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Abstract: To clarify the predictive factors of significant platelet count improvement in throm-
bocytopenic chronic hepatitis C (CHC) patients. CHC patients with baseline platelet counts of
<150 × 103/µL receiving direct-acting antiviral (DAA) therapy with at least 12-weeks post-treatment
follow-up (PTW12) were enrolled. Significant platelet count improvement was defined as a ≥10% in-
crease in platelet counts at PTW12 from baseline. Platelet count evolution at treatment week 4, end-of-
treatment, PTW12, and PTW48 was evaluated. This study included 4922 patients. Sustained virologic
response after 12 weeks post-treatment was achieved in 98.7% of patients. Platelet counts from base-
line, treatment week 4, and end-of-treatment to PTW12 were 108.8 ± 30.2, 121.9 ± 41.1, 123.1 ± 43.0,
and 121.1 ± 40.8 × 103/µL, respectively. Overall, 2230 patients (45.3%) showed significant platelet
count improvement. Multivariable analysis revealed that age (odds ratio (OR) = 0.99, 95% confidence
interval (CI): 0.99–1.00, p = 0.01), diabetes mellitus (DM) (OR = 1.20, 95% CI: 1.06–1.38, p = 0.007),
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cirrhosis (OR = 0.66, 95% CI: 0.58–0.75, p < 0.0001), baseline platelet counts (OR = 0.99, 95% CI:
0.98–0.99, p < 0.0001), and baseline total bilirubin level (OR = 0.80, 95% CI: 0.71–0.91, p = 0.0003)
were independent predictive factors of significant platelet count improvement. Subgroup analyses
showed that patients with significant platelet count improvement and sustained virologic responses,
regardless of advanced fibrosis, had a significant increase in platelet counts from baseline to treatment
week 4, end-of-treatment, PTW12, and PTW48. Young age, presence of DM, absence of cirrhosis,
reduced baseline platelet counts, and reduced baseline total bilirubin levels were associated with
significant platelet count improvement after DAA therapy in thrombocytopenic CHC patients.

Keywords: hepatitis C virus; chronic hepatitis C; direct-acting antivirals; platelet count; thrombocy-
topenia; significant platelet count improvement; sustained virologic response

1. Introduction

Thrombocytopenia is a common manifestation of chronic hepatitis C (CHC) infection,
with a prevalence of 0.16–45.4% in CHC patients. CHC patients with advanced fibrosis
or cirrhosis may have severe thrombocytopenia and high rates of thrombocytopenia [1,2].
Increased platelet destruction and decreased platelet production cause thrombocytopenia.
The pathophysiology of thrombocytopenia includes splenomegaly-induced hypersplenism,
autoimmune responses such as platelet-associated immunoglobulin G against platelet
surface antigen, inadequate thrombopoietin (TPO) production due to advanced liver fi-
brosis, and possible bone marrow suppression by hepatitis C virus (HCV). In the era of
interferon (IFN)-based therapy for CHC, achieving a sustained virologic response (SVR)
improves platelet counts in patients with advanced liver fibrosis after a long-term follow-
up period [3,4]. In patients without SVR, platelet counts decrease [4]. Improvement in
platelet counts after a long-term follow-up period is most likely due to the improved liver
fibrosis and portal hypertension, further decreasing the risk of hepatocellular carcinoma
(HCC) [4–6]. IFN-free direct-acting antivirals (DAAs) have been the standard treatment for
CHC [7–10]. Platelet count improvement has also been reported, and could be observed
within a short-term follow-up period [11–15]. Liver fibrosis status is less likely to improve
rapidly and significantly immediately after initiation of DAA therapy [16]. Rapid or early
platelet count improvement may be associated with other factors, such as the aforemen-
tioned viral effect [17] or autoimmune responses [11]. In thrombocytopenic CHC patients
who will have an elective invasive procedure, DAA treatment might be helpful to improve
platelet counts in addition to platelet transfusion alone. Our previous study that enrolled
CHC patients receiving DAA therapy revealed that patients without significant platelet
count improvement would have more advanced hepatic fibrosis and more liver-related
complications such as HCC, splenomegaly, and ascites [15]. However, the sample size of
that study was relatively small. After the long-term follow-up period, it remains unclear
what pattern the platelet count evolution would follow in these DAA-treated CHC patients.
Therefore, we conducted this large-scale study to clarify the predictive factors of significant
platelet count improvement and the patterns of platelet count evolution.

2. Materials and Methods
2.1. Patient Selection

This retrospective study enrolled patients from the Taiwan Association for the Study of
Liver (TASL) HCV Registry (TACR). The TACR is a nationwide registry program organized
by the TASL, which sets up and manages the database of patients with HCV who receive
DAA therapy in Taiwan. From May 2017 to August 2020, 38 study centers were enrolled
in the registry. Individual patient records were reviewed, and data were extracted and
validated at each participating study center using a standardized case report form and
a unified coding dictionary. Inclusion criteria: (1) patients aged >20 years, (2) patients
with positive anti-hepatitis C antibody and detectable HCV RNA levels, (3) patients with
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baseline thrombocytopenia (platelet counts <150 × 103 /µL) [1], and (4) patients with a
complete DAA course with at least 12 weeks of post-treatment follow-up (PTW12) after
end-of-treatment (EOT). Patients with human immunodeficiency virus coinfection and
concurrent cancer (including HCC) receiving treatment were excluded. The treatment
duration and regimens were based on the regulations of the Health and Welfare Department
of Taiwan and the guidelines [7,8,18]. Among the 25,905 CHC patients registered in the
TACR, 4922 patients who fulfilled the inclusion criteria were enrolled in our study (Figure 1).
This study was approved by the Research Ethics Committee of each participating center.
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2.2. Clinical and Laboratory Monitoring

Baseline characteristics, including age, sex, hypertension, diabetes mellitus (DM),
cirrhosis, decompensated cirrhosis, history of variceal bleeding, chronic hepatitis B virus
(HBV) coinfection, ascites, history of hepatic encephalopathy, IFN-experienced condition,
and chronic kidney disease (CKD), were recorded using chart review. Liver cirrhosis
was defined based on any of the following modalities: liver histology; transient elastog-
raphy (FibroScan®; Echosens, Paris, France) (>12 kPa); acoustic radiation force impulse
(>1.98 m/s); fibrosis-4 (FIB-4) index (score > 6.5); or the presence of clinical, radiological,
endoscopic, or laboratory evidence of cirrhosis and/or portal hypertension [18]. Decompen-
sated cirrhosis was defined as the deterioration of liver function in patients with cirrhosis
and was characterized by jaundice (total bilirubin levels >2 mg/dL), variceal bleeding,
ascites, or hepatic encephalopathy [19]. HCC was diagnosed either by biopsy or imaging
in the setting of liver cirrhosis [20]. SVR was defined as undetectable HCV RNA levels
12 weeks after EOT (PTW12) [21].

Laboratory data (serum platelet, aspartate aminotransferase (AST), alanine amino-
transferase (ALT), albumin, total bilirubin, prothrombin time with international normalized
ratio (PT INR), and creatinine) were assessed at the hepatogastrointestinal outpatient clinic
at baseline, EOT, PTW12, and 48 weeks after EOT (PTW48). Alpha-fetoprotein (AFP) level
examination and abdominal ultrasonography were performed at baseline and 3–6 months
after initiation of DAA therapy. HCV RNA was quantified at baseline, EOT, and PTW12. Due
to variations in platelet counts at different time points of blood tests, we defined significant
platelet count improvement as a ≥10% increase in platelet counts from baseline to PTW12
((platelet counts at PTW12−platelet counts at baseline)/platelet counts at baseline) [13].
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2.3. Statistical and Data Analysis

The commercial statistical software package (SAS version 9.4; SPSS, version 20) was
used for all statistical analyses. Frequency was compared between groups with and
without significant platelet count improvement using the X2 test with Yate’s correction
or Fisher’s exact test. Group mean values (presented as mean ± standard deviation
(SD)) were compared using Student’s t-test or the nonparametric Mann–Whitney U-test
when appropriate. Stepwise logistic regression analysis using the bidirectional elimination
method was performed to determine factors associated with significant platelet count
improvement by analyzing the covariates in the single variable analysis (p < 0.1), with
gender adjusted at the same time. A collinear test was used to determine whether the
independent factors were highly correlated. All statistical analyses were based on two-sided
hypothesis tests with a significance level of p < 0.05.

3. Results
3.1. Baseline Characteristics of CHC Patients

A total of 4922 patients who completed their follow-up at PTW12 were included in the
final analysis. The baseline characteristics are summarized in Table 1. Overall, 2030 patients
(41.2%) were men, and the mean age of patients was 65.0 ± 10.7 years. In this cohort,
1245 patients had DM (25.3%), 2051 had cirrhosis (41.7%), 270 had decompensated cirrhosis
(5.5%), 361 had HBV coinfection (7.3%), and 4859 achieved SVR12 (98.7%).

Table 1. Baseline characteristics of the thrombocytopenic HCV patients with or without significant
platelet count improvement after DAA therapy.

Variables
Mean ± SD or n (%)

Total
(n = 4922)

Patients with
Significant Platelet

Count Improvement #

(n = 2230)

Patients without
Significant Platelet

Count Improvement #

(n = 2692)

p Value

Baseline clinical characteristics

Age (years) 65.0 ± 10.7 64.6 ± 10.7 65.3 ± 10.6 0.023
Male sex, n (%) 2030 (41.2) 941 (42.2) 1089 (40.5) 0.216
HTN, n (%) 3185 (64.7) 1444 (64.8) 1741 (64.7) 0.953
DM, n (%) 1245 (25.3) 598 (26.8) 647 (24.0) 0.025
Cirrhosis, n (%) 2051 (41.7) 849 (38.1) 1202 (44.7) <0.0001
Decompensated cirrhosis, n (%) 270 (5.5) 100 (4.5) 170 (6.3) 0.005
History of variceal bleeding, n (%) 92 (1.9) 33 (1.5) 59 (2.2) 0.067
HBV coinfection, n (%) 361 (7.3) 164 (7.3) 197 (7.3) 0.961
Ascites, n (%) 159 (3.2) 55 (2.5) 104 (3.9) 0.006
History of HE, n (%) 10 (0.2) 6 (0.3) 4 (0.2) 0.350
Treatment experienced, n (%) 1167 (23.7) 519 (23.3) 648 (24.1) 0.512
CKD, n (%) 377 (7.7) 179 (8.0) 198 (7.4) 0.378
SVR12, n (%) 4859 (98.7) 2205 (98.9) 2654 (98.6) 0.367

Baseline laboratory data

Platelet count (103/µL) 108.8 ± 30.0 105.7 ± 31.3 111.4 ± 28.6 <0.0001
AST (U/L) 78.4 ± 57.6 78.9 ± 54.8 78.1 ± 59.9 0.615
ALT (U/L) 88.7 ± 74.1 90.1 ± 70.3 87.5 ± 77.2 0.214
Total bilirubin (mg/dL) 0.99 ± 0.54 0.96 ± 0.52 1.01 ± 0.56 0.003
Albumin (g/dL) 4.04 ± 0.45 4.05 ± 0.44 4.03 ± 0.46 0.299
PT INR 1.09 ± 0.34 1.09 ± 0.38 1.09 ± 0.31 0.807
Creatinine (mg/dL) 1.18 ± 1.62 1.24 ± 1.78 1.13 ± 1.47 0.025
AFP (ng/mL) 19.4 ± 114.2 21.4 ± 127.3 17.7 ± 102.0 0.272

# Significant platelet count improvement is defined as a ≥10% increase in platelet counts post-treatment week
12 from baseline. HCV, hepatitis C virus; DAA, direct-acting antiviral agent; HTN, hypertension; DM, diabetes
mellitus; HBV, hepatitis B virus; HE, hepatic encephalopathy; CKD, chronic kidney disease; SVR, sustained
virologic response; ALT, alanine aminotransferase; AST, aspartate aminotransferase; PT, prothrombin time; INR,
international normalized ratio; AFP, alpha-fetoprotein.
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3.2. Platelet Count Evolution from Baseline to 48 Weeks after EOT (PTW48)

As shown in Figure 2a, the platelet counts from baseline to treatment week 4 (W4),
EOT, PTW12, and PTW48 were 108.6 ± 30.1, 122.4 ± 41.0, 123.2 ± 43.0, 120.6 ± 40.2,
and 124.4 ± 45.0 × 103/µL, respectively (p < 0.001 for W4 vs. baseline, EOT vs. baseline,
PTW12 vs. baseline, and PTW48 vs. baseline). An increase in platelet counts was noted
during the treatment and follow-up periods. We performed a subgroup analysis to in-
vestigate further whether platelet count improvement occurred before W4. Among the
studied cohort, 243 patients had their platelet counts evaluated at W1, W2, and W4. Platelet
counts at baseline, W1, W2, and W4 were 106.5 ± 30.7, 119.3 ± 37.2, 117.9 ± 36.7, and
121.4 ± 38.5 × 103/µL, respectively (p < 0.001 for W1 vs. baseline, W2 vs. baseline, and
W4 vs. baseline). An increase in platelet counts occurred as early as week one after the
initiation of DAA therapy.
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Figure 2. The dynamic changes in platelet counts from baseline to W4, EOT, PTW12, and PTW48 in
(a) the overall cohort and (b) patients with and without significant platelet count improvement.
* Platelet counts are significantly increased when compared with baseline levels. # Platelet counts are
significantly decreased compared with baseline levels (p < 0.001 for W4 vs. baseline, EOT vs. baseline,
PTW12 vs. baseline, and PTW48 vs. baseline). W4, week 4; EOT, end-of-treatment; PTW12, 12 weeks
post-treatment follow-up; PTW48, 48 weeks post-treatment follow-up.

3.3. Factors Associated with Significant Platelet Count Improvement

Significant platelet count improvement was observed in 2230 (45.3%) patients with
thrombocytopenic CHC who were receiving DAA therapy. Table 1 shows that between
patients with and without significant platelet count improvement, age (64.6 ± 10.7 vs.
65.3 ± 10.6 years), DM (n = 598 (26.8%) vs. n = 647 (24.0%)), cirrhosis (n = 849 (38.1%) vs.
n = 1202 (44.7%)), decompensated cirrhosis (n = 100 (4.5%) vs. n = 170 (6.3%)), ascites (n = 55
(2.5%) vs. n = 104 (3.9%)), baseline platelet counts (105.7 ± 31.3 vs. 111.4 ± 28.6 × 103/µL),
baseline total bilirubin level (0.96 ± 0.52 vs. 1.01 ± 0.56 mg/dL), and baseline creatinine
level (1.24 ± 1.78 vs. 1.13 ± 1.47 mg/dL) were associated with significant platelet count
improvement after single variable analysis. Multivariable analysis (Table 2) revealed that
age (odds ratio (OR) = 0.99, 95% confidence interval (CI): 0.99–1.00, p = 0.01), DM (OR = 1.20,
95% CI: 1.06–1.38, p = 0.007), cirrhosis (OR = 0.66, 95% CI: 0.58–0.75, p < 0.0001), baseline
platelet counts (OR = 0.99, 95% CI: 0.98–0.99, p < 0.0001), and baseline total bilirubin level
(OR = 0.80, 95% CI: 0.71–0.91, p = 0.0003) were independent predictive factors of significant
platelet count improvement, indicating that younger age, presence of DM, absence of
cirrhosis, reduced baseline platelet counts, or reduced baseline total bilirubin level are
associated with significant platelet count improvement after DAA therapy.
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Table 2. Single variable and multivariable analyses associated with significant platelet count im-
provement in thrombocytopenic HCV patients after DAA therapy.

Variable
Single Variable Analysis Multivariable Analysis

Odds Ratio
(95% CI) p Value Odds Ratio

(95% CI) p Value

Baseline clinical characteristics

Age 0.99 (0.99, 1.00) 0.023 0.99 (0.99, 1.00) 0.01
Male sex 1.07 (0.96, 1.20) 0.216 1.09 (0.72,2.15) 0.171
HTN 1.00 (0.89, 1.12) 0.953
DM 1.16 (1.01, 1.32) 0.026 1.20 (1.06, 1.38) 0.007
Cirrhosis 0.76 (0.68, 0.85) <0.0001 0.66 (0.58, 0.75) <0.0001
Decompensated cirrhosis 0.70 (0.54, 0.90) 0.005 0.99 (0.62, 1.60) 0.992
History of variceal bleeding 0.67 (0.44, 1.03) 0.068 0.80 (0.46,1.39) 0.438
HBV coinfection 1.01 (0.81, 1.25) 0.961
Ascites 0.63 (0.45, 0.88) 0.006 0.65 (0.38, 1.10) 0.107
History of HE 1.81 (0.51, 6.43) 0.357
Treatment experienced 0.96 (0.84, 1.09) 0.512
With CKD 1.10 (0.89, 1.36) 0.378
With SVR12 1.26 (0.76, 2.10) 0.368

Baseline laboratory data

Platelet count 0.41 (0.31, 0.53) <0.0001 0.99 (0.98, 0.99) <0.0001
Total bilirubin 0.85 (0.76, 0.95) 0.002 0.80 (0.71, 0.91) 0.0003
Albumin 1.07 (0.94, 1.21) 0.300
PT INR 1.02 (0.87, 1.21) 0.804
Creatinine 1.04 (1.00, 1.08) 0.026 1.02 (0.98, 1.06) 0.261
AFP 1.00 (0.99, 1.00) 0.261

p value < 0.1 on the single variable analysis model was analyzed on the multivariable analysis model. HCV,
hepatitis C virus; DAA, direct-acting antiviral agent; HTN, hypertension; DM, diabetes mellitus; HE, hepatic
encephalopathy; CKD, chronic kidney disease; SVR, sustained virologic response; PT, prothrombin time; INR,
international normalized ratio; AFP, alpha-fetoprotein.

3.4. Platelet Count Evolution in Patients with or without Significant Platelet Count Improvement

Platelet count evolution results based on significant platelet count improvement
are presented in Figure 2b. In patients with significant platelet count improvement, the
platelet counts at baseline, W4, EOT, PTW12, and PTW48 were 105.6 ± 31.2, 128.2 ± 42.8,
131.6 ± 43.7, 138.0 ± 42.7, and 134.0 ± 45.1 × 103/µL, respectively (p < 0.001 for W4 vs.
baseline, EOT vs. baseline, PTW12 vs. baseline, and PTW48 vs. baseline). In patients
without significant platelet count improvement, platelet counts at baseline, W4, EOT,
PTW12, and PTW48 were 111.2 ± 28.9, 117.8 ± 38.92, 116.4 ± 41.2, 106.4 ± 31.7, and
117.3 ± 43.7 × 103/µL, respectively (p < 0.001 for W4 vs. baseline, EOT vs. baseline,
PTW12 vs. baseline, and PTW48 vs. baseline). Furthermore, platelet counts between pa-
tients with and without significant platelet count improvement were significantly different
at baseline (p < 0.001), W4 (p < 0.001), EOT (p < 0.001), PTW12 (p < 0.001), and PTW48
(p < 0.001).

3.5. Platelet Count Evolution Based on DAA Treatment Response

Only 45 patients (1.2%) with platelet counts examined at EOT and PTW12 did not
achieve SVR. Platelet count evolution based on the DAA treatment response is reported
in Figure 3. Platelet counts in patients without SVR at baseline, W4, EOT, PTW12, and
PTW48 were 95.0 ± 31.8, 108.7 ± 38.9, 110.2 ± 36.9, 103.1 ± 35.4, and 100.4 ± 34.8 × 103/µL,
respectively (W4 vs. baseline, p < 0.05; EOT vs. baseline, p = 0.003; PTW12 vs. baseline,
p = 0.115; and PTW48 vs. baseline, p = 0.290). After DAA treatment, non-SVR patients
showed a significant increase in platelet counts until EOT, but this increase became in-
significant at and after PTW12. In contrast, platelet counts in SVR patients at baseline,
W4, EOT, PTW12, and PTW48 were 108.8 ± 30.1, 122.6 ± 41.1, 123.4 ± 43.0, 120.9 ± 40.2,
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and 124.9 ± 45.1 × 103/µL, respectively (p < 0.001 for W4 vs. baseline, EOT vs. baseline,
PTW12 vs. baseline, and PTW48 vs. baseline). Furthermore, platelet counts between
non-SVR and SVR patients were significantly different at baseline (p = 0.006), W4 (p = 0.030),
EOT (p = 0.021), PTW12 (p = 0.002), and PTW48 (p = 0.004).
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3.6. Platelet Count Evolution Based on Baseline Fibrosis Status

A total of 2782 (76.2%) patients with platelet counts examined at EOT and PTW12 had
advanced fibrosis according to FIB-4 scores (cutoff value, 3.25). Platelet count evolution re-
sults based on fibrosis status are shown in Figure 4. In patients with non-advanced fibrosis,
platelet counts at baseline, W4, EOT, PTW12, and PTW48 were 131.1 ± 15.5, 145.1 ± 29.7,
145.0 ± 29.5, 142.9 ± 26.9, and 151.4 ± 37.9 × 103/µL, respectively (p < 0.001 for W4 vs.
baseline, EOT vs. baseline, PTW12 vs. baseline, and PTW48 vs. baseline). In patients
with advanced fibrosis, platelet counts at baseline, W4, EOT, PTW12, and PTW48 were
101.7 ± 30.1, 115.4 ± 41.4, 116.4 ± 44.1, 113.7 ± 41.2, and 117.8 ± 44.3 × 103/µL, respec-
tively (p < 0.001 for W4 vs. baseline, EOT vs. baseline, PTW12 vs. baseline, and PTW48 vs.
baseline). Patients showed a significant increase in platelet counts at W4, EOT, PTW12,
and PTW48 compared with those at baseline, regardless of the fibrosis status. Furthermore,
platelet counts between the non-advanced and advanced fibrosis groups were significantly
different at baseline (p < 0.001), W4 (p < 0.001), EOT (p < 0.001), PTW12 (p < 0.001), and
PTW48 (p < 0.001).
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4. Discussion

In this study, overall platelet counts in thrombocytopenic CHC patients improved after
DAA therapy. The predictive factors of significant platelet count improvement included
younger age, presence of DM, absence of cirrhosis, reduced baseline platelet counts, and
reduced baseline total bilirubin levels. Besides, significantly improved platelet counts are
noted as early as one week after the initiation of DAA therapy. Subgroup analysis revealed
that patients with significant platelet count improvement would consistently improve from
baseline to PTW48. SVR patients showed a significant increase in platelet counts from
baseline to PTW48. However, non-SVR patients showed a significant increase until EOT,
and the changes became insignificant at and after PTW12 compared with the baseline.
Patients would have a significant increase in platelet counts from baseline to PTW48 after
DAA therapy, regardless of the fibrosis status.

Platelet counts can improve immediately after DAA treatment in CHC patients [11–15].
Some of these studies did not investigate the predictive factors of significant platelet count
improvement. Besides, our previous studies only showed that the fatty liver, baseline
platelet counts, and baseline thrombopoietin level were related to significant platelet
count improvement [13,15]. In this larger-scale study, we found that age, baseline platelet
counts, baseline total bilirubin levels, and cirrhosis were negatively correlated, but the
presence of DM was positively correlated with significant platelet count improvement
(Table 2). Several mechanisms may account for these improvements after HCV eradication.
Platelet count improvement is more likely to be related to a decrease in HCV-induced
platelet-associated immunoglobulin G levels [11], improvement of hypersplenism [14],
and resolution of HCV-related myelosuppression [14,22]. Older age, higher total bilirubin
levels, and the presence of cirrhosis at baseline are associated with more severe liver fibrosis,
which is related to the poorer liver capacity to produce TPO [23], and splenomegaly
may be more prevalent in them [24]. Reduced serum TPO levels and splenomegaly-
related hypersplenism could partly account for the absence of significant platelet count
improvement even after DAA therapy. DM was positively associated with significant
platelet count improvement. Metabolic syndrome and insulin resistance are associated with
elevated platelet counts [25,26], and may partly account for the role of DM in platelet count
improvement. This does not mean metabolic syndrome is beneficial because it involves
chronic inflammation state and cardiovascular disease [27]. Our previous study found



Viruses 2022, 14, 333 10 of 13

that fatty liver is associated with significant platelet count improvement [13]. Fatty liver
is related to metabolic syndrome [28]. However, a study showed no correlation between
hyperglycemia and platelet count [29]. In the present study, fatty liver could not be known
from primary data. Therefore, we could not evaluate the relationship between DM and
fatty liver. Hence, further studies are required to explore the underlying mechanism.

Platelet count improvement was observed at W4 (Figure 2a). After subgroup analysis,
we further found that a significant increase in platelet counts would begin just one week
after initiation of DAA treatment. HCV RNA levels decreased significantly from baseline
to W4 (log HCV RNA, baseline 5.90 ± 0.97 IU/mL, W4 1.23 ± 0.27 IU/mL, p < 0.05), which
is compatible with previous studies [30–32]. Besides, HCV RNA levels significantly de-
creased within 1–2 weeks after DAA therapy initiation and were even undetectable at EOT,
independent of the presence or absence of SVR12 [32]. Hence, this phenomenon suggests
that the HCV-induced decrease in platelet counts is ameliorated within several weeks of
HCV eradication by DAAs. To determine whether significant platelet count improvement
could be observed after a long-term follow-up period (at PTW48), we analyzed changes
in platelet counts from baseline to PTW48 between patients with and without significant
platelet count improvement (Figure 2b). We found that platelet counts in both subgroups
increased before EOT, but this increase only continued in patients with significant platelet
count improvement. This indicates that significant platelet count improvement (at PTW12)
predicts a similar improvement at PTW48. In patients without significant platelet count
improvement, platelet counts decreased at PTW12 through an unknown mechanism, but
increased again at PTW48 compared with baseline levels. We also demonstrated the impor-
tance of SVR in patients with thrombocytopenic CHC (Figure 3). Patients who achieved
SVR had a significant increase in platelet counts from baseline to PTW48, whereas the
platelet counts of those without SVR increased significantly at EOT, but the change was
insignificant at PTW12 and PTW48 compared with baseline levels. This phenomenon may
be explained by the reappearance of HCV after EOT in patients without SVR.

Non-advanced fibrosis patients (FIB-4 score < 3.25) had significantly higher platelet
counts at baseline, W4, EOT, PTW12, and PTW48 than advanced fibrosis patients (FIB-
4 score ≥ 3.25). Still, both these subgroups would have significantly improved platelet
counts at time points after initiation of DAA treatment. This finding is similar to that
reported by another study [12], wherein significantly increased platelet counts were noted
in CHC patients with HCV elimination, regardless of the presence of cirrhosis. This
phenomenon reminds us not to interpret early platelet count improvement as a short-term
improvement in liver fibrosis.

This study has some limitations. Using large-scale data of the TACR, two important
factors—fatty liver and splenomegaly—could not be analyzed. However, this big data still
provided some important results. For example, total bilirubin was negatively associated
with significant platelet count improvement in this study. Still, this association was not
observed in our previous study, possibly due to the small sample size [13]. Second, a serial
evaluation of spleen size, the severity of liver fibrosis, or TPO levels were not performed in
many patients in our study. Hence, we are unsure whether platelet count improvement at
long-term follow-up time points is related to fibrosis improvement alone. Third, platelet
counts improved progressively from baseline to PTW12 and PTW48. Whether such progress
reaches a plateau after PTW12 should be clarified in future studies with an even longer-
term follow-up period (such as data at PTW96 and PTW144). Fourth, we did not check
all patients’ resistance-associated substitutions (RAS). RAS is significantly associated with
advanced fibrosis/cirrhosis [33]. Cirrhosis is a negative factor predicting significant platelet
count improvement in our study. Therefore, we could not know whether there exists any
correlation between them or not.

5. Conclusions

Thrombocytopenic CHC patients treated with DAAs generally had a significant in-
crease in platelet counts. Younger age, presence of DM, absence of cirrhosis, and reduced
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baseline platelet counts and total bilirubin levels can predict significant platelet count improve-
ment. Patients with significant platelet count improvement show persistent improvement at
PTW48. The absence of SVR negatively affected platelet count improvement. Regardless of
liver fibrosis, patients would have improved platelet counts after DAA treatment.
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