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1. INTRODUCTION
Hepatitis C virus (HCV) infection is a major cause of liver cir-
rhosis and hepatocellular carcinoma, affecting over 200 million 
people worldwide.1 The goal of chronic HCV treatment is to 

achieve viral RNA clearance in serum and a sustained viro-
logic response 12 weeks following the completion of treatment 
(SVR12) is demonstrated by undetectable HCV RNA 12 weeks 
following end of treatment. The standard treatment for chronic 
hepatitis C (CHC) was a combination of pegylated interferon 
(PEG-IFN) alpha and ribavirin (RBV) until 2014, when IFN-
free, direct-acting antiviral agents (DAAs) revolutionized CHC 
treatment. Sofosbuvir, a potent NS5B polymerase nucleotide 
inhibitor, combined with the NS5A replication complex inhibi-
tor ledipasvir with or without RBV for 12 weeks became the 
standard treatment for genotype 1 HCV infection, achieving an 
SVR > 90%.2,3 Moreover, the paritaprevir/r (ritonavir-boosted 
NS3/4A protease inhibitor)-based regimen in combination with 
ombitasvir (NS5A replication complex inhibitor) and dasabuvir 
(NS5B polymerase non-nucleotide inhibitor), or paritaprevir/
ritonavir/ombitasvir and dasabuvir (PrOD) (with or without 
RBV) attained a similar SVR when given for 12 weeks.4,5

The PrOD regimen was approved by the United States Food 
and Drug Administration (FDA) in December of 2014.6 SVR12 of 
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96.7% to 100% for noncirrhotic and 98.5% to 100% for cir-
rhotic genotype 1b HCV cases were achieved using PrOD with 
or without RBV for 12 weeks.7–14 However, the FDA revised its 
guideline on the safety of PrOD in October of 2015 based on 26 
global cases of worsened hepatic injury, hepatic decompensation, 
and liver failure.15 These changes were made to protect patients 
with advanced liver disease such as Child-Pugh B or C cirrhosis, 
in which liver injury tended to arise within 1 to 4 weeks after 
starting PrOD therapy. PrOD-mediated hepatotoxicity was attrib-
uted to the NS3/4A protease inhibitor paritaprevir given that the 
sofosbuvir/simeprevir regimen also caused hepatic decompensa-
tion in patients with cirrhosis of Child-Pugh B or worse.16,17

NS3/4A protease inhibitors such as paritaprevir, simeprevir, 
and asunaprevir inhibit the bilirubin glucuronide (BG) transporter 
OATP1B1/1B3 (organic anion transporter peptide 1B1/1B3).18,19 
Additionally, simeprevir and asunaprevir are also inhibitors of 
OATP2B1.20 Unconjugated bilirubin is enzymatically conju-
gated by UDP-glucuronosyltransferase 1A1 (UGT1A1) to form 
the more water-soluble BG.21 BG is subsequently transported to 
the bile. Under physiological conditions, a substantial fraction 
of hepatic cell BG is rerouted to the blood, that is, the portal 
vein or hepatic venule, where it is then absorbed via hepatocyte 
OATP1A and 1B transporters.22 When OATP1A- or 1B-mediated 
reuptake is suppressed during DAA treatment, BG can accumu-
late in the blood, leading to hyperbilirubinemia.

In Taiwan, the PrOD regimen has achieved SVR at a rate 
>98% for genotype 1b HCV.23,24 Hsieh et al24 previously 
reported pretreatment serum albumin <3.6 g/dL and advanced 
age as predictors of on-treatment hepatic decompensation. 
Since the PrOD regimen is effective in treating chronic HCV-1b 
infection, we made an attempt to determine the factor that 
trigger on-treatment bilirubin increase 1 week following drug 
administration. Contrary to Hsieh et al’s result, we found that 
pretreatment serum albumin <3.6 g/dL was unable to predict 
hyperbilirubinemia (total bilirubin ≥2 mg/dL). Rather, white 
blood cell (WBC) <4500/µL and platelet <100 000/µL predicted 
total bilirubin ≥2 mg/dL and direct bilirubin ≥0.45 mg/dL after 
1 week of PrOD. Our study provides a guide to determine the 
potential efficacy of PrOD in the treatment of genotype 1b CHC, 
particularly among cases unresponsive to other drug therapies.

2. METHODS

2.1. Study population
In this study, we retrospectively enrolled genotype 1b HCV-
infected patients who received PrOD with or without weight-
based RBV for 12 weeks at Taipei Veterans General Hospital from 
January 2017 to September 2017. All patients were above 20 years 
of age, males and females were both included, and all subjects had 
chronic HCV infection defined by the presence of detectable anti-
HCV antibody (Abbott HCV EIA 2.0; Abbott Laboratories, IL, 
USA) and HCV RNA (Cobas TaqMan HCV Test v2.0; Roche 
Diagnostics GmbH, Mannheim, Germany; lower limit of quan-
tification [LLOQ]: 15 IU/mL) in serum for longer than 6 months. 
Patients were excluded if decompensated cirrhosis, stage 5 chronic 
kidney disease, or HCV other than genotype 1 were present. The 
study was approved by the Institutional Review Board of Taipei 
Veterans General Hospital and was conducted in accordance with 
the Declaration of Helsinki as well as the International Conference 
on Harmonization for Good Clinical Practice. All patients read 
and signed informed consent forms before drug prescription and 
study-related procedures were implemented.

2.2. Study design
Baseline demographic data were collected before the treatment. 
Hemogram, serum biochemical profiles (albumin, total bilirubin, 

direct bilirubin, aspartate aminotransferase [AST], alanine ami-
notransferase, creatinine, international normalized ratio [INR], 
estimated glomerular filtration rate [eGFR]), anti-HCV, hepati-
tis B virus surface antigen (Abbott Architect HBsAg qualitative 
assay; Abbott Laboratories), HCV RNA, and HCV genotype 
(Abbott RealTime HCV Genotype II; Abbott Laboratories) were 
collected for all included patients. Hemogram and serum bio-
chemistry were collected at weeks 1, 2, 4, 8, and 12. Noncirrhotic 
patients were treated with paritaprevir/ritonavir and ombitasvir 
(Viekirax, 75/50/12.5 mg film-coated table; AbbVie Deutschland 
GmbH, Ludwigshafen, Germany) with a regimen of two tablets 
daily in addition to dasabuvir (Exviera, 250 mg film-coated table; 
AbbVie Deutschland GmbH) one tablet twice daily for 12 weeks. 
Compensated cirrhotic patients received PrOD with weight-based 
RBV (Robatrol, 200 mg capsule, Genovate Biotechnology Co., 
Ltd., New Taipei City, Taiwan; 1,200 mg daily if the body weight 
≥75 kg; 1,000 mg daily if the body weight <75 kg) for 12 weeks.

2.3. Virologic assessment
On-treatment effectiveness was assessed by measuring serum 
HCV RNA at weeks 4 and 12. Efficacy at the end of treat-
ment was measured as SVR

12, defined as serum HCV RNA level 
<LLOQ 12 weeks following the completion of treatment.

2.4. Statistical analysis
Statistical analysis was performed using STATA (12th ed., devel-
oped by StataCorp LLC, College Station, TX). Pretreatment 
patient characteristics are shown as medians (range) and per-
centages where appropriate. Treatment efficacy during and after 
drug therapy is shown as values and percentages. Predetermined 
attributes related to SVR12 were compared using χ2 analysis 
with Fisher’s exact test, producing a relative risk (RR) of total 
bilirubin ≥2.0 mg/dL for every pretreatment parameter. Linear 
regression was applied to determine correlation of drug-related 
hyperbilirubinemia with pretreatment parameters. All statistics 
were two-tailed, and the results are considered statistically sig-
nificant with p < 0.05.

3. RESULTS

3.1. Patient attributes
One hundred sixty-nine CHC patients were included in the 
study. The median age was 67 years, and 75 patients (44%) were 
male. Seventy-three (43%) patients were treatment-naive, and six 
(5.1%, 52 patients did not have associated HBs data) were also 
infected with HBV. No patients received antiviral therapy for 
HBV, developed HBV reactivation, or displayed hepatitis flare 
during PrOD therapy. One hundred forty-three patients (85%) 
received PrOD without RBV, and 26 (15%) received PrOD with 
RBV for 12 weeks. One patient was coinfected with HIV and was 
on the anti-HIV drug triumeq during PrOD therapy. One patient 
received prior liver transplantation, and three patients received 
prior renal transplantation. The median log10 HCV RNA level 
was 6.32. Fifty-eight (34%) patients had a baseline viral load 
<800 000 IU/mL. Fifty-two patients (31%) had a Fib-4 fibrosis 
of stage F3 and 27 patients (16%) were of stage F4 (Table 1).

3.2. Effectiveness
Among the 169 patients included in the study, three discon-
tinued treatment because of hyperbilirubinemia 1 week after 
drug administration (Table 1). Age, condition, and underlying 
diseases were considered before ceasing treatment. One patient 
discontinued treatment at week 1 due to general malaise. One 
patient experienced a further elevation in HCV RNA after 4 
weeks of treatment (baseline 3  358  224 IU/mL compared to 
week 4 level of 6  029  915 IU/mL). Therefore, a total of 164 
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patients (100%) completed 12 weeks of treatment and had 
serum HCV RNA level < LLOQ by week 12. SVR12 rate was 
97.0% (Table 2). Nine patients had a diagnosis of hepatocellular 
carcinoma, and all achieved SVR without the appearance of on-
treatment hepatic decompensation.

3.3. Stratified analysis of baseline attributes related to 
SVR12

Stratified SVR12 rates against patient attributes are shown 
in Table  3. SVR12 rates were similar with respect to gender 
(p  =  0.384), age at a cut-off value of 55 years (p  =  1.000), 
HBsAg status (p = 1.000), RBV usage (p = 1.000), and eGFR 
(p  =  1.000). Prior treatment with PEG-IFN+RBV produced a 
higher SVR rate compared with the naive group (p  =  0.014), 
given that five patients who did not complete the treatment 
course were later placed in the naive group. Pretreatment HCV 
RNA levels did not significantly affect SVR12 rates (p = 0.661 at 
cut-off value of 800 000 IU/mL; p = 1.000 at cut-off value of 
6 000 000 IU/mL). F3/F4 fibrosis revealed lower SVR12 rate than 
F1/F2 fibrosis (p = 0.021).

3.4. Precipitating factors that led to hyperbilirubinemia 
after 1 week of treatment
Hepatic decompensation with ensuing liver failure is a danger-
ous complication during DAA therapy. Thus, it is necessary to 
establish objective criteria by which hepatic decompensation 
can be avoided. In this study, we treated 169 genotype 1b CHC 
patients with PrOD. Pretreatment total bilirubin was <2.0 mg/dL, 
with the exception of one case with 2.01 mg/dL. Three patients 
had elevated total bilirubin 1 week after taking PrOD and thus 
stopped treatment (Supplementary Table 1 http://links.lww.com/
JCMA/A62). Varying baseline values of albumin, WBC count, 
platelet count, INR, and Fib-4 score were observed among the 
three patients. Based on these observations, we determined the 
factors that precipitated direct bilirubin ≥0.45 mg/dL, indirect 

Table 1

Characteristic

 Patients (n = 169)

Male sex, n (%) (%) 75 (44)
Age, median (range) 67 (42-90)
Age <55 y, n (%) 23 (14)
Treatment-naive, n (%) 73 (43)
PrOD regimen
 PrOD for 12 wk, n (%) 143 (85)
 PrOD with RBV for 12 wk, n (%) 26 (15)
HBsAg (n = 117)  
 HBsAg positivity, n (%) 6 (5.1)
 HBsAg negativity, n (%) 111 (94.9)
  Anti-HBc positivity, n (%) 53 (45.3)
  Anti-HBs positivity, n (%) 33 (28.2)
Anti-HIV positivity, n (%) 1 (0.6)
Postliver transplantation, n (%) 1 (0.6)
Postrenal transplantation, n (%) 3 (1.8)
BMI, kg/m2, median (range) 24.8 (16.7-38.3)
BMI <30 kg/m2, n (%) 130 (92)
Hemoglobin level, g/dL, median (range) 13.5 (9.1-17.1)
White blood cell count, 109 cells/L, median (range) 5.8 (2.4-12)
Platelet count, 109 cells/L, median (range) 159 (23-423)
INR, median (range) 1.04 (0.9-2.7)
Albumin, g/dL, median (range) 4 (2.9-4.8)
Total bilirubin, mg/dL, median (range) 0.77 (0.2-2.01)
Direct bilirubin, mg/dL, median (range) 0.33 (0.15-0.93)
AST × ULN, median (range) 1.2 (0.3-9.5)
ALT × ULN, median (range) 1.7 (0.2-13.7)
Creatinine, mg/dL, median (range) 0.81 (0.55-11.31)
eGFR, mL/min/1.73 m2, median (range) 80 (5-129)
eGFR ≥60 mL/min/1.73m2 n (%) 137 (81)
HCV RNA level, log

10
 IU/mL, median (range) 6.32 (2.31-7.85)

HCV RNA level <800 000 IU/mL, n (%) 58 (34)
HCV RNA level <6 000 000 IU/mL, n (%) 122 (72)
Stage of hepatic fibrosis by FIB-4, n (%)  
 Non-F3, F4 90 (53)
 F3 52 (31)
 F4 27 (16)

ALT = alanine aminotransferase; Anti-HBc = antibody against hepatitis B core antigen; AST = aspar-
tate aminotransferase; BMI = body mass index; eGFR = estimated glomerular filtration rate; FIB-4 = 
fibrosis-4; HBsAg = hepatitis B virus surface antigen; HCV = hepatitis C virus; HIV = human immu-
nodeficiency virus; INR = international normalized ratio; PrOD = paritaprevir/ritonavir/ombitasvir and 
dasabuvir; RNA = ribonucleic acid; ULN = upper limit of normal.

Table 2

Viral response during and after PrOD treatment

Serum HCV RNA <LLOQ Patient (n/N) %

During treatment
 Week 4 160/164 97.6
 Week 12 164/164 100
After the end of treatment
 Week 12 (SVR

12
) 164/169 97.0

Three patients discontinued treatment at week 1 attributed to treatment-induced hyperbilirubinemia; 
one patient discontinued treatment at week 4 attributed to drug resistance; one patient discontinued 
treatment at week 1 attributed to drug-related general malaise.
HCV = hepatitis C virus; LLOQ = lower limit of quantification; PrOD = paritaprevir/ritonavir/ombitasvir 
and dasabuvir; RNA = ribonucleic acid; SVR = sustained virologic response.

Table 3

Sustained virologic response according to subgroups

Subgroup
Patients no  
(n = 169) SVR12 (%) p

Sex   0.384
 Male 75 99  
 Female 94 96  
Age, y   1.000
 <55 23 100  
 ≥55 146 97  
Prior treatment   0.014
 Naive 73 93  
 Experienced 96 100  
RBV usage   1.000
 No 143 97  
 Yes 26 100  
HBsAg (n = 117)   1.000
 Negative 111 95  
 Positive 6 100  
eGFR   1.000
 <60 mL/min/1.73 m2 32 97  
 ≥60 mL/min/1.73 m2 137 97  
HCV RNA level   0.661
 <800 000 IU/mL 58 98  
 ≥800 000 IU/mL 111 96  
HCV RNA level   1.000
 <6 000 000 IU/mL 122 97  
 ≥6 000 000 IU/mL 47 98  
Stage of hepatic fibrosis by FIB-4  0.021
 Non-F3, F4 90 100  
 F3, F4 79 94  

eGFR = estimated glomerular filtration rate; HBsAg = hepatitis B virus surface antigen; HCV = hepa-
titis C virus; RBV = ribavirin; RNA = ribonucleic acid; SVR = sustained virologic response.
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bilirubin ≥0.6 mg/dL, and total bilirubin ≥2 mg/dL 1 week after 
drug administration. As shown in Table 4, pretreatment albu-
min, WBC, and platelet values inversely correlated with direct, 
indirect, and total bilirubin levels at week 1, and both INR and 
Fib-4 scores positively correlated with direct, indirect, and total 
bilirubin levels at week 1.

Of the five factors (albumin level, WBC count, platelet count, 
INR, and Fib-4 score), WBC < 4500/µL increased week 1 risk 
of direct bilirubin ≥0.45 mg/dL (RR: 9.97, 95% CI: 2.25-44.14, 
p = 0.002), indirect bilirubin ≥0.6 mg/dL (RR: 3.50, 95% CI: 
1.13-10.84, p = 0.030), total bilirubin ≥1.5 mg/dL (RR: 2.52, 
95% CI: 1.17-5.39, p = 0.018), and total bilirubin ≥ 2.0 mg/dL 
(RR: 2.67, 95% CI: 1.18-6.07, p = 0.019) (Table 5). Platelet 
count <100  000/µL increased week 1 risk of indirect biliru-
bin ≥0.6 mg/dL (RR: 5.55, 95% CI: 1.23-24.98, p  =  0.026), 
total bilirubin ≥1.5 mg/dL (RR: 6.67, 95% CI: 2.70-16.67, p 
< 0.001), and total bilirubin ≥2.0 mg/dL (RR: 8.33, 95% CI: 
3.57-20.00, p < 0.001). Platelet count <150 000/µL increased 
week 1 risk of direct bilirubin ≥0.45 mg/dL (RR: 4.46, 95% 
CI: 1.99-9.78, p < 0.001), indirect bilirubin ≥0.6 mg/dL (RR: 
2.33, 95% CI: 1.07-5.11, p = 0.034), total bilirubin ≥1.5 mg/
dL (RR: 4.13, 95% CI: 2.11-8.05, p < 0.001), and total bili-
rubin ≥2.0 mg/dL (RR: 3.69, 95% CI: 1.67-8.18, p = 0.001). 
Platelet count <200,000/µL, F3/F4 grade fibrosis, and RBV also 
increased week 1 risk of on-treatment hyperbilirubinemia. The 
above statistical results show that these precipitating factors 

increased week 1 risk of direct bilirubin elevation greater than 
the indirect bilirubin.

Bivariate analysis (Table 6) revealed that WBC < 4500/µL with 
platelet <100  000/µL increased week 1 risk of total bilirubin 
≥1.5 mg/dL (RR: 27.33, 95% CI: 3.39-220.24, p = 0.002) and 
total bilirubin ≥2.0 mg/dL (RR: 21.64, 95% CI: 5.23-89.64, p < 
0.001). WBC <4500/µL in combination with F3/F4 grade fibro-
sis and RBV also precipitated week 1 hyperbilirubinemia, which 
was mainly attributed to direct bilirubin. Platelet ≥100,000/µL 
with albumin <3.5 g/dL increased week 1 risk of total bilirubin 
≥2.0 mg/dL (RR: 5.16, 95% CI: 1.06-25.19, p = 0.043). Platelet 
≥100,000/µL with WBC <4500/µL increased week 1 risk of 
direct bilirubin ≥0.45 mg/dL (RR: 6.56, 95% CI: 1.42-30.38, 
p = 0.016) and indirect bilirubin ≥0.6 mg/dL (RR: 4.77, 95% CI: 
1.03-22.15, p = 0.046). Platelet ≥100,000/µL with F3/F4 grade 
fibrosis or RBV also precipitated week 1 risk of on-treatment 
hyperbilirubinemia. Notably, RBV-induced hyperbilirubinemia 
in Table 5 was not associated with either WBC or platelet count 
but was weakly associated with F3/F4 grade fibrosis (Table 6).

Finally, we chose to focus on the F3/F4 grade fibrosis sub-
group. Among these cases, WBC level was not a precipitating 
factor, but platelet <100,000/µL was correlated with increased 
risk of hyperbilirubinemia as shown in Table 7 (total bilirubin 
≥1.5 mg/dL, RR: 3.03, 95% CI: 1.09-8.33, p  =  0.034; total 
bilirubin ≥2 mg/dL, RR: 3.57, 95% CI: 1.35-9.09, p = 0.010). 
Moreover, platelet <150,000/µL was correlated with increased 

Table 4

Linear regression of stratified baseline factors against bilirubin levels 1 week after PrOD administration

Baseline factors

Direct bilirubin Indirect bilirubin Total bilirubin

r2 p r2 p r2 p

Albumin (–0.33)2 <0.001 (–0.19)2 0.031 (–0.35)2 <0.001
White blood cell (–0.26)2 0.002 (–0.21)2 0.016 (–0.28)2 <0.001
Hemoglobin (–0.19)2 0.032 (0.03)2 0.754 (–0.10)2 0.227
Platelet (–0.25)2 0.004 (–0.36)2 <0.001 (–0.30)2 <0.001
INR (0.17)2 0.047 (0.22)2 0.013 (0.20)2 0.011
Creatinine (–0.09)2 0.324 (–0.12)2 0.185 (–0.10)2 0.190
Egfr (–0.10)2 0.275 (–0.01)2 0.913 (–0.06)2 0.457
ALT (–0.01)2 0.978 (–0.03)2 0.744 (–0.01)2 0.939
AST (0.09)2 0.326 (0.03)2 0.758 (0.08)2 0.333
FIB-4 score (0.28)2 0.001 (0.40)2 <0.001 (0.34)2 <0.001
HCV RNA (0.03)2 0.715 (0.08)2 0.355 (–0.09)2 0.237

ALT = alanine aminotransferase; AST = aspartate aminotransferase; eGFR = estimated glomerular filtration rate; FIB-4 = fibrosis-4; HCV = hepatitis C virus; INR = international normalized ratio; PrOD = 
paritaprevir/ritonavir/ombitasvir and dasabuvir; RNA = ribonucleic acid.

Table 5

Stratified factors correlated with hyperbilirubinemia 1 week after PrOD administration

Baseline factors 

DB ≥ 0.45 mg/dL (n = 87) InDB ≥ 0.6 mg/dL (n = 91) TB ≥ 1.5 mg/dL (n = 64) TB ≥ 2 mg/dL (n = 36)

RR (95% CI) p RR (95% CI) p RR (95% CI) p RR (95% CI) p

Alb <3.5 vs Alb ≥3.5 g/dL 3.23 (0.37-2.70) 0.291 1.08 (0.20-5.80) 0.932 2.86 (0.81-1.03) 0.102 3.23 (0.93-11.11) 0.066
WBC <3500 vs WBC ≥3500/μL 1  2.03 (0.42-9.86) 0.380 3.04 (0.97-9.54) 0.056 2.95 (0.95-9.15) 0.061
WBC <4500 vs WBC ≥4500/μL 9.97 (2.25-44.14) 0.002 3.50 (1.13-10.84) 0.030 2.52 (1.17-5.39) 0.018 2.67 (1.18-6.07) 0.019
Plt <105 vs Plt ≥105/μL 1  5.55 (1.23-24.98) 0.026 6.67 (2.70-16.67) <0.001 8.33 (3.57-20.00) <0.001
Plt <1.5 × 105 vs Plt ≥1.5 × 105/μL 4.46 (1.99-9.78) <0.001 2.33 (1.07-5.11) 0.034 4.13 (2.11-8.05) <0.001 3.69 (1.67-8.18) 0.001
Plt <2 × 105 vs Plt ≥2 × 105/μL 2.78 (1.19-6.25) 0.017 2.03 (0.87-4.71) 0.100 2.63 (1.18-5.88) 0.018 3.45 (1.14-10.00) 0.028
Plt <2.5 × 105 vs Plt ≥2.5 × 105/μL 3.70 (1.11-12.50) 0.032 4.44 (1.35-14.60) 0.014 0.98 (0.33-2.86) 0.967 1.96 (0.42-9.09) 0.392
INR ≥1.2 vs INR <1.2 1  2.21 (0.25-19.56) 0.476 4.97 (0.97-25.42) 0.054 2.20 (0.50-9.69) 0.297
Hepatic fibrosis by FIB-4  
 F3/F4 vs F1/F2 5.16 (2.29-11.59) <0.001 2.28 (1.05-4.94) 0.037 5.98 (2.97-12.02) <0.001 10.42 (3.79-28.65) <0.001
 RBV Yes vs No 12.84 (1.66-99.17) 0.014 4.88 (1.08-22.10) 0.040 11.48 (3.71-35.47) <0.001 5.37 (2.18-13.25) <0.001

Alb = albumin; CI = confidence interval; DB = direct bilirubin; FIB-4 = fibrosis-4; InDB = indirect bilirubin; INR = international normalized ratio; Plt = platelet; PrOD = paritaprevir/ritonavir/ombitasvir and 
dasabuvir; RBV = ribavirin; RR = relative risk; TB = total bilirubin; WBC = white blood cell.
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Table 6

Stratified factors correlated with hyperbilirubinemia 1 week after PrOD administration by two-variant analysis

Subgroup baseline factors

DB ≥ 0.45 (mg/dL) InDB ≥ 0.6 (mg/dL) TB ≥ 1.5 (mg/dL) TB ≥ 2 (mg/dL)

RR (95% CI) p RR (95%CI) p RR (95% CI) p RR (95% CI) p

WBC <4500/μL (n=133)  
 Alb <3.5 vs Alb ≥3.5 g/dL 2.20 (0.22-21.88) 0.502 0.52 (0.07-3.89) 0.527 0.94 (0.17-5.35) 0.945 0.90 (0.10-8.09) 0.925
 Plt <105 vs Plt ≥105/μL 1  1  27.33 (3.39-220.24) 0.002 21.64 (5.23-89.64) <0.001
 Plt <1.5 × 105 vs Plt ≥1.5 × 105/μL 3.31 (1.38-7.94) 0.007 2.01 (0.83-4.86) 0.120 4.14 (1.90-9.04) <0.001 3.66 (1.44-9.35) 0.007
 Plt <2 × 105 vs Plt ≥2 × 105/μL 1.79 (0.75-4.27) 0.192 1.81 (0.74-4.40) 0.190 2.32 (0.98-5.46) 0.054 2.51 (0.80-7.95) 0.116
 Plt <2.5 × 105 vs Plt ≥2.5 × 105/μL 2.54 (0.77-8.41) 0.127 3.56 (1.06-11.88) 0.039 0.77 (0.26-2.32) 0.643 1.50 (0.31-7.16) 0.611
 Hepatic fibrosis by FIB-4
 F3/F4 vs F1/F2

3.58 (1.52-8.44) 0.004 2.12 (0.89-5.02) 0.089 6.33 (2.83-14.14) <0.001 7.75 (2.65-22.66) <0.001

 RBV Yes vs No 11.59 (1.45-92.47) 0.021 3.74 (0.79-17.76) 0.097 7.41 (2.22-24.68) 0.001 6.40 (2.09-19.63) 0.001
WBC ≥4500/μL (n=36)  
 Alb <3.5 vs Alb ≥3.5 g/dL 1  1  1  9.33 (0.91-95.57) 0.060
 Plt <105 vs Plt ≥105/μL 1  0.73 (0.09-6.04) 0.773 1.83 (0.47-7.13) 0.382 2.31 (0.57-9.41) 0.242
 Plt <1.5 × 105 vs Plt ≥1.5 × 105/μL 3.67 (0.20-67.65) 0.382 1.11 (0.10-12.75) 0.933 2.06 (0.38-11.04) 0.398 1.62 (0.27-9.85) 0.602
 Plt <2 × 105 vs Plt ≥2 × 105/μL 27 (0.89-821.79) 0.059 1  1.36 (0.08-23.61) 0.834 1  
 Plt <2.5 × 105 vs Plt ≥2.5 × 105/μL 1  1  1  1  
 Hepatic fibrosis by FIB-4
 F3/F4 vs F1/F2

1  0.90 (0.08-10.21) 0.935 2.83 (0.55-14.47) 0.211 1  

 RBV Yes vs No 1  1  1  2.81 (0.59-13.34) 0.193
Plt <105/μL (n = 30)         
 Alb <3.5 vs Alb ≥3.5 g/dL NA  1  1  0.67 (0.08-5.54) 0.707
 WBC <4500 vs WBC ≥4500/μL NA  1  0.17 (0.02-1.62) 0.123 0.30 (0.06-1.49) 0.140
 Hepatic fibrosis by FIB-4
 F3/F4 vs F1/F2

NA  1  1  1  

 RBV Yes vs No NA  1  5 (0.51-48.75) 0.166 1.40 (0.30-6.53) 0.669
Plt ≥105/μL (n = 139)  
 Alb <3.5 vs Alb ≥3.5 g/dL 2.15 (0.22-21.38) 0.514 0.52 (0.07-3.81) 0.516 1.67 (0.36-7.83) 0.514 5.16 (1.06-25.19) 0.043
 WBC <4500 vs WBC ≥4500/μL 6.56 (1.42-30.38) 0.016 4.77 (1.03-22.15) 0.046 2.48 (0.91-6.81) 0.077 2.77 (0.86-8.97) 0.088
 Hepatic fibrosis by FIB-4
 F3/F4 vs F1/F2

2.91 (1.25-6.75) 0.013 1.56 (0.68-3.60) 0.295 4.11 (1.90-8.89) <0.001 6.32 (2.11-18.91) 0.001

 RBV Yes vs No 8.11 (1.00-65.90) 0.050 2.58 (0.53-12.63) 0.242 10.41 (2.72-39.78) 0.001 6.12 (1.83-20.41) 0.003
Plt <1.5 × 105/μL (n=75)
 Alb <3.5 vs Alb ≥3.5 g/dL 0.83 (0.08-8.27) 0.876 0.36 (0.05-2.41) 0.292 1.96 (0.35-10.84) 0.441 1.50 (0.31-7.30) 0.615
 WBC <4500 vs WBC ≥4500/μL 7.33 (0.87-61.58) 0.066 2.30 (0.56-9.42) 0.247 1.24 (0.47-3.23) 0.665 1.43 (0.53-3.84) 0.475
 Hepatic fibrosis by FIB-4
 F3/F4 vs F1/F2

6.60 (1.62-26.92) 0.009 2.78 (0.73-10.51) 0.132 5.23 (1.47-18.53) 0.010 9.88 (1.22-80.30) 0.032

 RBV Yes vs No 4.05 (0.48-34.50) 0.200 5.29 (0.63-44.48) 0.125 8.92 (1.87-42.56) 0.006 2.44 (0.82-7.26) 0.110
Plt ≥1.5 × 105/μL (n=94)
 Alb <3.5 vs Alb ≥3.5 g/dL 1  1  3.25 (0.43-24.57) 0.253 8.44 (1.0667.47) 0.044
 WBC <4500 vs WBC ≥4500/μL 6.62 (0.75-58.32) 0.089 4.17 (0.47-36.77) 0.199 2.49 (0.51-12.10) 0.259 3.24 (0.55-19.24) 0.195
 Hepatic fibrosis by FIB-4
 F3/F4 vs F1/F2

2.06 (0.66-6.43) 0.212 1.18 (0.38-3.71) 0.773 3.52 (1.21-10.25) 0.021 8.75 (2.23-34.27) 0.002

 RBV Yes vs No 1  2.63 (0.28-24.93) 0.399 9.56 (1.70-53.63) 0.010 14.29 (2.65-77.07) 0.002
RBV Yes (n=26)
 Alb <3.5 vs Alb ≥3.5 g/dL 1  1  1  0.42 (0.03-5.30) 0.500
 WBC <4500 vs WBC ≥4500/μL 1  1  1  1.25 (0.24-6.44) 0.790
 Plt <105 vs Plt ≥105/μL 1  1  2.73 (0.24-30.66) 0.416 2.33 (0.46-11.81) 0.306
 Plt <1.5 × 105 vs Plt ≥1.5 × 105/μL 1  3.75 (0.19-74.06) 0.385 3.20 (0.35-28.94) 0.301 0.75 (0.13-4.36) 0.749
 Plt <2 × 105 vs Plt ≥2 × 105/μL 1  1  2 (0.15-26.19) 0.597 1.10 (0.13-9.34) 0.930
 Plt <2.5 × 105 vs Plt ≥2.5 × 105/μL 1  1  1  1  
 Hepatic fibrosis by FIB-4
 F3/F4 vs F1/F2

1  1  18 (1.37-235.69) 0.028 2.75 (0.40-18.88) 0.303

RBV No (n=143)   
 Alb <3.5 vs Alb ≥3.5 g/dL 3.39 (0.38-30.04) 0.273 1.03 (0.18-5.90) 0.974 2.31 (0.55-9.70) 0.254 5.79 (1.33-25.15) 0.019
 WBC <4500 vs WBC ≥4500/μL 9.36 (2.07-42.37) 0.004 2.96 (0.92-9.46) 0.068 1.81 (0.75-4.36) 0.186 2.84 (1.05-7.69) 0.039
 Plt <105 vs Plt ≥105/μL 1  3.16 (0.66-15.06) 0.150 5.68 (1.96-16.42) 0.001 10.19 (3.41-30.43) <0.001
 Plt <1.5 × 105 vs Plt ≥1.5 × 105/μL 4.07 (1.73-9.58) 0.001 1.86 (0.81-4.27) 0.141 3.43 (1.62-7.27) 0.001 4.40 (1.67-11.58) 0.003
 Plt <2 × 105 vs Plt ≥2 × 105/μL 2.46 (1.04-5.85) 0.041 1.90 (0.79-4.54) 0.152 2.53 (1.01-6.33) 0.047 4.85 (1.08-21.79) 0.040
 Plt <2.5 × 105 vs Plt ≥2.5 × 105/μL 3.60 (1.01-12.81) 0.048 4.69 (1.31-16.81) 0.018 1.03 (0.30-3.56) 0.960 1  
 Hepatic fibrosis by FIB-4
 F3/F4 vs F1/F2

3.81 (1.65-8.82) 0.002 1.47 (0.65-3.30) 0.351 4.42 (2.04-9.56) <0.001 12.82 (3.59-45.82) <0.001

Alb = albumin; CI = confidence interval; DB = direct bilirubin; InDB = indirect bilirubin; INR = international normalized ratio; NA = not available; Plt = platelet; PrOD = paritaprevir/ritonavir/ombitasvir and 
dasabuvir; RBV = ribavirin; RR = relative risk; TB = total bilirubin; WBC = white blood cell.
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risk of direct bilirubin ≥0.45 mg/dL (RR: 4.8, 95% CI: 1.23-
18.67, p = 0.024). In our study, albumin and INR were not good 
predictors of total bilirubin ≥2.0 mg/dL at 1 week after PrOD 
treatment (Table 7). Although the addition of RBV is suspected 
to increase the risk of hyperbilirubinemia, we found no statisti-
cal evidence of such risk in the F3/4 grade fibrosis group (total 
bilirubin ≥2 mg/dL RR: 2.68, 95% CI: 0.93-7.73, p  = 0.068). 
In summary, platelet count <100,000/µL is a good indicator 
to clinicians that bilirubin level should be monitored carefully 
in patients with F3/F4 grade fibrosis. Alternatively, a physician 
may even elect to cease PrOD treatment early in case of hyper-
bilirubinemia to avoid possible liver decompensation.

4. DISCUSSION
The PrOD regimen was considered an effective treatment for 
genotype 1 CHC7–9 before reports of hepatic decompensation in 
2015. Moreover, multiple clinical trials failed to produce warn-
ing signs of liver failure among patients with preexisting cirrho-
sis.7–14 Based on postmarket reports, the FDA has added warnings 
making severe hepatic disease a contraindication to treatment 
with PrOD.15 Despite a high success rate, sporadic drug-induced 
hepatic injury has discouraged the use of PrOD within the field 
of hepatic medicine. American Association for the Study of Liver 
Diseases-Infectious Diseases Society of America HCV guidelines 
recommend extreme caution be exercised when using NS3/4A 
protease inhibitors to treat patients who have current or past 
decompensated liver disease (CTP score over 7).25 However, Butt 
et al26 compared PrOD (NS3/4A protease inhibitor + NS5A inhib-
itor + NS5B polymerase inhibitor), sofosbuvir + simeprevir (NS5B 
polymerase inhibitor + NS3/4A protease inhibitor), and sofosbu-
vir + ledipasvir (NS5B polymerase inhibitor + NS5A inhibitor) 
treatment regimens, finding the incidence of hepatic decompen-
sation in patients who completed 12 weeks of PrOD treatment 
to be similar to those treated with sofosbuvir/ledipasvir regimen. 
Moreover, incidence of hepatic decompensation was lower with 
PrOD than with sofosbuvir/simeprevir. This evidence suggests 
that NS3/4A inhibitors may not be the primary cause of hepatic 
decompensation during DAA treatment. Rather, pretreatment cir-
rhosis is a statistical precipitating factor independent of regimen.

In this study, we retrospectively examined 169 genotype 1b 
CHC cases treated with PrOD. The SVR12 rate was 97%, simi-
lar to previous reports.23,24 Thirty-six patients (21.3%) had on-
treatment hyperbilirubinemia (total bilirubin ≥ 2 mg/dL), among 
whom three discontinued treatment and 33 achieved SVR. 
Further excluding one case of PrOD discontinuation on account 
of drug resistance and one case of discontinuation due to intol-
erable side effects, no hepatic decompensation was seen among 

the remaining 164 cases to achieve SVR12. Hsieh et al report a 
0% to 3.3% rate of on-treatment liver decompensation across 
eight PrOD studies, with concurrent liver cirrhosis occurring at 
a rate of 31.1% to 100%.16 Hepatic fibrosis grade alone is not a 
reliable predictor of on-treatment hyperbilirubinemia.

Isolated hyperbilirubinemia during PrOD therapy without 
accompanied elevation of serum aminotransferase is a unique 
phenomenon that arises before hepatic decompensation27 and 
is consistent with the known mechanism by which paritaprevir 
inhibits reuptake of BG via transporter OATP1B1/1B3.22 This is 
quite different from other protease inhibitors such as asunap-
revir, in which serum aminotransferase elevation is associated 
with increased total bilirubin.28 Previously, low platelet count, 
increased total bilirubin, prolonged INR, and low albumin have 
been reported as risk factors of on-treatment liver decompensa-
tion among genotype 1b cases.29,30 Low baseline HCV viral load 
is also associated with increased risk of PrOD-induced hepatic 
decompensation.30 Since paritaprevir induces elevated biliru-
bin without direct hepatocyte toxicity, a predictive model for 
on-treatment hyperbilirubinemia at week 1 can enhance PrOD 
safety among CHC cases resistant to other treatments.

Three female patients experienced on-treatment hyperbilirubine-
mia (Supplementary Table 1 http://links.lww.com/JCMA/A62) and 
subsequently ceased treatment. Stratified gender analysis as shown 
in Supplementary Table 2 (http://links.lww.com/JCMA/A62) sug-
gests that females are prone to develop hyperbilirubinemia 1 week 
following drug administration. Pretreatment laboratory data in 
Table  4 raise the possibility that albumin, WBC count, platelet 
count, INR, and Fib-4 score may also relate to on-treatment hyper-
bilirubinemia. As a result, pretreatment WBC <4500/µL or platelet 
count <200,000/µL correlated with total bilirubin ≥2 mg/dL at 1 
week following treatment accounted for pretreatment platelet count 
in three on-treatment hyperbilirubinemia patients. Pretreatment 
platelet count was then narrowed down to 100  000/µL, which 
strongly correlated with on-treatment hyperbilirubinemia (Table 5). 
In noncirrhotic patients, pretreatment WBC <4500/µL with plate-
let <100,000/µL increased week 1 risk of hyperbilirubinemia 
(Table 6). Within the F3/F4 fibrosis group, pretreatment platelet 
count <100,000/µL correlated well with total bilirubin ≥2 mg/dL 
at week 1 after PrOD treatment (Table 7). Therefore, we propose 
that patients with platelet count <100,000/µL undergo additional 
blood tests at the third and seventh day following PrOD treatment 
to monitor hyperbilirubinemia and avoid irreversible hepatic fail-
ure. Since PrOD gives rise to hepatic decompensation at a similar 
rate to other regimens,26 pretreatment platelet count may be used 
as an index for other DAA regimens.

One limitation of this study was that trivariant analysis such 
as WBC + platelet + Fib-4 score could not be performed given 

Table 7

Pretreatment platelet count <100,000/μL correlated with hyperbilirubinemia 1 week after PrOD administration in fibrosis stage F3/F4 
patients (n = 79)

Baseline factors

DB ≥ 0.45 (mg/dL) (n=55) InDB ≥ 0.6 (mg/dL) (n=52) TB ≥ 1.5 (mg/dL) (n=47) TB ≥ 2 (mg/dL) (n=31)

RR (95% CI) p RR (95% CI) p RR (95% CI) p RR (95% CI) p

Alb <3.5 vs Alb ≥3.5 g/dL 1  1.09 (0.11-11.11) 0.945 5.26 (0.61-50.00) 0.130 2.86 (0.62-12.50) 0.179
WBC <3500 vs WBC ≥3500/μL 1  1.26 (0.24-6.61) 0.788 1.23 (0.37-4.10) 0.734 1.17 (0.36-3.78) 0.793
WBC <4500 vs WBC ≥4500/μL 1  2.11 (0.52-8.53) 0.294 1.19 (0.46-3.11) 0.722 1.70 (0.66-4.40) 0.272
Plt <105 vs Plt ≥105/μL 1  4.06 (0.82-20.05) 0.085 3.03 (1.09-8.33) 0.034 3.57 (1.35-9.09) 0.010
Plt <1.5 × 105 vs Plt ≥1.5 × 105/μL 4.80 (1.23-18.67) 0.024 2.50 (0.72-8.64) 0.147 2.32 (0.83-6.53) 0.110 1.31 (0.46-3.77) 0.616
Plt <2 × 105 vs Plt ≥2 × 105/μL 1  3.92 (0.23-67.01) 0.345 1  1  
INR ≥1.2 vs INR <1.2 1  1.38 (0.15-12.90) 0.776 2.12 (0.40-11.27) 0.377 0.90 (0.20-4.07) 0.891
RBV Yes vs No 1  1  18.62 (2.33-148.65) 0.006 2.68 (0.93-7.73) 0.068

Alb = albumin; CI = confidence interval; DB = direct bilirubin; InDB = indirect bilirubin; INR = international normalized ratio; Plt = platelet; PrOD = paritaprevir/ritonavir/ombitasvir and dasabuvir; RBV = ribavirin; 
RR = relative risk; TB = total bilirubin; WBC = white blood cell.
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low patient number. However, our clinical experience sug-
gests that PrOD is an effective treatment for HCV genotype 1b 
patients. Hyperbilirubinemia attributed to elevation of direct 
bilirubin is an early feature of on-treatment hepatic decompen-
sation and is avoidable through the immediate cessation of drug 
treatment given that PrOD regimen does not directly induce 
hepatocyte injury. Serious adverse events are not common, but 
caution should still be exercised when this regimen is used for 
patients with F3/F4 fibrosis and platelet count <100,000/µL. 
Closely monitoring serum total bilirubin level in patients with 
platelet count <100,000/µL may also be applied to other DAA 
regimens to detect hyperbilirubinemia early.

The clinical implication to identify the factors associated with 
elevated serum bilirubin levels 1 week after PrOD therapy is to 
obtain a trend that endangers the patients who may go to irre-
versible liver decompensation. Currently the major concern in 
prescribing PrOD is on-treatment hyperbilirubinemia leading 
to liver decompensation. Most gastroenterologists hesitate pre-
scribing this regimen. However, it is possible to cut drug price of 
PrOD to save people afflicted with chronic HCV in underdevel-
oped countries. Total bilirubin ≥2 mg/dL 1 week following drug 
treatment is the cutoff for whether ceasing administration or 
performing additional tests. One week following PrOD adminis-
tration as the ideal time point at which to administer further test-
ing. Interestingly, failure to develop hyperbilirubinemia 1 week 
following PrOD avoided later total bilirubin ≥2.0 mg/dL during 
treatment. In summary, pretreatment platelet and WBC counts 
may predict total bilirubin ≥2 mg/dL 1 week following drug 
administration, aiding the decision-making process of clinicians.
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