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Trends in infection-related and infection-unrelated cancer
incidence among people with and without HIV infection in
Ontario, Canada, 1996-2020: a population-based matched
cohort study using health administrative data
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Background: People with HIV infection are at higher risk for certain cancers than the general population. We compared trends in
infection-related and infection-unrelated cancers among people with and without HIV infection.

Methods: We conducted a retrospective population-based matched cohort study of adults with and without HIV infection using linked
health administrative databases in Ontario, Canada. Participants were matched on birth year, sex, census division (rurality), neigh-
bourhood income quintile and region of birth. We followed participants from cohort entry until the earliest of date of cancer diagnosis,
date of death, Nov. 1, 2020, or date of loss to follow-up. Incident cancers identified from Jan. 1, 1996, to Nov. 1, 2020, were categor-
ized as infection-related or -unrelated. We examined calendar periods 1996—2003, 2004—2011 and 2012—-2020, corresponding to the
early combination antiretroviral therapy (CART), established cART and contemporary cART eras, respectively. We used competing
risk analyses to examine trends in cumulative incidence by calendar period, age and sex, and cause-specific hazard ratios (HRs).

Results: We matched 20 304 people with HIV infection to 20 304 people without HIV infection. A total of 2437 cancers were diag-
nosed, 1534 (62.9%) among infected people and 903 (37.0%) among uninfected people. The risk of infection-related cancer by age
65 years for people with HIV infection decreased from 19.0% (95% confidence interval [Cl] 15.6%—22.3%) in 1996—2011 to 10.0%
(95% CI 7.9%—12.1%) in 2012—2020. Compared to uninfected people, those with HIV infection had similar HRs of infection-unrelated
cancer but increased rates of infection-related cancer, particularly among younger age groups (25.1 [95% CI 13.2-47.4] v. 1.9 [95%
Cl 1.0-3.7] for age 18-39 yr v. > 70 yr); these trends were consistent when examined by sex.

Interpretation: We observed significantly higher rates of infection-related, but not infection-unrelated, cancer among people with HIV
infection than among uninfected people. The elevated rate of infection-related cancer in 2012—-2020 highlights the importance of early
and sustained antiretroviral therapy along with cancer screening and prevention measures.

prevalence of known cancer risk factors such as tobacco and
alcohol use, obesity, viral hepatitis and human papilloma-
virus (HPV) infection.>”#

eople with HIV infection receiving combination anti-
retroviral therapy (cART) have, on average, twice the
risk of cancer as the general population.'”* Before the
introduction of cART, in 1996, the most common cancers
among people with HIV infection were Kaposi sarcoma,

non-Hodgkin lymphoma and invasive cervical cancer, classi-
fied as AIDS-defining cancers (ADCs).>** In recent years,
non-AIDS defining cancers (NADCs) have become increas-
ingly common*** given the success of cART, bringing life
expectancy near that of the general population.® Cancer
risks reflect the interaction of multiple component causes,
including HIV-related immunosuppression and decreased
immune surveillance of oncogenic infections, and a higher
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Most studies to date comparing cancer incidence among
people with and without HIV infection were conducted in
Europe and the United States,'”*!7 with comparatively few
studies performed in Canada.’®2° A recent meta-analysis of
47 independent studies from the Americas, Europe, Africa
and Asia, with follow-up from 1978 to 2010, showed an
increased standardized incidence ratio for all 20 infection-
related NADCs identified and half of the 20 infection-
unrelated cancers among people with HIV infection com-
pared to the general population.”” There was moderate to
high between-study heterogeneity for almost all outcomes,
which underlines the need for population- and time-specific
estimates. Moreover, context-specific current data are
needed to guide medical care and clinical decision-making at
the community level because cancer epidemiologic features
in one HIV population may not apply in another setting:
there are differences in the local epidemiologic features of
HIV acquisition, patterns of coinfection with other onco-
genic agents and prevalence of cancer risk factors. Given
that these factors vary substantially across HIV populations
and jurisdictions, it is important to add to the current evi-
dence in the Canadian context.

Among the Canadian provinces and territories, Ontario
has the highest number of annual new HIV infections and the
largest population of people living with HIV infection.?!??
We previously documented a substantial decline in ADC inci-
dence, from 403 to 104 per 100 000 person-years, between
1997 and 2020 in Ontario, but little to no decrease in the inci-
dence of infection-unrelated cancer.”” Our objective in the
present study was to extend this work to compare calendar
and age-related trends in the incidence of infection-related
and infection-unrelated cancers among people with HIV
infection to those in a matched cohort of people without HIV
infection, from 1996 to 2020.

Study design and setting

We conducted a retrospective population-based matched
cohort study in Ontario from Jan. 1, 1996, to Nov. 1, 2020,
using linked health administrative data sets housed at ICES.
ICES is an independent, nonprofit research institute whose
legal status under Ontario’s health information privacy law
allows it to collect and analyze health care and demographic
data, without consent, for health system evaluation and
improvement. We used the Reporting of Studies Conducted
Using Observational Routinely Collected Health Data
(RECORD) and Guidance for Reporting Involvement of
Patients and the Public Short Form (GRIPP2-SF) reporting
checklists.?*?

As part of our patient and public engagement initiatives,
we involved community members and people living with both
HIV infection and cancer to guide research development.
Two community members (C.P. and J.D.L.) were involved as
coinvestigators, providing support and feedback during study
development and throughout the research process, and as
coauthors. We also established a community advisory board
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to provide the research team with ongoing feedback and to
contextualize findings within members’ lived experience. The
researchers were experienced at involving community part-
ners in their research and community engagement from study
inception, which allowed community partners to influence
aspects of the study early in the study development.

Participants

We identified Ontario residents aged 18 years or older with
a diagnosed HIV infection according to a previously
described validated case-finding algorithm.?**¢ We defined
cohort entry as the earliest record of an HIV-related diag-
nostic code in the case-finding algorithm. We excluded
people who were missing age or sex information, who at
cohort entry were not residing in Ontario, or who had a
previous cancer diagnosis. The look-back periods for cancer
diagnosis and HIV diagnosis were 1964-2020 and 1991-
2020, respectively. Each person with HIV infection was
matched 1:1 with a person without a diagnosis of HIV as of
the cohort entry date (within 1 yr). People were matched on
birth year (within 1 yr), sex, census division (rurality), neigh-
bourhood income quintile and region of birth (Canadian
born or immigrated to Canada before 1986, born outside
Canada in a country with low HIV infection prevalence, or
born outside Canada in a region with high HIV infection
prevalence).”” We followed participants from cohort entry
until the earliest of date of cancer diagnosis, date of death,
Nov. 1, 2020, or date of loss to follow-up, defined as no
record of death and no contact with the health care system
for at least 5 years; we censored individuals 5 years after the
date of last contact.”®?!

Data sources

We ascertained cancer diagnoses from the Ontario Cancer
Registry, which records information for all primary incident
cancers (except for basal cell and squamous cell skin cancers)
using the International Classification of Diseases for Oncology,
Third Edition.*>** We used the Registered Persons Database, a
registry of all Ontario residents with health insurance, for
demographic and date of death information. We used the
Canadian Institute for Health Information’s Discharge
Abstract Database and the Ontario Health Insurance Plan
database to identify hospital admissions, claims for physician
services and comorbidity burden. We used the Immigration,
Refugees and Citizenship Canada Permanent Residents Data-
base to identify immigration status and region of birth. Finally,
we used postal code information to obtain neighbourhood-
level income and rurality. The data sets were linked by means
of unique encoded identifiers and analyzed at ICES .36

Outcomes and covariates

Our primary outcomes were infection-unrelated and infection-
related cancers (Box 1; Appendix 1, Supplementary Table S1,
available at www.cmajopen.ca/content/11/5/E894/suppl/
DCI).*” In secondary analyses, we examined the incidence of
ADCs, infection-related NADCs and the most commonly
observed NADC:s in our cohort.
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Box 1: List of infection-related and infection-unrelated
cancers®’

Infection-related cancers

. Kaposi sarcoma

. Non-Hodgkin lymphoma
o Cervical cancer

. Anogenital cancers (including anus, penis, unspecified male
genital organs,* vulva, vagina, oral cavity and pharynx)

U Stomach

. Liver

. Nasopharynx

. Hodgkin lymphoma

Infection-unrelated cancers

3 Bladder
. Brain
. Breast

. Colorectal
. Esophagus

. Kidney

. Larynxt

o Leukemia
U Lung

o Melanoma of the skin
o Multiple myeloma

. Ovary

o Pancreas

. Prostate

o Testis
. Thyroid
. Uterus

*Considered part of human papillomavirus—related anogenital classification.
1The IARC Working Group on the Evaluation of Carcinogenic Risks to Humans
considered that the epidemiologic evidence was inconclusive to confirm the role
of human papillomavirus in cancer of the larynx.®®

We ascertained the following information on covariates
at cohort entry: age, sex, rurality, neighbourhood income
quintile, region of birth, immigration status, comorbidity
based on type of illness according to the Johns Hopkins
Adjusted Clinical Group System and diagnosis codes in the
2 years preceding cohort entry,’”* and expected use of
health care resources in the 2 years prior, assessed with the
Johns Hopkins Adjusted Clinical Groups Resource Utiliza-
tion Bands based on morbidity level (not type of illness) and
classified into 6 categories from 0 (no health care use) to
5 (highest expected use).*” We examined calendar periods
1996-2003, 2004-2011 and 2012-2020, corresponding to
the early cART, established cART and contemporary
cART eras, respectively.** We classified attained age
(time-varying) as early adulthood (18-39 yr), early and late
middle adulthood (40-49 yr and 50-59 yr, respectively), and
early and late old adulthood (60-69 yr and > 70 yr, respec-
tively).# CD#4 status, viral load and antiretroviral informa-
tion were unavailable.
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Statistical analysis

We used descriptive statistics to summarize categoric (fre-
quency and proportion) and continuous (median and inter-
quartile range [IQR]) variables at cohort entry. We used stan-
dardized differences to compare characteristics at cohort entry
between people with and without HIV infection, with a dif-
ference of less than 0.1 indicating good intergroup balance.*

We plotted unadjusted nonparametric cumulative inci-
dence curves for the primary and secondary outcomes, and
estimated cumulative cancer risk by age 65 years and age
75 years.!! We used cause-specific hazards models to compare
cancer incidence between people with and without HIV infec-
tion, stratified by calendar period, attained age and sex (for pri-
mary outcomes only), with all-cause mortality as a competing
event and censoring at loss to follow-up and end of follow-up.

When examining infection-related cancers, we considered
infection-unrelated cancers as a competing event in addition
to all-cause mortality since, by definition, being diagnosed
with an infection-unrelated first primary cancer precludes
diagnosis of an infection-related first primary cancer. Simi-
larly, for infection-unrelated cancers, we considered infection-
related cancer as a competing risk.

We carried out the cause-specific model by implementing
the Cox proportional hazards model and censoring at compet-
ing events. Using the Cox proportional hazards model, we
obtained cause-specific hazard ratios (HRs) to estimate the
relative effect of HIV status on the hazard function.”” We
estimated 95% confidence intervals (Cls) using the robust
sandwich covariance estimate.’® We adjusted all models for
comorbidity, expected resource use and immigration status.
Rurality, region of birth and neighbourhood income quintile
were not included in the regression models because we
matched on these covariates.’*> We assessed the proportion-
ality of hazards assumption using interaction terms between
HIV status and time and weighted Schoenfeld residuals. In
sensitivity analysis, we calculated the E-value to examine the
amount of confounding bias needed to completely explain
away the observed HRs.3%*

We used the RStudio package “prodlim,” version
0.98.1091 to estimate cumulative incidence functions and to
plot cumulative incidence curves. We conducted all other
analyses, including estimates of adjusted cause-specific HRs,
using SAS Enterprise Guide version 7.15 (SAS Institute). We
used the SAS macro %match for the matching algorithm.*

Ethics approval

This study was approved by the research ethics boards of
St. Michael’s Hospital (no. 19-113), Toronto, and University
of Toronto (no. 00038757).

We matched 20 304 people infected with HIV to 20 304 people
without HIV infection, for a total sample of 40 608 study partici-
pants (Figure 1). Most were males born in Canada or long-term
residents who lived in urban centres and in the lowest neigh-
bourhood income quintile (Table 1). The median age at cohort
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People who received HIV infection
diagnosis and accessed care
between Jan. 1, 1996, and Nov. 1,
2020 in Ontario HIV database

n =23 401

—— Excluded n =3019
* Missing age, sex, census division or income, or out
of province at cohort entry n = 347
e Age<18yr n=1810
e Cancer diagnosis preceded HIV infection diagnosis
n =862

Y

People with HIV infection available

for matching
n =20 382

—— Excluded: could not be matched n =78
Y

People without HIV infection
matched 1:1*
n =20 304

People with HIV infection

n =20 304

Y

Study cohort
n =40 608

Figure 1: Flow chart showing participant selection. *“Matched on birth year (within 1 yr), sex, census division (rurality), neighbourhood income
quintile and region of birth (Canadian born or immigrated to Canada before 1986, born outside Canada in a country with low HIV infection
prevalence, or born outside Canada in a region with high HIV infection prevalence).

entry was 37 (IQR 30-45) years. Compared to people without
HIV infection at cohort entry, those with HIV infection were
more likely to have a higher comorbidity burden and high
expected resource use (Table 1).

There were 2437 incident first primary cancers over
449 975 person-years of observation (median 10 [IQR 5-17] yr
from cohort entry), of which 1534 (62.9%) were diagnosed
among people with HIV infection and 903 (37.0%) among
those without HIV infection (see Appendix 1, Supplementary
Table S2 for site-specific cancers). Among people with a diag-
nosis of cancer, those with HIV infection had a greater propor-
tion of ADC and infection-related NADC diagnoses (e.g., anal
cancer) and a lower proportion of infection-unrelated cancers
than people without HIV infection (Table 2).

Trends in incidence over time

The incidence of infection-related cancer among people with
HIV infection declined between the early (1996-2003) and the
contemporary (2012-2020) cART eras (Figure 2A), with the
cumulative risk of being diagnosed with an infection-related
cancer by age 65 years declining from 19.0% (95% CI 15.6%—
22.3%) to 10.0% (95% CI 7.9%-12.1%) between these peri-
ods (Table 3) (see Appendix 1, Supplementary Table S3 for
the cumulative risk by age 75 yr). This decrease was driven
largely by a decline in ADC incidence, with a smaller decrease

in the incidence of infection-related NADCs (Table 3). We
saw no change in trends in infection-related cancer among
people without HIV infection (Figure 2B). We also saw no
change in trends for infection-unrelated cancers among people
with (Figure 2C) and without (Figure 2D) HIV infection.

Among people with and without HIV infection, we
observed no trends over time for prostate, lung or colorectal
cancer (Appendix 1, Supplementary Figure S1). However, the
risk of a diagnosis of anal or liver cancer by age 65 years and
by age 75 years was higher among people with HIV infection
than HIV-negative people, and this was consistent over time
(Table 3; Appendix 1, Supplementary Table S3).

Age-specific trends

Averaged across all ages and time periods, the HR of
infection-related cancer at any age for HIV-infected people
was 7.9 (95% CI 6.2-10.1) times higher than that for people
without HIV infection. However, the magnitude of the
heightened risk decreased with increased age: the HR of
infection-related cancer was 25.1 (95% CI 13.2-47.7) for
those aged 18-39 years and 1.9 (95% CI 1.0-3.7) for those
aged 70 years or older (Table 4 and Figure 3). The E-value
we calculated, 15.3, would completely explain away an HR
of 7.9, which suggests that the confounder needed would
have to be 15.3 times more likely to occur in people with

CMAJ OPEN, 11(5) E897
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Table 1 (part 1 of 2): Characteristics of people from Ontario, Canada, with and without HIV infection
at cohort entry, 1996-2020
No. (%) of people*
With HIV infection Without HIV infection Standardized

Characteristic n =20 304 n =20 304 differencet
Age, median (IQR), yrt 37 (30-45) 37 (30-45) 0
Age categoryt

18-29 4878 (24.0) 4875 (24.0) 0

30-39 7372 (36.3) 7338 (36.1) 0

40-49 4937 (24.3) 4959 (24.4) 0

50-59 2079 (10.2) 2094 (10.3) 0

60-69 660 (3.2) 672 (3.3) 0

70-79 243 (1.2) 230 (1.1) 0.01

>80 135 (0.7) 136 (0.7) 0
Sext

Female 4396 (21.6) 4396 (21.6)

Male 15908 (78.3) 15 908 (78.3) 0
Period of cohort entryt

1996-1999 3532 (17.4) 3534 (17.4) 0

2000-2003 3071 (15.1) 3074 (15.1) 0

2004-2007 3314 (16.3) 3305 (16.3) 0

2008-2011 3305 (16.3) 3305 (16.3) 0

2012-2015 3330 (16.4) 3338 (16.4) 0

2016-2020 3752 (18.5) 3748 (18.5) 0
Neighbourhood income quintilef

1 (lowest) 6872 (33.8) 6872 (33.8) 0

2 4486 (22.1) 4486 (22.1) 0

3 3372 (16.6) 3372 (16.6) 0

4 2789 (13.7) 2789 (13.7) 0

5 (highest) 2785 (13.7) 2785 (13.7) 0
Ruralityf

Urban 19 550 (96.3) 19 420 (95.6) 0.03

Rural 754 (3.7) 884 (4.4) 0.03
Comorbidity burden§

No comorbid conditions 0 (0.0) 2405 (11.8) 0.52

Low 7902 (38.9) 10 191 (50.2) 0.23

Moderate 4013 (19.8) 1109 (5.5) 0.44

High 8389 (41.3) 6599 (32.5) 0.18
Resource Utilization Bandf|

0 (lowest expected resource use)** 1-5 2399-2403 0.52

1+ 1-5 1581-1585 0.41

2 16 (0.1) 4356 (21.4) 0.73

3 11 273 (55.5) 9548 (47.0) 0.17

4 6025 (29.7) 2027 (10.0) 0.51

5 (highest expected resource use) 2985 (14.7) 388 (1.9) 0.48
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Table 1 (part 2 of 2): Characteristics of people from Ontario, Canada, with and without HIV infection
at cohort entry, 1996-2020

No. (%) of people*

With HIV infection Without HIV infection Standardized
Characteristic n =20 304 n =20 304 differencet

Immigration status durationtt

Long-term resident 15273 (75.2) 15273 (75.2) 0

Long-term immigrant 1337 (6.6) 2413 (11.9) 0.18

Recent immigrant to Canada 2471 (12.2) 2475 (12.2) 0

Immigrated after index dateft 1223 (6.0) 143 (0.7) 0.30
Region of birthf

Canada 15 273 (75.2) 15 273 (75.2)

Outside Canada in country with low 2738 (13.5) 2738 (13.5) 0

HIV infection prevalence

Outside Canada in country with 2293 (11.3) 2293 (11.3) 0

high HIV infection prevalence§§

Note: IQR = interquartile range.

*Except where noted otherwise.

1A value greater than 0.1 was considered a meaningful difference.

IMatched on sex, birth year, year of cohort entry, census division (rurality), region of birth and neighbourhood income quintile.
§Based on the type of illness in the 2 years preceding cohort entry, assessed with the Johns Hopkins Adjusted Clinical Group (ACG)
system collapsed Aggregated Diagnosis Groups (ADGs). HIV infection is included as a comorbidity in the ADG algorithm.

YExpected use of health care resources was assessed with the Johns Hopkins ACG Resource Utilization Bands based on

6 categories, with 0 being no use and 5 being the highest expected use. Resources include those used owing to HIV infection.
**Range is shown to suppress a small cell count.

ttCategorized as long-term resident if Canadian born or immigrated before 1986, long-term immigrant if residing in Canada for 10 or
more years, and recent immigrant to Canada if residing in Canada for less than 10 years.

tiDate of entry into the study, defined as the earliest record of an HIV-related diagnostic code for people with HIV infection and used
in the matching process as the same date (within 1 yr) for people without HIV infection.

§§Regions of Africa and the Caribbean were considered regions with high HIV infection prevalence.

Table 2: Distribution of incident first primary cancers diagnosed among people with and without HIV infection

No. (%) of people*

Without HIV Standardized
Cancer group With HIV infection infection Total difference
All cancers 1534 (100.0) 903 (100.0) 2437 (100.0) -
Infection-unrelated cancer 696 (45.4) 784 (86.8) 1480 (60.7) 0.97
Infection-related cancer 838 (54.6) 119 (13.2) 957 (39.3) 0.97
ADC 559 (36.4) 45 (5.0) 604 (24.8) 0.84
Non-Hodgkin lymphoma 305 (19.9) 37 (4.1) 342 (14.0) 0.50
Kaposi sarcomat 235-241 <6 241 (9.9) 0.58
Cervixt 15-21 <6 21(0.9) 0.08
Infection-related NADC 279 (18.2) 74 (8.2) 353 (14.5) 0.30
Most common site-specific NADCs
among people with HIV infection
Prostate 116 (7.6) 186 (20.6) 302 (12.4) 0.38
Lung 121 (7.9) 98 (10.8) 219 (9.0) 0.10
Colorectal 80 (5.2) 106 (11.7) 186 (7.6) 0.24
Analt 106-112 (6.9-7.3) <6 112 (4.6) 0.36
Liver 49 (3.2) 19 (2.1) 68 (2.8) 0.07

Note: ADC = AIDS-defining cancer, NADC = non—AIDS defining cancer.
*Column proportions do not sum to 100% as cancers could be in more than 1 category.
tRanges are shown to suppress small cell counts to prevent the risk of disclosure; cells with fewer than 5 cases were suppressed.

CMAJ OPEN, 11(5)
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Figure 2: Cumulative incidence of infection-related cancer and infection-unrelated cancer among people with (A, C) and without (B, D) HIV

infection, by calendar period and age.

than without HIV infection and increase the risk of cancer
by a factor of 15.3. E-values of 49.7 and 3.2 were calculated
for HRs of 25.1 and 1.9, respectively. We found comparable
trends in infection-related cancer in analyses stratified by

E900 CMAJ OPEN, 11(5)

calendar period (Appendix 1, Supplementary Table S4). The
cause-specific HRs of infection-unrelated cancer were simi-
lar for people with and without HIV infection, with no clear
and consistent trends by age or sex (Table 4).
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infection, by calendar period

Table 3: Cumulative risk of being diagnosed with an infection-related cancer by age 65 years for people with and without HIV

Cumulative risk, % (95% ClI)

People with HIV infection; period

People without HIV infection; period

Infection-unrelated
cancer

70 (4.8-9.3) 9.4 (74-11.4)

Infection-related cancer
ADC

19.0 (15.6-22.3)
14.8 (11.9-17.7)

17.0 (14.1-19.9)
12.0 (9.2-14.8)

Infection-related NADC 5.1 (2.7-75) 5.8 (4.3-72)
Most common
site-specific NADCs
among people with
HIV infection
Prostate* 1.7 (0.3-3.1) 1.2 (0.5-2.0)
Lung 0.9 (0.2-1.6) 2.6 (1.6-3.6)
Colorectal 1.3 (0.4-2.3) 0.9 (0.3-1.6)
Anal 1.9 (0.6-3.1) 1.3 (0.7-2.0)
Liver 1.1 (0.0-2.3) 0.7 (0.3-1.2)
Sex
Female
Infection-unrelated 6.6 (2.4-10.8) 11.4 (71-15.7)
cancer
Infection-related cancer 9.7 (4.9-14.4) 8.9 (5.5-12.3)
Male
Infection-unrelated 7.4 (4.7-10.1) 9.4 (6.4-12.4)

cancer

Infection-related cancer 20.2 (16.3—24.0) 18.2 (14.2-22.3)

Variable 1996-2003 2004-2011 2012-2020 1996-2003 20042011 2012-2020
Cancer group
All cancers 25.3 (21.6-29.1) 25.6 (22.5-28.8) 18.3(16.1-20.5) 11.0 (5.9-10.1) 14.2 (9.3-9.3) 13.9 (12.5-15.2)

8.7 (76-9.7)  10.8(5.7-15.9) 12.4 (10.2-14.6) 11.8 (10.5-13.1)
10.0 (79-12.1) 0.2 (0.0-0.4) 2.0 (0.9-2.9) 2.2 (1.6-2.8)
6.0 (4.0-8.1) 0.2 (0.0-0.4) 0.5 (0.01-1.1) 0.8 (0.5-1.2)
4.2 (3.4-5.0) 0.0 1.4 (0.5-2.2) 1.4 (0.9-1.8)
2.1 (15-2.8) 59 (12-10.6) 5.5 (3.6-73) 3.4 (2.6-4.2)
15 (1.0-1.9) 1.7 (0.0-3.6) 1.0 (0.3-17) 1.4 (0.9-1.9)
1.0 (0.7-1.4) 2.0 (0.0-4.0) 1.3 (0.5-2.1) 1.4 (1.0-1.8)
1.8 (1.3-2.3) 0.0 0.03 (0.0-0.1)  0.02 (0.0-0.1)
0.6 (0.3-0.9) 0.0 0.4 (0.0-0.9) 0.3 (0.1-0.5)
10.2 (77-12.6)  4.4(0.8-8.1) 8.4 (4.5-12.3) 13.2 (10.4-16.0)
6.4 (4.3-8.5) 0.5 (0.0-1.5) 1.7 (0.0-4.1) 0.9 (0.3-1.6)
8.3(71-9.4)  12.2(6.0-18.4) 13.0 (10.5-15.5) 11.4 (10.0-12.8)

10.7 (8.0-13.3)

0.1 (0.0-0.3) 1.9 (0.7-3.1) 2.2 (1.6-2.9)

*Restricted to males.

Note: ADC = AIDS-defining cancer, Cl = confidence interval, NADC = non—AIDS defining cancer.

Sex-specific trends

Relative to females without HIV infection, females with HIV
infection had an HR of infection-related cancers; the relative
hazard was significantly greater for those aged 18-39 years
and 50-59 years (Table 4). Males with HIV infection had a
higher HR of infection-related cancers than males without
HIV infection, although the magnitude decreased with
increasing age.

Males with HIV infection had a decreased cumulative risk
of infection-related cancer in 2012-2020 compared to 1996
2003 and 2004-2011; this trend was not observed among
females with HIV infection (Table 3; Appendix 1, Supplemen-
tary Table S3 and Supplementary Figure S2). Compared to
females and males without HIV infection, females and males
with HIV infection had an increased lifetime risk of infection-
related cancers (Table 3; Appendix 1, Supplementary Table S3
and Supplementary Figure S2). We observed no differences by

sex or calendar period for infection-unrelated cancers.

In our matched population-based study of people with and
without HIV infection in Ontario from 1996 to 2020, we
observed that the hazard of infection-related cancer was
7.9 times higher among people with HIV infection than
among those without HIV infection. However, for people
with HIV infection, the risk of having a diagnosis of
infection-related cancer by age 65 decreased from 19% in
the early cART era (1996-2011) to 10% in the contempo-
rary cART era (2012-2020), a decline that was driven pri-
marily by a decrease in ADCs. We attribute this finding to
improvements in antiretroviral therapies over time and
earlier commencement of HIV care, strategies that improve
immune function and decrease the risk of persistent onco-
genic infections.” Nevertheless, we observed a consistently
heightened risk of infection-related NADCs, particularly
anal and liver cancers, among people with HIV infection.
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Table 4: Cause-specific hazard ratios for infection-related and infection-unrelated cancers comparing people with and without HIV
infection, by age group and sex*

Age, yr; HR (95% Cl)
Outcome; sex 18-39 40-49 50-59 60-69 =70
Both sexes combined
Death 6.9 (5.0-9.5) 4.1 (3.3-5.0) 3.0 (2.4-3.6) 2.1 (1.7-2.7) 1.4 (1.1-17)
Infection-related cancer 25.1 (13.2-47.7) 15.1 (9.6-23.7) 6.8 (4.7-9.9) 3.1 (2.04.9) 1.9 (1.0-3.7)
Infection-unrelated cancer 1.3 (0.9-1.9) 1.0 (0.8-1.3) 1.0 (0.8-1.2) 0.7 (0.6-0.9) 1.3 (1.0-1.6)
Females
Death 11.6 (5.7-23.8) 15.9 (7.9-32.3) 9.3 (4.7-18.5) 2.8 (1.6-5.2) 1.7 (1.2-2.4)
Infection-related cancer 22.2 (5.7-875) 6.4 (2.4-172) 35.6 (4.9-259.5) 45 (1.2-16.9) 3.7 (0.9-16.1)
Infection-unrelated cancer 1.1 (0.6-2.0) 1.0 (0.6-1.5) 1.5 (1.0-2.4) 1.3 (0.8-2.1) 1.9 (1.0-3.4)
Males
Death 5.6 (3.9-8.1) 3.1 (2.5-3.9) 2.5 (2.0-3.0) 2.0 (1.5-2.6) 1.2 (0.9-1.5)
Infection-related cancer 25.7 (12.2-54.0) 18.3 (10.8-31.1) 5.7 (3.9-8.4) 2.9 (1.9-4.6) 1.6 (0.8-3.2)
Infection-unrelated cancer 1.5 (0.9-2.4) 1.0 (0.8-1.4) 0.9 (0.8-1.2) 0.7 (0.5-0.8) 1.1 (0.8-1.6)
Note: Cl = confidence interval, HR = hazard ratio.
*Models were adjusted for calendar period, comorbidity, expected use of health care resources and immigration status, and included attained age at follow-up (categoric)
and HIV status interaction term.

Vaccination against pathogens that cause such cancers, nota-
bly HPV and hepatitis B virus, is recommended for HIV-
infected people.’® Moreover, there is strong evidence that
anal cancer can be prevented through screening for and sub-
sequent treatment of high-grade squamous intraepithelial
lesions, which highlights the need for optimized screening
and treatment of cancer precursors.’*® Likewise, prevention
of liver cancer includes treatment of hepatitis B virus and
hepatitis C virus infection, as well as efforts tackling meta-
bolic risk factors associated with nonalcoholic fatty liver
disease-related liver cancer (e.g., diabetes, hypertension, car-
diovascular disease).’” Consistent with other studies,?®%
we did not observe differences by HIV status in the risk of
infection-unrelated cancers.

When we examined age-specific trends, we found that, rel-
ative to people without HIV infection, HIV-infected people
had a greater hazard of infection-related cancer, which was
more pronounced at younger ages. This is in keeping with
earlier studies showing an earlier age at cancer diagnosis for
certain cancers, including anal, lung, prostate and oropharyn-
geal, and myeloma, among people with compared to those
without HIV infection."-* However, the higher relative dif-
ference at younger ages compared to older ages is partially
due to the fact that the incidence in the background popula-
tion increases with increasing age.** We noted no major dif-
ferences when we examined trends in infection-related and
infection-unrelated cancer by sex.

Well-designed studies are needed that directly compare
the risk of cancer at specific sites between people with and
without HIV infection, adjusting for important confounders
and cancer risk factors, while also exploring subgroups such as
age and sex, and examining racial disparities.
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Limitations
Strengths of our study include use of a population-based
matched cohort of infected and uninfected people in a setting
with publicly funded health care. However, people with
undiagnosed HIV infection (estimated to be about 11% of
those with HIV infection)® and people who did not access
care would have been excluded from our analyses. For people
who were lost to follow-up in administrative databases, our
assumptions regarding the end of follow-up may have resulted
in overestimation of person-time at risk and, thus, an under-
estimate of cancer incidence. The resource use variable
included resources used by people with HIV infection, which
may have attenuated the effect estimates. Having dedicated
funding support for community engagement in the study
facilitated integrated engagement and contributed to the posi-
tive impact of patient and public engagement initiatives.
Given our large sample and long follow-up duration, we
were able to capture many events and examine sex- and age-
specific trends over time. Nevertheless, even with many can-
cer events, we lacked precision to estimate cancer risks for
certain age and sex groups, as well as for specific cancer sites
beyond the most common ones. Owing to data constrains, we
were unable to examine histologic study findings, which may
have led to misclassification of some infection-related cancers.
Our competing risk approach using age as the time scale to
obtain a measure of lifetime cancer risk% and reporting cumu-
lative cancer risk by age 65 years and 75 years has both clinical
and public health utility. Although we calculated age-specific
cancer risk stratified by calendar period, it is possible that
there were changes in cancer risk we were unable to capture
because the cumulative incidence metric relied on the
assumption that the age-specific risk of cancer was constant
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Figure 3: Cause-specific hazard ratios (HRs) of infection-unrelated and infection-related cancer for people with and without HIV infection, by
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across birth cohorts.!! Finally, data pertaining to ethnic back-
ground and known cancer risk factors, including lifestyle fac-
tors (e.g., smoking, alcohol), family history and clinical data
(e.g., CD4 status, coinfection with hepatitis B or C, antiretro-
viral therapy, viral load), were unavailable. However, in our
sensitivity analysis, we explored the magnitude of confound-
ing bias that would explain away the observed association
between HIV status and infection-related cancer and found
that an extremely strong confounder would be required, one
that is a very strong risk factor for cancer and strongly associ-
ated with HIV status. Although we cannot completely rule
out confounding by such a risk factor, it is improbable that the
true association is null since a confounder that has an associa-
tion of such magnitude with the exposure and the outcome is
extremely unlikely.

Conclusion

Despite considerable improvements over time, people with
HIV infection in Ontario remained at much greater risk for
infection-related cancers than people without HIV infection
across all age groups. Our findings emphasize the importance
of promoting and encouraging early routine cancer preven-
tion strategies, such as early linkage to HIV care and treat-
ment, screening for and treatment of viral hepatitis, HPV vac-
cination, and screening for HPV-related anal and cervical
cancers for HIV-infected people. Although the risk of
infection-unrelated cancers was similar for people with and
without HIV infection, infection-unrelated cancers contrib-
uted greatly to the overall cancer burden for HIV-infected

people, especially at older ages. Clinicians are encouraged to
have ongoing conversations about lifetime cancer risk with
patients in HIV care, and encourage risk reduction strategies
such as smoking cessation, and screening for breast and
colorectal cancer.
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