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Abstract
BACKGROUND
Regimens involving direct-acting antiviral agents (DAAs) are recommended for
the treatment of infection with hepatitis C virus (HCV) genotypes 1, 2 and 3. But
real-world data is still not enough, especially in Asia.

AIM
To investigate the efficacy and safety of DAA-based regimens in a real-life setting
in China.

METHODS
This study included 366 patients infected with HCV genotypes 1, 2 and 3, with or
without cirrhosis, who were observed between May 2015 and December 2018.
They were treated with ledipasvir and sofosbuvir (SOF) (genotype 1) with or
without ribavirin (RBV), SOF and RBV (genotype 2), or SOF and daclatasvir
(genotype 3), with or without RBV, for 12 or more wk. The participants’ sustained
virological responses (SVR) at post-treatment week 12 (SVR12) was the primary
endpoint. The occurrence of adverse events and drug-drug interactions were
recorded.

RESULTS
In the 366 patients, genotype 1 (59.0%) was the most common genotype, followed
by genotypes 2 (34.4%) and 3 (6.6%). Liver cirrhosis was diagnosed in 154 (42.1%)
patients. Fifty (13.7%) patients were treatment-experienced. Intention-to-treat
analysis revealed that SVR12 was 86.3% (316/366). For modified intention-to-
treat analysis, SVR12 was achieved in 96.6% of overall patients (316/327), 96.3%
in patients with genotype 1, 97.5% in those with genotype 2, and 95.0% in those
with genotype 3. Most of the treatment failures were due to lack of follow-up (3
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cases had non-responses, 1 had virological breakthrough, 11 relapsed and 36 did
not participate in the follow-up). There was no significant difference in SVR
between different genotypes and liver statuses (P < 0.05). Patients with lower
alanine aminotransferase levels at baseline who achieved an end of treatment
response were more likely to achieve SVR12 (P < 0.05). High SVR was observed
regardless of age, gender, liver status, alpha-fetoprotein, HCV RNA levels or
history of antiviral therapy (P > 0.05 for all). The cumulative hepatocellular
carcinoma occurrence and recurrence rate after using the DAAs was 0.9%. Most
of the adverse events were mild. We found two cases of special adverse events.
One case involved facial and bilateral lower extremity edema, and the other case
showed an interesting change in lipid levels while on medication. No severe
adverse events were noted.

CONCLUSION
The DAA-based regimens tested in this study have excellent effectiveness and
safety in all patients infected with HCV genotypes 1, 2 and 3, including those
with cirrhosis.

Key words: Hepatitis C virus; Direct-acting antiviral agents; Efficacy; Safety; Drug-drug
interactions; Real-life experience

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Direct-acting antiviral agent (DAA)-based regimens are currently the preferred
treatment for hepatitis C. However, there is not enough data reporting the results of real-
world research, especially in countries such as China where DAAs have only been
approved for using in recent years. We found that there was no significant difference in
sustained virological responses (SVR) between patients with different genotypes and
liver statuses. Patients with lower alanine aminotransferase levels at baseline who
achieved end of treatment response were more likely to achieve SVR at post-treatment
week 12. Also, we found two cases of special adverse events. One case involved facial
and bilateral lower extremity edema, which was due to drug-drug interactions, and the
other case showed an interesting change in lipid levels while the patient was on
medication.

Citation: Yang Y, Wu FP, Wang WJ, Shi JJ, Li YP, Zhang X, Dang SS. Real life efficacy and
safety of direct-acting antiviral therapy for treatment of patients infected with hepatitis C
virus genotypes 1, 2 and 3 in northwest China. World J Gastroenterol 2019; 25(44): 6551-
6560
URL: https://www.wjgnet.com/1007-9327/full/v25/i44/6551.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i44.6551

INTRODUCTION
Hepatitis C virus (HCV) has infected approximately 3% of the world's population[1-3],
and 70% to 80% of patients have chronic hepatitis. The leading cause of liver cirrhosis
and hepatocellular carcinoma (HCC) is hepatitis.  No effective vaccine to prevent
hepatitis C is currently available[4-6]. Thus, the treatment of hepatitis C is particularly
important. There are several HCV genotypes, including 1a, 1b, 1c, 2a, 2b, 2c, 3a, 3b, 4,
5 and 6, which correspond to the number of HCV gene sequences, of which genotypes
1, 2 and 3 are the most common types[7-10]. Clinical care has advanced for patients with
HCV-related liver disease in recent years. But, in some countries, such as China, the
standard  care  has  been  a  combination  therapy  using  pegylated  interferon  and
ribavirin (RBV). However, this treatment has shown a low rate of effectiveness. Due to
severe adverse reactions and harsh indications, many patients cannot tolerate this
treatment.  Since  the  advent  of  direct-acting antiviral  drugs  (DAAs)  in  2011,  the
landscape of HCV treatment has changed remarkably. These oral combinations make
it possible to achieve exceptional cure rates with better tolerability, minimal side
effects and a shorter duration of treatment.

Among the NS5B polymerase nucleoside inhibitors, sofosbuvir (SOF) is a potent
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pan-genotypic inhibitor. Many clinical trials based on SOF have shown high rates of
sustained virological  response  (SVR).  A phase  3,  randomized,  open-label  study
involving patients infected with HCV genotype 1 with or without cirrhosis achieved
SVR rates between 94% and 99% with SOF and ledipasvir[11]. Among patients infected
with HCV genotype 2, the VALENCE trial reported that therapy with SOF-RBV for 12
wk resulted in a high rate of SVR (93%)[12].  One year later, another phase III trial,
ASTRAL-3, reported a higher rate of SVR (99%) using a regimen of SOF-velpatasvir
(VEL)[13]. In patients infected with genotype 3, the ALLY-3 trial showed that patients
treated with a regimen of daclatasvir and SOF achieved SVR rates of 63% and 96%,
with and without cirrhosis, respectively[14].

Although high rates of SVR have been shown, results derived from controlled
settings  may  not  be  representative  to  the  real  world.  Also,  data  gathered  from
different races is insufficient. Therefore, evaluations of drugs in real-world settings
are critical, especially in patients such as those from northwest China, where clinical
trial data is limited.

MATERIALS AND METHODS
Our study was a single center, prospective, observational study. Prospective patients
were identified by a search of the clinical records at the Department of Infectious
Diseases of the Second Affiliated Hospital of Xi'an Jiaotong University, in order to
evaluate the treatment outcomes in a real-world cohort of patients infected with HCV
genotypes 1, 2 and 3 who were evaluated between May 2015 and December 2018.

Patients and treatment
All the patients who had been diagnosed as having a chronic HCV infection (positive
anti-HCV antibodyfor greater thansix months with detectable HCV RNA), with or
without cirrhosis, including those who were treatment naïve or had previously been
exposed to interferon or direct-acting antiviral therapy, were included in our study.
Patients  who had co-infections with hepatitis  B virus (HBV) were also included.
Patients meeting the following criteria were excluded: Human immunodeficiency
virus co-infection, pregnant and lactating female patients, male patients with fertility
willingness, patients under the age of 18, those with chronic kidney disease, and those
with advanced liver disease (Child-Pugh C). All the patients clearly understood the
potential benefits and risks and were willing to receive antiviral treatment. All the
patients voluntarily joined this study after giving informed consent.

The treatment regimens used are in accordance with the European Association of
Study of  the  Liver  guidelines  (2015)  and are  summarized in  Table  1.  Before  the
treatment, the patients were informed about the potential drug-drug interactions
(DDIs) and were advised to consult pharmacists before starting any new treatment.

Measurements
Each patient’s detailed medical history was recorded. Clinical examinations were
performed on all patients. Baseline laboratory values were collected in all patients
within 3 mo before starting treatment. The following data were recorded at the time of
enrollment:  Age,  gender,  fibrosis  stage,  history of  treatment,  anti-HCV antibody
(ELISCAN HCV; RFCL Limited, Dehradun, India), genotype (Abbott Molecular Inc.,
Des Plaines, IL, United States), and any comorbidities, such as diabetes, HBV co-
infection, hypertension and fatty liver disease. The baseline clinical chemistry results
are shown in Table 2. HCV RNA was analyzed using COBAS TaqMan HCV Test 2.0
(Roche  Diagnostics  Corporation,  Indianapolis,  IN,  United  States).  FibroScan
transabdominal  ultrasound and abdominal  computerized tomography were also
performed on the patients. Liver stiffness value > 12.5 kPa (FibroScan®,  Echosens,
France),  clinical manifestations such as esophageal varices and ascites or distinct
sonographic signs of portal hypertension indicated cirrhosis.

This  study was approved by the Institutional  Review Board of  Xi’an Jiaotong
University.

Efficacy assessment
HCV RNA was monitored at 4 wk [rapid virological response (RVR)], the end of
therapy [end of treatment response (ETR)] and 12 wk after the treatment (SVR12).
Viral relapse was defined as detectable HCV RNA after treatment. Non-response was
defined  as  failure  to  achieve  a  1  log  10  reduction  in  HCV  RNA  after  12  wk  of
treatment. Viral breakthrough was defined as detectable HCV RNA after a period of
initial response while still on therapy.

Safety assessments
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Table 1  Regimens of direct-acting antivirals for treatment of hepatitis C virus infection

Patients Genotype 1 Genotype 2 Genotype 3

Chronic hepatitis Treatment naïve SOF + LDV for 12 wk SOF + RBV for 12 wk SOF + DCV for 12 wk

Treatment experienced SOF + RBV for 16-20 wk SOF + DCV + RBV for 12 wk
or 24 wk without RBV

Cirrhosis, compensated or
decompensated

SOF + LDV + RBV for 12 wk
or 24 wk without RBV

SOF + RBV for 16-20 wk SOF + DCV + RBV for 24 wk

A fixed dose combination of sofosbuvir (SOF) and ledipasvir was administered once per day. One tablet each of SOF and daclatasvir should be taken daily.
Ribavirin was 1000 or 1200 mg/d in patients < 75 kg or ≥ 75 kg, respectively. SOF: Sofosbuvir (400 mg); LDV: Ledipasvir (90 mg); DCV: Daclatasvir (60
mg); RBV: Ribavirin (200 mg).

All  the  patients  were  assessed  for  adverse  reactions,  including  severe  fatigue,
depression, insomnia, skin reactions, and dyspnea. Adverse hematological reactions
included neutropenia and anemia. If hypocytosis occurred, routine bloodwork would
be examined more frequently. When hemoglobin was < 100 g/L or ≥ 85 g/L with no
significant  cardiovascular  disease,  the  following  steps  were  taken:  During  the
subsequent  4  wk  of  treatment,  if  hemoglobin  decreased  by  ≥  20  g/L,  RBV  was
reduced to 600 mg/d (200 mg in the morning and 400 mg at night), and if hemoglobin
decreased to 85 g/L or remained below 120 g/L after 4 wk of RBV reduction, RBV
was discontinued.

Statistical analysis
The statistical methods of this study were reviewed by Lei-Lei Pei from Institute of
Public Health Xi’an Jiaotong University.

For  continuous  variables,  the  outcome  is  expressed  as  the  mean  ±  standard
deviation or as median and range. It was compared using the Kruskal-Wallis H test or
the  Mann-Whitney  U  test.  For  categorical  data,  the  outcome  is  presented  as
percentage, and the differences were tested using the χ2 test. Logistic regression was
used to analyze which variables had a statistical impact on SVR. SVR12 was evaluated
by an intention-to-treat  (ITT)  analysis,  which was based on the initial  treatment
assignment, including all patients who received at least one dose of the medicine.
SVR12 was also analyzed by a modified ITT (mITT) analysis. The significance level
was set at P < 2009;0.05. All analyses were performed using SPSS 25.0 software.

RESULTS

Characteristics of patients
Between May 2015 and December 2018, a total of 498 patients were diagnosed with
HCV infection, and 366 of them commenced treatment with DAAs (Figure 1). There
were 216 patients with genotype 1 (1a, 10.2%; 1b, 68.5%; subtype not specified, 21.3%),
108 with genotype 2 (2a, 68.3%; 2b, 5.6%; subtype not specified, 26.2%) and 24 with
genotype 3 (3a, 25.0%; 3b, 12.5%; subtype not specified, 62.5%). Of the patients, 12
(3.3%) were found to have controlled co-existing HCC. Table 2 shows the baseline
characteristics of the patients. The mean age of the patients was 52.2 ± 12.0 years, and
192 (47.5%) were male. Fifty (13.7%) patients had been treated with interferon (IFN) or
DAAs before. Some of the patients (154, 42.1%) had cirrhosis. Most of the cirrhotic
patients (123, 79.9%) had a Child-Pugh score of A, while the rest of them had a Child-
Pugh score of B. A total of 25 (6.8%) of the patients had HBV co-infection, 17 (4.6%)
had diabetes  mellitus,  24  (6.6)  had hypertension,  and 52  (14.2%)  had fatty  liver
disease.

The baseline clinical, biochemical, hematological and virologic characteristics of the
patients based on the severity of their liver disease are shown in Table 3. Patients with
cirrhosis (including compensated and decompensated cirrhosis) were older. They had
higher  levels  of  total  bilirubin,  alanine  transaminase  (ALT),  aspartate  ami-
notransferase (AST),  alpha-fetoprotein (AFP),  liver stiffness measurement (LSM)
score, fibrosis 4 score, and AST-to-platelet ratio index (APRI). Patients with cirrhosis
had lower levels of albumin, hemoglobin,  platelets,  and HCV RNA compared to
patients without (P < 0.05 for all).

Efficacy of treatment
In our study, RVR was achieved in 321 (87.7%) of 366 patients, and ETR was achieved
in 338 (98.5%) of 343 patients. ITT analysis showed that 316 (86.3%) patients reached

WJG https://www.wjgnet.com November 28, 2019 Volume 25 Issue 44

Yang Y et al. DAAs for the treatment of genotype 1, 2 and 3 HCV infection

6554



Table 2  Baseline characteristics of hepatitis C virus patients based on genotype

Total (n = 366) Genotype 1 (n = 216) Genotype 2 (n = 126) Genotype 3 (n = 24)

Age (yr) 52.2 ± 12.0 51.7 ± 12.8 53.6 ± 10.0 49.8 ± 14.1

Gender (males, %) 174 (47.5) 101 (46.8) 62 (49.2) 11 (45.8)

TBIL (µmol/L) 19.63 ± 10.60 19.62 ± 10.77 19.52 ± 10.72 20.07 ± 8.47

ALT (U/L) 53.48 ± 45.18 56.95 ± 47.79 51.55 ± 40.35 54.33 ± 36.91

AST (U/L) 51.89 ± 39.12 50.79 ± 41.96 48.9 ± 33.74 53.5 ± 33.31

Albumin (g/L) 36.6 ± 8.6 38.9 ± 8.6 41.2 ± 8.5 36.6 ± 8.6

TCHO (mmol/L) 3.85 ± 0.60 3.81 ± 0.58 3.85 ± 0.66 4.14 ± 0.41

Hemoglobin (mg/dL) 120.3 ± 23.6 120.4 ± 23.3 121.2 ± 23.2 114.8 ± 27.9

Platelets (109/L) 147.7 ± 75.8 144.5 ± 74.8 155.7 ± 77.8 134.3 ± 73.6

AFP (ng/mL) 4.69 ± 5.79 5.01 ± 7.33 4.30 ± 2.02 3.81 ± 2.27

Treatment experienced, n (%) 50 (13.7) 26 (12.0) 20 (15.9) 4 (16.7)

Cirrhosis, n (%) 154 (42.1) 96 (43.5) 46 (36.5) 12 (50)

HBV/HCV co-infection, n (%) 25 (6.8) 12 (5.6) 9 (7.1) 4 (16.7)

Diabetes mellitus, n (%) 17 (4.6) 12 (5.6) 4 (3.2) 1 (4.2)

Hypertension, n (%) 24 (6.6) 16 (7.4) 8 (6.3) 0 (0)

Fatty liver disease, n (%) 52 (14.2) 31 (14.4) 16 (12.7) 5 (20.8)

TBil: Total bilirubin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TCHO: Total cholesterol; AFP: Alpha fetoprotein; HCV: Hepatitis C
virus; HBV: Hepatitis B virus.

SVR12, accounting for 182 (84.3%) of 216 patients with genotype 1, 115 (91.3%) of 126
with  genotype  2,  and  19  (79.2%)  of  24  with  genotype  3  (P  =  0.375).  SVR (mITT
analysis) was 96.3% in patients with genotype 1, 97.5% in those with genotype 2, and
95.0% in those with genotype 3. No statistically significant difference in SVR was
found among patients  with  different  genotypes  (P  =  0.759).  In  patients  without
cirrhosis (96.2%), SVR12 rates were similar to those of patients with cirrhosis (97.2%, P
= 0.971). Of all the patients, a total of 51 (13.6%) failed to achieve SVR, most of which
(n = 36) were due to loss to follow-up. In addition, 3 patients had non-responses, 1
had  a  viral  breakthrough,  and  11  relapsed.  Patients  with  genotype  3  had  more
treatment failures  (non-response in 1,  and 1 had a relapse).  After  treatment,  the
patients’  liver  stiffness  as  determined by Fibroscan decreased by 0.64 ± 1.1,  and
patients with cirrhosis had an even more decrease (P = 0.023).

In the correlation analysis between the baseline characteristics and SVR (Table 4),
we found that patients with lower ALT levels (P = 0.034) were more likely to achieve
SVR12. However, there were no significant difference in age, gender, bilirubin, AST,
albumin, cholesterol, hemoglobin, platelets, AFP, liver status, or HCV RNA levels (P >
0.05 for all). Additionally, patients who achieved ETR were more likely to achieve
SVR12.

Safety and tolerability
A total of 114 (31.1%) patients reported that they had at least one adverse event, but
no serious adverse reactions (SARs) occurred. Most of the adverse events were mild
or moderate,  such as  fatigue (66,  18.0%),  rash (25,  6.8%),  anemia (16,  4.4%),  and
myocardial enzymes abnormality (7, 1.9%), which were mainly due to the use of RBV.
The patients with cirrhosis tended to have more adverse reactions (P = 0.027). Twelve
wk after the end of treatment, one patient had developed HCC, and two others had a
recurrence of HCC. The cumulative HCC occurrence and recurrence rate after DAA
treatment was 0.9%. The patient with newly discovered HCC also had cirrhosis and
experienced treatment failure. These two cases of recurrence were in patients with
cirrhosis and SVR.

We found two cases of special adverse events. In one case, a patient had had benign
prostatic  hyperplasia  in  addition to  hepatitis  C.  His  HCV viral  load was 5.8  log
IU/mL, and his genotype was 3b. After 24 h of co-administration with tamsulosin
hydrochloride, edema occurred in his face and the patient also had bilateral lower
extremity  edema.  The  edema  disappeared  after  he  discontinued  tamsulosin
hydrochloride. We checked medicine specifications of tamsulosin hydrochloride and
the DAA regimens but none of them mentioned edema in adverse reactions. So, we
believed that his edema was due to DDIs between tamsulosin hydrochloride and
DAAs. In the other case, we observed an interesting change in the serum lipids. A
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Figure 1

Figure 1  Treatment of chronic hepatitis C virus patients with direct-acting antiviral agents. RVR: Rapid virological response; ETR: End of treatment response;
SVR12: Sustained virological response at post-treatment week 12; ITT: Intention-to-treat; mITT: Modified ITT; SOF: Sofosbuvir; LDV: Ledipasvir; RBV: Ribavirin; DCV:
Daclatasvir; mITT: Modified intention-to-treat; LTFU: Lost to follow-up; HIV: Human immunodeficiency virus.

middle-aged man on stable  methadone maintenance therapy took VEL/SOF for
antiviral  therapy.  Before  the  new  treatment  started,  his  total  cholesterol  and
triglyceride  levels  were  basically  normal.  After  starting  antiviral  treatment,  his
triglyceride level rose rapidly, and peaked 8 wk later. His cholesterol increased slowly
and  then  decreased  slowly.  But  24  h  after  withdrawing  from  VEL/SOF,  his
triglyceride and total cholesterol levels were basically normal. There was no severe
adverse reaction during his antiviral therapy. The viral load was still negative at the
end of the treatment.

DISCUSSION
Chronic HCV infection is a global health problem. It can be associated with many
several hepatic and extrahepatic disorders. Of patients with chronic infection, many
develop cirrhosis and HCC. Before 2011, the standard antiviral therapy was pegylated
interferon-alpha and RBV for 24–48 wk[15,16]. After a few years, unremitting research
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Table 3  Baseline characteristics of hepatitis C virus patients based on severity of liver disease

Non-cirrhosis (n = 212) Cirrhosis (compensated and decompensated) (n = 154) P value

Age (yr) 48.5 ± 12.6 57.3 ± 8.9 < 0.001

Gender (males, %) 115 (54.2) 77 (50.0) 0.423

TBil (µmol/L) 15.04 ± 8.78 25.95 ± 9.59 < 0.001

ALT (U/L) 41.74 ± 43.00 64.88 ± 44.81 0.029

AST (U/L) 31.47 ± 26.67 68.12 ± 43.44 0.034

Albumin (g/L) 44.5 ± 4.5 33.0 ± 8.6 < 0.001

TCHO (mmol/L) 3.86 ± 0.55 3.82 ± 0.66 0.349

Hemoglobin (mg/dL) 135.3 ± 10.6 99.5 ± 20.4 0.002

Platelets (109/L) 195.3 ± 59.8 86.1 ± 32.2 < 0.001

AFP (ng/mL) 4.04 ± 1.79 5.58 ± 8.61 0.045

Log10 HCV RNA (IU/mL) 6.6 ± 0.8 6.3 ± 1.3 0.040

LSM (kPa) 5.71 ± 1.7 10.26 ± 5.1 < 0.001

Fibrosis 4 score 1.43 ± 1.0 7.49 ± 6.0 < 0.001

APRI 1.06 ± 0.9 2.3 ± 1.5 < 0.001

TBil: Total bilirubin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TCHO: Total cholesterol; AFP: Alpha fetoprotein; LSM: Liver
stiffness measurement; APRI: AST-to-platelet ratio index.

has led to the discovery of several DAAs that target several molecular targets. DAA-
based regimens can greatly increase the efficacy and shorten the duration of HCV
therapy. Since about 2015, DAAs have had access to the Chinese market, and Chinese
patients with hepatitis C have been treated with legal DAA regimens. Since this is
such a short amount of time, the real-world data on the use of DAA drugs in China
has not been sufficient.

Our study is a large, prospective, real-world study evaluating the efficacy and
safety of DAA-based regimens in patients infected with genotype 1, 2, and 3 observed
from 2015 to 2018. In this study, a total of 498 patients were diagnosed with HCV
infections, but only 366 (73.5%) of them received treatments. Most of the patients had
genotypes 1 and 2, which basically reflects the prevalence of genotypes among HCV
sufferers in China[17]. We noticed that in our study, patients with genotype 3 were
younger than patients with genotypes 1 and 2, and patients with genotype 3 had a
higher  proportion  of  HBV/HCV  co-infections,  though  this  difference  was  not
statistically significant. We discovered that genotype 3 was highly prevalent among
intravenous drug users, who were younger and more likely to be associated with
other blood-borne diseases. Also, we found that the patients with cirrhosis were older.
Those patients had higher levels of total bilirubin, ALT, AST and AFP, LSM scores,
fibrosis 4 scores and APRIs.  They also had lower levels of albumin, hemoglobin,
platelets  and  HCV  RNA  compared  to  the  patients  without  cirrhosis,  which  is
consistent with our clinical experiences.

Overall, the patients in our study achieved high rates of SVR12 (96.6%) on the mITT
analysis, which are roughly identical to those observed in the phase III trials. The SVR
rates  were  consistently  high in  all  patients  regardless  of  the  regimens used.  No
statistically significant difference in SVR was found among patients with different
genotypes and with different liver statuses. In addition, patients with cirrhosis (97.2%)
responded similarly to those without cirrhosis (96.2%) 12 wk after the end of the
treatment. Analysis of the changes of liver stiffness before and after treatment showed
that the decrease of liver stiffness was significantly correlated with liver status. In
patients with cirrhosis, LSM decreased even more compared to patients with chronic
infections. However, it should be noted that we divided our patients into cirrhotic
(compensated  cirrhosis  and decompensated  cirrhosis)  and non-cirrhotic  groups
(chronic hepatitis and liver fibrosis), then we made the comparison, which may lead
to bias.

Interestingly, by analyzing the treatment failures, we found that the patients with
genotype 3  were  more  likely  to  relapse.  Although the  total  number  is  small  (24
patients), the proportion of patients experiencing a relapse or no response was much
higher than that of patients with the other genotypes. Other researchers have also
found that genotype 3 patients had poorer clinical outcomes than patients with the
other  genotypes[18].  In  our  study,  12  patients  had controlled  co-existing  HCC at
baseline. After DAA antiviral therapy, one patient developed HCC, and two had HCC
recurrence. The incidence of HCC was lower than that in the untreated patients[19-21].
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Table 4  Baseline data for patients with and without sustained virological responses (by
modified intention-to-treat analysis)

Non-SVR12 (n = 11) SVR12 (n = 315) P value

Age (yr) 54.1 ± 13.5 51.8 ±11.9 0.098

Gender (males, %) 4 (36.4) 162 (51.4)3 0.080

TBil (µmol/L) 20.16 ± 10.13 19.58 ± 10.69 0.184

ALT (U/L) 62.45 ± 53.85 52.28 ± 46.14 0.034

AST (U/L) 42.73 ± 30.30 47.29 ± 39.74 0.516

Albumin (g/L) 37.7 ± 10.0 39.6 ± 8.6 0.214

TCHO (mmol/L) 3.93 ± 0.59 3.85 ± 0.60 0.879

Hemoglobin (mg/dL) 119.1 ± 15.0 119.5 ± 23.8 0.497

Platelets (109/L) 165.6 ± 68.4 144.9 ± 76.0 0.167

AFP (ng/mL) 5.03 ± 4.49 4.77 ± 6.15 0.407

Log10 HCV RNA (IU/mL) 6.5 ± 0.6 6.5 ± 1.0 0.450

Cirrhosis, n (%) 5 (45.5) 138 (43.8) 0.621

Treatment experienced, n (%) 1 (9.1) 49 (15.6) 0.052

TBil:  Total  bilirubin;  ALT:  Alanine  aminotransferase;  AST:  Aspartate  aminotransferase;  TCHO:  Total
cholesterol; AFP: Alpha fetoprotein; HCV: Hepatitis C virus; SVR12: Sustained virological response at post-
treatment week 12.

The patient with newly discovered HCC had cirrhosis and experienced treatment
failure. These two cases of recurrence both had cirrhosis and SVR. These findings
indicate that patients with cirrhosis and experience treatment failure are more likely
to  develop  HCC.  This  is  the  same result  as  those  obtained in  other  studies[22-24].
Therefore, when patients also have cirrhosis, especially those patients with treatment
failure, we should pay more attention to their tumor markers and conduct regular
imageological liver examinations.

Also,  we  found  that  the  level  of  ALT  at  baseline  was  the  only  characteristic
associated with SVR. Patients who had lower levels of ALT at baseline and achieved
ETR were more likely to achieve SVR, which is consistent with other research[25]. We
also found that SVR rates were independent of either liver status or baseline HCV
viral load. Furthermore, whether patients had received antiviral therapy before had
no influence on SVR. Hence, based on these findings, and regardless of liver status,
HCV viral load and prior treatment experience, the appropriate DAA-based regimens
and an adequate course of treatment can achieve satisfactory curative effects.

The  safety  of  our  study  was  quite  satisfactory.  Although  31.1%  of  patients
experienced one or more adverse events, no SARs were observed. Also, most of the
adverse  events  were  mild  or  moderate,  of  which fatigue was  the  most  common
adverse event. Patients with liver cirrhosis or who were given RBV in their regimens
should receive more attention because they are more likely to have adverse reactions.
In our study, patients with complications such as hypertension were told to try to
avoid taking drugs that have potential DDIs with DAAs. However, we observed two
cases of special adverse events. One was facial and bilateral lower extremity edema,
which was due to DDIs and the other was an interesting change in lipid levels while
on DAA medication. No similar cases have been reported yet. These adverse events
indicate that even now, real-world data on the use of DAA drugs is still needed and
meaningful.

This study had a few limitations. It was a single center study and the number of
genotype 3 patients was quite small. Some patients used Indian generics for antiviral
therapy. The drug availabilities may also lead to bias. However, our study provided
data from the real-life experience of using DAAs in northwest China, and confirmed
their efficacy and safety, thus providing physicians with the data needed for potential
positive treatment outcomes. The long-term efficacy and safety of DAAs need to be
studied, but the short-term results are encouraging.

ARTICLE HIGHLIGHTS
Research background
Regimens involving direct-acting antiviral agents (DAAs) are recommended for the treatment of
infection with hepatitis C virus (HCV) genotypes 1, 2 and 3. But real-world data is still  not
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enough, especially in Asia.

Research motivation
Although high rates of sustained virological responses (SVR) have been shown in trials, results
derived from controlled settings may not be representative to the real world. Drugs may have
many unexpected adverse events in clinical applications. Also, data gathered from different
races is insufficient. Therefore, evaluations of drugs in real-world settings are critical, especially
in patients such as those from northwest China, where clinical trial data is limited.

Research objectives
Our study aimed to investigate the efficacy and safety of DAA-based regimens in a Chinese real-
life setting in China and find out whether there are any differences in different genotypes and
liver statuses.

Research methods
This study included 366 patients infected with HCV genotypes 1,  2 and 3,  with or without
cirrhosis, who were observed between May 2015 and December 2018. They were treated with
ledipasvir and sofosbuvir (SOF) (genotype 1) with or without ribavirin (RBV), SOF and RBV
(genotype 2), or SOF and daclatasvir (genotype 3), with or without RBV, for 12 or more wk. The
participants’ SVR at post-treatment week 12 (SVR12) was the primary endpoint. The occurrence
of adverse events and drug-drug interactions were recorded.

Research results
In the 366 patients, genotype 1 (59.0%) was the most common genotype, followed by genotypes 2
(34.4%) and 3 (6.6%). Liver cirrhosis was diagnosed in 154 (42.1%) patients. Fifty (13.7%) patients
were  treatment-experienced.  Intention-to-treat  analysis  revealed  that  SVR12  was  86.3%
(316/366). For modified intention-to-treat analysis, SVR12 was achieved in 96.6% of overall
patients (316/327), 96.3% in patients with genotype 1, 97.5% in those with genotype 2, and 95.0%
in those with genotype 3. Most of the treatment failures were due to lack of follow-up (3 cases
had non-responses, 1 had virological breakthrough, 11 relapsed and 36 did not participate in the
follow-up). There was no significant difference in SVR between different genotypes and liver
statuses (P < 0.05). Patients with lower alanine aminotransferase levels at baseline who achieved
an end of treatment response were more likely to achieve SVR12 (P  < 0.05).  High SVR was
observed regardless of age, gender, liver status, alpha-fetoprotein, HCV RNA levels or history of
antiviral therapy (P > 0.05 for all). The cumulative hepatocellular carcinoma occurrence and
recurrence rate after using the DAAs was 0.9%. Most of the adverse events were mild. We found
two cases of special adverse events.  One case involved facial and bilateral lower extremity
edema, and the other case showed an interesting change in lipid levels while on medication. No
severe adverse events were noted.

Research conclusions
The DAA-based regimens tested in this study have excellent effectiveness and safety in all
patients infected with HCV genotypes 1, 2 and 3, including those with cirrhosis.  In clinical
applications, there are indeed unexpected adverse events.

Research perspectives
The antiviral effect of DAAs is quite satisfying. However, in the clinic, many adverse events may
occur due to combination with other medications and individual variation. Strict monitoring is
required for clinical use of DAAs. Besides, the long-term efficacy and safety of DAAs need to be
studied.
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