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Abstract

Keywords

Little is known about evolution of platelet count after treatment with direct-acting antiviral
agents (DAAs). The study aimed to evaluate the changes in platelet count after treatment with
DAAs among thrombocytopenic patients with HCV-related advanced fibrosis and cirrhosis.
A total of 915 chronic HCV patients with advanced fibrosis and cirrhosis who were treated
with different DAAs-based regimens were retrospectively enrolled in final analysis. Included
patients were those with thrombocytopenia (TCP). Platelet count was recorded at baseline, end
of treatment (EOT) and 24-weeks after EOT (SVR24). Changes in platelet count and its relation
to SVR were analyzed. The overall SVR24 rate was 98.8%. The platelet count showed statistically
significant improvement from baseline to EOT (107 (84–127) × 103/mm3 vs. 120 (87–153) × 103/
mm3(P = <0.0001) but remained unchanged thereafter to SVR24. Among responders, the
platelet count significantly increased at SVR24 compared to baseline (P = <0.0001) but in
relapsers, there was improvement in platelet count that didn’t reach statistical significance
(P = 0.9). Logistic regression analysis showed that higher Child-Pugh score and more advanced
fibrosis at baseline were significant predictors of decreasing of platelet count and development
of severe TCP at SVR24. Among thrombocytopenic patients with HCV-related advanced fibrosis
and cirrhosis, the platelet count improved after treatment with DAAs regardless to treatment
response.

Advanced fibrosis, chronic hepatitis C virus,
direct-acting antiviral agents, outcome,
platelets, thrombocytopenia

Introduction
Chronic hepatitis C (HCV) infection has been associated with the
development of a number of extrahepatic manifestations including
thrombocytopenia (TCP) which is one of the most common
hematological abnormalities. It is defined as a platelet count
below 150 × 103/mm3 [1].
TCP in chronic HCV infection is complex and has
a multifactorial pathogenesis as hypersplenism secondary to portal hypertension, decreased production or activity of thrombopoietin (TPO), autoimmune disarrangement and virus-induced
bone marrow suppression [2–5]. Therefore, TCP is a frequent
manifestation in chronic liver disease (CLD) and serves as
a surrogate marker of disease severity and portal hypertension [6].
In the IFN-based therapy era, TCP represented one of the
challenging obstacles to initiate or maintain antiviral therapy in
chronic HCV (CHC) patients. Moreover, TCP is one of the wellknown major side effects of IFN-based therapy, especially among
patients with cirrhosis. This frequently necessitates dose reductions or early treatment discontinuation that could potentially
decrease the likelihood of sustained virological response and
increase the risk for hepatic decompensation or death [7,8].
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The recent introduction of directly acting antiviral agents
(DAAs) in the treatment of chronic HCV offers a high cure
rates and with nearly no adverse effects [9]. Minimal hematologic
abnormalities including TCP was reported in not more than 1% of
cases [10,11] compared to the previously occurring with the
standard interferon-based treatments.
The aim of the study is to evaluate the changes in platelet
count after treatment with different DAAs-based regimens among
a large cohort of thrombocytopenic patients with chronic HCVrelated advanced hepatic fibrosis and cirrhosis and its relation to
outcome as well as the factors associated with an improvement or
worsening of platelet count after treatment.

Materials and Methods
Patient Population
A total of 1790 patients with HCV-related CLD who received
different DAAs–based treatment regimens were evaluated for eligibility for inclusion in this retrospective study. These patients were
≥18 years of age with seropositivity for HCV antibodies and detectable HCV RNA for more than 6 months. Included patients also had
TCP, which was defined as a platelet count below 150 x 103/mm3 in
addition to advanced liver fibrosis (F3) or compensated cirrhosis
(F4) (Child-Pugh score A5 up to Child-Pugh score B8). Only
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patients with available platelet count at baseline, the end of treatment
(EOT) and week 24 after the EOT (SVR24) were enrolled. Patients
with hepatitis B virus or human immunodeficiency virus infection
co-infection, patients with Child-Pugh score B9 and child-Pugh
C cirrhosis, idiopathic thrombocytopenic purpura or other hematological disorders, and a history of hepatocellular carcinoma or extra–
hepatic malignancies were excluded. Therefore, a total of 915
patients fulfilled the inclusion and exclusion criteria and were
included in the statistical evaluation. Patients were further classified
into two groups according to baseline platelet count: Group (1)
patients with moderate TCP (platelet count ≤100 × 103/mm3)
(n = 402) and Group (2) patients with mild TCP (platelet count
>100 × 103/mm3) (n = 513). None of our patients had severe TCP
(platelet count <50 × 103/mm3) because these patients had either
Child-Pugh B9, child-Pugh C cirrhosis or hepatic decompensation at
baseline.
Patients underwent complete medical history and clinical
examination with special emphasis on stigmata of liver cell failure
such as jaundice, lower limb edema, ascites, and hepatic encephalopathy. Relevant laboratory parameters were measured and
reported such as complete blood counts, liver biochemical profile
(total serum bilirubin, serum albumin, aspartate aminotransferase
(AST), alanine aminotransferase (ALT) and international normalized ratio [INR]), renal function tests (serum urea and creatinine),
alpha feto-protein (AFP), and HBsAg. Abdominal ultrasound was
performed to assess the liver size and echopattern (ultrasonographic features of cirrhosis), portal vein diameter and to exclude
ascites, hepatocellular carcinoma or other comorbidities.
Ultrasound transient elastography (TE) (Echosense, Fibroscan
502, Paris, France) examination was done before treatment and
according to the manufactures instructions [12] to assess the
hepatic fibrosis stage taking into consideration the reliability
criteria of at least 10 valid measurements with success rate
>60% and interquartile range (IQR) <30%. Patients with liver
stiffness measurements (LSM) of ≥9.5 kPa (advanced fibrosis
F3) and ≥12.5 kPa (cirrhosis F4) were included in this study
[13]. Liver cirrhosis was diagnosed depending on the clinical,
laboratory, ultrasonographic criteria of liver cirrhosis and/or the
results of TE.
Noninvasive biomarkers for liver fibrosis such as Fibrosis-4
score (FIB-4) and AST-to platelet ratio index (APRI) were calculated at baseline and SVR24 based on the following formula:
● FIB-4 score was calculated using Sterling’s formula [14]:

Age (y) × AST (IU/l)/platelet count (×109/liter) × √ALT (IU/l)).

● APRI score was calculated using Wai’s formula [15]:

(AST/upper limit of normal)/platelet count (expressed as
platelets × 109/L) × 100.
Serum HCV RNA level was measured at baseline, EOT and
24 weeks after EOT (SVR24) using PCR-based method (Cobas
Amplicor, HCV Roche, Branchburg, NJ, USA, v 2.0, detection
limit 15 IU/mL). Sustained virological response (SVR24) was
defined as an undetectable HCV RNA at 24-week posttreatment follow-up, which was an indicative of therapeutic
success.
Platelet count was assessed at baseline, EOT and 24-week after
EOT (SVR24). The change in the platelet count at SVR24 was
calculated as follows; Percent change of platelet = ((Platelet
count_SVR24-Baseline Platelet count)/Baseline platelet) x100
The study was reviewed and approved by the Institutional
Review Board (IRB) of Faculty of Medicine, Cairo University
(N-38-2016). A written informed consent was taken from each
patient before receiving treatment. The study was performed in
compliance with the ethics principles of the 1975 Declaration of
Helsinki and its later amendments with Good Clinical Practice
(GCP) guidelines.
Statistical Analysis
Descriptive statistics were done; numerical data were presented as
mean (SD), and categorical data as frequency and percentages.
Numerical data were tested for normality using the Shapiro-Wilk
normality test. Normally distributed paired samples were analyzed using the paired-samples T-test. Non-normally distributed
paired samples were analyzed using the Wilcoxon signed-rank
test. Correlation between the delta changes in platelet count with
baseline parameters was done using the Spearman’s rank correlation test. Logistic regression analysis evaluated which baseline
parameters were associated with decrease of platelet count and
development of severe TCP at SVR24. All statistical tests were
two-sided, and a P-value < 0.05 was considered to be statistically
significant. Statistical analysis was done using Statistics/Data
Analysis (STATA) version 13.1 software.

Results
Out of 1790 chronic HCV patients with TCP enrolled for treatment, 915 patients were finally included in the analysis of our
study according to the inclusion/exclusion criteria as shown in
Figure 1. The demographic and laboratory features of patients are
shown in Table I. There was a slight male predominance (52%)

1790 chronic HCV patients with thrombocytopenia who received
different DAAs–based treatment regimens were evaluated for
eligibility for inclusion in the study

- Excluded for HBsAg positivity (n) =120
- Exclude for presence of HCC or extra–hepatic malignancies at
baseline (n) =50
- Excluded for presence of hepatic decompensation or patients
with Child-Pugh B9 or child-Pugh C cirrhosis (n) = 239
- Excluded for missing follow-up platelet count (n) = 466

915 patients were included in the final analysis

Figure 1. Flow chart of patient exclusion for this analysis.
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Table I. Baseline characteristics of the whole study population (n = 915).
Mean (SD),
n (%)
Age, years
55.5 (8.2)
Gender, n (%)
Male
473 (51.7%)
Female
442 (48.3%)
BMI (kg/m2)
30.41 (5.42)
Treatment status, n (%)
Treatment-naïve
691 (75.5%)
Treatment experienced
224 (24.5%)
Co-morbidities, n (%)
Hypertension
177 (19.3)
Diabetes
241 (26.3)
Stage of hepatic fibrosis by Liver stiffness
measurement, n (%)
Advanced fibrosis (F3)
226 (24.7)
Cirrhosis (F4)
689 (75.3)
Baseline TE values (kPa)
25.3 (14.1)
Baseline FIB-4
5.62 (3.30)
Baseline APRI
2 (1.45)
Child–Pugh Class, n (%)
A
637 (92.5)
B (up to score B8)
52 (7.5)
DAAs-treatment regimens, n (%)
447 (48.9)
Sofosbuvir/Ribavirin
294 (32.1)
Sofosbuvir/Dacltastavir/Ribavirin
120 (13.1)
Sofosbuvir/Simepriver
32 (3.5)
Sofosbuvir/Dacltastavir
19 (2.1)
Ritonavir-boosted paritaprevir, ombitasvir plus ribavirin
3 (0.3)
Sofosbuvir/Ledipasvir/Ribavirin
Response at SVR12 as well as SVR24, n (%)
Sustained responders
904 (98.8)
Relapsers
11 (1.2)
Sustained responders at SVR24 according to stage of
hepatic fibrosis, n (%)
Advanced fibrosis (F3)
226/226 (100)
Liver cirrhosis (F4)
678/689
(98.4)
Unless otherwise stated numerical data are expressed as mean (SD).
Abbreviations: APRI: Aspartate aminotransferase-to-platelet ratio
index; BMI: Body mass index; DAAs: direct-acting antivirals; FIB-4:
Fibrosis 4 score; kPa: kilopascals; TE: Transient elastography; SVR12:
sustained virological response at week 12 after end of therapy; SVR24:
sustained virological response at week 24 after end of therapy

with a mean age of 55.5 (8.2) years. The majority of patients were
treatment naïve (75.5%). The mean TE value was 25.3 (14.1) kPa;
24.7% had F3, while 75.3% were F4 (Child-Pugh A, 92.5%).
Baseline mean FIB-4 and APRI was 5.6 (3.3) and 2 (1.5), respectively. All patients were adherent to the prescribed DAAs treatment regimen with sofosbuvir representing the backbone antiviral
therapy (97.7%) and had a minimum follow-up of 6 months after
the EOT. All patients had undetectable HCV PCR at EOT. The
overall SVR24 rate was 98.8% (904/915 patients); The SVR24
rate was higher in patients with F3 stage compared with F4 stage
(226/226, 100% vs 678/689, 98.4% respectively). Around 1.2%
(11/915) of patients were relapsers, and all of them were cirrhotic
(F4 stage). Moreover, the SVR rate in those with baseline platelet
count ≤100 × 103 mm3 was 97.8% (393/402) compared to 99.6%
(511/513) in those with baseline platelet count >100 × 103 mm3.
The median platelet count showed statistical significant
improvement from baseline to EOT (107 (84–127) × 103/mm3
vs. 120 (87–153) × 103/mm3 (P-value = <0.0001) but remained
unchanged from EOT to SVR24 (120 (87–153) × 103/mm3 vs.
120 (90–152) x103/mm3 (P-value = 0.6) as shown in Table II and
Figure 2. similarly, serum transaminases ALT and AST showed
statistically significant improvement from baseline to EOT
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(P-value = <0.0001) but they remained unchanged from EOT to
SVR24. Upon subgroup analysis of patients with baseline platelet
count below and above 100 × 103 mm3, similar patterns of
changes in the median platelet count, serum transaminases (ALT
and AST) over the same time period was observed in both groups
as presented in Table II.
Similarly, both FIB-4 score and APRI decreased significantly
at EOT compared to baseline but they remained unchanged from
EOT to SVR24 among the whole study population and whatever
the baseline platelet count is as shown in Table II.
Subgroup analysis for the changes of the median platelet count
among different groups is shown in Table III. There was statistical
improvement of platelet count from baseline to EOT and
remained unchanged from EOT to SVR24 among different age
group, in relation to stage of hepatic fibrosis and use of ribavirin.
Among responders, the median platelet count was significantly
increased at SVR24 compared to baseline (P = <0.0001) however
in relapsers, the improvement in platelet count didn’t reach statistical significance (P = 0.9)
24-week after EOT (SVR24), platelet count improved in
64.8% (586/904) of patients achieved SVR, stayed the same in
1.9% (17/904) and decreased in 33.3% (301/904) as in Table IV.
Moreover, 29.9% (270/904) patients who achieved SVR didn’t
have TCP while 70.1% (634/904) patients had TCP at SVR24. Of
those who had TCP, a total of 31/634 (4.8%) patients developed
severe TCP (platelet count <50 × 103/mm3) at EOT and continued to SVR24. Those patients had lower baseline platelet count
(66 (55–82) × 103 mm3 vs. 108 (85–128) × 103 mm3,
P = <0.001), lower baseline ALT levels (43 (33–63) U/L vs. 56
(36–85) U/L, P = 0.05), and lower baseline albumin levels (3.4
(0.52) mg/dL vs. 3.71 (0.52) mg/dL, P = 0.0008) but higher
baseline AST levels (62 (40–74) U/L vs. 61 (41–90) U/L,
P = 0.4), higher bilirubin (1.3 (1.1–1.6) mg/dL vs. 0.9
(0.7–1.2) mg/dL, P = <0.001), higher INR (1.2 (1.1–1.4) vs.
1.1 (1.1–1.3), P = 0.01), higher FIB-4 (7.93 (4.58–9.73) vs.
4.66 (3.36–6.82), P = <0.001) and higher APRI (2.27 (1.68–3.30)
vs. 1.59 (1.005–2.49), P = 0.002) than did the other 873 patients,
who did not develop severe TCP.
There was a statistically significant positive correlation
between baseline hemoglobin and serum albumin with the
changes in platelet count (rho = 0.1; P = 0.04 and rho = 0.14;
P = 0.0001, respectively) as shown in Table V.
Logistic regression analysis was done to identify baseline
parameters that predict decrease in platelet count and severe
TCP at SVR24. In the multivariable regression model, the presence of cirrhosis and higher platelet count were independent
predictors for decreasing platelet count. In the subgroup of cirrhosis, higher Child-Pugh class and higher platelet count were
independent predictors of decreasing in platelet count. On the
other hand, the independent predictors of developing severe
TCP were cirrhosis and platelet count <100(103/mm3). Again,
in the cirrhosis group, both more advanced fibrosis and higher
Child-Pugh score were independent predictors of developing
severe TCP as shown in Table VI.

Discussion
TCP is one of the most important extra-hepatic manifestations of
chronic hepatitis C virus (HCV) infection that occurs in 64–76%
of HCV patients with advanced fibrosis and/or cirrhosis, compared with 6% of non-cirrhotic patients [6,16]. It represents
a major problem as it may decrease both therapeutic adherence
and success rate.
This study was conducted to elucidate the changes in platelet
count after treatment with different DAAs-based regimens among
a large cohort of chronic HCV-infected thrombocytopenic
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Table II. Changes of laboratory parameters and fibrosis markers at baseline, EOT, and SVR24.

Sustained responder, n (%)
Laboratory parameters
Hemoglobin (g/dL)

Baseline
EOT
SVR24
P -value

White Blood cell (103/mm3)

Baseline
EOT
SVR24
P-value

Platelets (103/mm3)

Baseline
EOT
SVR24
P-value

ALT (U/L)

Baseline
EOT
SVR24
P-value

AST (U/L)

Baseline
EOT
SVR24
P-value

Total bilirubin (mg/dl)

Baseline
EOT
SVR24
P-value

Albumin (g/dL)
Mean (SD)

Baseline
EOT
SVR24
P-value

INR

Baseline
EOT
SVR24
P-value

AFP (ng/ml)

Baseline
SVR24
P- value

Noninvasive parameters
FIB-4

APRI

Baseline
EOT
SVR24
P-value
Baseline
EOT
SVR24
P- value

Total population
(n = 915)

Baseline platelet
count ≤100 × 103 mm3
(n = 402)

Baseline platelet
count >100 × 103 mm3
(n = 513)

904 (98.8%)

393 (97.8%)

511 (99.6%)

13.3 (12–14.5)
11.6 (10.5–12.7)
12.4 (11.2–13.8)
<0.0001*
<0.0001**
4.7 (3.7–6.1)
4.5 (3.6–6)
4.7 (3.6–5.98)
0.009*
0.3**
107 (84–127)
120 (87–153)
120 (90–152)
<0.0001*
<0.6**
55 (36–84)
21 (16–30)
21 (16–29)
<0.0001*
0.01**
61 (41–88)
29 (22–37)
28 (22–35)
<0.0001*
0.0004**
0.9 (0.7–1.2)
1 (0.7–1.5)
0.85 (0.6–1.2)
<0.0001*
<0.0001**
3.7 (0.51)
3.8 (0.53)
4 (1.49)
0.003*
0.01**
1.12 (1.1–1.3)
1.2 (1.07–1.28)
1.2 (1.09–1.29)
0.3*
0.3**
9 (5–18)
5.1 (3.3–7.6)
<0.0001

12.8 (11.7–14)
11.5 (10.4–12.5)
11.9 (10.8–12.9)
<0.0001*
<0.0001**
4.3 (3.4–5.4)
4.23 (3.4–5.5)
4.1 (3.3–5.5)
0.4*
0.3**
80.5 (68–90)
91 (73–125)
91 (70–120)
<0.0001*
<0.9**
55 (34–80)
21 (16–30)
21 (16–30)
<0.0001*
0.1**
64 (45–93)
31 (24–37)
30 (23–37)
<0.0001*
0.05**
1 (0.8–1.3)
1.2 (0.8–1.74)
1 (0.8–1.6)
<0.0001*
0.001**
3.6 (0.52)
3.58 (0.5)
3.74 (0.52)
0.2*
<0.0001**
1.2 (1.1–1.4)
1.2 (1.1–1.35)
1.2 (1.12–1.34)
0.08*
0.7**
10 (5–20)
5.3 (3.6–8.8)
<0.0001

13.7 (12.4–14.8)
11.65 (10.6–12.9)
12.8 (11.5–14.3)
<0.0001*
<0.0001**
5.1 (4–6.5)
4.8 (3.7–6.3)
5.1 (4–6.3)
0.01*
0.05**
125 (114–139)
136 (112–168)
140 (113–162)
<0.0001*
<0.6**
56 (37–87)
22 (16–30)
21 (15–29)
<0.0001*
0.03**
58 (39–85)
28 (21–36)
27 (21–34)
<0.0001*
0.002**
0.8 (0.64–1.1)
0.9 (0.67–1.25)
0.7 (0.58–1)
<0.0001*
<0.0001**
3.79 (0.48)
3.87 (0.51)
4.10 (1.89)
0.01*
0.07**
1.1 (1–1.2)
1.15 (1.04–1.24)
1.15 (1.1–1.24)
0.8*
0.3**
9 (5–17)
5.1 (3–7.4)
<0.0001

4.71 (3.38–6.98)
2.93 (1.96–4.25)
2.73 (1.94–4.10)
<0.0001*
0.2**
1.6 (1.01–2.52)
0.7 (0.46–1.09)
0.6 (0.43–0.97)
<0.0001*
0.0003**

6.7 (4.7–9.02)
3.7 (2.66–5.24)
3.7 (2.64–5.2)
<0.0001*
0.9**
2.3 (1.58–3.20)
0.9 (0.58–1.32)
0.85 (0.57–1.25)
<0.0001*
0.04**

3.84 (2.9–5.1)
2.4 (1.72–3.36)
2.37 (1.8–3.2)
<0.0001*
0.1**
1.2 (0.87–1.84)
0.56 (0.39–0.85)
0.53 (0.37–0.73)
<0.0001*
0.004**

Numerical data presented as median (IQR) unless otherwise specified. Abbreviations: AFP: alpha-fetoprotein; ALT: Alanine aminotransferase; AST:
Aspartate aminotransferase; APRI: Aspartate aminotransferase-to-platelet ratio index; EOT: End of treatment; FIB-4: Fibrosis 4 score; INR:
International normalized ratio; SVR24: sustained virological response at week 24 after end of therapy. Statistically significant values are in bold.
*P-value between baseline and EOT.
**P-value between EOT and SVR24

patients with advanced hepatic fibrosis and/or cirrhosis, including
those with mild and moderate TCP and its relation to outcome as
well as the factors associated with an improvement or worsening
of platelet count after treatment.

Adherence to antiviral therapy is crucial to achieve
a therapeutic effect. In historical era of interferon, severe TCP
was associated with premature discontinuation of antiviral therapy that might result in lower rate of SVR. In the present study,

Platelets improve following DAAs-based therapy.

DOI: https://doi.org/10.1080/09537104.2020.1742313

5

Table IV. Proportion of HCV-infected thrombocytopenic patients who
achieved SVR with improvement, no change or worsening of platelet
count at 24 weeks after end of treatment (SVR24).
Platelet count Platelet count Platelet count
improved at stayed the same declined at
SVR24
at SVR24
SVR24
P-value
Total patients 586 (64.8%)
achieved
SVR, n (%)
Degree of fibrosis
Advanced
158 (27%)
fibrosis
(F3), n (%)
Liver
428 (73%)
cirrhosis
(F4), n (%)

17 (1.9%)

301 (33.3%)

-

6 (35.3%)

62 (20.6%)

0.07

11 (64.7%)

239 (79.4%)

Figure 2. Changes of platelet count at different time point.

our thrombocytopenic patients were adherent to the prescribed
DAAs treatment regimen as well as treatment duration although
4.8% (31/634) of our patients experienced severe TCP during
DAAs therapy but it wasn’t associated with premature discontinuation of therapy. In addition, TCP in HCV-infected patients
with advanced liver disease has been well-known as an independent risk factor for developing of hepatic decompensation and
death [17]. However, none of our patients reported clinical
decompensation during DAAs-based antiviral therapy and there
were no deaths reported during treatment or follow-up periods
which might also lead to premature discontinuation of therapy.
Thus, our data confirm that TCP is no longer considered
a limiting indication to initiate or maintain DAAs–based antiviral
therapy. Therefore, DAAs–based therapy is generally safe and
well tolerated in this population.
Sustained virological response (SVR) is the primary goal of
antiviral therapy that has been associated with important clinical
benefits and outcomes. Our results showed that TCP did not reduce
the chance of achieving SVR rate as overall SVR24 was 98.8% and it
was higher in patients with F3 stage compared to F4 stage (100% vs.

98.4%). Moreover, SVR24 rate was 97.8 and 99.6% among patients
with baseline platelet count≤100 × 103 mm3 and patients with
baseline platelet count>100 × 103 mm3, respectively. Therefore,
Patients with TCP who are with advanced liver fibrosis and cirrhosis
are likely to achieve a higher rate of SVR following DAAs-based
therapy that will in turn result in lower rate of liver related mortality
as well as a reduced risk of hepatocellular carcinoma [18–20].
TCP increases the risk of bleeding during invasive diagnostic
procedures such as liver biopsy and percutaneous ethanol injection therapy or worsens the prognosis in patients with variceal
bleeding so TCP considered an obstacle for both diagnosis and
treatment. An increase in platelet count after antiviral therapy
seems to be very important for diagnosis and treatment of HCVrelated complications including HCC and gastroesophageal
varices. Therefore, the main result of our study showed that
there was a short-term significant improvement of platelet count
after treatment with DAAs-based regimens among thrombocytopenic patients with advanced liver fibrosis or cirrhosis regardless
to subgroup analysis. This was in agreement with earlier studies
during interferon-based therapy which showed that platelet count
significantly increased among CHC patients with advanced liver

Table III. Changes of platelet count among different groups at different time point.
Baseline

EOT

SVR24

P-value

Age
Age <60 years (n = 625)

105 (81–126)

116 (84.5–152)

118 (86.5–150)

Age ≥60 years (n = 290)

109 (90–133)

125 (91–154)

125 (94–157)

<0.0001*
0.9**
<0.0001*
00.5**

Stage of hepatic fibrosis
Advanced fibrosis (F3), n = 226

128 (112–140)

147.5 (120–191)

146 (118–177)

Liver cirrhosis (F4), n = 689

98 (79–120)

111 (82–142)

110 (84–145)

Ribavirin_containing regimens
Ribavirin_containing regimens, n = 763

106 (83–127)

120 (88–154)

120 (89–151)

110.5 (87–131)

118.5 (83–148)

119.5 (91–152)

107.5 (84–127.5)
88 (79–100)

-

120 (90–152)
95 (69–120)

Ribavirin_free regimens, n = 152
Response
Sustained responder, n = 904
Relapsers, n = 11

<0.0001*
0.3**
<0.0001*
0.9**
<0.0001*
0.2**
0.0003*
0.2**
<0.0001
0.9

Numerical data presented as median (IQR) unless otherwise specified. Abbreviations: EOT: End of treatment; SVR24: sustained
virological response at week 24 after end of therapy. Statistically significant values are in bold.
*P-value between baseline and EOT.
**P-value between EOT and SVR24
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Table V.: Correlation between the changes in platelet count with baseline
parameters.

Age
Baseline HCV-RNA
Baseline ALT
Baseline AST
Baseline Hemoglobin
Baseline serum albumin
Baseline serum bilirubin
Baseline FIB-4
Baseline liver stiffness
Baseline AFP
Use of ribavirin

Rho

P-value

−0.03
0.01
−0.008
−0.05
0.1
0.14
−0.03
−0.05
0.05
−0.01
0.01

0.4
0.8
0.8
0.1
0.04
0.0001
0.4
0.1
0.4
0.7
0.7

Abbreviations: AFP: alpha-fetoprotein; ALT: Alanine aminotransferase;
AST: Aspartate aminotransferase; FIB-4: Fibrosis 4 score. Statistically
significant values are in bold.

disease who were successfully eradicated HCV infection and the
maximum increase in platelet count was observed after 6 months
of antiviral treatment [21–23]. In historical interferon era, elimination of HCV-associated bone marrow suppression, decrease in
portal congestion brought by antiviral therapy, increasing TPO
levels after HCV eradication and the abolishment of immunemediated phenomenon might be responsible for the short-term
improvement of platelet count following antiviral therapy [24].
TPO is produced mainly by the liver [25] and is involved at all
stages of the process to regulate the maturation of megakaryocytes and release platelets [26]. It was also found that liver
function is associated with TPO levels and the production of
TPO has been negatively correlated with the degree of hepatic
fibrosis [27,28]. Recently, a study by Honma et al demonstrated

that platelet count increases significantly after HCV eradication in
non-cirrhotic patients following DAAs therapy and it might be
correlated with a decrease in platelet-associated immunoglobulin
G (PA-IgG), thereby implicating an HCV-associated immune
mechanism in the genesis of TCP [29]. Another recent study
also reported that the increase in platelet count was only significant in HCV patients with cirrhosis and there was a tendency for
platelet to increase in patients without cirrhosis following treatment with DAAs indicating that improvement in platelet count
after HCV elimination is most likely due to viral elimination itself
[30]. However, further studies are needed to determine the possible mechanisms of increasing platelets following DAAs-based
therapy.
Despite ribavirin was one of the proposed mechanisms of
treatment-related TCP in the era of interferon-based therapy and
was used cautiously in thrombocytopenic patients [31]. However,
the majority of our patients in this study were treated with
ribavirin–containing regimens. We noticed that there was
a significant improvement of platelet count from baseline to
EOT and remained unchanged from EOT to SVR24 in these
patients with not yet known mechanisms. Therefore, further studies with long term follow-up are needed to determine the impact
of ribavirin on platelet count in thrombocytopenic HCV patients
in DAAs-based therapy era.
The rapid improvement of platelet count after starting antiviral
treatment has important clinical significance. Platelet-related
indices (AST/platelet ratio index [APRI] or fibrosis-4 score
[FIB-4]) have been developed to evaluate the degree of hepatic
fibrosis and have been proposed as a noninvasive alternative to
liver biopsy in patients with CHC [32]. Our study demonstrated
that there was improvement of hepatic necroinflammation, which
evidenced by decreased transaminase (ALT, AST) levels and it
was correlated with increased platelet count over the same time
period at EOT and 24-weeks after EOT (SVR24) in comparison

Table VI. Logistic regression analysis of baseline variables that predict decrease in platelet count and development of severe thrombocytopenia at
SVR24.
Decrease in platelet count
Univariable
OR
(95% CI)
Age
Gender
Female
Baseline AST (U/L)
Baseline ALT (U/L)
Baseline HCV RNA (IU/mL)
Baseline cirrhosis
Baseline Child_Pugh score
Baseline platelet count (per unit increase)/
Baseline platelets >100 (103/mm3)*
Ribavirin_containing regimens
Treatment duration
24 Weeks

1.01
(0.99–1.03)
1.17
(0.89–1.54)
1.001
(0.99–1.004)
0.99
(0.99–1.002)
1.001
(0.85–1.18)
1.47
(1.05–2.05)
1.28
(1.01–1.62)
1.005
(1.001–1.01)
0.87
(0.61–1.26)
0.76
(0.57–1.0005)

Severe thrombocytopenia

Multivariable

Univariable

P-value

OR
(95% CI)

P-value

0.3

-

-

0.2

-

-

0.4

-

-

0.7

-

-

0.9

-

-

0.02

0.001

0.5

1.86
(1.30–2.67)
1.41
(1.10–1.81)
1.01
(1.005–1.02)
-

0.05

-

0.04
0.03

0.006

OR
(95% CI)
0.98
(0.94–1.02)
0.76
(0.37–1.58)
0.99
(0.98–1.005)
0.99
(0.98–0.99)
0.94
(0.61–1.46)
4.92
(1.16–20.78)
2.98
(1.83–4.86)

Multivariable
OR
(95% CI)

P-value

0.3

-

-

0.5

-

-

0.4

-

-

0.04

0.99
(0.97–1.001)
-

0.06

2.46
(1.50–4.05)
2.47
(1.51–4.05)

<0.0001

0.002

0.3

9.71
(2.27–41.62)
-

0.4

-

-

P-value

0.8
0.03
>0.0001

-

<0.0001

>0.0001
-

12.73
(3.84–42.18)
1.89
(0.57–6.30)
0.73
(0.36–1.50)

>0.0001

-

*Baseline platelet count <100 (103/mm3) was predictive for severe thrombocytopenia only. In multivariable regression, this data represent 2 different
models, one for platelet & cirrhosis and the other for platelet and Child-Pugh class in the subgroup of cirrhosis.
Statistically significant values are in bold.

DOI: https://doi.org/10.1080/09537104.2020.1742313

to baseline. Concurrent with the changes in transaminase (ALT,
AST) levels and platelet count, fibrosis scores such as FIB-4 and
APRI values decreased over the same time period denoting
improvement of hepatic fibrosis. Our finding was consistent
with previous studies, which reported that early improvement of
fibrosis scores such as FIB-4 and APRI due to significant
improvement of platelet count and hepatic necroinflammation
along with improvement of TE values following treatment with
DAAs and this was more pronounced among cirrhotic patients
[33–35] but the histological reversibility of liver fibrosis after
HCV elimination by antiviral therapy was proven to be very
slow [36]. Platelet count and platelet-related indices [APRI or
FIB-4] may represent an easily accessible biomarker to assess
fibrosis improvement after antiviral therapy, however, their shortterm improvement after antiviral treatment does not indicate an
actual improvement of histological liver fibrosis. Thus, we should
consider that improvement in the liver fibrosis can be
overestimated.
Our data demonstrate that the presence of higher Child-Pugh
score and more advanced fibrosis at baseline were significant predictors of decreasing of platelet count and development of severe
TCP at SVR24. Thus, the degree of liver disease is considered to be
the most important predictive factor either for improvement or
worsening of platelet count following antiviral treatment.
Limitations of the study including the retrospective nature of the
study, the impact of portal pressure or splenomegaly on platelet
count wasn’t investigated, and laboratory parameters such as TPO
and autoantibodies to platelet weren’t measured to assess their
relationships with platelet count following DAAs therapy. Thus,
further studies with long term follow-up are needed to determine
the potential mechanisms of increasing platelet count following
DAAs-based therapy in thrombocytopenic patients.
In conclusion, DAAs-based therapy is well tolerated as well as
highly effective in thrombocytopenic patients with HCV-related
advanced hepatic fibrosis and cirrhosis and this results in improvement of platelet count. This improvement of platelet count is most
likely due to viral elimination itself. However, long-term effects of
DAAs therapy on platelet count in this population need further study.
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