeta/index.html. Funnel plot was
generated using The Jamovi project computer Software which can be retrieved from
https:/ /www jamovi.org®1.

RESULTS

Description of included studies

Thirty manuscripts were identified in the initial screening as shown in Figure 1. After
removal of duplicate articles (n = 11), a total of 19 studies were retrieved for further
assessment. After screening for its suitability through title and abstract, 10 studies
fulfilled both our inclusion and exclusion criteria. After careful evaluation of the 10
articles, only three studies were eligible for quantitative analysis in this study.

Characteristics of included studies

The main characteristics of the included studies are shown in Table 1. A total sample
of 12744 women diagnosed with GDM was included in the analysis. The respondents
were diagnosed using either American Diabetes Association or World Health
Organization guidelines. These studies were conducted in Canada", Ireland!" and
Malaysia™. In terms of diagnosing or screening for anxiety, Beka et all"” (2018) used
the diagnostic criteria of the International Classification of Diseases- Ninth version
(ICD-9) (prior to 2002) and the International Classification of Diseases- Tenth version
(ICD-10) (2002 onward); while Egan et al'? (2017) and Lee et al* (2019) used 21-item
Depression Anxiety Stress Scale (DASS-21). For quality assessment, we assigned each
study with an overall rating based on the tool derived from STROBE checklist. The
overall quality of included studies appeared to be good.

Prevalence of anxiety

The overall pooled prevalence of anxiety was 29.5% (95%CI: 6.9, 52.0) (Figure 2). The
pooled prevalence of anxiety using DASS-21 was higher than prevalence of anxiety
using ICD-9/10 (42.4% vs 4.8%). Sensitivity analysis reveals that study by Beka et all""
had substantial influences on the overall prevalence, which caused prevalence of
anxiety to increase from 29.5% (95%CI: 6.9, 52.0) to 42.4% (95%CI: 13.2, 71.5). On the
other hand, removal of studies by Egan et al'”), 2017 or Lee et al*, 2019, it did not cause
statistically significant changes to the overall prevalence of anxiety (Supplementary
material 2). Indeed, funnel plot (Supplementary material 3) suggested that there was
publication bias. Nevertheless, we did not exclude any studies from the meta-analysis
in view there was only three studies available.

Quality assessment

We assigned the studies with an overall rating based on STROBE checklist. All three
studies received an overall “Good” quality with a score of > 14 over 22
(Supplementary materials 4-6). In summarizing the results, we concluded that all
studies had methodological issues such as not describing any efforts to address
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Table 1 Characteristics of the included studies

Study Diagnostic Diagnostic or screening  Mean age of . Number of GDM Total number of  Prevalence of  Quality
Ref. Year Country . o . . Ethnicity among GDM . . . . )

setting guidelines for GDM methods for anxiety GDM patients patients with anxiety GDM patients anxiety (score)
Beka 2018 Canada Population ADA ICD-9 (Prior to 2002) and 321453 Aboriginal (6.9%); Caucasian (70.8%), 584 12140 4.8 Good (18)
et all™! ICD-10 (2002 onward) Chinese (6.9%), South Asian (15.5%)
Egan 2017 Ireland  Hospital N/A 21-item Depression Anxiety — 33.6 +4.8 Caucasian (89.7); Non-Caucasian (9%) 45 78 57.7 Good (14)
et all"”! Stress Scale
Lee 2019 Malaysia Hospital WHO 21-item Depression Anxiety 323 +4.9 Malay (82.3%); Non-Malay (17.7%) 147 526 27.9 Good (15)
et al®! Stress Scale

Clinically significant anxiety symptoms/disorders in 2™ trimester. ADA: American Diabetes Association; WHO: World Health Organization; GDM: Gestational diabetes mellitus; ICD: International Classification of Diseases.

potential sources of bias, how the missing data were addressed, and lacking of
sensitivity analysis.

DISCUSSION

Our systematic review and meta-analysis offer preliminary evidence regarding the
prevalence of anxiety among GDM patients. The results indicated that the pooled
prevalence of anxiety among GDM patients was 29.5%.

Several reasons may have contributed to the high heterogeneity (I = 99.12%) in the
pooled prevalence that was seen in our systematic review and meta-analysis. First,
there are differences in terms of the methodological approach used in different studies
for the detection of anxiety. The diagnostic method would identify specific anxiety
disorders with more stringent criteria, while the screening method served as case
identification. Diagnostic versus screening criteria used by different studies for the
clinically significant anxiety symptoms were omitted. For instance, Beka et al"*! (2018)
used ICD-9 and ICD-10 to diagnose anxiety disorder while Egan et all'? (2017) and Lee
et al* (2019) used DASS-21 for screening of anxiety symptoms. Unlike ICD, DASS-21
is a screening tool with 21 items which consists of three domains assessing depression,
anxiety and stressi”l. DASS-21 English version has been translated and validated into
Malay version by Musa et al®!. DASS-21 has distinctive cut-off value for severity
rating; anxiety is detected if anxiety domain score is > 8 (Mild and above)™!, however
it should be noted that clinically significant anxiety symptoms should be of moderate
and above in its severity.

The vast disparity of anxiety prevalence between study population may be one of
the reasons for the discrepancy. Study by Beka et all"”! (2018) was a population-based
study, while studies by Egan et al' (2017) and Lee et al® (2019) were hospital-based
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Figure 2 The forest plot of the pooled prevalence of anxiety among gestational diabetes mellitus patients. GDM: Gestational diabetes mellitus.
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study. In the study by Beka et all"! (2018), there was no sample size calculation, and the
patients” medical information were obtained via health services databases. The
weakness of health services databases is that it contains information about formal
diagnosis and healthcare services provided for patients, yet it didn’t provide results of
mental health screening, therefore the prevalence of anxiety (4.8%) reported by Beka
et all™ (2018) may not reflect the prevalence of clinically significant anxiety faced by
GDM patients. We noted that two studies which conducted in hospital (Egan et all'”,
2017 and Lee et al®, 2019) had sample size calculation; these two studies achieved
sufficient sample number. However, Egan et al'” (2017) had a sample size of less than
100 for GDM patients. Hence, the prevalence of clinically significant anxiety symptoms
in Egan et al'? (2017) (57.7%) was higher compared to Lee et al®! (2019) (27.9%).
Sample size remains an important criteria when determining the prevalence of anxiety,
as studies have shown the positive correlation between sample size and
prevalence” . Hence, all these reasons might have contributed to the high
heterogeneity in the prevalence of anxiety in our study.

More than half of pregnant women showed moderate anxiety during their
pregnancy™ . Anxiety during pregnancy could be due to worries about health and
well-being of the babies and the mothers themselves. The worries also extend to the
concern of parenting and the transition to maternal role after birth™l. A meta-analysis
reported that antenatal anxiety could increase the risk for adverse birth outcomes such
as preterm delivery (relative risk = 1.50, 95%CI: 1.33, 1.70) and low birth weight
(relative risk = 1.76, 95%CI: 1.32, 2.33)1.

Around 11.5% of pregnant women in Asia are affected by GDMP.. Recent meta-
analysis reported that hyperglycaemia in pregnancy increases the risk for adverse
outcomes such as caesarean section (OR = 1.59, 95%Cl: 1.49, 1.70), large for gestational
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age (OR =2.11, 95%ClI: 1.73, 2.58), macrosomia (OR = 2.06, 95%CI: 1.86, 2.28), neonatal
hypoglycaemia (OR = 1.37, 95%CI: 1.20, 1.57), gestational hypertension (OR = 1.91,
95%ClI: 1.49, 2.43) and pre-eclampsia (OR = 2.15, 95%ClI: 1.45, 3.19)F.. GDM patients are
at higher risk for experiencing anxiety as compared to pregnant women without
medical complications”. Similarly, the adverse birth outcomes could be exacerbated if
women with GDM experiences anxiety during pregnancy.

Antenatal anxiety is an evolving field, and unlike depression, only a few studies
have been conducted among GDM patients. However, studies have reported that
antenatal anxiety is more prevalent than antenatal depression, and this study
reports anxiety symptoms are prevalent in GDM patients. In order to promote the
detection of antenatal anxiety, several screening tools have been recently
recommended by National Institute for Health and Care Excellence, which include
Generalized Anxiety Disorder scale, GAD-2"l. GAD-2 can be used as an ultra-brief
screening scale for antenatal anxiety. Even so, other screening scales are more
commonly used in clinical setting as compared to GAD-2, such as DASS-21%],
Edinburgh Postnatal Depression Scalel”!, Hospital Anxiety and Depression Scale -
Anxiety subscalel™, State-Trait Anxiety Inventory™’, GAD-7"*, Brief Measure of Worry
Severity!"”, Cambridge Worry Scale”’ and Wijma Delivery Expectancy/Experience
Questionnaire -Version A,

Impacts of anxiety after delivery period

Mental illness is a leading cause of maternal morbidity and even endangers maternal
life especially in high -income countries™). Indirectly it also impacts new-born babies,
causing perinatal morbidity and mortality as well as the impact on the long-term child
development!*]. The National Institute for Health and Clinical Excellence (NICE) has
emphasised that perinatal mental illness is one of the most important issues in
women’s health that need to be highlighted, especially in the postpartum period!**1.

The prevalence of postpartum anxiety disorders varies. Reck et al™ (2008) and
Miller et al (2006) found a comparable percentage of postpartum women having
anxiety disorder, at 11.1 % and 10 % respectively. Matthey et al® documented that
16.2% of mothers were diagnosed with a pure anxiety disorder while Wenzel et all*"!
(2005) noted a prevalence rate of 8.2% for generalized anxiety disorder.

There were many reviews confined to maternal depression in postpartum period
but there were scarcity of data on anxiety disorder despite of the high health risks for
both mother and child associated with postpartum disorders™. Maternal anxiety
disorder is part of a broad spectrum condition comprising of mild to severe mental
illnesses such as bipolar disorder and psychotic disorder. It is common that both
anxiety and depression co-exist in postpartum women~!l.

Socio-demographic factors and socioeconomically deprived status have important
impacts on maternal mental illness. The most common risk factors include age of more
than 35 year old, single parent, lower educational level and low -income family!**..
Women with greater socioeconomic deprivation are more likely to have maternal
mental illness than those with lesser degree of socioeconomic deprivation 1. An early
recognition of women at risk and implementation of effective intervention are essential
as preventive measures to treat maternal mental illness accordingly, aiming to reduce
the complications related to maternal mental illness.

Strength and limitations

To date, this is the first systematic and meta-analysis on anxiety among patient with
GDM. This study clearly indicates that anxiety is prevalent among GDM patients. The
finding of this review is consistent with the previous literature pertaining to anxiety
among pregnant women experiencing medical complications. However, there are
several limitations. Strict inclusion/exclusion criteria and a paucity of literature on the
topic of interest have resulted in the inclusion of only three papers. However,
according to Valentine et all*], 2010, the minimum number of studies needed to
conduct a meta-analysis is two. On top of that, we did sensitivity analysis and funnel
plot to show the publication bias. Nevertheless, due care is necessary when
interpreting the results as at least 5 studies or more are needed to reasonably and
consistently achieve powers from the random-effects meta-analyses that are greater
than the studies that contribute to them!™). Second, the pooled sample size is not large
enough to reflect the anxiety prevalence in clinical setting, therefore limiting the
generalizability of our study findings.

In conclusion, our study provides an estimation of the prevalence of anxiety among
patients with GDM. Our study showed that the pooled prevalence was high at 29.5%.
We recommend that more epidemiological studies on anxiety during pregnancy to be
conducted in this particular population. In addition, it is important to identify factors
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associated with anxiety during pregnancy so that early detection and intervention can
be implemented to improve various obstetric and mental health outcomes.

ARTICLE HIGHLIGHTS

Research background

There is lack of systematic review and meta-analysis on prevalence of anxiety among
GDM women.

Research motivation

The systematic review and meta-analysis reporting the pooled prevalence of anxiety
among GDM patients is high (29.5%).

Research objectives
Authors aimed to pool data from existing literature to determine the pool estimates for
the prevalence of anxiety among women diagnosed with GDM.

Research methods

Multiple databases including MEDLINE, Cinahl, PubMed and Scopus were searched
to identify studies published up to 31 October 2019 with data on the prevalence of
anxiety among women diagnosed with GDM.

Research results

Total 19 abstracts, retrieved 10 articles and included three studies incorporating 12744
GDM women from three countries were reviewed. The pooled prevalence of anxiety
was 29.5% among GDM women.

Research conclusions

The results suggest that epidemiological studies on anxiety should be conducted
urgently as it merits clinical attention. In addition, it is important to identify factors
associated with anxiety among women diagnosed with GDM.
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