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Abstract. The aim of the present study was to evaluate and
compare the treatment efficacy and cost of two therapies,
splenectomy and thrombopoietin, in order to optimize the
treatment plans for patients with HCV-associated cirrhosis.
A prospective randomized controlled trial was conducted
on 69 patients with a platelet count <60,000/mm? that were
enrolled between 2009 and 2013, including 38 cases as the
research group and 31 cases as the observed group. The study
included two stages: A 4-week initial treatment and a 48-week
antiviral treatment, during which a number of parameters were
evaluated, including platelet count, liver stiffness measure,
albumin, total bilirubin, alanine aminotranferase and treat-
ment cost-effectiveness. Of the 38 patients, 21 underwent a
splenectomy and their platelet counts increased to 60,000/mm?
after the 4-week initial treatment. The patients then started a
48-week P-R antiviral treatment, and 18 cases completed the
treatment. In addition, 17/38 patients received thrombopoietin
as a drug therapy. The platelet counts in 15 cases increased
to >60,000/mm? and the patients received antiviral treatment,
among which 9 cases completed the second treatment stage.
The expense of the splenectomy group treatment was higher
compared with that received by the thrombopoietin group.
The results of the present study indicated that splenectomy
was more effective at increasing platelet count. More splenec-
tomy patients completed the full course of antiviral treatment
and presented a sustained virologic response, compared with
the thrombopoietin group. Therefore, splenectomy may be
more expensive compared with thrombopoietin; however, the
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improved efficacy suggests that on balance it is the preferable
treatment option.

Introduction

Thrombocytopenia is a common complication of chronic liver
disease and is considered to be an indicator of an advanced
disease stage (1-3). Thrombocytopenia in patients with chronic
hepatitis, indicated by a platelet count of <60,000/mm?, has
been associated primarily with two factors. One of these
factors is hypersplenism resulting from splenomegaly in
portal hypertension (4). Hypersplenism appears to be the most
common cause of thrombocytopenia associated with liver
cirrhosis and portal hypertension (5). The second mechanism
is associated with the reduced production of thrombopoietin,
a hormone produced by hepatocytes, which regulate the
development of the megakaryocyte (5). In cirrhosis, due to the
reduction in the mass of functioning hepatocytes, there may
be a reduction of thrombopoiesis in the bone marrow, causing
thrombocytopenia in the peripheral blood (6,7).

In numerous situations, patients with thrombocytopenia
that are infected with hepatitis C virus (HCV) cannot be
treated with peginterferon and ribavirin (P-R) due to a low
platelet count, which may jeopardize the treatment. P-R is a
routine treatment in HCV patients with thrombocytopenia
and the only antiviral treatment available to these patients
in China, as protease inhibitors are not approved (8). This is
because oral anti-HCV drugs, such as protease inhibitor, are
not typically covered by insurance schemes in China and are
often prohibitively expensive for Chinese individuals. In the
present study, splenectomy and thrombopoietin were used as
two potential treatments to increase platelet count and assist
patients in completing a full course of antiviral treatment.
Furthermore, the negative effects and cost of the two methods
were compared, with the aim of identifying the optimal
therapy for patients in clinical treatment.

Materials and methods

Patients.Between June 2009 and May 2013, a total of 134 inpa-
tients with HCV-associated compensated liver cirrhosis that
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were treated at the 302 Hospital of PLA (Beijing, China)
were enrolled in the present study. The enrolled patients
had indications of conditions requiring antiviral treatment,
but had received no previous antiviral therapy. Among
the initial 134 patients, 69 patients had a platelet count of
<60,000/mm?, of which 38 patients (Child-Pugh score A, 32;
Child-Pugh score B, 6) were allocated to the research group
and the other 31 patients to the observed group (9). All the
patients supplied written informed consent. Eligible patients
that had chronic HCV infection (defined as the presence of
anti-HCYV antibodies and detectable serum HCV RNA levels,
as determined using a clinically-available assay selected by
the investigator), compensated liver disease and thrombocy-
topenia (defined as a platelet count of <60,000/mm?) were
treated with antiviral treatment for 48 weeks. Cirrhosis of
patients was met according to the hepatitis C cirrhosis diag-
nosis standard (10). Patients were excluded if they exhibited
operative contraindication, absolute contraindications of
interferon therapy or thrombocytopenia as a result of hema-
tological system disease.

Written informed consent was obtained from all patients
and the patient data was anonymized and de-identified prior to
analysis. The study was approved by the Ethics Committee of
the 302 Hospital of PLA (Beijing, China) and was conducted
in accordance with the ethical standards formulated in the
Declaration of Helsinki.

Study design. The present study was conducted as a prospec-
tive randomized controlled trial and was divided into two
stages: Initial treatment phase and antiviral treatment phase,
as described in a previous study (11). A total of 38 patients that
met the eligibility criteria were randomly assigned to the sple-
nectomy (n=21) and thrombopoietin (3SBio, Inc., Shenyang,
China) (n=17) groups. A further 31 patients were allocated
to the observed group and treated with glycyrrhizin injec-
tion (100 ml per day; North China Pharmaceutical Co., Ltd.,
Shanghai, China), wuzhi capsule (3 capsules, twice per day;
HYGIEN, Sichuan, China) and thymopentin injection (10 mg
per day; Beijing SL Pharmaceutical Co., Ltd., Beijing, China).

Initial treatment phase. Patients received splenectomy or
were administered thrombopoietin (15,000 units each time;
subcutaneous injection), once per week or as determined
by physicians according to patient platelet levels (Fig. 1).
Parameters assessed to determine safety were prothrombin
time, alanine aminotransferase, aspartate amino transferase,
blood albumin, neutrophil count, creatinine clearance rate and
hemoglobin, using an XE2100 hematology analyzer (Sysmex
Shanghai Ltd., Shanghai, China) and an AU5800 biochemical
analyzer (Beckman Coulter, Inc., Tokyo, Japan). Tolerability
indices included fatigue, insomnia and depression. Patients
that completed the initial treatment phase were subsequently
administered antiviral treatment with peginterferon (Pegasys;
Roche Diagnostics, Basel, Switzerland) and ribavirin (Biejing
SL Pharmaceutical Co., Ltd., Beijing, China) if they attained a
predefined platelet count of =60,000/mm?. The control group
included 31 patients (23 men and 8 women) with an average
age of 55 years (age range, 39-70 years). Patients in the control
group did not receive treatments such as thrombopoietin and
P-R.
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Figure 1. Randomization and follow-up of the study patients.

Antiviral treatment phase. Peginterferon (180 ug peginter-
feron alfa-2a per week) and ribavirin (15 mg/kg body weight
per day) were administered for 48 weeks concomitantly with
hematological, biochemical and other safety assessments. If
the treatment was insufficiently effective or caused severe side
effects, antiviral treatment was immediately discontinued.
Treatment follow-up was scheduled for 24 weeks after the final
P-R treatment. Throughout the antiviral treatment phase, in
accordance with the product labels for these approved thera-
pies, the dose of P-R was reduced by 50% if the platelet count
had decreased to 25,000-50,000/mm?® and was discontinued
completely if the platelet count was <25,000/mm?. Data were
obtained in the form of questionnaire, including work income
during hospitalization and lost income of accompanying
family members, food and accommodation costs.

Statistical analysis. All statistical analyses were conducted
using SPSS software, version 17.0 (SPSS, Inc., Chicago,
IL, USA). The primary efficacy end-point was defined as
an increase in the platelet count from the original value to
>60,000/mm? following the 4-week initial treatment phase.
Secondary end-points included those associated with safety,
tolerability and the ability to continue P-R therapy during the
antiviral treatment phase. The analyses included all patients
that were randomly assigned to the splenectomy and throm-
bopoietin groups and received at least one treatment course of
P-R. However, data for 2/69 patients (3%) that were enrolled
into the study were excluded from the analysis of the primary
end-point, since their platelet count remained at <60,000/mm?
after treatment.

The primary end-point was analyzed with the use of
multiple logistic-regression analysis. Research group patients
were compared with the observed group patients using a closed
testing procedure. The global null hypothesis of no significant
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Characteristic Splenectomy (n=21) Thrombopoietin (n=17)
Age, years

Median 52 57

Range 40-66 42-63
Gender, n (%)

Male 17 (81) 14 (82)

Female 4 (19) 3(18)
Platelet count, /mm?

Median 39,000 39,000

Range 21,000-59,000 19,000-57,000
Liver stiffness, kPa

Median 199 19.7

Range 12.6-31.2 13.4-29.7
HCYV RNA load, IU/ml 5.1x10°+2.3x10° 4 9x10°+2 .4x10°
HCV genotype, n (%)

1b 16 (76) 12 (71)

2a 5024) 5(29)
Alanine aminotransferase, IU/1 48.3+19.6 479+15.3
Aspartate aminotransferase, [U/1 50.7+22.6 52.1+16.3
Total bilirubin, gmol/l 21.1+124 19.8«13.5
Child-Pugh score, n (%)

A 17 (81) 15 (88)

B 4 (19) 2(12)

Plus-minus values are presented the mean + standard deviation. No statistically significant differences were observed in characteristics between

two study groups (P>0.05). HCV, hepatitis C virus.

difference was tested between the two groups. The criterion
for stopping the study early was a two-sided P-value <0.0001,
based on the O'Brien-Fleming adjustment for a group sequen-
tial design, from an interim analysis of the efficacy data (12).
P<0.05 was considered to indicate a statistically significant
difference.

Results

Patient characteristics. A total of 69 patients were included
in the study between 2009 and 2013, among which 38 patients
were randomly assigned to the research group. Among these
38 patients, 21 underwent a splenectomy and 17 received
thrombopoietin (Fig. 1). A further 31 patients were allocated
to the observed group and treated with glycyrrhizin, legalon,
Chinese herbs and thymic peptide. The demographic and
baseline clinical characteristics of the research groups were
well-balanced, with no statistically significant differences
between the groups (Table I). The median patient ages were
52 years (range, 40-66 years) and 57 years (range, 42-63 years)
for the splenectomy and thrombopoietin groups, respectively,
and >80% of the patients were men.

The median original platelet count was 39,000/mm? (range,
19,000-59,000/mm?) and all platelet counts were <60,000/mm?
(Table I). However, in 2/38 patients, the platelet count was

not successfully increased to =60,000/mm? following treat-
ment, which was considered a violation of the study inclusion
criteria. Therefore, the data for these 2 patients were excluded
from the analysis of the antiviral treatment phase; however,
they were included in the safety analysis as the patients
received the various study therapies. The observed group
(control group), that received no treatments such as thrombo-
poietin and P-R, had a platelet count of 36,000/mm? (range,
23,000-56,000/mm?). During the 72-week observed period, the
results showed 5 cases of mortality, 4 cases of upper digestive
tract bleeding, 1 cases of hepatic encephalopathy and 3 cases
of hepatocellular carcinoma.

Efficiency
Initial treatment phase. The receipt of splenectomy or
thrombopoietin increased platelet counts to =65,000/mm?
at week 4 in all patients, with the exception of two patients
that received thrombopoietin (P<0.005 for overall treatment
effect; Table II). A total of 18 patients (86%) that underwent a
splenectomy had platelet counts of =100,000/mm? at all time
points during the initial treatment phase, thus follow-up to the
antiviral treatment required cautious observation.

Antiviral treatment phase. Overall, 36/38 patients
proceeded to the antiviral treatment phase, including 21/21
patients (100%) that received a splenectomy and 15/17 (88%)
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Table II. Median platelet counts at the initial treatment phase and the end of the antiviral treatment phase.

A, End of initial treatment phase

Variable

Splenectomy (n=21)

Thrombopoietin (n=17)

Platelet count®,/mm?
Median
Range
Difference from baseline®
Median, /mm?
Range, /mm?
>60,000/mm?, n (%)
Responders/total patients, n (%)
>100,000/mm?

204,000
74.,000-365,000

68,000
29,000-89,000

155,000 25,000
33,000-335,000 6,000-42,000
21/21 (100) 15/17 (88)
18/21 (86) 0/17 (0)*

B, End of antiviral treatment phase

Variable

Splenectomy (n=21)

Thrombopoietin (n=17)

Platelet count
No. patients, n (%)
Median, /mm?
Range, /mm?
Difference from baseline, /mm?
Median
Range

54,000-251,000

-3,000-198,000

18 (86)
96,000

9 (53)
56,000
44.,000-92,000
68,000 16,000
-7 000-60,000

1P<0.005 for patients whose platelet count increased to 60,000/mm? in the splenectomy and thrombopoietin groups at the end of the initial

treatment phase.
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Figure 2. Median platelet counts and the number of patients that completed
the 72-week observed period. W, week.

that received thrombopoietin (Fig. 1). The platelet counts of
these 36 patients all attained the prespecified threshold for
entry into the antiviral treatment phase (=60,000/mm?) and
therefore P-R-based therapy was initiated (Fig. 1).

On an intention-to-treat basis, the first 12 weeks of anti-
viral therapy were completed by 21/21 patients that underwent
a splenectomy (100%) and 11/15 patients that received throm-
bopoietin (73%; Fig. 2). Platelet counts in the splenectomy and

thrombopoietin groups decreased during the antiviral treatment
phase, but remained consistently above baseline values, with a
nadir of >60,000/mm? (Fig. 2). In total, 18/21 patients (86%)
from the splenectomy group and 9/11 patients (82%) from the
thrombopoietin treatment group completed the 48-week anti-
viral treatment phase. At all time points during the antiviral
treatment phase, platelet counts in the splenectomy group were
high and remained elevated compared with the level at which
a reduction in the P-R dose is recommended (<50,000/mm?).
During the 72-week observed period, the percentage of
completed antiviral treatment was 85.7% (P=0.0636), the
rapid virological response was 28.6% (P=0.3879), the early
virological response was 76.2% (P=0.0272) and the sustained
virologic response (SVR) was 61.9% (P=0.0416) in splenec-
tomy group, whereas the values in the thrombopoietin group
were 52.9, 11.8, 35.3 and 23.5%, respectively. In addition, the
differences in liver stiffness measure, albumin, total bilirubin
and alanine aminotransferase are presented in Fig. 3.

Safety and tolerability. During the 4-week initial treatment
phase, headache was reported in 5 and 24% of patients that
underwent splenectomy or received thrombopoietin, respec-
tively (Table IIT). Other common adverse events in the two
research groups were upper abdominal pain, pyrexia, rash
and nausea. During the subsequent antiviral treatment phase,
the incidence of adverse events was similar between the two
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Table ITI. Common adverse events during the initial treatment
phase and the antiviral phase [n (%)].

Splenectomy  Thrombopoietin
Events (n=21) (n=17)
Initial treatment phase
Any 16 (76) 12 (71)
Headache 1(5) 4 (24)
Upper abdominal pain 5(24) 0 (0)
Pyrexia 6 (29) 4 (24)
Nausea 4 (19) 1(6)
Rash 0(0) 3 (18)
Antiviral treatment phase
Any 20 (95) 14 (93)
Influenza-like illness 13 (62) 11 (73)
Fatigue 8 (38) 6 (40)
Headache 3(14) 9 (60)
Arthralgia 3(14) 4.(27)
Depression 2 (10) 2 (13)
Myalgia 3(14) 2 (13)
Nausea 3(14) 4 (27)
Anemia 12 (57) 10 (67)
Pyrexia 8 (38) 10 (67)
Diarrhea 4 (19) 3(20)
Irritability 54) 4.(27)
Pruritus 3(14) 5(33)
Rash 2 (10) 7 (47)

The general and each project incidence of adverse reaction had no
significant difference in two stages of treatment.

Table I'V. Reasons for not completing therapy [n (%)].

Splenectomy Thrombopoietin
Variable (n=21) (n=17)
Patients 3(14) 8 (47)
Wuxiao 1(5) 1(6)
Platelet count 0(0) 4 (24)
Fatigue 1(5 2 (12)
Depression 1(5) 0 (0)
Rash 0(0) 1(6)

research groups. The adverse events most commonly reported
during this phase were influenza-like illness, anemia, fatigue,
pyrexia and irritability, all of which are known side-effects of
P-R-based therapy (13,14).

During the entire study, 24 patients reported adverse events
and 5 patients reported serious adverse events. These serious
events included ascites and depression in the splenectomy
group, as well as severe asthenia, rash and upper gastroin-
testinal bleeding in the thrombopoietin group, resulting in
the patients discontinuing therapy. Among these patients,
3 patients discontinued the P-R treatment, 1 due to ineffective
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Table V. Cost-effectiveness analysis at the percent of initial treatment and the end of the antiviral treatment.

Variable

Splenectomy (n=21)

Thrombopoietin (n=17)

Initial treatment phase

Cost, RMB (Yuan)

Effectiveness, %

Incremental cost-effectiveness, AC/AE
Antiviral treatment phase

Cost, RMB (Yuan)

Effectiveness, %

Incremental cost-effectiveness, AC/AE

59,000 (49,000-78,000)

85,000 (78,000-93,000)

16,000 (9,800-31,000)
100 88
3,583

126,000 (102,000-157,000)
86 53
879

RMB, Renminbi; AC/AE, increase of cost/increase of effect ratio.

treatment and 2 due to serious adverse effects, including fatigue,
skin itching or severe skin rash. Furthermore, 6 patients in the
thrombopoietin group stopped treatment, 1 due to inefficacy,
2 due to severe fatigue of and 3 due to low platelet counts.
Furthermore, 1 patient in the splenectomy group developed
liver cancer following SVR and ceased therapy 7 months later.
In addition, the Child-Pugh score of 4 patients (splenectomy,
3; thrombopoietin, 1) changed from A to B after the 48-week
therapy, and from B to A in another 3 patients in the throm-
bopoietin group prior to antiviral treatment. The causes for
patients discontinuing the treatment are presented in Table I'V.

Cost. As the enzyme inhibitor drugs are not typically covered
by insurance schemes in China and are often prohibitively
expensive, splenectomy, thrombopoietin and internal medi-
cine are the three primary methods used for the treatment of
compensatory cirrhosis associated with HCV and complicated
with thrombocytopenia in China. Cost and efficacy are crucial
factors for patients when selecting a treatment option. During
the initial treatment phase the median cost of splenectomy was
59,000 RMB (range, 49,000-78,000 RMB) and the rate of effec-
tiveness was 100%. During the antiviral treatment phase, the
median cost was 85,000 RMB (range, 78,000-93,000 RMB)
and the effectiveness was 86% (Table V). A total of 31 patients
in the observed group were uncertain factors such as ascites
and bleeding caused by the treatment with glycyrrhizin,
legalon, Chinese herbs and thymic peptide. The median cost
of treatment was 95,000 RMB (range, 37,000-190,000 RMB).
However, follow-up analysis of the observed group after
72-week revealed that 6 patients exhibited decompensa-
tion, 3 patients had large ascites, 2 patients presented upper
gastrointestinal bleeding, 1 case had hepatic encephalopathy
and 3 cases had developed hepatocellular carcinoma. In addi-
tion, the Child-Pugh Score of 1 patient changed from A to B,
and those of another 6 patients turned from B to A. The cost
included all expenses incurred during the hospitalization
period, including the living expenses of the patient and accom-
panying persons.

Discussion

Thrombocytopenic patients with chronic HCV infection are
poor candidates for antiviral treatment with P-R (15); however,

there is little information concerning the eligibility for treat-
ment of patients with platelet counts of <60,000/mm?. In the
present study, 36/38 patients exhibited a response to splenec-
tomy or thrombopoietin, with an increase in platelet count
to 260,000/mm?® during the initial treatment phase. These
patients completed 48 weeks of antiviral treatment with P-R
and 24-week follow-up, during which time their platelet count
was monitored.

Splenectomy is a safe, efficacious and cost-effective
intervention for patients with compensatory cirrhosis associ-
ated with HCV. The International Consensus panel and the
revised American Society of Hematology guidelines suggest
deferral of splenectomy for as long as possible or to at least
until 12 months of disease duration in patients with severe
disease (16,17). This caution is based on several concerns,
including the high spontaneous remission rate, long-term
risk for overwhelming post-splenectomy infection, increasing
available medical alternatives (such as thrombopoietin
agonists), and more recent concerns for vascular or hyperco-
agulable delayed complications (16-21).

Thrombopoietin, which is also known as megakaryocyte
growth and development factor, is a protein that is encoded
by the thrombopoietin gene in humans (22). Patients with
cirrhosis usually exhibit thrombocytopenia in discrete levels.
The mechanism of thrombocytopenia is hypothesized to
involve the splenic sequestration and destruction of platelets,
impaired bone marrow generation and diminished hepatic
thrombopoietin synthesis (23).

The most commonly observed side effects of splenectomy
and thrombopoietin during the initial treatment phase were
headache, upper abdominal pain, pyrexia, nausea and rash;
these effects were of insufficient severity to require discon-
tinuation of the antiviral treatment (24). In the present study,
no evidence of a dose-response association with respect to the
occurrence of adverse events was observed in the antiviral
treatment phase, during which the reported side effects were
consistent with those associated with P-R-based therapy (11).

During the initial treatment phase, significant increases
in platelet count were observed in each research group as
compared with the original count. The primary end-point
(platelet count of 260,000/mm?® at week 4) was attained in
100 and 88% of patients in the splenectomy and thrombo-
poietin groups, respectively. During the subsequent antiviral



phase, platelet counts decreased, which may be due to the anti-
platelet effect of P-R; however, the platelet counts remained
consistently above the baseline levels.

The results of the present study indicate that splenectomy is
more effective treatment for thrombocytopenia compared with
thrombopoietin for facilitating the subsequent completion of
antiviral therapy in patients with compensatory cirrhosis asso-
ciated with HCV. In the splenectomy group, more patients were
able to receive a full course of antiviral therapy and achieved
an SVR. Follow-up demonstrated that the patients were in good
condition. Side effects were observed in the two groups due
to the P-R treatment or other factors, depending on each indi-
vidual's physical condition. However, the expenses incurred by
patients in the splenectomy group were higher than those in the
thrombopoietin group due to the surgery fees, artificial nursing
fees and other associated costs. In general, the therapeutic
efficiency of the treatment is the highest priority for patients,
and cost is the second priority, as long as it is within acceptable
levels. Currently, splenectomy is considered a good thrombo-
cytopenia treatment for assisting the completion of antiviral
therapy in patients with compensatory cirrhosis associated with
HCV. However, for patients that are able to afford the expenses
associated with, the application of ribavirin therapy may result
in higher efficacy with reduced risk.
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