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Background.  A hepatitis C (HCV) cure is associated with changes in lipids and inflammatory biomarkers, but its impact on 
clinical endpoints among treated human immunodeficiency virus (HIV)/HCV coinfected persons is unclear.

Methods.  People living with HIV from EuroSIDA with a known HCV status after January 2001 were classified into strata based 
on time-updated HCV RNA measurements and HCV treatment, as either HCV antibody–negative; spontaneously resolved HCV; 
chronic, untreated HCV; cured HCV (HCV RNA–negative); or HCV treatment failures (HCV RNA–positive). Poisson regression 
was used to compare incidence rates between HCV groups for end-stage liver disease (ESLD; including hepatocellular carcinoma 
[HCC]), non–acquired immunodeficiency virus defining malignancy (NADM; excluding HCC), and cardiovascular disease (CVD).

Results.  There were 16 618 persons included (median follow-up 8.3 years, interquartile range 3.1–13.7). There were 887 CVD, 
902 NADM, and 436 ESLD events; crude incidence rates/1000 person-years follow-up were 6.4 (95% confidence interval [CI] 6.0–
6.9) for CVD, 6.5 (95% CI 6.1–6.9) for NADM, and 3.1 (95% CI 2.8–3.4) for ESLD. After adjustment, there were no differences in 
incidence rates of NADM or CVD across the 5 groups. HCV-negative individuals (adjusted incidence rate ratio [aIRR] 0.22, 95% 
CI 0.14–0.34) and those with spontaneous clearance (aIRR 0.61, 95% CI 0.36–1.02) had reduced rates of ESLD compared to cured 
individuals. Persons with chronic, untreated HCV infections (aIRR 1.47, 95% CI 1.02–2.13) or treatment failure (aIRR 1.80, 95% CI 
1.22–2.66) had significantly raised rates of ESLD, compared to those who were cured.

Conclusions.  Incidences of NADM or CVD were independent of HCV group, whereas those cured had substantially lower in-
cidences of ESLD, underlining the importance of successful HCV treatment for reducing ESLD.

Keywords.   HIV; hepatitis C; cardiovascular disease; malignancies; end-stage liver disease.

Persons living with human immunodeficiency virus (HIV) have 
increased incidences of comorbidities associated with aging, such 
as cardiovascular disease (CVD), non–acquired immunodefi-
ciency syndrome (AIDS) defining malignancies (NADM), and 

end-stage liver disease (ESLD) [1–4]. The age of the patient, dura-
tion of HIV infection, and effects of the HIV infection, including 
immunosuppression, chronic immune activation, and persistent 
low-grade inflammation, as well as coinfection with hepatitis C 
infection (HCV), have been suggested as important contributing 
factors [5–11]. Of the 36.7 million people living with HIV glob-
ally, an estimated 2.3 million individuals have serological evidence 
of a past or present HCV infection [12]. HCV itself is associated 
with increased incidence of ESLDs, hepatocellular carcinomas, 
and some malignancies, including non-Hodgkins lymphoma, 
cholangiocarcinoma, and pancreatic cancers [13], possibly due 
to chronic immune activation [14]. There are fewer studies in 
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populations that are HIV/HCV coinfected, compared to those 
that are HIV mono-infected. Recent studies have suggested an in-
creased risk of CVD in those with HCV [15–17], although data 
are more limited in those with both HIV and HCV [17].

The recent availability of direct-acting antivirals (DAAs) for the 
treatment of HCV has shown cure rates over 90% in both HCV 
mono-infected and HIV/HCV coinfected persons [18]. This raises 
the question of whether people living with HIV but cured of HCV 
have a lower rate of long-term, non–liver related clinical outcomes 
compared to those who are untreated or failing treatment, or com-
pared to those who are HCV antibody–positive and HCV RNA–
negative without treatment (spontaneous clearers). Berenguer 
et  al [19] demonstrated no differences in NADM among those 
with a sustained virologic response (SVR), but a marginally signif-
icant increased risk of CVD in an analysis only including treated 
individuals, while Kovari et al [20] found no differences in CVD 
or NADM when comparing those who were HCV antibody–neg-
ative, spontaneous clearers, or chronically infected, as well as those 
treated with and without SVR. Previous studies in coinfected 
persons have been limited by small sizes, short durations of fol-
low-up, poorly defined clinical endpoints, data collection in single 
countries, differences in methodologies or groups compared, and 
the inability to adjust for some important confounders.

The aim of this study was to investigate clinical outcomes in a 
large, European, multi-cohort study, according to HCV status in 
HIV-coinfected persons from across Europe, comparing persons 
who were HCV-negative, spontaneous clearers, with those who had 
chronic, untreated HCV, were cured, or were failing HCV treatment.

METHODS

The EuroSIDA Study

Persons were included from the EuroSIDA study, a large, prospec-
tive, observational cohort of almost 23 000 patients living with 
HIV-1 who were followed in 100 hospitals in 35 European coun-
tries, plus Israel and Argentina. Individuals were enrolled into 10 
cohorts from 1994 onward. In Cohort 10, all patients living with 
HIV were also required to be positive for anti-HCV antibodies 
(HCV RNA–positive or –negative or with an unknown status). At 
recruitment, in addition to demographic and clinical data, a com-
plete antiretroviral therapy history was obtained, together with 
the most recent CD4 cell counts and HIV RNA measurements, 
as well as all HCV tests, HCV RNA, HCV genotype, hepatitis B 
surface antigen (HBsAg), and hepatitis B virus DNA. Data were 
collected prospectively at clinical sites and sent to the coordi-
nating center at yearly intervals. At each follow-up visit, all CD4 
cell counts, HIV RNA, HCV tests, HCV RNA, genotype, and 
HBsAg results measured since the last follow-up were collected, 
together with start and stop dates for antiretroviral drugs and 
HCV and hepatitis B virus drugs. Detailed information about the 
data collected in EuroSIDA can be found at http://www.chip.dk/
Ongoing-Studies/EuroSIDA/About.

Inclusion and Exclusion Criterion

All persons with a known HCV serostatus and a prospective 
follow-up after 1 January 2001 (start of standardized collection 
of NADM) were eligible for inclusion. The baseline was defined 
as the latest of 1 January 2001, enrollment in EuroSIDA, known 
HCV serostatus, or, for those HCV positive, known HCV RNA 
status. Persons aged  <16  years at baseline or without a CD4 
count and viral load in the 12 months before or 1 month after 
baseline were excluded.

Based on time-updated HCV antibody tests, HCV RNA, and 
HCV treatment, we defined 5 HCV groups:

	1.	HCV antibody–negative;
	2.	HCV antibody–positive, HCV RNA–negative, and untreated 

(spontaneous clearers);
	3.	HCV antibody–positive, HCV RNA–positive, and untreated 

(chronic infections);
	4.	HCV antibody–positive, HCV RNA–negative, and treated 

(successfully treated with any licensed HCV therapy; cured); 
and 

	5.	HCV antibody–positive, HCV RNA–positive, and treated 
(treatment failure).

Persons were followed until their last visit (median June 2017), 
date of death, or a clinical event, whichever occurred first. 
Person-years of follow-up (PYFU) and clinical events were 
accrued according to the current HCV strata using the latest 
information carried forward. Fatal and nonfatal CVD (myocar-
dial infarction [MI], stroke, and invasive coronary procedures 
[angioplasty, coronary bypass, or carotid endarterectomy]), 
NADM (excluding hepatocellular carcinoma), and ESLD (as-
cites, hepatorenal syndrome, grade III/IV hepatic encephalop-
athy, unspecified liver decompensation, oesophageal variceal 
bleeding, spontaneous bacterial peritonitis, liver transplanta-
tion, and hepatocellular carcinoma) were included as clinical 
events (further information about these events is available at 
https://www.chip.dk/Studies/EuroSIDA/Study-documents). An 
extensive data monitoring and quality assurance program is in 
place within EuroSIDA; all clinical events were monitored and 
reviewed by study personnel, as well as via a random selection 
of information from persons without clinical events.

Statistical Analysis

We performed 3 separate analyses with each of the clinical 
events (CVD, NADM, and ESLD) as endpoints. Persons with a 
diagnosis before baseline were included with a follow-up to the 
next unique event; that is, recurrences of the same event were 
excluded from analyses. Characteristics of patients were com-
pared across strata using simple summary statistics. Incidence 
rates per 1000 PYFU of each clinical event were calculated 
within HCV groups, and Poisson regression was used to com-
pare these rates, after adjustment for relevant confounding 
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variables. Models were adjusted for gender, HIV transmission 
category, ethnic origin, region of Europe (North, Central West, 
South, Central East, East, and Argentina [21]), nadir CD4, 
age, liver fibrosis stage (as previously described [22]; this was 
included as measured at baseline, as it could lie on the causal 
pathway for the endpoints considered), baseline date (as fixed 
value at baseline), hepatitis B status, HIV viral load, AIDS 
status, NADM, ESLD, CVD, history of smoking (never smoked, 
current smoker, past smoker, or unknown smoking status), 
hypertension, diabetes, and chronic kidney disease (defined 
as 2 consecutive estimated glomerular filtration rate < 60 mg/
dl at least 3 months apart, calculated using the chronic kidney 
disease-EPI formula [23]) as time-updated variables.

Sensitivity analyses were performed using the last observa-
tion carried forward for a maximum of 12 months, in addition 
to excluding those from Central East and Eastern Europe and 
those aged <50 years. The latter 2 sensitivity analyses address 
the extent to which the results were driven by people more re-
cently infected with HCV. Among those HCV-positive, the role 
of liver fibrosis stage [24] was investigated. Given the recent 
introduction of DAAs and the improved response rates com-
pared to the pre-DAA treatments, an exploratory analysis con-
sidered the different HCV treatments (interferon plus ribavirin 
and DAA with or without interferon) in those cured (Group 4) 
and those with treatment failure (Group 5). Power was very lim-
ited in this analysis and, therefore, the crude incidence rate (IR) 
ratios were only adjusted for age, which was the strongest pre-
dictor of both CVD and NADM.

All analyses were performed in SAS version 9.4 (Statistical 
Analysis Software, Cary, NC).

RESULTS

Of 22 826 persons enrolled in EuroSIDA, 18 736 persons had 
known HCV antibody and RNA statuses and were eligible for 
inclusion into this analysis. We excluded 1918 persons (1456 
with no prospective follow-up after baseline, 462 with unknown 
CD4 count and/or HIV viral load); thus, 16 818 (89.8%) per-
sons were included. Those excluded were less likely to have had 
a prior AIDS diagnosis, had a higher CD4 count nadir, were 
enrolled in EuroSIDA later in calendar time, and were more 
likely to be on antiretroviral therapy. Baseline characteristics are 
shown in Table 1; the largest group was those HCV antibody–
negative (n = 10 433, 62.0%). Overall, most were male (74%), 
of White ethnic origin (85.2%), ever exposed to combination 
antiretroviral therapy (83.9%), and current smokers (54.3%) 
with a median age of 41 (interquartile range [IQR] 35–49) and 
CD4 cell count of 438 (IQR 281–630 cells/µl). As expected, on 
average those treated for HCV (Groups 4 and 5)  were older, 
had higher CD4 counts, and were from Northern, Central, or 
Southern Europe. At baseline, the previous HCV treatment was 
predominantly interferon plus ribavirin in both those cured 

(Group  4; 74.6%) and those with treatment failure (Group  5; 
84.6%).

Clinical Events and Hepatitis C Virus Strata

During a median follow-up of 8.3 years (IQR 3.1–13.7), we ob-
served 887 CVD, 902 NADM, and 436 ESLD events. Figure 1 
summarizes the clinical events within each of these categories. 
The most common CVD events were invasive coronary proced-
ures (351; 39.6%), and stroke (249; 28.1%), with few differences 
between hepatitis strata (P =  .25). The most common NADM 
event was anal cancer (143; 15.9%), followed by lung cancer (96; 
10.6%). Almost all cases of prostate cancer were seen in HCV-
negative persons (Group 1). The majority of ESLD events were 
end-stage hepatic encephalopathy (110; 25.2%) and death from 
ESLD (103; 23.6%). There were some differences in the strata 
according to type of ESLD (P  =  0.0029), with a much higher 
proportion of ESLD events in those who were HCV-positive 
(Groups 3–5). Although there were 100 events in those HCV 
antibody–negative (Group 1), this included 37 events in those 
HBsAg-positive.

Incidence Rates and Adjusted Incidence Rate Ratios of Clinical Events in 
Hepatitis C Virus Strata

The crude IRs per 1000 PYFU of CVD, NADM, and ESLD 
were 6.4 (95% confidence interval [CI] 6.0–6.9), 6.5 (95% CI 
6.1–6.9), and 3.1 (95% CI 2.8–3.4), respectively (Figure 2). For 
CVD, there was some evidence of a difference in the IRs be-
tween the 5 strata (global P =  .0005). The lowest IR was seen 
for those with chronic, untreated HCV (Group 3; 4.6, 95% CI 
3.7–5.6 per 1000 PYFU) and the highest was in spontaneous 
clearers (Group 2; 7.9, 95% CI 5.8–10.1 per 1000 PYFU). There 
were no significant differences between the 5 strata for NADM 
(global P = 0.32), with rates in all strata between 5 and 7 per 
1000 PYFU. Although there were a number of ESLD events in 
those HCV-negative (Group  1), there was a low incidence of 
ESLD in those with chronic, untreated infections (Group  3), 
while those with treatment failure (Group  5) had the highest 
rates of ESLD (9.6 [95% CI 8.2–10.9] and 9.9 [95% CI 7.7–12.1] 
per 1000 PYFU, respectively; global P < .0001).

Compared to those cured (Group 4), there were few differ-
ences in the adjusted IR ratios for CVD or NADM across the 5 
groups (Figure 3). Consistent results and no differences between 
the groups were seen when considering MI or stroke individu-
ally. Unsurprisingly, those who were HCV-negative (Group 1) 
had significantly reduced rates of ESLD (adjusted IR ratio 
[aIRR] 0.22, 95% CI 0.14–0.34), while persons with chronic, 
untreated infections (Group  3; aIRR 1.47, 95% CI 1.02–2.13; 
P = .041) or treatment failure (Group 5; aIRR 1.80, 95% CI 1.22–
2.66; P = .0033) had significantly higher IRs of ESLD compared 
to those cured (Group 4). Spontaneous clearers (Group 3) had 
a marginally significantly lower IR of ESLD, compared to those 
cured (Group 4; aIRR 0.61, 95% CI 0.36–1.02 ; p = .058). There 
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Table 1.   Characteristics at Baseline

All
HCV Antibody  

Negative Group 1

HCV Antibody Positive

Group 2 Sponta-
neous Clearers

Group 3 Chronic 
Untreated Infection

Group 4  
Cured

Group 5  
Treatment Failure

N % n % n % n % n % n %

All 16 818 100.0 10 433 62.0 919 5.5 3756 22.3 828 4.9 882 5.2

Gender M 12 451 74.0 7945 76.2 606 65.9 2641 70.3 613 74.0 646 73.2

F 4367 26.0 2488 23.8 313 34.1 1115 29.7 215 26.0 236 26.8

HIV risk MSM 6415 38.1 5495 52.7 118 12.8 415 11.0 211 25.5 176 20.0

IDU 4320 25.7 287 2.8 548 59.6 2508 66.8 454 54.8 523 59.3

 Het 4818 28.6 3891 37.3 168 18.3 530 14.1 107 12.9 122 13.8

Other 1265 7.5 760 7.3 85 9.2 303 8.1 56 6.8 61 6.9

Ethnic origin White 14 327 85.2 8765 84.0 760 82.7 3367 89.6 660 79.7 775 87.9

Other 2491 14.8 1668 16.0 159 17.3 389 10.4 168 20.3 107 12.1

Region South 4227 25.1 2309 22.1 208 22.6 1027 27.3 292 35.3 391 44.3

Central 4611 27.4 3027 29.0 271 29.5 854 22.7 263 31.8 196 22.2

 North 3537 21.0 2570 24.6 156 17.0 611 16.3 109 13.2 91 10.3

Central East 2161 12.8 1345 12.9 140 15.2 552 14.7 38 4.6 86 9.8

 East 1775 10.6 753 7.2 134 14.6 663 17.7 118 14.3 107 12.1

Argentina 507 3.0 429 4.1 10 1.1 49 1.3 8 1.0 11 1.2

HBV status Negative 14 177 84.3 9099 87.2 674 73.3 3016 80.3 680 82.1 708 80.3

Positive 1261 7.5 736 7.1 153 16.6 262 7.0 54 6.5 56 6.3

 Unknown 1380 8.2 598 5.7 92 10.0 478 12.7 94 11.4 118 13.4

Ever cART No 2710 16.1 1825 17.5 128 13.9 564 15.0 88 10.6 105 11.9

 Yes 14 108 83.9 8608 82.5 791 86.1 3192 85.0 740 89.4 777 88.1

HIV VL < 500 11 399 67.8 6714 64.4 658 71.6 2540 67.6 748 90.3 739 83.8

 > 500 5419 32.2 3719 35.6 261 28.4 1216 32.4 80 9.7 143 16.2

Comorbidities AIDS 4296 25.5 2823 27.1 245 26.7 899 23.9 151 18.2 178 20.2

 CVD 337 2.0 228 2.2 13 1.4 55 1.5 24 2.9 17 1.9

NADM 318 1.9 184 1.8 21 2.3 71 1.9 19 2.3 23 2.6

 ESLD 189 1.1 41 0.4 14 1.5 67 1.8 30 3.6 37 4.2

Hypertension 3676 21.9 2358 22.6 194 21.1 713 19.0 210 25.4 201 22.8

 Diabetes 671 4.0 423 4.1 29 3.2 109 2.9 57 6.9 53 6.0

CKDa 98 0.6 30 0.3 8 0.9 26 0.7 22 2.7 12 1.4

Smoking 
status

Never 4554 27.1 3569 34.2 142 15.5 475 12.6 194 23.4 174 19.7

 Current 9133 54.3 4933 47.3 633 68.9 2644 70.4 441 53.3 482 54.6

Previous 1570 9.3 919 8.8 89 9.7 341 9.1 101 12.2 120 13.6

 Unknown 1561 9.3 1012 9.7 55 6.0 296 7.9 92 11.1 106 12.0

Fibrosis 0/1 6585 39.2 3379 32.4 498 54.2 1737 46.2 511 61.7 460 52.2

 2 484 2.9 37 0.4 24 2.6 228 6.1 76 9.2 119 13.5

3 238 1.4 14 0.1 8 0.9 96 2.6 70 8.5 50 5.7

 4 468 2.8 33 0.3 35 3.8 203 5.4 87 10.5 110 12.5

Unknown 9043 53.8 6970 66.8 354 38.5 1492 39.7 84 10.1 143 16.2

Prior HCV treatment INTF + RIBA 1364 79.8 … … … … … … 618 74.6 746 84.6

DAA + INTF 182 10.6 … … … … … … 96 11.6 86 9.8

 DAA only 284 16.6 … … … … … … 208 25.1 76 8.6

Age (y), median (IQR) 41 (35–49) 41 (34–49) 41 (35–48) 40 (34–46) 48 (40–54) 46 (38–52)

CD4 (mm3), median (IQR) 438 (281–630) 430 (280–613) 442 (277–662) 420 (265–620) 525 (347–762) 531 (360–748)

Nadir CD4 (mm3), median (IQR) 180 (72–293) 180 (70–296) 162 (58–291) 172 (77–285) 190 (61–296) 197 (102–302)

Baseline (mm/yy), median (IQR) 06/06 (01/01-03/12) 12/03 (01/01-07/08) 5/09 (02/02-12/14) 12/06 (11/01-10/14) 03/15 (09/14-10/15) 10/14 (4/10–4/15)

Baseline was defined as latest of 1 January 2001, enrollment to EuroSIDA, known HCV antibody status, or, for those HCV antibody–positive, known HCV RNA status. Spontaneous clearers 
shows data for those HCV antibody–positive, HCV RNA–negative, and untreated; chronic untreated infection shows data for those HCV antibody–positive, HCV RNA–positive, and untreated; 
cured shows data for those HCV antibody–positive, HCV RNA–negative, and treated; and treatment failure shows data for those HCV antibody–positive, HCV RNA–positive, and treated. All 
P < .0001 except prior NADM (P = .3), prior CVD (P = .015), nadir CD4 (P = .0011), and HCV treatment with DAA + INTF (P = .22).
Abbreviations: cART, combination antiretroviral therapy; CVD, cardiovascular disease; DAA, direct-acting antivirals; ESLD, end-stage liver disease; F, female; HBV, hepatitis B virus; HCV, 
hepatitis C virus; HIV, human immunodeficiency virus; IDU, intravenous drug user and heterosexual; INTF, interferon; IQR, interquartile range; M, male; mm/yy, month/year; MSM, men who 
have sex with men; NADM, non–AIDS defining malignancy; RIBA, ribavirin; VL, viral load.
aCKD status could be calculated for 14861 at baseline; 9264, 800, 3259, 748, 790 in groups 1-5 respectively.  P-value excluding those with unknown CKD status <.0001.

Testing
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was no evidence that the associations between HCV strata and 
each of the clinical events differed according to age (above or 
below 50, all P interactions > 0.15).

Baseline fibrosis stage was not associated with CVD or NADM 
(global Ps  =  .33 and .53, respectively), although it should be 
noted that this information was missing for half the participants. 
As expected, the baseline fibrosis stage was strongly associated 
with an increased IR of ESLD (global P < .0001). Compared to 
those with F0/F1 fibrosis, those with F2 fibrosis had a 2.5-fold 
increased IR of ESLD (aIRR 2.51, 95% CI 1.66–3.80; p <.0001) 
increasing to a >5-fold increase in those with F4 fibrosis (aIRR 
5.80, 95% CI 4.12–8.19; p <.0001). Analyses were repeated in-
cluding fibrosis as time-updated, with consistent results (data 
not shown).

Sensitivity and Exploratory Analyses

Analyses excluding those from Central East and Eastern Europe 
showed consistent results, as well as an analysis limited to those 
aged >50 years. A sensitivity analysis where the last HCV RNA 
measurement was carried forward for a maximum of 12 months 
also showed similar results.

In an exploratory analysis, we compared the IRs of CVD and 
NADM in those cured (Group  4) and with treatment failure 

(Group 5), according to whether the HCV treatment was inter-
feron plus ribavirin or DAA-based (with or without interferon; 
Table 2). There was limited power for this analysis and we were 
only able to adjust for age, which was the strongest factor as-
sociated with both CVD and NADM. Those cured with DAA 
had a similar incidence of NADM (aIRR 0.82, 95% CI 0.40–1.69; 
p = .59) to those cured with interferon plus ribavirin (compar-
ison within Group  4). Similarly, those with treatment failure 
following treatment with DAA had a very similar IR of NADM 
(aIRR 1.01, 95% CI 0.45–2.44; p  =  .98), compared to those 
failing treatment following interferon plus ribavarin  (compar-
ison within group 5). There were few differences when com-
paring CVD outcomes in those treated with either interferon 
plus ribavirin or DAAs in those cured (Group 4) or failing treat-
ment (Group 5). Despite the limited power and wide CIs, all the 
estimates comparing those cured or unsuccessfully treated with 
DAAs for NADM and CVD were close to 1, suggesting only 
small differences.

DISCUSSION

In this large study of more than 16 000 people living with HIV, 
with a median follow-up of over 8 years, we found no differences 

Figure 1.  Type of clinical events by hepatitis C strata. Abbreviations: AMI, acute myocardial infarction; ASCI, ascites; CVD, cardiovascular disease; ESLD, end-stage liver 
disease; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HEP, end-stage hepatis encephalopathy; ICP, invasive coronary procedure; NADM, non–acquired immunode-
ficiency syndrome defining malignancy; STR, stroke. 
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Figure 3.  Univariate and multivariate incidence rate ratios of cardiovascular disease (CVD), non–AIDS defining malignancy (NADM), and end-stage liver disease (ESLD). 
*Adjusted for gender, HIV exposure category, ethnic origin, region of Europe, nadir CD4, age, fibrosis stage, and baseline date as fixed values at baseline; adjusted for hep-
atitis B status, HIV viral load, AIDS, smoking, hypertension, diabetes, use of statins, and CKD as time-updated variables. For CVD, CVD status at baseline was included, and 
ESLD and NADM were included as time-updated. For NADM, NADM status at baseline was included, and ESLD and CVD were included as time-updated. For ESLD, ESLD 
status at baseline was included, and CVD and NADM were included as time-updated. Abbreviations: CI, confidence interval; CKD, chronic kidney disease; CVD, cardiovascular 
disease; ESLD, end-stage liver disease; HCV, hepatitis C virus; HIV, human immunodeficiency virus; NADM, non–AIDS defining malignancy.

Figure 2.  Crude incidence rates of cardiovascular disease, non–AIDS defining malignancy, and end-stage liver disease. Abbreviations: CI, confidence interval; CVD, cardi-
ovascular disease; ESLD, end-stage liver disease; HCV, hepatitis C virus; NADM, non–AIDS defining malignancy; PYFU, person-years of follow-up.
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in CVD or NADM between those without HCV; spontaneous 
HCV clearers; those with chronic, untreated HCV infections; 
those cured; or treatment failures. As expected, we found large 
differences in ESLD depending on HCV serostatus and HCV 
RNA replication. To our knowledge, this is among the largest 
studies to date including HIV and HCV coinfected persons 
with clinical endpoints and comparing outcomes to persons 
who have been cured of HCV.

Biomarkers of cardiometabolic disease are elevated in both 
HIV- and HCV- infected individuals [25]. In contrast, chronic 
HCV infection is associated with lower LDL and total choles-
terol levels, and studies have shown a reversal to a less favorable 
lipid profile after SVR [26, 27] and an increase in Framingham 
risk scores, driven by increases in low-density lipoprotein (LDL) 
cholesterol [26]. While biomarker studies are important, surro-
gate markers for clinical events can be limited and, therefore, 
large studies with adequate follow-ups and well-defined clinical 
events are crucial to confirm results from biomarker studies. 
Studies on the impact of SVR on the risk of CVD events in HCV 
mono-infected persons have shown conflicting results [28–32]. 

It is possible that lifestyle factors, such as continued injection 
drug use and alcohol use, as well as differences in demographics 
clinical events included, methodologies, and unmeasured con-
founding factors all contribute to different findings. Our study 
and results from other prospective, cohort studies of HIV/HCV-
coinfected persons have all found no reduced risk of CVD events 
in those with an HCV cure [19, 20, 33]. Our study is significantly 
larger than previously published studies in HIV/HCV coinfected 
persons, is more heterogeneous, included persons from  >30 
European countries, was able to adjust for a wide range of poten-
tial confounders, and has well-validated endpoints.

Some studies have suggested that persons with chronic 
HCV have higher rates of some malignancies, including non-
Hodgkins lymphoma, cholangiocarcinoma, and pancreatic 
cancer, compared to the general population [13]. HCV replica-
tion is associated with chronic immune activation that is seen 
in both T and B lymphocytes [34], while cirrhosis has been as-
sociated with a decrease in monocyte function and altered nat-
ural killer activity of T lymphocytes [35]. Despite these known 
associations, we found no association between NADM and our 

Table 2.   Cardiovascular Disease, Non-acquired Immunodeficiency Syndrome Defining Malignancy, and Type of Hepatitis C Virus Treatment

All Interferon + Ribavirin DAA-Based Treatment

Group 4: Cure

CVD Events 38 22 16

PYFU 6292.6 4226.1 2066.4

 Incidence rate/1000 PYFU (95% CI) 6.0 (4.1–8.0) 5.2 (3.0–7.4) 7.7 (4.4–12.6)

Unadjusted IRR (95% CI) … 1.00 (ref) 1.49 (0.78–2.83)

    P = .23

Adjusted for age (95% CI) … 1.00 (ref) 1.08 (0.56–2.10)

    P = .82

NADM Events 34 22 12

 PYFU 6348.6 4252.4 2096.2

Incidence rate/1000 PYFU (95% CI) 5.4 (3.6–7.2) 5.2 (3.0–7.3) 5.7 (3.0–10.0)

 Unadjusted IRR (95% CI) … 1.00 (ref) 1.11 (0.55–2.24)

   P = .78

 Adjusted for age (95% CI) … 1.00 (ref) 0.82 (0.40–1.69)

   P = .59

Group 5; treatment failure

CVD Events 38 32 6

 PYFU 7978.1 7250.7 727.3

Incidence rate/1000 PYFU (95% CI) 4.8 (3.3–6.3) 4.4 (2.9–5.9) 8.3 (3.0–18.0)

 Unadjusted IRR (95% CI) … 1.00 (ref) 1.87 (0.78–4.47)

   P = .16

 Adjusted for age (95% CI) … 1.00 (ref) 1.39 (0.57–3.42)

   P = .47

NADM Events 44 38 6

PYFU 8027.3 7284.2 743.1

 Incidence rate/1000 PYFU (95% CI) 5.5 (3.9–7.1) 5.2 (3.6–6.9) 8.1 (3.0–17.6)

Unadjusted IRR (95% CI) … 1.00 (ref) 1.55 (0.65–3.66)

    P = .32

Adjusted for age (95% CI) … 1.00 (ref) 1.01 (0.45–2.44)

    P = .98

Group 4 data are for those cured, meaning HCV antibody–positive, HCV RNA–negative, and treated; Group 5 data are for those with treatment failure, meaning HCV antibody–positive, 
HCV RNA–positive, and treated. Abbreviations: CI, confidence interval; CVD, cardiovascular disease; DAA, direct-acting antivirals; HCV, hepatitis C virus; IRR, incidence rate ratio; NADM, 
non–acquired immunodeficiency syndrome defining malignancy; PYFU, person-years of follow-up; ref, reference. 
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well-defined HCV groups, which is also in agreement with pre-
vious, smaller studies of HIV/HCV-coinfected persons [19, 20]. 
Importantly, we were able to adjust for a number of important 
confounders, including smoking status (and whether persons 
were past or current smokers).

We found similar IRs of CVD and NADM when com-
paring interferon and ribavirin with DAAs (+/- interferon) in 
both those cured (Group  4) and those with treatment failure 
(Group 5). Although we had limited power, illustrated by the 
wide CIs, the point estimates were all close to 1, suggesting that 
any differences between HCV treatments and CVD and NADM 
outcomes were small. This is reassuring for persons starting 
HCV treatment with DAAs with a contemporary regimen, al-
though further data is required. We cannot rule out confounding 
by indication in this exploratory analysis, as those treated with 
interferon and ribavirin may have been selected as those with 
more favorable prognoses. Finally, when stratifying by age and 
region of Europe, we found no differences in NADM and CVD 
in our HCV groups, suggesting our lack of findings for CVD 
and NADM were not driven by the duration of HCV infection. 
Further follow-ups of those treated with DAAs in large cohort 
studies are essential to confirm our results of no differences in 
CVD or NADM among persons exposed to DAAs.

There are a number of limitations to our study. We chose not 
to define SVR according to treatment guidelines [36], largely 
due to heterogeneity in measurements of HCV RNA across 
Europe. Instead, we used the last HCV RNA measurement, car-
ried forward. For those where this was negative after HCV treat-
ment, we assumed SVR. Sensitivity analyses limiting the time 
the HCV RNA data were carried forward showed consistent re-
sults. Furthermore, liver fibrosis stage and HCV genotype were 
missing for a number of persons. In order to increase power, we 
used a composite endpoint for NADM and CVD. Our results 
were similar for both MI and stroke, but the study was not suffi-
ciently powered to consider whether our results differed across 
NADM. EuroSIDA has not consistently collected information 
on alcohol use, and we were not able to adjust for this important 
confounder. The strength of our study is that it is among the lar-
gest of coinfected persons reported to date, with well-validated 
clinical endpoints and an extensive quality assurance and data 
monitoring program. Our findings for ESLD were as expected, 
lending weight to the quality of the data and methods used.

Although an HCV cure has been shown to perturb levels 
of lipid and inflammatory biomarkers, studies of HIV/HCV-
coinfected persons have lacked the power to focus on clinical 
events. Our study shows similar IRs of CVD and NADM across 
5 well-defined HCV strata and underlines the importance of 
early treatment and HCV cures for reducing ESLD.
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APPENDIX

The multi-centre study group contributors, EuroSIDA (national 
coordinators are shown in italics).

	•	 Argentina: M. Losso, M. Kundro, Hospital J. M. Ramos Mejia, 
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	•	 Austria: B. Schmied, Otto Wagner Hospital, Vienna; 
R. Zangerle, Medical University Innsbruck, Innsbruck.

	•	 Belarus: I. Karpov, A. Vassilenko, Belarus State Medical University, 
Minsk, V. M. Mitsura, Gomel State Medical University, Gomel; 
D.  Paduto, Regional Acquired Immunodeficiency Syndrome 
(AIDS) Centre, Svetlogorsk.

	•	 Belgium: N. Clumeck, S.  De Wit, M.  Delforge, Saint-Pierre 
Hospital, Brussels; E.  Florence, Institute of Tropical Medicine, 
Antwerp; L. Vandekerckhove, University Ziekenhuis Gent, Gent.

	•	 Bosnia-Herzegovina: V. Hadziosmanovic, Klinicki Centar 
Univerziteta Sarajevo, Sarajevo.

	•	 Croatia: J. Begovac, University Hospital of Infectious Diseases, 
Zagreb.

	•	 Czech Republic: L. Machala, D. Jilich, Faculty Hospital Bulovka, 
Prague; D. Sedlacek, Charles University Hospital, Plzen.

	•	 Denmark: G.  Kronborg, T.  Benfield, Hvidovre Hospital, 
Copenhagen; J.  Gerstoft, T.  Katzenstein, Rigshospitalet, 
Copenhagen; C. Pedersen, I. S. Johansen, Odense University 
Hospital, Odense; L.  Ostergaard, Skejby Hospital, Aarhus; 
L.  Wiese, N.  F. Moller, Sjællands Universitetshospital, 
Roskilde; L. N. Nielsen, Hillerod Hospital, Hillerod.

	•	 Estonia: K. Zilmer, West-Tallinn Central Hospital, Tallinn; 
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	•	 Finland: I. Aho, Helsinki University Hospital, Helsinki.
	•	 France: J.-P. Viard, Hôtel-Dieu, Paris; P.-M. Girard, Hospital 

Saint-Antoine, Paris; C. Pradier, E. Fontas, Hôpital de l’Archet, 
Nice; C. Duvivier, Hôpital Necker-Enfants Malades, Paris. 

	•	 Germany: J. Rockstroh, Universitäts Klinik Bonn; G. Behrens, 
Medizinische Hochschule Hannover; O.  Degen, University 
Medical Center Hamburg-Eppendorf, Infectious Diseases 
Unit, Hamburg; H. J. Stellbrink, IPM Study Center, Hamburg; 
C.  Stefan, J.  W. Goethe University Hospital, Frankfurt; 
J. Bogner, Medizinische Poliklinik, Munich; G. Fätkenheuer, 
Universität Köln, Cologne.

	•	 Georgia: N. Chkhartishvili, Infectious Diseases, AIDS & 
Clinical Immunology Research Center, Tbilisi

	•	 Greece: H. Sambatakou, Ippokration General Hospital, 
Athens; G. Adamis, N. Paissios, Athens General Hospital “G 
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	•	 Hungary: J. Szlávik, Szent Lásló Hospital, Budapest.
	•	 Iceland: M. Gottfredsson, Landspitali University Hospital, 
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	•	 Ireland: F. Mulcahy, St. James’s Hospital, Dublin.
	•	 Israel: L. Tau, D.  Turner, M.  Burke, Ichilov Hospital, Tel 

Aviv; E.  Shahar, G.  Hassoun, Rambam Medical Center, 
Haifa; H. Elinav, M. Haouzi, Hadassah University Hospital, 
Jerusalem; D. Elbirt, AIDS Center (Neve Or), Jerusalem.

	•	 Italy: A. D’Arminio Monforte, Istituto Di Clinica Malattie 
Infettive e Tropicale, Milan; R.  Esposito, I.  Mazeu, 
C.  Mussini, Università Modena, Modena; F.  Mazzotta, 
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M. Zaccarelli, A. Antinori, R. Acinapura, M. Plazzi, Istituto 
Nazionale Malattie Infettive Lazzaro Spallanzani, Rome; 
A. Lazzarin, A. Castagna, N. Gianotti, Ospedale San Raffaele, 
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	•	 Latvia: B. Rozentale, Infectology Centre of Latvia, Riga.
	•	 Lithuania: V. Uzdaviniene, Vilnius University Hospital Santaros 

Klinikos, Vilnius; R. Matulionyte, Centro poliklinika, Vilnius, 
Vilnius University Hospital Santaros Klinikos, Vilnius.

	•	 Luxembourg: T. Staub, R.  Hemmer, Centre Hospitalier, 
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Universiteit van Amsterdam, Amsterdam.
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University, Wroclaw; E.  Bakowska, Centrum Diagnostyki 
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T.  Smiatacz, M.  Gensing, Medical University, Gdansk; 
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