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The association of HIV status with triple-negative breast 
cancer in patients with breast cancer in South Africa: a cross-
sectional analysis of case-only data from a prospective cohort 
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Summary
Background Breast cancer is the most common malignancy diagnosed among women in South Africa, with the 
aggressive triple-negative subtype comprising approximately 15% of breast cancers in this population. South Africa 
has the largest population of people with HIV in the world. This study aims to evaluate the association between HIV 
status and the proportion of patients with breast cancer with the triple-negative subtype.

Methods We did a cross-sectional analysis of case-only data from the South African Breast Cancer and HIV Outcomes 
(SABCHO) study, a prospective cohort study recruiting patients with newly diagnosed breast cancer at six public 
hospitals in South Africa. We analysed data from patients who enrolled in SABCHO between Jan 1, 2015, and 
Jan 18, 2022. Women aged 18 years or older with newly diagnosed and histologically confirmed invasive breast cancer 
were eligible. Participants were classified as HIV-positive or HIV-negative by use of an ELISA-based HIV test done at 
the time of enrolment. We developed multivariable logistic regression models to test for an association between HIV 
status and the proportion of triple-negative relative to non-triple-negative breast cancers while adjusting for 
demographic and reproductive risk factors.

Findings Of the 4122 patients enrolled in the SABCHO cohort within our study timeframe, 239 patients were excluded 
due to unknown breast cancer subtype (n=141), HIV status (n=97), or race (n=1). 3883 women with breast cancer were 
included in the study, of whom 637 (16∙4%) had triple-negative breast cancer, 894 (23∙0%) were HIV-positive, and 
186 (4∙8%) had triple-negative breast cancer and HIV. Triple-negative breast cancer accounted for 186 (20∙8%) of 
894 breast cancers among women who were HIV-positive and 451 (15∙1%) of 2989 breast cancers among women who 
were HIV-negative (p<0·0001). In the fully adjusted logistic regression model, HIV-positive status was associated with 
an increased proportion of triple-negative breast cancer (adjusted odds ratio [OR] 1∙39, 95% CI 1∙12–1∙74, compared 
with women who were HIV-negative). When compared with women who were HIV-negative, the association between 
HIV-positive status and the proportion of triple-negative breast cancer was strongest among the subgroup of women 
with a duration of HIV infection of 2 years or longer (1∙57, 1∙23–2∙00) and those on antiretroviral therapy (ART; 1∙47, 
1∙16–1∙87).

Interpretation Patients with breast cancer and chronic HIV who are on ART are more likely to have triple-negative 
breast cancer than patients with breast cancer without HIV. This association is independent of age, race, and 
reproductive factors.
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Introduction
Breast cancer is the most common malignancy diagnosed 
among women in South Africa, with an age-standardised 

incidence rate of 48∙7 per 100 000 women in 2022.1 Triple-
negative breast cancer—a subtype without oestrogen or 
progesterone receptors and without HER2 (also known 
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as ERBB2) overexpression—has a short survival time and 
high mortality rate due to its aggressive spread, few  
targeted therapeutics, and high rate of relapse.2 In 2019, 
triple-negative breast cancer accounted for approximately 
15% of breast cancers among women in South Africa.3

Previous studies have identified west African ancestry, 
low socioeconomic status, younger age at first birth 
(<25 years), and increased parity without breastfeeding 
as factors that increase the risk of triple-negative breast 
cancer compared with other breast cancer subtypes.4–7 
However, most of these studies were done in high-
income settings and did not evaluate the association of 
HIV with breast cancer subtype. South Africa has the 
largest population of people with HIV in the world, with 
an HIV prevalence of 24∙1% among all Black women and 
36∙0% among Black women aged 25–49 years.8 Overall 
rates of breast cancer in South Africa do not differ by 
HIV status,9 but it remains unclear whether HIV affects 
the distribution of breast cancer subtypes.

HIV infection is associated with profound immune 
dysregulation that is partly attenuated, but not fully 
reversed, by treatment with antiretroviral therapy 
(ART).10,11 Previous studies support a strong association 
between host immune function and triple-negative breast 

cancer pathogenesis,12,13 prompting us to investigate an 
association between HIV and triple-negative breast 
cancer. Several previous studies conducted in sub-
Saharan Africa did not find an association between HIV 
status and the proportion of the triple-negative breast 
cancer subtype,3,14–17 but these studies had small sample 
sizes and did not control for relevant demographic and 
reproductive risk factors that differ by HIV status, such as 
parity and breastfeeding history. In this study, we used 
data from the prospective South African Breast Cancer 
and HIV Outcomes (SABCHO)18 study to test the 
hypothesis that patients with breast cancer and HIV are 
more likely to have triple-negative breast cancer than 
patients with breast cancer without HIV.

Methods
Study design and data source
We used a case-only study design within the SABCHO 
cohort to do a cross-sectional analysis of the association of 
HIV with breast cancer subtype. SABCHO is a prospective 
cohort study that began enrolling patients with breast 
cancer from six public hospitals in South Africa in 
January, 2015.18 Participating study sites were Charlotte 
Maxeke Johannesburg Academic Hospital, Johannesburg; 

Research in context

Evidence before this study
We searched PubMed in January, 2023, with different 
permutations of the terms “HIV”, “breast cancer”, “triple-
negative breast cancer”, and “sub-Saharan Africa” for articles 
published between Jan 1, 1986, and Jan 1, 2023. No language 
restrictions were applied. One study of 210 patients with breast 
cancer in Mozambique found a positive association between 
HIV-positive status and the proportion of triple-negative breast 
cancer, but all other identified articles that assessed the 
association between HIV status and breast cancer subtype in 
sub-Saharan Africa did not find an association. Two articles 
(published in 2013 and 2019) were most relevant to this study 
because they included patients with breast cancer who were 
recruited from public hospitals in South Africa. Although these 
studies did not find an association between HIV status and 
breast cancer molecular subtype, their patient sample sizes 
were small; specifically, the numbers of patients who had both 
HIV and triple-negative breast cancer (38 patients and 
24 patients). Additionally, these studies did not adjust for 
reproductive risk factors, such as parity and breastfeeding 
history, which are differently associated with the risk of triple-
negative breast cancer versus other breast cancer subtypes.

Added value of this study
Given the chronic immune dysregulation associated with HIV 
and evidence supporting a link between host immune function 
and triple-negative breast cancer pathogenesis, our study 
analysed the association between HIV and the proportion of 
triple-negative breast cancer using, to our knowledge, the 

largest sample size to date in sub-Saharan Africa. It is also the 
first study, to our knowledge, to adjust for reproductive factors 
that have been linked with breast cancer subtype.

Implications of all the available evidence
Our study shows that patients with breast cancer with chronic 
HIV who are on antiretroviral therapy are more likely to have 
triple-negative breast cancer than those without HIV. This 
association is independent of age, race, and reproductive 
variables. Although previous studies of HIV and breast cancer 
subtype did not find an association between HIV and the 
proportion of triple-negative breast cancer, our results are 
considered to be more reflective of the true epidemiological 
patterns of disease among patients with breast cancer, given that 
our sample size was larger than those of previous studies, which 
gives our analysis greater statistical power. The observed 
relationship might reflect increased absolute rates of triple-
negative breast cancer, decreased absolute rates of hormone 
receptor-positive breast cancer, or both, among women with 
HIV. This association could be mediated by the direct effects of 
chronic HIV pathobiology on tumour oncogenesis through host 
immune dysregulation and hormonal shifts. It could also reflect 
the effects of HIV-associated exposures, such as chronic 
antiretroviral therapy. Regardless of mechanism, women who are 
HIV-positive who develop breast cancer are more likely to have 
the aggressive triple-negative breast cancer subtype. Any breast 
cancer symptom in a woman with HIV should prompt a full 
evaluation by a provider with breast cancer expertise, regardless 
of the woman’s age, race, or reproductive history.
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Chris Hani Baragwanath Academic Hospital, 
Johannesburg; Grey’s Hospital, Pietermaritzburg; 
Ngwelezana Hospital, Empangeni; and Addington 
Hospital and Inkosi Albert Luthuli Central Hospital 
(analysed as a single site), Durban. All study hospitals 
either had medical, surgical, and radiation oncology 
services available in house, or had clear referral pathways 
for women diagnosed with breast cancer. For this analysis, 
we included women enrolled in SABCHO between 
Jan 1, 2015, and Jan 18, 2022. The study was approved by 
the University of the Witwatersrand Human Research 
Ethics Committee (Medical; M1911203) and the 
Institutional Review Board of Columbia University 
(AAAQ1359).

Participants
Women aged 18 years or older with newly diagnosed and 
histologically confirmed invasive breast cancer from one 
of the participating centres and no previous self-reported 
history of cancer were invited to join SABCHO. All 
participants provided written informed consent. 
Participants were classified as HIV-positive or HIV-
negative by use of an ELISA-based HIV test done at the 
time of enrolment through the South African National 
Health Laboratory Services. If testing results were not 
available, self-reported HIV-positive status was used. 
Those who self-reported HIV-negative status but did not 
have a confirmatory ELISA test were excluded (appendix 1 
p 5). Women with missing data on breast cancer subtype 
or self-reported race were excluded (appendix 1 p 5).

Procedures
The primary outcome in this analysis was triple-negative 
breast cancer versus non-triple-negative breast cancer 
subtype. Pretreatment tumour oestrogen and progesterone 
hormone receptor expression and HER2 expression were 
assessed via immunohistochemistry at each study 
hospital. Tumours with equivocal HER2 immunohisto
chemistry (ie, 2+ staining intensity, which indicates 
moderate HER2 expression) underwent confirmatory 
HER2 fluorescent in-situ hybridisation testing. Tumours 
with equivocal HER2 immunohistochemistry without 
confirmatory testing were classified as HER2-negative 
(n=282). Tumours that were hormone receptor-negative 
(<1% oestrogen receptor or progesterone receptor nuclei 
staining) and HER2-negative were classified as triple-
negative breast cancer. Tumours that were hormone 
receptor-positive, HER2-positive, or both, were classified 
as non-triple-negative breast cancer.

Data were collected during baseline interviews and 
conducted by dedicated study nurses, including HAF. 
Date of birth, race, family history of breast or ovarian 
cancer, age of menarche, menstrual status, age of 
menopause, number of full-term pregnancies, age at first 
full-term pregnancy, breastfeeding history, use of oral or 
injectable contraceptives, use of hormone replacement 
therapy (HRT), history of hysterectomy or bilateral 

salpingo-oophorectomy (BSO), and history of smoking 
and alcohol use were recorded at the time of enrolment 
via a face-to-face interview. Sex data were not explicitly 
collected because all enrolled participants were biological 
women. Height and weight were measured at enrolment 
and were used to calculate BMI. For women who were 
HIV-positive, year of HIV diagnosis, CD4+ T-cell count, 
HIV viral load, and ART treatment history were recorded.

We calculated duration of HIV infection as the time 
interval between July 2 (midpoint of the calendar year) of 
the reported year of HIV diagnosis and the date of breast 
cancer diagnostic biopsy, rounded to the nearest year. 
HIV viral load was classified as detectable (≥50 copies 
per mL blood) or undetectable (<50 copies per mL blood). 
As previously described in published literature, a wealth 
index ranging from 1–5 was derived via principal 
component analysis of data from a survey of household 
possessions and facilities;19 a wealth index of 5 indicates 
the greatest wealth. Self-reported age at menarche 
outside ages 8–24 years was considered unreliable and 
were imputed as 15 years (cohort median), as were ages 
for women who reported having gone through menarche 
but did not report an age. Women who reported menses 
in the past 12 months and who had not had a hysterectomy 
or BSO were classified as premenopausal. Women who 
reported no menses in the past 12 months and who had 
not had a hysterectomy or BSO were classified as having 
gone through natural menopause. Women who had a 
BSO were classified as having gone through surgical 
menopause. Women who had a hysterectomy without 
BSO were classified as having unknown menopausal 
status. Self-reported breastfeeding history was used to 
calculate the average duration (in weeks) of breastfeeding 
per livebirth. Women with an average breastfeeding 
duration greater than or equal to 1 week were classified 
as having breastfed.

Statistical analysis
The study size was the number of patients who had 
enrolled in SABCHO at the time this analysis was 
initiated, and we deemed it appropriate to have sufficient 
statistical power to draw conclusions about our 
association of interest. The patient cohort was stratified 
as triple-negative breast cancer versus non-triple-negative 
breast cancer and contingency tables were constructed to 
compare the two groups at the time of enrolment. We 
calculated associations between covariates and triple-
negative breast cancer status using linear model ANOVA 
for continuous variables and Pearson’s χ² test for 
categorical variables. Univariable logistic regression was 
used to calculate odds ratios (ORs) and 95% CIs for the 
association of each covariate with triple-negative breast 
cancer. For logistic regression models, Wald’s χ² test was 
used to evaluate statistical significance (p<0∙05). 
Covariates associated with triple-negative breast cancer 
were considered for inclusion in stepwise multivariable 
logistic regression models. Known confounders of breast 

See Online for appendix 1
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cancer subtype, such as age, were included in the logistic 
regression models regardless of statistical significance. 
All models were adjusted for study site.

The first multivariable model compared triple-negative 
breast cancer with non-triple-negative breast cancer with 
respect to HIV and demographic factors (age group, race, 
wealth index [continuous], and hospital [fixed effect]). 
The second model consisted of age group and 
reproductive variables (age at menarche, history of 
contraceptive use, and the combined parity and 
breastfeeding variable). HRT was excluded due to low 
numbers (only three women in the triple-negative breast 
cancer group). In the final model, we included all 
variables from models 1 and 2. An interaction term 
between HIV status and the combined parity and 
breastfeeding variable was tested in the final model. 
Patients were excluded from the models for missing data 
on wealth index, age at menarche, and parity and 
breastfeeding history. Included covariates were otherwise 
complete.

We did sensitivity and subgroup analyses to test the 
robustness of our main findings among Black women. 
These analyses were necessary due to the high collinearity 
between HIV status and Black race in our cohort. We 
constructed a contingency table that stratified Black 
women by HIV status to compare reproductive features 
of the two groups. We repeated the final multivariable 
logistic regression model in Black women only and made 
a forest plot to compare these results by year of enrolment 
and by study site with an I² statistic calculated to assess 
heterogeneity. We also constructed a graph to compare 
the proportion of triple-negative breast cancer cases 
among Black women by HIV status across age groups.

Lastly, we evaluated the association of HIV control with 
breast cancer subtype. Specifically, we stratified women 
who were HIV-positive by four different HIV-related 
metrics (detectable HIV viral load, CD4+ T-cell count 
<200 cells per mm³, history of ART treatment, and 
duration of HIV infection ≥2 years). We repeated the 
final multivariable logistic regression analysis four times 
to evaluate associations of each HIV-related metric with 
the proportion of triple-negative breast cancer cases, with 
women who were HIV-negative as the reference. All 
statistical analyses were done in R (version 4.0.2, released 
June 22, 2020).

Role of the funding source 
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results
Between Jan 1, 2015, and Jan 18, 2022, 4122 women 
enrolled in SABCHO. Of these, we excluded 141 (3∙4%) 
women with unknown breast cancer subtypes, 
97 (2∙4%) women with unknown HIV status, and 
one (0∙02%) woman with unknown race. Of the 

Non-triple-
negative breast 
cancer (n=3246)

Triple-negative 
breast cancer 
(n=637)

Total (n=3883) p value*

Age group, years ·· ·· ·· 0·023

<40 458 (14∙1%) 76 (11∙9%) 534 (13∙8%) ··

40–49 735 (22∙6%) 167 (26∙2%) 902 (23∙2%) ··

50–59 757 (23∙3%) 161 (25∙3%) 918 (23∙6%) ··

60–69 699 (21∙5%) 143 (22∙4%) 842 (21∙7%) ··

≥70 597 (18∙4%) 90 (14∙1%) 687 (17∙7%) ··

Median age (IQR) 55∙0 (45∙0–66∙0) 54∙0 (45∙0–65∙0) 55∙0 (45∙0–66∙0) 0·38†

Race ·· ·· ·· 0·0079

Black 2594 (79∙9%) 538 (84∙5%) 3132 (80∙7%) ··

Non-Black‡ 652 (20∙1%) 99 (15∙5%) 751 (19∙3%) ··

HIV status ·· ·· ·· <0·0001

Positive 708 (21∙8%) 186 (29∙2%) 894 (23∙0%) ··

Negative 2538 (78∙2%) 451 (70∙8%) 2989 (77∙0%) ··

BMI, kg/m² ·· ·· ·· 0·85

<25 622/3083 (20∙2%) 118/612 (19∙3%) 740/3695 (20∙0%) ··

25–30 827/3083 (26∙8%) 169/612 (27∙6%) 996/3695 (27∙0%) ··

>30 1634/3083 (53∙0%) 325/612 (53∙1%) 1959/3695 (53∙0%) ··

Unknown§ 163 25 188 ··

Median BMI (IQR) 30∙6 (25∙8–35∙6) 30∙4 (26∙0–35∙8) 30∙6 (25∙8–35∙7) 0·95†

First degree relative with 
breast or ovarian cancer

·· ·· ·· 0·35

Yes 305/3172 (9∙6%) 52/618 (8∙4%) 357/3790 (9∙4%) ··

No 2867/3172 (90∙4%) 566/618 (91∙6%) 3433/3790 (90∙6%) ··

Unknown‡ 74 19 93 ··

Alcohol user ·· ·· ·· 0·43

Yes 614 (18∙9%) 129 (20∙3%) 743 (19∙1%) ··

No 2632 (81∙1%) 508 (79∙7%) 3140 (80∙9%) ··

Smoker ·· ·· ·· 0·50

Yes 387 (11∙9%) 82 (12∙9%) 469 (12∙1%) ··

No 2859 (88∙1%) 555 (87∙1%) 3414 (87∙9%) ··

Wealth index¶ ·· ·· ·· 0·0038

1 647/3166 (20∙4%) 110/621 (17∙7%) 757/3787 (20∙0%) ··

2 609/3166 (19∙2%) 148/621 (23∙8%) 757/3787 (20∙0%) ··

3 616/3166 (19∙5%) 142/621 (22∙9%) 758/3787 (20∙0%) ··

4 638/3166 (20∙2%) 119/621 (19∙2%) 757/3787 (20∙0%) ··

5 656/3166 (20∙7%) 102/621 (16∙4%) 758/3787 (20∙0%) ··

Unknown§ 80 16 96 ··

Study site ·· ·· ·· 0·41

CHBAH 1436 (44∙2%) 281 (44∙1%) 1717 (44∙2%) ··

CMJAH 846 (26∙1%) 170 (26∙7%) 1016 (26∙2%) ··

Durban 469 (14∙4%) 76 (11∙9%) 545 (14∙0%) ··

Grey’s 437 (13∙5%) 98 (15∙4%) 535 (13∙8%) ··

Ngwelezana 58 (1∙8%) 12 (1∙9%) 70 (1∙8%) ··

Data are n (%) unless otherwise stated. CHBAH=Chris Hani Baragwanath Academic Hospital. CMJAH=Charlotte Maxeke 
Johannesburg Academic Hospital. SABCHO=South African Breast Cancer and HIV Outcomes. *Calculated using 
Pearson’s χ² test unless otherwise specified. †Calculated with linear model ANOVA. ‡In the analysis, non-Black race was 
self-reported as either White, Coloured, or Asian. §Participants with unknown data were not included in analyses. ¶As 
previously described in published literature, a wealth index ranging from 1–5 was derived via principal component 
analysis of data from a survey of household possessions and facilities,19 with 5 indicating the greatest wealth.

Table 1: Demographic and socioeconomic features of the SABCHO cohort, by breast cancer subtype
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remaining 3883 women included in this analysis, 
637 (16∙4%) had triple-negative breast cancer (appendix 1 
p 5).

Table 1 shows the demographic features of the cohort by 
triple-negative breast cancer status. The median age at 
breast cancer diagnosis was 55 years (IQR 45∙0–66∙0), 
3132 (80∙7%) women self-identified as Black, 894 (23∙0%) 
women were HIV-positive, and 186 (4∙8%) women were 
HIV-positive and had triple-negative breast cancer. Triple-
negative breast cancer accounted for a higher percentage 
of breast cancer cases among women who were HIV-
positive than among women who were HIV-negative 
(186 [20∙8%] of 894 patients who were HIV-positive vs 
451 [15∙1%] of 2989 patients who were HIV negative; 
p<0·0001) and a higher percentage of breast cancer cases 
among Black women than among non-Black women 
(538 [17∙2%] of  3132 Black women vs 99 [13∙2%] of 
751 non-Black women; p=0∙0079).

Table 2 shows the distribution of reproductive factors 
by breast cancer subtype. In our cohort, 3608 (92∙9%) of 
3883 women had been pregnant at least once before 
enrolment, and the median number of pregnancies 
was 3∙0 (range 0∙0–18∙0). Among parous women, 
3171 (88∙6%) of 3579 reported breastfeeding for at least 
1 week. Patients with triple-negative breast cancer were 
more likely to have ever been pregnant than patients with 
non-triple-negative breast cancer and were more likely to 
have ever used contraceptives.

The distribution of reproductive factors by HIV status 
for Black women only can be found in appendix 1 (p 1). 
The proportion of patients who had ever been pregnant 
was similar between women with and without HIV 
(819 [93∙9%] of 872 who were HIV-positive vs 
2129 [94∙2%] of 2260 who were HIV-negative; p=0∙76), 
but women who were HIV-positive had fewer full-term 
pregnancies (mean 2∙46 [SD 1∙40] vs 3∙27 [2∙21]; 
p<0∙0001). Among parous women, rates of breastfeeding 
were lower in women with HIV  than in women without 
HIV (691 [85∙0%] of 813 women vs 1967 [93∙1%] of 
2113 women; p<0∙0001). Compared with women 
without HIV, a larger proportion of women with HIV 
were premenopausal (522 [62∙3%] of 838 women vs 
715 [34∙1%] of 2096 women; p<0∙0001) and reported 
ever using contraceptives (641 [73∙5%] of 872 women vs 
1340 [59∙3%] of 2260; p<0∙0001).

Table 3 shows the results of the stepwise multivariable 
logistic regression analysis of the association of HIV 
status with triple-negative breast cancer versus non-
triple-negative breast cancer in the full cohort. Patients 
were excluded from the models for missing data on 
wealth index (n=96), age at menarche (n=261), and 
parity and breastfeeding history (n=29). In multivariable 
model 1 (demographic factors), HIV-positive status was 
associated with an increased proportion of triple-negative 
breast cancer (adjusted OR 1∙38, 95% CI 1∙11–1∙71). In 
multivariable model 2 (age and reproductive factors), 
both parity without breastfeeding (1∙77, 1∙11–2∙88) and 

parity with breastfeeding (1∙50, 1∙01–2∙32) were 
associated with an increased proportion of triple-negative 
breast cancer compared with nulliparity. In the fully 
adjusted model 3, both HIV-positive status (1∙39, 
1∙12–1∙74) and parity without breastfeeding (1∙75, 

Non-triple-negative 
breast cancer 
(n=3246)

Triple-negative 
breast cancer 
(n=637)

Total (n=3883) p value*

Age at menarche†, years ·· ·· ·· 0∙12

<15 1422/3032 (46∙9%) 256/590 (43∙4%) 1678/3622 (46∙3%) ··

≥15 1610/3032 (53∙1%) 334/590 (56∙6%) 1944/3622 (53∙7%) ··

Unknown‡ 214 47 261 ··

Ever pregnant ·· ·· ·· 0∙0065

Yes 3000 (92∙4%) 608 (95∙4%) 3608 (92∙9%) ··

No 246 (7∙6%) 29 (4∙6%) 275 (7∙1%) ··

Number of full-term 
pregnancies, median 
(IQR)

3·0 (2∙0–4∙0) 3·0 (2∙0–4∙0) 3·0 (2∙0–4∙0) 0∙010§

Range 0·0–18∙0 0·0–16∙0 0·0–18∙0 ··

Unknown‡ 18 3 21 ··

Age at first full-term 
pregnancy, years

·· ·· ·· 0∙011

Nulliparous 246/3202 (7∙7%) 29/632 (4∙6%) 275/3834 (7∙2%) ··

<21 1456/3202 (45∙5%) 313/632 (49∙5%) 1769/3834 (46∙1%) ··

≥21 1500/3202 (46∙8%) 290/632 (45∙9%) 1790/3834 (46∙7%) ··

Unknown‡ 44 5 49 ··

Parity and breastfeeding 
history

·· ·· ·· 0∙012

Nulliparous 246/3222 (7∙6%) 29/632 (4∙6%) 275/3854 (7∙1%) ··

Parous and did not 
breastfeed

331/3222 (10∙3%) 77/632 (12∙2%) 408/3854 (10∙6%) ··

Parous and breastfed 2645/3222 (82∙1%) 526/632 (83∙2%) 3171/3854 (82∙3%) ··

Unknown‡ 24 5 29 ··

Ever used contraceptives¶ ·· ·· ·· 0∙027

Yes 2010 (61∙9%) 424 (66∙6%) 2434 (62∙7%) ··

No 1236 (38∙1%) 213 (33∙4%) 1449 (37∙3%) ··

Menopausal status ·· ·· ·· 0∙72

Premenopausal 1174/2966 (39∙6%) 220/571 (38∙5%) 1394/3537 (39∙4%) ··

Natural menopause 1723/2966 (58∙1%) 340/571 (59∙5%) 2063/3537 (58∙3%) ··

Surgical menopause 69/2966 (2∙3%) 11/571 (1∙9%) 80/3537 (2∙3%) ··

Unknown‡ 280 66 346 ··

Ever on HRT ·· ·· ·· 0∙016

Yes 57/3242 (1∙8%) 3/635 (0∙5%) 60/3877 (1∙5%) ··

No 3185/3242 (98∙2%) 632/635 (99∙5%) 3817/3877 (98∙5%) ··

Unknown‡ 4 2 6 ··

Data are n (%) unless otherwise stated. HRT=hormone replacement therapy. SABCHO=South African Breast Cancer and 
HIV Outcomes. *Calculated with Pearson’s χ² test unless otherwise specified. †Among those who self-reported age at 
menarche as outside ages 8–24 years, two patients had triple-negative breast cancer and eight patients had other 
breast cancer subtypes. Among those who reported having gone through menarche but did not report an age, their 
age at menarche was imputed as 15 years (cohort median); three patients had triple-negative breast cancer and 
18 patients had other breast cancer subtypes. ‡Participants with unknown data were not included in analyses. 
§Calculated with linear model ANOVA. ¶Oral or injectable contraceptives.

Table 2: Reproductive features of the SABCHO cohort, by breast cancer subtype



Articles

e1998	 www.thelancet.com/lancetgh   Vol 12   December 2024

1∙09–2∙87) were associated with an increased proportion 
of triple-negative breast cancer compared with non-
triple-negative breast cancer. There was no statistically 
significant interaction between HIV status and the 
combined parity and breastfeeding variable in model 3.

Subgroup analysis of Black women showed that only 
HIV-positive status remained associated with an 
increased proportion of triple-negative breast cancer 
(adjusted OR 1∙49, 95% CI 1∙18–1∙87 in model 3; 
appendix 1 p 3). Among Black women, triple-negative 
breast cancer accounted for 183 (21∙0%) of 872 breast 
cancer cases among women who were HIV-positive 
and 355 (15∙7%) of 2260 breast cancer cases among 
women who were HIV-negative. The absolute percentage 
of breast cancer cases that were triple-negative was 

6∙3–6∙5% greater among Black women with HIV for all 
age groups younger than 60 years than Black women 
without HIV for all age groups younger than 60 years 
(figure). There was minimal heterogeneity when the 
association between HIV and the proportion of triple-
negative breast cancer cases among Black women was 
compared by study site (I²=0·0%) and year of diagnosis 
(I²=4∙7%; appendix 1 p 6).

Table 4 shows the clinical features of 894 women who 
were HIV-positive, by breast cancer subtype at the time 
of enrolment in SABCHO. 121 (13∙5%) of these women 
were diagnosed with HIV at the time of enrolment, 
872 (97∙5%) self-identified as Black, and 695 (77∙7%) 
were on ART. 216 (46∙9%) of 461 women with known 
data had undetectable HIV viral loads, 729 (91∙4%) of 798 
had CD4+ counts greater than or equal to 200 cells per µL,  
606 (68∙1%) of 890 women reported duration of HIV 
infection of 2 years or more, and 581 (95·9%) of these 
606 women were on ART. Triple-negative breast cancer 
accounted for a higher proportion of total breast cancers 
in women with a duration of HIV infection of at least 
2 years than in those with a duration of infection of less 
than 2 years (139 [22∙9%] of 606 women with HIV for 
≥2 years vs 46 [16∙2%] of 284 women with HIV for 
<2 years; p=0∙0209).

When the fully adjusted multivariable logistic 
regression model was repeated with HIV status stratified 
by four different HIV-related metrics, an increased 
proportion of triple-negative breast cancer was observed 
in women who were HIV-positive with a duration of HIV 
infection of 2 years or longer (adjusted OR 1∙57, 95% CI 
1∙23–2∙00, compared with women who were HIV-
negative), women who were HIV-positive and on ART 
(1∙47, 1∙16–1∙87, compared with women who were HIV-
negative), and women who were HIV-positive with CD4+ 
counts of 200 cells per µL or higher (1∙30, 1∙02–1∙65, 
compared with women who were HIV-negative). Other 
tested subgroups were not found to be associated with 
the proportion of triple-negative breast cancer (appendix 1 
p 4).

Discussion
Our study found that, among 3883 women diagnosed 
with breast cancer in South Africa, women who were 
HIV-positive were more likely to have triple-negative 
breast cancer than women without HIV (adjusted 
OR 1∙39, 95% CI 1∙12–1∙74; table 3). The proportion of 
triple-negative breast cancer cases among women who 
were HIV-positive was 5∙7 percentage points higher than 
in women who were HIV negative in the whole cohort 
(table 1) and 6∙3–6∙5 percentage points higher in the 
subgroups of Black women younger than 60 years 
(figure). The association between HIV-positive status and 
the proportion of triple-negative breast cancer was most 
prominent among women with a duration of HIV 
infection of 2 years or longer compared with women who 
were HIV-negative and in women receiving chronic ART 

Model 1 (n=3787) Model 2 (n=3599) Model 3 (n=3511)

Age group, years

<40 0∙70 (0∙51–0∙95) 0∙83 (0∙61–1∙13) 0∙76 (0∙55–1∙03)

40–49 0∙98 (0∙77–1∙26) 1∙14 (0∙89–1∙45) 1∙04 (0∙80–1∙34)

50–59 1 (ref) 1 (ref) 1 (ref)

60–69 1∙02 (0∙79–1∙31) 1∙04 (0∙80–1∙35) 1∙10 (0∙84–1∙44)

≥70 0∙74 (0∙56–0∙99) 0∙72 (0∙52–0∙99) 0∙76 (0∙54–1∙06)

Race

Black 1∙26 (0∙96–1∙65) ·· 1∙23 (0∙92–1∙64)

Non-Black* 1 (ref) ·· 1 (ref)

Wealth index† 1∙01 (0∙94–1∙08) ·· 1∙00 (0∙93–1∙08)

HIV status

Positive 1∙38 (1∙11–1∙71) ·· 1∙39 (1∙12–1∙74)

Negative 1 (ref) ·· 1 (ref)

Age at menarche, years

<15 ·· 1 (ref) 1 (ref)

≥15 ·· 1∙14 (0∙96–1∙37) 1∙06 (0∙88–1∙29)

Parity and breastfeeding history

Nulliparous ·· 1 (ref) 1 (ref)

Parous and did not breastfeed ·· 1∙77 (1∙11–2∙88) 1∙75 (1∙09–2∙87)

Parous and breastfed ·· 1∙50 (1∙01–2∙32) 1∙50 (1∙00–2∙34)

Ever used contraceptives?

Yes ·· 1∙13 (0∙92–1∙40) 1∙14 (0∙92–1∙41)

No ·· 1 (ref) 1 (ref)

Study site

CHBAH 1 (ref) ·· 1 (ref)

CMJAH 1∙09 (0∙88–1∙35) ·· 1∙08 (0∙86–1∙35)

Durban 0∙93 (0∙69–1∙25) ·· 0∙97 (0∙71–1∙31)

Grey’s 1∙21 (0∙93–1∙58) ·· 1∙27 (0∙96–1∙67)

Ngwelezana 1∙06 (0∙53–1∙95) ·· 1∙01 (0∙49–1∙92)

Data are adjusted odds ratio (95% CI). CHBAH=Chris Hani Baragwanath Academic Hospital. CMJAH=Charlotte Maxeke 
Johannesburg Academic Hospital. SABCHO=South African Breast Cancer and HIV Outcomes. *In the analysis, non-Black  
race was self-reported as either White, Coloured, or Asian. †As previously described in published literature, a wealth 
index was derived via principal component analysis of data from a survey of household possessions and facilities;19 
the wealth index ranges from 1–5, with 5 indicating the greatest wealth. The odds ratio is for each 1 point rise on the 
wealth index scale.

Table 3: Multivariable logistic regression models for the SABCHO cohort assessing the association of 
demographic and reproductive factors with triple-negative breast cancer versus non-triple-negative 
breast cancer 
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treatment compared with women who were HIV-negative 
(appendix 1 p 4).

Our finding that the proportion of triple-negative breast 
cancer cases in patients with breast cancer and comorbid 
HIV is higher than in those without HIV is consistent 
with the findings of a 2020 study of patients with breast 
cancer in Mozambique (n=210),20 but differs from the 
findings of other previous studies that analysed breast 
cancer subtypes by HIV status.3,14–17 Of greatest relevance, 
our findings differ from those of a previous analysis of 
the SABCHO cohort done in 2019 (n=1016)3 and a 2013 
analysis of patients with breast cancer from Chris Hani 
Baragwanath Academic Hospital (n=1092),16 neither of 
which found an association between HIV and the 
proportion of triple-negative breast cancer. Our analysis 
included 3883 women, a sample size almost four times 
larger than these two previous studies, and therefore 
has greater statistical power. Specifically, we included 
186 women with both triple-negative breast cancer 
and HIV, whereas the previous analyses included only 
38 women3 and 24 women16 with both triple-negative 
breast cancer and HIV. Furthermore, we accounted for 
potential confounding reproductive factors not included 
in previous studies, including parity, breastfeeding 
history, and history of contraceptive use, all of which 
differed by HIV status, triple-negative breast cancer 
status, or both. We also adjusted all analyses for age and 
self-reported race and validated the observed association 
of HIV with triple-negative breast cancer in the Black 
subgroup of SABCHO patients. Our results remained 
consistent within the Black subgroup and had minimal 
heterogeneity when stratified by year of diagnosis and 
study site.

This is a case-only analysis that cannot measure the 
absolute risk of triple-negative breast cancer due to the 
absence of a control group without a breast cancer 
diagnosis. This absence makes it challenging to isolate 
whether the observed increase in the proportion of triple-
negative breast cancer among patients with breast cancer 
and HIV is due to an increased absolute risk of triple-
negative breast cancer, or a decreased absolute risk of 
non-triple-negative breast cancer. Overall rates of breast 
cancer in South Africa do not differ by HIV status,9 
suggesting that chronic HIV infection in this population 
could be linked with both an increase in the absolute risk 
of triple-negative breast cancer and a similar decrease in 
the absolute risk of non-triple-negative breast cancer 
(most likely hormone receptor-positive breast cancer).

One mechanism by which HIV status could affect the 
proportion of breast cancer cases that are triple-negative 
is by affecting reproductive behaviours associated with 
breast cancer subtype. Previous studies have shown that 
parity is associated with an increased risk of triple-
negative breast cancer (both absolute risk and relative 
risk of hormone receptor-positive breast cancer) and that 
this risk is reduced through breastfeeding.5–7 This 
association was present in our cohort, as parous women 

who did not breastfeed had a higher proportion of triple-
negative breast cancer than nulliparous women, while 
parous women who breastfed did not. We then 
investigated how HIV status affected rates of parity and 
breastfeeding. We found similar rates of parity between 
women with and without HIV and found lower rates of 
breastfeeding among parous women with HIV compared 
with parous women without HIV (85∙0% vs 93∙1%, 
p<0∙0001; appendix 1 p 1). This finding suggests that 
some women who are HIV-positive might not breastfeed 
out of concern for vertical HIV transmission, which 
could increase their risk of triple-negative breast cancer. 
However, there was no statistically significant interaction 
between HIV status and the combined parity and 
breastfeeding variable in our final logistic regression 
model. If the association of HIV with the proportion of 
triple-negative breast cancer was mediated by parity 
and breastfeeding alone, we would have expected to 
observe different associations of HIV by breastfeeding 
status.

Another mechanism by which HIV could affect breast 
cancer subtype is through systemic changes in sex 
hormone concentrations. Women who are HIV-positive 
have increased rates of amenorrhoea compared with 
women who are HIV-negative,21,22 which might decrease 
their risk of hormone receptor-positive breast cancer 
through reduced lifetime exposure to sex hormones. A 
meta-analysis done by Brandão and colleagues15 found 
that women who were HIV-positive were less likely than 
women who were HIV-negative to develop hormone 
receptor-positive breast cancer, and they proposed hypo-
oestrogenism as a mechanism for this relationship. In 
our cohort, a lower proportion of Black women who were 
HIV-positive had a BMI greater than 30 kg/m² than Black 
women who were HIV-negative (41∙3% vs 56∙5%, 
p<0∙0001; appendix 1 p 1), which could contribute to 

Figure: Proportion of Black women with breast cancer enrolled in the SABCHO cohort who had triple-negative 
breast cancer, by age and HIV status
Error bars show 95% CI.
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decreased oestrogen concentrations in women who are 
HIV-positive through reduced peripheral aromatisation 
of androgens. However, BMI was not associated with 
breast cancer subtype (table 1).

We can also hypothesise a direct biological interaction 
between HIV infection and the breast tissue micro
environment that contributes to triple-negative breast 
cancer oncogenesis. HIV causes chronic immune 
dysregulation, which is partly alleviated, but not 
completely reversed, by ART.11 Compared with other 
breast cancer subtypes, triple-negative breast cancer has 
been shown to provoke the greatest anti-tumour 
response.23 Therefore, dysregulation of host immune 

surveillance might preferentially support the oncogenesis 
of triple-negative breast cancer over non-triple-negative 
breast cancer among women with HIV. When women 
who were HIV-positive were stratified by HIV-related 
metrics, women with a duration of infection greater than 
or equal to 2 years had an increased proportion of triple-
negative breast cancer (compared with women who 
were HIV-negative), whereas women with a duration of 
infection of less than 2 years did not. This finding 
supports a model in which chronic exposure to the HIV 
immune dysregulated state incrementally increases the 
likelihood of developing triple-negative breast cancer 
(appendix 1 p 4). However, 95∙9% of women in our 
cohort with chronic HIV infection (≥2 years) were also 
on ART, so it is difficult to separate the effects of chronic 
HIV infection from the effects of chronic ART treatment. 
Chronic ART exposure might have a direct effect on 
breast cancer subtype, but this is considered unlikely, 
given that there is no established biological mechanism 
to mediate this effect.

Regarding the effect of HIV control on breast cancer 
subtype, women who were HIV-positive with detectable 
and undetectable HIV viral loads had nearly identical 
elevated ORs for triple-negative breast cancer versus 
non-triple-negative breast cancer compared with women 
who were HIV-negative, but these results were not 
statistically significant (appendix 1 p 4). The absence of 
statistically significant results in both subgroups might 
be because 402 women who were HIV-positive were 
excluded from this model for having missing viral load 
data, in addition to the 21 women who were excluded for 
missing wealth index, parity or breastfeeding history, or 
age at first menarche data. Furthermore, women who 
were HIV-positive with CD4+ counts of 200 cells per µL 
or higher and those with CD4+ counts of less than 
200 cells per µL both had elevated ORs for triple-negative 
breast cancer versus non-triple-negative breast cancer 
(compared with women who were HIV-negative), but 
this result was only statistically significant among 
women with CD4+ counts of 200 cells per µL or higher. 
This finding might be due to the low number of women 
with CD4+ counts less than 200 cells per µL (n=64; 
appendix 1 p 4). These results suggest that the proportion 
of triple-negative breast cancer cases among women with 
breast cancer who are HIV-positive is increased 
regardless of CD4+ count and HIV viral load, but future 
research with larger sample sizes is warranted to better 
explore these findings.

Our study has multiple strengths and some key 
limitations. A strength is that our data came from the 
SABCHO cohort, which has a large patient population 
drawn from multiple South African public hospitals, 
many women with both breast cancer and HIV, and 
detailed data on demographic variables, reproductive 
history, and HIV control. However, not all factors that 
might contribute to triple-negative breast cancer 
pathogenesis are captured in the SABCHO dataset. HIV 

Non-triple-
negative breast 
cancer (n=708)

Triple-negative 
breast cancer 
(n=186)

Total (n=894) p value*

Age group, years ·· ·· ·· 0∙63

<40 185 (26∙1%) 39 (21∙0%) 224 (25∙1%) ··

40–49 280 (39∙5%) 78 (41∙9%) 358 (40∙0%) ··

50–59 161 (22∙7%) 47 (25∙3%) 208 (23∙3%) ··

60–69 66 (9∙3%) 19 (10∙2%) 85 (9∙5%) ··

≥70 16 (2∙3%) 3 (1∙6%) 19 (2∙1%) ··

Median age (IQR) 45·0 (39∙0–53∙0) 46·0 (41∙0–54∙0) 45·0 (39∙3–53∙0) 0∙24†

Race ·· ·· ·· 0∙40

Black 689 (97∙3%) 183 (98∙4%) 872 (97∙5%) ··

Non-Black‡ 19 (2∙7%) 3 (1∙6%) 22 (2∙5%) ··

Received new HIV diagnosis 
at time of enrolment

·· ·· ·· 0∙2

Yes 101 (14∙3%) 20 (10∙8%) 121 (13∙5%) ··

No 607 (85∙7%) 166 (89∙2%) 773 (86∙5%) ··

Median years since HIV 
diagnosis§ (IQR)

4·0 (0∙0–9∙0) 6·0 (2∙0–10∙0) 4·0 (1∙0–9∙0) 0∙0035†

Range 0·0–28∙0 0·0–22∙0 0·0–28∙0 ··

Unknown 3 1 4 ··

Years since HIV diagnosis§ ·· ·· ·· 0∙021

<2 years 238/705 (33∙8%) 46/185 (24∙9%) 284/890 (31∙9%) ··

≥2 years 467/705 (66∙2%) 139/185 (75∙1%) 606/890 (68∙1%) ··

Unknown¶ 3 1 4 ··

Viral load§ 0∙51

Detectable 201/373 (53∙9%) 44/88 (50∙0%) 245/461 (53∙1%) ··

Undetectable 172/373 (46∙1%) 44/88 (50∙0%) 216/461 (46∙9%) ··

Unknown¶ 335 98 433 ··

CD4+ cell count§ 0∙71

<200 cells per µL 54/638 (8∙5%) 15/160 (9∙4%) 69/798 (8∙6%) ··

≥200 cells per µL 584/638 (91∙5%) 145/160 (90∙6%) 729/798 (91∙4%) ··

Unknown¶ 70 26 96 ··

On antiretroviral therapy 0∙14

Yes 543 (76∙7%) 152 (81∙7%) 695 (77∙7%) ··

No 165 (23∙3%) 34 (18∙3%) 199 (22∙3%) ··

Data are n (%) unless otherwise stated. SABCHO=South African Breast Cancer and HIV Outcomes. *Calculated using 
Pearson’s χ² test unless otherwise specified. †At the time of study enrollment. ‡In the analysis, non-Black race was self-
reported as either White, Coloured, or Asian. §Calculated with linear model ANOVA. ¶Participants with unknown data 
were not included in analyses.

Table 4: Demographic and HIV-related features of patients who are HIV-positive in the SABCHO cohort, 
by breast cancer subtype
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viral load and CD4+ counts were measured only at the 
time of study enrolment. Longitudinal data on HIV-
related metrics before enrolment would have been more 
informative about immune conditions during the period 
of oncogenesis. Similarly, we cannot say with complete 
certainty that HIV exposure predated tumour 
oncogenesis in all cases, given we only have data on HIV 
status at time of breast cancer diagnosis. However, we 
have reasonable confidence that HIV exposure predated 
tumour oncogenesis in most or all cases given the 
median duration of HIV infection was 4 years. 
Furthermore, as previously discussed, this is a case-only 
analysis that cannot measure the absolute risk of triple-
negative breast cancer. Future case–control studies with 
control patients without breast cancer done in regions of 
high HIV prevalence, such as South Africa, would better 
delineate whether the absolute risk of triple-negative 
breast cancer differs by HIV status.

Overall, in this large prospective case-only study 
conducted in South Africa, we found that patients with 
breast cancer and comorbid HIV are more likely to 
have triple-negative breast cancer than patients with 
breast cancer without HIV, especially among women 
with chronic HIV infection who are on ART. This 
association is independent of age, race, and reproductive 
variables. Future research should study whether this 
association is mediated by an increase in the absolute 
risk of triple-negative breast cancer, a decrease in the 
absolute risk of non-triple-negative breast cancer, or 
both. Regardless of mechanism, these findings support 
an emphasis on early breast cancer detection among 
women with HIV, given the aggressive spread and poor 
prognosis associated with triple-negative breast cancer. 
Among women who are HIV-positive, any breast cancer 
symptom should prompt a full evaluation by a provider 
with breast cancer expertise, regardless of the woman’s 
age, race, or reproductive history.
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