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Disparities in breast cancer survival between women with
and without HIV across sub-Saharan Africa (ABC-DO):
a prospective, cohort study
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Summary

Background Studies have shown increased mortality among women living with HIV diagnosed with breast cancer
compared with HIV-negative women with breast cancer. We aimed to examine how this HIV differential varies by
patient or breast tumour characteristics.

Methods The African Breast Cancer-Disparities in Outcomes (ABC-DO) study is a prospective cohort of women (aged
=18 years) with incident breast cancer recruited consecutively at diagnosis (2014-17) from hospitals in Namibia,
Nigeria, South Africa, Uganda, and Zambia. Detailed clinical and epidemiological data, including self-reported or
tested HIV status, were collected at baseline. Participants were actively followed up via telephone calls every 3 months.
The primary outcome was all-cause mortality, assessed in all women who had at least one updated vital status after
baseline interview. Using Cox regression, we examined differences in overall survival by HIV status in the cohort, and
across country and patient subgroups, adjusted for age, tumour grade, and tumour stage at cancer diagnosis.

Findings Between Sept 8, 2014, and Dec 31, 2017, we recruited 2154 women with primary breast cancer, 519 of whom
were excluded due to their countries having small numbers of women with HIV for comparison. Among the
remaining 1635 women, 313 (19%) were living with HIV, 1184 (72%) were HIV negative, and 138 (9%) had unknown
HIV status. At breast cancer diagnosis, women with HIV were younger and had lower body-mass index (BMI) than
their HIV-negative counterparts, but had similar tumour stage, grade, and receptor subtypes. At the end of the
follow-up (Jan 1, 2019), a higher proportion of women with HIV (137 [44%)] of 313) had died than had HIV-negative
women (432 [37%] of 1184). Crude 3-year survival was 9% lower for women with HIV (46% [95% CI 40-53]) than for
HIV-negative women (55% [52-59]; hazard ratio (HR) 1-41 [1-15-1-74]). The HIV survival differential did not differ
by age, BMI, tumour subtype, or tumour grade, but was stronger in women with non-metastatic disease (3-year
survival 52% HIV-positive vs 63% HIV-negative women, adjusted HR 1-65 [1-30-2-10]), whereas women with
metastatic cancer had low survival, regardless of HIV status.

Interpretation The larger survival deficit among women with HIV with non-metastatic breast cancer calls for a better
understanding of the reasons underlying this differential (eg, biological mechanisms, health behaviours, detrimental
HIV-breast cancer treatment interactions, or higher HIV background mortality) to inform strategies for reducing
mortality among this patient group.
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Introduction

Breast cancer is the most common female cancer
worldwide.! Although it is not an HIV-associated cancer,
breast cancer is common in women living with HIV.?
In 2012, an estimated 6325 new breast cancer cases were
diagnosed among 16-0 million women with HIV
globally.? The breast cancer burden in this population is

expected to increase, partly due to improved survival
outcomes in women with HIV as a result of the rollout of
antiretroviral therapy (ART) for HIV,’ meaning that
women with HIV now live to ages when breast cancer
incidence is highest.

Globally, most women with HIV reside in low-resource
and high HIV-prevalence settings, such as sub-Saharan
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Research in context

Evidence before this study

We identified a recent systematic review of studies published up
toJan 1, 2020, and updated it to Jan 1, 2021, by searching the
Embase and PubMed (Ovid) databases using the search terms
“breast cancer”, "HIV”, and “survival”, with no language
restrictions. The systematic review, comprising seven distinct
study populations, showed that women living with HIV
diagnosed with breast cancer had increased all-cause mortality
compared with their HIV-negative counterparts with breast
cancer, both in North America and sub-Saharan Africa. However,
the review also highlighted marked between-study heterogeneity
in the magnitude of the differences in mortality between women
with and without HIV (increases of 1-6-4-6 times); studies with a
small number of women with HIV; and, specifically in sub-Saharan
Africa, studies with suboptimal follow-up owing to high losses to
follow-up. Our updated search identified only one additional
publication, from our African Breast Cancer-Disparities in
Outcomes (ABC-DO) study, which showed a 1-5-times increase in
all-cause mortality among women with HIV diagnosed with
breast cancer in sub-Saharan Africa. None of these studies
examined whether differences in overall survival vary by patient
or tumour characteristics between women with and without HIV
diagnosed with breast cancer.

Added value of this study
The ABC-DO study is a multi-country, hospital-based,
prospective study that recruited women with incident breast

Africa. Breast cancer survival in sub-Saharan Africa is
low (<50% at 5 years in most sub-Saharan Africa
countries) compared with 85-90% in high-income
countries,’ and is lower among women with HIV.
Previous studies (appendix p 2) indicate increased
all-cause mortality after breast cancer diagnosis among
women with HIV compared with setting-matched
HIV-negative women. This is not surprising as women
with HIV have, in general, higher mortality rates than
the general population.® In sub-Saharan Africa, estimates
of the excess mortality seen among women with HIV (vs
HIV-negative women) diagnosed with breast cancer
ranged from an increase of 40-50% in South Africa and
Mozambique to 80-100% in Botswana and Uganda.™
Similarly, studies in the USA"™™ showed an adjusted
50% and 80% increased risk for all-cause and breast
cancer-specific mortality, respectively (appendix p 2). A
meta-analysis reported a pooled-adjusted 90% increased
risk,"* albeit with marked between-study heterogeneity as
most studies were either based on small numbers of
women with HIV and, specifically in sub-Saharan Africa,
had suboptimal follow-up time or losses to follow-up of
greater than 40% (appendix p 2).*

The reasons for increased mortality in women with
HIV compared with HIV-negative women with breast
cancer remain unclear. This disparity might solely reflect

www.thelancet.com/hiv Vol 9 March 2022

cancer who were diagnosed in 2014-17 in five sub-Saharan
Africa countries (Namibia, Nigeria, South Africa, Uganda, and
Zambia) with varying HIV prevalence and different health-
care systems. Detailed clinical and epidemiological data were
collected at baseline, including self-reported or tested HIV
status, and the cohort underwent active follow-up by mobile
phone every 3 months. The ABC-DO study has the largest
number of women with HIV diagnosed with breast cancer and
lowest loss-to-follow-up ever reported in sub-Saharan Africa.
We examined how the previously reported association
between HIV status and survival after a diagnosis of breast
cancer in the ABC-DO cohort might be modified by other
factors. 3-year overall survival was lower for women with HIV
than for HIV-negative women.

Implications of all the available evidence

The findings of the present study show that women with HIV
diagnosed with breast cancer were at higher risk of dying
within 3 years of their cancer diagnosis than their HIV-
negative counterparts. Identifying the reasons for the higher
all-cause mortality among women with HIV (eg, underlying
biological mechanisms, poor access to [or compliance with]
appropriate treatment regimens, detrimental HIV-breast
cancer treatment interactions, or simply increased
background mortality associated with HIV) is crucial if early
deaths among this patient group are to be prevented.

the increased background mortality among women with
HIV versus the general population. Alternatively, survival
gaps might occur in women with HIV if their com-
promised immune system facilitates tumour progression,
if they have poorer prognostic factors for breast cancer, if
treatment regimens and intensities differ by HIV status,
or if there are ART-chemotherapy interferences.*”*
Women with HIV are diagnosed with breast cancer at
younger ages than are HIV-negative women because
women with HIV are typically younger than the general
population. However, there is little or unclear evidence
that stage at cancer diagnosis differs by HIV status. Most
studies in the USA have shown that women with HIV
are more likely to present with advanced-stage breast
cancer, whilst most studies in sub-Saharan Africa have
indicated either no such differences or only a modest
excess in the prevalence of advanced-stage at diagnosis of
breast cancer among women with HIV." Excess weight is
associated with poorer overall survival after a breast
cancer diagnosis.” Being underweight or overweight also
complicates HIV management and could contribute to
increased cardiovascular disease risk or mortality (or
both).” Finally, the survival deficits in women with HIV
with breast cancer can vary by tumour hormone receptor
status. ART affects breast tissue, with about 5% of men
on ART experiencing breast enlargement (including
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gynaecomastia”) suggesting a potential role of ART on
circulating sex hormone concentrations. Therefore, the
difference in survival after a breast cancer diagnosis
between women with and without HIV (hereafter
referred to as the HIV differential) might reflect, at least
in part, an ART effect that could differ according to the
tumour hormone receptor status. To date, no study has
examined whether the HIV differential varies across
patient subgroups defined by patient and tumour
characteristics at diagnosis.

The African Breast Cancer—Disparities in Outcomes
(ABC-DO) study is a multi-country prospective study of
women newly diagnosed with breast cancer in
five sub-Saharan Africa countries.? In a previous
ABC-DO analysis,” women with HIV experienced
a 48% (95% CI 22-81) increase in all-cause mortality after
adjusting for age and tumour stage at diagnosis. In this
analysis, we aimed to examine whether prognostic
factors (such as age, stage, receptor status, and body-
mass index [BMI]) explain the lower survival outcomes in
women with HIV than in HIV-negative women and
explore how the HIV differential varies across different
sub-Saharan Africa settings and patient subgroups.

Methods
Study design and setting
The ABC-DO study recruited women with incident pri-
mary breast cancer in five countries in sub-Saharan
Africa: Namibia, South Africa, and Zambia in southern
Africa where HIV prevalence is high, Uganda in east
Africa where HIV prevalence is intermediate, and
Nigeria in west Africa where HIV prevalence is low.
Participants with a diagnosis of breast cancer were
recruited from participating hospitals. The characteristics
of participating hospitals and the study protocol have
been described in detail previously” The study was
approved by all institutional ethics committees
(appendix p 1). All participants provided informed
written or thumbprint consent before recruitment.

Procedures

Between Sept 8, 2014, and Dec 31, 2017, women (aged
=18 years) with cytological, histological (>80% of all
participants®), or clinical diagnosis of primary breast
cancer were recruited into the study. Participants
answered a face-to-face baseline interview, and consented
to study access to their medical records, to provide
tumour tissue specimens, and to be actively followed up
via telephone interviews every 3 months. The baseline
questionnaire included detailed socio-demographic data,
such as age, formal education attained, access to nine
household amenities used to generate site-specific
tertiles of socioeconomic position,”* knowledge (before
diagnosis) that breast cancer is curable if detected early,
cohabitation status, residential status (urban vs rural),
and presence of other non-HIV comorbidities. BMI was
derived from height and weight measured at breast

cancer diagnosis. HIV status was also captured at breast
cancer diagnosis. In South Africa, all participants who
did not report being HIV-positive were tested for HIV.*
Those who refused were considered to be of unknown
HIV status. For all other sites, HIV status was self-
reported on the baseline questionnaire and also on the
presenting symptoms questionnaire. For this analysis, a
woman was considered HIV-positive if responses were
positive on either questionnaire.

Data on current ART use, CD4 count, and HIV RNA
(HIV-1vs HIV-2) were also collected. Standard pro formas
were used to extract clinical, pathological, and treatment
information from hospital records on tumour TNM
stage” (assessed clinically using ultrasound, x-ray, or
surgical information); cytology or histology; grade; and
oestrogen, progesterone, and human epidermal growth
factor 2 (HER?2) receptor status. Oestrogen-positivity and
progesterone-positivity were defined as at least
1% immunohistochemistry staining for the respective
receptor, and HER2-positivity as an immunohisto-
chemistry score of 3 by immunohistochemistry or a
positive fluorescence in-situ hybridisation result.

Follow-up was done actively via telephone calls every
3 months to the woman or her next-of-kin. At each
contact, the date, vital status, and contact details were
updated. The ABC-DO protocol was implemented using
a specifically designed mHealth application that
prompted real-time to-call lists, resulting in much lower
loss to follow-up (5% at 3 years) and timely study
notification of deaths (median 9-1weeks [IQR 3-9-14-0]),
most of which were reported by the next-of-kin (92%).”

Outcomes

The primary outcome was all-cause mortality, analysed
for all women who had at least one updated vital status
after baseline interview. We analysed overall survival up
to 3 years by HIV status, on a time-since-diagnosis scale
(ie, date of breast cancer diagnosis was time zero).
Follow-up commenced on the latest date of either breast
cancer diagnosis or—effectively incorporating left-
censoring—ABC-DO recruitment date and continued
until the earliest of: date of death from any cause, date
last known alive (among those lost to follow-up), or
administrative censoring on the earliest of 3 years post-
diagnosis or Jan 1, 2019.

Statistical analysis

As per the published protocol,” the ABC-DO study
invited all eligible women to participate over a period of
at least 2 years in each country in order to recruit at least
300 women in each participating hospital. For an
exposure prevalence of 30% and 50%, respectively, and
over 3-year follow-up, ABC-DO would have 80% power
to detect hazard ratios (HRs) of 1.7 and 2-6 for
100 deaths in smaller sites, and 1-5 and 2-1 for
160 deaths in larger sites, assuming 0-85 and
0-5 survival probabilities for stage I or II and stage III
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Namibia (n=384) South Africa (n=632) Uganda (n=421) Zambia (n=198) All sites (n=1635)
HIV positive,  HIV negative, HIV positive, ~ HIV negative,  HIV positive, HIV negative, ~ HIV positive,  HIV negative,  HIV positive, ~ HIV negative,
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Total* 57(14-8%) 309 (80-5%) 163 (25-8%) 446 (70-6%)  57(13-5%)  315(74-8%)  36(182%)  114(57-6%) 313 (19-1%) 1184 (72-4%)
Age at diagnosis, years
18-29 1(2%) 14 (4%) 3(2%) 6 (1%) 4(7%) 20 (6%) 3(8%) 9 (8%) 11 (3%) 49 (4%)
30-39 14 (25%) 50 (16%) 30 (18%) 42 (9%) 7 (12%) 73 (23%) 10 (28%) 22 (19%) 61 (20%) 187 (16%)
40-49 23 (40%) 74 (24%) 73 (45%) 89 (20%) 27 (47%) 86 (27%) 13 (36%) 22 (19%) 136 (44%) 271 (23%)
50-59 13 (23%) 79 (26%) 34 (21%) 108 (24%) 13 (23%) 69 (22%) 10 (28%) 30 (26%) 70 (22%) 286 (24%)
60-69 5(9%) 45 (15%) 18 (11%) 102 (23%) 6 (11%) 40 (13%) 0 14 (12%) 29 (9%) 201 (17%)
>70 1(2%) 47 (15%) 5(3%) 99 (22%) 0 27 (9%) 0 17 (15%) 6 (2%) 190 (16%)
p value p=0-008 p<0-0001 p=0-014 p=0-015 p<0-0001
Highest level of education attained
None or primary 26 (46%) 164 (53%) 23 (14%) 114 (26%) 32 (56%) 183 (58%) 15 (42%) 61 (54%) 96 (31%) 522 (44%)
Secondary or higher 31 (54%) 145 (47%) 139 (85%) 327 (74%) 25 (44%) 132 (42%) 21 (58%) 53 (46%) 216 (69%) 657 (56%)
Missing data 1(1%) 5(1%) 1(<1%) 5 (<1%)
p value p=0-30 p=0-002 p=0-78 p=0-22 p<0-0001
Socioeconomic positiont
Low 33(58%)  129(42%) 109 (68%) 189 (42%)  28(49%) 188 (60%) 13 (36%) 43(38%)  183(58%) 549 (46%)
Medium 18 (32%) 108 (35%) 38(23%) 176 (40%) 15 (26%) 68 (22%) 13 (36%) 37 (32%) 84 (27%) 389 (33%)
High 6 (10%) 72 (23%) 15 (9%) 77 (17%) 14 (25%) 59 (19%) 10 (28%) 34 (30%) 45 (14%) 242 (20%)
Missing data 1(1%) 4 (1%) 1(<1%) 4 (<1%)
p value p=0-035 p<0-0001 p=0-33 p=0-92 p=0-001
Area of residence
Urban 32 (56%) 176 (57%) 15 (26%) 88 (28%) 25 (69%) 70 (61%) 72 (48%) 334 (45%)
Rural 25 (44%) 133 (43%) 42 (74%) 227 (72%) 11 (31%) 44 (39%) 78 (52%) 404 (55%)
p value p=0-91 p=0-80 p=0-38 p=0-54
Body-mass Index (kg/m?)
<185 7 (12%) 29 (9%) 9 (6%) 4 (1%) 0 14 (4%) 4 (11%) 3(3%) 20 (6%) 50 (4%)
18-5to <25 24 (42%) 98 (32%) 57 (35%) 54 (12%) 27 (47%) 141 (45%) 17 (47%) 43 (38%) 125 (40%) 336 (28%)
25to <30 17 (30%) 81 (26%) 34 (21%) 91 (20%) 17 (30%) 106 (34%) 10 (28%) 30 (26%) 78 (25%) 308 (26%)
=30 8 (14%) 87 (28%) 51(31%) 264 (59%) 11 (19%) 48 (15%) 2(6%) 31 (27%) 72 (23%) 430 (36%)
Missing data 1(2%) 14 (5%) 12 (7%) 33 (7%) 2 (4%) 6 (2%) 3(8%) 7 (6%) 18 (6%) 60 (5%)
p value p=0-13 p<0-0001 p=0-34 p=0-013 p<0-0001
Cohabiting
No 44 (77%) 211 (68%) 124 (76%) 314 (70%) 39 (68%) 167 (53%) 19 (53%) 46 (40%) 226 (72%) 738 (62%)
Yes 13 (23%) 98 (32%) 39 (24%) 132 (30%) 18 (32%) 148 (47%) 17 (47%) 68 (60%) 87 (28%) 446 (38%)
p value p=0-39 p=0-30 p=0-027 p=0-36 p=0-001
Comorbiditiest
No 35 (61%) 147 (48%) 94 (58%) 214 (48%) 47 (83%) 214 (68%) 29 (81%) 69 (60%) 205 (66%) 644 (54%)
Yes 22 (39%) 162 (52%) 69 (42%) 232 (52%) 10 (17%) 101 (32%) 7 (19%) 45 (40%) 108 (34%) 540 (46%)
p value p=0-055 p=0-034 p=0-027 p=0-028 p<0-0001
Knowledge that breast cancer is curable§
Yes 39 (68%) 238 (77%) 23 (40%) 126 (40%) 21 (58%) 80 (70%) 83 (55%) 444 (60%)
No or not known 18 (32%) 71 (23%) 34 (60%) 189 (60%) 15 (42%) 34 (30%) 67 (45%) 294 (40%)
p value p=0-16 p=0-96 p=0-19 p=0-27
Stage at diagnosis
lorll 21 (37%) 112 (36%) 76 (47%) 214 (48%) 13 (12%) 105 (33%) 10 (28%) 43 (38%) 120 (38%) 474 (40%)
i 30 (53%) 145 (47%) 65 (40%) 171 (38%) 28 (49%) 140 (44%) 15 (42%) 44 (39%) 138 (44%) 500 (42%)
v 6 (10%) 52 (17%) 22 (13%) 60 (13%) 8(14%) 52 (17%) 3(8%) 7(6%) 39 (13%) 171 (15%)
Unknown 0 (0%) 1(<1%) 8 (14%) 18 (6%) 8(22%) 20 (17%) 16 (5%) 39 (3%)
p value p=0-46 p=0-92 p=0-076 p=0-72 p=0-35
(Table 1 continues on next page)
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Namibia (n=384) South Africa (n=632) Uganda (n=421) Zambia (n=198) All sites (n=1635)
HIV positive,  HIV negative, HIV positive, ~ HIV negative,  HIV positive, HIV negative, ~ HIV positive, HIV negative,  HIV positive,  HIV negative,
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
(Continued from previous page)
Tumour grade
1 8 (14%) 48 (15%) 12 (7%) 24 (5%) 7 (12%) 62 (20%) 1(3%) 11 (10%) 28 (9%) 145 (12%)
2 18 (32%) 114 (37%) 85 (52%) 220 (49%) 10 (17%) 51 (16%) 11 (31%) 29 (25%) 124 (40%) 414 (35%)
3 17 (30%) 67 (22%) 57 (35%) 182 (41%) 14 (25%) 68 (22%) 7 (19%) 22 (19%) 95 (30%) 339 (29%)
Not specified 14 (25%) 80 (26%) 9 (6%) 20 (5%) 26 (46%) 134 (42%) 17 (47%) 52 (46%) 66 (21%) 286 (24%)
p value p=0-60 p=0-52 p=0-62 p=0-59 p=0-17
Receptor subtyped]
Hormone receptor 25 (44%) 150 (48%) 74 (45%) 236 (53%) 99 (45%) 386 (51%)
positive, HER2
negative
Hormone receptor 17 (30%) 65 (21%) 41 (25%) 101 (23%) 58 (26%) 166 (22%)
positive, HER2
positive
Hormone receptor 2 (3%) 30 (10%) 9 (6%) 22 (5%) 11 (5%) 52 (7%)
negative, HER2
positive
Hormone receptor 12 (21%) 49 (16%) 33 (20%) 69 (15%) 45 (20%) 118 (16%)
negative, HER2
negative
Unknown 1(2%) 15 (5%) 6 (4%) 18 (4%) 73%) 33 (4%)
pvalue p=0-20 p=0-34 p=0-11
ART use||
No 2 (4%) 44 (27%) 4(7%) 2 (6%) 52 (17%)
Yes 53 (93%) 118 (72%) 40 (70%) 32(89%) 243 (78%)
Unknown 2 (4%) 1(1%) 13 (23%) 2 (6%) 18 (6%)
Data are n (%), unless stated otherwise. All p values were calculated with a y* test, comparing women with HIV and HIV-negative women only. ART=antiretroviral therapy. ER=o0estrogen receptor.
PR=progesterone receptor. HER2=human epidermal growth factor 2. *Row percentage by HIV status includes a small number of women whose HIV status was unknown: 18 in Namibia, 23 in South Africa, 49 in
Uganda, and 48 in Zambia. tDerived from a score of combined self-reported access to amenities including home ownership, indoor water, flush toilet, electricity, vehicle, refrigerator, landline, gas or electric
stove, and a bed. Categories were constructed based on country-specific distribution of the score tertiles. $+Comorbidities include non-HIV chronic conditions: tuberculosis, hepatitis, hypertension, heart disease,
diabetes, anaemia, chronic obstructive pulmonary disease, asthma, other cancers, other chronic infections, and other chronic diseases. SRefers to an individual woman’s knowledge (before diagnosis) that breast
cancer is curable. Data on this variable were not available for South Africa because a slightly different questionnaire was used at this site. flinformation on tumour molecular subtype was routinely available for
Namibia and South Africa only. Hormone receptor positive denotes tumours that were ER positive or PR positive (or both). Hormone receptor negative denotes tumours that were ER negative and PR negative.
||Analysis restricted to women with HIV only.
Table 1: Patient and tumour characteristics in the ABC-DO HIV substudy, by HIV status and country
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or 1V, respectively. We tested associations between
patient or tumour characteristics and HIV status using
X2 tests. We generated Kaplan-Meier curves to estimate
crude 3-year survival by HIV status. A multivariable Cox
proportional hazards model, stratified by country (due
to varying HIV prevalence, patient profiles, catchment
populations, and health systems), was used to estimate
HR for HIV. We first looked at a simpler model with
HIV status as the only exposure. Then, each factor
(ie, age, tumour stage, tumour grade, education,
socioeconomic position, and tumour receptor subtype)
was added to the model to examine the change in the
HR for HIV status on survival associated with each
factor. Kaplan-Meier curves showed that the HIV
differential was stronger after 18 months since breast
cancer diagnosis than before. Therefore, as a post-hoc
analysis, we performed a Lexis expansion on follow-up
time up to 18 months and beyond 18 months to evaluate
the HIV—time interaction and then estimated HRs for

HIV based on these follow-up times respectively. We also
tested the interactions between HIV status and each one
of the factors (age, tumour stage, tumour grade,
education, socioeconomic position, and tumour receptor
subtypes), including BMI and ART use. For factors
where there was evidence for interaction, we built models
comparing women with HIV in each subgroup to the
HIV-negative women in the comparison subgroup, to
pinpoint HIV-specific differences that were independent
of the effect of the characteristic itself.

In sensitivity analyses, we re-classified women with
unknown HIV status as being either HIV-positive or
HIV-negative (as two separate analyses), to examine
whether any potential misclassification of HIV status
might affect the findings. We checked all models for the
validity of the proportional hazards assumption for HIV
status using Schoenfeld’s residuals. All analyses were
done in Stata (version 16; StataCorp, College Station, TX,
USA).
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Namibia (n=384)

South Africa (n=632)

Uganda (n=421)

Zambia (n=198)

All sites (n=1635)

HIV negative 309
HIV positive 57
HIV status unknown 18

Median age at diagnosis (IQR)

517 (41-6-63-6)
45-2(39-8-51-6)
57-9 (46-4-69-0)

HIV negative
HIV positive
HIV status unknown

Number of deaths at 3 years

HIV negative 118
HIV positive 25
HIV status unknown 9

Median follow-up, years (IQR)

HIV negative 2.8 (1-8-3-0)
HIV positive 2:8 (1.7-3-0)
HIV status unknown 2-4(1-1-3-0)
Cumulative loss to follow-up at 3 years, n (%)

HIV negative 8 (3%)

HIV positive 0

HIV status unknown 0

Crude 3-year survival, % (95% Cl)

57-6% (51:4-63-3)
54-6% (40-6-66-6)
42:9% (19-0-65-0)
Conditional on being alive at 18 months

76-5% (70-3-81-6)
73:5% (57-3-84-5)
857% (33-4-97-9)
Among women with non-metastatic disease at diagnosis
67:1% (60-3-72-9)
59-7% (44.7-71-8)
Among women with metastatic disease at diagnosis
15-0% (6-9-26-0)
16-0% (5-4-9-5)

HIV negative
HIV positive

HIV status unknown

HIV negative
HIV positive

HIV status unknown

HIV negative
HIV positive

HIV negative
HIV positive

Number of women with at least one updated vital status after baseline

446
163
23

58.0 (47-0-67-0)
450 (41:0-54.0)
58-0 (39-0-74-0)

125
62
9

1.9 (13-25)
17(11-2:4)
12(06-17)

60 (14%)
17 (10%)
5 (22%)

63-4% (57-0-69-1)
46:3% (34-0-57-8)
481% (20-0-71-8)

78-2% (70-8-84-0)
61-4% (44-7-74-5)
70-0% (22:5-91-8)

70-5% (63-5-765)
51-1% (37-4-63-2)

16-8% (6-7-30-7)
18-5% (1-6-50-4)

315
57
49

47-0 (38:5-57-3)
453 (423-51-8)
485 (40-1-55-4)

157
29
25

2:3(11-3:0)
2.2 (1:2-2.9)
2:4(1:0-2:4)

13 (4%)
3(5%)
4(8%)

44-6% (38-6-50-4)
44-4% (30-5-57-4)
437% (28-9-57-5)

67-5% (60-1-73-7)
711% (51-3-84-0)
64-4% (44-7-78-6)

53-3% (46-4-59-8)
56-0% (38:3-70-5)

6-5% (2-1-14-4)
10-4% (0-5-37-8)

114
36
48

50-5 (39-2-61-4)
449 (381-53-6)
480 (41-2-66.1)

32
21
20

17(1:0-22)
1-8 (0-5-2-2)
15 (0-9-2-2)

25 (22%)
4(11%)
9 (19%)

65-5% (54-6-74-4)

26:5% (113-44-6)

89:3% (77-4-951)
48-6% (20-1-72-3)

63-3% (50-4-73-6)
25-6% (8-4-47-3)

1184
313
138

524 (42:0-63-6)
452 (40-0-52.9)
50-9 (41-3-65.0)

432
137
63

21(13-2:9)
1.9 (11-2-7)
17(0-9-27)

106 (9%)
24.(8%)
18 (13%)

55-4% (52-0-58-6)
463% (39-5-52-8)
42:4% (323-52°2)

73-9% (70-0-77-3)
66-2% (57-4-73-6)
68-6% (53:7-79-6)

63-2% (59-4-66.7)
52:1% (44-4-59-2)

12:7% (7-8-18-8)
16-5%% (5-5-32.7)

Table 2: ABC-DO HIV substudy follow-up, deaths, and crude 3-year overall survival estimates by HIV status and country

Role of the funding source

The funders of the study had no role in the study design,
data collection, data analysis and interpretation, writing
of the report, or in the decision to submit it for publication.

Results

Between Sept 8, 2014, and Dec 31, 2017, we recruited
2154 women with primary breast cancer, of whom
332 (15%) were HIV positive, 1608 (75%) were HIV
negative, and 214 (10%) had an unknown HIV status.
Due to small numbers of women with HIV in Nigeria (12
[3%] vs 374 HIV negative or unknown) and in non-Black
groups in Namibia (three [3%] vs 94) and South Africa
(four [1196] vs 32), these patient groups (519 women) were
excluded from the analysis. We enrolled 1635 Black
women from Namibia (n=384), South Africa (n=632),
Uganda (n=421), and Zambia (n=198).
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Of the 169 women considered to be positive for HIV
from ABC-DO study sites where HIV status was self-
reported, 130 (77%) had concordant HIV self-report in
both questionnaires (median 31 days apart [IQR 6-113)),
20 (12%) had a HIV-positive self-report in the presenting
symptoms questionnaire only, and 19 (11%) in the
baseline interview only. Data on CD4 count and HIV
RNA were largely missing, except for women in South
Africa. Data on receptor status were largely missing in
Uganda and Zambia due to either unavailability of
immunohistochemistry testing or patients being unable
to cover the costs. Thus, analyses on receptor status were
restricted to Namibia and South Africa.

Among women included in the present analysis, the
overall HIV prevalence was 19% (313 of 1635) but ranged
from 14% (57 of 421) in Uganda to 26% (163 of 632) in
South Africa (table 1; ie, representing the countries
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Namibia South Africa Uganda Zambia All sites All sites, up to All sites, if alive at
18 months of 18 months
follow-up
Deaths, HR(95%Cl) Deaths, HR(95%Cl) Deaths, HR(95%Cl) Deaths, HR(95%Cl) Deaths, HR(95%Cl) Deaths, HR(95%Cl)  Deaths, HR(95% Cl)
n n n n n n n
Crude
HIV negative 118 1 (ref) 125 1 (ref) 157 1 (ref) 32 1 (ref) 432 1 (ref) 269 1 (ref) 163 1 (ref)
HIV positive 25 114 62 1-47 29 1-09 21 223 137 135 87 0-95 50 1-40
(0-74-1.76) (1-09-2-00) (0-73-1-61) (129-3-87) (111-1-63) (0-74-1-22) (1:02-1:93)
Age
HIV negative 118 1 (ref) 125 1 (ref) 157 1 (ref) 32 1 (ref) 432 1 (ref) 269 1 (ref) 163 1 (ref)
HIV positive 25 123 62 167 29 114 21 287 137 146 87 0-99 50 148
(0-79-1-92) (1-20-2-31) (0-76-1-70) (1-57-5-25) (1-19-1.78) (0-77-1-28) (1-06-2-06)
Stage
HIV negative 118 1 (ref) 125 1 (ref) 157 1 (ref) 32 1 (ref) 432 1 (ref) 269 1 (ref) 163 1 (ref)
HIV positive 25 139 62 158 29 110 21 312 137 1-46 87 0-97 50 1.53
(0-88-2-19) (1-14-2-20) (0-73-1-66) (1-66-5-87) (119-1.79) (0-75-1-27) (1-09-2-15)
Other factors*
HIV negative 118 1 (ref) 123 1 (ref) 157 1 (ref) 32 1 (ref) 430 1 (ref) 266 1 (ref) 163 1 (ref)
HIV positive 25 1-26 61 1.61 29 1-09 21 310 136 141 85 0-98 50 148
(0-79-2-03) (114-2:28) (0-72-1-65) (1-64-5-88) (115-1.74) (0-75-1-29) (1-06-2:08)
Receptor subtypes
HIV negative 112 1 (ref) 120 1 (ref) 232 1 (ref) 141 1 (ref) 91 1 (ref)
HIV positive 25 136 59 154 84 143 50 1.22 34 156
(0-84-2-20) (1-08-2-20) (1:08-1-88) (0-83-1.79) (1-01-2-40)
Data were adjusted to a simple model with HIV status as the only exposure, each of the other factors were added sequentially to the model one at a time (ie, age, then stage). HR=hazard ratio. *Other factors
include tumour grade, highest level of education attained, and socioeconomic position.
Table 3: Adjusted hazard ratios (stratified by country) for the association between HIV status and 3-year survival, 18-month survival, and 3-year survival conditional on surviving the
first 18 months for all ABC-DO sites
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where HIV prevalence in Black African women was
over 10%). Age at breast cancer diagnosis, socioeconomic
position, educational level attained, BMI, cohabitation
status, and presence of other comorbidities were all
associated with HIV status. Women with HIV were
younger at breast cancer diagnosis than their
HIV-negative counterparts (table 1). The percentage of
women with HIV who were overweight or obese was
lower than among HIV-negative women. Most women
with HIV were on ART. Cancer stage, grade, and receptor
subtypes at diagnosis were not associated with HIV
status (table 1). The proportion of late-stage (INM III and
IV) breast cancer at diagnosis was high, but was similar
among women with HIV and HIV-negative women for
all countries combined and for each country individually
(table 1). The proportion of women with triple-negative
breast tumours was also similar between women with
and without HIV in Namibia and South Africa, where
immunohistochemistry testing was routinely available.
Of the 1635 women who were followed up for up to
3 years, 632 (39%) died, 44% (137 of 313) of whom had
HIV and 37% (432 of 1184) did not, 855 (52%) were alive
at 3 years, and 148 (9%) were censored early (statistical
loss to follow-up; table 2). The crude overall survival at
3 years for all sites combined was 46% (95% CI 40-53) in
women with HIV versus 55% (52-59) in HIV-negative
women. The crude HR for the difference in all-cause

mortality between women with and without HIV
was 1-35 (95% CI 1-11-1-63) for all ABC-DO sites
combined, but this value varied across sites (table 3).
Absolute differences in 3-year overall survival estimates
between women with and without HIV of at least
15% were seen in South Africa and Zambia, compared
with 9% in Namibia and less than 1% in Uganda. In
Uganda, women with HIV experienced lower mortality
rates within the first 6 months of diagnosis than did
HIV-negative women, but higher mortality rates
thereafter (figure 1). Relative to the other ABC-DO sites,
the finding that survival did not differ by HIV status in
Uganda does not necessarily mean a better survival
experience in women with HIV in this country, but
rather that women with and without HIV experienced
particularly low survival (appendix p 5). Lower survival
was also seen in the small proportion of women with
unknown HIV status compared with HIV-negative
women (table 2).

The differences by HIV status became marginally
stronger when adjusted for relevant patient and tumour
characteristics (adjusted HR [aHR] 1-41, 95% CI
1-15-1-74), including tumour receptor subtypes which
were available in Namibia and South Africa only
(aHR 1-43, 1-08-1-88 vs corresponding crude HR 1-35,
1-05-1-72 for these two countries). Based on observed
steeper survival curves in women with HIV beyond
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18 months (figure 1), follow-up time was split at
18 months. Absolute survival differences by HIV status
were modest within the first 18 months of follow-up
(figure 1, table 2), but became more marked beyond
18 months (table 2). The relative HIV differentials were
stronger after 18 months of follow-up (crude HR 1-40,
95% CI 1-02-1-93) than within the first 18 months of
follow-up (0-95, 0-74-1-22; Pireaion=0-06). When
restricted to women with non-metastatic disease at
diagnosis (stages I-III), the magnitude of the HIV
differential for overall 3-year all-cause mortality (adjusted
for age, stage, and grade) increased from 1-52 (1-24-1-87)
to 1-64 (1-29-2-09; appendix pp 5, 8). Among women
with non-metastatic disease, the HIV differential was
stronger for individuals who survived beyond the first
18 months (adjusted HR 1-58, 1-09-2-28; appendix p 5)
than for those alive within the first 18 months (1-05,
0-75-1-46). There were no differences by HIV status
among women with metastatic disease (adjusted
HR 1-10, 0-70-1-73) even when restricted to those alive
beyond 18 months (1-14, 0-42-3-11; appendix p 5).
However, the absolute difference in survival percentage
between women with and without HIV was consistent at
all stages (table 2). Therefore, the observed HIV-time
interaction was not due to early deaths among women
with metastatic disease, but rather points to a real
strengthening of the HIV differential over time.

Figure 2 shows survival differences by HIV status
according to patient and tumour characteristics. The
increased all-cause mortality among women with HIV
differed by tumour stage at diagnosis (p;encio,=0-06) and
ART (p=0-0001) only. Relative to their HIV-negative
counterparts of the same stage, women with HIV with
tumour stages I or II and tumour stage III had,
respectively, increases of 58% (aHR 1.58, 95% CI
0-98-2-57) and 73% (aHR 1-73, 1-31-2-28) in all-cause
mortality, whereas women with HIV with stage IV
disease had similar all-cause mortality as HIV-negative
women (aHR 1-10, 0-70-1-73). Overall, among women
with non-metastatic breast cancer, those with HIV had
an increase of 65% (aHR 1-65, 1-30-2-10) in all-cause
mortality compared with HIV-negative women of the
same stage.

Women with HIV had increased all-cause mortality
compared with their HIV-negative counterparts of the
same tumour stage (appendix p 9). The magnitude of
this increase corresponded to a single shift in stage
(eg, women with HIV with stage IIB breast cancer had
mortality rates almost reaching those for HIV-negative
women with stage IITA breast cancer), with the exception

Figure 1: Kaplan-Meier curves for 3-year overall survival and 18-month
conditional survival after breast cancer diagnosis, by HIV status in the ABC-DO
HIV substudy

The number of participants at time 0 reflects the number of women at
enrolment, but their contribution to time at risk might have commenced a short
time later as per date of baseline interview.
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Deaths in Deathsin Adjusted hazard ratio  p value
HIV-positive HIV-negative (95% Cl)
individuals, individuals,
n/N n/N
Country 010
Namibia 25/57 118/309 . 1-40 (0-89-2-21)
South Africa 62/163 125/446 —— 1.77 (1-27-2-47)
Uganda 29/57 157/315 —— 1.08 (0-72-1:64)
Zambia 21/36 32/114 ——» 318 (1.70-5-95)
Age at diagnosis, years 0-15
18-29 5/11 22/49 — > 178 (0-55-5-74)
30-39 26/61 71/187 —eo— 1.61(0-99-2-61)
40-49 52/136 95/271 —To— 118 (0-84-1-67)
50-59 37/70 96/286 — 2:58 (1.73-3-83)
60-69 15/29 68/201 — 115 (0-65-2:06)
=70 2/6 80/190 4 > 1.58 (0:37-6-74)
Stage at diagnosis 0-062
lorll 24/120 79/474 e 158 (0-98-2:57)
Il 76/138 208/500 —— 173 (1:31-2:28)
v 28/39 136/171 —l— 110 (0-70-173)
Summary stage 0-035
Non-metastatic 98/255 285/965 —— 165 (1.30-2:10)
Metastatic 28/39 136/171 —1— 1.10 (0:70-1.73)
Grade 0-96
1 10/28 50/145 e 2:40 (112-5-14)
2 49/124 126/414 —— 164 (1-14-234)
3 49/95 138/339 —— 138 (0-98-1-95)
Subtype 0-92
HR-positive, HER2-negative 38/99 107/386 —— 1-80 (1-19-2-70)
HR-positive, HER2-positive 22/58 47/166 ——— 141 (0-82-2-42)
HR-negative, HER2-positive 4/11 22/52 * » 428 (0-95-19-28)
HR-negative, HER2-negative 21/45 58/118 —— 112 (0-63-1-99)
BMI at diagnosis, kg/m* 0-20
<185 11/20 29/50 * 0-91(0-28-2.91)
18.5-25-0 55/125 148/336 +—o— 129 (0-92-1-83)
>25.0 58/150 226/738 —— 1.51(1-11-2:04)
Highest level of education attained 0-21
None or primary 43/96 238/522 —To— 1-17 (0-83-1-65)
Secondary or higher 14/27 76/152 —t—— 113 (0-59-218)
Socioeconomic position 0-63
Figure 2: Hazard ratios for Low 80/183 229/549 —— 1.50 (1-14-1-98)
3-year all-cause mortality in Medium 35/84 133/389 —— 1:30 (0-87-1:93)
HIV-positive vs HIV-negative High 21/45 68/242 R 229 (1:34-3-92)
women with !)reast cancer, by Residence 036
characteriat:li?::::;l;?;lg Urban 33172 109/334 —— 1:80(1-18-2.73)
HIV substudy (all sites Rural 42(78 198/404 T 129 (0-91-1-82)
combined) Curable breast cancer* 0-80
Hazard ratios were adjusted Yes 39/83 158/444 —— 146 (1-01-2-11)
for age, tumour stage, and No or not known 36/67 149/294 —— 138 (0-94-2-03)
tumour grade at breast cancer Any comorbidity 023
A diagr\osis p value for No 84/205 245/644 —— 143 (1-10-1-86)
interaction between HIV
status and each patient and Yes 53/108 187/540 —— 165 (118-2:30)
tumour variable listed. ART use and HIV status 0-0001
ART=antiretroviral therapy. HIV positive, on ART 101/243 432/1184 —— 146 (1-16-1-83)
BMI=body-mass index. HIV positive, not on ART 27/52 432/1184 — 1.91(1-27-2-87)
HR=hormone receptor. *Refers Overall 137/313 432/1184 —— 1.52 (1-24-1-87)
to awoman'’s knowledge of
whether breast cancer is 05 1.0 20 3040
curable if detected early.
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of women with stage IV (ie, metastatic disease). Relative
to HIV-negative women, women with HIV not on ART
had poorer survival (aHR 1-91, 95% CI 1-27-2-87) than
did women with HIV on ART (1-46, 1-16-1-83; figure 2).
There was no clear evidence that the HIV differential was
modified by BMI or tumour receptor subtypes, although
women with HIV who were overweight or obese
(@aHR 1-51,1-11-2-04), and those with hormone receptor-
positive or HER2-negative tumours (1-80, 1.19-2-70),
had increased all-cause mortality, but estimates were
based on small numbers. There were small differences
in the adjusted HR for HIV among women with non-
metastatic disease for the different assumptions on HIV
unknowns: 1-55 (1-26-1-91) if assumed HIV positive;
1-60 (1-26-2-03) if HIV negative; and 1-63 (1-29-2-09)
if dropped from the analysis (appendix p 6).

Discussion

In this large, prospective, multi-country ABC-DO study
in sub-Saharan Africa, women living with HIV who
were diagnosed with breast cancer, particularly those
with non-metastatic disease, experienced increased
all-cause mortality relative to their HIV-negative
counterparts, with the effect persisting upon adjustment
for other relevant prognostic factors. However,
differences by HIV status were more pronounced in
some settings than others. In Zambia, women with HIV
had higher risk of mortality than HIV-negative women.
In Uganda, 3-year overall survival was very low,
regardless of HIV status, and most women presented
with late-stage disease.

Similar to other studies in the region”* and
elsewhere** women with HIV in the ABC-DO cohort
were diagnosed with breast cancer at younger ages than
were HIV-negative women, given that women with HIV
are younger than the general population. Similar to other
studies,”” albeit not all/”” our study found that the
prevalence of late-stage breast cancer at diagnosis did not
differ by HIV status. However, women with HIV had
increased risk of mortality than did HIV-negative women
for the same tumour stage, with the relative HIV
differential being stronger among those with
non-metastatic disease at diagnosis (65% increased
mortality risk). A study in the USA reported comparable
overall survival by HIV status between women with
stage I-III tumours only and all women (stages I-IV),
but the proportion of women with metastatic disease was
small.” Although on this scale of analysis the relative
increase in mortality was stronger in women with non-
metastatic disease than in those with metastatic disease,
it remains possible that the absolute difference in
mortality rates between women with and without HIV is
constant at all stages and this constant difference would
represent a smaller relative increase (more difficult to
detect) in women with metastatic disease. Excess
bodyweight is associated with poor survival from breast
cancer.” We found no evidence that the HIV differential
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was modified by BMI. However, the difference in
all-cause mortality between women with and without
HIV was stronger among overweight or obese women.
These findings are consistent with reports of increased
risk of obesity and increased risk of, and mortality from,
cardiovascular diseases among women with HIV on
ART.” Although women with HIV on ART had poor
survival outcomes compared with HIV-negative women,
they had better survival outcomes than did women with
HIV who were not on ART, emphasising the importance
of ART adherence on cancer survival."

Studies in the USA have shown that both overall and
breast cancer-specific survival is poor in women with HIV
(vs HIV-negative women) even after adjusting for stage at
diagnosis and type of cancer treatment received.”"” To
date, no such studies have been conducted in sub-Saharan
Africa. Our finding that the HIV differential was stronger
in women with non-metastatic disease and manifested
only beyond 18 months follow-up suggests that the excess
deaths in women with HIV were not due to immediate
treatment-related toxicity but rather point to a longer
term treatment pathway or differential, highlighting the
importance of early diagnosis and timely access to
effective breast cancer and HIV treatments among
women with HIV. More consideration should be given to
the feasibility and effectiveness of integrating breast
cancer care into existing functional HIV or cervical cancer
services through the promotion of breast cancer
awareness among women with HIV and their health-care
workers, coupled with implementation of efficient patient
navigation systems to minimise delays in cancer
diagnosis and initiation of treatment, and minimise
disruptions and abandonment of cancer or HIV
treatments. Our findings underscore the need for
standard clinical guidelines on how best to simultaneously
manage the two conditions. Previously, we reported that
women with HIV were less likely (vs HIV-negative
women) to receive curative treatment for breast cancer
within the first 12 months of diagnosis,” either due to
scarcity of oncologists or expertise on how to co-manage
both diseases, particularly in Zambia and Uganda.
Furthermore, the absence of universal free health care
and increased out-of-pocket costs of cancer care might
have resulted in long delays to cancer treatment initiation
and to interruptions and abandonment of HIV or cancer
treatments.

The strengths of this study include its large size, the
considerable proportion (19%) of women with HIV, the
prospective multi-country design, the collection of
detailed clinical and epidemiological data, and the use of
an mHealth application to minimise losses to follow-up.

This study has several limitations. First, self-reported
HIV status might have led to non-differential exposure
misclassification and underestimation of the effect of
HIV status on survival. However, the high per-
centage (>50%) of women with HIV tested in South
Africa, high level of within-woman agreement on HIV
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self-reports taken at two distinct timepoints, and
consistency of the findings across the different settings
indicate that misclassification of self-reported HIV status
was probably minimal. Sensitivity analyses also showed
that any potential misclassification of HIV status would
have had little effect on the findings. Second, the high
proportion of missing data for CD4 count and viral load
and the absence of data on HIV stage and management
history prevented examination of whether severity of
HIV/AIDS contributed to the poorer survival outcomes
seen among women with HIV. We could not examine
whether survival differences vary by HIV-1 versus HIV-2
types due to the absence of such data and the exclusion of
women from Nigeria, west Africa (where HIV-2 is most
prevalent) due to low HIV prevalence (<4%). Third, the
absence of data on cause of death precluded examination
of cause-specific survival differential by HIV status.
Lastly, the hospital-based nature of ABC-DO might limit
the generalisation of study findings.

In summary, this ABC-DO study showed that women
with HIV had lower survival outcomes at 3 years post-
diagnosis for breast cancer than their HIV-negative
counterparts, even after taking into account other
prognostic factors assessed at diagnosis. To prevent deaths
in this patient group a better understanding is needed of
the reasons for and the extent to which survival
differentials by HIV status in sub-Saharan Africa reflect
underlying biological mechanisms, differential access to
(or compliance with) appropriate treatment regimens,
detrimental HIV-breast cancer treatment interactions, or
simply increased background mortality associated with
HIV.
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