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2. ABSTRACT

Background & Aims. Patients with chronic hepatitis C virus (HCV) infection may develop
cirrhosis with portal hypertension, reflected by decreased platelet count and splenomegaly.
This retrospective cohort study aimed to assess changes in platelet counts after antiviral
therapy among chronic HCV-infected patients with advanced fibrosis.

Methods. Platelet counts and spleen sizes were recorded in an international cohort of
patients with Ishak 4-6 fibrosis who started antiviral therapy between 1990 and 2003. Last
measured platelet counts and spleen sizes were compared to their pre-treatment values
(within 6 six months prior to the start of therapy). All registered platelet count measurements
from 24 week following cessation of antiviral therapy were included in repeated
measurement analyses.

Results. This study included 464 patients; 353 (76%) had cirrhosis and 187 (40%) attained
sustained virological response (SVR). Among patients with SVR, median platelet count,
increased by 35 x10%/L (IQR 7-62, p<0.001). In comparison, patients without SVR showed a
median decline of 17 x10%L (IQR -5-47, p<0.001). In a subgroup of 209 patients, median
decrease in spleen size was 1.0 cm (IQR 0.3-2.0) for patients with SVR, while median
spleen size increased with 0.6 cm (IQR -0.1-2.0, p<0.001) among those without SVR. The
changes in spleen size and platelet count were significantly correlated (R=-0.41, p<0.001).
Conclusions. Among chronic HCV-infected patients with advanced hepatic fibrosis the
platelet counts improved following SVR and the change in platelets correlated with the
change in spleen size following antiviral therapy. These results suggest that HCV eradication

leads to reduced portal pressure.
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3. MANUSCRIPT

Introduction

The continuous inflammation in livers of patients with chronic hepatitis C virus (HCV)
infection may cause hepatic fibrogenesis. Progression of this process may eventually lead to
cirrhosis, at which stage patients have an unfavorable prognosis due to the elevated risk of
hepatocellular carcinoma (HCC) and liver failure.(1) In one of the largest studies on the
fibrosis progression rate, dating back to 1997, it was estimated that 33% of patients with
chronic HCV infection develop cirrhosis within 20 years.(2) However, the number of patients
who develop cirrhosis could be higher over a longer period of time as fibrosis development
may not be linear. In fact, as the population with chronic hepatitis C is aging, it is expected
that the incidence of HCV-related cirrhosis will increase during the upcoming years.(3)

The treatment of chronic HCV infection improved enormously during the last two
decades. Even in case of advanced hepatic fibrosis, sustained virological response (SVR)
rates over 90% can be achieved with combination regimens of direct-acting antiviral
agents.(4-8) Several studies showed that hepatic fibrosis can regress once HCV is
eradicated as causative agent of liver injury, also among patients with advanced hepatic
fibrosis.(9-16) However, these studies are limited by a short follow-up duration or low
number of patients with cirrhosis. Also, there is significant sampling error with respect to
percutaneous liver biopsy, which remains an invasive procedure with potentially severe
complications so that repeated assessments of liver histology are often not feasible.(16-18)
The longitudinal pattern of hepatic fibrosis regression is thus difficult to study.

The platelet count is strongly related to the degree of hepatic histopathological
abnormalities and portal pressure, especially among those patients with bridging fibrosis or
cirrhosis.(19-26) Indeed, lower platelets have been repeatedly associated with a higher risk
for cirrhosis-related morbidity and mortality, which supports that the platelet count is
representative of the stage of liver disease.(1, 27-29) Importantly, the change in platelets

correlated with the change in hepatic fibrosis following antiviral therapy among patients with
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chronic HCV infection, including those who attained SVR.(30, 31) Changes in platelets thus
represent a non-invasive alternative to assess the evolution of the stage of liver disease and
portal pressure. Because splenic sequestration of blood cells as a direct result of elevated
portal pressure causes the spleen to increase in size, splenomegaly is also considered a
non-invasive marker of the degree of portal hypertension or presence of esophageal
varices.(22-24)

The aim of our study was to assess the change in platelet counts following SVR in a
large cohort of consecutively interferon-treated patients with chronic HCV infection and

biopsy-proven bridging fibrosis or cirrhosis.

Patients and Methods

All consecutive patients with chronic HCV infection and bridging fibrosis or cirrhosis
(Ishak fibrosis score 4-6) who initiated interferon-based antiviral therapy between 1990 and
2003 were included from 5 large hepatogy units in Europe and Canada. The design of this
retrospective cohort study have been described in detail previously.(29) For the current
study, the patients were assessed from the last received interferon-based treatment course
onwards. Hereby it was prevented that interferon-induced bone marrow suppression
influenced the platelet counts during follow-up as a result of retreatment. Excluded were
patients with a‘human immunodeficiency virus or hepatitis B virus co-infection, patients who
had developed HCC or liver failure prior to start of follow-up or prior to the first available
platelet count measurement during follow-up, and patients who received long-term low-dose
pegylated interferon maintenance therapy. Patients without follow-up beyond January 1st
2010 were invited for a single visit to the outpatient clinic.

The study was conducted in accordance with the guidelines of the Declaration of
Helsinki-and the principles of Good Clinical Practice. According to the standards of the local
ethics committees, written informed consent was obtained from patients visiting the

outpatient clinics.
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Outcome measures

Pre-treatment markers of liver disease severity closest to the start of therapy were
included, as long as these were available within six months before the start of antiviral
therapy. All available platelet count measurements were registered from 24 weeks after
cessation of interferon-based antiviral therapy. A platelet count <150 x10%L was defined as
thrombocytopenia. Measurements obtained after the diagnosis of HCC or liver failure were
not considered. The diagnosis of HCC was based on histopathological confirmation or 2
coincident imaging techniques (computed tomography, magnetic resonance imaging or
contrast-enhanced ultrasonography) showing a focal lesion larger than 2 centimeters with
arterial-phase hyper-enhancement or 1 imaging technique showing a focal lesion larger than
2 centimeters with arterial-phase hyper-enhancement in the presence of an a-fetoprotein
level greater than 400 ng/mL.(32) Liver failure was defined as an episode of ascites,
bleeding varices, jaundice or overt hepatic encephalopathy. Only the first episode of liver
failure was considered in case patients experienced multiple liver failure events. The last
available spleen size measurement (in centimeters), as determined by radiological
examination (ultrasound, computed tomography or magnetic resonance imaging), was
registered. Spleen sizes which were measured after initiation of treatment for HCC or portal
hypertension were not considered, and in such cases the last spleen size prior to these

events was used.

Statistical analyses

Baseline characteristics were compared between patients with SVR and patients
without SVR using the Mann-Whitney test for continuous and the chi-square test for
categorical variables. To assess the difference in median platelet count per Ishak fibrosis
scores (4, 5 or 6), the Kruskal-Wallis was used. Correlations were analyzed with
Spearman's rank correlation coefficient. The relation between baseline laboratory markers
and the degree of hepatic fibrosis (Ishak 4/5 versus 6 and Ishak 4 versus 5/6) was assessed

with logistic regression and receiver operating characteristic curve analysis.
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Per virological response group, the statistical significance of the change in platelets
from baseline to the last available measurement during follow-up was assessed with the
Wilcoxon signed-rank test. The difference in the change of platelets between patients with
SVR and patients without SVR was assessed with the Mann-Whitney test. Per virological
response group, McNemar’s test was used to assess the difference in the percentage of
patients with thrombocytopenia at baseline and last follow-up. The change in spleen size
was assessed accordingly.

Linear regression analysis was used to determine which baseline variables were
associated with the change in platelets from baseline to last follow-up among the patients
who attained SVR. Repeated measurement analyses with a random intercept and slope per
patient and an unstructured covariance matrix were performed to analyze the evolution of
platelets-over time, correcting for potential non-linearity by including the squared time to the
platelet count measurement into the model. As chronic HCV infection and interferon therapy
can influence the platelets as well, 24 weeks after cessation of antiviral therapy was
considered as time zero in the repeated measurement analyses.

All statistical tests were two-sided, and a p-value <0.05 was considered to be
statistically significant. SPSS version 17.0.2 (SPSS Inc., Chicago, IL, USA) and SAS 9.2

PROC GENMOD (SAS institute, Cary, NC) were used for all statistical analyses.

Results
Study population

Between 1990 and 2003, 546 patients with chronic HCV infection and histological
proof of advanced hepatic fibrosis received interferon-based antiviral therapy. Eight patients
who were lost-to-follow-up and 8 patients who developed HCC or liver failure before 24
weeks after their initial treatment course were excluded. Of the remaining 530 patients,
125(24%) attained SVR and 405(76%) did not. During follow-up 204 patients without SVR
were retreated at least once, which resulted in SVR for another 67 patients. Among

retreated patients, 7 experienced a cirrhosis-related complication before 24 weeks following
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their last treatment course, 14 received long-term low dose pegylated interferon
maintenance therapy, and 45 had no available platelet count measurement during follow-up.
These patients were excluded as well, so that the total study cohort consisted of 464
patients; 187 with SVR and 277 without SVR (Figure 1). Table 1 summarizes the baseline

characteristics according to the virological response to the last antiviral treatment course.

Platelet count in relation to hepatic fibrosis

At baseline, platelet counts were associated with histological stage of fibrosis: the
median platelet count was 186 x10%L (interquartile range [IQR] 143-226) among patients
with Ishak fibrosis score 4, 160 x10%L (IQR 134-209) among patients with Ishak fibrosis
score 5 and 133 x10%L (IQR 92-176) among patients with Ishak fibrosis score 6 (p<0.001).
Accordingly, the percentage of patients with thrombocytopenia increased with higher Ishak
fibrosis score (31%, 40% and 60% for Ishak fibrosis score 4, 5 and 6, respectively, p<0.001).
The platelet count could largely discriminate patients with Ishak fibrosis score 4/5 from those
with Ishak 6 (area under the curve [AUC] 0.70, 95% confidence interval [Cl] 0.65-0.75,
p<0.001). The AUC of the platelet count was similar to differentiate between Ishak 4 and 5/6
(AUC=0.69, 95%ClI 0.63-0.74, p<0.001). The discriminating abilities of bilirubin, albumin or
the ratio between the aspartate and alanine aminotransferase were lower (AUCs ranging
from 0.56 to 0.62). Logistic regression analyses indicated that the platelet count was the only
objective laboratory marker of liver disease severity that had an independent statistically

significant association with the baseline stage of hepatic fibrosis (Table 2).

Changes in platelets following antiviral therapy

During the follow-up which started 24 weeks post-treatment, 3387 platelet count
measurements were registered. The median interval between platelet count measurements
was 0.45 years (IQR 0.13-0.79), which differed between patients with SVR (0.54 years, IQR
0.28-1.02) and patients without SVR (0.31 years, IQR 0.12-0.61, p<0.001). The last

available platelet counts were measured after a median of 5.7 (IQR 2.1-7.6) years among
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patients with SVR and after 4.4 (IQR 1.9-7.1) years among patients without SVR (p=0.111).
The median last platelet count was 198 x10%L (IQR 166-248) in the group with SVR and 113
x10%L (IQR 73-167) in the group without SVR (p<0.001). In 426 patients a platelet count
measurement was available both at baseline as well as during follow-up. Among those with
SVR, 44(62%) of the patients with thrombocytopenia at baseline showed a normal platelet
count at the time of the last measurement (p<0.001), while only 2(2%) patients with SVR and
normal platelets at baseline had thrombocytopenia at the final measurement (Table 3). The
platelet counts in these patients were 122 x10%L and 134 x10%/L at the end of follow-up,
respectively. Among patients without SVR, 47(43%) patients changed from a normal platelet
count at baseline to thrombocytopenia at the end of follow-up (p<0.001), while 14 (10%)
patients with thrombocytopenia at baseline had normal platelet counts at the time of the last
measurement. From baseline to the last available measurement, the platelet count showed a
median increase of 35 x10%L (IQR 7-62) among the patients with SVR and a median
decrease of 17 x10%L (IQR -5-47) among patients without SVR (p<0.001; for the paired
analyses within each response group as well as for the comparison between both response
groups).

Linear regression analyses were performed to assess which factors were associated
with improvement of platelets following SVR (Table 4). Higher body mass index (BMI) was
negatively associated with the change in the platelet count (8=-1.59, standard error 0.78,
p=0.043). These analyses were corrected for the baseline platelet count and the time from
SVR to the last platelet count measurement.

Repeated measurement analyses showed a gradual and almost linear increase in
platelets beyond the moment of SVR, while the platelet counts further declined among those
patients who did not attain SVR (p<0.001; for the change within each response group as well

as for the comparison between both response groups) (Figure 2).
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Spleen size

Spleen sizes were available within 6 months prior to initiation of antiviral therapy in
99(53%) patients with SVR and 147(53%) patients without SVR. The median baseline
spleen size was 12.0 cm (IQR 10.6-13.8) among those patients who would later achieve
SVR and 12.9 (IQR 11.2-14.8) among those without subsequent SVR (p=0.012). The
median spleen sizes were 11 cm (IQR 9.8-12.6), 12.5 cm (IQR 11.4-14.0) and 13.0 cm (IQR
11.4-15.0) among patients with Ishak 4, 5 and 6 fibrosis, respectively (p<0.001). The AUC to
discriminate Ishak 4/5 from Ishak 6 fibrosis using the spleen size was 0.65 (95%CI 0.58-
0.72, p<0.001) and 0.74 (95%CI 0.66-0.81, p<0.001) to discriminate Ishak 4 from Ishak 5/6.
At baseline, the spleen size was significantly correlated to the platelet count (R=-0.44,
p<0.001).

In-145(78%) patients with SVR and 235(85%) of patients without SVR a spleen size
was registered during follow-up. The last median spleen size was 10.4 cm (IQR 9.5-12.0)
among patients with SVR versus 13.6 cm (IQR 11.6-16.0) among patients without SVR
(p<0.001). Paired data on pre-treatment and end-of-follow-up spleen sizes were available in
209(45%) patients. Among patients with SVR the spleen size showed a median decrease of
1.0 cm (IQR 0.3-2.0) and among patients without SVR the spleen size showed a median
increase of 0.6 cm (IQR -0.1-2.0) from baseline to the last measurement (p<0.001; for the
paired analyses within each response group as well as for the comparison between both
response groups). The change in spleen size was statistically significantly correlated with

the change in platelet count (R=-0.41, p<0.001).

Discussion

With this study we showed that the platelet counts improved following eradication of
chronic HCV infection among patients with bridging fibrosis or cirrhosis. With a repeated
measurement analysis including over 3000 platelet count evaluations, a rather linear
increase in platelets was observed from the moment of SVR onwards. In contrast, patients

who did not attain SVR showed a further decline. The increase in platelets continued for
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many years after SVR, suggesting that the histopathological abnormalities and portal
pressure gradually improve among chronic HCV-infected patients with advanced liver
disease who were successfully treated. This was further substantiated by the reduction in
spleen size among the patients who had attained SVR.

Four previous studies have assessed the change in platelets after SVR among
Western patients with chronic HCV infection.(10, 33-35) George et al. followed 150 patients
with interferon-induced clearance of their chronic HCV infection for 5 years.(10) In this study
the mean pre-treatment platelet count (232 x10%L) did not significantly differ from the mean
last measured platelet count during follow-up (235 x10%L). However, only 16 (11%) patients
with cirrhosis were included in this study, at which stage platelet counts are most affected.
Although limited by the inclusion of only 10 (10%) patients with cirrhosis as well, another
follow-up-study did show that the mean platelets significantly increased from 209 x10%/L at
baseline to 239 x10%/L at the final follow-up (which ranged from 1 to 22 years after
successful therapy) among 100 patients with SVR.(34) The change in platelets following
antiviral therapy was also assessed in the Hepatitis C Antiviral Long-Term Treatment
Against Cirrhosis (HALT-C) trial, which only included patients with at least Ishak F3
fibrosis.(28) In contrast to both above-described studies, a control group without SVR was
included. As compared to pre-treatment levels, the mean platelet count was already
significantly increased at the time SVR was attained (24 weeks after cessation of therapy).
An additional post-hoc assessment among the patients with SVR after approximately 5
years of follow-up indicated that the platelet counts further increased with time. In line with
our findings, the platelet counts declined among patients without SVR.

With repeated measurement analyses including all platelet count assessments during
follow-up, we have showed the evolution of platelets according to the virological response
following antiviral therapy among patients with bridging fibrosis or cirrhosis in more detail.
Pre-treatment platelet counts were not included in these analyses as we started the follow-
up at the time of SVR. This is important, because other mechanisms than splenic

sequestration as a result of elevated portal pressure may reduce the platelet counts among
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patients with chronic HCV infection as well, such as reduced thrombopoietin (TPO)
production, HCV-mediated bone marrow suppression and the presence of autoantibodies,
causing chronic immune thrombocytopenic purpura.(36) At the time of SVR, when HCV has
been suppressed for more than 6 months, bone marrow suppression due to HCV or
interferon-based therapy should no longer be of influence.(37, 38) Increasing TPO levels
could continue to be relevant for the rise of platelets after SVR, since the production of TPO
has been negatively correlated with the degree of hepatic fibrosis.(39, 40) In this case
regression of hepatic fibrosis and improvement of liver function would thus remain the
underlying cause for the improved platelet counts. Nevertheless, lowering of portal pressure
and reversal of splenomegaly is likely to remain a predominant reason for the increase in
platelets once HCV is eradicated as cause of liver injury. Indeed, the change in platelets and
change in spleen size were correlated in our study, which has not been shown by any of the
previous studies. A limitation of the current study, however, is that data on baseline spleen
size were available in only a limited number of the included patients, also because we
restricted the baseline period to 6 months prior to the start of antiviral therapy.

Another interesting result of our study was that higher BMI was negatively associated
with the increase in platelet counts among the patients with SVR. Currently, risk factors for
disease progression following viral eradication remain largely unknown. Our finding might be
explained by the presence of hepatic steatosis and inflammation among patients with high
BMI.(41,-42) Although data on the presence of steatosis is lacking in our cohort, its
association with higher BMI is well known.(43) To what extend these or other aspects of the
metabolic syndrome may impact the clinical course of cirrhosis after patients have cleared
their chronic HCV infection requires further study. For now, life-style modifications to reduce
obesity may be advocated.(44)

Despite the limitations of percutaneous liver biopsy (ethical concerns regarding
multiple measurements and the subjective character of hepatic fibrosis assessment), the
impact of antiviral therapy on liver histology among patients with chronic HCV infection has

been studied.(9, 10, 15, 16, 45) The largest study to date included almost 700 patients with
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at least METAVIR F2 fibrosis at baseline from 4 randomized controlled trials.(15) Even
though all patients were biopsied already 24 weeks after cessation of antiviral therapy,
patients with SVR showed regression of hepatic fibrosis while patients without SVR had
rather stable liver disease, with median estimated annual METAVIR fibrosis progression
rates of -0.591 and 0, respectively. However, 24 weeks after cessation of antiviral therapy
might too early to assess the true impact of successful antiviral therapy on liver histology.
Indeed, a prior study including 183 patients with various degrees of HCV-induced hepatic
fibrosis and SVR indicated that regression of hepatic fibrosis takes time, as the regression of
fibrosis was more pronounced in case of longer post-SVR follow-up.(16) Our data, showing
the continued increase in platelets for many years after SVR, is in line with this finding. A
recent histological study including patients with HCV-related cirrhosis and SVR showed that
23 (61%)-patients had a reduction of the METAVIR F4 fibrosis score in their liver biopsy
obtained after a median of approximately 5 years following treatment cessation.(9)
Interestingly, even though the METAVIR F4 score was not reduced in the remaining 15
(39%) patients, morphometric analyses indicated that their total liver collagen content was
still significantly reduced. Because the semi-quantitative hepatic fibrosis scores, by which
regression of hepatic fibrosis has been largely assessed so far, may thus be somewhat too
crude, objective and continuous variables for the assessment of changes in hepatic fibrosis
are relevant to fully appreciate the impact of SVR on liver disease severity. As the change in
platelets-has been linked to the change in hepatic fibrosis, the platelet count represents an
easily accessible biomarker to assess histological improvement.(30, 31) We remained with
the platelet count as outcome measure in our study because many other laboratory-based
non-invasive fibrosis markers showed a poor accuracy for hepatic fibrosis assessment
among patients with SVR.(46) Perhaps this is explained by the fact that most include
parameters of hepatic inflammation, which is also affected by viral eradication.

Regression of hepatic fibrosis, especially in case of cirrhosis, was recently shown to
be clinically relevant. In a pivotal study by Mallet et al. clinical outcome was superior among

chronic HCV-infected patients with cirrhosis who showed a substantial reduction of their
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post-treatment METAVIR score as compared to patients who did not regress.(11) In
addition, other large cohort studies have indicated that SVR was also associated with a
reduced occurrence of liver failure, HCC and mortality among patients with advanced liver
disease.(27-29, 47-49) Only a few studies have directly measured the hepatic venous
pressure gradient (HVPG) before and after antiviral therapy.(50-52) All included only a small
number of patients, but showed that SVR was significantly associated with a reduction in
HVPG, which remains one of the best validated surrogate markers in hepatology. Our
finding of a decrease in spleen size following SVR in a large group of patients with bridging
fibrosis or cirrhosis further substantiates the reduction of portal pressure once the chronic
HCV infection is eradicated.

In conclusion, the platelet counts gradually increased and the spleen size decreased
following-achievement of SVR among chronic HCV-infected patients with bridging fibrosis or
cirrhosis. This suggests that successful antiviral therapy leads to a reduction in portal
pressure, probably due to regression of the histopathological abnormalities which have

resulted from long-term liver injury due to chronic HCV infection.

This article is protected by copyright. All rights reserved.



4. REFERENCES

1. Fattovich G, Giustina G, Degos F, et al. Morbidity and mortality in compensated
cirrhosis type C: a retrospective follow-up study of 384 patients. Gastroenterology. 1997
Feb;112(2):463-72.

2. Poynard T, Bedossa P, Opolon P. Natural history of liver fibrosis progression in
patients with chronic hepatitis C. The OBSVIRC, METAVIR, CLINIVIR, and DOSVIRC
groups. Lancet. 1997 Mar 22;349(9055):825-32.

8. Davis GL, Alter MJ, El-Serag H, Poynard T, Jennings LW. Aging of hepatitis C virus
(HCV)-infected persons in the United States: a multiple cohort model of HCV prevalence and
disease progression. Gastroenterology. 2010 Feb;138(2):513-21, 21 e1-6.

4. Afdhal N, Reddy KR, Nelson DR, et al. Ledipasvir and Sofosbuvir for Previously
Treated HCV Genotype 1 Infection. N Engl J Med. 2014 Apr 11;370:1483-93.

5. Afdhal N, Zeuzem S, Kwo P, et al. Ledipasvir and Sofosbuvir for Untreated HCV
Genotype 1 Infection. N Engl J Med. 2014 Apr 11;370:1889-98.

6. Lawitz E, Gane E, Pearlman B, et al. Efficacy and safety of 12 weeks versus 18
weeks of treatment with grazoprevir (MK-5172) and elbasvir (MK-8742) with or without
ribavirin for hepatitis C virus genotype 1 infection in previously untreated patients with
cirrhosis and patients with previous null response with or without cirrhosis (C-WORTHY): a
randomised, open-label phase 2 trial. Lancet. 2014 Nov 11.

7. Lawitz E, Sulkowski MS, Ghalib R, et al. Simeprevir plus sofosbuvir, with or without
ribavirin, to treat chronic infection with hepatitis C virus genotype 1 in non-responders to
pegylated interferon and ribavirin and treatment-naive patients: the COSMOS randomised
study. Lancet. 2014 Nov 15;384(9956):1756-65.

8. Poordad F, Hezode C, Trinh R, et al. ABT-450/r-ombitasvir and dasabuvir with
ribavirin for hepatitis C with cirrhosis. N Engl J Med. [Research Support, Non-U.S. Gov'].
2014 May 22;370(21):1973-82.

9. D'Ambrosio R, Aghemo A, Grazia Rumi M, et al. A morphometric and
immunohistochemical study to assess the benefit of a sustained virological response in
hepatitis C virus patients with cirrhosis. Hepatology. 2012 Jan 23;56:532-43.

10. George SL, Bacon BR, Brunt EM, Mihindukulasuriya KL, Hoffmann J, Di Bisceglie
AM. Clinical, virologic, histologic, and biochemical outcomes after successful HCV therapy: a
5-year follow-up of 150 patients. Hepatology. 2009 Mar;49(3):729-38.

11. Mallet V, Gilgenkrantz H, Serpaggi J, et al. Brief communication: the relationship of
regression of cirrhosis to outcome in chronic hepatitis C. Ann Intern Med. 2008 Sep
16;149(6):399-403.

This article is protected by copyright. All rights reserved.



12. Marcellin P, Boyer N, Gervais A, et al. Long-term histologic improvement and loss of
detectable intrahepatic HCV RNA in patients with chronic hepatitis C and sustained
response to interferon-alpha therapy. Ann Intern Med. 1997 Nov 15;127(10):875-81.

13. Pockros PJ, Hamzeh FM, Martin P, et al. Histologic outcomes in hepatitis C-infected
patients with varying degrees of virologic response to interferon-based treatments.
Hepatology. 2010 Oct;52(4):1193-200.

14. Pol S, Carnot F, Nalpas B, et al. Reversibility of hepatitis C virus-related cirrhosis.
Hum Pathol. 2004 Jan;35(1):107-12.

15. Poynard T, McHutchison J, Manns M, et al. Impact of pegylated interferon alfa-2b
and ribavirin on liver fibrosis in patients with chronic hepatitis C. Gastroenterology. 2002
May;122(5):1303-13.

16. Shiratori Y, Imazeki F, Moriyama M, et al. Histologic improvement of fibrosis in
patients with hepatitis C who have sustained response to interferon therapy. Ann Intern Med.
2000 Apr 4;132(7):517-24.

17. Regev A, Berho M, Jeffers LJ, et al. Sampling error and intraobserver variation in
liver biopsy in patients with chronic HCV infection. Am J Gastroenterol. 2002
Oct;97(10):2614-8.

18. Rockey DC, Caldwell SH, Goodman ZD, Nelson RC, Smith AD, American
Association for the Study of Liver D. Liver biopsy. Hepatology. 2009 Mar;49(3):1017-44.

19. Murawaki Y, Koda M, Okamoto K, Mimura K, Kawasaki H. Diagnostic value of serum
type |V collagen test in comparison with platelet count for predicting the fibrotic stage in
patients with chronic hepatitis C. J Gastroenterol Hepatol. [Comparative Study

Research Support, Non-U.S. Gov't]. 2001 Jul;16(7):777-81.

20. Pohl A, Behling C, Oliver D, Kilani M, Monson P, Hassanein T. Serum
aminotransferase levels and platelet counts as predictors of degree of fibrosis in chronic
hepatitis C virus infection. Am J Gastroenterol. 2001 Nov;96(11):3142-6.

21. Poynard T, Bedossa P. Age and platelet count: a simple index for predicting the
presence of histological lesions in patients with antibodies to hepatitis C virus. METAVIR
and CLINIVIR Cooperative Study Groups. J Viral Hepat. [Research Support, Non-U.S.
Gov't]. 1997 May;4(3):199-208.

22. Berzigotti A, Seijo S, Arena U, et al. Elastography, spleen size, and platelet count
identify portal hypertension in patients with compensated cirrhosis. Gastroenterology.
[Comparative Study

Research Support, Non-U.S. Gov't]. 2013 Jan;144(1):102-11 e1.

23. " Chalasani N, Imperiale TF, Ismail A, et al. Predictors of large esophageal varices in
patients with cirrhosis. Am J Gastroenterol. [Multicenter Study

Research Support, U.S. Gov't, P.H.S.]. 1999 Nov;94(11):3285-91.

This article is protected by copyright. All rights reserved.



24. Madhotra R, Mulcahy HE, Willner I, Reuben A. Prediction of esophageal varices in
patients with cirrhosis. J Clin Gastroenterol. 2002 Jan;34(1):81-5.

25. Pilette C, Oberti F, Aube C, et al. Non-invasive diagnosis of esophageal varices in
chronic liver diseases. Journal of hepatology. 1999 Nov;31(5):867-73.

26. Zaman A, Becker T, Lapidus J, Benner K. Risk factors for the presence of varices in
cirrhotic patients without a history of variceal hemorrhage. Arch Intern Med. [Clinical Trial].
2001 Nov 26;161(21):2564-70.

27. Cardoso AC, Moucari R, Figueiredo-Mendes C, et al. Impact of peginterferon and
ribavirin therapy on hepatocellular carcinoma: incidence and survival in hepatitis C patients
with advanced fibrosis. J Hepatol. 2010 May;52(5):652-7.

28. Morgan TR, Ghany MG, Kim HY, et al. Outcome of sustained virological responders
with histologically advanced chronic hepatitis C. Hepatology. 2010 Sep;52(3):833-44.

29.  Van der Meer AJ, Veldt BJ, Feld JJ, et al. Association between sustained virological
response and all-cause mortality among patients with chronic hepatitis C and advanced
hepatic fibrosis. JAMA. 2012;308(24):2584-93.

30. Coverdale SA, Samarasinghe DA, Lin R, et al. Changes in antipyrine clearance and
platelet count, but not conventional liver tests, correlate with fibrotic change in chronic
hepatitis C: value for predicting fibrotic progression. Am J Gastroenterol. 2003
Jun;98(6):1384-90.

31. Taniguchi H, lwasaki Y, Fujiwara A, et al. Long-term monitoring of platelet count, as a
non-invasive marker of hepatic fibrosis progression and/or regression in patients with
chronic hepatitis C after interferon therapy. J Gastroenterol Hepatol. 2006 Jan;21(1 Pt
2):281-7.

32. Bruix J, Sherman M, Practice Guidelines Committee AAftSoLD. Management of
hepatocellular carcinoma. Hepatology. 2005 Nov;42(5):1208-36.

33. Karagozian R, Grace ND, Qamar AA. Hematologic indices improve with eradication
of HCV in patients with cirrhosis and predict decompensation. Acta gastro-enterologica
Belgica. 2014 Dec;77(4):425-32.

34. Koh C, Heller T, Haynes-Williams V, et al. Long-term outcome of chronic hepatitis C
after sustained virological response to interferon-based therapy. Aliment Pharmacol Ther.
2013 May;37(9):887-94.

35. Morgan TR, Ghany MG, Kim HY, et al. Outcome of sustained virological responders
with histologically advanced chronic hepatitis C. Hepatology. 2010 Sep;52(3):833-44.

36.  Afdhal N, McHutchison J, Brown R, et al. Thrombocytopenia associated with chronic
liver disease. Journal of hepatology. [Research Support, Non-U.S. Gov't

Review]. 2008 Jun;48(6):1000-7.

This article is protected by copyright. All rights reserved.



37. Maan R, van der Meer AJ, Hansen BE, et al. Effect of thrombocytopenia on treatment
tolerability and outcome in patients with chronic HCV infection and advanced hepatic
fibrosis. J Hepatol. 2014 Apr 26.

38. Roomer R, Hansen BE, Janssen HL, de Knegt RJ. Thrombocytopenia and the risk of
bleeding during treatment with peginterferon alfa and ribavirin for chronic hepatitis C. Journal
of hepatology. 2010 Sep;53(3):455-9.

39. Giannini E, Botta F, Borro P, et al. Relationship between thrombopoietin serum levels
and liver function in patients with chronic liver disease related to hepatitis C virus infection.
Am J Gastroenterol. [Comparative Study]. 2003 Nov;98(11):2516-20.

40. Kawasaki T, Takeshita A, Souda K, et al. Serum thrombopoietin levels in patients
with chronic hepatitis and liver cirrhosis. Am J Gastroenterol. [Research Support, Non-U.S.
Gov't]. 1999 Jul;94(7):1918-22.

41. Bedogni G, Miglioli L, Masutti F, et al. Incidence and natural course of fatty liver in the
general population: the Dionysos study. Hepatology. 2007 Nov;46(5):1387-91.

42. Chalasani N, Younossi Z, Lavine JE, et al. The diagnosis and management of non-
alcoholic fatty liver disease: practice Guideline by the American Association for the Study of
Liver Diseases, American College of Gastroenterology, and the American
Gastroenterological Association. Hepatology. 2012 Jun;55(6):2005-23.

43. Bellentani S, Saccoccio G, Masutti F, et al. Prevalence of and risk factors for hepatic
steatosis.in Northern Italy. Ann Intern Med. [Research Support, Non-U.S. Gov't]. 2000 Jan
18;132(2):112-7.

44, Wong VW, Wong GL, Choi PC, et al. Disease progression of non-alcoholic fatty liver
disease: a prospective study with paired liver biopsies at 3 years. Gut. 2010 Jul;59(7):969-
74.

45, Ellis EL, Mann DA. Clinical evidence for the regression of liver fibrosis. Journal of
hepatology. [Review]. 2012 May;56(5):1171-80.

46. Degasperi E, Grassi E, Fraquelli M, Aghemo A, D'Ambrosio R, Colombo M. Low
accuracy of non-invasive tests for assessing residual cirrhosis in hepatitis C patients with a
sustained virological response. Journal of hepatology. 2014;60(SUPPL. 1):S418-9.

47. Backus LI, Boothroyd DB, Phillips BR, Belperio P, Halloran J, Mole LA. A sustained
virologic response reduces risk of all-cause mortality in patients with hepatitis C. Clin
Gastroenterol Hepatol. 2011 Jun;9(6):509-16 e1.

48. Bruno S, Stroffolini T, Colombo M, et al. Sustained virological response to interferon-
alpha is associated with improved outcome in HCV-related cirrhosis: a retrospective study.
Hepatology. 2007 Mar;45(3):579-87.

This article is protected by copyright. All rights reserved.



49. Aleman S, Rahbin N, Weiland O, et al. A risk for hepatocellular carcinoma persists
long-term after sustained virologic response in patients with hepatitis C-associated liver
cirrhosis. Clin Infect Dis. [Research Support, Non-U.S. Gov't]. 2013 Jul;57(2):230-6.

50. Gluud C, Brok J, Gong Y, Koretz RL. Hepatology may have problems with putative
surrogate outcome measures. Journal of hepatology. 2007 Apr;46(4):734-42.

51. Rincon D, Ripoll C, Lo lacono O, et al. Antiviral therapy decreases hepatic venous
pressure gradient in patients with chronic hepatitis C and advanced fibrosis. Am J
Gastroenterol. [Clinical Trial

Research Support, Non-U.S. Gov't]. 2006 Oct;101(10):2269-74.

52. Roberts S, Gordon A, McLean C, et al. Effect of sustained viral response on hepatic
venous pressure gradient in hepatitis C-related cirrhosis. Clin Gastroenterol Hepatol.
[Research Support, Non-U.S. Gov't]. 2007 Aug;5(8):932-7.

This article is protected by copyright. All rights reserved.



Table 1. Baseline characteristics according to virological response

Overall With SVR Without SVR
(n = 464) (n = 187) (n = 277) p-value

Age, years 51 (44-57) 49 (44-57) 51 (44-58) 0.071
Male, n/total (%) 321/464 (69) 137/187 (73) 184/277 (66) 0.118
BMI, kg/m? 2 25.9 (23.4-28.7) 25.6 (23.1-28.6) 26.1 (23.8-29.0) 0.135
Fibrosis score, n/total (%) 0.429

- Ishak 4 111/464 (24) 50/187 (27) 61/277 (22)

- Ishak 5 91/464 (20) 33/187 (18) 58/277 (21)

- Ishak 6 262/464 (56) 104/187 (55) 158/277 (57)
HCV genotype, n/total (%) <0.001

-1 300/440 (68) 93/179 (52) 207/261 (79)

-2 42/440 (10) 32/179 (18) 10/261 (4)

-3 79/440 (18) 46/179 (26) 33/261 (13)

-4 15/440 (3) 6/179 (3) 9/261 (3)

- Other 4/440 (1) 2179 (1) 2/261 (1)
Type of treatment, n/total (%) <0.001

- IFN mono 70/464 (15) 9/187 (5) 61/277 (22)

- IFN and RBV 110/464 (24) 49/187 (26) 61/277 (22)

- peglFN mono 12/464 (3) 4/187 (2) 8/277 (3)

- peglFN and RBV 253/464 (54) 118/187 (63) 135/277 (49)

- ConsensuslFN (+/- RBV) 11/464 (2) 2/187 (1) 9/277 (3)

- peglFN and RBV and PI 8/464 (2) 5/187 (3) 3/277 (1)
Laboratory markers of liver disease
severity °

< Platelet count, x10%/L 150 (112-199) 162 (132-205) 142 (100-191) <0.001

- Albumin, g/L 42 (39-44) 42 (40-44) 41 (38-44) 0.016

- Bilirubin, pmol/L 13 (10-18) 12 (9-15) 14 (10-19) <0.001

- AST/ALT ratio 0.73 (0.59-0.92) 0.68 (0.55-0.82) 0.76 (0.62-0.97) <0.001
Spleen size, cm 12.5(11.0-14.3) 12.0 (10.6-13.8) 12.9 (11.2-14.8) 0.012
Treatment naive, n/total (%) 267/464 (58) 109/187 (58) 158/277 (57) 0.789
Year treatment started 2001 (1998-2003) 2002 (2000-2003) 2001 (1998-2003) 0.003
Treatment duration, weeks 31 (22-48) 48 (25-49) 24 (16-48) <0.001
Diabetes mellitus, n/total (%) 71/464 (15) 20/187 (11) 51/277 (18) 0.024
History of severe alcohol use, n/total (%) ° 100/437 (23) 38/180 (21) 62/257 (24) 0.460
AntiHBc positivity, n/total (%) 168/364 (46) 63/141 (45) 105/223 (47) 0.654

Data are presented as median (interquartile range), unless otherwise noted. Abbreviations: BMI; Body Mass
Index, HCV; Hepatitis C Virus, IFN; interferon, peglFN; pegylated interferon, AST; Aspartate aminotransferase,
ALT; Alanine aminotransferase, antiHBc; anti-hepatitis B core antigen, PI; protease inhibitor.

@ BMI ' was missing in 24 (13%) patients with SVR, and 61 (22%) patients without SVR.

® Platelet count was missing in 9 (5%) patients with SVR and 29 (10%) patients without SVR. Albumin was
missing in 13 (7%) patients with SVR and 48 (17%) patients without SVR. Total bilirubin was missing in 14 (7%)
patients with SVR and 36 (13%) patients without SVR. The AST/ALT ratio was missing in 15 (8%) patients with
SVR and 37 (15%) patients without SVR. The spleen size was missing in 88 (47%) patients with SVR and 130
(47%0 patients without SVR.

¢ Severe alcohol use was defined as the use of more than 50 gram of alcohol per day.
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Table 2. Logistic regression analyses for the stage of hepatic fibrosis

Ishak score 4 versus 5/6

Univariate analyses

Multivariate analyses

OR 95%Cl  p-value OR 95%Cl  p-value

Age, per year 1.05 1.02-1.07 <0.001 1.05 1.02-1.08 0.003
Males 1.17 0.74-1.84 0.511 - - -
BMI, per kg/m? 1.07 1.00-1.13 0.036 1.05 0.98-1.11 0.150
HCV genotype 3 1.53 0.89-2.63 0.121 - - -
Laboratory data

- Platelet count, per 10x10%/L 0.92 0.89-0.96 <0.001 0.93 0.89-0.97 0.001
- Albumin, per g/L 0.94 0.89-0.99 0.012 0.98 0.91-1.05 0.505
- Bilirubin, per umol/L 1.04 1.00-1.07 0.037 1.00 0.97-1.04 0.817
- AST/ALT ratio, per 0.1 1.01 0.96-1.06 0.713 - - -
Diabetes mellitus 1.66 0.86-3.21 0.135 - - -
History of'severe alcohol use 1.17 0.70-1.94 0.546 - - -
AntiHBc positivity 0.93 0.57-1.51 0.760 - - -

Abbreviations: ALT; Alanine aminotransferase, AST; Aspartate aminotransferase, BMI; Body mass index, HCV;

hepatitis C virus, Cl; Confidence interval, OR; Odds Ratio.
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Table 3. Thrombocytopenia at baseline versus follow-up

Patients with SVR Last platelets <150 Last platelets 2150 total
Baseline platelets <150 27 (38%) 44 (62%) 71
Baseline platelets 2150 2 (2%) 105 (98%) 107

total 29 (16%) 149 (84%) 178

McNemar’s test: p<0.001

Patients without SVR Last platelets <150 Last platelets 2150 total
Baseline platelets <150 124 (90%) 14 (10%) 138
Baseline platelets 2150 47 (43%) 63 (57%) 110

total 171 (69%) 77 (31%) 248

McNemar’s test: p<0.001

Included in these analyses were all 426 patients (178 with SVR and 248 without SVR) who had both a platelet
count measurement at baseline and a platelet count measurement during follow-up available. The grey-shaded
cells indicate the groups of patients who showed a change in platelet count category from baseline to the last
measurement during follow-up. Platelets are measured in x10%/L.
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Table 4. Linear regression analyses for the change in platelets among patients with

SVR?

SVR patients

Univariate analyses

Multivariate analyses

B* SE p-value B SE p-value
Age, per year 0.36 0.35 0.307 - - -
Males -3.88 7.46 0.603 - - -
BMI, per kg/m® -1.75 0.83 0.037 -1.59 0.78 0.043
Ishak score 4 vs. 5/6 -1.90 7.37 0.797 - - -
HCV genotype 3 0.81 7.80 0.917 - - -
Laboratory markers at baseline

- Platelet count, per 10x10°/L -1.43 0.53 0.007 -1.84 0.05 0.001

- Albumin, per g/L -0.44 0.83 0.596 - - -

- Bilirubin, per pmol/L 0.10 0.46 0.835 - - -

- AST/ALT ratio, per 0.1 -1.51 1.13 0.183 - - -
Diabetes mellitus 16.78 10.65 0.117 - - -
History of severe alcohol use -9.62 8.27 0.246 - - -
;‘a”;re elasgRIatelet count, per 3.46 0.92 <0.001 3.37 0.99 0.001
AntiHBc positivity 13.11 7.87 0.098 - - -

Abbreviations: ALT; Alanine aminotransferase, AST; Aspartate aminotransferase, BMI; Body mass index, HCV;

hepatitis C virus, SE; Standard error.

® The unstandardized coefficients are reported.

® The B indicates that for each unit increase of the predictor variable, the change in platelets will increase (in case

of a positive 8) or decrease (in case of a negative ) by 8 units. So, when specified to our multivariate analysis

above, for every 1 kg/m? increase in BMI at baseline, the change in platelets will be 1.59 x10%/L lower.
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Figure 1. Study flow chart
Abbreviations: HCC; hepatocellular carcinoma, SVR; sustained virological response,

peglFN; pegylated interferon
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Figure 2. Evolution of platelet counts according to virological response

Repeated measurement analyses with a random intercept and slope per patient and an
unstructured covariance matrix were performed to analyze the evolution of platelets over
time, correcting for potential non-linearity by including the squared time to the platelet count
measurement into the model. The mean and 95% confidence interval (dotted line) are
presented for patients with sustained virological response (SVR) and patients without SVR.
Twenty-four weeks after cessation of antiviral therapy was considered as time 0. The
statistical significance refers to both the change within the group with SVR, the change
within the group without SVR as well as the difference between both virological response

groups.

This article is protected by copyright. All rights reserved.



	1

