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Abstract

Purpose—Women living with HIV (WLWH) and breast cancer (BC) have worse overall survival 

than HIV-negative women with BC, and poor adherence to prescribed tamoxifen is known to 

contribute to poor survival. We therefore investigated the association of HIV infection with 

adherence to adjuvant tamoxifen among women with localized hormone receptor (HR)-positive 

breast cancer in South Africa.

Methods—Among 4,097 women diagnosed with breast cancer at six hospitals in the prospective 

South African Breast Cancer and HIV Outcomes (SABCHO) cohort study between July 2015 

and December 2020, we focused on black women with stages I-III HR-positive breast cancer 

who were prescribed 20 mg of adjuvant tamoxifen daily. We collected venous blood once from 

each participant during a routine clinic visit, and analyzed concentrations of tamoxifen and its 

metabolites using a triple quadruple mass spectrometer. We defined non-adherence as a tamoxifen 

level < 60 ng/mL after 3 months of daily tamoxifen use. We compared tamoxifen-related side 

effects, and concurrent medication use among women with and without HIV and developed 

multivariable logistic regression models of tamoxifen non-adherence.

Results—Among 369 subjects, 78 (21.1%) were WLWH and 291 (78.9%) were HIV-negative. 

After a median (interquartile range) time of 13.0 (6.2–25.2) months since tamoxifen initiation, the 

tamoxifen serum concentration ranged between 1.54 and 943.0 ng/mL and 208 (56.4%) women 

were non-adherent to tamoxifen. Women < 40 years of age were more likely to be non-adherent 

than women > 60 years (73.4% vs 52.6%, odds ratio (OR) = 2.49, 95% confidence interval 

(CI) = 1.26–4.94); likewise, WLWH (70.5% vs 52.6%, OR = 2.16, 95% CI = 1.26–3.70) than 

HIV-negative women. In an adjusted model WLWH had twice the odds of non-adherence to 

tamoxifen, compared to HIV-negative women (OR = 2.40, 95% CI = 1.11–5.20).

Conclusion—High rates of non-adherence to adjuvant tamoxifen may limit the overall survival 

of black South African women with HR-positive breast cancer, especially among WLWH.
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Introduction

Breast cancer remains the most common cancer among women worldwide, with an 

estimated 2.3 million new cases and 685,000 deaths in 2020 [1]. In high-income countries 
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(HICs), breast cancer prognosis has significantly improved over time; however, in sub-

Saharan Africa (SSA), the 3 year overall survival (OS) is estimated to be 50% [2], 

mainly due to late-stage at diagnosis and sub-optimal multi-modality treatment access and 

completion. Among women with stages I-III breast cancer, the OS is worse in women 

living with HIV (WLWH) than HIV-negative women in SSA (3 year OS 52% vs 63%) 

[3]. In South Africa where the prevalence of HIV infection among black women is 21.0% 

[4], the 2 year OS was 72.4% vs. 80.1%, p < 0.001 [5]. The reasons for worse survival 

among WLWH with breast cancer are complex but may include access to care issues, 

more treatment-related adverse events, or possible biological associations between HIV and 

tumour behaviour. Some studies have evaluated the association of malignancy and comorbid 

HIV with adherence to treatment of either condition. It is known that increasing the pill 

burden decreases adherence to antiretroviral therapy (ART) among people living with HIV 

(PLWH) in SSA [6]; a study from the Republic of Korea found that a cancer diagnosis was 

a risk factor for low ART adherence [7]. Another study found that only 54% of adult PLWH 

and cancer in Uganda adhered to both ART and chemotherapy [8].

Molecular subtypes are a major determinant of treatment options and disease outcomes; the 

hormone receptor (HR)-positive breast cancers have a better outcome than others [9, 10]. 

Hormonal therapies, such as tamoxifen, are among the most effective systemic treatments 

for HR-positive breast cancer. They lower the risk of breast cancer recurrence by 41% and 

cancer-specific mortality by 31% [11–13].

Treatment adherence is defined as the extent to which patients take their medication as 

prescribed [14]. There are multiple ways to identify non-adherence. Indirect methods, such 

as patient-administered questionnaires [15, 16] and pharmacy prescription refills [17, 18], 

are most frequently used; however, these methods do not capture the actual medication 

intake. It is known that patients’ self-reports tend to overestimate adherence rates and 

pharmacy reports do not adequately reflect medication intake, especially if out-of-pocket 

costs are low [19]. Direct methods, such as measurement of the level of the drug or its 

metabolites in the blood, are much more precise, but more expensive, less well studied, and 

not commonly used in clinical practice [20–22].

Despite the survival benefit of adjuvant tamoxifen in women with HR-positive breast 

cancer [12], 31 to 73% of these women have been found not to take the full dosage 

or to discontinue their treatment early [23–25], thereby reducing its therapeutic benefits 

[26]. Previous studies have suggested that non-adherence to tamoxifen in women with HR-

positive breast cancer is common and is associated with shorter time to recurrence, higher 

cost of treatment, poorer quality of life, and ultimately poorer survival [20, 26]. Differences 

in tamoxifen adherence may contribute to the differences in survival seen in South African 

stage I-III HRpositive breast cancer patients with and without HIV [5].

Cytochrome P450 2D6 (CYP2D6) is involved in tamoxifen metabolism predicting the 

formation of endoxifen, but its association with therapeutic efficacy is still debated [27–30]. 

Side effects, such as hot flushes, are a frequent reason for non-adherence to tamoxifen 

therapy [31–33]. The severity of tamoxifen-related adverse effects may be increased among 

WLWH due to drug-drug interactions with protease inhibitors (PIs) or non-nucleoside 
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reverse transcriptase inhibitors (NNRTIs) [34]. The risks of discontinuing tamoxifen therapy 

in women with HR-positive breast cancer in SSA are not well understood.

Improving adherence is increasingly important, as tamoxifen is now often prescribed for up 

to ten years [35]. In this paper, we examined non-adherence among HR-positive breast 

cancer patients participating in the South African Breast Cancer and HIV Outcomes 

(SABCHO) study by analysing the serum concentrations of tamoxifen using a triple 

quadruple mass spectrometer, and we evaluated factors associated with non-adherence to 

tamoxifen, including HIV status.

Methods

Study setting and population

Between July 2015 and December 2020, the SABCHO study recruited 4097 women 

with newly diagnosed breast cancer from six government hospitals. On each participant, 

sociodemographic and clinical information were recorded and patients were subsequently 

followed for treatment and outcomes [36]. Participants in this sub-study were recruited 

consecutively from active SABCHO enrolees who attended routine breast clinic visits 

between March 2019 and April 2021. To be eligible for this sub-study, participants had 

to be black women with stages I-III HR-positive breast cancer followed at two hospitals 

in Gauteng province (Chris Hani Baragwanath Academic Hospital (CHBAH) and Charlotte 

Maxeke Johannesburg Academic Hospital (CMJAH). We included women who initiated 

tamoxifen between July 2015 and December 2020 and at least 3 months before enrolment 

(to ensure that the levels of tamoxifen and metabolites had reached a steady state), and all 

who reported on their adherence to tamoxifen. We telephoned potentially eligible patients 

due for clinic follow-up during the enrolment period and asked them to bring all medications 

they were currently taking to their upcoming appointment.

Data collection and processing

Socio-demographic information (such as age, marital status, the highest level of education, 

and employment status) and lifestyle factors (alcohol consumption, smoking), self-reported 

comorbidities (hypertension, diabetes, cerebrovascular disease, asthma/chronic obstructive 

pulmonary disease (COPD), and tuberculosis) were collected upon SABCHO enrolment. 

Participants who did not report known HIV infection at enrolment were tested for HIV 

(after providing informed consent), using the National Health Laboratory Services’ enzyme-

linked immunosorbent assay; SABCHO enrolees living with HIV who were not already 

on treatment were immediately referred for initiation of ART. Participants were clinically 

staged using the 7th edition of the American Joint Committee on Cancer [37], and stage, 

receptor status including oestrogen receptor, progesterone receptor, human epidermal growth 

factor receptor 2 (HER2), Ki67 percentage, and treatment information were collected 

directly from the medical record. For this sub-study, we also collected information on the 

treatment of comorbidities and the side effects of tamoxifen. Patients were asked to answer 

yes or no if they were having hot flushes, dry vagina or discharge or bleeding, nausea, fluid 

retention, blood clots, or bone or joint pains, and if they had ever been diagnosed with 

cancer of the womb while taking tamoxifen.
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Bioanalysis of tamoxifen and genotypes

Non-adherence to tamoxifen was determined using an objective and direct method, 

tamoxifen serum assessment. At study enrollment, we collected venous blood from each 

participant for plasma extraction, from which tamoxifen, and its metabolite concentrations, 

were analysed using liquid chromatography-mass spectrometry (LC-MSMS). The CYP2D6 

genotype was determined using reverse transcription polymerase chain reaction (RT-PCR) 

on a Quanti-studio 12 platform. We classified CYP2D6 into ultra-rapid metabolizer (UM), 

normal metabolizer (NM), intermediate metabolizer (IM), and poor metabolizer (PM) 

according to the Clinical Pharmacogenetics Implementation Consortium (CPIC) guidelines 

[38].

Our primary outcome was pharmacokinetic non-adherence to tamoxifen, defined as 

a random plasma tamoxifen level of < 60 ng/mL, a threshold based on previous 

pharmacological studies [20–22, 39]. (More detailed information on the bioanalysis of 

tamoxifen and CYP2D6 genotype determination is presented as supplementary material.) 

This study was approved by the University of the Witwatersrand Human Research Ethics 

Committee, Johannesburg, South Africa, and the Institutional Review Board of Columbia 

University in New York, NY. Written informed consent was obtained from all individual 

participants in the study.

Statistical analysis

We compared the distribution of the categorical and continuous variables by HIV status and 

the serum-defined tamoxifen adherence levels (non-adherent (< 60 ng/mL) vs adherent (≥ 60 

ng/mL)), using Pearson’s chi-squared test and Fisher’s exact tests for categorical variables. 

Means ± standard deviations (SDs), median and interquartile range (IQR) were computed 

for continuous variables using the Student’s t-test and the Wilcoxon Rank Sum test to report 

differences between groups. To examine associations with tamoxifen non-adherence, we 

used a multivariable logistic regression model. Variables for which Wald testing p-values 

were < 0.1 in univariate analysis were included in our multivariate model. Analysis was 

performed using Stata version 16 (StataCorp Ltd, College Station, TX).

Results

Among the consecutive 369 women who were enrolled, 78 (21.1%) were WLWH and 

291 (78.9%) were HIV negative. Most of the women were not married (221/369, 59.9%), 

had secondary education (303/368, 82.3%), were unemployed (221/369, 59.9%), and had a 

body mass index (BMI) > 30 kg/m2 (224/369, 60.7%). Compared to HIV-negative women, 

WLWH were more likely to be < 40 years of age [26/78 (33.3%) vs 38/291 (13.1%), p < 

0.001], educated beyond the primary level [71/78 (91.0%) vs. 232/290 (80.0%), p = 0.023], 

and with a BMI ≤ 30 kg/m2 [44/78 (56.4%) vs. 101/291 (34.7%), p < 0.001] (Table 1). 

Most of the women (268/351 (76.4%) mastectomy and 83/351 (23.6%) breast-conserving 

surgery); 290/369 (78.6%) received chemotherapy; and 226/369 (61.2%) received radiation 

therapy (Table 2).
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After at least 3 months of tamoxifen use with a median (IQR) time on tamoxifen of 

13.0 (6.2–25.2) months, the serum concentrations of tamoxifen ranged between 1.54 and 

943.0 ng/mL, with a median of 52.3 ng/mL (Table 2). The median (IQR) concentration of 

tamoxifen differed between WLWH and HIV-negative women [25.9 (15.7–74.5) ng/mL vs 

56.9 (29.1–101.0) ng/mL, p < 0.001] (Table 1).

Overall, 208/369 (56.4%) women were non-adherent to tamoxifen and 161/369 (43.6%) 

women were adherent. Women who were non-adherent to tamoxifen were more likely to 

be < 40 years old [47/208 (22.6%) vs 17/161 (10.6%), p = 0.027] and living with HIV 

[55/208 (26.4%) vs. 23/161 (14.3%), p = 0.005] than women who were adherent. An 

exploratory sensitivity analyses with different thresholds of serum-tamoxifen level is shown 

in Supplementary Table 1 to better understand the relationship between adherence and HIV 

status/age. Using the tamoxifen cut-off level of 20 ng/mL, 40 ng/mL, and 80 ng/mL, women 

who were < 40 years old and WLWH were more likely to be non-adherent than adherent 

to tamoxifen (Supplementary Table 1). Women who were not married [133/208 (63.9%) vs 

88/161 (54.7%), p = 0.07] and not hypertensive [137/308 (65.9%) vs 92/161(57.1%), p = 

0.09] were marginally less adherent than others (See Table 2).

Most women (194/369 (52.6%)) reported tamoxifen side effects (Table 2). Figure 1 and 

Supplementary Table 2 show the distribution of reported side effects by serum-defined 

tamoxifen levels and by HIV status. Hot flushes were the most common side effect, and 

the prevalence did not differ between WLWH and HIV-negative women [36/78 (46.2%) 

vs 108/291 (37.1%), p = 0.146] (Supplementary Table 2), and among women who were 

non-adherent compared to those who were adherent [86/208 (41.3%) vs 58/161 (36.0%), p 
= 0.299] to tamoxifen (Fig. 1A and Supplementary Table 2). The prevalence of hot flushes 

also did not differ among women who were non-adherent and adherent to tamoxifen in both 

WLWH [28/55 (50.9%) vs 8/23 (34.8%), p = 0.193], and HIV-negative women [58/153 

(37.9%) vs 50/138 (36.2%), p = 0.768] (Fig. 1B and C).

On univariate analysis, women < 40 years old were more than twice as likely to be non-

adherent as women ≥ 60 years [Odds ratio (OR) = 2.46, 95% confidence interval (CI) = 

1.26–4.94, p = 0.024], and WLWH were twice as likely as HIV negative women [OR = 2.16, 

95% CI = 1.26–3.70, p = 0.005] to be non-adherent to tamoxifen (Table 3). On multivariable 

analysis, adjusting for the level of education, time on tamoxifen, combined tamoxifen side 

effects, and CYP2D6 predicted phenotype, HIV status was the only variable associated with 

tamoxifen adherence; the odds of non-adherence to tamoxifen use among WLWH was 2.40 

times the odds of non-adherence among HIV-negative women [OR = 2.40, 95% CI = 1.11–

5.20), p = 0.026) (Table 4].

In an exploratory analysis among WLWH, tamoxifen adherent and non-adherent women did 

not differ in median (IQR) time on antiretroviral therapy [96.0 (60.0–144.0) months vs. 84.0 

(48.0–120.0) months, p = 0.328] (Supplementary Fig. 1).
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Discussion

In our sample of black women with stages I-III breast cancer, we found that 56.4% were 

non-adherent to tamoxifen use after a median (IQR) time on tamoxifen of 13.0 (6.2–25.2) 

months. Women < 40 years and WLWH were more likely than older women and uninfected 

women to be non-adherent to tamoxifen use. In the adjusted model, WLWH were 2.40 

(95% CI = 1.11–5.20) times more likely to be non-adherent to tamoxifen than HIV-negative 

women.

Women receiving tamoxifen for breast cancer are generally expected to be highly motivated 

because they have a life-threatening disease against which hormone therapy is effective. 

Prior population studies on biochemical non-adherence have found a 16% non-adherence 

rate [20], and medical possession ratio (MPR) / tamoxifen prescription filled rates of 13–

31% in HICs [15, 17, 40]. However, a smaller study in Ethiopia by Reibold et al. in 2021 

found a 65% non-adherence rate [41], similar to those reported for chronic medications in 

a meta-analysis ranging from 76.5% for self-report, 69.4% for pharmacy data, and 44.1% 

for electronic monitoring [42] and much higher than the 21–36% reported in Soweto, South 

Africa among patients on treatment for chronic heart failure [43].

Our finding in univariate (but not in adjusted) analysis that women < 40 years were at 

least twice as likely as older women to be non-adherent to tamoxifen use (73.9% vs 

52.6%, OR = 2.49, 95% CI = 1.26–4.94) confirmed earlier findings of non-adherence 

in younger women. It can be speculated that the observed higher non-adherence rate to 

tamoxifen among younger patients in our study is related to the adverse effects of tamoxifen 

on women’s sexuality, including menopausal symptoms and fertility issues. Other studies 

from low- and middle-income countries (LMICs) [44, 45] and HICs [46] have also found 

young age to be a predictor of tamoxifen non-adherence; in studies focused solely on 

tamoxifen adherence among young women with breast cancer, the range of reported rates 

was 18–51% [46–48]. The main reasons younger women reported non-adherence were 

side effects and not fully understanding the benefits of tamoxifen [44]. We found no 

significant association of adherence with reported side effects in women < 40 years of 

age (data not shown). High non-adherence rates in younger women with breast cancer 

are a special concern and far more complex given their long potential life expectancy 

and ongoing ovarian function. Most younger women are also on gonadotropin-releasing 

hormone (GnRH) agonists which can cause the same menopausal symptoms as tamoxifen 

[49]. Improving tamoxifen adherence, especially in younger women, maybe more important 

now that longer durations of tamoxifen use or further ovarian function suppression have 

become the standard of care [50]. Women who experience treatment-related adverse effects 

may be the ones who benefit most from the therapy, because the adverse effects could be 

a proxy for therapy response [51]. Women who experience worse treatment-related side 

effects have been shown to have a lower rate of breast cancer recurrence than those not 

reporting symptoms [51, 52].

In a previous analysis of the SABCHO cohort, we found that WLWH with breast cancer 

had worse 2 year overall survival than HIV-negative women with breast cancer (adjusted 

hazard ratio = 1.49, 95% CI = 1.22–1.83) [5]. A contributing factor could be non-adherence 
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to tamoxifen. We found that WLWH were less-adherent to tamoxifen than HIV-negative 

women (OR = 2.40, 95% CI = 1.11–5.20). Poor adherence to oral medication is a common 

problem in hypertension, hyperlipidaemia, diabetes, and HIV management [51–54]. In 

South Africa, only 54% of all PLWH are virally suppressed, primarily due to suboptimal 

adherence [55]. For PLWH, as well as for those with other chronic diseases, adherence 

often decreases over time, due to ‘treatment fatigue’, development of complacency, or loss 

of motivation [56]. Among WLWH in this cohort, the time on antiretroviral therapy did not 

predict tamoxifen adherence (Supplementary Fig. 1). A possible reason for non-adherence to 

tamoxifen among WLWH in this cohort could be drug-drug interactions and the combined 

side effects of both tamoxifen and anti-retroviral medications.

The CYP2D6 enzyme is involved in the metabolic activation to endoxifen, the therapeutic 

metabolite [27], and is implicated in cancer formation and treatment. Being on multiple 

medications whose metabolism depends on the same set of drug metabolising CYP2D6 

poses a risk for drug-drug interactions that could affect the safety and efficacy of tamoxifen 

[57, 58]. We however did not detect any correlation between tamoxifen exposure levels 

and metabolites and predicted enzyme activities of the involved CYPs. No association of 

co-medication with antidiabetics or antihypertensives with non-adherence was observed. 

Individually ART and tamoxifen have been associated with similar side effects, such as 

hot flushes, fluid retention/bloating, and nausea, which may be transient or may persist 

throughout treatment [59, 60]. Indeed, we observed trends towards increased hot flushes and 

vaginal symptoms in WLWH. The side effects from the combination of both medications 

may be overwhelming for patients, motivating non-adherence to either ART or tamoxifen or 

both.

Regarding the stage at diagnosis and adherence to tamoxifen, findings have been 

contradictory. The report by Brito et al. of lower adherence among patients at advanced 

stages (III and IV) [45] contradicts that of Wigertz et al., who found greater adherence 

among women with larger tumors [61]. Kimmick et al., like us, found no association 

between stage and adherence to tamoxifen [62]. Importantly, however, many studies on this 

topic were based only on cohorts of women with early-stage disease, mainly in HICs, where 

far more women are diagnosed with early-stage breast cancer than in LMICs.

Nonadherence to tamoxifen for breast cancer is often under-recognized partly because of the 

lack of a gold standard method for adherence detection and challenges in the measurement 

of compliance in routine clinical practice. Our study is the largest cohort to estimate non-

adherence to tamoxifen biochemically among women with breast cancer with or without 

HIV in SSA; such measurement is likely to be more accurate than patient self-report, which 

tends to underestimate non-adherence.

Some limitations should be noted. The tamoxifen concentration threshold used to define 

biochemical non-adherence was not previously validated, but the approach used was 

consistent with previous studies [20, 22, 39]. Our sample size was relatively small compared 

to large studies from HICs. The serum-tamoxifen measurement is only from a single 

time point, and we do not have data on subsequent relapse; therefore, it is not possible 

to discriminate between short and longer-term non-adherence. Also, ours was a purely 
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quantitative study; a mixed-method design with qualitative approaches would have enabled 

us to explore the findings in more depth. We did not consider drug stock-outs at the 

pharmacy which could have contributed to the prevalence of non-adherence to tamoxifen 

in our study, but we have no reason to believe that this cause of adherence would impact 

women differently based on their HIV status. In addition, the baseline HIV-uninfected cohort 

was not retested during the follow-up period; failure to retest could have underestimated 

the HIV prevalence in the cohort. The use of GnRH agonists also was not taken into 

consideration, although patients under 40 years of age might be on these agents, which may 

cause the same menopausal symptoms as tamoxifen, affecting adherence.

Conclusions

The proportion of non-adherence to tamoxifen use in this current study was higher than that 

in many other studies; we also reported a higher non-adherence rate in WLWH. Achieving 

optimal tamoxifen benefits in women with HR-positive breast cancer with or without HIV 

may require more aggressive screening for treatable side effects, such as hot flushes, and 

possibly treating women with breast cancer and HIV on ART regimens less likely to 

interact with tamoxifen. Also, continuous provision of tamoxifen adherence education, with 

emphasis on the value of the prescribed medication may improve adherence.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
The reported side effects of tamoxifen use, overall and by HIV status among women with 

breast cancer
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Table 1

Socio-demographic, lifestyle characteristics, and serum-defined tamoxifen and endoxifen levels of women 

with breast cancer by HIV status

HIV-negative HIV-positive Total P value

Total number of patients
a 291 (78.9%) 78 (21.1%) 369 (100.0%)

Age at diagnosis in years < 0.001

< 40 38 (13.1) 26 (33.3) 64 (17.3)

40–49 78 (26.8) 34 (43.6) 112 (30.4)

50–59 81 (27.8) 15 (19.2) 96 (26.0)

≥ 60 94 (32.3) 3 (3.9) 97 (26.3)

Marital status 0.738

Married/cohabiting 118 (40.5) 30 (38.5) 148 (40.1)

Unmarried 173 (59.5) 48 (61.5) 221 (59.9)

Highest level of education 0.023

Primary education and below 58 (20.0) 7 (9.0) 65 (17.7)

Secondary education and above 232 (80.0) 71 (91.0) 303 (82.3)

Employment status 0.334

Employed 113 (38.8) 35 (44.9) 148 (40.1)

Unemployed 178 (61.2) 43 (55.1) 221 (59.9)

Body mass index (BMI) < 0.001

< 30 kg/m2 101 (34.7) 44 (56.4) 145 (39.3)

≥ 30 kg/m2 190 (65.3) 34 (43.6) 224 (60.7)

Smoking 0.778

No 274 (94.2) 75 (96.2) 349 (94.6)

Yes 17 (5.8) 3 (3.8) 20 (5.4)

Alcohol 0.159

No 234 (80.4) 57 (73.1) 291 (78.9)

Yes 57 (19.6) 21 (26.9) 78 (21.1)

b
 Serum-defined tamoxifen level in ng/mL median (IQR)

56.9 (29.1–101.0) 25.9 (15.7–74.5) 52.3 (24.2–95.1) < 0.001

Serum-defined endoxifen level in ng/mL median (IQR) 4.2 (2.1–7.0) 2.8 (1.2–4.7) 3.8 (1.9–6.3) 0.001

Missing for variables: highest level of education (n = 1)

a
The percentages in the total number of patient row are row percentages, the other percentages are column percentages

b
interquartile range (IQR)
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Table 2

Socio-demographic, lifestyle factors, comorbidities, clinical, and treatment factors associated with serum-

defined tamoxifen level among women with breast cancer

Serum-defined tamoxifen adherence level

Non-adherent (< 60 ng/mL) Adherent (≥ 60 ng/mL) Total P value

Total number of patients
a N = 208 (56.4%) N = 161 (43.6%) N = 369 (100.0%)

Tamoxifen serum concentration, ng/mL

b
Median (IQR)

27.3 (16.3–43.8) 103.0 (80.0–146.0) 52.3 (24.1–95.1)

Range, min–max 1.54–59.7 60.8–943.0 1.54–943

Age at diagnosis (years) 0.027

< 40 47 (22.6) 17 (10.6) 64 (17.3)

40–49 59 (28.4) 53 (32.9) 112 (30.4)

50–59 51 (24.5) 45 (28.0) 96 (26.0)

≥ 60 51 (24.5) 46 (28.6) 97 (26.3)

Marital status 0.071

Married/cohabiting 75 (36.1) 73 (45.3) 148 (40.1)

Unmarried 133 (63.9) 88 (54.7) 221 (59.9)

Highest level of education 0.667

Primary education and below 35 (16.9) 30 (18.6) 65 (17.7)

Secondary education and above 172 (83.1) 131 (81.4) 303 (82.3)

Employment status 0.233

Employed 89 (42.8) 59 (36.6) 148 (40.1)

Unemployed 119 (57.2) 102 (63.4) 221 (59.9)

Body mass index (BMI) 0.178

< 30 kg/m2 88 (42.3) 57 (35.4) 145 (39.3)

≥ 30 kg/m2 120 (57.7) 104 (64.6) 224 (60.7)

Smoking 0.736

No 196(94.2) 153 (95.0) 349 (94.6)

Yes 12 (5.8) 8 (5.0) 20 (5.4)

Alcohol 0.121

No 158 (76.0) 133 (82.6) 291 (78.9)

Yes 50 (24.0) 28 (17.4) 78 (21.1)

Hypertension 0.087

No 137 (65.9) 92 (57.1) 229 (62.1)

Yes 71 (34.1) 69 (42.9) 140 (37.9)

Diabetes 0.540

No 196 (94.2) 154 (95.7) 350 (94.9)

Yes 12 (5.8) 7 (4.3) 19 (5.1)

HIV 0.005

Negative 153 (73.6) 138 (85.7) 291 (78.9)

Positive 55 (26.4) 23 (14.3) 78 (21.1)
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Serum-defined tamoxifen adherence level

Non-adherent (< 60 ng/mL) Adherent (≥ 60 ng/mL) Total P value

Tuberculosis 0.960

No 203 (97.6) 157 (97.5) 360 (97.6)

Yes 5 (2.4) 4 (2.5) 9 (2.4)

Cerebrovascular disease 0.459

No 203 (97.6) 155 (96.3) 358 (97.0)

Yes 5 (2.4) 6 (3.7) 11 (3.0)

c
Asthma/COPD

0.543

No 199 (95.7) 156 (96.9) 355 (96.2)

Yes 9 (4.3) 5 (3.1) 14 (3.8)

Any comorbidity 0.522

No 81 (38.9) 68 (42.2) 149 (40.4)

Yes 127 (61.1) 93 (57.8) 220 (59.6)

Multimorbidity (≥ 2 comorbidities apart from 
breast cancer)

0.988

No 173 (83.2) 134 (83.2) 307 (83.2)

Yes 35 (16.8) 27 (16.8) 62 (16.8)

Time on tamoxifen in months

d
Median (IQR)

12.5 (6.3–25.0) 13.4 (6.1–26.4) 13.0 (6.2–25.2) 0.591

Range, min–max 3.0–57.4 3.0–57.4 3.0–57.4

Tamoxifen side effect(s) 0.729

No 97 (46.6) 78 (48.4) 175 (47.4)

Yes 111 (53.4) 83 (51.6) 194 (52.6)

Number of medications apart from tamoxifen 0.398

0 77 (37.0) 72 (44.7) 149 (40.4)

1 62 (29.8) 34 (21.1) 96 (26.0)

2 33 (15.9) 26 (16.1) 59 (16.0)

3 21 (10.1) 16 (9.9) 37 (10.0)

≥ 4 15 (7.2) 13 (8.1) 28 (7.6)

e
CYP2D6 predicted phenotype

0.417

UM & NM 74 (56.9) 67 (65.0) 141 (60.5)

NM/IM 35 (26.9) 24 (23.3) 59 (25.3)

IM & PM 21 (16.2) 12 (11.7) 33 (14.2)

Stage 0.367

1 18 (8.7) 14 (8.7) 32 (8.7)

2 107 (51.4) 94 (58.4) 201 (54.5)

3 83 (39.9) 53 (32.9) 136 (36.9)

Histology 0.378

Invasive ductal carcinoma 204 (98.1) 156 (96.9) 360 (97.6)

Other 4 (1.9) 5 (3.1) 9 (2.5)

Histology grade 0.744

Breast Cancer Res Treat. Author manuscript; available in PMC 2023 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ayeni et al. Page 18

Serum-defined tamoxifen adherence level

Non-adherent (< 60 ng/mL) Adherent (≥ 60 ng/mL) Total P value

Grade 1 19 (9.5) 14 (8.9) 33 (9.3)

Grade 2 115 (57.8) 97 (61.8) 212 (59.6)

Grade 3 65 (32.7) 46 (29.3) 111 (31.2)

Immunohistochemistry-defined subtype 0.872

f
HR + /HER2-−

154 (74.0) 118 (73.3) 272 (73.7)

HR + /HER2 + 54 (26.0) 43 (26.7) 97 (26.3)

Surgery 0.164

No 13 (6.3) 5 (3.1) 18 (4.9)

Yes 195 (93.8) 156 (96.9) 351 (95.1)

Type of surgery (N = 351) 0.779

Mastectomy 150 (76.9) 118 (75.6) 268 (76.4)

Breast conserving surgery 45 (23.1) 38 (24.4) 83 (23.6)

Chemotherapy 0.375

No 48 (23.1) 31 (19.3) 79 (21.4)

Yes 160 (76.9) 130 (80.7) 290 (78.6)

Radiotherapy 0.933

No 81 (38.9) 62 (38.5) 143 (38.8)

Yes 127 (61.1) 99 (61.5) 226 (61.2)

a
The percentages in the total number of patient row are row percentages. The other percentages are column percentages

b
IQR Interquartile range

c
COPD Chronic obstructive pulmonary disease

d
IQR Interquartile range

e
CYP2D6 Cytochrome P450 2D6

UM Ultra-rapid metabolizer, NM Normal metabolizer, IM intermediate metabolizer PM Poor metabolizer UM (n = 10), PM (n = 4),

f
HR + Hormone receptor-positive, HER2 Human epidermal growth factor receptor 2 missing for variables: Highest level of education (n = 1), 

CYP2D6 (n = 135)

Breast Cancer Res Treat. Author manuscript; available in PMC 2023 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ayeni et al. Page 19

Table 3

Determinants of non-adherence to tamoxifen among women with breast cancer

Serum-defined tamoxifen adherence level

Non-adherent (< 60 
ng/mL)

Adherent (≥ 60 ng/mL) Univariate analysis P value

Total number of patients N = 208 (56.4) N = 161 (43.6)
Odds ratio (95% CI)

a

Age at diagnosis (years) 0.024

< 40 47 (73.4) 17 (26.6) 2.49 (1.26–4.94)

40–49 59 (52.7) 53 (47.3) 1.00 (0.58–1.73)

50–59 51 (53.1) 45 (46.9) 1.04 (0.59–1.83)

≥ 60 51 (52.6) 46 (47.4) 1.00 (Ref)

Marital status 0.072

Married/cohabiting 75 (50.7) 73 (49.3) 1.00 (Ref)

Unmarried 133 (60.2) 88 (39.8) 1.48 (0.97–2.56)

Highest level of education 0.652

Primary education and below 35 (53.8) 30 (46.2) 1.00 (Ref)

Secondary education and above 172 (56.8) 131 (43.2) 1.13 (0.66–1.94)

Employment status 0.233

Employed 89 (60.1) 59 (39.9) 1.29 (0.85–1.97)

Unemployed 119 (53.8) 102 (46.2) 1.00 (Ref)

Body mass index (BMI) 0.179

< 30 kg/m2 88 (60.7) 57 (39.3) 1.34 (0.88–2.05)

≥ 30 kg/m2 120 (53.6) 104 (46.4) 1.00 (Ref)

Smoking 0.737

No 196 (56.2) 153 (43.8) 1.00 (Ref)

Yes 12 (60.0) 8 (40.0) 1.17 (0.47–2.94)

Alcohol 0.122

No 158 (54.3) 133 (45.7) 1.00 (Ref)

Yes 50 (64.1) 28 (35.9) 1.50(0.90–2.52)

Hypertension 0.087

No 137 (59.8) 92 (40.2) 1.00 (Ref)

Yes 71 (50.7) 69 (49.3) 0.69 (0.45–1.06)

Diabetes 0.541

No 196 (56.0) 154 (44.0) 1.00 (Ref)

Yes 12 (63.2) 7 (36.8) 1.35 (0.52–3.50)

HIV 0.005

Negative 153 (52.6) 138 (47.4) 1.00 (Ref)

Positive 55 (70.5) 23 (29.5) 2.16 (1.26–3.70)

Tuberculosis 0.960

No 203 (56.4) 157 (43.6) 1.00 (Ref)

Yes 5 (55.6) 4 (44.4) 0.97 (0.26–3.66)

Cerebrovascular disease 0.462
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Serum-defined tamoxifen adherence level

Non-adherent (< 60 
ng/mL)

Adherent (≥ 60 ng/mL) Univariate analysis P value

No 203 (56.7) 155 (43.3) 1.00 (Ref)

Yes 5 (45.5) 6 (54.5) 0.64 (0.19–2.12)

b
Asthma/COPD

0.544

No 199 (56.1) 156 (43.9) 1.00 (Ref)

Yes 9 (64.3) 5 (35.7) 1.41 (0.46–4.30)

Any comorbidity 0.523

No 81 (54.4) 68 (45.6) 1.00 (Ref)

Yes 127 (57.7) 93 (42.3) 1.15 (0.75 -1.74)

Multimorbidity (≥ 2 comorbidities apart from 
breast cancer)

0.988

No 173 (56.4) 134 (43.6) 1.00 (Ref)

Yes 35 (56.5) 27 (43.5) 1.00 (0.58–1.74)

c
Time on tamoxifen in months, median (IQR)

12.5 (6.3–24.9) 13.4 (6.1–26.4) 0.99 (0.97–1.01) 0.591

Tamoxifen side effect(s) 0.730

No 97 (55.4) 78 (44.6) 1.00 (Ref)

Yes 111 (57.2) 83 (42.8) 1.08 (0.71–1.62)

Number of medications apart from tamoxifen 0.392

0 77 (51.7) 72 (48.3) 1.00 (Ref)

1 62(64.6) 34 (35.4) 1.71 (1.01–2.89)

2 33 (55.9) 26 (44.1) 1.19 (0.65–2.18)

3 21 (56.8) 16 (43.2) 1.23 (0.59–2.54)

≥ 4 15 (53.6) 13 (46.4) 1.08 (0.48–2.42)

d
CYP2D6 predicted phenotype

0.415

UM & NM 74 (52.5) 67 (47.5) 1.00 (Ref)

NM/IM (Normal/intermediate metabolizer) 35 (59.3) 24 (40.7) 1.32 (0.71–2.44)

IM & PM 21 (63.6) 12 (36.4) 1.58 (0.72–3.47)

Stage 0.751

1 18 (56.3) 14 (43.8) 1.00 (Ref)

2 107 (53.2) 94 (46.8) 0.89 (0.42–1.86)

3 83 (61.0) 53 (39.0) 1.22 (0.56–2.65)

Histology 0.469

Invasive ductal carcinoma 204 (56.7) 156 (43.3) 1.00 (Ref)

Others 4 (44.4) 5 (55.6) 0.61 (0.16–2.32)

Histologic grade 0.496

Grade 1 & 2 134 (54.7) 111 (45.3) 1.00 (Ref)

Grade 3 65 (58.6) 46 (41.4) 1.17 (0.74–1.84)

Immunohistochemistry-defined subtype 0.872

e
HR + /HER2−

154 (56.6) 118 (43.4) 1.04 (0.65–1.66)

HR + /HER2 + 54 (55.7) 43 (44.3) 1.00 (Ref)

Surgery 0.173

Breast Cancer Res Treat. Author manuscript; available in PMC 2023 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ayeni et al. Page 21

Serum-defined tamoxifen adherence level

Non-adherent (< 60 
ng/mL)

Adherent (≥ 60 ng/mL) Univariate analysis P value

No 13 (72.2) 5 (27.8) 2.08 (0.72–5.96)

Yes 195 (55.6) 156 (44.4) 1.00 (Ref)

Type of surgery (N = 348) 0.779

Mastectomy 150 (56.0) 118 (44.0) 1.07 (0.65–1.76)

Wide local excision 45 (54.2) 38 (45.8) 1.00 (Ref)

Chemotherapy 0.375

No 48 (60.8) 31 (39.2) 1.26 (0.76–2.09)

Yes 160 (55.2) 130 (44.8) 1.00 (Ref)

Radiotherapy 0.933

No 81 (56.6) 62 (43.4) 1.02 (0.67–1.55)

Yes 127 (56.2) 99 (43.8) 1.00 (Ref)

All percentages shown are row percentages

a
CI Confidence interval

b
COPD Chronic obstructive pulmonary disease

c
IQR Interquartile range

d
CYP2D6 Cytochrome P450 2D6,

UM Ultra-rapid metabolizer, NM Normal metabolizer, IM intermediate metabolizer, PM Poor metabolizer, UM (n = 10), PM (n = 4)

e
HR + Hormone receptor-positive, HER2 Human epidermal growth factor receptor 2. Missing for variables: Highest level of education (n = 1), 

CYP2D6 (n = 135)
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Table 4

Multivariable analysis of factors associated with non-adherence to tamoxifen in women with breast cancer in 

the SABCHO cohort

Multivariate analysis P value

OR (95% CI)

Age at diagnosis (years)

< 40 2.03 (0.63–6.52) 0.235

40–49 0.72 (0.28–1.87) 0.503

50–59 1.08 (0.49–2.37) 0.846

≥ 60 1.00 (Ref)

Marital status 0.232

Married/cohabiting 1.00 (Ref)

Unmarried 1.44 (0.79–2.63)

HIV 0.026

Negative 1.00 (Ref)

Positive 2.40 (1.11–5.20)

Hypertension 0.118

No 1.00 (Ref)

Yes 0.58 (0.29–1.15)

Multivariate model adjusted for level of education, time on tamoxifen, tamoxifen side effects, and CYP2D6 (Cytochrome P450 2D6) predicted 
phenotype
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