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Abstract
Purpose:

We aimed to evaluate for associations between HIV status, psychosocial factors, and adjuvant endocrine
therapy (AET) adherence in South African (SA) women with estrogen receptor positive (ER+) breast
cancer (BC).

Methods:

We enrolled South African women with early-stage ER + BC in remission and prescribed tamoxifen or an
aromatase inhibitor to the prospective observational study. We performed AET pill counts at enrollment,
12 weeks, and 24 weeks, and calculated adherence ratios of pills consumed between visits to days
between visits. Women completed questionnaires on social support, attitude towards medication, health
literacy, self-efficacy, mental health, and AET toxicity. We collected household wealth data. We used
hierarchical linear (HLM) and structural equation modelling (SEM) to compare adherence ratios between
women with and without HIV while adjusting for psychosocial factors.

Results:

We collected adherence data from 239 women, 63 (26.4%) with co-morbid HIV. Comparing women with
and without HIV, median AET adherence ratio was 0.88 vs 0.89, respectively (HLM p = 0.31). In our SEM
model for the full cohort, mental health, healthcare savvy, and side effect burden latent variables were
not significantly associated with adherence. In the subgroup of women living with HIV, lower SES quintile
(β 0.04, SE 0.02, p = 0.08) and poorer mental health (β -0.02, SE 0.01, p = 0.10) showed trends toward
association with adherence.

Conclusions:

HIV status is not predictive of AET adherence among SA women with ER + BC, though decreasing SES
status and increasing mental health symptoms are marginally associated with adherence in women with
BC and HIV.

Introduction
Analyses of the National Cancer Database, SEER-Medicare, and the US-based HIV/AIDS Cancer Match
Study registries demonstrate that breast cancer (BC) patients living with comorbid HIV experience
increased cancer-specific mortality (hazard ratios (HRs) from 1.85–2.64) and overall mortality (HR 1.85)
compared to other BC patients.[1–3] The South African Breast Cancer and HIV Outcomes (SABCHO)
cohort study found similar survival disparities among stage I-III South African BC patients with HIV (HR
1.49).[4] Unfortunately, 20% of new BC diagnoses in South Africa’s (SA) public healthcare system are in
women living with HIV (WLWH).[5, 6] Understanding the cause of BC survival disparities in WLWH is
necessary for improving outcomes in this vulnerable population.
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Adjuvant endocrine therapy (AET) for early, hormone receptor positive (HR+) BC, reduces cancer
recurrence by half and mortality by a third over fifteen years.[7, 8] Clinical trial and real world data show
increased mortality in BC survivors who prematurely stop adjuvant endocrine therapy (AET), yet poor
adherence to AET is seen in ~ 50% of HR + BC survivors in high-income countries (HICs) due to
medication side effects, psychologic distress, distrust of chronic medications, and other factors.[7, 9–
16] Factors associated with non-adherence in low- and middle-income countries (LMICs), including SA,
are understudied, yet patients are at high risk for factors known to contribute to non-adherence. The 20%
of BC survivors living with HIV may be especially vulnerable to toxicity or distress from polypharmacy
and dual diagnoses, but the relationship between AET adherence and comorbid HIV has not been widely
studied. Our own early work in Black South African women with early stage breast cancer has shown
lower serum concentrations of tamoxifen in participants with comorbid HIV.[17]

With this prospective observational study, we aimed to further characterize the association between HIV
status, mental health, medication toxicity, and other psychosocial factors with AET adherence among
South African breast cancer survivors.

Methods

Setting and Participants
Participants were enrolled from the breast health clinic at the Chris Hani Baragwanath Academic
Hospital (CHBAH) in Johannesburg, South Africa. CHBAH is the largest public hospital in South Africa
and provides tertiary-level care to the residents of Soweto, a dense, predominantly black and
socioeconomically diverse urban neighborhood of Johannesburg. At CHBAH, women with breast cancer
have low- or no-cost access to breast surgery, chemotherapy, therapeutic radiation, adjuvant
trastuzumab, and endocrine therapy. Approximately 25% of breast cancer patients treated at CHBAH
have co-morbid HIV.[18]

For this study, we enrolled female patients with anatomic stage I to III, HR + breast cancer who had
completed curative-intent breast surgery, had no evidence of current local or distant recurrence, and
were currently being prescribed either tamoxifen or an aromatase inhibitor through the CHBAH breast
clinic. As study procedures included six months of follow-up for adherence and use of extended adjuvant
endocrine therapy is inconsistent in our setting, participants were ineligible if they had been prescribed
endocrine therapy for longer than 4.5 years. To identify potentially eligible participants, we reviewed the
medical records of women already enrolled in the South African Breast Cancer and HIV Outcomes
(SABCHO) cohort study, which has been prospectively enrolling women with newly diagnosed breast
cancer at CHBAH and four other public South African hospitals since 2015.[19] We attempted to contact
potentially eligible participants identified on this pre-screen via telephone to offer study enrollment. In
addition, eligible women who were newly starting endocrine therapy at the clinic were offered enrollment
regardless of SABCHO participation.

Study Procedures and Measures
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Data were collected from participants at three time points that corresponded to their regularly scheduled
breast clinic surveillance visits: an initial enrollment visit and two follow-up visits at 12- and 24-weeks
post-enrollment. At the time of enrollment, we collected demographic data, breast cancer clinical data
(i.e., stage, grade, HER2 status, and type of endocrine therapy), and, if relevant, HIV clinical data (i.e.,
infection status, timing of diagnosis, timing and type of anti-retroviral therapy, most recent CD4 count
and HIV viral load). Household wealth data was taken from existing SABCHO records.

At enrollment, participants also completed four questionnaires measuring factors that might influence
AET adherence. The Sources of Social Support Scale (SSSS) measured the degree of emotional and
practical support participants received from different social relations.[20] The Beliefs About Medication
Questionnaire-AET (BMQ-AET) captured their impression of AET’s importance to their long-term health
and use of medications in general.[21] The Health Literacy Test for Limited Literacy populations (HELT-
LL) measured functional health literacy.[22] The Communication and Attitudinal Self-Efficacy (CASE-
Cancer) scale described self-reported capacity to maintain a positive attitude and communicate with
providers when addressing health problems.[23]

During both their 12- and 24-week study visits, participants completed three questionnaires to quantify
recent symptoms of depression, anxiety, and stress: the Center for Epidemiological Studies Depression
Scale (CES-D), the Generalized Anxiety Disorder 7-Item Scale (GAD-7), and the Perceived Stress Scale
(PSS).[24–26] At these visits, they also completed the Breast Cancer Prevention Trial Eight Symptom
Scale Plus (BESS-Plus), measuring common AET-related musculoskeletal, vasomotor, gastrointestinal,
gynecologic/sexual, bladder, weight, and fatigue/pain/malaise symptoms.[27]

All psychometric instruments were translated to isiZulu using the forwards-backwards translation
approach and presented to patients in English and isiZulu. Participants had the option to have study staff
read and record their responses to these questionnaires, and nearly all chose this approach. Starting in
August 2022, we also introduced a series of custom visual cues for each questionnaire to illustrate
directionality and strength of response choices. Participants who had been enrolled prior to the
introduction of these visual scales repeated the SSSS, BMQ-AET, and CASE-Cancer questionnaires at
their next follow-up visit.

AET adherence was measured in two ways. Self-reported adherence was captured by administering the
Medication Adherence Report Scale, 5-item version (MARS-5) at 12 and 24 weeks.[28] Unfortunately,
post-hoc analysis of MARS-5 showed nearly universal perfect adherence and was considered
systemically unreliable. It was ultimately not used for analysis.

We also collected AET pill count data at each study visit to estimate the number of pills consumed over
the study period. At enrollment, participants were instructed to no longer use any AET pills they had at
home and were given a new prescription for three months’ worth of medication. They were then
instructed to bring all remaining pills to their 12-week follow-up visit. At that follow-up visit, participants’
personal medical records were reviewed for documentation of medication refills, and remaining tablets
were counted. Another prescription was given for 12 further weeks of medication and the process of
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counting pharmacy refills and remaining pills was repeated at 24 weeks. Of note, on August 16, 2022, in
response to concern that some patients were continuing to take pills they had possessed prior to study
enrollment, we began asking all participants to bring existing AET pills to their enrolment visit so that
pre-study AET could be placed in a taped plastic bag as a physical reminder to only use newly prescribed
pills while on study. Pill count data collection prior to this change in study procedure was excluded from
analysis. An adherence ratio was calculated for each participant over each 12-week period by dividing
the difference between collected and remaining pills by the exact number of days between visits. Study
staff took detailed notes on any ambiguity or discrepancy in pill count data at the time of collection, and
all data was hand reviewed by the authors. Instances with irresolvable count discrepancies were
considered uninterpretable and excluded from analysis.

Statistical Analysis
Participants’ demographic and breast cancer clinical data was described and compared by HIV infection
status using Fishers exact and Wilcoxon rank sum tests. To account for many participants contributing
two adherence ratio values (i.e., at the separate 12- and 24-week visits), our crude analyses for
association between AET adherence and individual clinical and psychosocial factors were performed
used hierarchical linear models (HLM) of adherence ratio with only the relevant patient factor and study
timepoint as covariates. To adjust for all evaluated clinical and psychometric factors’ impact on AET
adherence, we developed a structural equation model (SEM) for adherence. Our a priori model included
an HIV covariate and latent variables for healthcare savvy, social status, mental health, and medication
burden. Again, in our structural model, each 12-week study interval for each participant was treated as
an individual data point.

Overall fit of the model was determined by recommended criteria, including a comparative fit index (CFI)
greater than .95 and root mean squared error of approximation (RMSEA) less than .06. In the case of
poor model fit, modification indices guided model re-specification (e.g., inclusion of a residual
covariance; removal of an indicator variable within a latent variable).[29] Once a final model was
established, we repeated separate analyses on the sub-groups of participants with and without HIV to
evaluate for differential associations between adherence and our latent variables in those groups.

Results
Between April 26, 2022 and July 11, 2023, 810 women receiving breast cancer care at CHBAH were pre-
screened for study eligibility, and 453 were deemed potentially eligible. Of those women, we were unable
to contact 103 women, 69 women were contacted but declined study participation, and 280 were
enrolled. Of these 280, 266 attended their 12-week visit. Twelve-week visit data was excluded for 115
women because they were enrolled prior to the addition of study procedures to prevent use of pre-
existing AET supply, for 11 women because pill count data contained irreconcilable discrepancies, and
for 12 women because their 12-week visit actually occurred < 63 or > 105 days from enrollment. Twelve-
week data from the remaining 128 women was included for analysis. Of the 280 enrolled participants,
243 also attended their 24-week visit. Twenty-four-week visit data was excluded for 25 women because
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pill count data discrepancies could not be reconciled and for 1 woman whose visit occurred > 105 days
from enrollment. Twenty-four-week data from the remaining 217 women was included for analysis. In
total, 239 participants contributed data at either 12 or 24 weeks, 63 (26.3%) of whom had comorbid HIV.
The rate of HIV infection was not significantly different between participants contributing data and the
rates in potentially eligible women who could not be reached (24.3%), who declined participation (20.3%),
or who were enrolled but contributed no adherence data (17.1%).

Among all 239 participants, 116 (48.5%) had stage II cancer, 100 (41.8%) had stage III cancer, and 58
(24.3%) were HER2 over-expressing (Table 1). Tamoxifen was the more commonly used AET and
prescribed to 191 (79.9%) of participants. The median age of participants with and without HIV infection
differed: 47.4 years in women living with HIV and 57.7 years in those without. Participants with HIV also
tended to be less wealthy than those without HIV.
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Table 1
Enrolled Participant Characteristics by HIV Infection Status

  HIV Negative
(N = 176)

HIV Positive
(N = 63)

Total

(N = 239)

p-value

Age of Enrollment (median, IQR) 57.7 (47.2–
67.0)

47.4 (44.1–
54.1)

53.7
(45.8–
63.5)

< 
0.0001

Anatomic Breast Cancer Stage (n, %)       0.75

I 16 (9.1) 7 (11.1) 23 (9.6)  

II 84 (47.7) 32 (50.8) 116 (48.5)  

III 76 (43.2) 24 (38.1) 100 (41.8)  

HER2 Status (n, %)       0.77

Negative 120 (68.2) 43 (68.3) 163 (68.2)  

Positive 42 (23.9) 16 (25.4) 58 (24.3)  

Equivocal 11 (6.3) 4 (6.4) 15 (6.3)  

Missing 3 (1.7) 0 (0.0) 3 (1.3)  

Adjuvant Endocrine Therapy (n,%)       0.09

Tamoxifen 136 (77.3) 55 (87.3) 191 (79.9)  

Aromatase Inhibitor 40 (22.7) 8 (12.7) 48 (20.1)  

Years since Breast Cancer Diagnosis
(median, IQR)

3.4 (2.0-4.2) 2.9 (1.2–3.9) 3.3 (1.8–
4.1)

0.08

Number of Other Medications Used
(Non-ART) (median, IQR)

1 (0–3) 0 (0–2) 1 (0–2) 0.04

Married/Domestic Partner (n, %) 88 (50.0) 28 (44.4) 116 (48.5) 0.49

Tobacco Smoking (n, %) 17 (9.7) 6 (9.5) 23 (9.7) 0.97

Alcohol Use (n, %) 36 (20.5) 20 (31.8) 56 (23.4) 0.07

Wealth Percentile (n, %)       0.0003

< 20th (Lowest) 12 (6.9) 6 (9.5) 18 (7.6)  

20th to < 40th 30 (17.2) 28 (44.4) 58 (24.5)  

40th to < 60th 46 (26.4) 8 (12.7) 54 (22.8)  

60th to < 80th 46 (26.4) 11 (17.5) 57 (24.1)  

Abbreviations: ART – antiretroviral therapy; HER2 - human epidermal growth factor receptor 2
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  HIV Negative
(N = 176)

HIV Positive
(N = 63)

Total

(N = 239)

p-value

≥ 80th 40 (23.0) 10 (15.9) 50 (21.1)  

Abbreviations: ART – antiretroviral therapy; HER2 - human epidermal growth factor receptor 2

Few differences were seen in the reported social support and demonstrated health literacy of
participants with and without HIV infection (Table 2). Women with comorbid HIV did describe marginally
higher care-related self-efficacy, reporting significantly increased participation in their own care and
trends towards more positive attitude and information seeking behavior. Self-reports of depression,
anxiety, and stress did not differ. Among AET-related side effects, women living with HIV experienced
significantly more vasomotor symptoms and more dissatisfaction with their weight control.
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Table 2
Questionnaire Responses by HIV Infection Status

Instrument HIV Negative (N = 
176)

HIV Positive (N = 
63)

p-value

  Median (IQR)    

SSSS (range: 0–4)      

Partner      

Emotional Support 3.8 (3.0–4.0) 3.7 (2.8-4.0) 0.81

Negative Support 4.0 (4.0–4.0) 4.0 (4.0–4.0) 0.28

Informational Support 2.5 (0.0–4.0) 2.0 (0.0–4.0) 0.55

Instrumental Support 4.0 (2.0–4.0) 4.0 (1.0–4.0) 0.49

Women in Your Family      

Emotional Support 4.0 (3.3-4.0) 4.0 (3.7-4.0) 0.11

Negative Support 4.0 (4.0–4.0) 4.0 (4.0–4.0) 0.31

Informational Support 4.0 (2.0–4.0) 4.0 (2.0–4.0) 0.59

Instrumental Support 4.0 (2.0–4.0) 4.0 (2.0–4.0) 0.26

Friends      

Emotional Support 4.0 (3.3-4.0) 3.7 (3.3-4.0) 0.26

Negative Support 4.0 (4.0–4.0) 4.0 (4.0–4.0) 0.03

Informational Support 4.0 (2.0–4.0) 3.0 (1.0–4.0) 0.22

Instrumental Support 4.0 (2.0–4.0) 3.0 (1.0–4.0) 0.21

Healthcare Provider      

Emotional Support 4.0 (3.5-4.0) 4.0 (4.0–4.0) 0.02

Negative Support 4.0 (4.0–4.0) 4.0 (4.0–4.0) 0.97

Informational Support 4.0 (4.0–4.0) 4.0 (4.0–4.0) 0.07

Instrumental Support 4.0 (4.0–4.0) 4.0 (4.0–4.0) 0.86

HELT-LL      

Abbreviations: AET – adjuvant endocrine therapy; BMQ – Beliefs About Medication Questionnaire;
CASE-Cancer – Communication and Attitudinal Self-Efficacy scale; CES-D – Center for
Epidemiological Studies Depression Scale; GAD-7 – Generalized Anxiety Disorder 7-Item Scale; HELT-
LL – Health Literacy Test for Limited Literacy populations; PSS – Perceived Stress Scale; SSSS –
Sources of Social Support Scale
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Instrument HIV Negative (N = 
176)

HIV Positive (N = 
63)

p-value

Functional Literacy (range: 0–14) 9.0 (7.0–11.0) 9.0 (6.0–11.0) 0.70

Communicative Literacy (range: 0–4) 2.0 (1.0–3.0) 2.0 (1.0–4.0) 0.92

Critical Literacy (range: 0–6) 4.0 (2.0–4.0) 4.0 (2.0–6.0) 0.31

BMQ      

AET Concerns (range: 0–20) 4.0 (0.0–8.0) 5.0 (0.0–9.0) 0.39

AET Necessity (range: 0–20) 18.0 (15.0–20.0) 17.0 (16.0–20.0) 0.82

General Overuse (range: 0–16) 7.0 (4.0–10.0) 8.0 (4.0–10.0) 0.52

General Harms (range: 0–16) 2.0 (0.0–5.0) 3.0 (0.0–5.0) 0.73

CASE-Cancer      

Participation in Care (range: 4–16) 16.0 (14.0–16.0) 16.0 (16.0–16.0) 0.02

Positive Attitude (range: 4–16) 16.0 (15.0–16.0) 16.0 (16.0–16.0) 0.08

Seeking Information (range: 4–16) 16.0 (15.0–16.0) 16.0 (16.0–16.0) 0.07

Mental Health Questionnaires (Mean
score)

     

CES-D (range: 0–60) 15.5 (8.0–23.0) 17.0 (10.5–27.0) 0.16

GAD-7 (range: 0–21) 5.0 (2.0–9.0) 7.0 (3.0–11.0) 0.11

PSS (range: 0–40) 16.0 (12.0–21.0) 17.5 (13.0–23.0) 0.29

AET-Related Side Effect Scores      

Cognitive (range: 0–12) 4.0 (1.5–6.5) 4.0 (1.5–6.5) 0.62

Musculoskeletal (range: 0–12) 5.0 (2.5-8.0) 5.0 (2.5-8.0) 0.96

Vasomotor (range: 0–12) 2.0 (0.5-6.0) 5.0 (1.5-8.0) 0.01

Gastrointestinal (range: 0–12) 0.0 (0.0-0.5) 0.0 (0.0–1.0) 0.15

Dyspareunia (range: 0–8) 0.0 (0.0–1.0) 0.5 (0.0-1.5) 0.12

Weight Control (range: 0–8) 1.0 (0.0–3.0) 2.0 (1.0-3.5) 0.02

Gynecologic (range: 0–12) 0.5 (0.0–1.0) 0.5 (0.0–2.0) 0.34

Abbreviations: AET – adjuvant endocrine therapy; BMQ – Beliefs About Medication Questionnaire;
CASE-Cancer – Communication and Attitudinal Self-Efficacy scale; CES-D – Center for
Epidemiological Studies Depression Scale; GAD-7 – Generalized Anxiety Disorder 7-Item Scale; HELT-
LL – Health Literacy Test for Limited Literacy populations; PSS – Perceived Stress Scale; SSSS –
Sources of Social Support Scale
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Instrument HIV Negative (N = 
176)

HIV Positive (N = 
63)

p-value

Urinary incontinence (range: 0–8) 0.0 (0.0-1.3) 0.0 (0.0–1.0) 0.39

Pain/Fatigue (range: 0–36) 8.8 (5.0–13.0) 10.0 (6.0–13.0) 0.32

Abbreviations: AET – adjuvant endocrine therapy; BMQ – Beliefs About Medication Questionnaire;
CASE-Cancer – Communication and Attitudinal Self-Efficacy scale; CES-D – Center for
Epidemiological Studies Depression Scale; GAD-7 – Generalized Anxiety Disorder 7-Item Scale; HELT-
LL – Health Literacy Test for Limited Literacy populations; PSS – Perceived Stress Scale; SSSS –
Sources of Social Support Scale

The median AET adherence ratio was 0.88 in participants with HIV vs 0.89 in those without HIV (crude
HLM HIV status β-coefficient (β) -0.03, standard error (SE) 0.03, p = 0.31) (Table 3). Adherence ratios
were ≥ 80% in 52 of 96 (54.2%) 12-week time periods collected from participants with HIV and in 152 of
249 (61.0%) 12-week time periods from those without HIV (chi-square p = 0.24). We did find significant
associations between decreased adherence ratio and greater specific concerns about using AET (β
-0.01, SE 0.003, p = 0.001) and greater anxiety (β -0.01, SE 0.002, p = 0.04) (Table 3). Marginally
significant associations were present between increased adherence and increasing wealth (β 0.02, SE
0.01, p = 0.06), increasing social support from friends (β 0.01, SE 0.004, p = 0.09), and decreased
vasomotor symptoms (β -0.01, SE 0.003, p = 0.07).
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Table 3
Crude Associations Between Clinical and Psychosocial Factors and AET Adherence Ratio

Factor β-coefficient Standard Error p-value1

Clinical      

Comorbid HIV Infection -0.03 0.03 0.31

Age 0.01 0.01 0.29

BC Stage (I/II vs III) -0.01 0.03 0.64

HER2 Status (Positive vs Negative) 0.01 0.03 0.91

Tamoxifen Prescription 0.02 0.03 0.61

Number of Other Medications Used (Non-
ART)

-0.01 0.01 0.42

Social      

Married/Domestic Partner 0.02 0.02 0.28

Tobacco Smoking 0.06 0.05 0.21

Alcohol Use 0.02 0.02 0.57

Wealth Percentile 0.02 0.01 0.06

Psychosocial      

SSSS - Partner 0.001 0.01 0.69

SSSS - Women in Your Family 0.002 0.01 0.63

SSSS - Friends 0.01 0.004 0.09

SSSS - HCP 0.002 0.01 0.70

HELT-LL – Total Score 0.003 0.003 0.32

BMQ – AET Concerns -0.01 0.003 0.001

BMQ – AET Necessity -0.003 0.004 0.40

BMQ – General Overuse -0.01 0.003 0.11

1: P-value of the relevant factor in a hierarchical linear models of adherence ratio with study
timepoint as the only other covariate,

Abbreviations: AET – adjuvant endocrine therapy; ART – antiretroviral therapy; BC – breast cancer;
BMQ – Beliefs About Medication Questionnaire; CASE-Cancer – Communication and Attitudinal Self-
Efficacy scale; CES-D – Center for Epidemiological Studies Depression Scale; GAD-7 – Generalized
Anxiety Disorder 7-Item Scale; HELT-LL – Health Literacy Test for Limited Literacy populations; HER2 -
human epidermal growth factor receptor 2; PSS – Perceived Stress Scale; SSSS – Sources of Social
Support Scale
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Factor β-coefficient Standard Error p-value1

Clinical      

BMQ – General Harms -0.01 0.004 0.16

CASE-Cancer – Total Score 0.003 0.003 0.45

CES-D Score -0.002 0.001 0.12

GAD-7 Score -0.01 0.002 0.04

PSS Score -0.002 0.002 0.29

AET-Related Side Effects      

Cognitive -0.001 0.001 0.91

Musculoskeletal -0.001 0.001 0.88

Vasomotor -0.01 0.003 0.07

Gastrointestinal -0.02 0.01 0.09

Dyspareunia 0.001 0.007 0.87

Weight Control -0.001 0.006 0.84

Gynecologic -0.001 0.001 0.91

Urinary Incontinence -0.001 0.001 0.90

Pain/Fatigue -0.001 0.002 0.57

1: P-value of the relevant factor in a hierarchical linear models of adherence ratio with study
timepoint as the only other covariate,

Abbreviations: AET – adjuvant endocrine therapy; ART – antiretroviral therapy; BC – breast cancer;
BMQ – Beliefs About Medication Questionnaire; CASE-Cancer – Communication and Attitudinal Self-
Efficacy scale; CES-D – Center for Epidemiological Studies Depression Scale; GAD-7 – Generalized
Anxiety Disorder 7-Item Scale; HELT-LL – Health Literacy Test for Limited Literacy populations; HER2 -
human epidermal growth factor receptor 2; PSS – Perceived Stress Scale; SSSS – Sources of Social
Support Scale

The final SEM model achieved good fit (comparative fit index 0.97, root mean square error of
approximation 90% confidence interval 0.02–0.05) (Fig. 1). HIV was still not associated with adherence
ratio (β 0.01, SE 0.02, p = 0.71). The only latent variable demonstrating a trend towards association with
adherence was wealth quintile (β 0.02, SE 0.01, p = 0.06). The AET side effects latent variable showed
strong association with the mental health latent variable (β 1.4, SE 0.35, p < 0.001).

Using the same SEM in the subgroup of women with comorbid HIV infection, a trend towards
association between wealth quintile and adherence remained (β 0.04, SE 0.02, p = 0.08) and a trend
towards association between mental health and adherence emerged (β -0.02, SE 0.01, p = 0.10) (Fig. 1).
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In the subgroup of women without comorbid HIV infection, neither wealth nor mental health showed any
association with adherence.

Discussion
In this prospective study of 239 South African women with early stage, hormone receptor positive breast
cancer, daily adherence to AET was high in both women with comorbid HIV infection and those without:
88% and 89%, respectively. After adjusting for mental health symptoms, severity of AET-related adverse
effects, and a variety of personal beliefs and social circumstances, there was no appreciable difference
in adherence based on HIV infection. When specifically evaluating women with comorbid HIV, we did find
trends toward a modest increase in adherence with increasing household wealth and a decrease in
adherence with increasing mental health symptoms, though neither of these associations reached full
statistical significance.

Medication adherence is difficult to measure even in high-income settings. Most published data from
high-income countries relies on administrative data, such as pharmacy or insurance claims records, to
estimate the ratio of pills obtained over some period of days, and medication coverage of ≥ 80% of days
typically being considered adherent. Using these methods, AET adherence among various cohorts has
been estimated at 33–89%, and data from the United States shows ~ 50% adherence as patients
approach the end of five years of treatment.[11, 30] The proportion of women in this low-income cohort
with adherence rates ≥ 80% was comparable to women in HICs, which at least assuages concern that
this more vulnerable group of women is drastically less adherent than North American and European
women. These findings are reminiscent of the literature on antiretroviral (ARV) research showing
comparable or even superior adherence in sub-Saharan African versus North American patients.[31]

The existing literature on AET use has identified very old or young age, high medication costs and low
SES status, AET side effects and low treatment satisfaction, depression, other comorbidities, poor social
support, and perception of low recurrence risk or low AET efficacy as predictors of poor adherence in
women from HICs.[10, 13, 14, 32] Our crude analyses of individual clinical and psychosocial factors did
not replicate all of these findings, but less adherent patients did express greater concerns about using
AET medications and greater anxiety in general. Statistical trends also pointed towards the possibility of
decreased adherence in poorer women and women experiencing more vasomotor symptoms (e.g., hot
flashes). Those relationships are broadly consistent with research performed in North America and
Europe and suggests that, while “dose-effect” might differ, the same types of predictors of adherence are
relevant to women in South Africa.

Even among hormone receptor positive breast cancer patients who do not discontinue AET altogether,
incomplete adherence is associated with 49% higher mortality.[9] However, our findings do not suggest
that differences in AET adherence contribute to mortality disparities by HIV infection status seen in
South African patients. Crude rates of adherence were practically identical between participants with and
without HIV and the small difference in the proportions of women with adherence rates ≥ 80% was not
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statistically significant. Analysis of the SABCHO cohort data has previously demonstrated no significant
differences based on HIV status in time to cancer treatment, chemotherapy dose intensity, or receipt of
endocrine and radiation therapy.[33–35] This study provides further evidence that the causes of
increased mortality among South African breast cancer patients with HIV go beyond differences in
cancer treatment.

Our structural equation model’s associations of household wealth and mental health symptoms with
adherence in just those breast cancer patients with comorbid HIV is hypothesis generating. In high-
income settings, both interventions addressing medication costs and interventions with training in
coping skills have shown potential for increasing AET adherence.[36, 37] Regarding mental health’s role,
self-report of depression, anxiety, and acute stress did not differ based on HIV status. However, all three
were universally prevalent, with the median participant reporting symptoms consistent with clinical
depression and at least moderate stress and a quarter reporting at least moderate anxiety. If adherence-
promoting, cognitive behavioral therapy-based interventions are to be adapted for women in LMICs,
breast cancer patients living with HIV may be an appropriate group to target early for maximal effect.

Our findings should be considered within the context of the limitations of our study design and setting.
High quality administrative data are rare in sub-Saharan Africa and is not available for describing AET
adherence. The development of alternative approaches to measuring medication adherence in LMICs
have largely been driven by HIV and antiretroviral research. Medication event monitoring systems (e.g.,
electronic pill bottle caps or pill boxes that record when medication is accessed) were developed for
HIV/ARV research and provide reliable, but expensive, data.[38] Pill counting, the adherence measure
method used in this study, is more commonly used in LMICs, but is vulnerable to pill dumping (i.e.,
intentional or accidental failure to bring all remaining pills to study visits for counting). In our study,
participants typically possessed an existing supply of pills at the study start and had multiple options for
obtaining refills between study visits. We worked to minimize mis-counting with telephone reminders to
bring all pills to study visits, collection of all available prescription refill data, placing existing
medications in a taped bags at study enrollment, and hand-reviewing all pill count data for apparent
inconsistencies.

Pill counting relies on actively enrolled participants, while administrative data includes a wider range of
study subjects. As such, our data largely excludes women who have ceased using AET altogether and
captures adherence only for those still attending surveillance clinic visits. Most AET adherence data
from HICs includes “non-persisting” women in estimates of non-adherence rates, so our values are not
directly comparable.[30] Notably, the rate of HIV infection among this study’s enrolled participants was
not significantly different from various types of eligible non-participants, so we do not expect that this
limitation impacted our primary finding. It is also difficult to assess the extent to which participants’
modified their pill-taking behavior in response to simply being observed.

HIV viral load also provides an objective biomarker correlate for ARV adherence, while there is no widely
available equivalent for checking the accuracy of AET adherences measurements. Specialty laboratories
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can measure tamoxifen serum concentrations via liquid chromatography-mass spectrometry. We
previously used this approach to estimate tamoxifen adherence in a separate group of women with
breast cancer at CHBAH and showed a lower overall rate of adherence (44%) and a doubling of poor
adherence in women with comorbid HIV.[18] Unfortunately, that study did not have pill count data to
correlate with serum concentrations, and the possibility of differences in tamoxifen metabolism could
not be evaluated. Serum samples from our study’s cohort will allow for future testing of the relationship
between pill count data and tamoxifen serum concentration.

In conclusion, we did not find a significant difference in AET adherence across South African breast
cancer patients with and without HIV. Lower household wealth and greater mental health symptoms may
be associated with reduced adherence in women with comorbid cancer and HIV, presenting potential
targets for future interventions to improve AET adherence in this vulnerable group.
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Figure 1

A. Final structural equation model of adjuvant endocrine therapy adherence for entire study cohort. B.
Final structural equation model of adjuvant endocrine therapy adherence including only participants with
a comorbid HIV infection.


