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Abstract

A large proportion of patients with chronic hepatitis C have
associated thrombocytopenia (TCP). Due to bleeding risks,
TCP, when severe, can limit diagnostic and therapeutic
procedures, treatments, and increases risk of complications,
especially excessive bleeding. It is important to understand
the mechanisms that cause TCP in order to manage it.
In general, TCP can be due to increased destruction or
decreased production. Proposed mechanisms of increased
destruction include autoantibodies to platelets and hyper-
splenism with sequestration. Proposed mechanisms of de-
creased production include virus-induced bone marrow
suppression and decreased TPO production. Autoantibodies
directed against platelet surface antigens have demonstrated
an inverse correlation with platelet counts. Hypersplenism
with sequestration involves the interaction of portal hyper-
tension, splenomegaly, and platelet destruction. Decreased
production mechanisms involve appropriate and inappropri-
ate levels of TPO secretion. There is limited evidence to
support viral-induced bone marrow suppression. In contrast,
there is strong evidence to support low levels of TPO in liver
failure as a major cause of TCP. TPO-agonists, specifically
eltrombopag, have been shown in hepatitis C patients to
increase platelet counts without reducing portal hypertension
or splenomegaly. We conclude that TCP in hepatitis C virus-
induced liver disease is often multifactorial, but an under-
standing of the mechanisms can lead to judicious use of new
drugs for treatment.
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Introduction

Thrombocytopenia (TCP) is most often defined by platelet
(PIt) counts less than 150x10%/L.! The average Plt survival
time has been reported to range from 7.5 to 9.5 days.? It has
been estimated that at least 71 million individuals in the world
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and 2.7-3.9 million people in the USA have chronic hepatitis C
infection.>™* From 0.16% up to 76% of these patients have
associated TCP.° Populations with high percentages of
advanced cirrhosis reportedly have increased prevalence of
TCP. TCP is important to recognize because it can increase
the risk of complications during invasive diagnostic or thera-
peutic procedures, need for treatment with interferon (IFN),
and in the management of patients on orthotropic liver trans-
plantation waiting lists. It can be a risk factor for bleeding
esophageal varices, in chemotherapy for solid tumors or
hematological malignancies, and surgery.®” Bleeding risk
increases as Plt levels decrease below 50x10°/L, with major
bleeding associated at levels below 10X 10°/L. However, PIt
counts alone do not always reflect bleeding, as other factors
such as PIt function, the presence of anti-Plt antibodies, and
levels of coagulation factors may also be involved.®

In order to better understand how to treat or manage TCP,
it is essential to understand the pathophysiological mecha-
nisms that cause it. Such knowledge can lead to selection of
appropriate therapy.

TCP can be caused by increased destruction (including
increased storage) of Plts or decreased production of Plts
(Fig. 1).! Conditions that cause increased destruction of Plts
include autoimmune responses to antibodies against Plts, idi-
opathic TCP purpura (ITP), and hypersplenism. Hypersplen-
ism is characterized as splenomegaly and TCP.° TCP in this
case can be due to increased storage of Plts, with PIt seques-
tration and destruction of Plts by phagocytosis, as well as
autoimmune responses. In this paper, the term ‘destruction-
sequestration’ is used to encompass the mechanisms behind
TCP caused by hypersplenism. This is an important distinction
because PIt ‘destruction’, ‘degradation’, and ‘sequestration’
may have different mechanisms of action, some of which
have not been proven, but are often used interchangeably
in other articles/studies.

On the other hand, conditions that cause decreased
production of Plts include virus-induced bone marrow sup-
pression and decreased thrombopoietin (TPO) production.
Not infrequently, several mechanisms may coexist. The
purpose of this review is to present the current state of
knowledge regarding the pathogenesis, diagnosis and treat-
ment of TCP in patients with hepatitis C virus (HCV).

Increased destruction
Auto-antibodies
The relationship between autoimmune disease and TCP in

HCV has been studied by analysis of anti-tissue antibodies
(antinuclear and anti-smooth  muscle antibodies),
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Fig. 1. Pathophysiologic mechanisms of thrombocytopenia.

cryoglobulinemia, rheumatoid factor, and kidney and micro-
somal antibodies.®! Autoantibodies directed against PIt
surface antigens have been identified. These antibodies are
thought to become Plt-associated immunoglobulin G com-
plexes (PAIgG) recognized by macrophages in the spleen or
liver.1! Once recognized by macrophages, premature destruc-
tion of the Plts occurs by phagocytosis within the reticuloen-
dothelial system.'"!* Up to 40% of chronic hepatitis C
patients have autoantibodies® and up to 30% of patients
with chronic ITP have been found to have chronic HCV.1>:16

Nagamine et al.'” compared chronic hepatitis C patients
with chronic hepatitis B patients and controls, with the
purpose of determining the relationship between PAIgG and
PIt counts. Up to 88% of patients with chronic HCV have had
high levels of PAIgG compared to their controls (p<0.01),
with an inverse correlation of Plt levels (p<0.05).2*17 The
PAIgG levels increased with histological progression of hepa-
titis C, further supporting their endpoint. A weakness of the
study is that at the time the study was performed, there was
no assay for detection of Plt-specific autoantibodies; instead,
total PAIgG levels were used. On the other hand, the PAIgG
levels did not correlate with serum IgG levels. The study also
suffered from a small patient population (n<100 per group)
and a lack of measurement of specific autoantibodies.

In another study, two groups of patients, one with low Plt
counts (<150x10°/L) and the other with normal PIt counts,
were studied to determine differences in levels before and
after IFN therapy.!® In addition, that study measured levels
of PAIgG in each subgroup to determine the relationship
between TCP and an autoimmune response. Patients with cir-
rhosis, splenomegaly, chronic alcohol use and other autoim-
mune chronic liver diseases were excluded. At baseline,
PAIgG levels were 181% higher in the TCP group (197.3
+130.2 ng/10” PIt) compared to the non-TCP group (70.9
+31.1 ng/107 Plt) (p<0.01). Although high levels of PAIgG
were found in the TCP group, the study was not designed
specifically to detect the relationship between immune dys-
function and TCP in HCV. PAIgG levels were lower in patients
observed after IFN treatment. Unfortunately, exact numbers/
percentage decreases were not studied and/or reported.
These data are required to establish the existence of HCV-
induced autoimmune responses.

HCV may contribute to or trigger the development of ITP,
mediated in particular by circulating immune complexes.
Pockros et al.'® studied 3440 new HCV cases to determine

the prevalence of new HCV-ITP cases. In that study,
HCV-ITP was diagnosed by the following criteria: the diagno-
sis of HCV either before or concurrent with documentation of
TCP, TCP out of proportion to the severity of the liver disease,
a positive anti-Plt antibody test, and a response to agents
known to be effective in the treatment of ITP (e.g., cortico-
steroids, cyclophosphamide) in patients who required therapy
(six of the seven patients). Within a 54-month interval, there
were seven new HCV-ITP cases associated with antibodies
against GPIIb/IIIa. All of these patients were treated with
steroids initially and only two responded by return to normal
PIt counts. Three required steroids and intravenous immuno-
globulin, and two required cyclophosphamide and splenec-
tomy. Even with these treatments, the PIt counts were still
low and the highest count was only around 50x10°/L. Stat-
istical analyses showed that those differences in HCV-ITP
prevalence were highly significant. However, there were no
data on treatment of the virus itself to determine its effect
on PIt counts and antibody levels. It is important to note
that all patients in the study were also positive for other auto-
immune factors, such as antinuclear antibodies, anti-smooth
muscle antibodies, or cryoglobulins, which are confounding
factors. The study also had a very small patient population,
which reduces its external validity. Overall, it is difficult to
justify the conclusions of the study.

Honma et al.'®° prospectively studied 187 patients who
were treated with direct-acting antivirals. PAIgG levels as
well as PIt counts were measured prior to treatment and
post-treatment. Among the patients, 91.4% had elevated
PAIgG levels before the study. However, only 18.2% of the
patients had TCP, which the study defined as <100x10%/L.
Because of this low cutoff value, the number of individuals
with TCP is likely to have been an underestimate. Among
the 34 thrombocytopenic patients, 97.1% had elevated
PAIgQG levels. That study claimed that 12 and 24 weeks after
end of treatment with direct-acting antivirals, there was a
statistically significant increase in PIt counts and decrease in
PAIgG levels, with the largest change in the individuals who
had the lowest baseline PIt count and highest baseline PAIgG
level (p = 0.021 and p = 0.002, respectively). Their data
showed a statistically significant negative correlation
between PIt count and PAIgG levels before and after direct-
acting antivirals (p<0.001), which supports an autoimmune
role in Plt destruction. However, larger studies are needed to
confirm this conclusion.

Other studies or components of studies dispute the auto-
immune theory of Plt destruction. By measuring PAIgG levels
specifically, Pereira et al.*? studied 35 patients with chronic
liver disease to determine whether anti-Plt antibodies were
involved in the development of TCP. Twenty-three of the
thirty-six patients (64%) had anti-GP IIb/IIIA or Gplb anti-
bodies found by using a specific glycoprotein immunoassay of
IgG bound to those complexes. The specific antibody levels
correlated with elevated levels of PAIgG. However, elevated
levels of PAIgG were not inversely correlated to PIt counts.
The data supported autoimmune destruction of Plts and not
viral suppression. Autoimmune destruction is mediated by
the reticuloendothelial system, whereby phagocytosis of PIt
immune complexes is mediated by Fc receptors.

In another study, 78 patients with chronic HCV but without
other autoimmune diseases were studied to determine the
relationship to PAIgG formation and to compare PAIgG levels
before and after IFN treatment.?® Of these patients, 83.3%
had elevated PAIgG titers (median titer of 400 ng/10” Plt)
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compared to the upper normal value of 100 ng/10” plt. Of
these patients, 23 underwent IFN treatment. Sixteen patients
(69.5%) were responders (sustained virologic response) and
were found to have significantly higher PAIgG titers (622 ng/
107 plt) compared to non-responders (283 ng/10” plt;
p = 0.002). The PIt counts decreased in the responder
group from 195x10%/L to 146x10°/L (p = 0.0001).2° That
study also measured PAIgG levels before and after treatment.
Strengths of the study included exclusion of other autoim-
mune disorders and assessment of the effect of eradication
of HCV on PAIgG levels. These data argue against HCV-
induced autoimmune antibodies leading to PIt destruction
because the PAIQG titers increased while Plt counts decreased
after eradication of HCV. However, the study could have been
improved by evaluating specific effects of IFN on PIt counts
after treatment.

Overall, autoimmune antibodies may be a contributory
factor to TCP but there is not enough evidence to suggest it to
be a sole cause of TCP in most cases of chronic HCV.

Hypersplenism with sequestration

As portal hypertension develops, the spleen enlarges and
resistance to portal flow increases, causing redistribution/
pooling of Plts in the spleen and therefore decreased Plts in
circulation (sequestration).?!22 The incidence of splenome-
galy in cirrhosis has been reported to range from 36-92%,
while the incidence of hypersplenism in cirrhosis ranged
from 11-55%.%% Fig. 2 shows the relationships between
liver cirrhosis, TCP, and hypersplenism.

By application of radiolabeled Plts in patients with spleno-
megaly, it has been shown that the primary site of sequestra-
tion is the spleen rather than the liver. In one study, there was
a 34% increase in Plt sequestration in patients with spleno-
megaly compared to those without. The mean PIt survival
time was also studied and showed a 2.2+0.2 day decrease in
survival time in patients with splenomegaly compared to their
normal controls.?*2> However, rate of sequestration was not
studied, and although the term 'Plt destruction’ was used, the
evidence for this was not clear. There is evidence that PIt
destruction-sequestration caused by hypersplenism is an
autoimmune process. In this case, Plts are bound by anti-PIt
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Fig. 2. Relationships between cirrhosis and thrombocytopenia.
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antibodies and destroyed by macrophages.?*2° In the study
by Sekiguchi et al.,?® 24 patients with HCV cirrhosis were
compared to 17 HCV asplenic cirrhotic patients and 21 non-
HCV cirrhotic patients to determine the relationship between
spleen size, PAIgG, and PIt counts. Individuals with HCV and
splenomegaly had a 61% increase in average PAIgG titers
(247.9+£197) compared to those splenectomized (125.6
+87.8) and non-HCV cirrhosis patients (152.4+127.4).
There was an inverse correlation between PAIgG and PIt
counts. When titers were as high as 400 ng/ 107 cells, the
Pt counts decreased to below 60 x 10°/L. Furthermore, in
patients who were splenectomized, there was no association
with PAIgG and PIt counts, and there was a decreased T cell
response reflected in decreased CD4/CDS8 ratios. Thus, there
appeared to be a relationship between splenomegaly and an
autoimmune form of destruction-sequestration, resulting in
decreased circulation of Plts. Overall, the data from that
study was convincing for this relationship when comparing
three separate groups. However, it was a retrospective
study with the inherent weaknesses of such.

In another study, 209 patients with chronic viral hepatitis
were investigated, of which 85 patients had splenomegaly
and 124 had a normal spleen size. HCV was the etiology in
93% of the cases. Of the patients with splenomegaly, 71%
had TCP. As expected, there was an inverse relationship
between spleen size and PIt count, along with a direct
relationship between spleen size and portal vein diameter.
On the other hand, there was no correlation between liver
fibrosis and spleen size, which was unexpected as progres-
sion to cirrhosis and portal hypertension were expected to
cause splenomegaly. Moreover, in that study, as fibrosis
increased, the PIt count decreased (p<0.001). In the sub-
group of patients with grades 3 and 4 fibrosis without spleno-
megaly, 76% had TCP and the median PIt count was
108-126x10°/L.%” The study had appropriate exclusion crite-
ria and a sufficient number of patients studied, with overall
equal demographics. However, the study only had 34% of
patients with grades 3 or 4 fibrosis, which could have falsely
lowered their results. Overall, this study demonstrated that
splenomegaly leading to sequestration could not be the sole
mechanism of TCP.

Furthermore, studies have shown that there was no
significant difference in PIt counts between patients with
and without splenomegaly. In patients who were already
thrombocytopenic, the Plt counts were significantly different
in those patients with enlarged spleens compared to without
(mean Plt: 77+£26x10° vs. 115+30x10° cells/L
(p<0.0001)).%” Splenomegaly may contribute to TCP but is
often not sufficient to cause TCP.

To examine the relationship between portal hypertension
and Plt counts, studies on patients with transjugular intra-
hepatic portosystemic shunt (TIPS) were undertaken. In one
study, 55 TIPS patients were compared with 110 control
patients to determine the effect of portal decompression on
PIt counts pre- and post-procedure, over 12 months. The
median PIt counts of patients post-TIPS increased by 19.7%
(104x10°/L to 124.5x10°/L), whereas the control Plt counts
decreased by 17.1%.%® The greatest change in PIt counts
occurred in the subgroup that had baseline TCP of
<100%x10°/L. There were 20 TIPS patients and 43 control
patients analyzed due to deaths or loss to follow-up. In that
population, by month 12 post-TIPS, the median PIt counts
increased by 36.8% and PIt counts increased by at least
25% above baseline in every patient in this group. The
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median increase in Plt count was by 26.5x10°/L, whereas in
the moderate TCP group (PIt count 101-149x10°/L) there
was only a 1x10°/L increase. In the control group, the Plt
counts decreased by 14.3%. Also, there was an increase in
PIt counts in patients that had a smaller decrease in portosys-
temic shunt gradient after TIPS (=12 mmHg) compared to
those that had a larger gradient difference (<12 mmHg).%®
Appropriate patient populations were excluded, limiting con-
founding factors for TCP. This was a prospective study with a
control group, which many other studies have lacked.?°:3°
However, only patients with severe TCP showed significant
improvement in PIt counts and no group reached normal
counts. The data from the portocaval shunt gradients lead
to conclusions opposite to that expected based on spleen
size alone. These data support the conclusion that hyper-
splenism with sequestration cannot be the sole mechanism
of TCP.

Decreased production

Bone marrow suppression

Viral bone marrow suppression has been hypothesized to be a
mechanism of development of TCP in chronic HCV patients.
However, data on bone marrow suppression by HCV is
extremely limited. One study compared Plt counts in HCV
patients before and 6 months after IFN therapy. They found
that the post-treatment PIt counts increased by 25% relative
to the baseline value (p = 0.027). Twelve of twenty-two who
responded to IFN therapy with clearance of HCV showed an
increase in Plt count. Yet, in the 10 patients whose HCV did
not respond to IFN, PIt counts decreased by 25%.'% The
improvement in TCP after completion and cessation of IFN
therapy could have been due to elimination of IFN-suppres-
sion of bone marrow or improvement in liver function, as
described in a subsequent section, and not necessarily HCV-
induced bone marrow suppression. A strength of the study is
that cirrhosis and splenomegaly were excluded. This is an
important distinction, as the authors controlled for hyper-
splenism and decreased TPO production as causes of TCP.
However, although they measured TPO antibodies before
IFN treatment of HCV, they did not remeasure levels after
treatment. TPO levels were higher prior to initiation of IFN,
which was expected due to IFN-bone marrow suppression. It
would have been helpful to have data on TPO levels after
treatment of HCV with and without eradication of HCV.
Although this was a relatively small study, it does support
the role of HCV-bone marrow suppression but requires
further confirmation.

Decreased TPO production

In response to an increased demand for Plts, the number and
size of megakaryocytes increase under the stimulation of
TPO, a hematopoietic factor that regulates this response at
various levels. The primary site of TPO mRNA and protein
synthesis is the liver. Lesser amounts are found in the kidney,
brain, and testes. There is no significant storage of TPO. It is
synthesized and immediately released. With persistent TCP,
TPO levels increase exponentially and reach a steady state.
TPO levels increase within 24 hours after the onset of TCP and
levels are inversely and exponentially proportional to the PIt
count. Also, in the absence of Plts, there is little clearance of
TPO by Plts, levels rise, bone marrow megakaryocytes are

stimulated, and PIt production increases. TPO is cleared by
attachment to Plts.3!

As shown in Fig. 3, TPO levels are appropriately high in
aplastic anemia and ITP (due to positive feedback).”32 In
the liver, as fibrosis advances to cirrhosis, liver mass
decreases, resulting in levels of inappropriately low TPO. Adi-
nolfi et al.?” studied 124 patients and compared Plt counts
and TPO concentrations at different stages of fibrosis. The
TPO levels were measured and compared in 54 of those
patients. As shown in Fig. 4, the median TPO levels (pg/mL)
per stage of fibrosis were reported as follows: stage 0-1: 58,
stage 2: 48, stage 3: 36, and stage 4: 27. The median TPO
levels of stage 3-4 fibrosis were significantly lower compared
to stage 0-2 (p<0.001).

One study sought to determine the effect of reducing
hypersplenism by decreasing spleen size after splenic embo-
lization, and improving synthetic liver function by liver trans-
plantation on TCP. A total of 33 cirrhotic patients were
studied, 24 of whom had cirrhosis due to HCV. Compared to
the controls, the cirrhotic cohort had significantly lower TPO
levels (median of 120.7 pg/mL compared to 756.4 pg/mL in
non-cirrhotics) (p<0.001).33 That population was then sub-
divided into two sub-cohorts of 22 patients who underwent
splenic embolization and 11 who had liver transplants. In
the splenic embolization sub-cohort whose spleen size
decreased but had no change in liver mass, TPO levels
increased by 94% and Plt counts increased by 84% at day
90, respectively (TPO on day 0 was 153.7 pg/mL and 282.1
on day 90, p<0.05). PIt counts on day 0 were 50.5x10%/L and
98x10°/L on day 90, p<0.05).33 This is consistent with
decreased PIt sequestration. However, TPO levels unexpect-
edly increased after splenic-embolization. After liver trans-
plantation, which decreased spleen size but increased liver
mass, TPO levels increased by 288% and PIt counts increased
by 175% at day 90 (TPO on day 0 was 43 pg/mL and 166.9 on
day 90). PIt counts on day 0 were 56x10%/L and 154x10°/L
on day 90, p<0.05).33 With liver failure, TPO levels are inap-
propriately low prior to transplantation. After transplantation,
spleen size is decreased, and the synthetic function of the
liver increased. With normalization of Plt counts at 90 days,
TPO levels were found to be appropriately increased from
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baseline. It would be helpful to have had a longer study period
to determine if TPO levels returned to normal at later points
after transplantation. In this study, it is difficult to conclude
that decreased TPO production is the leading cause of TCP.
However, it seems likely that the combination of decreased
TPO production and splenic sequestration due to splenome-
galy from portal hypertension are involved in the pathogene-
sis of TCP, rather than hypersplenism alone.

Eltrombopag, an oral TPO-receptor agonist, has been
shown to increase PIt counts in hepatitis C patients without
reducing portal hypertension or splenomegaly.>* Eltrombo-
pag interacts with the trans-membrane domain of the TPO
receptor, activating JAK2/STAT signaling pathways and
increasing proliferation and differentiation of human bone
marrow progenitor cells into megakaryocytes. McHutchison
et al.3* studied 45 chronic HCV cirrhotic patients and their
median PIt counts over 112 days. The selection of patients
was based on the following inclusion criteria: Plt count less
than 70x10%/L, diagnosis of chronic HCV, and evidence of
compensated cirrhosis (through either liver biopsy, imaging,
or endoscopic evidence of portal hypertension). Exclusion cri-
teria included a history of thrombosis, pregnancy, or coinfec-
tion with hepatitis B or human immunodeficiency virus. Study
patients received either varying doses of eltrombopag or
placebo. If Plt counts increased above 70x10°/L, those indi-
viduals were eligible to be treated with IFN per investigator’s
discretion. It was found that as the IFN dose increased, PIt
counts decreased. However, with eltrombopag treatment,
counts never declined below the minimum threshold neces-
sary for treatment. This study showed that eltrombopag can
increase PIt counts allowing patients to be treated for longer

periods of time and at higher IFN doses. The study was a
multicenter, double-blinded, centrally randomized, inten-
tion-to-treat analysis, and placebo-controlled with an effec-
tive power for the primary endpoint of increasing baseline Plt
count to 100x10%/L. During the study, eltrombopag was dis-
continued if Plts reached 200x10°/L and was then reinitiated
if they dropped again below 100x10%/L. Another point that
supports the conclusions was that the controls’ PIt counts
never increased more than the treated groups, even after
pegylated-IFN treatment. However, there were adverse
events (62 events and 7 serious events reported), which
can complicate the use of eltrombopag for chronic HCV.
Overall, the study not only showed an effective treatment
for TCP in chronic HCV, but also substantiated the pathophy-
siological mechanism of decreased TPO production leading to
TCP in this population.

Sanjo et al.>> compared patients with chronic hepatitis,
liver cirrhosis and controls. They concluded that their TPO
levels were not significantly different. However, their PAIgG
levels were elevated up to 144.6+113.6 ng/10” cells (com-
pared to the controls which had levels of 18.9+2.5 ng/10”
cells, p<0.001), thus supporting autoimmune mechanisms
of TCP. However, they also reported that the liver volumes
between the three cohorts were not significantly different,
suggesting that the healthy liver mass producing TPO was
not significantly different as well. This suggested that low
TPO was not a major cause of TCP in this population, and
that TPO deficiency cannot be the sole factor in the develop-
ment of TCP. However, this conclusion is not completely jus-
tified because changes in liver volumes were not measured. If
there were no differences in liver volume between the
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controls and the chronic hepatitis/cirrhosis groups, that would
suggest only patients with low stages of fibrosis were enrolled
in this study.

Treatment

At present, four TPO-agonists (eltrombopag, romiplostim,
avatrombopag and lusutrombopag) have been approved for
HCV-related TCP.343-3° Eltrombopag, as mentioned above,
is an orally active TPO-agonist that increases differentiation of
bone marrow progenitor cells leading to production of mega-
karyocytes.3%364% Romiplostim is a polypeptide composed of
four TPO mimetic peptides that dimerize TPO, leading to
increase Plt production.3®3”7 The two newest medications,
avatrombopag and lusutrombopag, are both non-peptide
oral TPO agonists.3® By July 2019, the USA’s Federal Drug
Administration and European Medicines Agency had approved
all medications, except romiplostim, for treatment of TCP in
chronic HCV patients.*1™#® Eltrombopag and romiplostim
were additionally approved for ITP.#*2 Studies on the use
of eltrombopag, including large phase 3 randomized, con-
trolled, open-labeled studies called ENABLE-1 and ENABLE-
2, have primarily focused on improving Plt counts in order
to improve ribavirin and IFN HCV therapy.3#**7:48 The effect
of eltrombopag on PIt count was studied in a phase 1 trial;
however, neither chronic HCV nor thrombocytopenic popula-
tions were included.*® Eltrombopag shows potential benefit
for invasive procedures or surgery in patients with TCP due
to liver disease.

Romiplostim, on the other hand, was studied over 90 days
preoperatively in 35 patients with chronic liver disease and
TCP secondary to HCV infection.3” The goal of that study was
to improve PIt counts greater than 70x10°/L in order to allow
the patient to undergo surgical interventions. The patients in
that study were refractory to other standard treatment (e.g.,
PIt transfusion, folic acid, antioxidants), non-splenectomized,
and scheduled for non-emergent surgical procedures. Mean
PIt counts increased more than three-fold over baseline after
3 weeks of therapy, and remained at least one and a half
times above the baseline even 2 months after discontinuation
of the drug. PIt counts peaked at days 18 to 39, with a
maximum level of 99x10°/L. However, the study was a
small, single-center study in Egypt, limiting extrapolation of
data from this specific demographic to others around the
world. Another disadvantage of the reported data is that it
took weeks of treatment to achieve a positive change. The
study did show that all the patients who failed other treat-
ments responded to romiplastin, and only two patients
failed to meet their target PIt count. There were also no
reported adverse effects or serious events within 60 days of
the surgeries.3” There appears to be great potential in the use
of TPO-agonists for increasing Plt counts for invasive proce-
dures, and this led to two large randomized control studies
that tested the use of avatrombopag and lusutrombopag prior
to elective procedures.3® Avatrombopag and lusutrombopag
have been studied for the primary purpose of reducing pre-
procedural Plt transfusions. Up to 88% and 65% of patients in
each trial reached this goal, respectively. Their secondary
endpoint was to determine whether PIt counts increased to
above 50x10°/L, which was also achieved in up to 69% and
68% of patients on procedure day, respectively.*°°° A
strength of that study was the patient population and
placebo group. A weakness of the study included restriction
to severe TCP (Plt counts <50x10°/L), which was also the Plt

transfusion criterion. Further studies on the use of these med-
ications for chronic HCV-TCP population at moderate levels as
well as severe levels for chronic elevation of PIt counts are
needed. Furthermore, long-term benefit and risks need to
be determined.

To evaluate possible virus-induced bone marrow suppres-
sion, Moussa and Mowafy>3” performed bone marrow biopsies
on patients with HCV who were due for surgery. Samples were
taken on days 0 and 90. On day 0, no patient had hypocellular
bone marrow, thus indirectly showing that HCV did not cause
decreased production of megakaryocytes. On day 90, there
were five patients who began with a hypercellular state and
changed to a normocellular state. Four patients changed in
the opposite direction. Again, no patient had hypocellular
marrow, which again showed that neither HCV nor romiplos-
tim had significant effect on bone marrow production at this
point of therapy.

Other TPO-agonists have been studied including interleu-
kin 11, AMG-531 and PEG-TPOmp, non-peptide compounds
like AKR-501, monoclonal antibodies, synthetic recombinant
human TPO, pegylated-recombinant human megakaryocyte
growth and development factor, recombinant human eryth-
ropoietin, danazol, and L-carnitine.36:>1">3 There are insuffi-
cient data to draw meaningful conclusions, and more clinical
trials are needed.

Discussion

Currently, although several TPO-agonists are approved by the
Federal Drug Administration and available, not all societal
guidelines have recommended their routine use. For
example, neither the American Association for the Study of
Liver Diseases nor the Infectious Diseases Society of America
have specific HCV TCP guidelines. However, the 2019 Amer-
ican Gastroenterological Association Clinical Update states,
as part of their best practice guidelines, that TPO receptor
agonists should be used for treatment of TCP in cirrhotic
patients if the patient has sufficient time for the agent to be
effective.>® In addition, there is no recommendation for
routine measurement of TPO before or during treatment.

It would seem to be beneficial to check TPO levels prior to
use of a TPO-agonist to determine if the patient actually
requires further megakaryocyte stimulation or not. It would
be ineffective and wasteful to treat patients who already have
high levels of TPO, and could expose patients unnecessarily to
side effects.

TPO-agonists have reversible side effects as well as long-
term effects. It is important to note that there have been
studies that have associated a high incidence of thromboem-
bolic events, including portal vein thrombosis, with the use of
eltrombopag.®®>°® There were initial concerns for bone
marrow fibrosis and increased risk of malignancy due to the
constant stimulation of stem cells/megakaryocytes. However,
after 10 years of observation of eltrombopag and romiplos-
tim, this has not been found.>® On the other hand, rebound
TCP after abrupt discontinuation of romiplostim has been
reported3! as well as cataracts and aminotransferase eleva-
tions with eltrombopag use.>® Due to these side effects and
limitations, other TPO-agonists, avatrombopag and lusutrom-
bopag, have been developed.

At this time, the use of these new medications must be
limited to elective procedures, as they require at least 5 to 7
days to increase PIt counts. PIt counts also quickly decline
after initial dosing,*°-°° so patients would require intermittent
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or continuous use of the medication for long-term elevation of
PIt counts. The risks of long-term elevation of PIt counts in this
population are not known. On the other hand, the benefits of
using these drugs to avoid surgery in high-risk surgical
patients with low PIt counts can be substantial. In addition,
such therapy could decrease the number of pre-procedural
transfusions, thus reducing cost, risk of allergic reactions,
and acquired infections. Data on successful treatment of
TCP prior to surgery in patients with liver disease are convinc-
ing. Future studies will be needed to determine the long-term
effects and the expansion of the use of avatrombopag and
lusutrombopag.

Conclusions

The pathogenesis of TCP in chronic HCV patients is multi-
factorial and multifaceted. Four general pathogenic mecha-
nisms have been proposed. Two mechanisms deal with
increased destruction which include autoimmune antibody
PIt destruction and hypersplenism with sequestration. Two
mechanisms involve decreased production, including virus-
induced bone marrow suppression and decreased TPO pro-
duction. Of these, virus-induced bone marrow suppression
has the least support. There are data supporting the coex-
istence of several mechanisms causing TCP due to chronic
HCV and cirrhosis. More research is needed to better under-
stand the factors involved in development of TCP in patients
with liver disease and for the production of other agents with
differing mechanisms of action in the treatment of TCP.
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