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Baseline thrombopoietin level 
is associated with platelet count improvement 
in thrombocytopenic chronic hepatitis C 
patients after successful direct‑acting antiviral 
agent therapy
Yen‑Chun Chen1,2, Ping‑Hung Ko1, Chi‑Che Lee3, Chih‑Wei Tseng1,2† and Kuo‑Chih Tseng1,2*† 

Abstract 

Background:  Thrombocytopenia can rapidly improve in chronic hepatitis C (CHC) patients receiving direct-acting 
antiviral agents (DAA). The role of baseline (BL) thrombopoietin (TPO) in this phenomenon is unclear.

Methods:  From June 2016 to February 2019, a total of 104 CHC patients receiving DAA, with a sustained virologic 
response and BL thrombocytopenia, at Dalin Tzu Chi Hospital, were enrolled in this retrospective study. Significant 
platelet count improvement and platelet count improvement ratio were analyzed for correlation with BL TPO.

Results:  This cohort included 40 men (38.5%). Seventy-two (69.2%) patients had advanced fibrosis. The platelet 
count [median (range)] increased from 110.5 (32–149) × 103/µL at BL to 116.5 (40–196) and 118.0 (35–275) × 103/µL at 
end of treatment (EOT) and 12 weeks after EOT (P12), respectively, (EOT vs. BL, P < 0.001; P12 vs. BL, P < 0.001). BL TPO 
was positively correlated with significant platelet count improvement (P < 0.001), platelet count improvement ratio 
at EOT (P = 0.004), and P12 (P < 0.001). The area under the receiver operating characteristic curve and optimal cutoffs 
(pg/ml) were 0.77 (95% confidence interval, 0.67–0.86) and 120, respectively, for significant platelet count improve‑
ment prediction. The sensitivity, specificity, and accuracy were 88.6%, 71.7%, and 78.8%, respectively.

Conclusions:  BL TPO level might be a useful marker for predicting significant platelet count improvement in throm‑
bocytopenic patients after successful DAA therapy.
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Background
Thrombocytopenia (defined as < 150 × 103/μL) in patients 
with chronic liver disease (CLD) is relatively common, 
especially in chronic hepatitis C (CHC)-infected patients. 

The prevalence is about 6% in CLD patients, 24% in CHC 
patients, and up to 78% in cirrhotic patients [1–3]. Sus-
tained virologic response (SVR), achieved by interferon-
based therapy, for CHC-related advanced liver fibrosis 
improves thrombocytopenia after a long-term follow-
up [4, 5]. This was thought to be associated with an 
improved fibrosis stage and portal hypertension [4, 5]. 
Reportedly, thrombocytopenia rapidly improves in CHC 
patients receiving direct-acting antiviral agents (DAA) 
[6–10]. However, this improvement, within short-term 
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follow-up, is less likely due to changes in the fibrosis stage 
[11]. It suggests that factors other than fibrosis may play 
important roles, such as hypersplenism, thrombopoietic 
cytokines, antiplatelet antibody, or direct effect from 
hepatitis C virus (HCV) via suppressing hematopoiesis 
[3, 12–17].

Thrombopoietin (TPO), a thrombopoietic cytokine, 
is involved in megakaryocyte maturation and platelet 
production [18]. TPO is primarily produced in the liver 
and its level is affected by liver fibrosis stage and platelet 
turnover [3, 13–15, 19]. This partly accounts for throm-
bocytopenia in CLD patients [3]. TPO mimetics have 
been shown to improve platelet count in thrombocyto-
penic CLD patients [20].

Data on the relationship between TPO and rapid 
thrombocytopenia improvement after DAA therapy has 
not been well reported. Hence, this study investigated 
the association between baseline (BL) TPO and platelet 
count improvement after HCV clearance.

Methods
Patient selection
CHC-infected patients with BL thrombocytopenia (plate-
let count < 150 × 103/µL), who underwent DAA treat-
ment with SVR at Dalin Tzu Chi Hospital from June 2016 
to February 2019, were screened in this retrospective 
study. All patients had been positive for anti-hepatitis C 
antibody for more than 6  months and had detectable 
serum HCV RNA levels at the time of entry into the 
study. Treatment duration and regimen were based on 
guidelines [21–24]. Patients without SVR, patients with 
concurrent DAA and anticancer therapy, patients who 
passed away before 12  weeks after end of treatment 
(P12), patients with treatment interruption, patients lost 
to follow-up before P12, patients with incomplete medi-
cal records, or patients without informed consent were 
excluded. A total of 104 patients were enrolled in the 
study (Fig. 1). The study conformed to the ethical guide-
lines of the Declaration of Helsinki 1975, with prior 
approval by the Ethics Committee of Dalin Tzu Chi Hos-
pital (approval number B10704013). Informed consent 
was obtained.

Clinical monitoring
For all patients, blood tests, including serum aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), 
total bilirubin, creatinine, hemoglobin, white blood cell, 
and platelet counts, and HCV RNA, were checked at the 
hepato-gastrointestinal outpatient clinic at BL, end of 
treatment (EOT), and P12. We defined significant plate-
let count improvement as a > 10% platelet count improve-
ment ratio at P12, compared to that at BL. The platelet 

count improvement ratio was defined as [platelet count 
(EOT or P12)–platelet count (BL)]/platelet count (BL).

Abdominal sonography was also conducted before, 
during, or after DAA treatment as recommended [21, 
24]. Hepatic fibrosis was evaluated using the noninvasive 
fibrosis-4 (FIB-4) test [22]. Advanced fibrosis was defined 
as FIB-4 > 3.25 [22]. Fatty liver diagnosis was based on 
abdominal ultrasound results, including hepatorenal 
echogenicity contrast, liver brightness, deep attenuation, 
and vessel blurring [25]. Splenomegaly was diagnosed 
when the spleen length of the long axis was more than 
11  cm [26]. All ultrasonographic images were stored as 
photographs.

Other clinical factors, including chronic hepatitis B 
status, hepatocellular carcinoma (HCC), and alcoholism, 
were recorded by chart review. Alcoholism was defined 
as alcohol consumption of more than 40 g/day [27]. HCC 
was diagnosed either by biopsy or by imaging in the set-
ting of liver cirrhosis [23]. Chronic hepatitis B was diag-
nosed if a patient had seropositivity for the hepatitis B 
surface antigen for at least 6 months.

HCV quantification and genotyping
Serum HCV RNA was quantified at BL, EOT, and P12 
using the COBAS AmpliPrep/COBAS TaqMan HCV 
Test, v2.0 (Roche Diagnostics, Rotkreuz, Switzerland), 
with a lower limit of quantification of 15  IU/mL. HCV 
genotyping was performed using the COBAS HCV GT 
(Roche Diagnostics).

Thrombopoietin assay
TPO was measured in BL serum samples with a sand-
wich enzyme-linked immunosorbent assay (ELISA; 
FineTest, Wuhan, China), following the manufacturer’s 

Fig. 1  Flow diagram used in building this study cohort
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recommendations [28]. Samples were stored at − 40 °C 
until analyzed. The lower detection limit of the TPO 
assay was 18.75  pg/mL. Additionally, quality control 
samples were included in each assay.

Statistical analyses
The commercial statistical software package (SPSS for 
Windows, version 22) was used for all statistical analy-
ses. Continuous variables were presented as median 
and range. The chi-square or the Fisher’s exact test 
was used for nominal variables. Continuous variables 
were compared using the Student’s t-test or the Mann–
Whitney U test, when applicable for two independent 
groups. The Spearman’s rank correlation coefficient 
was used to examine factors associated with platelet 
count improvement. A receiver operating characteristic 
(ROC) curve was used to calculate the TPO predictive 
value for patients with significant platelet improve-
ment. P < 0.05 was considered significant in all analyses.

Results
Baseline characteristics of thrombocytopenic CHC patients
A total of 104 patients were included in the analysis. BL 
characteristics are shown in Table 1. This cohort included 
40 men (38.5%) and the median age was 66.1 (60.1–74.2) 
years. Most patients were infected with the HCV geno-
type 1 (n = 71, 68.3%). Of the patients in the cohort, 72 
had advanced fibrosis (69.2%) and 28 had a history of 
HCC (26.9%). Sofosbuvir/ledipasvir (SOF/LDF) (n = 34, 
32.7%), paritaprevir/ritonavir/ombitasvir with dasabuvir 
(n = 27, 26.0%), elbasvir/grazoprevir (EBR/GZR) (n = 10, 
9.6%), and sofosbuvir/daclatasvir (n = 9, 8.7%) were the 
most commonly used DAAs.

Clinical factors associated with significant platelet count 
improvement
Changes in the median platelet count from BL to P12 are 
shown in Fig.  2. The median(range) platelet count was 
110.5 (91.2–132.7) × 103/µLat BL and increased to 116.5 
(90.7–147.2) and 118.0 (90.5–149.0) × 103/µL at EOT 
and P12, respectively. The platelet level was statistically 

Table 1  Baseline characteristics of  chronic hepatitis C patients with  thrombocytopenia with  or  without significant 
platelet count improvement

ALT, alanine aminotransferase; AST, aspartate aminotransferase; eGFR, estimated glomerular filtration rate; AFP, alpha-fetoprotein; FIB-4, fibrosis-4; HCC, hepatocellular 
carcinoma; TPO, thrombopoietin
a  Data are expressed as median (range)

Variable All patients (n = 104) With significant platelet count 
improvement (n = 44) (42.3%)

Without significant platelet count 
improvement (n = 60) (57.7%)

P-value

Age (years)a 66.1 (37–88) 64.4 (46–84) 67.8 (37–88) 0.33

Male (%) 40 (38.5%) 12 (27.3%) 28 (46.7%) 0.066

Alcoholism (%) 5 (4.8%) 2 (4.5%) 3 (5%) 1.00

Fatty liver 29 (27.9%) 14 (31.8%) 15 (25.5%) 0.510

ALT(U/L)a 75 (20–492) 71.5 (20–448) 75.0 (20–492) 0.603

AST(U/L)a 54 (10–431) 43.5 (10–410) 58.5 (23–431) 0.194

Albumin (g/dL)a 4.1 (3–5) 4.0 (3–5) 4.1 (3–5) 0.532

Total bilirubin (mg/dL)a 0.80 (0–3) 0.9 (0–2) 0.8 (0–3) 0.971

e-GFR (ml/min/1.73 m2)a 75.7 (4.5–132.1) 75.5 (4.5–118.0) 76.0 (11.9–132.1) 0.594

Platelet (× 103/µL)a 110.5 (32–149) 115.5 (32–149) 106.5 (41–148) 0.932

Prothrombin time (INR)a 1.1 (0.9–1.3) 1.1 (1.0–1.3) 1.1 (0.9–1.3) 0.203

AFP (ng/mL)a 6.0 (2–253) 7.2 (2–253) 5.1 (2–219) 0.064

Baseline HCV viral load (IU/mL)a 1.35 × 106 (176–35.8 × 106) 1.63 × 106 (1890–32.8 × 106) 1.13 × 106 (176–35.8 × 106) 0.453

HCV genotype 1 (%) 71 (68.3%) 32 (72.7%) 39 (65.0%) 0.523

Interferon experienced (%) 31 (29.8%) 16 (36.4%) 15 (25.0%) 0.278

HBV co-infection (%) 5 (4.8%) 2 (4.5%) 3 (5%) 1.00

FIB-4a 4.2 (1.05–20.17) 3.6 (1.05–19.92) 4.9 (1.32–20.17) 0.175

Advanced fibrosis (%) 72 (69.2%) 26 (59.1%) 46 (76.7%) 0.085

HCC history (%) 28 (26.9%) 10 (22.7%) 18 (30.0%) 0.504

Splenomegaly (%) 38 (36.5%) 12 (27.3%) 26 (43.3%) 0.104

Ascites (%) 9 (8.4%) 1 (2.3%) 8 (12.7%) 0.075

TPO (pg/mL)a 132.3 (32.0–3944.0) 172.2 (70.0–3944.0) 74.8 (32.0–3850.0)  < 0.001
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significant at EOT and P12, compared to that at BL (EOT 
vs. BL, P < 0.001; P12 vs. BL, P < 0.001).

Forty-four patients (42.3%) showed significant platelet 
count improvement. The BL characteristics of patients 
with and without significant platelet count improvement 
are shown in Table 1. No variables, including age, gender, 
alcoholism, presence of fatty liver, liver function tests, 
HCV viral load, advanced hepatic fibrosis status, and pre-
vious HCC history, were significantly different between 
both groups. BL platelet count [115.5 (32–149) vs.106.5 
(41–148) × 103/µL, P = 0.932) was also not significantly 
different between both groups.

Factors associated with baseline TPO levels
BL TPO levels in CHC patients, with and without signifi-
cant platelet count improvement, were 172.2 (70–3944) 
and 74.8 (32–3850) pg/ml, respectively (Table  1). The 
difference was statistically significant (P < 0.001). The 
TPO level in those with and without splenomegaly was 
79.1 (32–1247) and 148.75 (40–3944) pg/ml (P = 0.002), 
respectively. The TPO level between advanced and non-
advanced hepatic fibrosis was 115.7 (38–3944) vs. 133.1 
(32–3644) pg/ml (P = 0.719), respectively.

The BL TPO was positively correlated with the platelet 
count improvement ratio at EOT (ρ = 0.282, P = 0.004) 
and P12 (ρ = 0.502, P < 0.001). The BL TPO levels 
was also positively correlated with significant platelet 
count improvement in different genotype (genotype 1: 
P < 0.001; non-genotype 1: P = 0.016) and liver fibrosis 

severity (FIB-4 ≤ 3.25: P = 0.002; FIB-4 > 3.25: P = 0.001). 
We used ROC analysis to test TPO levels to determine 
the cutoff value for predicting significant platelet count 
improvement among these patients (Fig.  3). The area 
under the ROC curve for TPO to predict platelet count 
improvement was 0.765 (95% confidence interval, 0.670–
0.861). TPO levels higher than 120  pg/ml could predict 
significant platelet count improvement, with sensitiv-
ity, specificity, and accuracy of 88.6%, 71.7%, and 78.8%, 
respectively.

Discussion
This study showed that overall platelet counts were sig-
nificantly increased in thrombocytopenic CHC patients 
after successful DAA treatment. BL TPO is positively 
associated with significant platelet count improve-
ment and platelet count improvement ratio. BL TPO 
level > 120  pg/ml can predict significant platelet count 
improvement.

BL TPO can be positively associated with significant 
platelet count improvement. BL TPO is also correlated 
with platelet count improvement ratio at EOT and P12 
(ρ = 0.282, P = 0.004 and ρ = 0.502, P < 0.001 at EOT and 
P12, respectively). In addition, this positive association 
existed both in different genotypes (genotype 1 and non-
genotype 1 in this study) and different liver fibrosis sever-
ity (non-advanced fibrosis: FIB-4 ≤ 3.25 and advanced 

Fig. 2  Overall platelet count change (median with confidence 
interval) at BL, EOT, and P12. The median (range) platelet count 
was 110.5 (91.2–132.7) × 103/µL at BL and increased to 116.5 
(90.7–147.2) × 103/µL and 118.0 (90.5–149.0) × 103/µL at EOT and P12, 
respectively. It was statistically significant at EOT and P12, compared 
to the BL platelet levels (EOT vs. BL, P < 0.001 and P12 vs. BL, P < 0.001). 
BL: baseline; EOT: end of treatment; and P12: 12 weeks after EOT

Fig. 3  Receiver operating characteristic (ROC) curve of 
thrombopoietin (TPO) stratifying CHC-related thrombocytopenic 
patients, with significant platelet count improvement. Area under the 
curve for TPO in these patients was 0.765 (95% confidence interval, 
0.670–0.861)
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fibrosis: FIB-4 > 3.25). This association between BL TPO 
and platelet count improvement may be related to the 
splenic size and fibrosis stage. Previous studies have dem-
onstrated that a higher TPO is related to a smaller spleen 
size [29, 30] and less hepatic fibrosis [13–15, 19, 31]. In 
our study population, it was shown that those without 
splenomegaly had significantly higher TPO levels. How-
ever, analysis of the TPO levels between non-advanced 
and advanced fibrosis patient groups showed no signifi-
cant difference. TPO alone may not truly reflect synthe-
sis function of the liver because it is produced by the 
liver at a constant rate and removed from circulation by 
TPO receptors on megakaryocytes and platelets [32, 33]. 
Platelet turnover also affects TPO level [3, 34]. We did 
not check platelet turnover; therefore, the low TPO level 
might be attributed to either poor liver function or high 
platelet turnover. Another likely reason is that we clas-
sified non-advanced or advanced hepatic fibrosis by the 
FIB4 score; some patients in the advanced fibrosis group 
may actually have non-advanced hepatic fibrosis. The 
actual reason requires further studies checking platelet 
turnover and using liver biopsy as a classification method 
for TPO level analysis in different fibrosis stages.

Though we knew baseline TPO was positively corre-
lated to the platelet count change, the cut-off value was 
unclear. Therefore, we used ROC test and found the base-
line TPO level > 120 pg/ml was associated with significant 
platelet count improvement. The sensitivity is 88.6%, and 
specificity is 71.7%, with accuracy being 78.8%. Hence, 
when thrombocytopenia is observed in untreated CHC 
patients, this cut-off value may be helpful in predict-
ing who would have significant improvement after DAA 
therapy within short-term follow-up (P12).

In the current study, BL TPO levels were not correlated 
with BL platelet count (ρ = 0.054, P = 0.587). This result 
was also corroborated by other studies [19, 29, 30]. It is 
reasonable to see this phenomenon because absolute 
platelet count is affected by TPO, spleen size, autoim-
mune status, megakaryocyte mass in bone marrow, and 
the aforementioned viral effect [16, 29]. We also found 
that the TPO level (32–3944 pg/mL) in patients was more 
variable, compared to the normal population (81.3–237.7 
or 19.25–377.75  pg/ml) [29, 35]. This suggests that the 
ability of our patients to produce or destroy TPO dif-
fered significantly. Although some patients, with liver 
disease, had higher TPO levels, the elevation was mostly 
inadequate, compared with thrombocytopenic patients 
due to other diseases such as aplastic anemia or chemo-
therapy-induced thrombocytopenia [31]. In patients with 
early stage liver fibrosis, TPO production may increase 
to partly compensate for the decreased platelet count; 
those with more advanced fibrosis or liver cirrhosis pro-
duce relatively and inappropriately low TPO [13–15, 

19, 31]. Moreover, other factors such as hypersplenism, 
may offset the positive effect of elevated TPO. Congested 
spleen contains a large platelet mass, which would bind 
to, internalize, and destroy TPO [30, 36]. We found that 
those with splenomegaly had significantly lower TPO 
than those without splenomegaly. A negative association 
between TPO level and spleen size was also reported by 
other studies [29, 30], but there was a study revealing no 
correlation between them [19]. These differences may be 
due to the relatively small number of cases in these stud-
ies and patient selection criteria.

This study found that the only factor associated with 
significant platelet count improvement was high BL 
TPO. Other BL characteristics were not related to such 
changes after DAA therapy. This was partly different 
from our previous study [8]. Our previous study showed 
that moderate to severe fatty liver and low BL platelet 
count could predict significant platelet count improve-
ment. The most likely reasons were that some differences 
existed in the previous study, compared to findings of the 
present study, including more case numbers (n = 249), 
more cancer patients (n = 19 vs. n = 0, P = 0.001), viable 
HCC patients (n = 14 vs. n = 0, P = 0.013), more advanced 
hepatic fibrosis patients (n = 213 vs. n = 72, P = 0.001), 
and more moderate to severe fatty liver patients (n = 24 
vs. n = 5, P = 0.2). Although there were not statistically 
significant, patients with advanced hepatic fibrosis sta-
tus, higher FIB-4 scores, HCC history, splenomegaly, and 
ascites would have a trend without significant platelet 
count improvement. These statistically insignificant dif-
ference may be due to a relatively small patient sample 
size in this study.

There are some limitations of our study. First, we did 
not perform biopsy of the liver in all patients to check 
inflammation and fibrosis severity. Instead, we used 
noninvasive indices such as the FIB-4 test, to identify 
patients with advanced fibrosis; this is a relatively reli-
able method [22]. But false positive results may exist. 
Therefore, other invasive method like biopsy or non-
invasive method such as vibration-controlled transient 
liver elastography should be considered as part of fibro-
sis assessment in the future studies. Second, we did not 
perform bone marrow biopsy in this study to exclude 
possible indolent hematological disorders in our 
patients. Bone marrow biopsy is an invasive procedure, 
which could not be performed except with a clinically 
strong indication. Third, we did not check for platelet 
turnover. However, hypersplenism is the main contrib-
utor to platelet turnover in patients with splenomeg-
aly [34], which were included in our study. In patients 
without splenomegaly, more evidence is required to 
clarify the association between platelet count and turn-
over, TPO level, and liver fibrosis severity. Fourth, other 
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thrombopoietic cytokines such as interleukin-6, -11, 
and-3, were not evaluated. Their importance among 
these thrombocytopenic patients remains unknown. 
Therefore, further studies are needed. Fifth, checking 
the baseline TPO levels in patients with severe throm-
bocytopenia may have a stronger impact on clinical 
practice and might be more cost-effective. Hence, fur-
ther study enrolling severe thrombocytopenic patients 
is required to confirm the role of TPO in such circum-
ference. Sixth, the dynamic changes of TPO levels dur-
ing and after DAA treatment were not investigated in 
this study. The correlation of BL TPO and dynamic 
TPO levels with long-term platelet count or long-term 
fibrosis status would be an interesting issue. Therefore, 
further study is needed to explore these associations.

Conclusion
Successful DAA therapy for CHC patients results in 
significant platelet count improvement. BL TPO level 
is positively correlated with significant platelet count 
improvement and platelet count improvement ratio. The 
BL TPO cutoff value of 120 pg/ml can predict significant 
platelet count improvement among CHC-related throm-
bocytopenic patients.
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