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Abstract
Breast and gynaecologic cancers account for approximately half of all cancers
diagnosed amongst women in South Africa, many of whom also live with HIV. We

L . aimed to determine the incidence of and risk factors for developing breast and gynae-
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215 years with two or more HIV-related laboratory tests. We used Cox proportional
hazard models to determine the association of Human Papilloma Virus (HPV)-related
and hormone-related gynaecologic cancer with patient- and municipal-level charac-
teristics. From 3 447 908 women and 10.5 million years of follow-up, we identified
11 384 incident and 7612 prevalent gynaecologic and breast cancers. The overall
crude incidence rate was 108/1 00 000 person-years (pyears) (95% confidence inter-
val [Cl]: 106-110), with the highest incidence observed for cervical cancer
(70/1 00 000 pyears; 95% Cl: 68.5-71.7). Low CD4 cell counts and high HIV RNA
viral loads increased the risk of cervical and other HPV-related cancers. Age was
associated with both HPV-related and hormone-related cancers. Women accessing

health facilities in high socioeconomic position (SEP) municipalities were more likely
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to be diagnosed with HPV-related cancers and breast cancer than women accessing
care in low SEP municipalities. It is important to improve the immunologic status of
WLHIV as part of cancer prevention strategies in WLHIV. Cancer prevention and
early detection programmes should be tailored to the needs of women ageing with
HIV. In addition, SEP disparities in cancer diagnostic services have to be addressed.
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What's new?

Women living with HIV are at increased risk of cancers associated with human papillomavirus
(HPV), such as cervical cancer. Here, the authors set out to determine the incidence and risk fac-
tors for gynaecological and breast cancers amongst women in South Africa living with HIV.
Women in higher socioeconomic status municipalities were more likely to be diagnosed with
breast cancer or HPV-related cancers, they found. Low CD4 counts and high HIV RNA viral

1 | INTRODUCTION

Breast and gynaecologic cancers account for approximately half of all
cancers diagnosed amongst women in South Africa with breast, uter-
ine and cervical cancer a part of the top five cancers affecting women
in the country.! Women living with HIV (WLHIV) are at an increased
risk of Human papillomavirus (HPV)-related gynaecologic cancers,
such as cervical, vulvar and vaginal cancers, compared to HIV-negative
women.>® Although the risk of breast, ovarian and uterine cancers
has not been associated with HIV, research has shown that the inci-
dence of non-AIDS defining cancers (NADCs) has increased 3fold in
recent years amongst people living with HIV.# This has been partially
attributed to improved longevity resulting from the expanded access
to antiretroviral treatment (ART) leading more WLHIV to survive long
enough to develop age-related NADCs.*° Besides, social determi-
nants of health play an important role in cancer epidemiology and
management, especially in low- and middle-income countries, such as
South Africa.® Women with low socioeconomic position (SEP) have
been observed to have less access to cancer care and at a higher risk
of cancer compared to women with high SEP.”

In South Africa, HIV disproportionately affects women with a high
prevalence of 17% across all ages ranging from 2.6% amongst females
aged 5 to 14 years peaking at 33.3% in women aged 25 to 49 years
before dropping to 13.3% in women aged 50 years and older.2 On the
other hand, breast and gynaecologic cancers make up about 50% of
the new cancer cases in women. Cancer of the cervix and breast are
the first and second most common causes of cancer related mortality
amongst women in South Africa, respectively.” However, there are
still gaps in information especially on the prevalence, incidence as well
as risk factors for breast, ovarian and uterine cancers amongst WLHIV
in South Africa. With a substantial population of women now ageing
with HIV, it becomes important to understand not only HIV-related
cancers but also age-related cancers in WLHIV. To assess the inci-

dence and risk factors of cancer in people living with HIV, the

loads also increased the risk of developing HPV-related cancers.

South African HIV Cancer Match (SAM) study was developed.'® This
is a national HIV cohort created from routinely collected HIV data and
linked to the national cancer registry data. Using this HIV cohort, we
aimed to determine the incidence rate of and risk factors for develop-
ing cervical cancer and other HPV-related cancers as well as breast
cancer and other hormone-related cancers in WLHIV in South Africa.

2 | METHODS
21 | Study design and participants

This was a longitudinal analysis of a record linkage study, including
WLHIV receiving HIV care in South Africa. We used data from the
SAM study, a nationwide cohort of people living with HIV.° The study
is described in detail elsewhere.*® Briefly, the SAM cohort is built from
HIV-related laboratory records from the National Health Laboratory
Service (NHLS) and cancer records from the National Cancer Registry
(NCR) in South Africa. The NHLS is a network of laboratories providing
its services to public sector hospitals in South Africa. The NHLS serves
approximately 80% of the South African population.* The pathology-
based NCR provided data on cancer cases. From the SAM cohort, we
included women aged 15 years and older with at least two HIV-related
laboratory records between 2004 and 2014.1°

2.2 | Variables and data sources

221 | Outcome

The main outcome was breast and gynaecologic cancer diagnosis in
WLHIV. Cancer cases were identified through privacy preserving
probabilistic record linkages with the cancer cases recoded in the
NCR. The NCR was initially established in 1986 as a pathology-based
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registry, meaning it collected data for all cancers diagnosed by cytol-
ogy, histology, bone marrow aspirate and trephine. In 2011, a man-
date was introduced requiring both private and public healthcare
facilities, including laboratories, to report diagnosed cancer cases
to the NCR. The date of specimen collection was considered the
date of cancer diagnosis. We estimated incidence rates of the fol-
lowing cancers according to the International Classification of
Diseases for Oncology version 3 (ICD-O- 3)*2: cancers of the cervix
(C53), other HPV-related cancers: vulva (C51), vagina (C52); breast
(C50) and other hormone-related cancers: uterus (C54), ovary
(C56.9); as well as other gynaecological cancers, that is, pla-

centa (C58.9).

2.2.2 | Exposure variables

All women included in the analyses were HIV-positive. In the SAM
cohort, patients were considered HIV-positive if they had test done
(HIV RNA viral load or CD4 cell counts) to monitor ART or if they had
a positive HIV diagnostic test (ELISA, Western Blot, or Rapid test).1°
To explore risk factors for developing HPV-related or hormone-
related cancers in WLHIV, we included CD4 cell counts, HIV RNA viral
loads, baseline age, calendar period at patient level; and socio-
economic position (SEP) and settlement type at facility level. We used
the first ever CD4 cell count or HIV RNA viral load recorded for the
patient defined as the date of the first ever HIV diagnostic or monitor-
ing test. We grouped CD4 cell counts as follows: <200, 201 to
350, 351 to 500 and >500 cells/pl. We grouped HIV RNA viral loads
into two groups: <1000 and 21000 copies/ml to reflect suppressed vs
unsuppressed HIV RNA viral loads as defined in the South African
National HIV survey.® Baseline age was defined as the age at first
HIV-related laboratory record in our analysis and grouped into
10-year age groups apart from those 15 to 19 years and those over
60 years. Calendar period was determined from baseline and divided
to reflect the changes in HIV testing and treatment policies in
South Africa: 2004 to 2007 early ART period, 2008 to 2010 middle
ART period and 2011 to 2014 late ART period.**** Information on indi-
vidual SEP or residential address was unavailable in the NHLS labora-
tory records. Therefore, to determine the SEP we used information on
the facility of HIV test and the associated multiple deprivation rank
of the municipalities hosting the respective facilities.>® Depriva-
tion in this context is defined as the unmet needs of people. We
used the South African Index of Multiple Deprivation, a ward level
weighted aggregate of four dimensions of deprivation derived
from the Statistics South Africa census data.’® These dimensions
include material, employment, education and living environment
deprivation. To determine the municipal level ranking, we used
population weighted average of ward ranks. The most deprived
municipality (low SEP) was given a rank of one whilst the highest
rank was given to the least deprived areas (high SEP). We also used
the municipality information to define the health facility as rural or
urban settlement. Data on municipal settlement type was deter-

mined from the national data dictionary.”

2.3 | Statistical methods

We described the patient characteristics stratified by prevalent, inci-
dent or no cancer. We defined prevalent cancers as those occurring
on or before the first HIV-related test whilst incident cancer cases
were defined as those occurring after the first HIV-related test. For
patients with multiple primary cancers, we presented the first incident
cancers, respectively. In addition, we described the characteristics of
patients by each cancer of interest. We presented summary measures
as medians and interquartile ranges for age at baseline, first CD4 cell
count and person-years (pyears) of follow-up. We calculated the
crude incidence rate for each cancer of interest across the 11-years
study period per 100 000 pyears. We considered the date of first
HIV-related laboratory records as the date of entry into the cohort
(baseline). We defined the exit date from the cohort as either the date
of cancer diagnosis, the date of last HIV-related test plus an additional
180 days or December 31, 2014, which was the closure of the data-
base, whichever came first. In addition, we determined the age spe-
cific incidence rate for all cancers of interest.

To determine the factors associated with increased risk of
HPV-related cancers and hormone-related cancers in WLHIV, we
used Cox proportional hazard models. We specifically explored in uni-
variable analysis the effect of CD4 cell counts, HIV RNA viral loads,
baseline age, calendar period, SEP and settlement type on the inci-
dence of cervical cancer and HPV-related cancer other than cervix
(vulva and vaginal cancer), as well as breast cancer and hormone-
related cancer other than breast cancer (cancer of the ovary and
uterus). We excluded placenta cancers from the grouped analysis, as
they did not fit the groups mentioned above. Since CD4 cell counts
and HIV RNA viral loads in our study were highly correlated
(r = —0.0386; P value <.001), we fitted separate models, including
either CD4 cell counts or HIV RNA viral loads. In the multivariable
analysis, the final model selection for cervical and other HPV-related
as well as breast and other hormone-related cancers included age, cal-
endar period, SEP and settlement type. CD4 cell counts and HIV RNA
viral loads were only included for cervical and other HPV-related can-
cer. Due to the centralised cancer care model in South Africa'® and
the data linkage process,'° we stratified all regression models by the
province of first HIV-related laboratory record. We used STATA 16.1

for all analyses.

2.4 | Sensitivity analyses

Since data on HIV RNA viral load was largely missing (N = 1 309 908
[38%]), we used multiple imputation with chained equations to deter-
mine the values of the missing data assuming that the data were miss-
ing at random. We log transformed the CD4 cell counts and HIV RNA
viral loads and used linear regression for the imputation of CD4 cell
counts. Across the years, the detection limits of HIV RNA viral load
tests have been changing. We determined that the detection limits
ranged from O to 400 copies/ml from 2004 to 2014. However, for
individuals with missing data imputed as below the detection limit of
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HIV RNA viral load tests, we did not know the exact value of this
missing data point. As a result, we used interval regression to impute
these data. Our study included patients between the ages of 15 and
100 years, for that reason we used truncated regression to impute
missing baseline age and restricted the imputed data to this age range.
Therefore, any imputations beyond these limits were excluded sys-
tematically. To predict the missing data points we used patients with
complete information on baseline age, HIV RNA viral loads, CD4 cell
counts, calendar period, SEP and settlement type of first HIV test as
well as the cancer type. We used multivariable imputation with
chained equations to impute five datasets. We used the imputed data-
set to determine risk factors for developing cancer and compared the
results to the complete case analysis. Estimates were combined using
Rubin's rules which adjusts coefficients and standard errors for vari-
ability across datasets.!? As an additional sensitivity analysis, to assess
the impact of subclinical prevalent cancers, we excluded patients who
were diagnosed with cancer within the first 6 months and women that
had a follow-up time of <6 months from the incidence analysis.

3 | RESULTS

3.1 | Study population
In the study period, 3 447 908 WLHIV had two or more HIV-related
laboratory tests done in the public health sector. A total of 11 348
incident and 7612 prevalent hormone-related and HPV-related can-
cers cases were observed. Table 1 shows the characteristics of the
women included in the HIV cohort. The median age at first
HIV-related test was 41 years (Interquartile range [IQR]: 34-48) for
WLHIV diagnosed with incident cancer and 32 years (IQR: 26-40) for
WLHIV not developing cancer. Women with prevalent cancers were
older at HIV diagnosis (47 years; IQR: 40-54) compared those with
incident or no cancer diagnosis. The proportion of women 50 years
and older with prevalent cancer was higher than that of those with
incident cancers at 40% and 20%, respectively. The median first CD4
cell count was 269 cells/ul (IQR: 147-433) for WLHIV diagnosed with
incident cancer and 306 cells/ul (IQR 172-474) for WLHIV not devel-
oping cancer. About 62% (n = 4809) of WLHIV diagnosed with inci-
dent cancer had a first HIV RNA viral load <1000 copies/ml, whilst
68% (n = 1 451 347) WLHIV free from cancer had an HIV RNA viral
load of <1000 copies/ml. For WLHIV with and without cancer there
were more patients diagnosed in high SEP municipalities compared to
low SEP municipalities. We observed the same for settlement type
with more WLHIV diagnosed in urban municipalities compared to
rural municipalities. The median follow-up time was similar in WLHIV
diagnosed with (median: 1.83 years; IQR: 0.44-3.93) and without can-
cer (median: 2.53 years; IQR: 1.17-4.31).

Amongst incident gynaecologic and breast cancer, cervical cancer
was the most frequently diagnosis in WLHIV with 7383 cases fol-
lowed by breast cancer with 2737 cases (Table 2). Placenta cancer

was the least common with 52 cases. The median age at cancer

diagnosis was highest for uterine cancer (51 years, IQR: 42-58) and
lowest for placenta cancers (30 years, IQR: 25-36). The median CD4
cell counts were similar for all incident cancers ranging from 238 to
340 cells/pl whilst majority of WLHIV had a viral load of <1000
copies/ml across all cancers. The median follow-up time ranged from
1.60 pyears (IQR: 0.12-2.89) for placenta cancers to 2.44 pyears
(0.67-4.98) for cancer of the vulva.

3.2 | Cancer incidence rates

Over 10 545 000 years of follow-up, the overall incidence rate of any
gynaecological and breast cancer was 108/1 00 000 person-years
(pyears). The crude incidence rate of cervical cancer ranked first with
70/1 00 000 pyears (95% confidence interval [95% CI]: 68.5-71.7),
followed by breast cancer with an incidence of 26/1 00 000 pyears
(95% Cl: 25.0-26.9). Cancer of the placenta had the lowest incidence
rate (0.49/1 00 000 pyears; 95% Cl: 0.38-0.65). The age-specific
incidence rate for cervical cancer rose from 3/1 00 000 pyears in
15 to 19-year-olds to 245/1 00 000 pyears in WLHIV 60 years and
older (Figure 1 and Table S1). We observed a similar pattern for
other HPV-related cancers. Breast cancer incidence rate ranged
from 1.06/1 00 000 pyears to 120/1 00 000 pyears in the lowest
and highest age groups. For other hormone-related cancers, the inci-
dence remained low and stable in WLHIV 15 to 25 years old.

3.3 | Cancer risk factors

3.3.1 | HPV-related cancers

In the univariable and multivariable analyses, the risk of developing
cervical and other HPV-related cancer decreased with increasing CD4
cell counts (Figure 2 and Tables 3 and S2). Specifically, compared to
WLHIV with CD4 cell counts of <200 cells/ul, WLHIV with CD4 cell
counts above 500 cells/ul had a lower risk of developing cervical can-
cer (Hazard ratio [HR]: 0.82; 95% CI: 0.77-0.88) and other
HPV-related cancers (HR:0.62; 95% Cl:0.49-0.79). Similarly, WLHIV
with HIV RNA viral loads >1000 copies/ml had a higher risk of devel-
oping cervical cancer or other HPV-related cancers as compared to
those with <1000 copies/ml (HR: 1.32; 95% Cl: 1.25-1.40; and 1.34;
95% Cl 1.11-1.63, respectively) (Figure 3 and Table S3). Older WLHIV
had an increased risk of developing HPV-related cancers as compared
to younger WLHIV in the models adjusting for CD4 cell counts or HIV
RNA viral loads. In both models, the risk of developing cervical cancer
decreased in calendar years that are more recent. In contrast, there
was no such evidence for other HPV-related cancers. The risk of being
diagnosed with HPV-related cancer was higher in facilities of high SEP
compared to facilities in municipalities of low SEP, except for other
HPV-related cancers in the model adjusting for HIV-RNA viral loads.
There was no evidence of an association between HPV-related can-

cers risk and settlement type.
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Prevalent cancers Incident cancers

N = 7612 N =11 348
N (%) N (%)
Age at first lab record (years)
15-19 8(0.10) 28 (0.20)
20-29 268 (3.50) 1237 (10.9)
30-39 1596 (21.0) 3924 (34.6)
40-49 2626 (34.5) 3639 (32.1)
50-59 2111 (27.7) 1928 (17.0)
60-69 777 (10.2) 482 (4.25)
70+ 226 (2.97) 110(0.97)
Missing
Median (IQR) 47 (40-54) 41 (34-48)
First CD4 cell count recorded (cells/pl)
<200 2411 (32.3) 4097 (36.5)
201-350 2009 (26.9) 3094 (27.5)
351-500 1339 (17.9) 1980 (17.6)
=501 1705 (22.8) 2065 (18.4)
Missing 148 112
Median (IQR) 298 (163-479) 269 (147-433)
First HIV RNA viral load (copies/ml)
<1000 3214 (70.3) 4809 (61.6)
>1000 1361 (29.7) 3000 (38.4)
Missing 3037 3539
Calendar period of first laboratory record
2004-2006 841 (11.0) 3158 (27.8)
2007-2010 3254 (42.7) 5491 (48.4)
2011-2014 3517 (46.2) 2699 (23.8)
Facility related municipality characteristics
Socioeconomic position
Low 815 (10.7) 944 (8.30)
Lower-middle 1270 (16.7) 1720 (15.2)
Upper-middle 1333 (17.5) 2062 (18.2)
High 4191 (55.1) 6612 (58.3)
Missing 3 10
Settlement type
Rural 3791 (49.8) 5308 (46.8)
Urban 3818 (50.2) 6030 (53.2)
Missing 3 10
3.3.2 | Hormone-related cancers

The strongest predictor for developing hormone-related cancers in
WLHIV was age. Older WLHIV had an increased risk of developing
hormone-related cancer compared to younger WLHIV, with the effect
more pronounced than for HPV-related cancers. There was also some
evidence of an increased risk of breast cancer in facilities of high
municipal SEP compared to facilities of low municipal SEP. Settlement

type was not associated with hormone-related cancers risk. The

No cancer diagnosis TABLE 1 Characteristics of

N = 3 436 560 participants by prevalent, incident and no

N (%) cancer diagnosis in women living with
HIV in South Africa.

126 466 (3.9)
1166 213 (35.6)
1142 903 (34.9)
561 957 (17.2)
219 348 (6.70)
48 426 (1.48)
9389 (0.29)

161 858

32 (26-40)

1021 535 (30.2)
930 480 (27.5)
684 006 (20.2)
748 082 (22.1)
52 457

306 (172-474)

1451 347 (68.0)
681 881 (32.0)
1303 332

491 273 (14.3)
1 509 644 (43.9)
1435 643 (41.8)

545 357 (15.9)
572 936 (16.7)
583 361 (17.0)
1732420 (50.4)
2486

1855 369 (54)
1578 705 (46)
2486

results for the individual cancers are presented in the supplement
(Tables S10-512).

3.3.3 | Findings from sensitivity analyses
With the multiple imputation analyses, we observed results similar to
the complete case analyses across all cancer groups (Tables $7-59).

Likewise, when we restricted the follow-up time to those with
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(Continued)

TABLE 2

N (%)

Placenta

N

Ovary
N

Uterus
N

Vulva
N

Vagina
N

Breast

N
5

Cervix
N

=52

=173

= 302

= 465

=143

2737

7383
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Missing

Settlement type

145 (48.0) 73 (42.2) 24 (47.1)
27 (52.9)

157 (52.0)

199 (42.9)
265 (57.1)

64 (44.8)
79 (55.2)

1179 (43.2)

1553 (56.8)

3582 (48.5)
3798 (51.5)

Rural

100 (57.8)

Urban

Missing

1.60 (0.12-2.89)
0.49 (0.38-0.65)

1.61(0.32-3.72) 2.34(0.86-4.23) 2.17 (0.33-3.85) 2.44(0.67-4.98) 1.71 (0.28-3.84) 1.63(0.38-3.70)
25.9 (25.0-26.9) 1.35(1.15-1.59) 4.40 (4.02-4.82) 2.86 (2.55-3.20) 1.64 (1.41-1.90)

70.0 (68.5-71.7)

Median follow-up time (pyears)

@Quicc

Crude incidence rate/1 00 000 pyears (95%Cl)

DHOKOTERA ET AL.

Abbreviations: 95% Cl, 95% confidence interval; IQR, interquartile range.

>6 months follow-up time, we observed results comparable to the

complete case analysis (Tables S4 and S5).

4 | DISCUSSION

In this South African nationwide study of gynaecological and breast
cancers in WLHIV, we observed the highest incidence rate for cervical
cancer followed by cancer of the breast, vulva, uterus, ovary, vagina
and placenta. We observed a higher risk of breast, cervical and other
HPV-related cancer diagnosis in WLHIV accessing HIV care in high
SEP areas compared to women accessing care in areas of low SEP.
The risk of developing cervical cancer or another HPV-related cancer
increased with decreasing CD4 cell counts and increasing HIV RNA
viral loads. Cancer risk in WLHIV increased with older age for all can-
cer types studied with more pronounced effects for hormone-related
cancers.

Our study is the first to explore breast and all gynaecologic can-
cers and their risk factors in WLHIV at a population level in
South Africa. Since the HIV cohort was created using NHLS data, our
study had a population coverage of about 80%. It is also the first
study to look at the association of municipal SEP of health facilities
and risk of breast and all gynaecologic cancers other than cervical can-
cer in WLHIV in South Africa. Our study had some limitations. Our
HIV data might be incomplete with point of care HIV tests largely
missing in the NHLS database. We observed a relatively short follow-
up time in our cohort. In addition, the NCR estimates in our study
were from the pathology-based registry, leading to under ascertain-
ment of cancers that are diagnosed only clinically. Therefore, our inci-
dence rates may under- or overestimate the true burden of cancer.
The under- or overestimates may also differ by cancer type, as some
cancers are diagnosed more easily than others. A large proportion of
participants had missing HIV RNA viral loads, which we accounted for
using multiple imputation. Still, we had limited information to predict
the missing data, which might result in limitations similar to the com-
plete case analysis. Data on ethnicity, which has been shown to be
associated with disparities in cancer risk amongst people living with
HIV, was unavailable. However, the assumption would be that most
of the women were black as the prevalence of HIV is highest amongst
black women in South Africa. We lacked information on other risk
factors than age for hormone-related cancers than age such as, obe-
sity and hormonal contraceptive use, which might have resulted in
residual confounding thus the large effect of age observed. Data on
SEP and settlement type was at municipal level and not at individual
level. Therefore, interpretation of findings should be kept at municipal
level, as we cannot infer individual risk.

The incidence rates that we observed in WLHIV were lower than
that observed in WLHIV in South Africa and Zimbabwe?°2? but also
higher than reported in Malawi.2® The inconsistencies in the reported
incidence rates could have been due to differences in study designs
and definitions of time at risk. As explained in the limitations section,
we cannot exclude that shortcomings in the estimation of our study

numerator and denominator may have led to an underestimation of
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FIGURE 1 Age specific incidence rate/100000 person-years by individual cancer.

the reported cancer incidence rates. In our study, we observed an ele-
vated risk of HPV-related cancers with decreasing CD4 cell counts
and high-level HIV RNA viremia. Our results are in line with retrospec-
tive studies documenting low median CD4 cell counts at the time of
cancer diagnosis for HPV-related cancers including vulvar and cervical
cancer, and higher CD4 cell counts in other hormone-related cancers,
that is, ovary, uterine cancer.* In a multicentre cohort study on
WLHIV diagnosed with gynaecologic cancers, high-level viremia was
only observed for cervical cancer.* The increased incidence of HPV-
related cancers in WLHIV has been attributed to HIV-induced immu-
nodeficiency, elevated HPV prevalence and persistence of
HPV-infections.?*2”

Age is an established risk factor for cancer development, and in
our study, older ages were associated with a higher risk of all cancers
under study with the strongest association observed for
other hormone-related cancers. A study including WLHIV in the
United States observed that the median age for vulvar, cervical, ovary
and uterine cancer was 47, 45, 50 and 53 years, respectively* and this
is older than the 34, 40 and 43 and 51 years we observed for the
same cancers in our cohort of WLHIV. A younger HIV population in
South Africa compared to other regions might explain these differ-
ences.?® Another analysis form the SAM study evaluated the

association of age and cancer in people living with HIV in South Africa
and showed that whilst infection related cancers were more common,
infection unrelated cancers were, predominant in HIV patients aged
54 years and older compared to younger people.?’ Few studies have
assessed the incidence and age-specific incidence rate of other
hormone-related cancers in WLHIV globally and in African settings
these data are generally not available for comparison. Of note is the
number of prevalent cancers in WLHIV aged 50 and older which even
exceeded the incident cancers reported in the same age groups. This
corresponds to the national HIV survey results which show that,
about 54% of women aged 50 years and older are unaware of their
HIV positive status.®

The diagnosis of breast, cervical and other HPV-related cancer in
our cohort was associated with health facilities in high SEP municipali-
ties. Using area level deprivation, most studies in the general
European population have demonstrated an elevated risk of breast
cancer and a lower risk of cervical cancer in areas of high SEP com-
pared to areas of low SEP.2°2 |n a previous analysis of the SAM
study evaluating the spatiotemporal distribution of cervical cancer in
WLHIV across municipalities, an elevated incidence of cervical cancer
in high SEP municipalities as well as municipalities with a higher num-

ber of health facilities was observed.>* In our study, the increased risk
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FIGURE 2 Factors associated with gynaecologic and breast cancer in WLHIV: models including CD4 cell count. Cervical cancer and other
HPV-related cancer models adjusted for baseline age, calendar period, socio-economic status and settlement type (A). Breast and other hormone-
related cancer models adjusting for baseline age, socio-economic status and settlement type (Panel B). Other HPV related = cancer of the vagina
and vulva. Other hormone related = cancer of the uterus and ovary. Clear circle represents variables only evaluated in the univariable analysis.
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TABLE 3 Univariable analysis of the

HPV-related cancer
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Hormone-related cancer

factors associated with cancer incidence
in women living with HIV.

Cervix
HR (95% Cl)

Patient level characteristics

First CD4 cell count recorded (cells/pl)

<200 1

201-350 0.79 (0.74-0.83)

351-500 0.71 (0.66-0.75)

2501 0.67 (0.63-0.72)
First HIV RNA viral load (copies/ml)

<1000 1

>1000 1.25(1.18-1.32)
Age at first lab record (years)

15-19 0.05 (0.03-0.08)

20-29 0.29 (0.27-0.32)

30-39 1

40-49 1.98 (1.87-2.09)

50-59 2.71(2.53-2.91)

60+ 3.49 (3.11-3.92)
Calendar period of first lab record

2004-2006 1

2007-2010 0.86 (0.81-0.91)

2011-2014 0.92 (0.86-0.99)

Facility related municipality characteristics

Socioeconomic position
Low 1

Lower-middle 1.16 (1.05-1.29)

Upper-middle 1.41 (1.28-1.56)

High 1.44 (1.30-1.58)
Settlement type

Rural 1

Urban 1.15(1.08-1.23)

Other
HR (95% Cl)

1

0.73 (0.60-0.88)
0.55 (0.44-0.71)
0.56 (0.44-0.71)

1
1.28 (1.05-1.55)

0.08 (0.02-0.34)
0.57 (0.47-0.71)
1

1.30 (1.06-1.60)
1.95(1.49-2.54)
1.65(0.92-2.96)

1
1.01 (0.82-1.26)
1.35(1.03-1.77)

1

1.11(0.76-1.61)
1.37 (0.96-1.95)
1.58 (1.15-2.17)

1
1.28 (1.03-1.58)

Breast
HR (95% Cl)

1

0.96 (0.87-1.05)
0.92 (0.82-1.02)
0.95 (0.85-1.05)

1
1.05 (0.96-1.16)

0.05 (0.02-0.12)
0.25(0.22-0.29)
1

2.36 (2.15-2.59)
3.94 (3.54-4.40)
6.14 (5.18-7.27)

1
0.95 (0.86-1.04)
1.05(0.93-1.19)

1

1.12 (0.94-1.34)
1.40 (1.19-1.66)
1.53(1.31-1.79)

1
1.33(1.19-1.47)

Other
HR (95% Cl)

1

0.94 (0.75-1.19)
0.66 (0.50-0.88)
0.95(0.74-1.22)

1
1.04 (0.82-1.31)

0.64 (0.26-1.58)
0.51 (0.35-0.74)
1

3.58(2.71-4.74)
12.4(9.42-16.3)
26.9 (19.4-37.4)

1
1.09 (0.85-1.39)
1.06 (0.78-1.44)

1

1.18 (0.80-1.74)
1.23(0.84-1.80)
1.17 (0.82-1.66)

1
1.10 (0.86-1.41)

Abbreviations: Cl, confidence interval; HR, hazard ratio; HPV related, HPV-related cancer other than
cervix, specifically cancer of the vagina and vulva; Hormone related, cancer of the uterus and ovary.

of HPV-related and breast cancer diagnosis in high compared to low
SEP municipalities most likely reflects the centralization of
South African cancer care.®® This subsequently leads to higher labora-
tory confirmed cancer diagnoses. In addition the high proportion of
specialised health practitioners particularly in facilities in high SEP and
urban municipalities in the country might result in higher cancer
detection rates in municipalities of high SEP.2¢ Another study evaluat-
ing the effect of life course SEP on breast and cervical cancer screen-
ing rates indicated higher screening rates in participants with higher
SEP.%” The increased screening rates and higher access to cancer care
in high SEP municipalities can also result in better cancer detection
rates in these areas. Similar to other studies in the general population
we observed no evidence of an association between municipality level

SEP with ovarian and uterine cancers.’? We did not detect a

significant association between rural and urban settlement types and
cancer risk. A case control study in India showed an increased risk in
cervical cancer in rural areas compared to urban areas.® In addition, it
has been noted that women from rural areas have less access to infor-
mation on cancer and health care related services, factors that are
associated with increased cancer risk. A study in the American general
population also observed that women in rural areas likely had less
access to gynaecology oncologists resulting in elevated incidence of
gynaecologic cancer.®’

Cancer surveillance in WLHIV is becoming increasingly important
especially in the context of women ageing with HIV as it allows for
better understanding of cancer burden in this population including risk
factors, prognostic factors as well as treatment options. More studies

investigating the epidemiology, prevention, diagnosis and treatment
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FIGURE 3

Factors associated with gynaecologic and breast cancer in WLHIV: models including HIV RNA viral loads. Cervical cancer and

other HPV-related cancer models adjusted for HIV RNA viral load, baseline age, calendar period, socio-economic status and settlement type (A).
Breast and other hormone-related cancer models adjusting for baseline age, socio-economic status and settlement type (B). Other HPV
related = cancer of the vagina and vulva. Other hormone related cancer = cancer of the uterus and ovary. Clear circles represent variables only

evaluated in the univariable analysis. A, HPV-related cancers; B, hormone-related cancers.
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of gynaecologic cancer, particularly hormone-related cancers, should be
encouraged. Women should continue to be encouraged to go for HIV
testing across all age groups. Integration of HIV and other women's
health services should still be encouraged and go beyond cervical can-
cer screening. Strategies such as cancer screening, early detection
(where applicable), and diagnostic services should be scaled-up to reach
women at high risk and in low SEP areas. Given that cervical and other
HPV-related cancers contribute a significant proportion of the cancer
burden in WLHIV, effective interventions like HPV-vaccination and cer-
vical screening using HPV tests remain essential components in the pre-

vention and early detection of these cancers.

5 | CONCLUSIONS

In conclusion, low CD4 cell counts and high HIV RNA viral loads
increased the risk of developing HPV-related cancers amongst
WLHIV. Older age was a risk factor for all cancers under study in
WLHIV. HPV-related cancers and breast cancer diagnosis was associ-
ated with facilities in high SEP municipalities. Whilst cancer preven-
tion and early detection programmes should consider women ageing
with HIV, it remains important to improve the immunologic status of
WLHIV and address SEP disparities in cancer burden.
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