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Abstract

Background

We aimed to evaluate the incidence rates between 2010 and 2015 for invasive cervical can-
cer (ICC), breast cancer (BC), and colorectal cancer (CRC) in people living with HIV
(PLWH) in France, and to compare them with those in the French general population. These
cancers are targeted by the national cancer-screening program.

Setting

This is a retrospective study based on the longitudinal data of the French Dat’AIDS cohort.
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Methods

Standardized incidence ratios (SIR) for ICC and BC, and incidence rates for all three can-
cers were calculated overall and for specific sub-populations according to nadir CD4 cell
count, HIV transmission category, HIV diagnosis period, and HCV coinfection.

Results

The 2010-2015 CRC incidence rate was 25.0 [95% confidence interval (Cl): 18.6—33.4] per
100,000 person-years, in 44,642 PLWH (both men and women). Compared with the general
population, the ICC incidence rate was significantly higher in HIV-infected women both over-
all (SIR =1.93, 95% CI: 1.18-3.14) and in the following sub-populations: nadir CD4 < 200
cells/mm? (SIR = 2.62, 95% Cl: 1.45-4.74), HIV transmission through intravenous drug use
(SIR=5.14,95% CI: 1.93-13.70), HCV coinfection (SIR = 3.52, 95% Cl: 1.47-8.47) and
HIV diagnosis before 2000 (SIR =2.06, 95% ClI: 1.07-3.97). Conversely, the BC incidence
rate was significantly lower in the study sample than in the general population (SIR = 0.56,
95% Cl: 0.42-0.73).

Conclusion

The present study showed no significant linear trend between 2010 and 2015 in the inci-
dence rates of the three cancers explored in the PLWH study sample. Specific recommen-
dations for ICC screening are still required for HIV-infected women and should focus on
sub-populations at greatest risk.

Introduction

Cancer is on track to soon become the leading cause of death in PLWH in France [1]. While
expanded access to antiretroviral treatment (ART) has resulted in an impressive decline in
AIDS-defining cancers (ADC) [2-4] in people living with HIV (PLWH) thanks to greater
immune recovery and reduced HIV viral replication [5], the risk of non-AIDS-defining can-
cers (NADC) is still higher in PLWH—including people with long-term viral suppression [3,
6-8]—than in the general population.

Increased PLWH life expectancy—thanks to the widespread use of ART [9, 10]—together
with exposure to other oncogenic viruses (e.g., human papilloma virus (HPV), hepatitis C
virus (HCV), hepatitis B virus (HBV) and the Epstein-Barr virus [11]), may partly explain the
increased incidence in NADC [3, 12] and their predominance in terms of cancer morbidity
and mortality in PLWH [13-16]. Using longitudinal data from the French Dat’AIDS cohort,
we recently reported that NADC incidence between 2010 and 2015 was higher than for ADC,
with the former representing 76.6% of incident cancer cases [17].

National screening for identification of pre-cancerous lesions is one key to reducing cancer
incidence and mortality worldwide [18]. In France, invasive cervical cancer (ICC), breast can-
cer (BC) and colorectal cancer (CRC) are the three cancers targeted by the national cancer-
screening program. However, in the latest expert report on the medical management of
PLWH in France [19], specific screening guidelines are only provided for ICC. These recom-
mend annual screening for women living with HIV (WLWH). This differs from the three-
yearly screening recommendation in France for women in the general population.
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ICC, which is associated with HPV infection, is the fourth most frequently diagnosed can-
cer and the fourth leading cause of cancer mortality in women worldwide [20]. For both sexes
combined, BC was the second most common cancer and the fifth cause of death from cancer
worldwide in the general population in 2018 [20]. For women, it is the leading cause of cancer
mortality and the cancer most commonly diagnosed [20]. CRC has the third highest incidence
of any cancer worldwide for both sexes combined, and is second only to lung cancer in terms
of mortality [20].

This study aimed to estimate the incidence rates of these three cancers between 2010 and
2015 using data from the large longitudinal French PLWH cohort Dat’AIDS, and to compare
them with the related incidence rates for the French general population.

Materials and methods
Data source

A retrospective analysis was performed using longitudinal data from the French multicenter
Dat’AIDS cohort (NCT 02898987 ClinicalTrials.gov), which was created in 2010 as a collabo-
ration between 17 major French HIV clinical centers that were already using a common elec-
tronic medical record (NADIS®)). The aim of the cohort was to constitute a compilation of
databases for the follow-up of individuals infected with HIV, HBV and/or HCV [21]. Data col-
lection was approved by the French National Commission on Informatics and Liberty (CNIL
2001/762876). All patients provided signed informed consent before inclusion. Clinical and
patient-related data were recorded during medical encounters in a structured database, with
data quality ensured by automated checks during data capture, regular controls, and ad hoc
processes before any scientific analysis was performed.

Study population and study period

The present study population included 44,642 HIV-infected patients aged 15 years and over,
with or without a history of cancer, and having at least one follow-up visit in the Dat’ AIDS
cohort between 01 January 2010 and 31 December 2015. The study period began on 01 January
2010 for patients included in Dat’ AIDS before this date, and on the database inclusion date for
those included after 01 January 2010. For each of the three study analyses (one for each cancer
type), the end of the study period was set at the first diagnosis of the specific cancer type for
patients with at least one diagnosis of that cancer between 01 January 2010 and 31 December
2015, and at the last database update for all other patients, with censoring at 31 December
2015. The ICC and BC analyses were restricted to women only.

Definition of cancer cases

The three cancer types were defined according to the International Classification of Diseases,
Tenth Revision (ICD-10) [22]. Specifically, the following ICD-10 codes were used: C18-C20
for CRC, C50 for BC and C53 for ICC. For each cancer type, only the first diagnosis during the
study period was retained in the analysis. Prevalent cancer cases—defined here as diagnosis
during the first 30 days after enrolment in Dat’ AIDS—were excluded. Recurring and meta-
static cancers were also excluded.

Descriptive variables

The following variables were used to describe the study population, both overall and according
to the three cancer types: sex, age, HIV transmission mode (heterosexual, intravenous drug
use (IVDU), men who have sex with men (MSM), and other), time since HIV diagnosis, HIV
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diagnosis period (before or after 2000), CDC HIV stage (A/B or C), HCV coinfection (defined
by HCV-positive serology, nadir CD4 cell count, current CD4 cell count and HIV plasma viral
load (HIV-pVL)), length of time with undetectable viral load (HIV-pVL < 50 copies/mL),
being ART naive, ART regimen (nucleotide reverse transcriptase inhibitor (NRTI), nonnu-
cleoside reverse transcriptase inhibitor (NNRTTI), protease inhibitor (PI) or integrase strand
transfer inhibitor (INSTT)), first-line ART, length of time on ART since initiation, length of
time on most recent line of ART, and history of cancer. All these variables were measured at
the first diagnosis of each cancer type, or at the last available visit for patients with no cancer
diagnosed during the study period.

Statistical analysis

Incidence rates per 100,000 person-years for each cancer type were calculated globally for the
entire study population, and separately for men and women for CRC. Specifically, incidence
rates were calculated as the number of new cases occurring during the study period divided by
the total follow-up time for people at risk, i.e. the number of person-years.

We compared the incidence rates with those for the French general population. For the lat-
ter, we used the 2012 values in the Francim network report [23], assuming that rates were con-
stant between 2010 and 2015 at the national level. Specifically, we calculated the standardized
incidence ratios (SIR) (see below) for ICC and BC, using indirect standardization [24], and
their 95% confidence intervals based on a Poisson distribution. The SIR for CRC could not be
calculated, because incidence rate data for the French general population were lacking (they
were available only for colon, rectum, and anal cancers grouped together, but not for CRC
without anal cancer). Data were aggregated by sex and age strata, using the following 5-year
age intervals: [15-19], [20-24], [25-29], [30-34], [35-39], [40-44], [45-49], [50-54], [55-59],
[60-64], [65-69], [70-74], [75-79], [80-84], [85-89], [90-94] and [> 95]. Incidence rates were
computed for each sex-age stratum and compared with the related observed incidence rates in
the general population.

The SIR represented the ratio between the incidence rate in our cohort and the incidence
rate in the general population, after adjusting for sex and age. If the SIR was >1, then an excess
risk of cancer existed in our cohort compared to the general population. More specifically, the
incidence rate in the cohort was (SIR-1)*100 percent higher than in the general population.
Conversely, if SIR was <1, then the incidence rate in the cohort was (1-SIR)*100 percent lower
than in the general population.

The incidence rates and SIR were computed globally and according to nadir CD4 cell
count, HIV CDC stage, HIV transmission mode, HIV diagnosis period, and HCV coinfection.
We also computed the incidence rates per calendar year, and performed a ” test for linear
trend to determine whether a significant trend occurred in new cancer cases over the study
period. A p-value <0.05 was considered significant.

All analyses were performed with Stata 14.2 software for Windows.

Results
Characteristics of the study population

Of the 44,642 PLWH followed up in the Dat’AIDS cohort during the study period, 13,543 were
women (30.3%) representing 180,216.4 person-years. The characteristics of the study popula-
tion are provided in Table 1. Median time since HIV diagnosis was 13 years [interquartile
range (IQR): 6-21]. For each of the three cancer types studied, median time since HIV diagno-
sis was higher in patients with that cancer than in the whole study population. Thirty-eight
percent of the study population were MSM, 8.2% were HIV infected through IVDU and 15%
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Table 1. Main characteristics of the study population (HIV-infected patients followed up in the Dat’AIDS cohort between January 1, 2010 and December 31, 2015)

(N =44,642).

Study population

Women with ICC

Women with BC

Patients with CRC

N = 44,642

N=16

N=51

N=45

Characteristics of patients*

No. of patients (%)
or median [IQR]

No. of patients (%)
or median [IQR]

No. of patients (%)
or median [IQR]

No. of patients (%)
or median [IQR]

Sex
Female 13,543 (30.3) 16 (100.0) 51 (100.0) 10 (22.2)
Male 31,099 (69.6) _ _ 35(77.7)
Age (years) 48 [40-55] 49 [45-55] 47 [42-57] 57 [50-63]
Time since HIV diagnosis (years) 13 [6-21] 15 [8-22] 16 [8-22] 20 [13-23]
HIV diagnosis period
After 2000 24,740 (55.4) 7 (43.8) 22 (43.1) 11 (24.4)
Before 2000 19,902 (44.6) 9 (56.2) 29 (56.9) 34 (75.6)
HIV transmission mode
Heterosexual 18,979 (42.9) 10 (62.5) 39 (76.4) 15 (33.3)
IVDU 3,631 (8.2) 4(25.0) 4(7.8) 6(13.3)
MSM 16,986 (38.4) _ _ 18 (40.0)
Other 4,623 (10.4) 2 (12.5) 8(15.6) 6(13.3)
HIV CDC stage
A 26,879 (61.0) 0(0.0) 28 (54.9) 13 (28.8)
B 6,801 (15.4) 0(0.0) 13 (25.4) 10 (22.2)
C 10,355 (23.5) 16 (100.0) 10 (19.6) 22 (48.8)
HCYV coinfection
No 37,919 (84.9) 11 (68.7) 44 (86.2) 35(77.7)
Yes 6,723 (15.0) 5(31.2) 7 (13.7) 10 (22.2)
Nadir CD4 cell count/mm? 223 [97-350] 122 [42-245] 231 [82-326] 82 [17-190]
>200 23,984 (54.9) 4(26.7) 31 (60.7) 11 (24.4)
<200 19,690 (45.1) 11 (73.3) 20 (39.2) 34 (75.6)
CD4 cell count/mm® 601 [413-810] 354 [264-627] 718 [408-943] 402 [271-630]
<200 3,168 (7.2) 3(21.4) 0(0.0) 5(11.1)
201-500 12,587 (28.9) 7 (50.0) 17 (33.3) 22 (48.8)
>500 27,778 (63.8) 4(28.5) 34 (66.6) 18 (40.0)
HIV-pVL (copies/mL) 20 [20-40] 30 [20-40] 20 [20-40] 20 [20-40]
HIV-pVL (copies/mL)
<50 36,181 (83.1) 12 (85.7) 45 (88.2) 39 (86.6)
51-1000 3,492 (8.0) 1(7.1) 3(5.8) 5(11.1)
1001-10000 1,358 (3.1) 0(0.0) 1(1.9) 1(2.2)
10001-100000 1,665 (3.8) 1(7.1) 2(3.9) 0(0.0)
>100000 830 (1.9) 0(0.0) 0(0.0) 0(0.0)
Time with undetectable viral load (HIV-pVL <50 copies/mL) (years) 2.5 [0.4-6.0] 1.4 [0.3-3.7] 2.8 [0.5-6.2] 2.5[0.5-6.2]
ART naive
No 40,670 (91.1) 16 (100.0) 49 (96.0) 45 (100.0)
Yes 3,972 (8.9) 0(0.0) 2(3.9) 0(0.0)
Antiretroviral regimen
2 NRTI+1 boosted-PI 11,644 (28.6) 7 (50.0) 16 (34.7) 15 (33.3)
2 NRTI+1 NNRTI 13,681 (33.6) 1(7.1) 15 (32.6) 13 (28.8)
2 NRTI+1 INSTI 7,445 (18.3) 2(14.2) 6 (13.0) 5(11.1)
Other 7,893 (19.4) 4(28.5) 9 (19.5) 12 (26.6)
On first-line ART

(Continued)
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Table 1. (Continued)

Study population Women with ICC Women with BC Patients with CRC

N = 44,642 N=16 N=51 N=45
No 34,101 (83.8) 13 (92.8) 39(84.7) 40 (88.8)
Yes 6,569 (16.1) 1(7.1) 7 (15.2) 5(11.1)
Length of time on ART since initiation (years) 9 [3-17] 10 [5-15] 12 [6-17] 14 [11-18]
Length of time on most recent line of ART (months) 21 [6-52] 16 [8-23] 23 [9-54] 25 [9-49]
History of cancer
No 41,897 (93.8) 15 (93.7) 44 (86.2) 31 (68.8)
Yes 2,745 (6.1) 1(6.2) 7 (13.7) 14 (31.1)

ART: antiretroviral treatment, BC: breast cancer; ICC: invasive cervical cancer; IQR: interquartile range; MSM: men who have sex with men; HIV-pVL: HIV plasma

viral load; HCV: hepatitis C virus; IVDU: intravenous drug use; NRTI: nucleotide reverse transcriptase inhibitor; PI: protease inhibitor; NNRTI: nonnucleoside reverse

transcriptase inhibitor; INSTI: integrase strand transfer inhibitor.

* These variables were measured at the first diagnosis of each cancer type, or at the last available visit for patients with no cancer diagnosed during the study period.

https://doi.org/10.1371/journal.pone.0261069.t001

were HCV coinfected. HIV transmission through IVDU was over-represented in women with
ICC, while heterosexual HIV transmission mode was under-represented in men and women
with CRC.

Median CD4 cell count and nadir CD4 cell count at the first diagnosis of each cancer type,
or at the last available visit for patients with no cancer diagnosed during the study period, were
601 [IQR: 413-810] and 223 [IQR: 97-350] cells/mm°, respectively. Median CD4 cell count at
the first diagnosis of each cancer type was 354 [IQR: 264-627] for patients with ICC, 718 [IQR:
408-943] for patients with BC and 402 [IQR: 271-630] for patients with CRC (Table 1).
Among the study population, median length of time on ART was 9 years [IQR: 3-17]. Finally,
83.1% of patients had an HIV-pVL < 50 copies/mL and 8.9% were ART naive.

Cancer cases

A total of 1,454 patients were diagnosed with cancer during the follow-up period. Of these,
140 had a prevalent cancer. Among the remaining 1,314 incident cases, the following were
retained for the analyses: 16 ICC, 45 CRC and 55 BC. Four of the latter were in men; these
were excluded from the analysis, as only women are targeted by the French national cancer-
screening program, and data concerning men were not available for the general population.

ICC, BC and CRC incidence rates, both overall and according to patient
profile

Among the 13,543 women included, accounting for 56,150.6 person-years, the overall inci-
dence rates between 2010-2015 of BC and ICC were 91.0 [95% CI: 69.1-119.7] and 28.5 [95%
CI: 17.5-46.5] per 100,000 person-years, respectively (Table 2). The CRC incidence rate in the
whole study population was 25.0 [95% CI: 18.7-33.5] per 100,000 person-years overall, specifi-
cally, 28.3 [95% CI: 20.3-39.4] and 17.8 [95% CI: 9.6-33.2] per 100,000 person-years in men
and women, respectively. The incidence rates per calendar year showed a non-significant lin-
ear trend over the study period for the three different cancers (p-value = 0.071, 0.237, and
0.672, for BC, ICC, and CRGC, respectively, Fig 1A-1C).

In terms of patient profile, incidence rates of all three cancers were higher in patients diag-
nosed with HIV before 2000. The ICC and CRC incidence rates were higher in those with
nadir CD4 < 200 cells/mm?, and in women with HCV coinfection. Conversely, the BC
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Table 2. Incidence rates of cervical, breast and colorectal cancers—overall and according to patient profile—in the Dat’AIDS cohort between 01 January 2010 and
31 December 2015 (N = 44,642).

Total

HIV diagnosis period
Before 2000

After 2000

HIV CDC stage

A/B

C

Nadir CD4 cell count/mm®
<200

>200

HIV transmission mode
Heterosexual

IVDU

MSM

Other

HCYV coinfection

No

Yes

51

29
22

41
10

20
31

39

44
7

BC (Women) ICC (Women) CRC (All) CRC (Men) CRC (Women)

IR [95% CI] N IR [95% CI] N IR [95% CI] N IR [95% CI] N IR [95% CI]
91.0 [69.1-119.7] 16 28.5[17.5-46.5] 45 25.0 [18.7-33.5] 35 28.3 [20.3-39.4] 10 17.8 [9.6-33.2]
108.9 [75.7-156.7] | 9 | 33.8[17.6-65.0] | 34 | 37.4[26.8-52.4] | 24 | 37.4[25.1-558] | 10 | 37.6[20.2-69.8]
74.5 [49.1-113.2] 7 | 23.7[11.3-49.7] | 11 | 12.3[6.8-222] | 11 | 18.4[10.2-332] | 0 0
94.2 [69.4-128.0] _ 23 | 17.1[11.4-25.8] | 19 | 20.9[13.3-32.8] 9.2 (3.4-24.5]
79.7 [42.9-148.2] _ 22 | 48.4([31.8-734] | 16 | 48.6[29.7-79.3] 47.8 [21.5-106.5]
73.0 [47.1-113.1] 11 40.1 [22.2-72.5] 34 38.6 [27.6-54.1] 26 42.9 [29.2-63.0] 8 29.2 [14.6-58.4]
108.7 [76.4-154.5] 4 14.0 [5.3-37.4] 11 12.0 [6.7-21.7] 9 14.3 [7.4-27.5] 2 7.0 [1.8-28.0]
86.5[63.2-118.4] 10 22.2[11.9-41.2] 15 19.0 [11.4-31.5] 26.5[13.8-51.0] 13.3 [6.0-29.6]
90.3 [33.9-240.7] 4 90.3 [33.9-240.7] 6 37.5[16.8-83.5] 34.6 [13.0-92.1] 45.2 [11.3-180.6]

_ _ _ 18 26.5[16.7-42.0] 18 26.6 [16.8-42.2] _ _
127.8 [63.9-255.5] | 2 | 31.9[8.0-127.7] 6 | 355[159-79.0] | 4 | 37.6[14.1-100.1] | 2 | 31.9[8.0-127.7]
92.3[68.7-124.0] | 11 | 23.1[12.8-41.7] | 35 | 23.2[16.7-32.3] | 30 | 29.1[20.4-41.7] 5 10.5 [4.4-25.2]
82.7 [39.4-173.5] 5 | 59.1[24.6-142.0] | 10 | 33.9[18.2-62.9] | 5 23.7 [9.9-57.0] 5 | 59.1[24.6-142.0]

BC: breast cancer; CI: confidence interval; CRC: colorectal cancer; HCV: hepatitis C virus; ICC: Invasive cervical cancer; IR: incidence rate per 100,000 person-years;

IVDU: intravenous drug use; MSM: men who have sex with men.

https://doi.org/10.1371/journal.pone.0261069.t002

incidence rates were lower in these sub-populations (Table 2). However, we could not con-
clude about statistical significance of the differences in incidence rates between any sub-popu-
lations, as the confidence intervals overlapped in most cases.

SIR for ICC and BC, overall and according to patient profile

The ICC incidence rate in the women in our study population was 93% higher (SIR = 1.93;
95% CI, 1.18-3.14) than that in women in the general population (Table 3). In terms of patient
profile, ICC incidence was significantly higher in the following sub-populations of WLWH
than in the general population: nadir CD4 < 200 cells/mm” (SIR = 2.62, 95% CI: 1.45-4.74),
HIV-infected through IVDU (SIR = 5.14, 95% CI: 1.93-13.70), HIV diagnosis before 2000
(SIR = 2.06, 95% CI: 1.07-3.97), and HCV coinfected (SIR = 3.52, 95% CI: 1.47-8.47).

The incidence rate observed for BC was 44% lower (SIR = 0.56, 95% CI: 0.42-0.73) overall
in the study population than in the general population, and in all women sub-populations

(Table 3).

Discussion

This study evaluated the incidence rates for the period 2010-2015 for ICC, BC and CRC,
which are the three cancers included in the French national screening program for cancer pre-
vention. It highlighted that: (i) the ICC incidence rate was 93% higher in WLWH than in
women in the general population, with significant differences according to HIV-related char-
acteristics; (ii) the BC incidence rate was 44% lower in WLWH than in the general population;
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Table 3. Standardized incidence ratios of breast cancer and invasive cervical cancer in women in the Dat’AIDS cohort between January 1, 2010 and December 31,
2015 (N = 13,543).

BC ICC
N =51 N=16
No. of cancer cases SIR [95% CI] No. of cancer cases SIR [95% CI]
Total 51 0.56 [0.42-0.73] 16 1.93[1.18-3.14]
HIV diagnosis period
Before 2000 29 0.55 [0.38-0.78] 9 2.06 [1.07-3.97]
After 2000 2 0.57 [0.38-0.87] 7 1.77 [0.84-3.72]
Nadir CD4 cell count/mm°
<200 20 0.42 [0.27-0.65] 11 2.62 [1.45-4.74]
>200 31 0.71 [0.50-1.01] 4 0.98 [0.37-2.61]
HIV transmission mode
Heterosexual 39 0.54 [0.39-0.74] 10 1.50 [0.81-2.79]
IVDU 4 0.44 [0.16-1.17] 4 5.14 [1.93-13.70]
Other 8 0.83 [0.42-1.66] 2 2.48 [0.62-9.93]
HCYV coinfection
No 44 0.59 [0.44-0.79] 11 1.60 [0.88-2.88]
Yes 7 0.42 [0.20-0.87] 5 3.52 [1.47-8.47]

BC: breast cancer; ICC: invasive cervical cancer; CI: confidence interval; HCV: hepatitis C virus; IVDU: intravenous drug use; SIR: standardized incidence ratio.

https://doi.org/10.1371/journal.pone.0261069.t003

(iii) the incidence rates of the three studied cancers did not show a significant linear trend
between 2010 and 2015.

The higher ICC incidence in PLWH than in the general population echoes findings from
previous studies [25, 26] and is in line with data from the French Hospital Database on HIV
(FHDH) until 2009, reported by Grabar et al. [27]. ICC incidence in the latter study was more
than three times higher in PLWH than in the general population [27] and the SIR of ICC was
consistently >1 in all the periods considered: pre ART (1992-1996), early ART (1997-2000),
intermediate ART (2001-2004) and late ART (2005-2009) [27]. Our study showed that while
most PLWH in France between 2010 and 2015 were on ART with controlled HIV viremia, the
ICC incidence rate was still significantly higher in WLWH than in the general population.
However, the rate we observed was lower than that reported by Grabar et al. [27]. Our study
design did not allow us to determine whether this difference was related to a change in health-
care access or in ICC screening uptake. Moreover, the incidence rates and SIR of ICC were
both higher in the following sub-populations of women (although we could not state on the
statistical significance of these differences): HIV transmission through IVDU, HCV coin-
fected, nadir CD4 < 200 cells/mm?, and diagnosed with HIV before 2000. Accordingly, in the
recent ART era, the most vulnerable WLWH had the higher risk of ICC, stressing the need to
further evaluate the efficacy of HPV vaccines in reducing ICC incidence [28]. The lack of data
on history of HPV infection, whose causal role in the ICC has been proven [29], prevented us
from including this information in our study.

In the French general population, the incidence rate for CRC together with anal cancer in
2012 was estimated at 38.4 per 100,000 person-years in men and 23.7 per 100,000 person-years
in women, with a decrease of 0.3% per year between 2005-2012 in both sexes [30]. In our
cohort, this decrease was not observed for CRC between 2010-2015. Unfortunately, due to the
lack of information on CRC only (i.e., without anal cancer) in the general population, we
could not compare our data with the general French population. However, a retrospective
matched cohort study performed between 1999 and 2007 found that the rate of CRC in PLWH
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was similar to that in persons not infected with HIV after adjusting for comorbidity variables
[31].

With regard to BC, the women in our study (both overall and in terms of each specific sub-
population) had a lower incidence rate than women in the general population. The lower inci-
dence rate in WLWH in our study is consistent with previous studies [32]. One hypothesis for
this is that ART targeting both viral and tumorigenic proteins may interfere with oncogenic
pathways, reducing tumour progression [33]. Another hypothesis is that cellular apoptosis is
produced due to HIV binding to the receptor CXCR4 on breast epithelium [34]. Among a
total of 31,099 men in our study, only four BC cases were observed (these cases were not
included in the incidence analyses). Due to very low incidence, BC screening awareness in
men remains poor [35], which might lead to late diagnosis [36, 37].

The higher incidence of BC observed in some sub-populations of WLWH may be explained,
at least partially, by the HIV-related characteristics (nadir CD4 > 200 cells/mm?, HIV transmis-
sion through IVDU, HIV diagnosis before 2000) and absence of HCV coinfection.

In the general population, chronic HCV infection has not only been other associated with
an increased risk of hepatocellular carcinoma, but also of other cancers (e.g., oesophagus, pan-
creas, prostate, thyroid, breast and oral cavity) [38, 39]. In our cohort, the ICC incidence rate
and SIR, as well as the incidence rate of CRC were higher in HCV coinfected women than in
women with no HCV coinfection. This was not observed for BC. This result could not be
explored in detail due to the lack of HCV RNA data in our study. However, it may be associ-
ated with the fact that specific sub-populations, for example drug users, have vulnerabilities
associated with an increased risk of HCV infection.

The relationship we found between lower nadir CD4 cell count and higher ICC incidence in
our study population echoes the findings in previous studies [27, 40]. Furthermore, our results are
in line with other studies which showed a relationship between low CD4 cell count and higher
ICC incidence [41-43]. Access to national cancer screening programs may explain these two
results. More specifically, with regard to screening access in France, the VESPA study highlighted
that a low educational level, irregular gynecological follow-up, and a low CD4 nadir were all barri-
ers to BC and ICC screening access [44]. Furthermore, the rate of BC screening in the previous
two years in the VESPA study was lower in WLWH than in the general population (82.2% versus
88%, respectively), and only 39.4% of PLWH (both sexes combined) declared having a fecal occult
blood test in the previous two years. However in the same study, the rate of cervical cancer screen-
ing was higher in HIV-infected women (88.1%) than in women in the general population (83.1%)
[44], which suggests that specific recommendations for PLWH may improve screening uptake
and reduce disparities in access to screening [44]. Nevertheless, this hypothesis should be consid-
ered with caution, as only 76% of WLWH reported having a Pap smear for cervical cancer screen-
ing in the year before the survey, whereas French guidelines at the time of the VESPA study
recommended cervical cancer screening each year for HIV-positive women.

Currently, the screening methods for cervical cancer in France differ according to the age
of the women. The HPV test, which looks for cervical infection by high-risk types of HPV, is
now recommended instead of the Pap test every five years after a first negative result in
women aged 30 to 65 years old [45]. Global elimination of cervical cancer is a World Health
Organization (WHO) priority, and screening for ICC must be part of a comprehensive preven-
tive approach that includes HPV vaccination, the early treatment of pre-cancerous lesions, and
the appropriate and rapid management of women diagnosed with ICC [46].

The main strength of our study was its large sample size, which provided strong statistical
power. Moreover, patients were actively enrolled by medical doctors and research technicians.
These medical staff were also responsible for data entry on the electronic medical record
NADIS®), thereby ensuring data quality.
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The study also has several limitations. First, we could not compute SIR for CRC due to the
lack of data for the French general population at the time of the analysis. Second, we had no
information about the number of patients who had been screened for BC, ICC and CRC in
our cohort. Third, data on sociodemographic characteristics (e.g., education level) and behav-
iors (e.g., tobacco, alcohol and drug consumption) were lacking, which prevented us from
being able to evaluate the association between these factors and cancer incidence.

In conclusion, the present study did not show any significant linear trend between 2010
and 2015 in the incidence rates of the three cancer types explored in PLWH. Furthermore, it
confirmed previous results that WLWH do not require specific recommendations for BC
screening, and highlighted that WLWH had higher ICC incidence rates in specific sub-
populations.

Our findings underline the need to maintain specific recommendations for ICC screening
in HIV-infected women. National recommendations need to target specific sub-populations of
women at risk of ICC, and clinicians in HIV clinical centers should facilitate regular gyneco-
logical follow-up for them.
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