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Background. To inform hepatocellular carcinoma (HCC) surveillance after hepatitis C virus (HCV) cure with direct-acting 
antivirals (DAA), we estimated HCC risk post-DAA in people with human immunodeficiency virus (HIV) with advanced liver 
fibrosis or cirrhosis under universal DAA.

Methods. We used data from HepCAUSAL, a collaboration of cohorts of HIV–HCV coinfection from Europe and North 
America. Eligibility criteria were HIV–HCV coinfection, advanced liver fibrosis or cirrhosis, DAA naïve, HIV-RNA < 50 copies/ 
mL, on antiretroviral therapy, no HBV coinfection, and no prior HCC diagnosis or liver transplant. Follow-up started when 
eligibility was met and ended at HCC diagnosis, death, loss to follow-up, 6 years, or database closure, whichever came first. We 
estimated the 6-year risk and annual probability of HCC if all eligible individuals had initiated DAA at baseline using a 
weighted pooled logistic model for the monthly HCC risk among DAA initiators.

Results. Of 3824 eligible individuals (92% males, median age 60 years [IQR: 54, 64]), 2373 (62%) who initiated DAA, 43 had an 
HCC diagnosis during follow-up. The estimated 6-year HCC risk (95% CI) under universal DAA was 2.5% (1.6, 3.9). Annual HCC 
probability was 0.81% (0.34, 1.54) between baseline and month 12 after DAA initiation, 0.64% (0.28, 1.19) between years 1 and 2, 
0.50% (0.27, 0.84) between years 2 and 3, 0.34% (0.13, 0.63) between years 3 and 4, 0.19% (0.07, 0.33) between years 4 and 5, and 
0.10% (0.01, 0.24) between years 5 and 6.

Conclusions. An estimated 2.5% of people with HIV and advanced liver fibrosis or cirrhosis are diagnosed with HCC by 6 years 
post-DAA. Annual probability of HCC declines over time and falls below 0.4% after 3 years.
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Hepatocellular carcinoma (HCC) is a leading cause of death in 
individuals with hepatitis C virus (HCV) infection [1–4]. 
People with HCV and human immunodeficiency virus (HIV) 
coinfection may be at higher risk of HCC because they have a 
high prevalence of risk factors for liver disease and experience 
more rapid liver disease progression than people with HCV 
alone [5–7].

Regardless of HIV status, treatment with direct-acting anti
virals (DAA) cures HCV infection in about 95% of people 
[8–10], improves liver function, and reduces HCC risk [11– 
13]. After DAA treatment, European and Asian Pacific clinical 
guidelines recommend lifelong HCC surveillance beginning at 
the advanced liver fibrosis stage, whereas US guidelines recom
mend surveillance only for people with cirrhosis [14–16].

These recommendations are based on unadjusted HCC risk 
estimates for people receiving HCV treatment in the interferon 
era and the early DAA era, when treatment was prioritized for 
patients at higher risk of liver disease progression and were pre
dominantly derived from studies among people without HIV 
who were well-engaged in care [11, 17–25]. Therefore, individ
uals included in these studies who did initiate DAA may not be 
representative of the broader population eligible for DAA treat
ment. As a result, previous estimates might not be applicable to 
the current practice of universal DAA for all individuals with 
HCV–HIV coinfection.

To help inform HCC surveillance strategies in people with 
HIV, we estimated 6-year and annual HCC probabilities as if 
all people with HIV–HCV coinfection and advanced liver fi
brosis or cirrhosis had initiated DAA (universal DAA treat
ment) using data from an international collaboration of 
cohorts in high-income countries.

METHODS

Data Source

The HepCAUSAL Collaboration is a consortium of cohorts of 
people with HIV–1 and HCV coinfection in Europe and North 
America, most of them attending HIV and infectious disease 
clinics [26] (Supplementary Table 1). Data were prospectively 
collected and/or extracted from electronic health records or 
medical chart reviews, prepared in a standardized format 
[27], and harmonized across cohorts [28]. Data include demo
graphics, medications (including antiretroviral therapy and 
DAAs), laboratory measurements (blood panels, HIV and viral 
hepatitis serologies and viral loads), mortality, comorbidities, 
and substance use (smoking, alcohol, and other drugs).

Study Design

Individuals were eligible if they could receive DAAs within 
their health system (Supplementary Table 1) and met the fol
lowing criteria between November 2013 and March 2023: 
HIV–HCV coinfection (serological or virological evidence of 

HIV and chronic HCV infection, defined by a detectable 
HCV-RNA, HCV antigen, or HCV genotype test result; the 
most recent detectable HCV test could not be followed by inter
feron treatment without a subsequent HCV RNA test to deter
mine whether sustained virological response [SVR] was 
achieved), advanced liver fibrosis or cirrhosis (definition be
low), DAA-naive, HIV virological suppression (HIV-RNA 
<50 copies/mL) confirmed within the previous 12 months, 
on antiretroviral therapy, and no history of a positive hepatitis 
B surface antigen result, HCC diagnosis, or liver transplant. We 
excluded individuals with a Veterans Aging Cohort Study 
(VACS) index >100—a predictor for all-cause mortality among 
people with HIV—because people with a short life expectancy 
are not expected to benefit from treatment and are usually not 
offered DAA treatment [29]. Individuals could meet the eligible 
criteria at several months before DAA initiation. To improve 
the efficiency of our estimates, we allowed them to be included 
as eligible individuals in multiple months, but once they initi
ated DAA, they were no longer eligible [30].

A detectable HCV-RNA was defined as a positive qualitative 
RNA test or a quantitative test with a viral load above the detec
tion limit or >15 copies/mL when the detection limit was not 
specified. Advanced liver fibrosis or cirrhosis was defined ac
cording to the following diagnostic hierarchy: a diagnosis of 
cirrhosis based on medical chart review or International 
Classification of Diseases (ICD)-9/10 diagnostic codes, a liver 
biopsy indicating a Meta-analysis of Histological Data in 
Viral Hepatitis (METAVIR) score ≥F3, a liver stiffness mea
surement (LSM) ≥9.5 kPa by FibroScan, or 2 fibrosis-4 scores 
(FIB-4) ≥3.25 between 6 and 24 months of each other 
(Supplementary Figure 1).

Outcome and Follow-up

The outcome was an incident HCC diagnosis, defined by 
ICD-9/10 diagnostic codes or a recorded diagnosis in medi
cal charts. Post-DAA HCC surveillance consisted of biannual 
abdominal ultrasound with or without and alfa-fetoprotein 
in people with F4 in the United States and in people with 
≥F3 in European countries as per clinical guidelines [14,   
16]. In 5 cohorts (23% of eligible individuals) without data 
on the type of liver cancer, we assumed their primary liver 
cancer diagnosis to be HCC (Supplementary Table 2). 
Follow-up started when all eligibility criteria were met 
(baseline) and ended at the earliest date of HCC diagnosis, 
death, loss to follow-up (ie, no HIV-RNA measurement 
≥15 months), 6 years after baseline, or cohort-specific ad
ministrative end of follow-up.

DAA Treatment

DAA treatment was defined as initiating sofosbuvir, ledipasvir, 
daclatasvir, simeprevir, velpatasvir, glecaprevir, pibrentasvir, 
grazoprevir, ombitasvir, paritaprevir, or voxilaprevir in the 
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baseline month. Individuals were classified into the DAA group 
if they initiated DAA treatment at baseline and into the no 
DAA group otherwise.

Prognostic Factors

We considered the following prognostic factors at baseline: age, 
sex, alanine transaminase, aspartate aminotransferase, platelet 
count, end-stage liver disease (defined as ascites, hepatic en
cephalopathy, hepatorenal syndrome, or esophageal variceal 
bleeding), CD4 cell count, month since baseline, geographical 
region (North America or Europe), calendar month of eligibil
ity, and history of smoking, AIDS, high-risk alcohol consump
tion/alcohol use disorder (based on an alcohol use disorder 
identification test (AUDIT) score of more than 3 for females 
and 4 for males, more than 20 g of alcohol per week for males 
or 25 g for females, or ICD-9/10 codes for alcohol dependence/ 
abuse), peg-interferon treatment, diabetes, and injection drug 
use (based on self-reported injection and/or opioid use, ICD 
codes for opioid abuse/dependency or use of medication for 
opioid use disorder).

Statistical Analyses

To estimate the 6-year HCC risk under universal DAA initia
tion, we estimated the risk in the DAA group and standard
ized it to the distribution of the above prognostic factors in 
the total eligible population. More specifically, we fitted a 
pooled logistic regression model for the monthly probability 
of HCC among eligible individuals in the DAA group, with 
months since baseline and calendar month of eligibility as co
variates. We then applied the Aalen-Johansen estimator [31] 
to estimate 6-year risk and the probability of HCC in each 
12-month period after DAA initiation among those without 
HCC at the start of the period.

To standardize the risk, eligible individuals received a time- 
fixed nonstabilized inverse probability (IP) weight (to adjust for 
confounding) whose denominator was estimated via a pooled 
logistic regression model for the probability of DAA initiation, 
including the above baseline prognostic factors. Individuals 
also received a time-varying nonstabilized IP censoring weight 
(to account for potential selection bias due to loss to follow-up) 
whose denominator was estimated among all eligible individu
als via a pooled logistic regression for the monthly probability 
of remaining uncensored, including the above prognostic 
factors at baseline and their time-varying counterparts. The 
2 sets of weights were multiplied and truncated at the 99th per
centile [32]. Continuous variables were modeled using restrict
ed cubic splines with 4 knots. We estimated the 95% confidence 
intervals using percentile-based nonparametric bootstrapping 
with 500 repetitions.

We performed a subgroup analysis by F3 or F4 fibrosis stage. 
We classified eligible individuals as having cirrhosis (F4) based 
on liver biopsy, LSM ≥12.5 kPa, or a clinical diagnosis. For this 

subgroup analysis, we included an additional criterion: 2 pre
treatment AST to Platelet Ratio Index scores ≥2, measured 
6–24 months apart [33]. Eligible individuals not identified as 
having baseline cirrhosis based on this definition were catego
rized as having advanced liver fibrosis (F3).

Sensitivity Analyses

We performed several sensitivity analyses to assess the robust
ness of our findings. To explore the impact of some prevalent 
HCC cases being included at baseline, we (1) backdated the di
agnosis date of HCC 6 months (the approximate HCC tumor 
doubling time [16]) and (2) restricted the analysis to individu
als with an abdominal ultrasound within 1 year from baseline in 
5 cohorts with ultrasound data. We also (3) censored individu
als at 24 months without an HIV-RNA measurement (rather 
than at 15 months), (4) censored at liver transplantation and 
(5) at death, (6) excluded one cohort with no data on alcohol 
use, (7) excluded individuals with evidence of end-stage liver 
disease at baseline, and (8) excluded individuals who died dur
ing the first 6 months after baseline. For the subgroup analysis 
in persons with cirrhosis, we used alternative operational defi
nitions of cirrhosis by modifying FibroScan cutoffs and altering 
test criteria (Supplementary Material).

We used SAS version 9.4 and R version 4.2.3 for the statisti
cal analyses.

RESULTS

Of 20 289 individuals with HIV–HCV coinfection, 3824 met 
the eligibility criteria at least once and, on average, at 20 months 
during the study period (Figure 1). Of the resulting 31 317 eli
gible individuals, 2373 initiated DAA and 28 944 (3586 unique 
individuals) did not; with 2135 individuals contributing follow- 
up to both DAA groups. Median baseline (interquartile range 
[IQR]) age and CD4 cell count were 60 years [54, 64] and 
473 cells/mm3 [298, 681], respectively, 91.7% were male, 
48.3% had a history of injection drug use, 69.7% had HCV ge
notype 1, 16.8% had a history of interferon treatment, and 
65.3% had cirrhosis (Table 1).

Compared with the no DAA group, individuals in the DAA 
group were more likely to have cirrhosis (71.5% vs 64.8%) and a 
history of interferon treatment (28.4% vs 15.9%) and were less 
likely to have a history of end-stage liver disease (6.4% vs 8.2%) 
and diabetes (27.7% vs 38.3%) (Table 1) at baseline. 
Standardized mean differences were <0.1 for most prognostic 
factors (Supplementary Figures 2 and 3). Of the 1451 individ
uals who never initiated DAA during the 6-year study period, 
471 (32.4%) died, and 503 (34.6%) were lost to follow-up. 
Among 2373 DAA initiators, 35.7% were classified as having 
≥F3 by FIB-4 score, 28.7% by a clinical diagnosis, and 35.5% 
by FibroScan/biopsy.
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Over a median [IQR] follow-up of 4.3 years [2.4, 5.8] after 
DAA initiation, there were 43 HCC diagnoses and 301 deaths. 
The proportion of individuals with treatment failure ranged be
tween 6.3% and 7.7% depending on the definition of HCV cure 
(Supplementary Table 3). Among those achieving SVR 
12 weeks after the end of treatment (SVR12+), 2.4% had evi
dence of HCV reinfection, with a reinfection rate of 0.85 
(95% CI: .64, 1.10) per 100 person-years. Seven out of 43 
HCC diagnoses occurred in individuals with evidence of treat
ment failure, and one occurred in an individual with evidence 
of HCV reinfection. Only 4 individuals received a liver trans
plant during follow-up.

In 5 cohorts with abdominal ultrasound data (including 
59.1% of all individuals from the DAA group), 1404 individuals 
(90%) had ≥1 abdominal ultrasound before DAA initiation, 
with a median [IQR] time between the last ultrasound and 
DAA treatment of 7 [2, 22] months, and 802 (57.1%) had an ul
trasound 1 year before baseline.

The estimated 6-year HCC risk (95% CI) under universal 
DAA was 2.54% (1.59, 3.90) (Figure 2). The estimated annual 
probability of HCC among HCC-free individuals at the start of 
each period was 0.81% (0.34, 1.54) between baseline and month 
12 after DAA initiation, 0.64% (0.28, 1.19) between years 1 and 2, 
0.50% (0.27, 0.84) between years 2 and 3, 0.34% (0.13, 0.63) be
tween years 3 and 4, 0.19% (0.07, 0.33) between year 4–5, and 
0.10% (0.01, 0.24) between years 5 and 6 (Figure 3).

Subgroup Analyses by Liver Disease Stage

Among 20 458 eligible individuals (2701 unique)with F4 at 
baseline, 1679 initiated DAA, and 35 HCC diagnoses oc
curred after DAA initiation (Supplementary Table 4). The es
timated 6-year HCC risk had all eligible individuals who 
initiated DAA at baseline was 2.38% (1.40, 3.76), and the 
overall crude HCC incidence rate after DAA was 0.52 (0.36, 
0.72) cases per 100 person-years. The estimated annual prob
ability of HCC was 0.78% (0.32, 1.53) between baseline and 
month 12 after DAA initiation, 0.72% (0.30, 1.30) between 
years 1 and 2, 0.46% (0.24, 0.77) between years 2 and 3, 
0.25% (0.08, 0.51) between years 3 and 4, 0.13% (0.02, 0.28) 
between years 4 and 5, and 0.07% (0.001, 0.26) between years 
5 and 6.

Among 10 859 eligible individuals (1440 unique) with F3 at 
baseline, 676 initiated DAA, and 8 HCC diagnoses occurred 
after DAA initiation. The estimated 6-year HCC risk was 
1.59% (0.78, 3.23), and the overall crude incidence rate after 
DAA was 0.30 (0.13, 0.59) cases per 100 person-years (be
cause the low number of events prevented fitting a regression 
model, we estimated the risk nonparametrically and without 
weights).

Sensitivity Analyses

The 6-year risk of HCC ranged between 2.11% and 2.72% un
der different assumptions (Supplementary Figures 4 and 5). 

Figure 1. Selection of eligible people with HIV and HCV coinfection initiating DAA in HepCAUSAL, 2013–2023. Abbreviations: DAA, direct-acting antivirals; HCC, hepa
tocellular carcinoma; HCV, hepatitis C virus; HBsAg, hepatitis B surface antigen; VACS index, Veterans Aging Cohort Study index; F3–F4, advanced fibrosis or cirrhosis based 
on the METAVIR score.
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Excluding individuals with end-stage liver disease and censor
ing at death resulted in the greatest difference in point estimates 
compared to the main analysis. In analyses restricted to 

individuals with cirrhosis, the 6-year risk of HCC was similar 
under alternative definitions of cirrhosis (Supplementary 
Figure 6).

Table 1. Baseline Characteristics of Eligible Individuals With HIV and Advanced Liver Fibrosis or Cirrhosis, HepCAUSAL Collaboration 2013–2023

Characteristica
All 

(n = 31 317)
No DAAb

(n = 28 944)
DAAb

(n = 2373) Standardized Mean Difference

Age (years) 60.0 (54.0, 64.0) 60.0 (55.0, 64.0) 57.0 (51.0, 63.0) 0.30

Sex 0.19

Male 28 707 (91.7%) 26 663 (92.1%) 2044 (86.1%)

Female 2610 (8.3%) 2281 (7.9%) 329 (13.9%)

Mode of HIV transmissionc 0.50

Heterosexual 1305 (4.2%) 1133 (3.9%) 172 (7.2%)

Homo/bisexual 1144 (3.7%) 976 (3.4%) 168 (7.1%)

Injection drug use 5730 (18.3%) 4957 (17.1%) 773 (32.6%)

Other 22 498 (71.8%) 21 308 (73.6%) 1190 (50.1%)

Unknown 640 (2.0%) 570 (2.0%) 70 (2.9%)

Behavioral

History of injection drug use 15 122 (48.3%) 13 888 (48.0%) 1234 (52.0%) −0.08

History of cigarette smoking 0.13

No 3557 (11.4%) 3255 (11.2%) 302 (12.7%)

Yes 25 520 (81.5%) 23 689 (81.8%) 1831 (77.2%)

Unknown 2240 (7.2%) 2000 (6.9%) 240 (10.1%)

HIV related

CD4 T-cell count (cells/mm3) 473 (298, 681) 471 (296, 679) 502 (320, 710) −0.09

History of AIDS 6190 (19.8%) 5649 (19.5%) 541 (22.8%) −0.08

HCV related

Known duration of HCV diagnosis (years) 10.7 (4.6, 14.4) 10.7 (4.7, 14.4) 10.4 (3.3, 15.2) −0.01

Hepatitis C virus genotype 0.23

1 21 813 (69.7%) 20 272 (70.0%) 1541 (64.9%)

2 1242 (4.0%) 1163 (4.0%) 79 (3.3%)

3 2212 (7.1%) 1958 (6.8%) 254 (10.7%)

4 1010 (3.2%) 856 (3.0%) 154 (6.5%)

6 1 (0.0%) 0 (0.0%) 1 (0.0%)

Unknown 5039 (16.1%) 4695 (16.2%) 344 (14.5%)

Previous pegylated interferon treatment 5265 (16.8%) 4592 (15.9%) 673 (28.4%) −0.30

Fibrosis-4 Index value 3.4 (2.4, 5.1) 3.4 (2.4, 5.0) 3.3 (2.2, 5.2) −0.01

Liver fibrosis stage 0.14

F3 10 859 (34.7%) 10 183 (35.2%) 676 (28.5%)

F4 20 458 (65.3%) 18 761 (64.8%) 1697 (71.5%)

History of end-stage liver disease 2515 (8.0%) 2364 (8.2%) 151 (6.4%) 0.07

Model for end-stage liver disease (MELD) score

No complete tests to determine MELD 8627 (27.5%) 7855 (27.1%) 772 (32.5%) 7855 (27.1%)

<15 19 783 (63.2%) 18 280 (63.2%) 1503 (63.3%) 18 280 (63.2%)

≥15–<20 1282 (4.1%) 1233 (4.3%) 49 (2.1%) 1233 (4.3%)

≥20–30 1344 (4.3%) 1301 (4.5%) 43 (1.8%) 1301 (4.5%)

≥30 281 (0.9%) 275 (1.0%) 6 (0.3%) 275 (1.0%)

Other

HBV core antibody positive 20 010 (63.9%) 18 563 (64.1%) 1447 (61.0%) 0.07

History of diabetes 11 746 (37.5%) 11 088 (38.3%) 658 (27.7%) 0.23

Estimated glomerular filtration rate (mL/min/1.73 m²) 85.1 (64.7, 100.6) 84.6 (64.1, 100.2) 90.5 (71.2, 103.4) −0.25

Hemoglobin (g/dL) 13.7 (12.4, 14.9) 13.7 (12.3, 14.8) 14.1 (13.0, 15.2) −0.21

VACS index 48.0 (35.0, 63.0) 48.0 (36.0, 63.0) 42.0 (29.0, 58.0) 0.31

Year of first eligible visit 2015 (2014, 2017) 2015 (2014, 2016) 2015 (2015, 2016) −0.21

Abbreviations: DAA, direct-acting antiviral; HCV, hepatitis C virus; VACS, Veterans Aging Cohort Study.
aMedian (Q1, Q3) for continuous variables; n (%) for categorical variables.
bBecause being DAA-naïve at the beginning of the month was an eligibility criterion, individuals became ineligible after the month they initiated DAA. Therefore, individuals could contribute to 
the “no DAA” group in multiple months during the study period (December 2013 to March 2023) if they remained eligible over subsequent visits but could contribute to the DAA group only 
once, the month they initiated a DAA.
c“Other” category includes hemophilia, perinatal transmission, and unspecified sexual contact.
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DISCUSSION

We estimated that 2.5% (95% CI: 1.6, 3.9) of people with HIV 
and advanced fibrosis or cirrhosis would have been diagnosed 
with HCC by 6 years post-DAA treatment. The estimated an
nual probability of HCC declined from 0.81% (95% CI: .34, 

1.54) in the year following DAA initiation to 0.10% (95% CI: 
.01, .24) between 5 and 6 years after DAA initiation.

Most studies in people with HIV have reported post-SVR 
HCC risks below 1% over periods of 3–4 years [19, 34, 35]; 
one study reported a 4-year risk of approximately 2% [36], in 

Figure 2. Estimated HCC risk after universal DAA initiation in people with HIV and advanced liver fibrosis or cirrhosis, HepCAUSAL Collaboration 2013–2023. Shaded area 
is the pointwise 95% confidence interval.

Figure 3. Estimated annual probability of hepatocellular carcinoma after DAA initiation in people with HIV and advanced liver fibrosis or cirrhosis, HepCAUSAL 
Collaboration 2013–2023. Abbreviation: DAA, direct-acting antiviral.
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line with our 2% HCC risk by 4 years. These studies were con
ducted shortly after DAA became available, when individuals at 
higher risk of liver disease progression and those well-engaged 
in care were more likely to receive DAAs. Our study updates 
those estimates for the DAA era for people with HIV eligible 
for DAA. In studies of people without HIV, the estimated 
3-year post-SVR risks vary widely, from <1% to 10% [11, 22, 
37–39], but comparisons across studies are complicated by 
methodological choices (eg, handling of competing events) 
and differences in study populations.

Post-SVR surveillance may detect HCC at earlier stages 
when treatment options are most effective [16, 40]. HCC sur
veillance is deemed cost-effective when annual HCC incidence 
is above a certain threshold, which varies across HCC clinical 
guidelines and ranges from 0.4% to 1.5%; but few studies in 
the DAA era or in people with HIV have reported annual inci
dence estimates [21, 41]. While a stable annual incidence over 
2% for up to 10 years was reported during the interferon era 
[16, 42], this is the first study to provide information to deter
mine whether these thresholds are reached after DAA in people 
with HIV. Our estimated annual probability of HCC fell be
tween the 0.4% and 1.5% thresholds during the first 3 years 
post-DAA and gradually fell below 0.4% afterward. This sug
gests that HCC surveillance is particularly critical in the first 
few years after DAA initiation. However, disengagement in 
HCC surveillance post-SVR could result in missed or delayed 
HCC diagnoses after DAA initiation [43], which may limit 
our ability to accurately estimate the annual probability of 
HCC.

Post-SVR HCC surveillance is currently recommended for 
people with cirrhosis by all HCC clinical guidelines, while the 
need for surveillance in patients with advanced fibrosis without 
cirrhosis remains contentious. Of about 700 eligible individuals 
with HIV/HCV and advanced fibrosis in our study—to our 
knowledge the largest to date—only 8 had HCC after DAA, 
which corresponds to a 6-year risk of 1.6% (0.8, 3.2) and an in
cidence rate of 0.30 per 100 person-years (0.13, 0.59), which is 
lower than a meta-analysis of 4 smaller early DAA studies [13] 
(0.63 per 100 person-years) and similar to a study in people 
with HIV [36] (0.37 per 100 person-years). Given the low inci
dence of HCC and the wide HCC risk 95% CI, the necessity for 
continued HCC surveillance in individuals with pretreatment 
F3 requires further evaluation.

Our study has some limitations. First, our estimates rely on 
the assumption that DAA adherence and SVR rates in the no 
DAA group would have been similar to those in the DAA group 
if all eligible individuals had received DAA treatment, condi
tional on the measured covariates. Although this assumption 
cannot be directly tested, it is reassuring that several studies 
have reported high SVR rates across varying levels of adher
ence, including among individuals with suboptimal adherence 
[44, 45]. Second, because DAA treatment is typically not 

recommended for individuals with a short life expectancy, 
and the available data may not suffice to assess immediate 
risk of death, our analysis may include some individuals ineli
gible for DAA. However, our estimates did not materially chan
ge when excluding individuals who died within the first 
6 months following DAA. Third, some HCC cases diagnosed 
shortly after baseline might have been undetected rather than 
truly new diagnoses. Backdating the dates of HCC diagnoses 
by 6 months resulted in a lower probability of HCC in the first 
year post-DAA, indicating delayed screening or that cases may 
have gone undetected due to the low sensitivity of diagnostic 
tests during the early stages of HCC. Nevertheless, estimates 
for subsequent years were similar to those in the main analysis. 
Fourth, the diagnosis of liver fibrosis or cirrhosis is difficult to 
make using the available data, given that the positive and neg
ative predictive values for FIB-4 are 65% and 84%, respectively 
[46]. To reduce misclassification, we used at least 2 FIB-4 values 
of ≥3.25 spaced 6–24 months apart and excluded laboratory 
values indicative of acute illness rather than liver fibrosis. 
HCC risks were consistent across various definitions of cirrho
sis. Because there are no specific diagnostic codes for F3 stage, 
and Fibroscan was not uniformly available across cohorts, we 
relied primarily on laboratory measurements, which may 
have overestimated the risk in our population with F3/F4. 
Fifth, while we included all individuals who initiated DAA, re
flecting a real-world population of people with HIV initiating 
DAA in high-income countries, postcure HCC estimates may 
be lower given that 8% of eligible individuals did not achieve 
SVR12+. Last, our estimates rely on correct model specifica
tion, but our results were robust to different modeling choices.

In conclusion, people with HIV and advanced liver disease 
remain at risk for HCC, though the probability of HCC appears 
to decline over time, falling below current cost-effectiveness 
thresholds. Our findings suggest that HCC surveillance appears 
to be most crucial during the initial years post-DAA in people 
with HIV. Future research is needed to understand if there are 
populations for whom HCC risk decreases sufficiently that sur
veillance could be discontinued, and if so, when.
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