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Abstract
AIM
To investigate peg-interferon (peg-IFN) and ribavirin 
(RBV) therapy in Myanmar and to predict sustained 
virologic response (SVR).

METHODS
This single-center, open-label, study was conducted 
in Myanmar between 2009 and 2014. A total of 288 
patients infected with HCV genotypes 1, 2, 3 and 6 
were treated with peg-IFN alpha-2a (180 μg/wk) or 
alpha-2b (50 to 100 μg as a weight-based dose) and 
RBV as a weight-based dose (15 mg/kg/d). Treatment 
duration was 48 wk for genotypes 1 and 6, 24 wk for 
genotype 2, and 24 or 48 wk for genotype 3 based on 
rapid virologic response (RVR). Those co-infected with 
hepatitis B received 48 wk of therapy.
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RESULTS
Overall, SVR was achieved for 82% of patients and 
the therapy was well tolerated. All patients achieved 
SVR at equivalent rates regardless of HCV genotype 
(P  = 0.314). Low fibrosis scores (P  < 0.001), high 
baseline albumin levels (P  = 0.028) and low baseline 
viral loads (P  = 0.029) all independently predicted SVR. 
On the other hand, IL-28B TT and CC genotypes were 
not found to significantly predict SVR (P  = 0.634; P  = 
0.618). Among those who completed treatment, the 
occurrence of RVR showed a > 96% positive predictive 
value for achieving SVR. Treatment duration did not 
significantly impact the likelihood of achieving SVR for 
patients infected with genotype 3 HCV (P  = 0.371). The 
most common adverse events were fatigue (71%) and 
poor appetite (60%). Among patients with genotype 
3 HCV, more patients in the 48-wk treatment group 
required erythropoietin than in the 24-wk treatment 
group (61.1% vs  49.2%).

CONCLUSION
SVR rates were high with peg-IFN and RBV therapy in 
Myanmar. Fibrosis scores, baseline albumin, HCV RNA 
levels and RVR independently predicted SVR.

Key words: Hepatitis C virus; Pegylated-interferon; 
Ribavirin; Sustained virologic response; Rapid virologic 
response
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Core tip: Peg-interferon (peg-IFN) and ribavirin (RBV) 
therapy was a viable treatment option for hepatitis 
C virus (HCV)-infected patients in Myanmar due to 
its availability and affordability. Currently, direct-
acting antiviral agents are not widely accessible to 
the Myanmar population. Therefore, HCV treatment is 
still being conducted with peg-IFN and RBV therapy. 
This treatment regimen was shown to be reasonably 
efficacious with minimal adverse events. Fibrosis 
scores, baseline albumin, HCV RNA levels and rapid 
virologic response all independently predicted sustained 
virologic response.

Hlaing NKT, Banerjee D, Mitrani R, Arker SH, Win KS, Tun NL, 
Thant Z, Win KM, Reddy KR. Hepatitis C virus therapy with 
peg-interferon and ribavirin in Myanmar: A resource-constrained 
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INTRODUCTION
Recent advances in treatment for hepatitis C virus 
(HCV) infection lend hope to curing the almost 170 
million people worldwide who are chronically infected 

with HCV[1]. Treating HCV remains a top priority to 
prevent progression to cirrhosis and to lower the risks 
of developing hepatocellular carcinoma. Direct-acting 
antiviral (DAA) therapy has high cure rates and a 
substantially reduced side effects profile compared to 
dual therapy with pegylated-interferon (peg-IFN) and 
ribavirin (RBV), and has revolutionized HCV treatment 
paradigms in many countries[2]. However, DAA treat-
ment is only just beginning to enter the market in 
Myanmar, leaving peg-IFN and RBV therapy as a viable 
option[3,4].

The burden of HCV is enormous in low- and 
middle-income countries comprising South Asia, East 
Asia, North Africa, the Middle East and Southeast Asia, 
which altogether amounts to more than 80% of the 
global HCV burden[5,6]. Until novel DAA therapy is made 
more economically accessible to these HCV-endemic 
regions, clinicians must try to optimize available IFN-
based therapies to heterogeneous patient populations 
seeking treatment.

About half a million or 1%-1.6% of Myanmar’s po-
pulation is infected by HCV[7,8]. Among people who 
inject drugs, the prevalence of HCV in Myanmar 
is much higher, around 48.1%[9]. If HCV remains 
untreated, then its prevalence could rise through 
increasing numbers of people who inject drugs. In 
Myanmar, genotype 3 HCV is the most frequently 
encountered infection (> 50%), followed by genotypes 
6, 1 and 2[10]. As of now, there is a dearth of data on 
outcomes of treatment in Myanmar. Thus, expectations 
following HCV therapy are not known for that part 
of the world. To that end, in an open label trial, 
we investigated the efficacy and safety of peg-IFN 
alpha-2a or -2b and RBV in patients from Myanmar 
infected with HCV genotype 1, 2, 3 and 6, with a 
particular emphasis on identifying predictors of cure 
and determining whether 24 wk of treatment was as 
effective as 48 wk.

MATERIALS AND METHODS
Patient selection
This open-label experience was conducted in Myan-
mar at two centers, namely the Mandalay General 
Hospital and Yangon GI and Liver Centre. Patients 
aged between 9-years-old and 70-years-old and 
who were not previously treated with peg-IFN or 
RBV were eligible for HCV therapy. Patients included 
in this analysis were treated between January 2009 
and August 2014. Eligible patients had detectable 
HCV RNA levels ≥ 15 IU/mL and had abstained from 
alcohol use for at least 3 mo prior to screening. Serum 
alanine aminotransferase (ALT) levels, liver fibrosis 
score and coinfection with hepatitis B virus or human 
immunodeficiency virus were evaluated. Patients 
with indeterminate HCV genotype, high serum total 
bilirubin > 3 times the upper limit of the normal range, 
leukocyte count < 2000 cells/mm3, platelet count < 
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30000 cells/mm3, hemoglobin levels < 9 g/dL, history 
of drug abuse, significant medical comorbidities, 
known psychiatric or autoimmune disease, pregnancy 
or lactation, or lack of socioeconomic support were 
excluded from the study.

Patients of any genotype were eligible for en-
rollment, and HCV genotyping was completed by 
line probe assay (LiPA) technology (VERSANTTM 
HCV Genotype Assay (LiPA) Bayer Healthcare, 
manufactured by Innogenetics, Ghent, Belgium). On-
treatment virologic assessments were done using 
Roche COBAS AmpliPrep/COBAS TaqMan HCV Test, 
version 2.0, with the lower limit of detection being 15 
IU/mL. 

Patients received a combination of peg-IFN and 
RBV treatment. Patients were given one weekly 
subcutaneous injection of peg-IFN alpha-2 (either peg-
IFN alpha-2a at 180 μg, Hoffman-La Roche, Basel, 
Switzerland; or peg-IFN alpha-2b at 50-100 μg as 
a weight-based dose, Merck Sharp & Dohme). RBV 
(Copegus, Roche, or Rebetol, Merck Sharp & Dohme) 
was administered orally as a weight-based dose (15 
mg/kg/d). 

Patients with genotype 1 or 6 HCV infection 
received treatment for 48 wk, while those with 
genotype 2 HCV infection received treatment for 
24 wk. Treatment for patients with genotype 3 HCV 
infection varied according to hepatitis B surface 
antigen (HBsAg), rapid virologic response (RVR) and 
socioeconomic factors. The patients who achieved 
RVR at week 4 and did not present with HBsAg were 
consolidated into the 24-wk treatment group (n = 
122). Either the failure to achieve RVR or the presence 
of HBsAg resulted in placement into the 48-wk 
treatment group (n = 24).

All patients provided verbal informed consent for 
collecting data and presenting it. This investigator-
initiated study was conducted without financial support 
from the industry, as patients paid for the medication 
and study assessments. No limitations on publications 
were imposed. All authors approved the final version 
of the manuscript.

Study endpoints
All results are presented on the basis of those who 
completed treatment. The primary efficacy endpoint 
for this study was sustained virologic response (SVR), 
defined as undetectable serum HCV RNA 24 wk after 
treatment was discontinued. 

Secondary endpoints included RVR, early virologic 
response (EVR), end of treatment response (ETR) 
and relapse. RVR, EVR and ETR were defined as 
undetectable serum HCV RNA at week 4, week 12 
and at the end of treatment, respectively. Virologic 
relapse was defined as detectable HCV RNA within 
24 wk of cessation of therapy after having achieved 
ETR. Patients who had detectable HCV RNA at 24 wk 
of treatment were considered non-responders, and 

treatment was discontinued for these patients.

Safety assessments
Safety was assessed by laboratory testing, physical 
examination and spontaneous/patient-initiated 
reporting of adverse events. Laboratory tests were 
carried out at local laboratories. Adverse events 
were graded as mild, moderate, and severe or life-
threatening according to guidelines published by 
the World Health Organization, while depression 
was assessed according to the Montgomery-Asber 
Rating Scale (MADRS). Laboratory assessments 
and outpatient visits to evaluate the onset of clinical 
adverse events were scheduled every 2 wk while 
patients were on treatment and every month after the 
end of treatment. 

Dose modifications of peg-IFN, RBV, or both were 
permitted if patients were experiencing clinical adverse 
events or laboratory abnormalities that were not life-
threatening, and if the total leukocyte count was < 
1500 cells/mm3 or if the absolute neutrophil count was 
< 750 cells/mm3. Reductions were done in a step-wise 
fashion: to 135 μg then to 90 μg in patients initially 
receiving peg-IFN alpha-2a at 180 μg, and reductions 
according to body weight for patients receiving peg-
IFN alpha-2b. Anemia was attributed to treatment 
when hemoglobin levels were 1.5 g/dL lower than the 
baseline value, while severe anemia was assessed as 
when hemoglobin levels dropped below 7 g/dL. RBV 
dose was reduced upon the onset of severe anemia 
and was carried out in one or two 200 mg-reductions 
as needed for anemia to resolve. Treatment was 
permanently discontinued if the absolute neutrophil 
count was < 500 cells/mm3. 

Blood transfusions were given when hemoglobin 
levels were < 7 g/dL and if the patient agreed to 
receive a transfusion. Erythropoietin stimulating agent 
was administered when hemoglobin levels were < 9 
g/dL.

Statistical analysis
The efficacy analysis was based on 288 enrolled 
patients, while relapse analysis included 283 patients. 
t-test was used to determine the P-values for means 
(standard deviation), while Wilcoxon test was used 
to determine the P-values for medians (interquartile 
range) for continuous variables. For categorical 
variables, χ 2 test was used to determine P-values, 
and frequencies were summarized as n (percent). 
These methods were used for summarizing baseline 
characteristics and for completing preliminary efficacy 
and safety analyses.

Multi-variable logistic regression analysis was 
used to evaluate the relationships between treatment 
duration and SVR, baseline factors and SVR, and 
baseline factors and relapse. This analysis was used 
to compute P-values and odds ratios (ORs), their 
95% confidence intervals (CIs), and P-values. The 
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Efficacy analysis includes all 288 patients who com-
pleted peg-IFN and RBV treatment. Patients with 
genotype 1 (n = 56) received treatment for 48 wk, 
patients with genotype 2 (n = 4) received treatment 
for 24 wk, patients with genotype 6 (n = 83) received 
treatment for 48 wk, and patients with genotype 3 
(n = 145) received treatment for either 24 wk (n = 
23) or 48 wk (n = 122) based on RVR. The baseline 
characteristics of the patient population have been 
summarized in Table 1.

Efficacy
A total of 237 patients (82%) in this cohort completed 
treatment and achieved SVR with peg-IFN and RBV 
therapy (Table 2). All 4 patients with genotype 2 HCV 
achieved SVR, whereas patients with genotype 1, 
3 and 6 HCV achieved SVR at a rates of 75%-85%. 
Therapy was equally effective across all genotypes 
(P = 0.31). Several baseline characteristics varied 
between those who did and did not achieve SVR (Table 
1). Patients with an undetectable viral load at 6 mo 
after treatment cessation were generally younger, had 
high pretreatment platelet levels (≥ 150000/mm3), 
and had high pretreatment albumin (≥ 3.5 g/dL) 
compared to those who did not achieve SVR. Men 
achieved SVR at slightly higher rates than women. 

model for treatment duration was adjusted for several 
prognostic factors identified by preliminary efficacy 
analysis including age, sex and liver stiffness. This 
model evaluated genotype 3 only, as this was the 
only genotype where treatment duration varied. 
Models exploring outcomes and baseline factors 
excluded genotype 2 cases, as broad conclusions from 
pooled analysis may not be represented in the small 
sample size of patients with this genotype (n = 4). As 
treatment duration was not found to be a significant 
factor for SVR, it was excluded from subsequent 
models. The final outcome models were adjusted for 
age, sex, liver stiffness, genotype, platelet levels ≥ 
150000/mm3, albumin levels ≥ 3.5 g/dL and pre-
treatment HCV RNA ≥ 800000 IU/mL. All analyses 
were conducted using SAS v9.4 (Cary, NC, United 
States).

RESULTS
Demographics
Between January 2009 and August 2014, 687 patients 
were screened and 331 were ultimately enrolled (Figure 
1). A total of 43 patients discontinued treatment and 5 
patients were lost during follow-up. Patients received 
treatment of varying duration according to genotype. 

Table 1  Sustained virologic response according to patient characteristics at baseline (n  = 288)  n  (%)

Achieved SVR P value

Yes (n  = 237) No (n  = 51)

Demographics
Sex
   Male 101 (87.1) 15 (12.9)    0.081
   Female 136 (79.1) 36 (20.9)
Age
   Mean ± SD 45.9 ± 10.4 50.1 ± 8.5    0.007
   Median (range) 48.00 (11.0-68.0) 49.00 (34.0-66.0)    0.016
      ≤ 20    5 (100) 0 (0)    0.017
      21-40   57 (87.7)   8 (12.3)
      41-60 164 (82.4) 35 (17.6)
      > 60   11 (57.9)   8 (42.1)
Pretreatment conditions/comorbidities
   HCV/HIV coinfection    4 (100) 0 (0)    0.350
   Diabetes mellitus   21 (91.3) 2 (8.7)    0.238
   Previous alcohol consumption   45 (81.8) 10 (18.2)    0.919
   High pretreatment ALT (> 40) 166 (81.8) 37 (18.2)    0.722
   High pretreatment Hgb (≥ 12 g/dL) 182 (81.3) 42 (18.8)    0.386
   High pretreatment WBC (≥ 4000 mm3) 225 (82.7) 47 (17.3)    0.432
   High pretreatment platelet (≥ 150000/mm3) 189 (84.8) 34 (15.2)    0.043
   High pretreatment albumin (≥ 3.5 g/dL) 212 (84.5) 39 (15.5)    0.012
   High pretreatment HCV RNA (≥ 800000 IU/mL) 144 (79.1) 38 (20.9)    0.065
Liver stiffness
   F ≤ 2 133 (92.4) 11 (7.6) < 0.001
   F3-4 104 (72.2)   40 (27.8)
IL-28B polymorphism
   rs8099917TT 204 (82.3)   44 (17.7)    0.634
   rs8099917Non-TT   18 (78.3)     5 (21.7)
   Unknown   15 (88.2)     2 (11.8)
   rs12979860CC 196 (82.4)   42 (17.6)    0.618

ALT: Alanine aminotransferase; HCV: Hepatitis C virus; Hgb: Hemoglobin; HIV: Human immunodeficiency virus; SVR: Sustained virologic response; 
WBC: White blood cell.
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Patients who received dose reductions were not noted 
to have a lower likelihood of achieving SVR.

Those with high-grade fibrosis (F3-4) were sub-
stantially less likely to clear the virus (P < 0.001) (Table 
1). Higher rates of SVR were observed in patients with 
lower grade fibrosis (F ≤ 2) for genotypes 1, 3 and 6 
HCV (P = 0.009, P = 0.008, P = 0.002) (Table 3).

Relapse analysis was completed based on data 
from 283 patients (Tables 4 and 5). Overall, 49 
patients (17%) experienced relapse. Of those who 
completed 24 wk of treatment relapsed, 15% relapsed 
compared to 19% of patients who relapsed after 
completing 48 wk of treatment. Older patients (P = 
0.007), those with low pretreatment platelet levels, (P 
= 0.032) low albumin levels (P = 0.009) and advanced 
fibrosis (P < 0.001) were likely to have a relapse of 

HCV infection (Table 4). The proportion of patients who 
relapsed did not vary substantially by genotype (P = 
0.279) (Table 5).

Predictors of response
Logistic regression analysis showed that treatment 
duration did not have a significant impact on likelihood 
of achieving SVR (P = 0.371), suggesting that 
treatment lasting 24 wk was just as effective as 48 wk 
of treatment for curing genotype 3 HCV infection (Table 
6). As treatment duration was not found to significantly 
impact SVR outcome, it was excluded from subsequent 
models. Bivariate analysis identified age, sex, high 
HCV RNA at baseline, high pretreatment platelet 
levels, high pretreatment albumin levels and lower 
grade fibrosis as potential predictors of response. After 

Treatment 48 wk
(n  = 15)

Treatment 24 wk
(n  = 36)

HBsAg-

Treatment 48 wk
(n  = 86)

HBsAg+

Treatment 48 wk
(n  = 8)

RVR+
(n  = 94)

RVR-
(n  = 51)

Genotype 1
(n  = 56)

Treatment 48 wk

Genotype 2
(n  = 4)

Treatment 24 wk

Genotype 3
(n  = 145) 

Treatment according 
to RVR, HBsAg, and 
socioeconomic status

Genotype 6
(n  = 83)

Treatment 48 wk

Treatment 
completed
(n  = 288)

Reasons for treatment 
discontinuation:
   Non-responder (n  = 12)
   Liver related (n  = 15)
   Non-liver related (n  = 5)
   Socioeconomic (n  = 11)

Patients enrolled
(n  = 331)

Patients screened
(n  = 687)

Reasons for patient exclusion:
   Socioeconomic (n  = 353)
   Genotype indeterminate (n  = 3)

Figure 1  Flow diagram of the study. The study treatment scheme is outlined for patients who completed treatment after enrollment.
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stepwise multivariable logistic regression analysis, low 
pretreatment HCV RNA, high pretreatment albumin 
level and low-grade fibrosis among patients with 
genotype 1, 3 and 6 HCV infection remained significant 
independent predictors of SVR (Table 7). Those with 
high baseline viral load were less likely to achieve SVR 
(OR = 0.42, CI: 0.19-0.92, P = 0.029), while those 
with high baseline albumin levels were substantially 
more likely to clear the virus (OR = 2.63, CI: 1.11-6.22, 
P = 0.028). Finally, those with more severe liver 
fibrosis (F3-4) were predisposed to fail peg-IFN and 
RBV treatment (OR = 0.19, CI: 0.08-0.48, P < 0.001).

Undetectable serum HCV RNA after 4 wk of therapy 
(RVR) was a substantial/important predictor of SVR for 
patients with genotype 1 (P < 0.001) and 6 (P < 0.001) 
who received treatment for 48 wk. For patients with 
genotype 1, 2 and 6 HCV infection, 100% of those 
who achieved RVR achieved SVR 6 mo after treatment 
had been discontinued. RVR showed a similar positive 
predictive value (PPV) in patients with genotype 3 
HCV infection regardless of treatment duration. A total 
of 96% of patients who achieved RVR demonstrated 
undetectable HCV RNA levels 6 mo after treatment 
cessation.  

In this study, IL-28B genotype did not demonstrate 
any type of predictive value for achieving SVR (Table 1). 
Patients with the rs8099917TT polymorphism exhibited 
an SVR rate of 82.3% (P = 0.634) whereas patients 

with the rs12979860CC polymorphism exhibited an 
SVR rate of 82.4% (P = 0.618). Similar SVR rates 
were achieved in patients of rs809997Non-TT and 
unknown polymorphisms.

Safety/adverse events
Adverse events and treatment dose modifications are 
summarized in Table 8. The proportion of patients 
requiring dose reductions were comparable for both 
treatment groups. In the 24-wk treatment group, 
15.9% of patients required dose reductions (n = 
20/126), while in the 48-wk treatment group, 21% 
of patients required dose reductions (n = 24/162). 
Adverse events occurred in roughly similar proportions 
between the 24-wk and 48-wk treatment groups 
except for erythropoietin usage. More patients in the 
48-wk treatment group required erythropoietin (61.1% 
vs 49.2%), even though moderate anemia (hemoglobin 
reduction of 1.5 g/dL) occurred at equivalent rates for 
both groups. Severe anemia (hemoglobin reduction 
of 7 g/dL) also occurred at comparable rates in both 
groups. Treatment was discontinued for a total of 43 
patients due to liver-/non-liver, non-responder and 
socioeconomic reasons. The most common adverse 
events were fatigue (71%), poor appetite (60%), 
insomnia (39%), dizziness (23%), hair loss (18%), 
joint pain (11%), itchiness (9%) and muscle ache 
(6%).

DISCUSSION
This study is one of few that investigated the safety 
and efficacy of traditional HCV treatment in patients 
from Myanmar, an area of the world where cost and 
access remains a significant barrier to next-in-line HCV 
therapies. Study results confirm the efficacy and safety 
of peg-IFN and RBV combination therapy in Myanmar 
patients with chronic HCV infection of genotypes 1, 2, 
3 and 6. A total of 237 patients (82%) achieved SVR in 
this study. By HCV genotype, 75% of patients achieved 
SVR for genotype 1 (n = 42/56), 100% of patients 
achieved SVR for genotype 2 (n = 4/4), 84.8% of 
patients achieved SVR for genotype 3 (n = 123/145) 
and 81.9% of patients achieved SVR for genotype 6 
(n = 68/83). These rates are comparable to historical 
experiences with SVR rates of 60%-90% in Asian 
countries for all HCV genotypes[11,12]. Genotype 1b HCV 
infection is more prevalent across Myanmar compared 
to genotype 1a (6.9% vs 4.1%)[13] and genotype 1b 
has been shown to be more amenable to combination 
therapy[14]. These findings could help explain the 
higher SVR rate observed for genotype 1 in this study 
compared to those in Western countries[13].  

Treatment for 24 wk in patients infected with 
genotype 3 HCV infection proved to be equally 
efficacious compared to the traditional 48 wk of 
treatment. SVR was achieved in 84.4% and 87.5% of 
cases for patients in the 24-wk and 48-wk treatment 

Table 2  Sustained virologic response by treatment modifications 
and hepatitis C virus genotype (n  = 288)  n  (%)

Achieved SVR P value

Yes 
(n  = 237)

No 
(n  = 51)

Dose reduction
   Any dose reduction 43 (79.6) 11 (20.4) 0.570
   Peg-IFN only  9 (100) 0 (0) 0.157
   Ribavirin only 12 (70.6)   5 (29.4) 0.193
   Both peg-IFN and ribavirin 22 (78.6)   6 (21.4) 0.587
Genotype
   1   42 (75.0) 14 (25.0) 0.314
   2    4 (100) 0 (0)
   3 123 (84.8) 22 (15.2)
   6   68 (81.9) 15 (18.1)

Peg-IFN: Pegylated-interferon; SVR: Sustained virologic response.

Table 3  Sustained virologic response according to fibrosis 
score and genotype (n  = 288)  n  (%)

Total 
patients

F ≤ 2 (n  = 144) F 3-4 (n  = 144) P  value

SVR+ SVR- SVR+ SVR-

All genotypes 288 133 (46) 11 (4) 104 (36) 40 (14) 0.034
Genotype 1   56   26 (46)   3 (5)   16 (29) 11 (20) 0.009
Genotype 2     4   0 (0)   0 (0)       4 (100) 0 (0)
Genotype 3 145   60 (41)   4 (3)   63 (43) 18 (12) 0.008
Genotype 6   83   47 (57)  4 (5)   21 (25) 11 (13) 0.002

SVR: Sustained virologic response.
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groups, respectively. In an American multicenter, 
open-label, investigator-initiated study, treatment 
duration was also not found to affect SVR rates for 
HCV genotypes 2/3[15]. The same combination therapy 
was used in both studies, yet a greater percentage 
of genotype 3 HCV-infected patients achieved SVR 
in this experience compared to the American study 
(84.8% vs 61.8%). As a general trend, SVR rates for 
all genotypes have been reported to be higher in Asia 
compared to Western countries[12].

In this experience, patients infected by genotype 6 
HCV were treated for a duration of 48 wk and 81.9% 
of patients achieved SVR. HCV genotype 6 is endemic 
to Southeast Asia, and SVR rates for genotype 6 have 

been reported to be around 80%[16]. Patients infected 
by genotype 6 HCV were significantly more likely to 
achieve SVR if their fibrosis scores were equal to 2 or 

Table 4  Relapse according to patient characteristics at baseline (n  = 283)  n  (%)

Relapse (n  = 49) No relapse (n  = 234) P  value

Relapse 49 (17.3) 234 (82.7)
Demographics
Sex
   Male 14 (12.4)   99 (87.6)    0.074
   Female 35 (20.6) 135 (79.4)
Age
   mean ± SD 50.4 ± 8.5 46.0 ± 10.2    0.006
   Median (range) 50.00 (34.0-66.0) 48.00 (11.0-68.0)    0.011
      ≤ 20 0 (0)    4 (100)    0.013
      21-40   7 (10.9)   57 (89.1)
      41-60 34 (17.3) 162 (82.7)
      > 60   8 (42.1)   11 (57.9)
Pre-treatment/comorbidities
   HCV/HIV coinfection 0 (0)   3 (100)    0.426
   Diabetes mellitus 2 (8.7)   21 (91.3)    0.254
   Previous alcohol consumption   9 (17.0)   44 (83.0)    0.943
   High pretreatment ALT (> 40) 36 (17.9) 165 (82.1)    0.678
   High pretreatment Hgb (≥ 12g/dL) 40 (18.3) 179 (81.7)    0.434
   High pretreatment WBC (≥ 4000 mm3) 45 (16.9) 222 (83.1)    0.403
   High pretreatment platelet (≥ 150000/mm3) 32 (14.7) 186 (85.3)    0.032
   High pretreatment albumin (≥ 3.5 g/dL) 37 (15.0) 209 (85.0)    0.009
   High pretreatment HCV RNA (≥ 800000 IU/mL) 36 (20.3) 141 (79.7)    0.082
Liver stiffness
   F ≤ 2 9 (6.5) 130 (93.5) < 0.001
   F3-4 40 (27.8) 104 (72.2)
IL28B polymorphism
   rs8099917TT 42 (17.3) 201 (82.7)    0.592
   rs8099917Non-TT   5 (21.7)   18 (78.3)
   Unknown   2 (11.8)   15 (88.2)    0.918
   rs12979860CC 40 (17.2) 193 (82.8)    0.569

Table 5  Relapse by treatment modifications and hepatitis C 
virus genotype (n  = 283)  n  (%)

Relapse Yes Relapse No P  value

(n  = 49) (n  = 234)
Dose reduction
   Any dose reduction 10 (19.2) 42 (80.8) 0.686
   Peg-IFN only 0 (0)  9 (100) 0.163
   Ribavirin only   4 (26.7) 11 (73.3) 0.325
   Both peg-IFN and ribavirin   6 (21.4) 22 (78.6) 0.544
Genotype
   1 14 (25.0)   42 (75.0) 0.279
   2 0 (0)    4 (100)
   3 21 (14.7) 122 (85.3)
   6 14 (17.5)   66 (82.5)

Table 6  Preliminary analysis of sustained virologic response 
outcome by treatment duration and prognostic baseline 
factors in patients with genotype 3 hepatitis C virus infection

Comparison or stratum OR (95%CI) P  value

Age 1.02 (0.97-1.08) 0.432
Liver fibrosis (F3-4 vs F ≤ 2) 0.18 (0.05-0.67) 0.010
Sex (female vs male) 0.41 (0.14-1.16) 0.093
Treatment duration (48 wk vs 24 wk) 2.05 (0.42-9.92) 0.371

Table 7  Sustained virologic response outcome by prognostic 
baseline factors in patients with genotypes 1, 3, and 6 
hepatitis C virus infection

Comparison or stratum OR (95%CI) P  value

Age 1.00 (0.96-1.04)    0.904
Genotype (1 vs 6) 0.74 (0.30-1.84)    0.433
Genotype (3 vs 6) 1.33 (0.58-3.05)    0.433
High pretreatment HCV RNA (≥ 800000 IU/mL) 0.42 (0.19-0.92)    0.029
High pretreatment albumin (≥  3.5 g/dL) 2.63 (1.11-6.22)    0.028
High pretreatment platelet (≥ 150000/mm3) 1.00 (0.45-2.25)    0.992
Liver fibrosis (F3-4 vs F ≤ 2) 0.19 (0.08-0.48) < 0.001
Sex (female vs male) 0.57 (0.28-1.16)    0.120
Treatment duration (48 wk vs 24 wk)1 2.05 (0.42-9.92)    0.371

1Only in patients with genotype 3 HCV infection. HCV: Hepatitis C virus.
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less. Among patients infected by genotype 6, those 
who present with low fibrosis scores and achieve RVR 
could potentially be candidates to undergo a shorter 
treatment duration of 24 wk compared to 48 wk. 
In a Vietnamese study, Thu Thuy et al[17] reported 
SVR rates of 60% and 71% for 24 wk and 48 wk of 
treatment, respectively. Treatment duration was not 
found to significantly impact SVR rates for patients 
infected with genotype 6 HCV; however, a larger 
sample size is needed to confirm these results.

Low-grade fibrosis, low baseline viral loads, 
and high baseline albumin levels were found to be 
significant independent predictors of SVR in this study. 
These factors should be considered in conjunction 
with age, body mass index and HCV genotype to 
appropriately determine treatment duration and 
likelihood of achieving SVR. Patients infected by all 
genotypes were significantly more likely to achieve 
SVR if they had RVR. In this study, the PPV of RVR 
was shown to be > 96%. In a Chinese study, RVR was 
reported to have a similarly high PPV of 86.7% for HCV 
genotypes 1-3; however, RVR occurred less frequently 
in patients infected by genotype 1 HCV[18].

The majority of patients in this study contained 
either the rs8099917TT and/or the rs12979860CC IL-
28B polymorphism. Previous studies have indicated 
both polymorphisms as independent predictors of 
virologic responses for genotype 1 HCV, regardless of 
ethnicity[19]. Moreover, the rs8099917TT polymorphism 
has been indicated as an independent predictor of 
achieving SVR for genotypes 2/3 in Asians[18]. In 

this study, no correlation was found between IL-28B 
profile and the efficacy of antiviral therapy. Perhaps a 
larger sample size is needed to assess the relationship 
between IL-28B profile and the efficacy of antiviral 
therapy for Asian patients infected with different HCV 
genotypes, and particularly when there are such high 
response rates.

Comparable amounts of patients given 24-wk 
and 48-wk treatments required RBV and/or peg-IFN 
dose reductions. Meanwhile, a higher proportion of 
patients in the 48-wk group required erythropoietin 
compared to patients in the 24-wk group (61.1% 
vs 49.2%). When possible, 24 wk of combination 
therapy is preferred in order to reduce the moderate 
anemia rate and the need to take erythropoietin. 
Patients in this experience reported higher rates 
of poor appetite compared to participants in other 
studies (60% vs 20%-30%)[20]. Poor appetite often 
coincides with fatigue, which was seen in 71% of 
patients in this experience. In other studies, fatigue 
has been noted to occur in 60%-90% of patients[19]. 
Psychiatric side effects such as depression and 
irritability were observed in much lower proportions 
compared to studies in Western countries[21]. Cultural 
and socioeconomic differences could explain the lower 
incidences of depression reported in this experience[17].

In conclusion, this study analyzed SVR rates 
and independent predictors of SVR in Myanmar’
s population. Patients infected with HCV genotypes 
1 and 6 were treated for a duration of 48 wk and 
achieved SVR at 75% and 81.9%, respectively. These 
rates were equivalent or higher compared to historical 
observations. Patients infected with genotype 2 HCV 
were treated for a duration of 24 wk and all 4 patients 
achieved SVR. Depending on RVR and the presence 
of HBsAg, patients infected by genotype 3 HCV were 
treated for 24 wk or 48 wk. SVR rates were attained at 
equivalent rates for patients in both groups. This study 
found that low fibrosis scores, high baseline albumin 
levels and low baseline viral loads significantly predict 
SVR. Patients who achieved RVR were very likely to 
achieve SVR. This study assessed the safety profiles 
and efficacy of peg-IFN and RBV combination therapy 
to better optimize treatment in Myanmar. Most side 
effects were observed at similar rates compared to 
historical controls. Peg-IFN and RBV remain the top 
choice for treating HCV in Myanmar due to higher 
availability and lower costs compared to DAA agents. 
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Table 8  Adverse events and treatment modifications (n  = 
288)  n  (%)

48 wk 
treatment 

(n  = 162)

24 wk 
treatment 

(n  = 126)

Dose reduction
   Any dose reduction   34 (21.0)   20 (15.9)
   Peg-IFN only   3 (1.9)   6 (4.8)
   Ribavirin only 13 (8.0)   4 (3.2)
   Both peg-IFN and ribavirin   18 (11.1) 10 (7.9)
Hematological adverse events
   Hemoglobin reduction = 1.5 g/dL from 
   pretreatment value

121 (74.7) 85 (67.5)

   Erythropoietin use   99 (61.1) 62 (49.2)
   Severe anemia (Hgb < 7 g/dL)   4 (2.5) 3 (2.4)
   WBC < 4000 cells/mm3 110 (67.9) 86 (68.3)
   Platelet reduction < 150000 cells/mm3   75 (46.3) 72 (57.1)
General adverse events
   Fatigue 115 (71)   89 (70.6)
   Poor appetite   92 (56.8)   82 (65.1)
   Itchiness 16 (9.9) 11 (8.7)
   Skin rash   5 (3.1) 0 (0)
   Joint pain   20 (12.3)   13 (10.3)
   Myalgia/muscle aches   9 (5.6)   8 (6.3)
   Hair loss 34 (21)   17 (13.5)
   Dizziness   36 (22.2)   31 (24.6)
   Insomnia   63 (38.9)   49 (38.9)
   Irritability   5 (3.1)   2 (1.6)
   Depression 13 (8.0)   5 (4.0)
   Thyroid dysfunction   7 (4.3)   1 (0.8)
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Background
Approximately half a million people are chronically infected with hepatitis 
C virus (HCV) in Myanmar. Treating HCV remains a top priority to prevent 
progression to cirrhosis and to lower the risks of developing hepatocellular 
carcinoma. Direct-acting antiviral (DAA) therapy has high cure rates and 
a substantially reduced side effects profile compared to dual therapy with 
pegylated-interferon (peg-IFN) and ribavirin (RBV), and has revolutionized HCV 
treatment paradigms in many countries. However, DAA treatment is only just 
beginning to enter the market in Myanmar, leaving peg-IFN and RBV therapy 
as a viable option.

Research frontiers
This open-label experience investigated the efficacy and safety of peg-IFN 
alpha-2a or -2b and RBV in patients from Myanmar with HCV genotypes 1, 
2, 3 and 6, with a particular emphasis on identifying predictors of cure and 
determining whether 24 wk of treatment was as effective as 48 wk.

Innovations and breakthroughs
There has been a sporadic study that analyzed HCV treatment in Myanmar. In 
this experience, several baseline clinical and biochemical characteristics were 
assessed to find predictors of sustained virologic response (SVR). Low fibrosis 
scores, high baseline albumin levels and low baseline viral loads significantly 
predicted SVR. Additionally, patients who achieved RVR had a high likelihood 
of achieving SVR. Patients with genotype 3 HCV were treated for 24 wk or 48 
wk, and both groups of patients achieved SVR at equivalent rates. Finally, side 
effects of peg-IFN and RBV were comparable to historical controls.

Applications
Generic DAAs from the chronic hepatitis C treatment expansion by Gilead 
Sciences are just becoming available in Myanmar. A single tablet regimen 
of ledipasvir/sofosbuvir will become available to the Myanmar population, 
but the medication has yet to be approved by the Myanmar Federal Drug 
Administration. For the next couple of years, peg-IFN plus RBV will be the 
mainstay of treatment in Myanmar.

Peer-review
Several countries worldwide use peg-IFN and RBV to treat HCV due to 
extremely high costs of DAA agents. This study reinforces the high SVR 
observed with such treatment in Asia compared to Western countries. It also 
reinforces the use of peg-IFN and RBV as the most competitive choice for 
treatment of HCV in Myanmar due to its high SVR rates and safety profiles. It 
also shows that some previously described predictors of SVR apply well to the 
Myanmar population, allowing its use in patients enrolled for treatment. The 
manuscript is well written, concise and objective.
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