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Simplified (“minimal monitoring”) pathways can expand access to direct-acting antivirals (DAAs) 
by reducing visit burden. In Japan, where hepatitis C virus (HCV) patients are among the oldest 
worldwide, whether DAA regimens can be delivered safely and effectively with fewer visits remains 
unclear, and real-world outcomes with sofosbuvir/velpatasvir are scarce. We evaluated effectiveness, 
safety, and visit frequency in a multicenter cohort. Sixty patients with HCV-infection, with or without 
compensated liver cirrhosis, received 12 weeks of sofosbuvir/velpatasvir with follow-up to sustained 
virologic response at 12 weeks post-treatment (SVR12). The visit number was set with no schedule and 
analyzed post hoc (≤ 3 vs. ≥4 visits). There were 1–8 outpatient visits (median 3). SVR12 was 96.7% by 
intention-to-treat (ITT; 58/60; 95% CI, 88.6–99.6) and 100% per protocol (57/57; 95% CI, 90.0–100.0). 
Cure rates were comparable (ITT 95.8–97.2% for ≤ 3 vs. ≥4 visits; p = 1.00; PP 100% in both). Sofosbuvir/
velpatasvir was well-tolerated: adverse events were recorded in 10%, none grade ≥ 3, no treatment-
related serious events, and no toxicity-related discontinuations. Two patients were lost to follow-up; 
one who discontinued treatment achieved SVR12. This is the first Japanese real-world evaluation of 
DAA under simplified monitoring and supports low-burden pathways with high efficacy and safety.
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Owing to the advent of direct-acting antivirals (DAAs) targeting hepatitis C virus (HCV) proteins, nearly all 
infected individuals are eligible for treatment, with sustained virologic response (SVR) rates exceeding 95% now 
achievable1. Given their favorable safety profile, DAAs can be administered to older adults and patients with 
comorbidities, including HIV coinfection and dialysis dependence2–5. However, the need for frequent outpatient 
visits during DAA therapy can serve as a barrier, preventing some patients from fully engaging in treatment 
despite diagnosis. International reports suggest that, with the current DAAs, known for their high safety and 
efficacy, therapy can be effectively administered with infrequent outpatient monitoring6,7.
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In Japan, the situation is complicated by the fact that a large proportion of HCV-infected patients are elderly8, 
often presenting with multiple comorbidities and requiring concomitant medications. As a result, there is limited 
real-world data allowing whether reducing monitoring frequency (minimal monitoring) compromises safety or 
efficacy in this population to be determined. Sofosbuvir plus velpatasvir has exhibited high safety and efficacy 
across all HCV genotypes9–11. Although treatment indications in Japan have recently expanded to include 
patients with chronic hepatitis C and compensated cirrhosis, clinical data from routine practice remain limited. 
Furthermore, in a clinical trial involving 37 Japanese patients12, outpatient visits were mandated at treatment 
initiation and at 2, 4, 8, and 12 weeks post-treatment; thus, simplified monitoring has not yet been utilized.

Therefore, this study aimed to evaluate the efficacy and safety of sofosbuvir plus velpatasvir in a real-world 
prospective, multicenter trial and to clarify the impact on treatment outcomes and safety in cases where the 
number of outpatient visits from treatment initiation to SVR12 was three or fewer.

Methods
Patients and study design
This study was conducted as a multicenter prospective study between January 2023 and August 2025; patients 
with chronic hepatitis C with or without compensated cirrhosis were enrolled at institutions participating in 
the NORTE Study Group 13–16, comprising 21 hepatology centers across Hokkaido Prefecture, and received 12-
week combination therapy of sofosbuvir and velpatasvir. Patients with chronic HCV infection, with or without 
compensated cirrhosis, who were receiving outpatient care at the participating institutions between January 
2023 and August 2025 were eligible for inclusion. Eligible individuals were required to be at least 20 years of age 
at the time of obtaining informed consent, be scheduled for 12 weeks of sofosbuvir and velpatasvir treatment 
as standard clinical care, and provide voluntary informed consent after receiving a comprehensive explanation 
of this study, demonstrating an adequate understanding of its objectives and potential risks. Patients previously 
treated with DAAs for their current HCV episode were excluded. In addition, patients with a history of liver 
transplantation, co-infection with HIV or hepatitis B virus, other significant liver pathology, decompensated 
cirrhosis (Child–Pugh B or C), or severe renal dysfunction (eGFR < 30 mL/min/1.73 m2), including those 
undergoing hemodialysis, were excluded from this study. Compensated cirrhosis was defined based on liver 
function tests, imaging studies, and/or a FibroScan value of ≥ 12.5 kPa according to previous studies17. Prior 
to treatment initiation, patients underwent imaging to confirm the absence of hepatocellular carcinoma and 
received laboratory assessments, including HCV serotyping, liver function tests, and renal function tests. In 
addition, we evaluated the types and counts of concomitant medications used and comorbidities present in all 
patients. Visit frequency from the start of DAA therapy to SVR12 confirmation was not protocol-mandated. 
A “visit” was defined as an in-person hospital outpatient encounter, typically involving clinical evaluation 
and blood sampling. Visit frequency was determined through shared decision-making between the attending 
physician and the patient, based on clinical status and logistical considerations. The number of visits was 
primarily aligned with patient preferences. Although DAA clinical trials commonly employ biweekly follow-up, 
this real-world cohort followed routine care without mandated intervals. Although an increased visit frequency 
would be anticipated in the presence of serious adverse events, no adverse event-related increase in visit counts 
was observed in our study. For analysis, we dichotomized the cohort at the observed median number of visits 
between treatment initiation and SVR12 confirmation (≤ 3 vs. ≥4 visits).

The study protocol followed the ethical guidelines of the Declaration of Helsinki, and all participating patients 
provided informed consent. This study was approved by the ethics committee of Hokkaido University Hospital 
(022–0314) and the committee of each participating institution. This multicenter, prospective, observational 
cohort was registered with the UMIN Clinical Trials Registry (UMIN-CTR; UMIN000050343).

The primary endpoints were the rate of sustained virologic response at 12 weeks post-treatment (SVR12) and 
the safety profile during therapy. Additionally, we examined the relationship between the number of clinic visits 
during treatment and clinical outcomes.

Treatment protocol of sofosbuvir and velpatasvir
All participants were scheduled to receive a once-daily fixed‐dose combination of sofosbuvir (400 mg) and 
velpatasvir (100 mg) (Epclusa®; Gilead Sciences K.K., Tokyo, Japan) for 12 weeks12.

Statistical analyses
Continuous variables were analyzed using the Mann–Whitney U test. Categorical variables were analyzed 
using the chi-squared or Fisher’s exact test, as appropriate. SVR rates were evaluated by conducting intention-
to-treat (ITT) and per-protocol (PP) analyses. SVR12 was assessed 12 weeks after treatment completion. The 
ITT population comprised all patients who initiated sofosbuvir/velpatasvir; patients without an assessable 
SVR12 (e.g., those who were lost to follow-up) were counted as non-responders for ITT. The per-protocol (PP) 
population comprised patients who had completed the planned 12-week sofosbuvir/velpatasvir regimen without 
major protocol deviations and for whom SVR12 was confirmed. Major protocol deviations were prespecified as 
early treatment discontinuation or missing SVR12 assessment. Accordingly, two patients lost to follow-up were 
included as non-responders in the ITT analysis and excluded from the PP analysis; one patient who discontinued 
treatment at week 9 because of suspected pregnancy was excluded from the PP set, but was retained in the 
ITT analysis and achieved SVR12. All statistical analyses were two-tailed, with significance defined at P < 0.05. 
Data processing was performed using SPSS version 24.0 (IBM Japan, Tokyo) and Prism version 7.03 (GraphPad 
Software, La Jolla, CA).
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Results
Patients
Patients with chronic HCV infection were screened from institutions participating in the NORTE Study Group; 
a total of 60 patients were included in this multicenter prospective study. The baseline characteristics of the 
enrolled patients are illustrated in Table 1. The median age was 66 (IQR, 57–74) years, and 34 (56.7%) were male. 
The baseline median HCV-RNA titer was 6.5 Log IU/mL (IQR, 6.0–6.8). The median aspartate aminotransferase 
(AST) and alanine aminotransferase (ALT) levels were 42.5 IU/L (IQR, 32–82) and 44.5 IU/L (IQR, 26–109), 
respectively. The median number of baseline comorbidities was 2 (IQR, 1–3). In the cohort (n = 60), the most 
frequent comorbidities were hypertension (20/60, 33.3%), diabetes mellitus (7/60, 11.7%), insomnia (6/60, 10.0%), 
hyperuricemia/gout (5/60, 8.3%), gastroesophageal reflux disease (4/60, 6.7%), benign prostatic hyperplasia 
(4/60, 6.7%), dyslipidemia (4/60, 6.7%), history of non-hepatic malignancy (3/60, 5.0%), atrial fibrillation/flutter 
(3/60, 5.0%), and chronic obstructive pulmonary disease (3/60, 5.0%). Each condition was counted once per 
patient, and synonymous entries were harmonized. The median number of baseline concomitant medications 
was 3 (IQR, 0–5). Among the 60 patients, the most frequently used concomitant medications were amlodipine 
(13/60, 21.7%), ursodeoxycholic acid (6/60, 10.0%), vonoprazan (6/60, 10.0%), rosuvastatin (5/60, 8.3%), 
sacubitril/valsartan (4/60, 6.7%), zolpidem (4/60, 6.7%), lemborexant (4/60, 6.7%), febuxostat (4/60, 6.7%), 
esomeprazole (3/60, 5.0%), and edoxaban (3/60, 5.0%). The median number of outpatient visits until SVR12 
was 3 (IQR, 2–5; range, 1–8 visits). Accordingly, patients were stratified into two groups: those with three or 
fewer visits (n = 36) and those with four or more visits (n = 24), and treatment efficacy and safety were compared 
between them. A comparison of baseline characteristics between patients with three or fewer visits and those 
with four or more visits revealed that baseline profiles were similar across groups (Table 1).

Of these 60 included patients, 59 completed treatments; 1 patient discontinued treatment at week 9 due 
to pregnancy; nevertheless, she achieved SVR12. She subsequently had an uncomplicated delivery, and no 
abnormal findings were noted in the neonate. Two patients were lost to follow-up before SVR12 assessment, 
leaving fifty-seven patients in the PP set. The study flow is summarized in Fig. 1.

SVR12 by visit frequency: ITT analysis
The overall SVR12 rate by ITT analysis was 96.7% (58/60) (95% CI: 88.6%–99.6%).

(Fig. 2). When stratified by the number of outpatient visits from treatment initiation to the SVR12 assessment 
(≤ 3 vs. ≥4), SVR12 rates were 23/24 (95.8%; 95% CI, 78.9–99.9) in the ≥ 4-visit group and 35/36 (97.2%; 95% 
CI, 85.5–99.9) in the ≤ 3-visit group (Fig. 2A). There was no significant difference between groups (p = 1.00).

Total ≥ 4 outpatient visits before SVR12 ≤ 3 outpatient visits before SVR12 P value

Number (n) 60 24 36

Age (years) 66.0 (57–74) 64.0 (56–68.8) 69.0 (52–74.8) 0.17

Sex (male/female) (n/n) 34 (57)/26 (43) 15 (63)/9 (38) 19 (53)/17(47) 0.46

HCV-RNA (log IU/mL) 6.50 (6.0–6.8) 6.30 (6.0–6.8) 6.50 (6.0–7.0) 0.28

HCV-genotype (1/2) 20 (33)/40 (67) 9 (38)/15(63) 11(31)/25 (69) 0.58

Baseline ALT (IU/L) 42.5 (26–109) 45.5 (26–101) 38.0 (18–92) 0.43

Baseline AST (IU/L) 44.5 (32–82) 54.0 (38–77) 42.0 (26–81) 0.16

Baseline γGTP (IU/L) 49.0 (25–82) 62.5 (31–103) 31.0 (19–75) 0.06

Baseline Platelet count (×104) 17.9 (14–13.7) 17.8 (13.0–24.2) 17.9 (14–23.3) 0.87

Baseline Fib-4 index 2.5 (2.0–4.2) 2.5 (2.0–4.3) 2.6 (1.5–4.0) 0.44

Baseline Creatinine 0.7 (0.6–0.9) 0.7 (0.6–0.8) 0.8 (0.7–0.9) 0.36

Previous Treatment (none / IFN) (58(97)/2(3) ) (24 (100)/0 (0)) (34 (94)/2 (6)) 0.57

Number of baseline comorbidities* 2 (1–3) 2 (1–3) 2 (0–5) 0.52

Number of baseline concomitant medications** 3 (0–5) 4 (2–6) 3 (0–4.75) 0.09

Number of outpatient visits from treatment initiation to SVR12 3 (2–5) 5 (4–6) 2 (1–3) *<0.0001

Table 1.  Comparison of baseline characteristics between patients with or without ≥ 4 outpatient visits 
before SVR12. Values are median (IQR) or n (%). *This table reports counts only; for clarity, the top 10 
comorbidities by prevalence are hypertension (20; 33.3%), diabetes mellitus (7; 11.7%), insomnia (6; 10.0%), 
hyperuricemia/gout (5; 8.3%), gastroesophageal reflux disease (4; 6.7%), benign prostatic hyperplasia (4; 
6.7%), dyslipidemia (4; 6.7%), history of malignancy (non-hepatic; 3; 5.0%), atrial fibrillation/flutter (3; 5.0%), 
and chronic obstructive pulmonary disease (3; 5.0%). Each condition was counted once per patient. As the 
patients could have multiple comorbidities, the totals may not sum to 100% (rounding applies). **This table 
reports counts only; for clarity, the top 10 oral concomitant medications by prevalence are amlodipine (13; 
21.7%), ursodeoxycholic acid (6; 10.0%), vonoprazan (6; 10.0%), rosuvastatin (5; 8.3%), sacubitril/valsartan (4; 
6.7%), zolpidem (4; 6.7%), lemborexant (4; 6.7%), febuxostat (4; 6.7%), esomeprazole (3; 5.0%), and edoxaban 
(3; 5.0%). As the patients could receive multiple medications, the totals may not sum to 100% (rounding 
applies). Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; γGTP, γ-glutamyl 
transpeptidase; FIB-4, fibrosis 4; SVR12, sustained virologic response.
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SVR12 by visit frequency: PP analysis
The overall SVR12 rate was 100% (57/57); 95% CI, 90.0–100.0. In the PP set, SVR12 was achieved by 22/22 
patients (100.0%; 95% CI, 84.6–100.0) in the ≥ 4-visit group and 35/35 patients (100.0%; 95% CI, 90.0–100.0) in 
the ≤ 3-visit group (Fig. 2B). The between-group comparison again showed no significant difference (p = 1.00).

Safety
Sofosbuvir and velpatasvir were generally well tolerated (Table 2). Adverse events of any grade occurred in six 
patients (10%), with no significant differences between groups. No grade-3/4 events, treatment-related serious 
adverse events, or discontinuations were observed. A single pregnancy was reported as a serious adverse event, 
but it was not treatment-related. Other minor events, such as headache, rash, or fever, were infrequent and 
comparable across groups.

Discussion
In this prospective, multicenter study, sofosbuvir/velpatasvir in Japanese patients with chronic hepatitis C—
including those with compensated cirrhosis—achieved an intention-to-treat SVR12 of 96.7% (58/60; 95% CI, 
88.6–99.6) and a per-protocol SVR12 of 100% (57/57; 95% CI, 90.0–100.0). The median number of outpatient 
visits from treatment initiation to SVR12 was 3 (range, 1–8). Importantly, SVR12 did not differ by visit frequency 
using post hoc stratification at the median, SVR12 was 97.2% (35/36) with ≤ 3 visits and 95.8% (23/24) with ≤ 4 

Fig. 2.  Overall SVR rate and SVR12 rates by visit frequency (≤ 3 vs. ≥4): ITT and per-protocol analyses. (A) 
SVR and SVR12 rates by visit frequency (per-protocol set). Panel (A) shows SVR12 rates in the per-protocol 
analysis, comparing patients with ≤ 3 visits with those with ≥ 4 visits before SVR12. (B) SVR12 rates by visit 
frequency (ITT set). Panel (B) shows SVR12 rates in the ITT analysis across the same groups. In both analyses, 
cure rates were comparable between groups.

 

Fig. 1.  Study flow. Sixty patients with chronic hepatitis C were enrolled in this study. Of these, 59 completed 
treatments, with 1 discontinuation due to suspected pregnancy (who nevertheless achieved SVR12). Two 
patients were lost to follow-up. The remaining 57 patients were included in the per-protocol analysis, 
comprising 22 patients who attended ≥ 4 visits before SVR12 and 35 patients who attended ≤ 3 visits.
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visits by ITT (p = 1.00), and 100% in both strata by PP. Safety was favorable: no grade 3/4 events, no treatment-
related serious adverse events, and no discontinuations due to toxicity. A pregnancy-related early discontinuation 
at week 9 achieved SVR12.

In this study, we confirmed the high efficacy and safety of sofosbuvir/velpatasvir in Japanese patients with 
chronic hepatitis C and in those with HCV-related compensated liver cirrhosis. Additionally, we clarified 
that simplified monitoring did not compromise the treatment efficacy or safety of sofosbuvir/velpatasvir in 
routine Japanese care. Our findings, showing that reduced hospital visit frequency had no significant impact 
on treatment efficacy or safety, are concordant with the previous trial, which prospectively operationalized a 
minimal-monitoring algorithm and achieved high SVR12 with excellent tolerability across diverse settings6,18.

Compared with previous minimal monitoring studies (median ages of 516 or 47 years old18, our cohort extends 
these insights to a predominantly older Japanese population (median age 66 years) examined within a simplified 
monitoring framework, where concerns about comorbidity and polypharmacy often drive conservative follow-
up. The absence of efficacy or safety decrement in patients managed with ≤ 3 visits supports the feasibility of 
“low-touch” pathways when baseline risk is appropriately assessed and clear routes for unplanned contact are 
ensured. Of note, visit frequency was separated meaningfully between strata (median [range], 2 [1–3] vs. 5 [4–8] 
visits to the SVR12 time point; p < 0.0001), confirming that our comparison captures a genuine difference in 
service intensity within routine practice.

From an implementation perspective, simplified monitoring confers several potential benefits: earlier 
treatment initiation, reduced travel and time burden, reduced clinic congestion, and lower system costs, without 
detectable loss of efficacy or safety. The pattern of non-virologic outcomes in our study is informative: one 
early discontinuation due to pregnancy nevertheless achieved SVR12, whereas two losses to follow-up affected 
ITT estimates, underscoring that retention—not laboratory frequency—drives differences once modern pan-
genotypic DAAs are used.

To the best of our knowledge, no prior real-world prospective study has reported clinical outcomes of 
sofosbuvir/velpatasvir in Japanese patients with chronic hepatitis or compensated cirrhosis. This study is, 
therefore, the first to demonstrate, in a prospective real-world setting, that sofosbuvir/velpatasvir achieves high 
efficacy and a favorable safety profile, consistent with phase 3 clinical trial results. These findings extend the 
generalizability of phase-3 results to routine clinical practice, including patients who are more heterogeneous 
than those enrolled in clinical trials. Nonetheless, the relatively limited sample size and follow-up period warrant 
cautious interpretation, and longer-term outcomes, such as hepatocarcinogenesis, remain to be investigated.

This study had some limitations. First, this study was not randomized, and visit frequency reflected shared 
decision-making by clinicians and patients, which may introduce selection confounding. Second, our limited 
sample size affected the precision of rare adverse-event estimates and reduced power for subgroup analyses, so this 
study may have been underpowered for detecting small differences in SVR12 rates or adverse-event frequencies. 
Third, two participants were lost to follow-up before SVR12 ascertainment—importantly, one was from the 
higher-visit group, indicating that attrition was not confined to minimal monitoring, and this only modestly 
affected ITT estimates. Furthermore, owing to the real-world design, AEs may have been underreported. Finally, 
detailed data on patient preferences were lacking. Despite these considerations, to our knowledge, this is the 
first evaluation of sofosbuvir/velpatasvir under minimal monitoring in Japan. Moreover, real-world outcomes 
in Japanese patients with chronic hepatitis C, including those with compensated cirrhosis, are rarely reported, 
which strengthens the relevance of our findings for staged clinical adoption.

Overall cohort (n = 60)
≥ 4 outpatient visits before SVR12 
(n = 24)

≤ 3 outpatient visits before 
SVR12 (n = 36)

P 
value

Patients with any AEs, n (%) 6 (10) 3 (12.5) 3 (8.3) NS

Grade 3 or 4 AEs (n (%)) 0 (0) 0 (0) 0 (0) NS

Treatment-related AEs (n (%)) 5 (8.3) 2 (12.5) 3 (8.3) NS

Grade 3 or 4 treatment-related, AEs (n (%)) 0 (0) 0 (0) 0 (0) NS

Non-treatment-related serious adverse events (n (%)) 1 (1.7) 1 (4.2) (Pregnant) 0 (0) NS

Treatment-related serious adverse events (n (%)) 0 (0) 0 (0) 0 (0) NS

Treatment-related serious adverse AEs leading to discontinuation 
(n (%)) 0 (0) 0 (0) 0 (0) NS

Headache (n (%)) 1 (1.7) 0 (0) 1 (2.8) NS

Fever (n (%)) 1 (1.7) 0 (0) 1 (2.8) NS

Rash (n (%)) 1 (1.7) 0 (0) 1 (2.8) NS

Pregnant (n (%)) 1 (1.7) 1 (4.2) 0 (0) NS

Elevated blood pressure 1 (1.7) 1 (4.2) 0 (0) NS

Epigastric tenderness 1 (1.7) 1 (4.2) 0 (0) NS

Serum amylase elevation (n (%)) 1 (1.7) 0 (0) 1 (2.8) NS

Table 2.  Comparison of safety of Sofosbuvir and velpatasvir between patients with or without ≥ 4 outpatient 
visits before SVR12. Values are n (%). AEs, adverse events. *As some patients experienced multiple adverse 
events, totals may exceed the number of patients.
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Conclusions
In conclusion, sofosbuvir/velpatasvir achieved consistently high SVR rates and excellent tolerability, regardless 
of visit frequency. These results support the adoption of simplified monitoring pathways that preserve treatment 
efficacy and safety while reducing both patient and healthcare system burden.

Data availability
All data generated or analyzed during this study are included in this article and its supplementary material. 
Further inquiries can be directed to the corresponding author.
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