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Abstract

BACKGROUND

Chronic liver disease (CLD) related thrombocytopenia increases the risk of bleeding and
poor prognosis. Many liver disease patients require invasive procedures or surgery, such
as liver biopsies or endoscopic variceal ligation, and most of them have lower platelet
counts, which could aggravate the risk of bleeding due to liver dysfunction and
coagulation disorders. Unfortunately, there is no defined treatment modality for CLD-
induced thrombocytopenia. Recombinant human thrombopoietin (rhTPO) is commonly
used to treat primary immune thrombocytopenic purpura and thrompocytopenia caused
by solid tumor chemotherapy; however, there are few reports on the use of rhTPO in the

treatment of CLD-related thrombocytopenia.

M B
2
To evaluate the efficacy of rhTPO in the treatment of patients with CLD-associated

thrombocytopenia undergoing invasive procedures.

METHODS




All analyses were based on the retrospective collection of clinical data of patients with

CLD who were treated in the Department of Infectious Diseases at The First Affiliated
Hospital of Soochow University between June 2020 and December 2021. Fifty-nige male
and 41 female patients with liver disease were enrolled in this study to assess the changes
in platelet counts and parameters before and after the use of rhTPO for
thrombocytopenia. Adverse events related to treatment, such as bleeding, thrombosis,

and disseminated intravascular coagulation, were also investigated.

RESULTS

Among the enrolled patients, 78 (78 %) showed a platelet count increase after rhTPO use,
while 22 (22%) showed no significant change in platelet count. The mean platelet count
after thTPO treatment in all patients was 101.53 + 81.81 x 10%/L, which was significantly
improved compared to that at baseline (42.88 + 16.72 x 10%/L), and this difference was
statisticallyéignjficant (P < 0.001). In addition, patients were further divided into three
subgroups according to their baseline platelet counts (< 30 x 10°/L, 30-50 x 10?/L, > 50 x
10%/L). Subgroup analyses showed that the median platelet counts after treatment were
significantly higher (P < 0.001, all). Ninety (90%) patients did not require platelet
transfusion partially due to an increase in platelet count after treatment with rhTPO. No
serious adverse events related to rhTPO treatment were observed. Overall, thTPO

demonstrated good clinical efficacy for treating CLD-associated thrombocytopenia.

CONCLUSION
rhTPO improved platelet count, reduced the risk of bleeding, and decreased the platelet
transfusion rate, promoting the safety of invasive procedures and improving overall

survival of patients with CLD.
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Core Tip: Recombinant human thrombopoietin (rhTPO), commonly used to treat
primary immune thrombocytopenic purpura and thromboa!topenia caused by solid
tumor chemotherapy, has not been extensively investigated in the treatment of chronic
liver disease (CLD)-related thrombocytopenia, where there is an increased risk of
bleeding and a poor prognosis, especially in patients undergoing invasiée procedures or
surgery. Our retrospective study evaluates the efficacy of rhTPO in the treatment of
patients with CLD-associated thrombocytopenia undergoing invasive procedures.
Overall, thTPO demonstrated good clinical efficacy by improving platelet count,
reducing bleeding risk, decreasing the platelet transfusion rate, promoting the
probability of tolerance to receive invasive management, and improving overall survival

of patients with CLD.




INTRODUCTION

A platelet count of < 150 x 10°/L in circulation is defined as thrombocytopenialll. The
major causes of thrombocytopenia include hematological diseases, bone marrow
suppression after chemotherapy for malignant tumors, drug-induced thrombocytopenia,
and chronic liver disease (CLD). The incidence rate of thrombocytopenia caused by CLD
varies in different studies, with the average morbidity ranging from 6%-78%2. As CLD
progresses, the degree of thrombocytopenia worsens. Patients with end-stage liver
disease often experience serious complications. An extremely low platelet count
aggravates the risk of bleeding and has a poor prognosisBl. Manyd)atients with CLD
require invasive procedures or surgeries, such as liver biopsies, endoscopic variceal
ligation, endoscopic injection sclerotherapy and transjugular intrahepatic portosystemic
shunt for varices, saenectomy for hypersplenism, hepatectomy for liver cancer, and non-
liver surgery. The risk of bleeding during invasive procedures in patients with CLD._is
associated with platelet count, coagulopathy status, and the type of procedure. An
increased risk of bleeding with invasive procedures has been reported in patients with
CLDI, and there is no defined treatment modality for CLD-induced thrombocytopenia.
Recombinant human thrombopoietin (rhTPO) is commonly used to treat primary
immune thrombocytopenic purpura (ITP) and thrombggytopenia caused by solid tumor
chemotherapy; however, there are few reports on the use of rhTPO ip_the treatment of
CLD-related thrombocytopenia. We aimed _to analyze the efficacy of rhTPO for the

treatment of CLD-related thrombocytopenia to provide a reference for clinical treatment.

MATERIALS AND METHODS

clusion and exclusion criteria
Clinical data of 100 patients with CLD treated in the epartment of Infectious Diseases
at The First Affiliated Hospital of Soochow University between June 2020 and December
2021 were retrospectively collected. The inclusion and exclusia criteria were based on

consensus and guidelines!*3! for the diagnosis and treatment of chronic viral hepatitis,

alcoholic liver disease, autoimmune hepatitis, cirrhosis, and hepatocellular carcinoma.




The inclusion criteria were as follows: (1) patients over 18 years of age with CLD,
cirrhosis, or liver cancer caused by different factors; (2) platelet count < 50 x 10?/L or
requiring increase based on clinical judgment; and (3) an thTPO dose of 300 U/kg per
day with a medication duration of at least five days. The exclusion criteria were as
follows: (1) thrombocytopenia caused by platelet inhibitors, linezolid, chloramphenicol,
vancomycin, sulfonamides, fluoroquinolones, or other drugs; (2) thrombocytopenia
caused by tumor chemotherapy; (3) thrombocytopenia caused by severe infection; (4)
thrombocytopenia caused by hematological diseases; (5) pseudothrombocytopenia and
idiopathic thrombocytopenia, such as when blood samples are collected in
ethylenediﬁlinetetraacetic acid tubes; and (6) thrombotic disease in the past six months,
including pulmonary embolism, portal vein thrombosis, and deep venous thrombosis.
The study was reviewed by the ethics committee of The First Affiliated Hospital of

Soochow University, and ethical approval was obtained (2020 Ethics Approval No. 216).

atu collection
Clinical data were collected retrospectively, including sex; age; etiology of liver diseases;
tine blood tests, such as hemoglobin levels, platelet (PLT) count, platelet crit (PCT),
platelet volume (MPV), and platelet distribution width (PDW); routine biochemical tests
such as for total bilirubin (TBIL), serum albumin; routine blood coagulation tests, such as
prothrombin time (PT), fibrinogen; other indicators, such as changes in vital signs during
treatment; complications such as hepatic encephalopathy and ascites; and platelet
transfusion rate. Adverse events related to treatment such as bleeding, thrombosis, and
disseminated intravascular coagulation were also collected. All patients underwent
Child-Pugh scoring according to laboratory examination results, imaging data, and
clinical manifestations. We also performed subgroup analyses according to different

baseline platelet levels, Child-Pugh grades, and medication duration.

g:! tistical methods




All data were analyzed using SPSS version 25.0. Normally distributed data are expressed
as mean *_SD. Non-normally distributed data are expressed as median and quartile
ranges. To compare measurement data between two groups, thﬁ-test or Wilcoxon rank
sum test was used depending on whether data conformed to a normal distribution. The
paired f-test or Wilcoxon signed rank test was used to compare changes in intra-group

riables. Counting data are expressed as frequency and percentage, and the Pearson c?
test or Fisher’s exact probability test was used for comparison between two groups.
Unless otherwise stated, all treatment effect tests were performed at a bilateral

significance level of 0.05. P < 0.05 was considered statistically significant.

RESULTS
A total of 100 patients were reviewed in this study, including 59 n and 41 women, with
a mean age of 58.48 +13.90 years. Analysis of the etiology of CLD among the patients are
shown in Table 1. Ninety-five patients had already been diagnosed with liver cirrhosis
(LC) before enrollment. The mean duration of CLD was 11.54 years. Among the enrolled
patients, the mean hemoglobin and serum albumin levels were 93.44g/L and 30.23 g/L,
and the median of TBIL, fibrinogen and PT levels were 61 pmol/L, 1.50 g/L and 16.20 s,
respectively, suggesting that CLD patients always accompany with liver dysfunction. As
for complications related to liver disease, 21 (21%) patients had hepatic encephalopathy
and 56 (56%) had ascites. During the treatment period, 90 (90%) patients did not receive
PLT transfusions. From baseline to post-treatment, 4 (4%) patients had anorexia and
fatigue and 2 (2%) had low-grade fever (temperature < 38 °C). No serious adverse events
related to rhTPO treatment, such as infection, bleeding, or thromboembolism were
observed (Table 1).

Routine blood test results at baseline and post-treatment (within 10 d after drug
withdrawal) were analyzed. PLT count increased significantly after treatment compared
with that at baseline (42.88 + 16.72 vs 101.53 + 81.81 x 10°/L, Table 2), and PLT count
increased on average by 58.65 + 79.24 x 10?/L. Among the enrolled patients, 78 (78%)

showed PLT count increased after rhTPO, and 22 (22%) showed no significant change in




PLT count. The paired sample f-test was used to further analyze the data of the two
groups. The PLT count and PCT levels increased significantly after treatment (P < 0.001,
Table 2).

population was divided into three groups according to the baseline PLT count, with 25

Subgroup analysis was performed based on baseline PLT counts. The overall

patients with PLT counts < 30 x 10°/L in group I, 43 with PLT counts of 30-50 x 10°/L in
group II, and 32 with PLT counts of >50 x 10°/L in group III. Changes in PLT count and
PCT before and after treatment were analyzed (Tables 3 and 4, Figure . Regardless of
baseline PLT count, the overall PLT count increased in post-treatment compared to that
before treatment, and the difference was statistically significant (P < 0.05).

The efficacy of treatment was evaluated according to the different Child-Pugh
Grades. The PLT count after rhTPO treatment was higher than that before treatment,
regardless gf the Child-Pugh grades (Table 5, Figure 1B). The average medication
duration of Child-Pugh grade A, B and C patients were 6.75 +1.99,11.81 + 5.84, and 13.14
+ 6.73 d, respectively. All patients were grouped according to the medication duration,
with 31 patients with seven days in group A, 38 patients with 8-14 d in group B, 22
patients with 15-21 d in group C and 9 patients with 22-28 d in group D. The mean
treatment duration with rhTPO was 12 d in all enrolled patients. Patients in each group
were analyzed at baseline, during treatment, and post-treatment periods (Table 6-9,
Figure 1C), focusing on PLT count and treatment-related adverse events. The PLT count
of patients with CLD showed an overall upward trend following rhTPO treatment

(Figure 2).

DISCUSSION

A common complication of CLD in the blood is thrombocytopenia. The incidence of

thrombocytopenia caused by CLD varies across different studies. The average prevalence

of thrombocytopenia in CLD is about 6%; however, when the disease progresses to LC,
q-coholic liver

the morbidity can reach 78 %[2l. Apart from viral hepatitis, the incidence of a

disease and non-alcoholic fatty liver disease is gradually increasing, and immune




hepatitis and drug-induced liver dysfunction also account for some cases of CLD. In this
study, the mean duration of liver disease in enrolled patients was 11.54 years, and 95%
of them had already progressed from CLD to LC. Viral hepatitis is the most common
cause of cirrhosis-induced thrombocytopenia. In our study, 41 (41%) cases of CLD with
thrombocytopenia were caused by hepatitis B or C viral infection.

CLD-associated thrombocytopenia has complicated mechanisms, and the reduced
production, excessive destruction, and abnormal distribution of PLT are all involved. A
decrease in thrombopoietin (TPO) levels is the leading cause of thrombocytopenia. TPO
is a hematopoietic growth factor that exerts its biological effects by binding to specific c-
Mpl receptors on the surface of megakaryocytes and PLT; it regulates the proliferation,
differentiation, and internal replication of megakaryocytes and modulates PLT-specific
proteins and circulating PLT concentration!®l. Thus, TPO can stimulate PLT production
and increase peripheral blood PLT count. In addition, TPO acts on hematopoietic stem
cells to protect_and regulate the hematopoietic stem cell pool. It cooperates with
erythropoietin, stem cell factor, interleukin-3, and granulocyte colony stimulating factor
to promote the proliferation of erythroid and granulocyte progenitor cells and stem cells
to enter the proliferation cyclel”8l. TPO is mainly synthesized in liver parenchymal and
sinusoidal cells and also in the bone marrow and kidneys!’l. TPO level in peripheral blood
decreases with liver malfunction persists, which is particularly manifested in CLD and
LCR101 Hypersplenism is another classic cause of thrombocytopenia in patients with LC.
The larger the spleen, the more blood cells are retained in the spleen and the more
obvious the decrease in blood cell count in peripheral circulation.

In patients with CLD and LC, mild (50-100 x 10°/L) thrombocytopenia is often not
complicated by serious bleeding risk. Treatment may be suspended temporarily without
the need for invasive operations the occurrence of complications, such as
esophagogastric varices. Moderate (20-50 x 10%/L) and severe (< 20 x 10%/L)
thrombocytopenia are independent risk factors for poor prognosis in advanced CLDI!L.
Oliver et all’2l compared the mortality of patients with CLD undergoing non-liver surgery

to that of patients without CLD, and found that the odds of mortality were 1.8-3.3 times




higher in patients with CLD [odds ratio of bleeding 2.0 (1.8-2.3)]. Owing to the high risk
of bleeding, symptomatic treatment, such as PLT transfusion and the use of TPO analogs
and TPO receptor agonists, is often required according to the etiology and changes in the
patient’s condition. PLT transfusion carries the risk of PLT antibody production, which
results in resistance to subsequent PLT transfusionsl'3l. Moreover, PLT transfusion still
has potential risks!'], such as infectious diseases caused by blood transfusion, fever,
allergic reactions, and hemolytic reactions. Besides, PLT transfusions have a limited effect
on CLD, with PLT counts increasing by approximately 10 x 10°/L after transfusion[!51¢l,
while PLT transfusions can increase PLT count by 30 x 109/L in healthy patients[17l. In
this study, 90% patients did not receive PLT transfusion, partially because of increases in
their PLT count after rhTPO treatment. Romiplostim and eltrombopag are widely used
TPO receptor agonists. However, owing to the risk of thromboembolic adverse events!'s],
these drugs are not suitable for use in patients with CLD. rhTPO is a full-length
glycosylated TPO expressed by Chinese hamster ovary cells and purified via gene
recombination technology. Because its characteristics are similar to those of endogenous
TPO, rhTPO has similar pharmacological effects on PLT levels. The drug was approved
for use in China for the treatment of thrombocytopenia caused by chemotherapy for solid
tumors and ITP. In_our study, rhTPO had a positive effect on CLD associated with
thrombocytopenia, and no serious adverﬁeffects were observed. The results suggest that
rhTPO could improve the platelet count and reduce the risk of bleeding in patients with
CLD, also increase the probability of tolerance to receive invasive management, such as
liver surgery, liver biopsy, and artificial extracorporeal liver support, to improve clinical
benefits in patients. The PLT count increased in 78 patients after treatment with rhTPO,
and there was no significant change in the PLT count of 22 patients, including 13 with
end-stage LC, six with liver cancer, and three with severe liver dysfunction. Due to the
ineffectiveness of rhTPO in these patients, specific mechanisms were speculated: (1) Bone
marrow suppression is caused by CLD. CLD caused by hepatitis viruses [such as the
hepatitis C virus (HCV)] inhibits PLT production in the bone marrow, resulting in

thrombocytopeniall. In a study by Zhang et all'?l, the core envelope of HCV was highly




homologous with the PLT membrane glycoprotein GPIlla49-66 and induced
thrombocytopenia in the form of molecular modeling, which may be the reason for HCV-
related LC associated with thrombocytopenia. Recently, a retrospective analysis/2)l also
showed a significant increase in PLT count after virus elimination in patients with HCV-
related CLD or LC. In addition, alcohgl inhibits the formation of hematopoietic cells,
increase mage, and changes the morphology and function of hematopoietic cells
through direct toxicity to the bone marrow and peripheral blood(?!]; (2) CLD-induced
production of PLT antibodies, such as PLT-associated immunoglobulin G (IgG)
antibodies and autoantibodies against PLT membrane proteins. PLT-associated IgG and
PLT glycoprotein autoantibody levels increase in patients with LC[22]. In patients with
liver disease, autoantibodies against PLT surface antigens accelerate the consumption of
PLTs in the spleen and trigger rapid destruction[?3. Kajihara et all2!] found that patients
with LC or ITP had similar anti-PLT membrane Glycoprotein IIb IIh (GP IIb IIk) antibody
responses. The frequency of stimulation of GP IIb Illa antibody to produce B cells in
patients with LC is even higher than that in patients with ITP, suggesting that
autoantibody-mediated PLT destruction is partly involved in LC-related
thrombocytopenia. Similarly, Wada ef allZ3Ifound that B cells produced by anti-GP IIb Illa
antibodies may predict the efficacy of TPO agonists in patients with CLD or LC; (3)
Thrombocytopenia caused by CLD is complicated by infection. Thrombocytopenia
produced by megakaryocytes in the bone marrow is the main cause in CLDI2. Patients
with CLD exhibit impaired immune function and are immunocompromised. Various
factors, such as liver dysfunction, intestinal bacterial translocation, and increased portal
and systemic shunt, increase the risk of infection®l, especially with tumors and end-stage
LC, making patients prone to severe infection and even sepsis. Moreover, infection can
promote disease progression and increase mortality in patients with CLD. Bone marrow
suppression caused by infectious agents is common in clinics. Sepsis accounts for
approximately 50% of all cases of thrombocytopenia in severe patients(2l. In patients with
sepsis, the pathogenesis of thrombocytopenia is often related to an imbalance in the host

responsel?], such as an increase in cytokine levels, enhancement of vascular endothelial




cell activity, and serious loss of vascular integrity. PLTs are activated by inflammatory
factors and bacterial products, causing a cascade reaction of coagulation and promoting
the excessive consumption of PLTs.

Additionally, this study showed that thTPO significantly improved PLT counts and
PCT levels in enrolled patients compared with the values baseline levels, regardless of
the duration of medication or the Child-Pugh grade. PCT level can be used as a parameter
to predict advanced fibrosis and cirrhosis. It mainly refers to the percentage of PLTs in
the peripheral blood volumel?l In this study, PCT levels increased after rhTPO
administration compared to those before administration. A possible reason is that PCT
can be expressed as the product of PLT count and MPV and increases with PLT count.
MPV and PDW reflect PLT size and function, respectively. They can be used as indicators
of inflammatory responses in vivo and reflect PLT activation. Large PLTs are more likely
to produce inflammatory factors and prethrombotic substances, which promote
inflammatory reactions and thrombosis in the body. In this study, the differences
between baseline and post-treatment MPV and PDW were not statistically significant,
suggesting that rhTPO mainly affected PLT counts and had little effect on MPV and PDW

indices.

CONCLUSION

In conclusion, rhTPO was effective in the treatment of CLD-associated
thrombocytopenia, with no serious adverse events related to treatment, suggesting good
medication safety and providing a new approach for the treatment of CLD-related
thrombocytopenia. As such, thTPO can prevent hemorrhagic events and provide
opportunities for safer invasive procedures or other non-liver surgeries, which can
improve the overall survival for patients with CLD. Moreover, the administration_of
rhTPO could reduce the need for PLT transfusions and the risks associated with it/3]. This
study has some limitations. Firstly, it was a retrospective study. The sample size was
small and limited to one region. The follow-up duration was short; thus, we could not

assess the long-term effects. Owing to the generally low PLT count in the enrolled




patients, there was a lack of data on the collection of PLT parameters. In future studies,
more comprehensive data are needed, including body mass index, medication history,
and long-term follow-up evaluation after treatment, to further prove the efficacy and

safety of thTPO in CLD-related thrombocytopenia.

ARTICLE HIGHLIGHTS

Research backgrou
Thrombocytopenia is a common complication in chronic liver disease (CLD), promoting
a high risk of bleeding and a poor prognosis, especially in patients undergoing invasive

procedures or surgery.

Research motivation

Recombinant human thrombopoietin (rhTPO) is commonly used to treat primary
immune thrombocytopenic purpura and thrombocyto&enia caused by solid tumor
chemotherapy, and has not been extensively investigated in the treatment of CLD-related

thrombocytopenia.

earch objectives
2
This study aimed to evaluate the efficacy of rhTPO in the treatment of patients with CLD-

associated thrombocytopenia undergoing invasive procedures.

Resegrch methods .

1
This retrospective analysis of clinical data of patients with CLD assessed the changes in
platelet counts and parameters before and after the use of rhTPO for thrombocytopenia.

Subgroup analysis was performed according to different characteristics, such as platelet

levels. Adverse events related to treatment were investigated.

Research results




Among the enrolled patients, 78 (78 %) showed an elevation in platelet count after rhTPO
use. The mean platelet count after rhTPO treatment in all patients was 101.53 + 81.81 x
10%/L, which wasg_significantly improved compared to that at baseline (42.88 + 16.72 x
10%/L), and this difference was statistically significant (P < 0.001). Subgroup analysis also
showed the same result. Ninety (90%) patients did not require platelet transfusion

partially due to an increase in platelet count after treatment with rhTPO.

Research conclusions
rhTPO was effective in the treatment of CLD-associated thrombocytopenia, suggesting
good medication safety and promoting the safety of invasive procedures and improving

overall survival of patients with CLD.

Research perspectives
rhTPO could be a new approach for the treatment of CLD-related thrombocytopenia that
will promote clinical benefits in patients with CLD who are undergoing invasive

procedures.
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