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Abstract
Background Both European Association for the Study of the Liver (EASL) and American Association for the Study of 
Liver Diseases and the Infectious Diseases Society of America (AASLD-IDSA) guidelines recommend simplified hepatitis 
C virus (HCV) treatment with pan-genotypic sofosbuvir/velpatasvir or glecaprevir/pibrentasvir for eligible patients. This 
observational study used real-world data to assess these regimens’ safety in eligible patients and develop an algorithm to 
identify patients suitable for simplified treatment by non-specialists.
Methods 7,677 HCV-infected patients from Taiwan Hepatitis C Registry (TACR) who received at least one dose of sofos-
buvir/velpatasvir or glecaprevir/pibrentasvir, and fulfilled the EASL/AASLD-IDSA criteria for simplified treatment were 
analyzed. Multivariate analysis was conducted on patient characteristics and safety data.
Results Overall, 92.8% (7,128/7,677) of patients achieved sustained virological response and only 1.9% (146/7,677) expe-
rienced Grades 2–4 laboratory abnormalities in key liver function parameters (alanine aminotransferase, aspartate ami-
notransferase, and total bilirubin), with only 18 patients (0.23%) experiencing Grades 3–4 abnormalities. Age > 70 years old, 
presence of hepatocellular carcinoma, total bilirubin > 1.2 mg/dL, estimated glomerular filtration rate < 60 mL/min/1.73  m2, 
and Fibrosis-4 > 3.25 were associated with higher risks of Grades 2–4 abnormalities. Patients with any of these had an odds 
of 4.53 times than that of those without in developing Grades 2–4 abnormalities (p < 0.01).
Conclusions Real-world data from Taiwan confirmed that simplified HCV treatment for eligible patients with pan-genotypic 
regimens is effective and well tolerated. The TACR algorithm, developed based on this study’s results, can further identify 
patients who can be safely managed by non-specialist care.
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Introduction

The development of highly effective, well-tolerated, pan-
genotypic direct-acting antiviral agents (DAAs) has greatly 
simplified the treatment of HCV infection; however, limited 
access to HCV care remains an obstacle to HCV elimina-
tion [1]. A recent modeling study showed that among 56.8 
million people infected with HCV in 2020, an estimated 
23% was diagnosed, and only 5% of those diagnosed were 
initiated on treatment [2]. This is partly due to a lack of 
specialist resources (such as hepatologists, gastroenterolo-
gists, infectious disease specialists) to manage HCV infec-
tion [1]. As highlighted by the World Health Organization 
(WHO), decentralized service delivery and task-shifting to 
non-specialists are crucial for expanding the access to HCV 
treatment [3], and several systematic reviews have demon-
strated  that non-specialist care (e.g., by general practition-
ers, family doctors, and nurses) can achieve similar sustained 

virological response (SVR) rates with DAA treatment com-
pared with those obtained by specialists [4, 5].

Simplified HCV treatment algorithms based on standard 
blood and fibrosis tests are essential for decentralized ser-
vice delivery [1, 6]. Besides reducing pre-treatment evalu-
ation and on-treatment monitoring, simplified treatment 
algorithms can facilitate task-sharing by directing non-
complicated HCV infection cases to non-specialist care and 
directing patients with more complex disease status (e.g., 
with decompensated cirrhosis) to appropriate specialist 
care [1, 4, 6–8]. For this purpose, suitable patient eligibil-
ity criteria must be in place to identify patients who can be 
safely managed by non-specialists: while unduly stringent 
criteria might hamper care decentralization, lenient criteria 
may cause some complicated cases to be assigned to non-
specialist care, putting these patients at higher risks of safety 
complications, such as liver function abnormalities.



463Hepatology International (2024) 18:461–475 

Both the American Association for the Study of Liver 
Diseases and the Infectious Diseases Society of America 
(AASLD-IDSA) and the European Association for the Study 
the Liver (EASL) have recommended simplified, genotyp-
ing/subtyping-free treatment with sofosbuvir/velpatasvir 
(SOF/VEL) or glecaprevir/pibrentasvir (GLE/PIB), with 
clear eligibility criteria for simplified treatment [8, 9]. These 
guidelines-recommended algorithms are intended for spe-
cialists [1]; their eligibility criteria were formulated based 
on expert opinion and are not entirely consistent (possibly 
due to potential population differences or different needs of 
regional HCV care infrastructure) [8, 9]. Although SOF/
VEL and GLE/PIB have well-established efficacy and are 
generally well tolerated [6, 8, 10], they are not completely 
free from adverse events [11, 12]. Currently, the real-world 
safety of implementing the AASLD-IDSA and the EASL 
simplified treatment algorithms has not been extensively 
studied, and real-world data are lacking on how effectively 
their eligibility criteria can distinguish between patient 
populations with less and more safety management needs. 
Therefore, the existing sets of eligibility criteria may be 
inadequate when simplified treatment is extended into the 
non-specialist setting.

In Taiwan, the estimated prevalence of HCV infection is 
3.28% in the general population and > 10% in some hyper-
endemic areas [13]. Following WHO’s recommendation for 
decentralization and task-sharing, Taiwan has relaxed the 
local treatment guidance to allow all physicians, including 
non-specialists, to prescribe DAAs for HCV treatment since 
October 2021 [14]. As such, there is an urgent need for a 
set of validated criteria to identify non-complicated chronic 
hepatitis C (CHC) patients suitable for simplified treatment 
with non-specialist care. Other countries that have rolled out 
non-specialist HCV care, such as Australia [15], may have 
similar needs for guidelines and standards.

The Taiwan Hepatitis C Registry Program (TACR), 
established by the Taiwan Association for the Study of 
the Liver (TASL), is a nation-wide registry managing the 
database and biobank of DAA-treated CHC patients across 
numerous participating centers in Taiwan and contains well-
documented baseline and regular on-treatment laboratory 
monitoring data [16]. As of September 1st, 2022, TACR 
included 53 participating sites and 41,253 CHC patients, 
accounting for one-third of the DAA-treated patients in Tai-
wan. We utilized the real-world safety data of SOF/VEL- or 
GLE/PIB-treated patients in TACR to validate the AASLD-
IDSA and EASL criteria for simplified treatment, and to 
develop an algorithm (“the TACR algorithm”) to identify 
CHC patients eligible for simplified treatment with non-
specialist care.

Materials and methods

Patients

In this retrospective prospective analysis, CHC patients reg-
istered in TACR from August 2019 to August 2021 were 
screened, and were included if they received at least one 
dose of SOF/VEL or GLE/PIB and fulfilled the criteria for 
simplified treatment by either AASLD-IDSA (treatment-
naïve adult CHC patients without cirrhosis or with compen-
sated cirrhosis, and without any of the following conditions: 
human immunodeficiency virus (HIV) or HBV coinfection, 
current pregnancy, history of hepatocellular carcinoma 
(HCC) or prior liver transplantation, compensated cirrhosis 
with stage 4 or 5 chronic kidney disease [CKD]) or EASL 
(HCV mono-infected or HCV–HIV-coinfected adults and 
adolescences, DAA-naïve except for prior SOF/pegylated 
interferon/ribavirin treatment, without cirrhosis or with com-
pensated cirrhosis, and without HBV coinfection or current 
pregnancy) [8, 9]. Patients were excluded if they had missing 
aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), or total bilirubin (BIL[T]) data at baseline or the end 
of the treatment, or if they discontinued the study treatment 
prematurely and had no AST, ALT, or BIL(T) data after 
baseline. SOF/VEL and GLE/PIB treatment conformed to 
the regional consensus recommendations or the regulations 
of the National Health Insurance Administration of Taiwan 
[17–19]. Briefly, patients received 12 weeks of SOF/VEL 
treatment or 8–12 weeks of GLE/PIB treatment, and were 
followed for a minimum of three months after completing 
the treatment. This study was approved by the institutional 
review board at each study site and conformed to the guide-
lines of the International Conference on Harmonization 
for Good Clinical Practice. All patients provided written 
informed consent.

Endpoints

Patient demographic and baseline characteristics were col-
lected, including age, sex, HCV viral load and genotype, 
liver cirrhosis status, renal function, comorbidities, history 
of previous HCV treatment, HCC, liver transplantation, 
and drug abuse. Definition of liver cirrhosis has been previ-
ously described [20]. Patients with CKD included dialytic 
patients and patients with an estimated glomerular filtration 
rate (eGFR, by the Modification of Diet in Renal Disease 
[MDRD] equation [21]) < 60 mL/min/1.73  m2 or evidence 
of kidney function damage (e.g., presence of proteinuria) for 
more than three months.

The primary endpoints were the proportions of patients 
with Grades 2–4 laboratory abnormalities in ALT, AST, and 
BIL(T) during treatment and the three-month posttreatment 
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follow-up period. These parameters were chosen because 
SOF/VEL and GLE/PIB are generally well tolerated, with 
low incidences of adverse events (AEs) and few AEs lead-
ing to treatment discontinuation [7, 11, 22], while abnormal 
elevations in liver function parameters could lead to treat-
ment discontinuation, resulting in the need for specialist care 
[8]. Abnormal elevations in AST, ALT, and BIL(T) were 
defined according to Common Terminology Criteria for 
Adverse Events v5.0 [23]: for AST/ALT levels, if baseline 
(BL) was normal (≤ 40 U/L), Grades 2, 3, and 4 abnormal 
elevations were defined as ≥ 3.0–5.0 × upper limit of normal 
(ULN), > 5.0–20.0 × ULN, and > 20.0 × ULN, respectively; if 
BL was elevated (> 1 × ULN), Grades 2, 3, and 4 abnormal 
elevations were defined as > 3.0–5.0 × BL, > 5.0–20.0 × BL, 
and > 20.0 × BL, respectively. Grades 2, 3, and 4 abnormal 
elevations in BIL(T) were defined as > 1.5–3.0 × ULN, > 3
.0–10.0 × ULN, and > 10 × ULN, respectively, for patients 
with normal BL (≤ 1.2 mg/dL), and as > 1.5–3.0 × BL, > 3
.0–10.0 × BL, and > 10 × BL, respectively, for patients with 
elevated BL (> 1 × ULN).

Statistical analyses

Baseline demographic and clinical characteristics were 
summarized using descriptive statistics (mean ± SD and 
patient number [percentage]). Frequencies were compared 
between groups using the χ2 test with the Yates correction 
or the Fisher’s exact test. Group means were compared 
using analysis of variance, Student’s t-test, or the nonpara-
metric Mann–Whitney U test when appropriate. Multivari-
ate logistic regression analysis was performed to deter-
mine factors associated with the occurrence of laboratory 
abnormalities in liver function parameters by analyzing 
the covariates with p < 0.10 in the univariate analysis. To 
compare the ability of the different models for simplifica-
tion in predicting the occurrence of abnormal elevations 
in ALT/AST/BIL(T), the goodness of fit was assessed by 
Akaike information criterion (AIC) and Schwartz’s Bayes-
ian information criterion (BIC). Both were based on the 
maximum likelihood estimates of the model parameters, 
and a smaller value was considered an indicator of better 
fit. The formulae were as follows: AIC = −2 ln(L) + 2 k; 
BIC = −2 ln(L) + ln(n) × k, where k was the number of 
parameters and L was the likelihood function. Two-sided 
hypothesis tests with a significance level of p < 0.05 were 
used for all statistical analyses. All statistical analyses 
were performed using the SPSS 12.0 statistical package 
(SPSS, Chicago, IL, USA).

Results

Patient characteristics

From August 2019 to August 2021, 10,641 patients were 
registered in TACR and 9,708 received SOF/VEL or GLE/
PIB treatment (Fig. 1). Among them, 7,677 met the inclu-
sion criteria and were analyzed. Baseline characteristics are 
summarized in Table 1. The mean age was 59.6 years old, 
and 53.0% of the patients were male. The most common 
HCV genotypes were genotype 2 (44.0%) and 1 (38.0%). 
Among all, 1,546 (20.2%) patients had baseline HCV 
RNA > 6,000,000 IU/mL, 798 (10.0%) patients had compen-
sated liver cirrhosis, and 283 (3.7%) patients had HCC. Most 
patients (97.8%) were treatment naïve at baseline. SOF/VEL 
and GLE/PIB were used to treat 68.1% and 31.9% of the 
patients, respectively.

Overall efficacy and safety

Overall, 7,128 of the 7,677 patients (92.8%) achieved SVR 
at posttreatment week 12 (SVR12), 60 (0.8%) patients did 
not achieve SVR12, and the remaining 489 (6.4%) patients 
had unknown virologic outcomes, giving rise to an SVR12 
rate of 99.1% (7,128/7,188) by per protocol analysis. A total 
of 146 patients (1.9%) experienced Grades 2–4 laboratory 
abnormalities in ALT/AST/BIL(T) during treatment and 
the three-month posttreatment follow-up period. The inci-
dences of abnormal elevations in ALT/AST/BIL(T) were 
low and were mostly Grade 2 BIL(T) elevation (1.5%). Very 
few patients (0.23%) had Grades 3–4 abnormal elevations in 
these parameters (Table 2). Characteristics of patients who 
experienced Grades 3–4 abnormal elevations in ALT/AST/
BIL(T) are summarized in Supplementary Table 1.

Risk factors associated with abnormal elevations 
in liver function parameters

Univariate and subsequent multivariate logistic regres-
sion analyses identified six factors associated with 
the occurrence of Grades 2–4 abnormal elevations in 
ALT/AST/BIL(T), namely age > 70, presence of HCC, 
BIL(T) > 1.2  mg/dL, eGFR < 60  mL/min/1.73  m2, 
FIB-4 > 3.25, and GLE/PIB usage (versus SOF/VEL) 
(Table 3). Separate risk factor analyses for each of the 
three liver function parameters (Grades 2–4) can be found 
in Supplementary Tables 2–4, and that among patients 
treated with SOF/VEL or GLE/PIB can be found in Sup-
plementary Tables 5 and 6. For Grades 3–4 laboratory 
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abnormalities, the factors of age > 70, FIB-4 > 3.25, and 
GLE/PIB usage emerged in univariate analyses while 
only GLE/PIB usage remained significant in multivari-
ate analyses (Table 4). It was mainly due to a difference 
in BIL(T) elevation (GLE/PIB, 0.2% [n = 6] vs. SOF/
VEL, 0% [n = 0], p = 0.001), not ALT and/or AST eleva-
tion (GLE/PIB, 0.20% [n = 5] vs. SOF/VEL, 0.1% [n = 7], 
p = 0.468). Analyses focusing on GLE/PIB-treated patients 
(Supplementary Table 7) identified age > 70, presence of 
HCC, baseline BIL(T) > 1.2 mg/dL, and FIB-4 > 3.25 as 
risk factors for Grades 2–4 abnormalities in BIL(T).

Treatment simplification models by different 
eligibility criteria

The risk factors identified above for Grades 2–4 abnormal 
elevations in ALT/AST/BIL(T) are not included in the 
AASLD-IDSA or the EASL criteria, and might serve as 
additional indicators for separating patients with different 
safety management needs. As such, we applied these risk 
factors (except GLE/PIB usage) as a hypothetical set of cri-
teria (“the TACR testing criteria”, defined as age > 70, pres-
ence of HCC, BIL(T) > 1.2 mg/dL, eGFR < 60 mL/min/1.73 

 m2, and FIB-4 > 3.25) back onto the study population for 
analyses of laboratory abnormalities and model goodness of 
fit. Similar analyses were also conducted using the AASLD-
IDSA and the EASL criteria, to compare the three sets of 
criteria in predicting the occurrence of abnormal elevations 
in ALT/AST/BIL(T) in the current sample.

As shown in Table 5, when applying the AASLD-IDSA 
criteria, 6,697 patients in the TACR sample would qualify 
for simplified treatment (simplified-in) and 980 patients 
would not (simplified-out). A significantly higher odds of 
Grades 2–4 laboratory abnormalities in ALT/AST/BIL(T) 
was detected in the simplified-out group (3.9% vs 1.6%; 
OR = 2.46, p < 0.01). The corrected AIC (AICc) and BIC 
values for the model were 1431.25 and 1445.14, respectively. 
Under the EASL criteria, almost all patients would be sim-
plified-in, precluding the analyses of the odds of laboratory 
abnormalities and model goodness of fit. With the TACR 
testing criteria, 4,172 and 3,505 patients would be simpli-
fied-in and simplified-out, respectively, with a significantly 
higher odds of Grades 2–4 ALT/AST/BIL(T) abnormali-
ties in the simplified-out group (3.3% vs 0.7%; OR = 4.53, 
p < 0.01). The AICc and BIC values were 1381.18 and 
1395.69, respectively. For Grades 3–4 abnormalities in ALT/

Fig. 1  Patient flow chart. ALT, 
alanine aminotransferase, AST, 
aspartate aminotransferase, 
BIL(T), total bilirubin, DAA, 
direct-acting agents, GLE/PIB, 
glecaprevir/pibrentasvir, SOF: 
sofosbuvir, SOF/VEL, sofosbu-
vir/velpatasvir
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AST/BIL(T), none of the three models showed meaningful 
separation by odds of occurrence between the simplified-in 
and simplified-out groups. Results of risk factor analyses for 
Grades 2–4 and Grades 3–4 laboratory abnormalities among 
patients who were simplified-in by TACR testing criteria can 
be found in Supplementary Tables 8 and 9.

Discussion

Data from this study showed that in CHC patients who met 
either AASLD-IDSA or EASL criteria for simplified treat-
ment, SOF/VEL or GLE/PIB treatment resulted in high SVR 
rate and low incidence of graded laboratory abnormalities 
in ALT/AST/BIL(T), especially Grades 3–4 abnormali-
ties. This is consistent with the efficacy and safety of these 
regimens demonstrated in previous studies [11, 12, 22, 24]. 
More importantly, the low incidence of abnormal elevations 
in liver function parameters among this patient population 
confirms the safety of guidelines-proposed simplified treat-
ment algorithms under specialist setting, providing large-
scale real-world evidence for implementing these algorithms 
[8, 9].

Additionally, multivariate analyses identified patient 
risk factors associated with the occurrence of Grades 2–4 
abnormalities in ALT/AST/BIL(T), namely age > 70 years 
old, presence of HCC, BIL(T) > 1.2 mg/dL, eGFR < 60 mL/
min/1.73  m2, and FIB-4 > 3.25 (Table 3). As evidenced by 
the smaller AICc and BIC values of the TACR testing cri-
teria, incorporating these factors into the treatment eligibil-
ity criteria can help better predict the occurrence of Grades 
2–4 laboratory abnormalities in ALT/AST/BIL(T) in CHC 
patients receiving simplified pan-genotypic treatment than 
the AASLD-IDSA criteria (as well as the EASL criteria) 
(Table 5). However, if all patients with any of these risk fac-
tors are to be excluded from non-specialist care, nearly half 
of the patients (3,505/7,677) would require specialist care, 
potentially hampering the task-sharing to non-specialists. 
Additionally, regardless of patient characteristics, the overall 
incidence of graded laboratory abnormalities was low, and 
none of the above patient characteristics were significantly 

Table 1  Patient baseline characteristics

a n = 7,658, 19 patients had no available FIB-4 data
b DAA experience: SOF/RBV
c n = 7,664 (13 patients had no available liver cirrhosis data)
d n = 7,670 (7 patients had no available HCV RNA data)
ALT alanine aminotransferase, AST aspartate aminotransferase, BMI 
body mass index, BIL(T) total bilirubin, DAA direct-acting agents, 
eGFR estimated glomerular filtration rate by the Modification of Diet 
in Renal Disease equation, FIB-4 fibrosis-4, GLE/PIB glecaprevir/
pibrentasvir, HCC hepatocellular carcinoma, HIV human immunode-
ficiency virus, IFN interferon, PWID persons who inject drugs, SOF/
VEL sofosbuvir/velpatasvir

Characteristics Total (n = 7,677)

Age (years), mean ± SD 59.6 ± 13.6
Male, n (%) 4,066 (53.0)
BMI (kg/m2), mean ± SD 24.5 ± 4.1
AST (U/L), mean ± SD 53.9 ± 55.6
ALT (U/L), mean ± SD 67.5 ± 85.0
Creatinine (mg/dL), mean ± SD 1.1 ± 1.4
BIL(T) (mg/dL), mean ± SD 0.8 ± 0.4
Platelet count, ×103u/L 202.0 ± 72.4
FIB-4, mean ± SD
 > 3.25, n (%)a

2.5 ± 2.5
1,650 (21.6)

eGFR, mL/min/1.73  m2, mean ± SD 88.1 ± 31.4
Treatment history
 Naïve, n (%) 7,509 (97.8)
 Experienced, n (%) 168 (2.2)
  IFN/DAAb, n (%) 163 (2.1)/5 (0.1)

Diabetes, n (%) 1,245 (16.2)
Hypertension, n (%) 2,246 (29.3)
Hyperlipidemia, n (%) 851 (11.1)
Cardiovascular disease, n (%) 644 (8.4)
HIV coinfection, n (%) 210 (2.7)
PWID, n (%) 818 (10.7)
Compensated liver cirrhosis, n (%)c 798 (10.0)
HCC, n (%) 283 (3.7)
Liver transplantation, n (%) 5 (0.1)
HCV RNA  log10IU/mL, mean ± SD
 > 600 KIU/mL, n (%)d

5.9 ± 1.1
1,546 (20.2)

HCV genotype, n (%)
 1 2,915 (38.0)
 2 3,376 (44.0)
 3 227 (3.0)
 4 2 (0.03)
 5 1 (0.01)
 6 933 (12.2)
 Mixed 137 (1.8)
 Unclassified 86 (1.1)

Regimen, n (%)
 SOF/VEL 5,228 (68.1)
 GLE/PIB 2,449 (31.9)

Table 2  Frequency and distribution of laboratory abnormalities in 
liver function parameters

ALT alanine aminotransferase, AST aspartate aminotransferase, 
BIL(T) total bilirubin

n (%) Grade 2 Grade 3 Grade 4

BIL(T) 116 (1.5) 6 (0.1) 0 (0.0)
AST 7 (0.1) 8 (0.1) 0 (0.0)
ALT 12 (0.2) 8 (0.1) 1 (0.01)
ALT/AST/BIL(T) 128 (1.6) 17 (0.2) 1 (0.01)
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Table 3  Risk factors associated 
with Grades 2–4 laboratory 
abnormalities in ALT/AST/
BIL(T)

Grades 2–4
ALT/AST/BIL(T), n/N (%)

Univariate Multivariate

OR 95% CI P OR 95% CI P

Age
 ≤ 70 89/5,966 (1.5) Ref Ref
 > 70 57/1,711 (3.3) 2.28 1.62–3.19  < 0.01* 1.63 1.11–2.42 0.01*
Sex
 Female 62/3,611 (1.7) Ref
 Male 84/4,066 (2.1) 1.21 0.87–1.68 0.26

Diabetes
 No 116/6,432 (1.8) Ref
 Yes 30/1,245 (2.4) 1.34 0.90–2.01 0.15

Hypertension
 No 82/5,431 (1.5) Ref Ref
 Yes 64/2,246 (2.9) 1.91 1.37–2.66  < 0.01* 1.30 0.89–1.90 0.17

Hyperlipidemia
 No 127/6,826 (1.9) Ref
 Yes 19/851 (2.2) 1.20 0.74–1.96 0.45

CVD
 No 123/7,033 (1.8) Ref Ref
 Yes 23/644 (3.6) 2.08 1.32–3.27  < 0.01* 1.36 0.82–2.27 0.24

PWID
 No 136/6,859 (2.0) Ref
 Yes 10/818 (1.2) 0.61 0.32–1.16 0.14

HIV
 No 141/7,467 (1.9) Ref
 Yes 5/210 (2.4) 1.27 0.51–3.13 0.61

HCC
 No 126/7,394 (1.7) Ref Ref
 Yes 20/283 (7.1) 4.39 2.69–7.14  < 0.01* 2.63 1.54–4.50  < 0.01*

Baseline BIL(T)
 ≤ 1.2 95/6,837 (1.4) Ref Ref
 > 1.2 51/840 (6.1) 4.59 3.24–6.50  < 0.01* 4.82 3.30–7.02  < 0.01*
Baseline AST
 ≤ 200 141/7,523 (1.9) Ref
 > 200 5/154 (3.3) 1.76 0.23–1.41 0.22
Baseline ALT
 ≤ 200 139/7,298 (1.9) Ref
 > 200 7/379 (1.9) 0.97 0.45–2.09 0.94
FIB-4
 ≤ 3.25 82/6,008 (1.4) Ref Ref
 > 3.25 64/1,650 (3.9) 2.92 2.09–4.06  < 0.01* 1.83 1.26–2.67  < 0.01*
eGFR
 ≥ 60 106/6,573 (1.6) Ref Ref
 < 60 40/1,083 (3.7) 2.34 1.62–3.39  < 0.01* 1.58 1.04–2.39 0.03*
Regimen
 SOF/VEL 54/5,228 (1.0) Ref Ref
 GLE/PIB 92/2,449 (3.8) 3.74 2.66–5.25  < 0.01* 4.76 3.33–6.80  < 0.01*

Treatment experience
 IFN
  No 144/7,514 (1.9) Ref
  Yes 2/163 (1.2) 1.57 0.39–6.41 0.53
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associated with higher risks of Grades 3–4 abnormalities 
in ALT/AST/BIL(T) (Table 4). Therefore, we adopted a 
holistic approach to develop a new set of criteria for simpli-
fied treatment with non-specialists for the TACR algorithm 
(Fig. 2) by taking into consideration (1) the AASLD-IDSA 
and EASL criteria, (2) the risk factors newly identified in the 
current analysis, as well as (3) results from previous studies 
or expert opinions regarding additional management needs 
concerning special patient populations.

The ineligibility factors common to both the AASLD-
IDSA and the EASL criteria at the time of this analysis were 
included as ineligible factors in the TACR algorithm, namely 
HCC, hepatic decompensation, HBV coinfection, and cur-
rent pregnancy. Patients with active HCC might respond less 
to DAA therapy and the priority of curative tumor therapy 
versus antiviral therapy needs careful evaluation by special-
ists [18, 25]. HCV/HBV coinfected patients are at risk of 
HBV reactivation during and after DAA therapy and may 
even develop hepatic failure if cirrhotic at baseline, thus 
warranting specialist care [26].

HIV coinfection was considered as an ineligibility factor 
by AASLD-IDSA but not EASL at the time of this analysis 
[8, 9]. Although it was not identified as a risk factor in this 
study, and AASLD-IDSA removed it from the exclusion 
criteria for simplified treatment in the October 2022 update 
[27], we still recommend patients with HIV coinfection to 
be managed by specialists for the following reasons: firstly, 
patients with HIV coinfection should also receive anti-HIV 
medications, which may result in complex drug-drug inter-
actions; secondly, multiple studies have shown that HIV-
coinfected CHC patients are at higher risks of HCV reinfec-
tion following successful treatment [9, 28].

Similarly, DAA treatment failure (also with inconsistent 
recommendations by the two existing guidelines) was added 
into the TACR algorithm as an ineligibility factor as a previ-
ous study demonstrated high rates of drug resistance among 
patients with DAA failure [29]. Patients with a history of 
organ transplantation (except for cornea) are ineligible for 
non-specialist care due to potential drug–drug interaction 
between DAAs and immunosuppressants [9]. Furthermore, 

as patients with FIB-4 > 3.25 are at increased risk of HCC 
and require careful HCC surveillance by specialists [30], 
FIB-4 > 3.25 was also incorporated as an ineligibility factor. 
The other risk factors identified in this study (age > 70 years 
old, BIL(T) > 1.2 mg/dL, and eGFR < 60 mL/min/1.73  m2) 
were incorporated as conditional ineligibility factors in the 
TACR algorithm: patients with these risk factors should be 
managed by specialists or by non-specialists only after con-
sultation with a specialist, and with close monitoring.

Decentralization of HCV treatment delivery and task-
sharing to non-specialists can increase treatment uptake, 
with similar high SVR rates compared with specialist care 
and cost-effectiveness [4, 5]. With appropriate criteria to 
identify patients who can receive simplified HCV treatment 
prescribed by non-specialists, and additional precautions 
for those with slightly higher safety management needs, the 
TACR algorithm may help promote HCV treatment uptake 
while minimizing potential safety concerns, generating huge 
health and economic benefits. Of course, other barriers to 
decentralization, such as the lack of interest of general prac-
titioners and addiction specialists and unwillingness of some 
specialists to cede control, will also need to be addressed. 
To overcome these barriers, appropriate education and train-
ing of non-specialists would be crucial to raise their inter-
est and proficiency, and also to help instill confidence in 
specialists regarding task-sharing to non-specialists. Addi-
tionally, efforts would be needed to improve diagnosis, such 
that more people living with HCV can receive appropriate 
treatment.

On a side note, in this study, GLE/PIB usage was associ-
ated with higher risks of abnormal elevations in liver func-
tion parameters (both Grades 2–4 and Grades 3–4) compared 
with SOF/VEL usage. Additionally, a similar difference was 
observed among patients who were simplified-in according 
to TACR testing criteria for the incidence of Grades 2–4 
abnormalities in ALT/AST/BIL(T) (Supplementary Table 8). 
This difference was mainly due to elevations in BIL(T) but 
not in AST/ALT. Among GLE/PIB-treated patients, age > 70 
was a prominent risk factor identified for Grades 2–4 abnor-
malities in BIL(T). Several factors identified in univariate 

* p < 0.05
ALT alanine aminotransferase, AST aspartate aminotransferase, BIL(T) total bilirubin, CI confidence inter-
val, CVD cardiovascular disease, DAA direct-acting agents, eGFR estimated glomerular filtration rate by 
the Modification of Diet in Renal Disease equation, FIB-4 fibrosis-4, GLE/PIB glecaprevir/pibrentasvir, 
HCC hepatocellular carcinoma, HIV human immunodeficiency virus, IFN interferon, OR odds ratio, PWID 
persons who inject drugs, SOF/VEL sofosbuvir/velpatasvir

Table 3  (continued) Grades 2–4
ALT/AST/BIL(T), n/N (%)

Univariate Multivariate

OR 95% CI P OR 95% CI P

 DAA
  No 145/7,672 (1.9) Ref Ref
  Yes 1/5 (20.0) 12.98 1.44–116.83 0.02* 6.97 0.71–68.10 0.10
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Table 4  Risk factors associated 
with Grades 3–4 laboratory 
abnormalities in ALT/AST/
BIL(T)

Grades 3–4
ALT/AST/
BIL(T), n/N (%)

Univariate Multivariate

OR 95% CI P OR 95% CI P

Age
 ≤ 70 10/5,966 (0.2) Ref Ref
 > 70 8/1,711 (0.5) 2.80 1.10–7.10 0.03* 2.55 0.94–6.91 0.07
Sex
 Female 12/3,611 (0.3) Ref
 Male 6/4,066 (0.2) 1.78 0.67–4.74 0.25

Diabetes
 No 17/6,432 (0.3) Ref
 Yes 1/1,245 (0.1) 0.30 0.04–2.28 0.25

Hypertension
 No 14/5,431 (0.3) Ref
 Yes 4/2,246 (0.2) 0.69 0.23–2.01 0.51

Hyperlipidemia
 No 17/6,826 (0.3) Ref
 Yes 1/851 (0.1) 0.47 0.06–3.55 0.46

CVD
 No 16/7,033 (0.2) Ref
 Yes 2/644 (0.3) 1.34 0.31–5.96 0.68

PWID
 No 15/6,859 (0.2) Ref
 Yes 3/818 (0.4) 1.68 0.49–5.81 0.41

HIV
 No 17/7,467 (0.2) Ref
 Yes 1/210 (0.5) 2.10 0.28–15.83 0.47

HCC
 No 17/7,394 (0.2) Ref
 Yes 1/283 (0.4) 1.54 0.20–11.60 0.68

Baseline BIL(T)
 ≤ 1.2 14/6,837 (0.2) Ref
 > 1.2 4/840 (0.5) 2.33 0.77–7.10 0.14
Baseline AST
 ≤ 200 17/7,523 (0.2) Ref
 > 200 1/154 (0.7) 2.89 0.38–21.82 0.30
Baseline ALT
 ≤ 200 17/7,298 (0.2) Ref
 > 200 1/379 (0.3) 1.13 0.15–8.54 0.90
FIB-4
 ≤ 3.25 11/6,008 (0.2) Ref Ref
 > 3.25 7/1,650 (0.4) 2.32 0.90–6.00 0.08 1.91 0.69–5.27 0.21
eGFR
 ≥ 60 14/6,573 (0.2) Ref
 < 60 4/1,083 (0.4) 1.74 0.57–5.29 0.33
Regimen
 SOF/VEL 7/5,228 (0.1) Ref Ref
 GLE/PIB 11/2,449 (0.5) 3.37 1.30–8.69 0.01* 3.77 1.45–9.78 0.01*

Treatment experience
 IFN
  No 17/7,514 (0.2) Ref
  Yes 1/163 (0.6) 2.72 0.36–20.58 0.33
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but not multivariate analysis were comorbid conditions for 
which advanced age is a known risk factor, including the 
presence of diabetes, hypertension, cardiovascular disease, 
and baseline eGFR < 60 mL/min/1.73  m2 (Supplementary 
Table 7). The other risk factors identified among GLE/PIB-
treated patients were the presence of HCC, FIB-4 > 3.25, 
and baseline BIL(T) > 1.2 mg/dL. Considering these results, 
the use of GLE/PIB in patients with the identified risk fac-
tors might warrant careful assessment and monitoring by 
specialists.

Notwithstanding the above regimen-associated differen-
tial risk profile, the incidences of abnormal elevations in 
ALT/AST/BIL(T) were low regardless of the pan-genotypic 
DAA regimen used. Among patients treated with either regi-
men, only one in each regimen group discontinued treatment 

(Supplementary Table 1). In addition, with the TACR sim-
plified-in criteria, there was no difference in the risk of 
Grades 3–4 abnormalities in ALT/AST/BIL(T) between 
SOF/VEL and GLE/PIB usages (Supplementary Table 9). 
As such, both pan-genotypic regimens are recommended for 
TACR simplified-in patients with non-specialist care. While 
the two pan-genotypic regimens are similar in efficacy, they 
differ in treatment duration, posology, and drug–drug inter-
action (DDI) profiles, and the clinical decision of choosing 
between the two would depend on comprehensive consid-
eration of the patient’s need (see also Fig. 2 legend). As 
endorsed by society guidelines, when treating HCV infec-
tion in patients with comorbidities, thorough DDI evalua-
tion prior to DAA initiation should be conducted and the 
choice of DAAs should be considered for those presenting 

* p < 0.05
ALT alanine aminotransferase, AST aspartate aminotransferase, BIL(T) total bilirubin, CI confidence inter-
val, CVD cardiovascular disease, DAA direct-acting agents, eGFR estimated glomerular filtration rate by 
the Modification of Diet in Renal Disease equation, FIB-4 fibrosis-4, HCC hepatocellular carcinoma, HIV 
human immunodeficiency virus, GLE/PIB glecaprevir/pibrentasvir, IFN interferon, OR odds ratio, PWID 
persons who inject drugs, SOF/VEL sofosbuvir/velpatasvir

Table 4  (continued) Grades 3–4
ALT/AST/
BIL(T), n/N (%)

Univariate Multivariate

OR 95% CI P OR 95% CI P

 DAA
  No 18/7,672 (0.2) Ref
  Yes 0/5 (0.0) – – –

Table 5  Comparing the three sets of criteria in the ability to predict the occurrence of abnormal elevation in ALT, AST, or BIL(T)

a TACR’s simplified-out criteria: HCC, eGFR < 60 mL/min/1.73  m2, BIL(T) > 1.2 mg/dL, FIB-4 > 3.25, age > 70 years old
AASLD-IDSA American Association for the Study of Liver Diseases and the Infectious Diseases Society of America, AICc corrected Akaike 
information criterion, ALT alanine aminotransferase, AST aspartate aminotransferase, BIC Bayesian information criterion, BIL(T) total bilirubin, 
CI confidence interval, EASL European Association for the Study of the Liver, eGFR, estimated glomerular filtration rate by the Modification of 
Diet in Renal Disease equation, FIB-4 fibrosis-4, OR odds ratio, TACR  Taiwan Hepatitis C Registry Program

Model 1
AASLD-IDSA criteria

Model 2
EASL criteria

Model 3
TACR testing  criteriaa

n/N (%) OR 95% CI P n/N (%) OR 95% CI P n/N (%) OR 95% CI P

Grades 2–4 laboratory abnormalities in ALT/AST/BIL(T)
 Simplified-in 108/6,697 (1.6) Ref 146/7,639 (1.9) Ref 31/4,172 (0.7) Ref
 Simplified-out 38/980 (3.9) 2.46 1.69–3.58  < 0.01 0/38 (0.0) – – – 115/3,505 (3.3) 4.53 3.04–6.75  < 0.01
 AICc 1431.25 – 1381.18
 BIC 1445.14 – 1395.69
 AUC 0.57 – 0.67

Grades 3–4 laboratory abnormalities in ALT/AST/BIL(T)
 Simplified-in 15/6,697 (0.2) Ref 18/7,639 (0.2) Ref 7/4,172 (0.2) Ref
 Simplified-out 3/980 (0.3) 1.37 0.40–4.73 0.62 0/38 (0.0) – – – 11/3,505 (0.3) 1.87 0.73–4.84 0.19
 AICc 257.73 – 256.23
 BIC 271.62 – 270.12
 AUC 0.52 – 0.58
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the least potential DDIs with concomitant medications and 
causing the least interruption to the treatment of underly-
ing diseases. Patient perspectives should also be taken into 
account, including patients’ preference pertaining to treat-
ment duration, pill burden, and/or convenience of use, so as 
to choose a regimen that ensures high treatment adherence 
and completion of DAA treatment [31, 32].

This study has limitations. First, despite a large sample 
size, as the study population was limited to CHC patients 
in Taiwan, more data may be needed to assess whether 
the TACR criteria can be applied to CHC patients in other 
countries. Second, data gathered in this study reflect HCV 
management under specialist care; therefore, future studies 
can further validate this algorithm under non-specialist set-
ting. Such validation would also be relevant for task-shifting 

to specialists other than hepatologists, gastroenterologists, 
and infectious disease specialists. For example, patients with 
diabetes mellitus (DM) are at higher risk of HCV infection 
and represent a special population for HCV micro-elimina-
tion, and TASL has been collaborating with DM societies 
to promote HCV management among DM patients by DM 
specialists, for whom the validation of such an algorithm 
as presented in this manuscript would likely be of clinical 
relevance [33].

All in all, to our knowledge, this is the first large-scale 
real-world study validating the safety of implementing the 
simplified treatment algorithms proposed by AASLD-IDSA 
and EASL. Based on these real-world data, we also devel-
oped the TACR algorithm for CHC patients who are eligi-
ble for simplified treatment with non-specialist care. The 

Fig. 2  TACR algorithm for simplified HCV treatment with non-
specialist care. The pan-genotypic regimens SOF/VEL (one tablet 
once a day with or without food for 12 weeks) and GLE/PIB (three 
tablets once a day with food for 8 weeks) are both recommended for 
simplified treatment under non-specialist care. The choice between 
the two regimens should be based on comprehensive consideration 
of the patient’s situation and need. The two regimens have different 
drug–drug interaction profiles, and it is important to assess potential 
drug–drug interactions between the DAA regimen to be used and the 
patient’s concomitant medications for treating comorbidities. Patient 
preferences and adherence should also be considered: some patients 

might prefer a one-tablet-daily regimen, while others might prioritize 
a shorter treatment duration. Cost and accessibility could also con-
tribute to the regimen choice: the availability and cost of these regi-
mens can vary based on the patient’s location and healthcare system, 
and in some regions, one regimen might be more accessible or afford-
able than the other. BIL(T) total bilirubin, CHC chronic hepatis C, 
DAA direct-acting agents, eGFR estimated glomerular filtration rate 
by the Modification of Diet in renal Disease equation, FIB-4 fibro-
sis-4, GLE/PIB glecaprevir/pibrentasvir, SOF/VEL sofosbuvir/vel-
patasvir
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algorithm can provide important guidance in the effort to 
decentralize HCV treatment delivery and promote task shar-
ing to non-specialists, which would be an important step 
toward HCV elimination.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s12072- 023- 10609-7.
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