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ABSTRACT

Objectives: HIV co-infected patients experience higher incidences of non-liver-related
cancers than HCV mono-infected patients. Chronic inflammation, immunosuppression,
but also higher tobacco or alcohol consumption and metabolic dysregulation could
explain this higher risk. We aimed to estimate the direct, indirect and total effects of
HIV co-infection on the risk of non-liver-related cancers in HCV participants treated by
DAA.

Methods: Up to 4 HCV mono-infected participants from the ANRS CO22 HEPATHER
cohort were matched by age and sex to HIV/HCV co-infected participants from the
ANRS CO13 HEPAVIH cohort. Participants were followed from DAA initiation until the
occurrence of a non-liver-related cancer. Counterfactual mediation analysis was
carried out to estimate the direct (chronic inflammation and immunosuppression),
indirect (tobacco and alcohol consumption and metabolic syndrome) and total effect of
HIV co-infection on the risk of non-liver-related cancers.

Results: 548 HIV/HCV co-infected and 2016 mono-infected participants were
included. Overall, HIV co-infection was associated with a 3.7 times 95% CI [1.7; 7.0]
higher risk of non-liver-related cancers in HCV participants. This increased risk was
explained by significant direct effect (HR: 3.4 95% CI: [1.7; 6.6]) but not indirect effect
(HR: 1.1 95% CI: [0.8; 1.5]) of HIV co-infection.

Conclusions: In HCV participants treated by DAA, the direct effect of HIV co-infection,
reflecting chronic inflammation and immunosuppression, was associated with a 3.7
times higher risk of non-liver-related. In contrast, the indirect effect of HIV co-infection,
reflecting higher tobacco and alcohol consumption and metabolic dysregulation, was
not significantly associated with the risk of non-liver-related cancers.

Abstract (247 words / 250 words)
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INTRODUCTION

Hepatitis C virus (HCV) infection can lead to several liver-related complications (e.g.
liver decompensation, hepatocellular carcinoma (HCC), or liver-related death) [1], but
also to non-liver-related events such as non-liver-related cancer [2]. Direct-acting
antivirals (DAA) allow to achieve a sustained virological response (SVR) in more than
90% of treated participants [3,4]. SVR is associated with a decreased risk of liver and
non-liver-related events [4-9]. In a previous study, HIV co-infection was associated
with a three-times higher risk of non-liver-related cancer in HCV mono-infected
participants after DAA treatment [10]. This could be explained by chronic inflammation
and immunosuppression induced by HIV infection [11-14]. HIV co-infection is
associated with higher prevalence of alcohol consumption, tobacco consumption
[15,16] and metabolic syndrome [17]. These factors have been identified as risk factors
for several cancers and could explain the higher risk of non-liver-related cancers
observed in HIV co-infected patient [15,18—20]. HIV co-infected patients are also more
exposed to oncogenic viruses [21,22]. These viruses are responsible for or are risk
factors for several cancers which could explain the higher risk observed in HIV infected
patients. The main aim of this study was to estimate the direct effect (reflecting chronic
inflammation and immunosuppression), indirect effect (reflecting higher alcohol and
tobacco consumptions and metabolic syndrome) and total effect of HIV co-infection on
the risk of non-liver-related cancer in HCV infected participants treated with DAA.
Sensitivity analyses were carried out to estimate the specific effect of each mediator
on the risk of non-liver-related cancers. Finally, to take into account the potential
increase of non-liver-related cancers in HIV/HCV co-infected participants due to
oncogenic viruses, a sensitivity analysis was carried out focusing on non-liver-related

non-oncogenic viruses-related cancers.
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METHODS

Patients

HIV/HCV co-infected patients from the ANRS CO13 HEPAVIH cohort
(ClinicalTrials.gov Identifier: NCT03324633) and HCV mono-infected patients from the
ANRS CO22 HEPATHER cohort (ClinicalTrials.gov Identifier: NCT01953458) were
included. Both are multicenter, prospective, nationwide French cohort studies, with
follow-up of participants every year with supplementary visits scheduled during anti-
HCV treatment. Cirrhotic participants from the ANRS CO13 HEPAVIH cohort had a
supplementary visit every six months. Written informed consent was obtained from
each participant included in both cohorts. The study followed the ethical principles of
the World Medical Association (Declaration of Helsinki) and was approved by an
institutional review board (Comité de Protection des Personnes (CPP) lle de France
I, Paris, France — ANRS CO13 HEPAVIH and ANRS CO22 HEPATHER).

The ANRS CO13 HEPAVIH cohort was initiated in 2005 and included HIV/HCV co-
infected participants. Due to the development of new anti-HCVs, there were several
inclusion periods. The last one, between 2014 and 2016, included participants
according to DAA treatment initiation. Whereas, the ANRS CO22 HEPATHER cohort
was opened in 2012 and included participants infected by Hepatitis B Virus or HCV.
Participants treated by DAA with or without ribavirin and/or pegylated-interferon
between March 1, 2014 and December 31, 2017, not participating in a clinical trial,
without history of liver-transplantation or of non-liver-related cancer and with an
available SVR status were eligible. For each HIV/HCV co-infected participant, a
maximum of 4 HCV mono-infected participants were matched by age at treatment
initiation (3 years, more or less) and sex.

Non-liver-related cancer
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The primary outcome was time between DAA initiation and the occurrence of a non-
liver-related cancer, defined as the occurrence of a cancer which was not an HCC,
cholangiocarcinoma or hepato-cholangiocarcinoma. The occurrence of a non-liver-
related cancer was declared by investigator centers, with validation by an adjudication
committee on medical records. Participants were followed until the occurrence of a
non-liver-related cancer, death or the last follow-up visit.

For the sensitivity analysis on non-oncogenic virus-related cancers, the occurrence of
a cervical uterine cancer, anal cancer, Hodgkin or non-Hodgkin lymphoma or Kaposi
sarcoma were considered as competing events.

Mediators

All data concerning mediators were measured using a standardized questionnaire
during medical follow-up of participants. Data on alcohol and tobacco consumption
were collected during participant interviews by a physician. All data were measured at
the time of DAA treatment initiation.

Even though HIV infection does not induce alcohol or tobacco consumption, the higher
rates of these consumptions in HIV co-infected [15,16] could reflect higher risk
behaviors in this population. This suggests the need to consider these consumptions
as confounding factors. In our population, participants were infected by HIV at
baseline. Therefore, the consumptions were measured after HIV infection. The
temporality hypothesis needed to define a mediator is thus respected [23]. In addition,
due to HIV infection, the reduction of these consumptions is seen as a low priority for
both patients and clinicians, leading to lower cessation rates in this population [24—-27].
Indeed, whereas in HCV mono-infected participants the cessation rates are rather high
[28], in HIV/HCV co-infected participants the cessation rates are markedly low [25].

Consequently, although the HIV co-infection did not directly increase the alcohol and
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tobacco consumption, these consumptions should be considered as mediators in the
relationship between HIV co-infection and the risk of non-liver-related cancer
(Supplementary Figure 1).

Alcohol consumption

Alcohol consumption was classified into four categories: participants declaring no
consumption, consumption between 0 and 20, 20 and 60 and more than 60 grams of
alcohol per day. Alcohol consumption in grams per day was estimated by multiplying
the number of glasses of alcoholic beverages consumed per day by 10 [29].
Tobacco consumption

Tobacco consumption was classified into four categories: participants declaring no
tobacco consumption, consumption between 0 and 15, 15 and 25 and more than 25
cigarettes per day.

Metabolic syndrome

Following the definition of the national cholesterol education program [30], metabolic
syndrome was defined by the presence of at least three of the following criteria: high
blood pressure, hypertriglyceridemia, reduced HDL-cholesterol, hyperglycemia and
obesity. Due to the lack of available data for waist circumference, obesity was defined
according to body mass index (BMI) (Table 1).

Statistical analysis

Pure direct effect (PDE), total indirect effect (TIE) and total effect (TE) of HIV co-
infection on the risk of non-liver-related cancer three years after the initiation of DAA
therapy were estimated using mediation analysis [23]. Exposure was HIV co-infection,
mediators were alcohol consumption, tobacco consumption and metabolic syndrome
and confounding factors were sex, age (in years), HCV transmission routes

(intravenous drug use, sexual, transfusion, unknown and others), time since first HCV
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seropositivity (in years), HCV genotype and cirrhosis status defined by cohort specific
algorithms previously published [10] taking into account liver biopsy, liver stiffness and
non-invasive liver markers (Figure 1). TIE reflected the effect of mediators on the risk
of non-liver-related cancers, whereas PDE reflected the effect of chronic inflammation
and immunosuppression in the absence of other unmeasured mediators [23].

PDE of HIV co-infection (solid pathway) reflects how much the hazard of non-liver-
related-cancer at a given time (here, three years) would change if all participants were
HIV co-infected versus if none of the participants were HIV co-infected but mediator
values were kept at their observed levels. To estimate PDE, first a flexible Cox
proportional-hazards model, estimating the baseline hazard with natural cubic splines
[31], was fitted to estimate the association between HIV co-infection and the risk of
non-liver-cancer adjusted for mediators, age, sex, time since first HCV seropositivity,
HCV genotype and cirrhosis. Then, for each HCV mono-infected participants the

hazard function 4_, o was estimated by the ratio of the weighted means of survival

and density functions if all those participants had been HIV co-infected, but mediator

values were kept at their observed levels. The hazard function A om0 Was estimated by

the ratio of the weighted means of survival and density functions estimated in the
subpopulation of HCV mono-infected patients, and mediator values were kept at their

observed values. In the same way, the hazard function At Was estimated in the HIV

co-infected subpopulation. For each participant, the weight for the estimation of
weighted means of survival and density functions was equal to the inverse of the
probability that the exposure was at the observed level. The probability was estimated
by a logistic model explaining HIV co-infection by confounding factors. PDE was

estimated by Apamo [ A om0
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TIE of HIV co-infection (dashed pathway) reflects how much the hazard of non-liver-
related-cancer would change if exposure was kept at the observed level but mediators
values were changed from the level they would have if participants were HIV co-
infected versus value they would have if participants were not HIV co-infected. TIE was

estimated by Apamt [ A im0

Finally, TE of HIV co-infection reflects how much the hazard of non-liver-related cancer
would change if all participants were HIV co-infected versus no participants being HIV
co-infected, and mediator values were also changed from the values they would have
if none of the participants were HIV co-infected to the values they would have if all
participants were HIV co-infected. TE was estimated by multiplying PDE and TIE.
Confidence intervals at 95% of the effects were estimated using percentile bootstrap.
Participants with missing data were compared to participants with at least one missing
data for variables included in the analysis, according to HIV co-infection. Assuming
data were missing at random, missing data for the explanatory variables included in
the analysis were imputed by multiple imputation methods using chained equations in
R 3.6.2 software using mice package [32]. Ten tables were generated by 10 iterations.
Quantitative variables were imputed using linear models, while qualitative variables
were imputed by logistic or multinomial regression as appropriate. Imputation models
included history of non-liver-related cancer or of liver-related event and of anti-HCV
treatment, class and duration of DAA treatment, platelet and albumin values, and
diabetes, in addition to variables included in the multivariable models for the analysis.
The normality of the quantitative variables included in the imputation model was

graphically checked.
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We carried out several sensitivity analyses. First, only tobacco consumption, and then
only alcohol consumption, were considered as mediators. Then, as for the main
analysis, we estimated the direct, indirect and total effects of HIV co-infection on the
risk of non-liver-related non-oncogenic virus-related cancers.

RESULTS

Population description

Five-hundred and forty-eight HIV/HCV co-infected and 2016 HCV mono-infected
participants were included. Among them, respectively 292 and 1416 had at least a
missing data. In HIV/HCV co-infected participants, 164 (39.9%), 154 (28.1%) and 223
(40.7%) had missing data respectively for alcohol consumption, tobacco consumption
and metabolic syndrome, whereas in HCV mono-infected participants missing data
were observed in 679 (33.7%), 64 (3.2%) and 1037 (51.4%), respectively. In HIV co-
infected, participants with at least a missing data consumed more alcohol (51.6%
declared no alcohol consumption vs 56.6% and 12.5% declared to consumed between
20 and 60 grams/day vs 7.0%) and more were cirrhotic (32.3% vs 23.5%) compared
to participants without missing data. HCV mono-infected participants with at least a
missing data consumed more tobacco (48.1% declared to consumed between 0 and
15 cig/day vs 42.2%) and were less frequently with a metabolic syndrome (10.8% vs
15.0%) (Supplementary Table 1).

The median age of the population was 52.9 years [interquartile range (IQR): 49.5; 56.6]
and 53.3 years [49.5; 56.9] and 405 (73.9%) and 1478 (73.3%) were men, respectively.
HIV co-infected participants were more often infected by HCV due to intravenous drug
use (62.2% vs 37.7%), consumed more alcohol (45.1% declared consuming alcohol
vs 0.4%), consumed more tobacco (62.9% declared consuming tobacco vs 46.6%)

and had a longer time since their first HCV seropositivity (17.9 years [12.1; 22.2] vs

11
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14.5 years [6.3; 20.8]) but were less frequently cirrhotic (28.1% vs 41.1%) compared
to HCV mono-infected participants. The proportion of metabolic syndrome (9.2% vs
13.4%) and SVR rates (93.6% vs 94.5%) were similar between both populations (Table
2).

Risk of non-liver-related cancer

After a median follow-up of 2.4 years [1.2; 3.3] and 2.9 years [1.7; 3.9], a non-liver-
related cancer occurred in 22 (of which 17 were non-related to an oncogenic virus) and
28 (all non-related to an oncogenic virus), respectively, in HIV/HCV co-infected and
HCV mono-infected participants. Among HIV/HCV co-infected participants, the more
frequently occurring cancers were: non-melanoma skin (n = 4), anal (n = 2), lung (n =
2), melanoma (n = 2), nasopharynx (n = 2) and prostate (n = 2) cancers, 2 were AIDS
defining cancers (1 cervical cancer and 1 non-Hodgkin lymphoma). In HCV mono-
infected participants, the most observed cancers were non-melanoma skin (n = 5),
pancreas (n = 5), colon-rectal (n = 3), lung (n = 3), renal-urethra (n = 3) and prostate
(n = 2) cancers (Supplementary Table 2).

The TE of HIV co-infection was significantly associated with an increased risk of more
than three times (HR: 3.7 [1.7; 7.0]) of non-liver-related cancer in HCV mono-infected
participants. This increased risk in HIV co-infected participants was mainly explained
by the PDE of HIV co-infection (HR: 3.4 [1.7; 6.6]). In contrast, the TIE of HIV co-
infection, reflecting the effect of alcohol consumption, tobacco consumption and
metabolic syndrome, was not significantly associated with the risk of non-liver-related
cancer (HR: 1.1 [0.8; 1.5]) in HCV infected participants treated by DAA (Fig 2).

When considering only tobacco consumption as a potential mediator of the association
between HIV co-infection and the risk of non-liver-related cancers, similar results were

found. With PDE, TIE and TE of HIV co-infection on the risk of non-liver-related cancers

12



oNOYTULT D WN =

HIV Medicine

were respectively of 3.4 [1.7; 6.6], 1.0 [0.8; 1.3] and 3.5 [1.7; 6.7]. The same results
were found when considering only alcohol consumption as a potential mediator. PDE,
TIE and TE estimation were respectively 3.4 [1.7; 6.7], 1.0 [0.7; 1.3] and 3.4 [1.7; 6.7]
(Table 3).

When excluding oncogenic virus-related cancers, HIV co-infection was still associated
with a more than three times (HR: 3.1 [1,6; 4.9]) increase in the risk of non-liver-related
cancers, mainly due to the direct effect of HIV co-infection (HR: 2.4 [1.3; 1.7]) but not

to the indirect effect of HIV co-infection (HR: 1.3 [0.9; 1.7]) (Table 3).

DISCUSSION

In a population of HCV infected participants treated with DAA followed for up to three
years after the initiation of the DAA therapy, using a methodology allowing us to
estimate the direct and indirect effects of an exposure on an outcome, we found that
HIV co-infection was directly associated with a 3.4-fold increased risk of non-liver-
related cancer in HCV infected participants. The indirect effect of HIV co-infection,
reflecting the effects of higher alcohol consumption, tobacco consumption and
metabolic syndrome, was not significantly associated with the risk of non-liver-related
cancer in this population. Overall, the total effect of HIV co-infection was associated
with a 3.7-fold higher risk of non-liver-related cancers in HCV infected participants.

To our knowledge, no other study evaluated the potential impact of HIV co-infection on
the risk of non-liver-related cancers after DAA treatment in HCV infected participants
or the potential mediating effect of alcohol consumption, tobacco consumption and
metabolic syndrome on the relationship between HIV co-infection and risk of non-liver-
related cancers. Whereas alcohol consumption, tobacco consumption and metabolic
syndrome are known risk factors for several cancers [15-17], we did not observe here

a significant mediating effect of these factors for the relationship between HIV co-
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infection and the risk of non-liver-related cancer, despite a higher declared alcohol
consumption and tobacco consumption in HIV co-infected participants. This could be
explained by the very low alcohol and tobacco consumption declared by HCV mono-
infected participants, which led to decreased statistical power and did not allow us to
perform an analysis with alcohol and tobacco consumption as continuous variables
(expressed in grams per day and number of packs per year) rather than categorial
variables or to study the direct and indirect effects of HIV co-infection on the risk of
each specific cancer. A classification bias due to under-declaration of alcohol and
tobacco consumption could also explain why we did not observe a significant TIE in
this study. Nevertheless, higher consumption of alcohol and tobacco in HIV co-infected
participants has been observed in previous studies [15,16], suggesting that the
differences observed in our study for alcohol and tobacco consumption between
HIV/HCV co-infected and HCV mono-infected were not due to bias.

This study had several limitations. First, due to the design of the study we included
participants from two different cohorts. If data on non-liver-related cancers or on
alcohol and tobacco consumption were not collected in the same way in the two
cohorts, this could induce misclassification of participants and result in biased
estimation of PDE, TIE and TE. However, both cohorts used similar procedures to
report all serious adverse events occurring during the follow-up, with extensive data
quality controls and monitoring. Moreover, all deaths were adjudicated by a dedicated
committee, and consistent checks for non-liver-related cancers were carried out,
limiting the risk of differential misclassification. In addition, since the participants came
from two different cohorts, this could explain the important differences observed,
including on alcohol and tobacco consumption. These differences could have made

the two populations incomparable and could explain why we did not observe a
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significant TIE of HIV co-infection on the risk of non-liver-related cancers. Second,
alcohol and tobacco consumption were measured at baseline only. So, we did not take
into account past consumption or potential cessation before the initiation of DAA. We
cannot exclude that the difference observed between the two populations for alcohol
and tobacco consumption was due to higher cessation rates in HCV mono-infected
than in HIV/HCV co-infected participants. The measurement of consumption at DAA
treatment initiation may therefore not reflect the differences between the two
populations concerning lifetime consumption and could explain the absence of a
significant indirect effect of HIV co-infection on the risk of non-liver-related cancers.
Third, to estimate the unbiased total, direct and indirect causal effects using mediation
analysis, some assumptions have to be insured. These assumptions are: no
unmeasured confounding factors between (1) the exposure and the outcome, (2) the
mediator and the outcome, (3) the exposure and the mediator and (4) none of the
mediator-outcome confounders are affected by the exposure. In addition, the direct
effect of HIV co-infection estimated here reflects the effect of chronic inflammation and
immunosuppression only if no unmeasured mediators are involved. We identified
confounding factors of the different studied relations using DAG methodology, and it
does not appear that we did not take into account some factors. Nevertheless, we
cannot rule out that some confounding factors were not included in the analysis,
resulting in bias in the effects estimated. Fourth, the mediation methodology used did
not allow us to estimate the mediator-specific indirect effect of HIV co-infection [23].
The estimation of the total indirect effect of HIV co-infection, rather than the indirect
effects specific to each mediator, could lead to a dilution of the mediating effect if one
mediator was not associated with the risk of non-liver-related cancer. To take this

limitation into account, sensitivity analyses were carried out considering only alcohol

15
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and tobacco consumption as potential mediators. The results of these sensitivity
analyses were similar to those observed in the main analysis. Fifth, the important
amount of missing data for mediator values could lead to a selection bias especially if
missing data were missing not a random. To reduce this hazard, in addition to variables
included in the mediation models, we included in the imputation models factors related
to variables with missing values. In addition, missing data were frequent for metabolic
syndrome due to its definition, which depends on 5 criteria. To reduce the impact of
this definition, we firstly imputed the 5 criteria and then defined the presence of
metabolic syndrome for each participant. Finally, due to differences between both
populations, notably concerning the mode of transmission of HCV (299 (62.6%) and
756 (37.7%) infected due to intravenous drug use, respectively, in HIV/HCV co-
infected and HCV mono-infected participants) which could affect the estimation of the
direct, indirect and total effects of HIV co-infection on the risk of non-liver-related
cancers, it could be more suitable to estimate the effects of HIV infection in the general
population.

This study also had several strengths. First, the large size of the studied population,
including 2564 participants who were all treated by DAA. Importantly, the considerable
size of the population allows us to have sufficient statistical power. Second, the
mediation methodology we used has several advantages, as this approach does not
require models for mediators, it allowed us to study non-independent continuous or
categorial mediators without needing the rare outcome assumption [23]. Third, both
cohorts are prospective French nationwide cohorts with strict monitoring rules allowing
for high quality data. Finally, to our knowledge this is the first study estimating the direct
and mediating effects of HIV co-infection on the risk of non-liver-related cancers in

HCV infected participants treated by DAA.
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CONCLUSIONS

In conclusion, in a population of HIV/HCV co-infected participants with controlled HIV
viral load, HIV co-infection was associated with a 3.7-fold higher risk of non-liver-
related cancers at three years after DAA initiation, compared to HCV mono-infected
participants. This increased risk was mainly explained by the direct effect of HIV co-
infection, reflecting chronic inflammation and immunosuppression, which was
associated with a three-fold increase in the risk of non-liver-related cancers. In
contrast, no significant association was observed for the indirect effect of HIV co-
infection (reflecting the more frequent alcohol consumption, tobacco consumption and

metabolic syndrome) with the risk of non-liver-related cancer.
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TABLES

Table 1. Risk factors and levels for defining a metabolic syndrome following the

national cholesterol education program recommendations

Risk factor Level
High blood pressure
Systolic blood pressure =130 mmHg
Diastolic blood pressure = 85 mmHg
Hypertriglyceridemia = 150 mg/d|
Reduced HDL-cholesterol
Men <40 mg/dl
Women < 50 mg/dl
Hyperglycemia =100 mg/dl
Obesity > 30 kg/m?
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2

i Table 2. Description of Hepatitis C Virus infected participants from the ANRS CO13

2 HEPAVIH and ANRS CO22 HEPATHER cohorts at the time of Direct-Acting Antivirals

373 treatment initiation according to HIV co-infection

0

1 ; HIVI/HCV? co-infected (n = 548) HCV* mono-infected (n = 2016)
?}aracteristics n Median [IQRS] or n (%) n Median [IQRS] or n (%)
éfge (vears) 548 52.9 [49.5; 56.6] 2016 53.2 [49.5; 56.9]
l%en 548 405 (73.9%) 2016 1478 (73.3%)
I;IQCV* transmission routes 481 2004

% Injecting drug use 299 (62.2%) 756 (37.7%)
;;, Sexual 85 (17.7%) 21 (1.0%)

;j Transfusion 37 (7.7%) 465 (23.2%)
;g Unknown 55 (11.4%) 459 (22.9%)
22 Other 5 (1.0%) 303 (15.1%)
'ﬁme since first HCV* seropositivity (years) 522 17.9[12.1; 22.2] 2016 14.4[6.3; 20.8]
é;rrhosis 512 144 (28.1%) 1896 779 (41.1%)
%z.lrrent alcohol consumption (gram/day) 384 0.0[0.0; 5.7] 1337 0.0 [0.0; 0.0]
23 0 211 (54.9%) 1330 (99.5%)
j; J0 ; 20] 133 (34.6%) 3 (0.2%)

jj J20 ; 60] 34 (8.9%) 1(0.1%)

e >60 6 (1.6%) 3 (0.2%)
fgyrrent tobacco consumption (cig/year) 394 7.0 [0.0; 20.0] 1952 0.0[0.0; 1.0]
;‘3 0 149 (37.8%) 1048 (53.3%)
il JO; 15] 136 (34.5%) 903 (46.3%)
gi J15; 25] 75 (19.0%) 1(0.1%)

gg > 25 34 (8.6%) 0 (0.0%)
Igéetabolic syndrome 325 30 (9.2%) 979 131 (13.4%)
60
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,

33D4 count (in cells/mm®) 543 622 [431; 864.5] - -
Z < 200 31 (5.7%)

. [200;500] 156 (28.7%)

2 2500 356 (65.6%)

11
Detectable HIVT viral load 520 68 (13.1%)
13

14 THuman Immunodeficiency virus, * Hepatitis C virus, Sinterquartile Range

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
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Table 3. HIV co-infection direct, indirect, and total effects on the risk of non-liver-
related cancer and non-liver-related non-oncogenic virus-related cancers at three
years after the initiation of Direct-Acting Antivirals treatment in Hepatitis C Virus
infected participants from the ANRS CO13 HEPAVIH and ANRS C0O22 HEPATHER

cohorts

Effects HRT  95% CI*

Current tobacco consumption as only mediator

Pure direct effect (PDE) 3.4 [1.7; 6.6]
Total indirect effect (TIE) 1.0 [0.8; 1.3]
Total effect (TE) 3.5 [1.7; 6.7]

Current alcohol consumption as only mediator

Pure direct effect 3.4 [1.7; 6.5]
Total indirect effect 1.0 [0.7;1.3]
Total effect 3.4 [1.7; 6.7]

Non-liver-related non-oncogenic virus-related cancers

Pure direct effect 24 [1.2; 5.0]
Total indirect effect 1.3 [0.9;1.7]
Total effect 3.1 [1.6; 4.9]

T HR: Hazard Ratio

¥ Cl 95%: Confidence interval at 95%
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FIGURE LEGENDS
Figure 1. Assumed causal relationship between HIV co-infection in Hepatitis C Virus
infected patients, alcohol consumption, tobacco consumption, metabolic syndrome

and non-liver-related cancer

Figure 2. Direct, indirect and total effects of HIV co-infection on the risk of non-liver-
related cancers in participants from the ANRS CO13 HEPAVIH and ANRS CO22

HEPATHER cohorts
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Age, sex, HCV transmission route,
time since first HCV seropositivity,
HCV genotype, cirrhosis

HIV co-infection Chronic inflammation Non-liver-related
in HCV patients Immunosuppression i cancer

Tobacco consumption
Alcohol consumption
Metabolic syndrome

Assumed causal relationship between HIV co-infection in Hepatitis C Virus infected patients, alcohol

consumption, tobacco consumption, metabolic syndrome and non-liver-related cancer
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Total Effect:
HR: 3.7 IC 95% [1.7; 7.0]

HIV co-infection

Pure Direct Effect:
HR: 3.4 IC 95% [1.7; 6.6]

Chronic inflammation

in HCV patients

~
~

Immunosuppression

Total Indirect Effect: P

HR: 1.1 1C 95% [0.8;1.5] _ ~
A e — —

! Tobacco consumption |
Alcohol consumption |
Metabolic syndrome |

J

Non-liver-
related cancers

Direct, indirect and total effects of HIV co-infection on the risk of non-liver-related cancers in participants

from the ANRS CO13 HEPAVIH and ANRS CO22 HEPATHER cohorts






