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SUMMARY 

Breast cancer is the most frequent malignancy among women in the world. It is also the most frequent 

cause of cancer death in women in developing regions and the second cause among women from 

developed countries. Yet, patients with breast cancer are a heterogeneous group, due to socio-economic 

factors, clinical characteristics and their tumor biology, all of which influence etiology, care and survival. 

This heterogeneity creates different challenges in each setting. In low-income countries, diagnosis delays, 

advanced stage at presentation, presence of comorbidities, such as HIV infection, and low availability of 

resources, coupled with their sub-optimal use, contribute to lower survival compared to Western 

countries. Nonetheless, there are still few data concerning risk factors, clinical management and survival 

of women with breast cancer in low-income countries, especially in Sub-Saharan Africa. 

On the other hand, in high-income countries, the short time to diagnosis and the availability of effective 

therapy lead to other kind of challenges. The increasing number of cancer survivors, who may develop a 

second primary malignancy and might need different treatments, requires the study of clinical 

management and outcomes among these patients. Additionally, due to several new treatment options, 

the cost of breast cancer care is rising. Hence, there is the need to evaluate health resource use according 

to tumor subtypes, which is essential to determine the economical evaluations of innovative products. 

 

Therefore, this thesis aimed to assess the impact of breast cancer heterogeneity on etiology, clinical 

management, health resource use and prognosis in different settings: in a high-income, developed country 

(Portugal) and in a low-income, developing country (Mozambique). This objective was accomplished 

through:  

1. Analysis of two prospective cohorts of patients with newly diagnosed breast cancer: 

a. The “NEON-BC – Neuro-oncological complications of breast cancer” cohort, from Portugal, that 

included women with newly diagnosed stage I-III breast cancer in 2012, followed at the Instituto 

Português de Oncologia do Porto Francisco Gentil during the first five years after diagnosis; 

b. The “Moza-BC – Mozambican Breast Cancer” cohort, which recruited Mozambican women 

consecutively diagnosed with breast cancer in the three main Hospitals of Mozambique (Maputo, 

Beira and Nampula Central Hospitals) between January/2015 and August/2017, and who were 

followed until November/2019; 

In both cohorts, participants were divided according to their tumor’s biomarkers into the classic 

subtypes (hormone receptor [HR]-positive/HER2-negative, HER2-positive and triple-negative breast 
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cancer [TNBC]) and the surrogate intrinsic subtypes (luminal A-like, luminal B-like, HER2-enriched and 

basal-like); 

2. A case-control analysis including cases from the Moza-BC cohort and controls from the general 

population, evaluated as part of the population-based “World Health Organization STEPwise 

approach to Surveillance Noncommunicable Disease Risk Factor Survey” (WHO-STEPS), conducted in 

Mozambique between 2014 and 2015;  

3. A systematic review and meta-analysis, also including data from the Moza-BC cohort. 

 

The following paragraphs describe the specific objectives of the thesis, along with the corresponding 

methods and main results: 

1. To assess the relation between risk factors and the occurrence of breast cancer, overall and by each 

tumor subtype in women from Mozambique (Paper I); 

The associations between education, number of births, height, weight, body-mass index (BMI) and 

breast cancer risk among 138 cases (participants from the Moza-BC cohort) and 638 controls from the 

general population (from a WHO-STEPS survey), were investigated. Adjusted odds ratios (aOR) and 95% 

confidence intervals (CI) were estimated using multivariable logistic regression. 

Multiparity (≥6 vs 0-1 live births) was a protective factor for the development of HR-positive (aOR 0.22 

[95% CI, 0.08-0.64]) and HR-positive/HER2-negative tumors (aOR 0.20 [0.06-0.68]), while a higher 

educational level (≥8 vs 0 schooling years) increased breast cancer risk across all subtypes (overall aOR 

1.98 [1.04-3.80]). Higher weight and BMI were associated with a higher breast cancer risk among post-

menopausal women (per 1-Kg-increase: aOR 1.05 [1.02-1.08]; per 1-Kg/m2-increase: 1.11 [1.04-1.18], 

respectively), but were protective in pre-menopausal women (aOR 0.98 [0.96-0.99]; 0.95 [0.91-0.99], 

respectively), regardless of subtype. Higher height increased the risk of HR-negative tumors in post-

menopause (per 10-cm-increase: aOR 2.81 [1.41-6.03]). 

 

2. To assess the distribution of breast cancer subtypes, and its impact on patients’ treatment and 

survival in Mozambique (Paper II); 

We included 210 women from the Moza-BC cohort. Clinico-pathological characteristics, treatment, and 

three-year overall survival and disease-free survival were compared across classic tumor subtypes and 

surrogate intrinsic subtypes. Cox proportional hazards regression was used to compute aHR and 95% 

CI. 
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A total of 51% of patients had HR-positive/HER2-negative tumors, 24% HER2-positive and 25% TNBC; 

13% of women had luminal A-like, 49% luminal B-like, 13% HER2-enriched and 25% basal-like tumors. 

There were no significant differences across subtypes regarding clinical characteristics and treatment, 

except for HIV-positivity and histological grade III, which were more prevalent among TNBC; and 

endocrine therapy, which was used more often among patients with HR-positive/HER2-negative and 

HER2-positive disease. Three-year overall survival was 52.5%, being higher in HR-positive/HER2-

negative (61.1%) compared to HER2-positive (53.2%) and TNBC (31.9%) patients. Adjusted hazard ratios 

(aHR) were 1.96 (95% CI, 1.13-3.39) among HER2-positive and 3.10 (1.81-5.31) among TNBC vs HR-

positive/HER2-negative patients. Three-year disease-free survival was 46.6%, being lower among TNBC 

compared to patients with HR-positive/HER2-negative tumors (aHR 2.91 [1.64-5.16]). The results 

obtained were similar between surrogate intrinsic subtypes. 

 

3. To quantify the relation between breast cancer subtypes and clinical management and health 

resource use among women with early breast cancer from Portugal (Paper III); 

We included 703 women from the NEON-BC cohort. The use of health resources during the first three 

years after diagnosis was obtained through clinical and administrative records. Costs were computed 

for each individual patient, and compared according to stage and subtype. 

The cost of early breast cancer care was mainly driven by the tumor subtype and, to a lesser extent, by 

stage. The median cost of care was four-fold higher among patients with HER2-positive tumors (41 

513€/patient) compared to those with HR-positive/HER2-negative (10 540€/patient) and TNBC (11 

224€/patient). Similar differences were observed across surrogate intrinsic subtypes. 

 

4. To compare health resource use and the cost of care of women with early breast cancer in a high-

income (Portugal) vs a low-income country (Mozambique), overall and according to stage and 

subtype (Paper IV); 

Using data from the prospective NEON-BC cohort (n=703) and the Moza-BC cohort (n=162), we 

compared the cost of care of women with early breast cancer during the first three years after 

diagnosis, between Portugal and Mozambique. Local currency prices were converted to 2019 

international dollars (Int$) using purchasing power parity exchange rates for household consumption. 

The median cost of care was 18 533 Int$/patient vs 2888 Int$/patient among Portuguese and 

Mozambican patients, respectively. The cost rose with increasing stage only in Portuguese patients, 

among whom there was also a great disparity according to subtypes, with a median cost of 66 811 

Int$/patient with a HER2-positive tumor. Nearly half of Mozambican resources were used in medical 
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tests and only 22% in systemic therapy. In Portugal, systemic therapy accounted for 35%, while medical 

tests for 11% of the healthcare cost; among patients with HER2-positive tumors, systemic therapy 

corresponded to 69% of costs. Overall, surgery accounted for 17% and 18% of the total cost in Portugal 

and Mozambique, respectively. 

 

5. To quantify the association between a previous cancer diagnosis and clinical management, 

healthcare use and survival of women with early breast cancer from a high-income setting (Paper V); 

We classified women included in the NEON-BC cohort according to the existence of a previous cancer 

(breast or other). Data regarding healthcare use during the first year and five-year relapse-free survival 

were obtained through clinical and administrative records. We computed aOR and 95% CI to quantify 

the association between a previous cancer diagnosis and treatment and healthcare use; and aHR and 

95% CI for recurrence or death by any cause according to a previous cancer diagnosis. 

Among 681 women with a breast cancer diagnosed in 2012, 21 had a previous breast cancer diagnosis 

and 32 had a previous non-breast cancer. The latter were less likely to receive anthracycline-based 

combination chemotherapy (aOR 0.03 [95% CI, 0.01-0.20]). The former had higher odds of mastectomy 

(aOR 4.17 [1.36-12.72]) and genetic testing (aOR 14.82 [3.60-61.01]). Five-year relapse-free survival 

aHR were 2.75 (0.79-9.52) and 0.52 (0.07-3.89) for previous breast cancer and non-breast cancer, 

respectively. 

 

6. To evaluate the impact on survival and the cost-effectiveness of a multidisciplinary tumor board for 

breast cancer in a low-resource setting (Paper VI); 

Among 205 women from the Moza-BC cohort, 98 were included before and 107 after the 

implementation of the multidisciplinary tumor board (MTB). Pre- and post-MTB implementation 

subcohorts were compared for clinical characteristics, treatments and overall survival. Cox proportional 

hazards regression was used to compute aHR and 95% CI. The impact of MTB implementation on the 

cost per quality-adjusted life year (QALY) was estimated from the provider perspective. 

No significant differences between pre- and post-MTB subcohorts were found regarding clinical 

characteristics or treatments received. Among patients with early breast cancer (stage 0-III; n=163), the 

three-year overall survival (95% CI) was 48.0% (35.9-59.1) in the pre-MTB and 73.0% (61.3-81.6) in the 

post-MTB subcohort – aHR 0.47 (0.27-0.81). The absolute three-year mean cost increase was 120 US 

dollars/patient and the incremental cost-effectiveness ratio was 803 US dollars/QALY, corresponding 

to 1.6 times the gross domestic product per capita of Mozambique. 
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7. To measure the impact of HIV infection in the clinical presentation and prognosis of women 

diagnosed with breast cancer from both high- and low-income countries (Paper VII); 

We performed a systematic review and meta-analysis using MEDLINE, Scopus, ISI Web of Knowledge, 

LILACS, SciELO and conference abstracts up to 1st January 2020. Cross-sectional and cohort studies 

comparing baseline characteristics (stage and/or subtypes) and/or overall survival of women living with 

HIV (WLWH) vs HIV-negative women with breast cancer were included. Random-effects meta-analyses 

were performed to estimate summary statistics (pooled odds ratio [pOR] and pooled hazard ratios 

[pHR]) and subgroup analyses according to world region. 

We included 18 studies (four from North America, 14 from Sub-Saharan Africa – including the Moza-BC 

cohort), with 3,174 WLWH and 2,394,598 HIV-negative women. WLWH from North America and Sub-

Saharan Africa were more likely to present with stage III/IV disease compared to HIV-negative women 

– pOR 1.76 (95% CI, 1.58-1.95) and pOR 1.23 (1.06-1.42), respectively. WLWH from Sub-Saharan Africa 

were also less likely to have HR-positive/HER2-negative tumors (pOR 0.81 [0.66-0.99]). After 

adjustment, WLWH had worse overall survival compared to HIV-negative women, both in North 

America (pHR 2.45 [1.11-5.41]) and in Sub-Saharan Africa (pHR 1.43 [1.06-1.92]). 

 

In conclusion, this thesis showed how breast cancer heterogeneity, at multiple levels, influences etiology, 

clinical management and prognosis. We have unraveled for the first time the etiological heterogeneity of 

breast cancer according to tumor subtypes in a Sub-Saharan African population. Moreover, we 

demonstrated that the proportion of TNBC is indeed higher among patients from Mozambique and that, 

despite the overall dismal prognosis of patients in this low-resource setting, having a TNBC determines an 

even worse survival. We have also seen that tumor subtype is the main determinant of health resource 

use and cost of care in Portugal, while it has virtually no impact in treatment tailoring in Mozambique – 

which has an underfunding of breast cancer care. 

We verified that having breast cancer as a second primary malignancy did not lead to major overall changes 

in care and that had no significant impact on relapse-free survival among women from Portugal. In terms 

of healthcare management, we saw that the implementation of a multidisciplinary tumor board increased 

survival among women with early-stage breast cancer from Mozambique and demonstrated for the first 

time its cost-effectiveness in a low-income setting. Finally, we showed that HIV infection is associated with 

more advanced breast cancer stage at diagnosis and worse overall survival, both in high- and low-income 

countries. 

Stakeholders across the world should move away from the vision of breast cancer as a single disease and 

understand that women with breast cancer are a very heterogeneous group, with different risk factors 

and diverse needs in terms of diagnosis, treatment and follow-up. This finer understanding of its 
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complexity, both at the molecular, and at the patient and country level, may inform the design of better 

policies in terms of resource allocation and healthcare organization, translating into a more effective 

delivery of breast cancer care and, ultimately, in improved patient outcomes.
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RESUMO 

O cancro da mama é a neoplasia maligna mais frequente na mulher, a primeira causa de morte por cancro 

nas mulheres dos países em desenvolvimento e a segunda causa nos países desenvolvidos. Contudo, as 

doentes com cancro de mama constituem um grupo heterogéneo, devido a fatores socio-económicos, 

características clínicas e biologia tumoral, que têm influência na etiologia, tratamento e sobrevivência. 

Essa heterogeneidade coloca diferentes desafios em cada contexto. Em países de baixo rendimento, os 

atrasos no diagnóstico, o estádio avançado à apresentação, a presença de comorbilidades, como a infeção 

pelo HIV, e a baixa disponibilidade de recursos, aliada à sua utilização sub-ótima, contribuem para uma 

menor sobrevivência das doentes, em comparação com o observado nos países ocidentais. No entanto, 

existem poucos estudos sobre os fatores de risco, gestão clínica e sobrevivência das mulheres com cancro 

de mama em países de baixo rendimento, especialmente da África Subsaariana. 

Por outro lado, em países de alto rendimento, o diagnóstico atempado e o fácil acesso a tratamentos 

eficazes resultam noutro tipo de desafios. O número crescente de sobreviventes de cancro, que podem 

desenvolver uma segunda neoplasia maligna primária e, portanto, exigir um tratamento diferente, requer 

o estudo da gestão clínica e dos resultados clínicos nestes doentes. Além disso, devido às várias opções 

terapêuticas existentes, o custo de tratamento do cancro da mama está a aumentar, sendo então 

necessário estudar a utilização de recursos de saúde de acordo com os subtipos tumorais, que são 

essenciais para as avaliações económicas de produtos inovadores. 

 

Assim, esta tese teve como objetivo avaliar o impacto da heterogeneidade do cancro da mama na 

etiologia, gestão clínica, uso de recursos de saúde e prognóstico em diferentes contextos: num país 

desenvolvido, de alto rendimento (Portugal), e num país em desenvolvimento, de baixa rendimento 

(Moçambique). Este objetivo foi alcançado através de: 

1. Análise de duas coortes prospetivas de doentes com cancro da mama recém-diagnosticado: 

a. A coorte NEON-BC, de Portugal, que incluiu mulheres com diagnóstico de cancro da mama em 

estádio I-III em 2012, seguidas no Instituto Português de Oncologia do Porto Francisco Gentil 

durante os primeiros cinco anos após o diagnóstico; 

b. A coorte Moza-BC, que recrutou mulheres moçambicanas com diagnóstico de cancro da mama 

realizado nos três principais Hospitais de Moçambique (Hospitais Centrais de Maputo, Beira e 

Nampula), entre janeiro de 2015 e agosto de 2017, que foram seguidas até novembro de 2019; 

Em ambas as coortes, as participantes foram divididas de acordo com os biomarcadores do seu tumor 

em: i) subtipos tumorais clássicos (recetores hormonais [HR]-positivos/HER2-negativo, HER2-positivo 
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e cancro da mama triplo-negativo [TNBC]) e ii) subtipos tumorais intrínsecos (luminal A-like, luminal 

B-like, HER2-enriquecido e basal-like); 

2. Análise de caso-controlo com casos da coorte Moza-BC e controlos da população geral, avaliados no 

âmbito do " World Health Organization STEPwise approach to Surveillance Noncommunicable Disease 

Risk Factor Survey" (WHO-STEPS), realizado em Moçambique entre 2014 e 2015; 

3. Uma revisão sistemática e meta-análise, incluindo também dados da coorte Moza-BC. 

 

Os parágrafos seguintes descrevem os objetivos específicos da tese, juntamente com os métodos e 

principais resultados correspondentes: 

1. Avaliar a relação entre fatores de risco e a ocorrência de cancro da mama, em geral e de acordo com 

cada subtipo tumoral em mulheres moçambicanas (Artigo I); 

Investigámos as associações entre escolaridade, número de nados-vivos, altura, peso, índice de massa 

corporal (BMI), obesidade (BMI ≥30 kg/m2) e a ocorrência de cancro da mama, através de um desenho 

caso-controlo, com 138 casos da coorte Moza-BC e 638 controlos da população geral, provenientes do 

inquérito WHO-STEPS. Foram estimados odds ratios ajustados (aOR) e intervalos de confiança a 95% 

(IC 95%) através de modelos de regressão logística condicional. 

A multiparidade (≥6 vs 0-1 nados-vivos) é um fator de proteção para o desenvolvimento de tumores 

HR-positivos (aOR 0,22 [IC 95%, 0,08-0,64]) e HR-positivos/HER2-negativos (aOR 0,20 [0,06-0,68]), 

enquanto que uma maior escolaridade (≥8 vs 0 anos de escolaridade) aumenta o risco de todos os 

subtipos tumorais (aOR  1,98 [1,04-3,80]). Peso e BMI mais elevados associam-se a um maior risco de 

cancro da mama em mulheres pós-menopáusicas (por aumento de 1 kg: aOR 1,05 [1,02-1,08]; por 

aumento de 1 kg/m2: 1,11 [1,04-1,18], respetivamente), mas são protetores em mulheres pré-

menopáusicas (aOR 0,98 [0,96-0,99]; 0,95 [0,91-0,99], respetivamente), para todos os subtipos. Uma 

altura mais elevada associa-se a uma maior risco de desenvolvimento de tumores HR-negativos na pós-

menopausa (por aumento de 10 cm: aOR 2,81 [1,41-6,03]). 

 

2. Avaliar a distribuição dos subtipos de cancro da mama e o seu impacto no tratamento e sobrevivência 

de doentes moçambicanas (Artigo II); 

Foram incluídas 210 mulheres da coorte Moza-BC. As características clínico-patológicas, o tratamento, 

a sobrevivência global e a sobrevivência livre de doença aos três anos foram comparados de acordo 

com os subtipos clássicos e com os subtipos intrínsecos. Foram calculados hazard ratios ajustados 

(aHRs) e IC 95% por regressão de Cox. 
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Em relação aos subtipos clássicos, 51% das doentes apresentaram tumores HR-positivos/HER2-

negativo, 24% HER2-positivo e 25% TNBC; quanto aos subtipos intrínsecos, 13% das mulheres tinham 

tumores luminal A-like, 49% luminal B-like, 13% HER2-enriquecido e 25% basal-like. Não houve 

diferenças significativas entre os subtipos em relação às características clínicas e ao tratamento, exceto 

no que diz respeito à infeção por HIV e ao grau histológico III, que foram mais frequentes entre as 

mulheres com TNBC, e à hormonoterapia, que foi mais utilizada pelas doentes com tumores HR-

positivos/HER2-negativo e HER2-positivo. A sobrevivência observada aos três anos foi de 52,5%, sendo 

mais elevada nas doentes com tumores HR-positivos/HER2-negativo (61,1%) em comparação com 

aquelas com os subtipos HER2-positivo (53,2%) e TNBC (31,9%). Os aHR foram 1,96 (IC 95%, 1,13-3,39) 

para as doentes com tumores HER2-positivo e 3,10 (1,81-5,31) para aquelas com TNBC, relativamente 

às mulheres com tumores HR-positivos/HER2-negativo. A sobrevivência livre de doença aos três anos 

foi de 46,6%, sendo menor nas mulheres com TNBC em comparação com as doentes com tumores HR-

positivos/HER2-negativo (aHR 2,91 [1,64-5,16]). A análise de acordo com os subtipos tumorais 

intrínsecos produziu resultados semelhantes. 

 

3. Quantificar a relação entre os subtipos de cancro da mama e a gestão clínica e utilização de recursos 

de saúde por mulheres com cancro da mama precoce em Portugal (Artigo III); 

Foram incluídas 703 mulheres da coorte NEON-BC. A utilização de recursos de saúde nos primeiros três 

anos após o diagnóstico foi obtida através de registos clínicos e administrativos. Os custos foram 

calculados individualmente para cada doente e comparados de acordo com o estádio ao diagnóstico e 

subtipo tumoral. 

O custo do diagnóstico e tratamento do cancro da mama precoce foi influenciado sobretudo pelo 

subtipo tumoral e, em menor extensão, pelo estádio. O custo mediano do tratamento foi quatro vezes 

maior entre as doentes com tumores HER2-positivo (41 513€/doente) em comparação com as 

mulheres com tumores HR-positivos/HER2-negativo e TNBC (10 540€/doente e 11 224€/doente, 

respetivamente). A análise de acordo com os subtipos tumorais intrínsecos mostrou resultados 

semelhantes. 

 

4. Comparar a utilização de recursos de saúde e o custo dos cuidados de mulheres com cancro da mama 

precoce num país de alto rendimento (Portugal) vs um país de baixo rendimento (Moçambique), em 

geral e de acordo com o estádio e subtipo (Artigo IV); 

Utilizando dados da coorte NEON-BC (n=703) e da coorte Moza-BC (n=162), comparámos o custo de 

diagnóstico e tratamento de mulheres com cancro da mama precoce, durante os primeiros três anos 
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após o diagnóstico, entre Portugal e Moçambique. Os preços em moeda local foram convertidos para 

dólares internacionais (Int$) de 2019, utilizando taxas de câmbio de paridade de poder de compra para 

consumo doméstico. 

O custo mediano dos cuidados foi de 18 533 Int$/doente vs 2888 Int$/doente nas doentes portuguesas 

e moçambicanas, respetivamente. O custo foi mais elevado nos estádios mais avançados, mas apenas 

entre as doentes portuguesas, entre as quais se verificou também uma grande disparidade de custos 

de acordo com os subtipos (mediana de 66 811 Int$/doente com tumor HER2-positivo). Quase metade 

dos recursos moçambicanos foram usados em exames médicos e apenas 22% em tratamentos 

sistémicos. Em Portugal, a terapêutica sistémica foi responsável por 35% dos custos e os exames 

médicos por 11%; nas doentes com o subtipo HER2-positivo, os tratamentos sistémicos 

corresponderam a 69% dos custos. A cirurgia contribuiu para 17% e 18% do custo total em Portugal e 

em Moçambique, respetivamente. 

 

5. Quantificar a associação entre um diagnóstico prévio de cancro e a gestão clínica, uso de cuidados 

de saúde e sobrevivência de mulheres com cancro da mama precoce, num país de alto rendimento 

(Artigo V); 

As mulheres incluídas na coorte NEON-BC foram classificadas de acordo com a existência de cancro 

prévio (da mama ou outro). Foram obtidos dados sobre o uso de cuidados de saúde durante o primeiro 

ano e a sobrevivência livre de recidiva aos cinco anos a partir de registos clínicos e administrativos. 

Calculámos aOR e IC 95% para quantificar a associação entre um diagnóstico prévio de cancro e os 

tratamentos e uso de cuidados de saúde, e aHR e IC 95% para recorrência ou morte por qualquer causa, 

de acordo com um diagnóstico prévio de cancro. 

Entre 681 mulheres com cancro da mama diagnosticado em 2012, 21 tinham um diagnóstico prévio de 

cancro da mama e 32 tinham uma outra neoplasia prévia. A quimioterapia à base de antraciclinas foi 

menos frequente neste segundo grupo (aOR 0,03 [IC 95%, 0,01-0,20]), enquanto o primeiro grupo 

apresentou uma maior frequência de mastectomia (aOR 4,17 [1,36-12,72]) e de realização de testes 

genéticos (aOR 14,82 [3,60-61,01]). Os aHR de sobrevivência livre de recidiva aos cinco anos foram 2,75 

(0,79-9,52) para as doentes com diagnóstico prévio de cancro da mama e 0,52 (0,07-3,89) para as 

doentes com outra neoplasia prévia. 

 

6. Avaliar o impacto na sobrevivência e a relação custo-efetividade de uma consulta de grupo 

multidisciplinar para cancro da mama num país de baixo rendimento (Artigo VI); 
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Das 205 mulheres da coorte Moza-BC, 98 foram incluídas antes e 107 após a implementação da 

consulta de grupo multidisciplinar (MTB). As sub-coortes recrutadas nos períodos pré- e pós-

implementação da MTB foram comparadas de acordo com as características clínicas, tratamentos e 

sobrevivência global. Foram calculados aHRs e IC 95% por regressão de Cox. O impacto da 

implementação da MTB no “custo por ano de vida ajustado pela qualidade” (QALY) foi estimado a partir 

da perspetiva do provedor. 

Não encontrámos diferenças significativas entre as sub-coortes pré- e pós-MTB em relação às 

características clínicas ou aos tratamentos recebidos. Entre as doentes com cancro da mama em 

estádio precoce (estádio 0-III; n=163), a sobrevivência global aos três anos (IC 95%) foi de 48,0% (35,9-

59,1) na sub-coorte pré-MTB e de 73,0% (61,3-81,6) na sub-coorte pós-MTB – aHR 0,47 (0,27-0,81). O 

aumento absoluto do custo médio de diagnóstico e tratamento aos três anos foi de 120 dólares 

americanos/doente e o rácio custo-eficácia incremental foi de 803 dólares americanos/QALY, 

correspondendo a 1,6 vezes o produto interno bruto per capita de Moçambique. 

 

7. Medir o impacto da infeção pelo HIV na apresentação clínica e prognóstico de mulheres com 

diagnóstico de cancro da mama de países de alto e baixo rendimento (Artigo VII); 

Realizámos uma revisão sistemática e meta-análise, incluindo estudos identificados através de 

pesquisas efetuadas nas bases de dados eletrónicas MEDLINE, Scopus, ISI Web of Knowledge, LILACS e 

SciELO e resumos de conferências. Foram incluídos estudos transversais ou de coorte, publicados até 

1 de janeiro de 2020, que compararam mulheres com cancro da mama com infeção por HIV (WLWH) 

vs mulheres com cancro da mama HIV-negativas em relação às características no momento do 

diagnóstico do cancro (estádio e/ou subtipos) e/ou à sobrevivência global. Calculámos estimativas 

sumárias dos odds ratios (pOR) e dos hazard ratios ajustados (pHR) por meta-análise de efeitos 

aleatórios, globalmente e por subgrupos definidos de acordo com a região do mundo. 

Foram incluídos 18 estudos (quatro da América do Norte, 14 da África Subsaariana – incluindo a coorte 

Moza-BC), com 3174 WLWH e 2 394 598 mulheres HIV-negativas. Nas WLWH da América do Norte e 

da África Subsaariana foi mais frequente o cancro da mama em estádio III/IV em comparação com as 

mulheres HIV-negativas – pOR 1,76 (IC 95%, 1,58-1,95) e 1,23 (1,06-1,42), respetivamente. As WLWH 

da África Subsaariana foram diagnosticadas menos frequentemente com tumores HR-positivos/HER2-

negativo (pOR 0,81 [0,66-0,99]). As WLWH apresentam uma pior sobrevivência global em comparação 

com as mulheres HIV-negativas, tanto na América do Norte (pHR 2,45 [1,11-5,41]) como na África 

Subsaariana (pHR 1,43 [1,06-1,92]). 
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Em conclusão, esta tese demonstrou como a heterogeneidade do cancro da mama, a vários níveis, tem 

influência na etiologia, gestão clínica e prognóstico. Mostrámos pela primeira vez a heterogeneidade 

etiológica do cancro da mama de acordo com os subtipos tumorais numa população africana. Além disso, 

demonstrámos que a proporção de TNBC é maior entre as doentes de Moçambique e que, apesar do mau 

prognóstico global neste contexto de baixo rendimento, a presença dum tumor TNBC determina uma 

sobrevivência ainda pior. Vimos também que o subtipo tumoral é o principal determinante da utilização 

de recursos de saúde e do custo dos cuidados em Portugal, embora não tenha praticamente impacto na 

adequação do tratamento em Moçambique – que apresenta um subfinanciamento do tratamento do 

cancro da mama. 

Verificámos que o facto de se ter cancro da mama como segunda neoplasia maligna primária não levou, 

de forma global, a alterações major nos cuidados prestados e que não teve um impacto significativo na 

sobrevivência livre de recidiva em mulheres portuguesas. Vimos também que a implementação de um 

uma consulta de grupo multidisciplinar aumentou a sobrevivência das mulheres com cancro da mama 

precoce em Moçambique e demonstrámos, pela primeira vez, que esta é uma intervenção custo-efetiva 

neste contexto de baixo rendimento. Finalmente, observámos que a infeção pelo HIV está associada a um 

estádio mais avançado ao diagnóstico de cancro da mama e a uma pior sobrevivência global, tanto em 

países de alto como de baixo rendimento. 

Desta forma, os decisores em saúde a nível global devem mudar a sua visão do cancro da mama como 

uma doença única e compreender que as mulheres com neoplasias da mama constituem um grupo muito 

heterogéneo, com diferentes fatores de risco e necessidades diversas em termos de diagnóstico, 

tratamento e seguimento. Esta compreensão mais profunda da complexidade, tanto ao nível molecular 

quanto ao nível da doente e do país, pode contribuir para o desenvolvimento de politicas de alocação de 

recursos e de organização de cuidados de saúde mais adequados, traduzindo-se numa prestação mais 

eficaz de cuidados às doentes com cancro da mama e, em última análise, em melhores resultados clínicos.
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INTRODUCTION 

Breast cancer is the most frequent cancer among women in the world, with an estimated incidence rate 

of 46.3/100 000 women in 2018, accounting for nearly one-quarter of all diagnosed cancer cases.1 The 

highest figures for age-standardized (world standard population) incidence rates are observed in Oceania, 

and in Western and Northern Europe (>85.0/100 000 women). The lowest are in South-Central Asia, and 

in Eastern and Middle Africa (<30.0/100 000 women) – Figure 1. 

 Breast cancer is also the leading cause of cancer death worldwide among women (15% of the total number 

of cancer deaths) and 71% of these deaths occur in low/middle-income countries. Thus, age-standardized 

(world standard population) mortality rates are higher in low/middle-income than in high-income 

countries (14.9 vs 11.6 per 100 000 women, respectively).1 

Figure 1: Estimated age-standardized (world standard population) incidence rates and mortality rates, per 100 000 

women (source: GLOBOCAN 2018 [International Agency for Research on Cancer]) 1 

In the most developed countries, there has been a decrease in mortality rates in the last decades, along 

with a growing number of cancer cases being diagnosed. The increasing incidence may be explained by a 

more frequent exposure to factors that contribute to a greater risk of breast cancer (e.g. aging of the 

population, delayed childbearing, lower parity, and increasing obesity and alcohol consumption), coupled 

with the widespread use of mammographic screening, which further contributed to these upward trends 

in incidence.2,3 Yet, since the beginning of the millennium, a slight downward trend in incidence began to 

be observed among post-menopausal women (aged ≥50 years) in some high-income countries, such as 

the United States of America (US) or Israel.4,5 The decline in the use of hormone-replacement therapy, 

which is more frequent in these settings than in the rest of the world and/or a decreased use of 
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mammographic screening have been presented as potential explanations for this decline in incidence.6 

Nonetheless, an increasing incidence of breast cancer among pre-menopausal women is occurring in high-

income countries, which may be related to changes in reproductive behaviors (e.g. decreased parity), 

lifestyle (e.g. increased alcohol consumption) and/or anticipation of mammographic screening (i.e. before 

the age of 50).5 Contrarily, the overall drop in mortality in high-income countries has been attributed to 

both an increasing frequency of early diagnosis, and access to more effective and targeted systemic 

treatments, besides improved loco-regional care (i.e. radiotherapy and surgery).3,7 

In developing countries, breast cancer incidence has been increasing among both pre- and post-

menopausal women.5 This may be due to the ageing population, and changes in reproductive factors and 

lifestyles linked to socio-economic development (e.g. delayed childbearing and having fewer children, 

higher levels of physical inactivity and obesity, and increases in breast cancer screening and awareness).1 

As previously mentioned, mortality rates are higher in developing regions compared to developed 

countries. In Africa specifically, the age-standardized mortality rate was 17.2/100 000 women in 2018 and, 

at that time, around 12% of the global deaths from breast cancer occurred in this continent. Survival is 

much lower here than in more affluent regions of the world and a pooled analysis from several Sub-

Saharan African cancer registries8 showed an overall three-year relative survival of only 66% – in stark 

contrast with the five-year relative survival rate of 90% in the US.9 This can be attributed to the long delays 

between symptoms and diagnosis,10 leading to a high proportion of patients presenting with locally 

advanced/metastatic disease,11 and to the limited access to diagnosis and treatment, such as surgery, 

radiation, systemic therapy and/or supportive treatment.12 A detailed assessment of the burden, risk 

factors, screening, diagnosis and treatment of cancer in Sub-Saharan Africa is provided in Supplementary 

Paper I (chapter “Cancer in Sub-Saharan Africa”). 

These global trends in incidence and mortality lead to the worldwide increase in the absolute number of 

women living with breast cancer, some of whom have a degree of disability linked to the disease. Hence, 

breast cancer burden may also be measured by “disability-adjusted life-years” (DALY), which express the 

number of years lost due to ill-health, disability or early death.13 A recent report, based on data from the 

Global Burden of Disease Study 2017, showed that from 1990 to 2017, the worldwide amount of DALY 

attributed to breast cancer increased by almost 70%.13 There was a greater increase for “years lived with 

disability” than for “years of life lost” (124% vs 66% increase), which reflects global improvements in 

survival. 

Additionally, the cost of each patient’s cancer care has also been rising, due to new treatments and to the 

development of novel technologies, such as imaging (e.g. breast MRI, PET-CT scans) or radiotherapy 

modalities (e.g. three-dimensional conformal radiotherapy, intensity modulated radiotherapy, volumetric 

modulated arc therapy).14 In the European Union, in 2009, breast cancer represented the second highest 

economic cost (€15.0 billion, 12% of overall cancer costs) and accounted for the highest cancer-related 
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healthcare costs (€6.7 billion; 13% of all cancer-related healthcare costs).15 In the US, estimates of lifetime 

per-patient costs of breast cancer in 2009 ranged from $US20 000 to $US100 000,16 corresponding to 43%-

212% of the US gross domestic product (GDP) per capita at that time. Data from developing countries are 

scarcer, but some studies have also shown an increased cost of breast cancer care with rising stage.17–20 

These costs will tend to rise in the future in both developed and developing countries, both because the 

number of patients is growing and due to the increasing costs of new treatment options. 

 

1. Breast cancer burden according to tumor subtypes 

Definition and determination of each subtype 

Breast cancer comprises four molecular subtypes (luminal A, luminal B, HER2-enriched and basal), with 

different risk factors, clinical courses, prognosis and treatment.2,21 As this molecular determination is not 

yet widely available, a surrogate classification based on immunohistochemistry and in situ hybridization 

(ISH) assessments of hormone receptors (HR; which comprise the estrogen receptor [ER] and the 

progesterone receptor [PR]), HER2 and Ki67 biomarkers was proposed at the St. Gallen conference:22 

 Luminal A-like: ER-positive (expression in ≥1% of cells), HER2-negative, low Ki67 (cut-off to be 

determined locally), high PR (expression in ≥20% of cells); 

 Luminal B-like: 

o Luminal B-like (HER2-negative): ER-positive, HER2-negative and either high Ki67 or low PR (<20%); 

o Luminal B-like (HER2-positive): ER-positive, HER2-positive, any Ki67, any PR; 

 HER2-enriched: HER2-positive, and ER and PR negative (expression <1%); 

 Basal-like: ER and PR negative, and HER2-negative. 

 

Nonetheless, in clinical practice and trials, breast tumors are still classified according to the “classic” 

definition of: 

 HR-positive/HER2-negative (also named as ER-positive/HER2-negative); 

 HER2-positive: HR-positive/HER2-positive and HR-negative/HER2-positive; 

 Triple-negative breast cancer (TNBC): ER and PR negative, HER2-negative; 

Note: the majority of tumors classified as TNBC show the intrinsic basal-like subtype (i.e. molecularly 

defined), therefore these two classifications overlap in about 80% of cases and are often used 

interchangeably in clinical practice; nonetheless, the designation “TNBC” also includes luminal A, 

luminal B or HER2-enriched intrinsic subtypes and some special histological types, such as adenoid 

cystic carcinoma.22,23 
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Expression of ER, PR and HER2 should be assessed as recommended by the American Society of Clinical 

Oncology (ASCO)/College of American Pathologists (CAP) guidelines.24,25 The evaluation of Ki67 should be 

performed according to the International Ki67 in Breast Cancer Working Group.26 

 

Geographical distribution 

The distribution of tumor subtypes is heterogeneous around the world and, in Sub-Saharan Africa 

particularly, there is a higher proportion of patients with tumors classified as TNBC (around 21% in a pooled 

analysis of prospective studies)27 and a lower proportion with ER-positive/HER2-negative tumors (around 

52%) compared to Western countries (around 10-15% and 70-75% of each subtype, respectively).28 

Nonetheless, there is a wide variation in these proportions among different African studies27 – as an 

example, reports from West Africa showed a TNBC prevalence ranging from 16% to 46%.29–31 

One of the potential reasons for the difference between African and Western populations regarding the 

prevalence of ER and PR is the frequently long “delay to formalin fixation” or “cold ischemia time”, i.e. the 

delay between surgical resection and formalin fixation, which may lead to increased antigen degradation.32 

Another reason is antigen degradation in archived tissue that is proportional to the duration of storage,30 

which could explain why there is a low expression of ER and PR on the samples of tumors from African 

women assessed retrospectively. However, several studies using adequately stored material show that 

breast cancers from African-American patients have a lower likelihood of being HR-positive and are 

associated with higher histological grade and greater Ki67 expression, compared to those from White 

American patients.33 

 

Risk factors 

The understanding of risk factors for the development of breast cancer has evolved over the past two 

decades, along with the discovery of the different breast cancer subtypes.2,21 Multiple studies have shown 

that the effect of reproductive behaviors (e.g. parity, age at first birth, breastfeeding) and age at 

menarche/menopause may vary among breast cancer subtypes, being more strongly associated with the 

occurrence of ER-positive/HER2-negative tumors.34,35 On the other hand, some reports suggested that 

parous women who never breastfed have a higher risk of developing HR-negative tumors or TNBC 

compared to nulliparous women.36–38 

The effects of body parameters on breast cancer risk have also been explored and appear to be modified 

by menopausal status. While a higher weight or body mass index (BMI) are associated with reduced risk 
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among pre-menopausal women, they are a risk factor among post-menopausal women.39 However, their 

effect according to subtype is still debatable. One Latin American study suggested that a higher BMI was 

protective for the development of HR-negative tumors among pre-menopausal women,40 while a study 

from the US demonstrated that it was a risk factor for HR-negative tumors among pre-menopausal 

women.41 Compared to the observed in Western countries, African patients have different levels of 

exposure to risk factors, such as higher parity and breastfeeding or reduced obesity, that could partly 

explain differences in the distribution of breast cancer subtypes. Yet, to the best of our knowledge, there 

are no studies addressing the association between known breast cancer risk factors and each of its 

subtypes in African countries. 

 

Financial burden 

Due to the increasing number of available systemic therapy options for each breast cancer subtype, there 

is a growing concern regarding the “financial toxicity” of treating breast cancer due to the escalation of 

costs. This concern exists not only in the metastatic setting, but increasingly in the early disease setting as 

well.42,43 The European Society for Medical Oncology (ESMO) developed the “ESMO-Magnitude of Clinical 

Benefit Scale”, which aims to objectively evaluate the clinical benefit of each approved systemic drug, 

taking into account the drug’s survival benefit, associated toxicity and impact on quality-of-life.44 These 

evaluations, coupled with real-life cost assessments, may help to inform stakeholders on reimbursement 

options for the many drugs that are currently being tested as well as regarding other cancer care policies. 

 

Survival 

Survival also differs according to tumor subtype – in a large analysis using data from women diagnosed 

during 2010 to 2013 and included in the Surveillance, Epidemiology, and End Results (SEER) database from 

the US, the best survival pattern was observed among women with ER-positive/HER2-negative subtype 

(four-year survival of 92.5%), followed by ER-positive/HER2-positive (90.3%), ER-negative/HER2-positive 

(82.7%) and TNBC (77.0%).45 TNBC’s dismal prognosis is attributed to its high proliferative capacity as well 

as to the lack of targeted therapies. Nonetheless, in Sub-Saharan Africa, where the proportion of TNBC is 

especially high,27 there is very scarce data regarding the prognosis of each breast cancer subtype.46 

 

2. Overview of breast cancer diagnosis and treatment 

The management of breast cancer includes the treatment of local disease with surgery, radiation therapy, 

or both and the treatment of systemic disease with cytotoxic chemotherapy, endocrine therapy, targeted 
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therapy, immunotherapy or combinations of these.2 The choice of treatment strategy is based on the 

tumor extent/location and biology, as well as on the age and general health status of the patient, personal 

preferences and locally available resources.2 As stressed at the 2019 St. Gallen Conference, “Shared clinical 

decision making is essential when caring for individual breast cancer patients.”47 

 

2.1 Diagnosis and staging 

The diagnosis of breast cancer includes clinical examination as well as imaging and is confirmed by 

pathological assessment. ESMO recommends that pathological diagnosis be based on a core needle biopsy 

(or, if not possible, at least a fine needle aspiration cytology [FNAC] indicating carcinoma), performed 

before starting treatment.2 However, in developing countries, the choice of tissue sampling procedure 

largely depends on the equipment and expertise locally available. In low-resource settings, FNAC may be 

an appropriate resource to deal with the difficulties of inadequate pathology services, as it is a cheaper 

and less invasive diagnostic method.48 Additionally, studies from high-income countries have 

demonstrated that biomarker assessment can be performed on cell blocks taken from FNAC, with 

concordances around 96-98% for ER and 96% for HER2 status when compared to histological samples.49,50 

Staging should be evaluated according to the AJCC TNM staging system.51 ESMO only recommends a 

comprehensive radiological staging for higher-risk patients, such as those with high tumor burden 

(clinically positive axillary nodes and/or tumors >5 cm), aggressive biology (e.g. TNBC) and with symptoms, 

signs or laboratory values suggestive of metastases.2 In those cases, a chest CT scan, abdominal imaging 

and a bone scan may be considered. Nonetheless, in developing countries, staging options may be limited 

to chest X-ray and abdominal ultrasound, which can lead to a suboptimal staging assessment.12 

 

2.2 Surgery 

Surgical treatment of primary breast cancer can consist of breast-conservation surgery or modified radical 

mastectomy, with or without axillary clearance. In developed countries, the use of (neo)adjuvant 

chemotherapy, targeted agents and radiotherapy, as well as the development of techniques such as the 

sentinel-lymph node biopsy (SLNB) led to considerable improvements of breast tumor surgery over the 

last decades. Therefore, breast surgery may now be much less aggressive (i.e. breast-conservation surgery 

with or without SLNB), with decreased morbidity and a benefit in patients’ quality-of-life. In Western 

Europe, around 60-80% of newly diagnosed cancers are amenable to a breast conservation approach52 

and, in the cases in which that it is not possible as an upfront strategy, there is the option of using systemic 

therapy to downstage the tumor.2 
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Nonetheless, in developing countries, mastectomy is still the most common intervention for breast 

cancer.12,53 In Sub-Saharan Africa, this is partly due to the large proportion of patients with stage III/IV 

disease at presentation, which was around 75% in a large pooled analysis.11 On the other hand, 

radiotherapy is not available in many Sub-Saharan African countries, which limits de use of breast-

conserving surgery. Thus, it is not surprising that, in Africa, around 85% of the patients undergoing breast 

surgery receive a mastectomy.54 Still, breast surgery, even as a mastectomy, may not be an option when 

the disease is already very locally advanced or metastatic – in a report from Nigeria, only 35% of patients 

were operated, as many of them presented with inoperable local or metastatic tumors at diagnosis.55 

Similarly, in Rwanda, among 145 patients with breast cancer, only 48% underwent surgery.56 

 

2.3 Radiotherapy 

Radiation therapy is an important component of cancer control programs. In breast cancer, it can be used 

as an adjuvant therapy (e.g. after breast-conservation surgery), in isolated locoregional recurrence or in 

the palliative setting, for symptom control. Yet, its availability varies widely across the globe. In Africa, 

according to a survey conducted by the International Atomic Energy Agency (IAEA) in 2013, from the 52 

countries included, only 23 were known to have external beam radiotherapy, and these facilities were 

concentrated in the southern and northern countries of the continent.57 Adding to that, even in countries 

with radiation therapy facilities, access can be difficult. A study from Nigeria reported a long waiting list 

and undue pressure on the centers; consequently, a number of patients referred for radiation therapy 

ended up not receiving the treatment while many others were lost to follow-up from the time of referral.31 

Similarly, a series from Ghana showed that only 15% of patients with breast cancer were able to receive 

radiotherapy.58 Fortunately, IAEA and other collaborators are now partnering with many African countries, 

in order to establish new radiotherapy centers or to modernize existing ones, through the acquisition of 

new equipment and the training of technical staff. 

 

2.4 Systemic therapy 

Systemic therapy given before or after local treatment of early breast cancer substantially improves 

survival.59 It consists of chemotherapy, endocrine therapy, targeted agents, immunotherapy and/or bone-

modifying agents. The most commonly prescribed chemotherapy regimens are based on the combination 

of anthracyclines with taxanes, although cyclophosphamide, fluoropyrimidines, platinum salts and other 

chemotherapy drugs may also be used.2,60 In terms of endocrine therapy, tamoxifen, a selective estrogen 

receptor modulator, was one of the first targeted drugs to be used in the treatment of cancer.61 
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Afterwards, aromatase inhibitors and the selective estrogen receptor degrader fulvestrant were also 

developed for HR-positive breast cancer.62,63 

Regarding targeted therapies, there are now multiple agents available, targeting the HER2 receptor, the 

mTOR/PI3K pathway, the CDK4/6 pathway or the poly-ADP ribose polymerase (PARP) enzyme, among 

others.2,14,60 More recently, immune checkpoint inhibitors have been shown to be effective for the 

treatment of early-stage and metastatic breast cancer, in combination with chemotherapy.64–66 Bone-

modifying agents include bisphosphonate drugs as well as denosumab, a monoclonal antibody that works 

as a RANK ligand inhibitor.67 

To assess the need and type of treatment, some variables are considered: tumor stage, HR status, HER2 

status, measures of tumor growth rate (e.g. Ki67), response to neoadjuvant therapy and, when available, 

the result of gene expression signatures.2 However, one of the most important determinants of systemic 

therapy is the tumor subtype. Thus, the tailoring of systemic therapy according to each breast cancer 

subtype is further developed below (section 3.1). 

 

2.5 Multidisciplinary care 

Given the heterogeneity of breast cancer and the multiple clinical scenarios and treatment options, its 

management is an increasingly complex task. Therefore, in order to provide coordinated, evidence-based 

therapy, most international oncology societies consider multidisciplinarity an essential part of breast 

cancer care, proposing that all patients be presented in a multidisciplinary tumor board (MTB) before 

initiating treatment.2 Nonetheless, there is a wide gap between this universal recommendation and its 

effective implementation, even in developed countries. A French multicentric study showed that, although 

all breast cancer cases were presented in an MTB, only 64% were discussed before surgery, with significant 

differences between academic vs non-academic hospitals.68 In a report using data from the US SEER-

Medicare database, only 70% of patients had access to multidisciplinary care, and this proportion was even 

lower among those living in a rural area.69 In China, less than 2% of patients operated for breast cancer 

from 2006 to 2016 in a large cancer center were discussed in an MTB.70 

In Sub-Saharan Africa, many patients are independently evaluated by the surgeon, medical oncologist 

and/or radiation oncologist, without a comprehensive discussion in an MTB. This adds delays to the patient 

care pathway, increases the chance of discontinuing care and impairs the achievement of the best possible 

treatment for the individual patient, all of which compromise survival. In a recent survey conducted among 

members of the African Organisation for Research and Training in Cancer, 80% of the respondents 

reported they were involved in a multidisciplinary breast cancer team, but a generalization of this finding 
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to the entire continent is debatable, as there were only 37 respondents.71 Additionally, there are no data 

regarding MTB effectiveness for breast cancer care in Africa. 

 

3. Breast cancer heterogeneity: implications for clinical management, health 

resource use and survival 

Breast cancer patients are a heterogeneous group: due to socioeconomic factors, clinical characteristics 

and tumor biology – all of which influence their healthcare use and prognosis. 

 

3.1 Tumor subtypes 

There are many systemic therapy options available according to each tumor subtype, both in the early and 

in the advanced setting. The most relevant studies evaluating (neo)adjuvant treatments for each breast 

cancer subtype, which reported results or updates between 2017 and early 2019, were discussed at the 

St. Gallen Oncology Conference of 2019 and are addressed in Supplementary Paper II (“Systemic 

treatment of patients with early breast cancer: recent updates and state of the art”). 

 

ER-positive/HER2-negative subtype 

It is increasingly recognized that the most important systemic treatment option for ER-positive/HER2-

negative tumors, both in the early and advanced settings, is endocrine therapy.2,60 Moreover, 

chemotherapy and targeted agents are also used for the treatment of this subtype. Nonetheless, in low-

resource countries, the absence of modern pathology services to determine a tumor’s ER status hinders 

appropriate decision making for endocrine treatment.72 

Among women with early-stage ER-positive/HER2-negative disease, there has been a trend over the past 

decade to de-escalate the use of adjuvant chemotherapy. The 2019 St. Gallen Conference recommended 

the use of genomic assays, such as OncotypeDx® or Mammaprint™, in patients with T1/T2N0, T3N0 and 

TxN1 tumors, to help with the decision about the use of chemotherapy.2,47 A comprehensive description 

of the development and application of Mammaprint™ and other gene-expression signatures is provided 

in Supplementary Paper III (“MammaprintTM: a comprehensive review”). 

For pre-menopausal women, the options in terms of endocrine therapy are now tamoxifen alone (for low-

risk tumors) or tamoxifen/aromatase inhibitor plus ovarian function suppression.73 Among post-

menopausal women, tamoxifen and/or an aromatase inhibitor for a total of five to ten years are 

recommended, depending on the baseline risk of recurrence and on tolerance to treatment. Escalating the 
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intensity and duration of endocrine therapy brings survival benefits, but also additional direct costs and 

potential impairments in patients’ long-term quality-of-life. Therefore, similarly to what has been done 

regarding chemotherapy, there are now genomic signatures trying to predict which patients benefit the 

most from extended endocrine therapy, but none of them have been applied in clinical practice yet. A 

discussion of potential tools to help with the decision of extending endocrine therapy or not is given in 

Supplementary Paper IV (“Patient-reported outcomes and genomic signatures: tools to tailor adjuvant 

endocrine treatment?”). 

Regarding the treatment of patients with metastatic disease, there are now multiple options in terms of 

targeted therapies, to be used in conjugation with endocrine therapy. The most notable drug class is 

CDK4/6 inhibitors, which are now considered the best option for the first-line treatment of advanced 

breast cancer, when added to endocrine therapy.60 Still, there are other targeted options available after 

first-line treatment, such as mTOR inhibitors (e.g. everolimus) or PI3K inhibitors (e.g. alpelisib). An ample 

comparison of these agents is provided in Supplementary Paper V (“Endocrine therapy-based treatments 

in hormone receptor-positive/HER2-negative advanced breast cancer: systematic review and network 

meta-analysis”). 

These targeted agents are now also being tested in patients with early-stage disease. The monarchE trial 

randomized patients with high-risk ER-positive/HER2-negative tumors to standard-of-care adjuvant 

endocrine therapy (at least five years) with or without abemaciclib (a CDK4/6 inhibitor) for two years; the 

recently presented results showed that the addition of abemaciclib improved invasive disease-free survival 

(IDFS), with two-year IDFS of 92.2% with placebo vs 88.7% with abemaciclib.74 If this drug is approved for 

this indication, it may significantly increase the cost of treatment for this subgroup of patients. The total 

cost of two years of therapy with abemaciclib is nearly 100 000€/patient in Europe, only considering the 

cost of the drug and not taking into account all the other direct (e.g. laboratory tests, medical 

appointments) and indirect expenses (e.g. patient’s loss of productivity, travel expenses) associated with 

the treatment – which raises concerns regarding its potential “financial toxicity”.43 

Furthermore, postmenopausal women with HR-positive early breast cancer may also benefit from 

adjuvant treatment with bisphosphonates, which were shown to decrease breast cancer recurrence and 

mortality.75 A debate regarding the use of bisphosphonates and the newer bone-modifying agent 

denosumab is provided in Supplementary Paper VI (“Denosumab in early-stage breast cancer”). 

 

HER2-positive subtype 

After the publication of trials including patients with metastatic disease,76 and then of the landmark HERA 

trial,77 the anti-HER2 antibody trastuzumab was established as an essential component of the treatment 

of HER2-positive breast cancer, being part of the World Health Organization (WHO) list of essential 
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medicines for cancer.78 Since then, many other agents, including pertuzumab, neratinib, T-DM1, lapatinib, 

tucatinib and trastuzumab deruxtecan have been approved for the treatment of early and/or advanced 

HER2-positive disease.14,79,80 Recently, the KATHERINE trial has shown that among patients with residual 

invasive disease following neoadjuvant treatment with chemotherapy and trastuzumab (with or without 

pertuzumab), the use of adjuvant T-DM1 resulted in an improvement in IDFS compared to standard 

trastuzumab treatment.81 These results led to a definitive shift in the clinical algorithm for HER2-positive 

early disease, as it has now been endorsed by ESMO that HER2-positive tumors >2 cm and/or with clinically 

positive axillary lymph nodes (cT2-T4Nany or cTanyN1-3) should receive neoadjuvant chemotherapy plus 

anti-HER2 therapy, regardless of the feasibility of optimal surgery.2 A detailed view on the benefits of 

neoadjuvant treatment for HER2-positive and TNBC is given in Supplementary Paper VII (“Neoadjuvant 

treatment for intermediate/high-risk HER2-positive and triple-negative breast cancers: no longer an 

‘option’ but an ethical obligation”). 

HER2-positive breast cancer is also a diverse entity, including all the intrinsic tumor subtypes.82,83 So far, 

the only biomarker used for the selection of HER2-targeted therapy is HER2 status itself. Nonetheless, ER 

status is emerging as a robust predictive marker within HER2-positive disease, which could be used for 

treatment tailoring. The data supporting the potential role of ER status on the prognosis and treatment of 

HER2-positive early disease are described in Supplementary Paper VIII (“What Is the Real Impact of 

Estrogen Receptor Status on the Prognosis and Treatment of HER2-Positive Early Breast Cancer?”). 

 

Triple-negative breast cancer 

For many years, the only effective therapy for the treatment of early or advanced TNBC was 

chemotherapy. Of note, this is the only subtype in which the use of platinum salts (e.g. carboplatin) is 

recommended, as it is effective in the metastatic setting and increases pathological complete response 

rates when given as a neoadjuvant treatment.84 Recently, PARP inhibitors were approved for the 

treatment of metastatic disease in patients carrying germline BRCA1 or BRCA2 mutations.14,85 Additionally, 

immunotherapy agents have shown efficacy in early and advanced TNBC.64–66 Therefore, similar to the 

other subtypes, treatment costs of early TNBC may significantly escalate in the future due to the possible 

introduction of new immunotherapy drugs65,66 and PARP inhibitors (being tested as an adjuvant therapy 

in the OlympiA trial [ClinicalTrials.gov identifier NCT02032823]). 

 

3.2 Previous cancer history 

Cancer patients have a greater risk of developing second primary cancers, which may be related with 

treatments for the first primary cancer, environmental exposures (e.g., tobacco smoking, alcohol drinking) 
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or individual susceptibility (e.g., age, sex, genetic background).86 Therefore, as the number of cancer 

survivors increases worldwide, a higher number of individuals are diagnosed with subsequent primary 

cancers.87 This increasing incidence of second primary cancers has been seen especially in the US and 

Australia, where standardized incidence ratios ranged from 1.14 for a first cancer diagnosis in the early 

1980s to 1.21–1.46 in the late 1990s.87 Moreover, in nine SEER registries of the US, multiple primary 

malignancies already constituted 19% of all cancer diagnoses between 2005 and 2009.88 However, data 

regarding the incidence of second primary malignancies in developing countries is virtually absent, which 

reflects the lower number of cancer survivors in developing countries compared to high-income regions. 

Regarding breast cancer in particular, not only are women with a first breast cancer at substantially greater 

risk of a contralateral breast cancer compared to the general population,89 but survivors of other cancer 

sites, namely endometrial, ovarian, colon, thyroid and Hodgkin lymphoma, also have elevated risks of 

breast cancer as a subsequent malignancy.90 

These patients diagnosed with a subsequent cancer pose greater challenges to healthcare professionals, 

as prior treatments and their toxicities must be taken into consideration when determining the therapeutic 

plan for that specific patient.90 Nevertheless, there is a lack of information about the impact of a previous 

cancer diagnosis on the clinical management of patients with breast cancer and their use of healthcare 

resources. 

 

3.3 HIV infection 

Another factor that may contribute to breast cancer heterogeneity in terms of clinical management and 

prognosis between developed countries and Sub-Saharan countries is the high prevalence of HIV infection 

among women living in the latter. A recent report estimated the global burden of breast cancer among 

women living with HIV (WLWH) for the first time: worldwide, they constituted <1% of the breast cancer 

clinical burden.91 However, in Middle, Western and Eastern Africa they comprised 4-6% of patients <50 

years, and in Southern Africa they represented 26% of breast cancer patients diagnosed under the age of 

50.91 Similarly, reports from the US92 and from Sub-Saharan Africa93,94 show that WLWH with breast cancer 

tend to be younger than patients without HIV infection. Nonetheless, epidemiological data are conflicting 

regarding tumor stage at diagnosis: some series report that WLWH tend to present with later stage disease 

as compared to HIV-negative patients,95,96 while others do not describe such a difference.94,97 Likewise, 

data on the distribution of breast cancer subtypes between WLWH vs HIV-negative patients are still scarce. 

The same applies to mortality: while some reports show that WLWH with breast cancer have worse 

survival compared to HIV-negative patients, even after adjusting for stage and age,94 other studies do not 

demonstrate a significant worse outcome among WLWH.83 These apparent contradictions may be due to 

the fact that most series have a low number of HIV-positive breast cancer patients and/or follow-up time 
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and, therefore, may not have enough power to demonstrate differences. Another reason may be due to a 

low accessibility to diagnosis and treatment in some parts of the world, leading to a high proportion of late 

stage disease presentation and dismal long-term survival both in WLWH and HIV-negative patients. 

However, as the number of WLWH with breast cancer is increasing worldwide,91 it is important to better 

understand the specific characteristics of their disease and, critically, to develop specific screening and 

treatment strategies. 

 

4. Setting: Portugal and Mozambique 

This thesis has been conducted in two different settings: in Portugal, a high-income country, and in 

Mozambique, a low-income country. Although the two countries present important differences in terms 

of demographics, availability of health resources and breast cancer burden, they also have multiple 

historical and current connections. 

Mozambique was a colony of Portugal from the end of the XIX century until 1975, when it became an 

independent country. After independence, Mozambique adopted Portuguese as its official language. 

Interestingly, the first Cancer Survey in a Portuguese territory was conducted in the city of Maputo (at that 

time, called “Lourenço Marques”) between 1956 and 1961 by the Department of Pathology of the Maputo 

Central Hospital (known at the time as the “Miguel Bombarda Hospital”).98 

More than 50 years later, in 2014, the Maputo Central Hospital implemented a hospital-based cancer 

registry; it has the collaboration of the Institute of Public Health of the University of Porto (ISPUP) and 

received funding from the Calouste Gulbenkian Foundation, under the Project “Atenção Integrada ao 

Doente Oncológico”, both from Portugal. The creation and first results of the registry are presented in 

Supplementary Paper IX (“Cancer incidence in Mozambique in 2015– 2016: data from the Maputo Central 

Hospital Cancer Registry”). Additionally, there is a population-based cancer registry that covers the city of 

Maputo, which predominantly includes cases reported by the cancer registry of the Maputo Central 

Hospital, and another in the city of Beira.99 

In metropolitan Portugal, the first population-based cancer registry was created in 1976, followed by the 

creation of different Regional Cancer Registries, which covered most of the Portuguese territory for more 

than 40 years.100 An unified National Cancer Registry, for the entire Portuguese territory, began operating 

in January 2018.101 

In terms of breast cancer burden, in 2018, the age-standardized breast cancer incidence was estimated to 

be almost five-fold higher in Portugal (70.7/100 000 women) compared to Mozambique (14.5/100 000 

women).102 Breast cancer is the most incident cancer among women in Portugal, while it is the second 
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most incident cancer in Maputo City.103 However, age-standardized mortality is much closer, being 

11.3/100 000 women in Portugal vs 8.5/100 000 women in Mozambique.102 

 

4.1 Demographics 

The demographic characteristics of Portugal and Mozambique are quite distinct. Mozambique is in stage 

two of demographic transition, with a very high birth rate and a high, but decreasing death rate; while 

Portugal is in stage four, with a low birth rate and a low death rate – Figure 2 and Table 1.104,105 

In Portugal, noncommunicable diseases are the main cause of death, with cardiovascular diseases 

accounting for an estimated 29% of deaths in 2018, while cancer was responsible for 24%.106 In 

Mozambique, communicable, maternal, neonatal and nutritional diseases are still the main causes of 

death, with HIV/AIDS being the first cause, followed by neonatal disorders, tuberculosis and malaria.107,108 

Remarkably, the prevalence of HIV infection among adults aged 15-49 years in Mozambique is 13.2%,109 

while it is around 0.5% in Portugal.110 Nonetheless, Mozambique is now undergoing a surge of non-

communicable diseases, such as diabetes, cardiovascular disease and cancer.111 

Figure 2: Demographic pyramids of Portugal (top panel) and Mozambique (bottom panel) – source: “Instituto 

Nacional de Estatística” website (Portugal) and 2017 Population Census (Mozambique)104,105  

Men Women 
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Table 1: Basic demographic data of Portugal and Mozambique 

 Portugal Mozambique 

Population 10 million 28 million 
Median age of the population 45.2 years 17.6 years 
Median life expectancy at birth 81.5 years 53.7 years 
Fertility rate 1.31 births/woman 4.75 births/woman 

Source: “Instituto Nacional de Estatística” website (Portugal) and 2017 Population Census (Mozambique)104,105 

 

4.2 Health resources for cancer care 

Both Portugal and Mozambique have a public health system, usually free-of-charge, which is the largest 

health care provider in each country. However, the proportion of the National State Budget allocated to 

healthcare is higher in Portugal compared to Mozambique – Table 2. 

In terms of health resources for the diagnosis and treatment of cancer, there is an enormous disparity 

between the two countries. Mozambique published its first Cancer Control Plan in 2019 (for 2019-2029),112 

while in Portugal the National Program for Oncological Diseases exists since 1990 (with successive 

updates).113 Portugal has mammography screening programs since 1986, which now cover most of the 

country.114 There is no mammography-based organized screening in Mozambique, but national guidelines 

for early breast cancer detection based on breast self-exam and clinical exam were implemented in 

2010.115  

There are Pathology Departments in most of the public Portuguese Hospitals, with different levels of 

specialization, which led to the organization of a reference network in 2016.116 Most Departments analyze 

cytological and histological specimens, retrieved from core biopsies or surgeries, and perform routine 

immunohistochemistry and ISH assessments. Breast cancer diagnosis is usually performed by a core needle 

biopsy, as recommended by ESMO.2 

There are currently four Pathology Departments in Mozambique, in the Maputo, Beira, Nampula and 

Quelimane Central Hospitals; the latter started its activity recently, in 2017.117 Given the very low 

accessibility/absence of core biopsies in all of these Hospitals, the diagnosis of breast cancer is usually 

performed by FNAC.117 The Pathology Department of the Maputo Central Hospital is the national reference 

department, also being responsible for the training of all Mozambican pathologists. Moreover, it has a 

dedicated FNAC clinic since 1996, carrying out daily exams in multiple organs – as an example, 1357 breast 

FNACs were done between 2009 and 2010. FNAC is usually performed by the pathologist using palpation, 

but sampling of smaller and/or deeper breast lesions is guided by ultrasound, once per week, with the 

support of a radiologist. The Pathology Department of Maputo Central Hospital centralizes the 

performance of immunohistochemistry on histological samples. 
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In terms of delivery of treatment, there are three dedicated cancer centers in Portugal (in Porto, Coimbra 

and Lisbon), and most of the public hospitals and many private hospitals have Surgical and Oncology 

Departments as well. In Mozambique, oncological surgery is performed in the four largest Hospitals 

(Maputo, Beira, Nampula and Quelimane), but only Nampula and Maputo Central Hospitals provide 

systemic therapy in an Oncology Department. 

Mozambique had a cobalt-based radiotherapy unit, which was shutdown in 1998; but it opened a new 

unit, with modern linear accelerators, in August 2019. In Portugal, there are several radiotherapy units – 

Table 2. 

 

Table 2: Health resources in Portugal and Mozambique 

 Portugal Mozambique 

Gross domestic product (GDP) per capita 23 145 US$ (in 2019)118 492 US$ (in 2019)119 

Healthcare budget (as % of the National State Budget) 12.3% (in 2020)120 8.7% (in 2018)121 
Number of medical doctors per 1000 inhabitants 5.1 (in 2017)122 0.1 (in 2018)123 
Number of pathologists (total) 253 (in 2011)124 17 (in 2020) 
Number of medical oncologists (total) 193 (in 2016) 5 (in 2020) 
Number of radiotherapy units per 1 million inhabitants 4.3 (in 2018)125 0.07 (in 2020) 
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OBJECTIVES 

Differences in the risk factors, clinical management and survival of patients with breast cancer according 

to tumor subtypes in Western countries have been well described in the literature.14 However, despite 

some investigations that have addressed the allocation of health resources to some specific breast cancer 

patient subgroups,126 there are scarce data concerning their use according to tumor subtypes. In the era 

of personalized medicine, in which subtypes are used to guide the decision of (neo)adjuvant and palliative 

treatment, it is essential to know the determinants of health resource use, as well as the cost of cancer 

care by subtype.127 

At a larger plan, there is a tremendous heterogeneity in the use of health resources across different 

geographic and economic settings – as an example, in Sub-Saharan African countries, the availability of 

diagnostic means and treatments is much lower than in more developed countries.12 This creates a huge 

gap between the needs of patients with breast cancer and their access to care in these countries. 

Nonetheless, very few studies have assessed the clinical management of breast cancer in Sub-Saharan 

Africa according to subtypes and only one tried to quantify subtype-specific survival, but with some 

methodological flaws (i.e. large loss to follow-up, incomplete determination of HER2 status).46 At the same 

time, in both developed and developing countries, there are differences in access to care and type of 

treatment received according to past history of malignancy, HIV infection and other clinical characteristics, 

as well as according to the organization of care. However, there are few data about the influence of these 

factors on healthcare use and prognosis among patients with breast cancer. 

Therefore, with this thesis we aimed to understand the impact of breast cancer heterogeneity on etiology, 

clinical management, health resource use and survival in different settings: in a high-income, developed 

country (Portugal) and in a low-income, developing country (Mozambique). 

The specific objectives were:  

 Regarding breast cancer subtypes:  

o To assess the relation between risk factors and the occurrence of breast cancer, overall and by 

each tumor subtype in women from Mozambique (Paper I);  

o To assess the distribution of breast cancer subtypes, and its impact on patients’ treatment and 

survival in Mozambique (Paper II); 

o To quantify the relation between breast cancer subtypes and clinical management and health 

resource use among women with early breast cancer from Portugal (Paper III);  
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o To compare health resource use and the cost of care of women with non-metastatic breast cancer 

in a high-income (Portugal) vs a low-income country (Mozambique), overall and according to stage 

and subtype (Paper IV); 

 To quantify the association between a previous cancer diagnosis and the clinical management, 

healthcare use and survival of women with early breast cancer from a high-income setting (Paper V);  

 To evaluate the impact on survival and the cost-effectiveness of a multidisciplinary tumor board for 

breast cancer in a low-resource setting (Paper VI); 

 To measure the impact of HIV infection in the clinical presentation and prognosis of women diagnosed 

with breast cancer from both high- and low-income countries (Paper VII).
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METHODS 

The objectives of this thesis were accomplished through: 

1. The analysis of two prospective cohorts of patients with newly diagnosed breast cancer: 

The prospective “NEON-BC – Neuro-oncological complications of breast cancer” cohort was set up with 

the global aim of understanding the burden of neurological complications of breast cancer treatment 

and their potential role as mediators of the impact of cancer treatment in different dimensions of the 

patients’ quality-of-life in Northern Portugal.128 

Women admitted to the Breast Clinic of the P Instituto Português de Oncologia do Porto Francisco Gentil 

(IPO-Porto), during 2012, were invited to participate if they were aged 18 years or older, and proposed 

for surgery, either as primary treatment or after neo-adjuvant chemotherapy and, if applicable, expected 

to receive cancer treatments other than surgery at IPO-Porto. 

Most participants were included at diagnosis, in 2012 (n=506), and the others were invited to participate 

at the third and fifth year after diagnosis. In total, 746 women were enrolled in this cohort. 

Participants were followed until the fifth year after diagnosis, at regular intervals. At each evaluation, 

sociodemographic, lifestyle and quality-of-life data were collected through face-to-face interviews using 

structured questionnaires, whereas clinical and tumor characteristics were retrieved from clinical 

records. Additionally, data regarding treatments and other healthcare use were obtained from 

administrative and clinical records. 

The NEON-BC cohort study was approved by the Ethics Committee of IPO-Porto (ref. CES 406/011 and 

CES 99/014) and by the Portuguese Data Protection Authority (ref. 9469/2012 and 8601/2014). All 

participants provided written informed consent. 

 

The prospective “Moza-BC – Mozambican Breast Cancer” cohort study included consecutive incident 

cases of breast cancer, with a pathological diagnosis performed in one of the three Central Hospitals of 

Mozambique (Maputo, Beira and Nampula), from January/2015 to August/2017. 

Data on sociodemographic, clinico-pathological characteristics, treatment and survival of patients 

followed in the Oncology Unit of the Maputo Central Hospital were prospectively collected until 

July/2018. Survival data were updated through the Maputo Central Hospital Cancer Registry, health 

records and telephone interviews in November/2019. 

The National Health Bioethical Committee of Mozambique approved this study (ref. 226/CNBS/15) and 

all participants provided written informed consent. 
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In both cohorts, women were divided according to their tumor’s biomarkers into the classic subtypes 

(HR-positive/HER2-negative, HER2-positive and TNBC) and the surrogate intrinsic subtypes (luminal A-

like, luminal B-like, HER2-enriched and basal-like). In the NEON-BC cohort, data on tumor biomarkers 

were retrieved from the patient’s clinical files, as they are routinely assessed for every patient. In 

Mozambique, biomarker determination is often not performed in routine clinical practice, due to: i) lack 

of histological specimens, as many diagnoses are performed by cytological assessment (by FNAC); ii) 

frequent lack of reagents, impairing this determination in histological specimens. Therefore, in order to 

have this information for patients included in the Moza-BC cohort, we: i) tested for the first time in 

Mozambique the use of a cell block created from FNAC to perform the determination of biomarkers and 

ii) applied for a grant, in order to acquire the reagents needed for this assessment. Hence, tumor 

biomarker evaluation was available for most of the patients enrolled in the Moza-BC cohort. 

The selection of participants of each cohort to be used in each analysis depended on the specific 

objectives of the investigations and is described in detail in the methods sections of the papers. 

 

2. A case-control analysis with cases from Moza-BC and controls from the general population, who had 

been evaluated as part of the population-based “World Health Organization STEPwise approach to 

Surveillance Noncommunicable Disease Risk Factor Survey” (WHO-STEPS). This survey was conducted in 

Mozambique between 2014 and 2015, and assessed a representative sample of the Mozambican 

population aged 15-64 years (n=3119) for risk factors for noncommunicable diseases. 

 

3. A systematic review and meta-analysis, also including data from the Moza-BC cohort. MEDLINE, Scopus, 

ISI Web of Knowledge, LILACS, SciELO and conference abstracts were searched up to 1st January 2020. 

Cross-sectional and cohort studies comparing baseline characteristics (stage and/or subtypes) and/or 

overall survival of WLWH vs HIV-negative women with breast cancer were included. 
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Supplementary material 
 

“Breast cancer subtypes: implications for the treatment and survival of patients in 

Africa – a prospective cohort study from Mozambique” 

 

Supplementary figure 1 – Participants of the Moza-BC cohort, according to the hospital from which they were 
included and according to tissue availability for the assessment of breast cancer subtypes 

 

 

 

* 152 patients, with a total of three core needle biopsies, 13 incisional surgical biopsies, 22 excisional 

surgical biopsies, four tumorectomies and 128 mastectomies.  
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Supplementary table 1 – Comparison of baseline characteristics of patients included in the Moza-BC cohort with 
data regarding breast cancer subtypes who were treated at the Oncology Unit of the Maputo Central Hospital 
(MCH; n=175) vs those who were not treated at the Oncology Unit of the MCH (n=35) 

 

 Followed at the 
MCH, 
n=175 

Not followed at the 
MCH, n=35 

P 

Age in years (n, %) 
   <40  
   40-49 
   50-59 
   ≥60  
Missing 

 
44 (25.1) 
49 (28.0) 
42 (24.0) 
40 (22.9) 

0 

 
8 (25.0) 
7 (21.9) 
4 (12.5) 

13 (40.6) 
3 

.150 

Race (n, %) 
   Black 
   Other1 

Missing 

 
172 (98.3) 

3 (1.7) 
0 

 
34 (100) 

0 
1 

.585 

Place of residence (n, %) 
  South (including Maputo) 
  Center/North   
Missing 

 
150 (90.9) 

15 (9.1) 
10 

 
20 (64.5) 
11 (35.5) 

4 

<.001 

Classic subtypes (n, %) 
  ER-positive/HER2-negative 
  HER2-positive 
  TNBC 

 
91 (52.0) 
44 (25.1) 
40 (22.9) 

 
17 (48.6) 
6 (17.1) 

12 (34.3) 

.303 

Surrogate intrinsic subtypes (n, %)2 
  Luminal A-like 
  Luminal B-like 
  HER2-enriched 
  Basal-like 

 
25 (14.3) 
87 (49.7) 
23 (13.1) 
40 (22.9) 

 
3 (8.6) 

16 (45.7) 
4 (11.4) 

12 (34.3) 

.491 

Tumor characteristics (clinical staging) (n, %) 
   cT1 
   cT2 
   cT3 
   cT4 
Missing 

 
6 (3.5) 

43 (24.9) 
52 (30.1) 
72 (41.6) 

2 

 
1 (2.9) 

13 (37.1) 
12 (34.3) 
9 (25.7) 

0 

.293 

Lymph node status (clinical staging) (n, %) 
   cN0 
   cN+ 
Missing 

 
43 (28.1) 

110 (71.9) 
22 

 
16 (45.7) 
19 (54.3) 

0 

.068 

 

1 Includes: mixed and Indian race. 

2 Tumors were classified into surrogate intrinsic subtypes according to the St. Gallen classification as: 

Luminal A-like: estrogen receptor (ER)-positive, progesterone receptor (PR)-positivity≥20%, HER2-

negative and Ki67≤29%; Luminal B-like: ER-positive/HER2-negative and either PR-positivity<20% or 

Ki67>29%, or ER-positive/HER2-positive; HER2-enriched: ER-negative/PR-negative/HER2-positive; 

and Basal-like: ER-negative/PR-negative/HER2-negative. 

cN+: lymph node positive; ER: estrogen receptor; TNBC: triple-negative breast cancer.  
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Supplementary table 2 – Patients’ baseline characteristics according to each breast cancer surrogate intrinsic 
subtype (St. Gallen classification) 

 

 Luminal A-like 
N=28 

Luminal B-like 
N=103 

HER2-enriched 
n=27 

Basal-like 
n=52 

P 

Age in years (n, %) 
  <40  
  40-49  
  50-59  
  ≥60  
Missing 

 
6 (22.2) 
7 (25.9) 
6 (22.2) 
8 (29.6) 

1 

 
27 (26.7) 
31 (30.7) 
23 (22.8) 
20 (19.8) 

2 

 
5 (18.5) 
6 (22.2) 
8 (29.6) 
8 (29.6) 

0 

 
14 (26.9) 
12 (23.1) 
9 (17.3) 

17 (32.7) 
0 

.769 

Race (n, %) 
  Black 
  Other1 

Missing 

 
25 (92.6) 

2 (7.4) 
1 

 
102 (99.0) 

1 (1.0) 
0 

 
27 (100) 

0 
0 

 
52 (100) 

0 
0 

.044 

Education (n, %) 
  0 years 
  1-4 years   
  >4 years 
Missing  

 
7 (33.3) 
2 (9.5) 

12 (57.1) 
7 

 
17 (24.3) 
8 (11.4) 

45 (64.3) 
33 

 
3 (15.0) 
2 (10.0) 

15 (75.0) 
7 

 
5 (14.3) 
7 (20.0) 

23 (65.7) 
17 

.532 

Place of residence (n, %) 
  South (including Maputo) 
  Center/North   
Missing 

 
22 (84.6) 
4 (15.4) 

2 

 
89 (90.8) 

9 (9.2) 
5 

 
22 (88.0) 
3 (12.0) 

2 

 
37 (78.7) 
10 (21.3) 

5 

.243 

Menopausal status (n, %) 
  Pre-menopausal 
  Post-menopausal 
Missing 

 
13 (52.0) 
12 (48.0) 

3 

 
48 (55.2) 
39 (44.8) 

16 

 
11 (47.8) 
12 (52.2) 

4 

 
20 (50.0) 
20 (50.0) 

12 

.907 

Body mass index (n, %) 
  Under/normal weight (<25 kg/m2) 
  Overweight/obese (≥25 kg/m2) 
Missing 

 
9 (39.1) 

14 (60.9) 
5 

 
36 (45.0) 
44 (55.0) 

23 

 
6 (30.0) 

14 (70.0) 
7 

 
10 (27.0) 
27 (73.0) 

15 

.250 

HIV status (n, %)2 
  Negative/unknown  
  Positive 
Missing 

 
17 (68.0) 
8 (32.0) 

3 

 
67 (77.0) 
20 (23.0) 

16 

 
21 (91.3) 

2 (8.7) 
4 

 
25 (62.5) 
15 (37.5) 

12 

.064 

Tumor characteristics (clinical staging) (n, %) 
  cT1 
  cT2 
  cT3 
  cT4 
Missing 

 
3 (10.7) 
6 (21.4) 
6 (21.4) 

13 (46.4) 
0 

 
1 (1.0) 

27 (26.5) 
29 (28.4) 
45 (44.1) 

1 

 
2 (7.7) 

9 (34.6) 
11 (42.3) 
4 (15.4) 

1 

 
1 (1.9) 

14 (26.9) 
18 (34.6) 
19 (36.5) 

0 

.065 

Lymph node status (clinical staging) (n, %) 
  cN0 
  cN+ 
Missing 

 
9 (36.0) 

16 (64.0) 
3 

 
28 (29.8) 
66 (70.2) 

9 

 
10 (41.7) 
14 (58.3) 

3 

 
12 (26.7) 
33 (73.3) 

7 

.572 

Tumor characteristics (pathological staging) (n, 
%) 
  (y)pT0/Tis 
  (y)pT1 
  (y)pT2 
  (y)pT3 
  (y)pT4 
Missing 

 
 

0 
7 (33.3) 
8 (38.1) 
2 (9.5) 

4 (19.0) 
7 

 
 

5 (6.5) 
10 (13.0) 
31 (40.3) 
17 (22.1) 
14 (18.2) 

26 

 
 

0 
6 (27.3) 

13 (59.1) 
3 (13.6) 

0 
5 

 
 

2 (5.9) 
7 (20.6) 

10 (29.4) 
11 (32.4) 
4 (11.8) 

8 

.101 

Lymph node status (pathological staging) (n, %) 
  (y)pN0 
  (y)pN1 
  (y)pN2 
  (y)pN3 
Missing 

 
4 (28.6) 
7 (50.0) 
2 (14.3) 
1 (7.1) 

14 

 
15 (24.2) 
22 (35.5) 
16 (25.8) 
9 (14.5) 

41 

 
5 (23.8) 
7 (33.3) 
6 (28.6) 
3 (14.3) 

6 

 
9 (31.0) 

11 (37.9) 
4 (13.8) 
5 (17.2) 

23 

.916 

Median tumor size at surgery in mm(median, 
range) 
Missing 

35 (12-120) 
 

8 

40 (0-180) 
 

26 

40 (2.5-80) 
 

5 

45 (0-180) 
 

18 

.046 
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Multifocal tumors at surgery (n, %) 
  No 
  Yes 
Missing 

 
15 (88.2) 
2 (11.8) 

11 

 
66 (90.4) 

7 (9.6) 
30 

 
18 (85.7) 
3 (14.3) 

6 

 
28 (90.3) 

3 (9.7) 
21 

.933 

Lympho-vascular invasion at surgery (n, %) 
  No 
  Yes 
Missing 

 
5 (35.7) 
9 (64.3) 

12 

 
16 (24.2) 
50 (75.8) 

37 

 
5 (23.8) 

16 (76.2) 
6 

 
9 (30.0) 

21 (70.0) 
22 

.791 

Perineural invasion at surgery (n, %) 
  No 
  Yes 
Missing 

 
11 (78.6) 
3 (21.4) 

12 

 
49 (74.2) 
17 (25.8) 

37 

 
16 (76.2) 
5 (23.8) 

6 

 
25 (83.3) 
5 (16.7) 

22 

.803 

Histological grade at surgery (n, %) 
  1 
  2 
  3 
Missing 

 
4 (20.0) 

11 (55.0) 
5 (25.0) 

8 

 
18 (25.0) 
37 (51.4) 
17 (23.6) 

31 

 
8 (38.1) 
7 (33.3) 
6 (28.6) 

6 

 
5 (16.1) 
9 (29.0) 

17 (54.8) 
21 

.038 

Histological subtype at surgery (n, %) 
  No residual tumor/in situ carcinoma 
  Invasive ductal carcinoma (NST) 
  Other invasive subtypes3 
Missing 

 
0 

18 (90.9) 
2 (10.0) 

8 

 
5 (6.4) 

63 (80.8) 
10 (12.8) 

25 

 
0 

19 (90.5) 
2 (9.5) 

6 

 
2 (5.7) 

31 (88.6) 
2 (5.7) 

17 

.661 

Stage at diagnosis (n, %) 
  I 
  II 
  III  
  IV 
Missing4 

 
0 

8 (32.0) 
13 (52.0) 
4 (16.0) 

3 

 
1 (1.1) 

13 (14.9) 
56 (64.4) 
17 (19.5) 

16 

 
1 (4.3) 

8 (34.8) 
12 (52.2) 

2 (8.7) 
4 

 
1 (2.5) 

12 (30.0) 
18 (45.0) 
9 (22.5) 

12 

.285 

 

1 Includes: mixed and Indian race. 

2 Seven patients had unknown HIV status; among HIV-positive patients, 31 (69%) had been previously 

diagnosed; the median time since HIV diagnosis was 3.93 years (range: 0.1-11.7); 41 (91%) patients were 

under anti-retroviral treatment (ART) when starting chemotherapy, mostly with the TDF+3TC+EFV regimen 

(28 patients); the median time under ART was 2 years (range 0.1-11.7); the median CD4+ cells count was 448 

cells/μL (range 43-1104) and 39 (87%) patients had a CD4+ cells count > 200/μL. 

3 Includes: lobular, mixed, papillary, squamous cell carcinoma, metaplastic and mucinous breast cancer. 

4 Includes the 35 patients for whom there is available cT/N and/or (y)pT/N status, but without information 

regarding the presence of metastases.  

NST: no special type. 
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Supplementary table 3 – Breast cancer clinical management according to each surrogate intrinsic subtype (St. 

Gallen classification) 

 Luminal A-like 
N=28 

Luminal B-like 
N=103 

HER2-enriched 
N=27 

Basal-like 
n=52 

P 

Time from first symptom to diagnosis (n, %) 
  <180 days 
  ≥180 days  
Missing 

 
5 (35.7) 
9 (64.3) 

14 

 
31 (53.4) 
27 (46.6) 

45 

 
7 (50.0) 
7 (50.0) 

13 

 
13 (65.0) 
7 (35.0) 

32 

.409 

Timing of diagnosis (n, %) 
  Pre-MTB implementation 
  Post-MTB implementation 
Not applicable1 

 
10 (40.0) 
15 (60.0) 

3 

 
50 (57.5) 
37 (42.5) 

16 

 
8 (34.8) 

15 (65.2) 
4 

 
23 (57.5) 
17 (42.5) 

12 

.127 

Type of first treatment received (n, %) 
  No treatment received 
  Surgery 
  Chemotherapy/Endocrine therapy2 
Missing 

 
0 

5 (20.0) 
20 (80.0) 

3 

 
1 (1.2) 

18 (20.9) 
67 (77.9) 

17 

 
0 

8 (34.8) 
15 (65.2) 

4 

 
2 (5.0) 

14 (35.0) 
24 (60.0) 

12 

.225 

Time from diagnosis until first treatment (n, %) 
  <45 days   
  ≥45 days   
Missing 

 
11 (44.0) 
14 (56.0) 

3 

 
33 (38.8) 
52 (61.2) 

18 

 
18 (78.3) 
5 (21.7) 

4 

 
21 (55.3) 
17 (44.7) 

14 

.007 

Surgery (ever) (n, %) 
  No  
  Yes 
Missing 

 
7 (26.9) 

19 (73.1) 
2 

 
10 (11.4) 
78 (88.6) 

15 

 
1 (4.0) 

24 (96.0) 
2 

 
6 (15.0) 

34 (85.0) 
12 

.094 

Surgical intent (n, %)3 
  Diagnostic 
  Curative 
  Palliative 
  Unknown 

 
0 

17 (89.5) 
0 

2 (10.5) 

 
3 (3.8) 

61 (78.2) 
11 (14.1) 

3 (3.8) 

 
1 (4.2) 

20 (83.3) 
1 (4.2) 
2 (8.3) 

 
1 (2.9) 

28 (82.4) 
2 (5.9) 
3 (8.8) 

.562 

Type of breast surgery (n, %)4 
  Total mastectomy   
  Tumorectomy 

 
17 (89.5) 
2 (10.5) 

 
73 (93.6) 

5 (6.4) 

 
21 (87.5) 
3 (12.5) 

 
33 (97.1) 

1 (2.9) 

.503 

Status of surgical margins (n, %) 
  Clean 
  Positive 
Missing 

 
16 (94.1) 

1 (5.9) 
2 

 
64 (90.1) 

7 (9.9) 
7 

 
20 (95.2) 

1 (4.8) 
3 

 
26 (83.9) 
5 (16.1) 

3 

.521 

Axillary surgery – type (n, %)5 
  Axillary dissection   
  Sentinel lymph node biopsy 
Not done/missing 

 
16 (100) 

0 
3 

 
68 (98.6) 

1 (1.4) 
9 

 
22 (100) 

0 
2 

 
31 (100) 

0 
3 

.799 

Axillary surgery – completeness (n, %)6 
  Not done/no isolated lymph nodes 
  Incomplete  
  Complete 
Missing 

 
3 (15.8) 
4 (21.1) 

12 (63.2) 
0 

 
9 (11.7) 

22 (28.6) 
46 (59.7) 

1 

 
2 (9.1) 
2 (9.1) 

18 (81.8) 
2 

 
3 (9.1) 

9 (27.3) 
21 (63.6) 

1 

.577 

Chemotherapy (ever received) (n, %) 
  No  
  Yes 
Missing 

 
1 (4.0) 

24 (96.0) 
1 

 
4 (4.6) 

83 (95.4) 
16 

 
1 (4.3) 

22 (95.7) 
4 

 
4 (10.0) 

36 (90.0) 
12 

.619 

Intent of first-line CT (n, %)7 
  Neoadjuvant only 
  Neoadjuvant + adjuvant 
  Adjuvant only 
  Palliative 

 
7 (29.2) 

10 (41.7) 
3 (12.5) 
4 (16.7) 

 
9 (10.8) 

45 (54.2) 
13 (15.7) 
16 (19.3) 

 
2 (9.1) 

12 (54.5) 
6 (27.3) 
2 (9.1) 

 
2 (5.6) 

16 (44.4) 
10 (27.8) 
8 (22.2) 

.170 

Neoadjuvant CT – outcome (n, %) 
  Same stage 
  Upstaging 
  Downstaging    
  Unknown8 

 
4 (23.5) 
1 (5.9) 

7 (41.2) 
1 (5.9) 

 
17 (31.5) 
10 (18.5) 
21 (38.9) 
6 (11.1) 

 
6 (42.9) 
2 (14.3) 
6 (42.9) 

0 

 
10 (55.6) 

1 (5.6) 
6 (33.3) 
1 (5.6) 

.174 

pCR rate after neoadjuvant CT (n, %) 
   No pCR 
   pCR only in the breast (ypT0/is) 

 
17 (100) 

0 

 
50 (90.9) 

3 (5.5) 

 
14 (100) 

0 

 
16 (88.9) 

1 (5.6) 

.762 
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   pCR in the breast and lymph nodes (ypT0/is, 
ypN0) 

0 2 (3.6) 0 1 (5.6) 

Type of first-line CT regimen (n, %)7 
  Anthracycline-based only 
  Anthracyclines + taxanes based 
  Other9 

 
14 (58.3) 
10 (41.7) 

0 

 
38 (45.8) 
41 (49.4) 

4 (4.8) 

 
4 (18.2) 

17 (77.3) 
1 (4.5) 

 
20 (55.6) 
15 (41.7) 

1 (2.8) 

.066 

First-line CT dose-intensity (n, %)7 
  <85%  
  ≥85% 
Missing 

 
16 (69.6) 
7 (30.4) 

1 

 
41 (51.9) 
38 (48.1) 

4 

 
10 (50.0) 
10 (50.0) 

2 

 
24 (68.6) 
11 (31.4) 

1 

.204 

Cumulative dose of doxorubicin in mg/m2 
(median, range) 

240 (180-360) 240 (60-420) 240 (180-360) 240 (120-360) .588 

Endocrine therapy (ever) (n, %) 
  No 
  Yes  
Missing 

 
9 (36.0) 

16 (64.0) 
1 

 
28 (32.6) 
58 (67.4) 

17 

 
12 (52.2) 
11 (47.8) 

4 

 
31 (79.5) 
8 (20.5) 

13 

<.001 

Radiotherapy (ever) (n, %) 
  No 
  Yes  
Missing  

 
23 (92.0) 

2 (8.0) 
1 

 
83 (96.5) 

3 (3.5) 
17 

 
20 (87.0) 
3 (13.0) 

4 

 
39 (97.5) 

1 (2.5) 
12 

.222 

 

1 Not applicable as patients were not treated/followed at the Maputo Central Hospital and, therefore, were 

not discussed by the multidisciplinary tumor board. 

2 One patient received endocrine therapy as first treatment, who had a Luminal B-like tumor. 

3 Patients submitted to a surgical biopsy with diagnostic intent followed by a tumorectomy or a mastectomy 

with curative intent were included in the "Curative" intent group. 

4 Patients submitted to a tumorectomy followed by a mastectomy were included in the "Mastectomy" group. 

5 One patient received a sentinel lymph node biopsy followed by an axillary dissection and was, therefore, 

included in the “axillary dissection” group. 

6 Among patients receiving any type of breast surgery (n=155). Not done: not done or no isolated lymph 

nodes; incomplete: 1-5 isolated lymph nodes (in case of axillary lymph node dissection); complete: ≥6 

isolated lymph nodes (in case of axillary lymph node dissection) or ≥1 isolated lymph nodes with ≤2 positive 

lymph nodes (in case of sentinel lymph node biopsy). 

7 First line of chemotherapy that the patient received includes neoadjuvant, adjuvant or palliative treatment. 

If the patient received part of chemotherapy as neoadjuvant (e.g. AC regimen), and another part as 

adjuvant chemotherapy (e.g. paclitaxel), the type of regimen, dose-intensity and abandonment refers to 

the entire scheme (neoadjuvant plus adjuvant). 

8 Cases in whom there was missing data regarding clinical staging or patient abandoned treatment. 

9 Includes: taxane-based CT (three patients), non-anthracycline/non-taxane-based CT (two patients) and 

unknown regimen (one patient). The preferred anthracycline-containing regimen was AC (cyclophosphamide 

600 mg/m2 and doxorubicin 60 mg/m2 every three weeks) and the preferred taxane used was paclitaxel (175 

mg/m2 every three weeks); dose-dense regimens were not used due to the unpredictable availability of 

granulocyte-colony stimulating factors. 

CT: chemotherapy; ER: estrogen receptor; MTB: multidisciplinary tumor board; pCR: pathological complete 

response.  
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Supplementary Table 4 – Overall survival and disease-free survival estimates and multivariable analysis 

separately for stages I-II and III-IV, according to classic and surrogate intrinsic subtypes 

 

 N 
3-year overall survival  

% (95% CI) 
P1 Adjusted HR (95% CI)2 

Stages I-II     

Classic subtypes     
  ER-positive/HER2-negative 15 77.0 (43.9-92.0) 0.228 1 
  HER2-positive 16 92.9 (59.1-99.0)  0.27 (0.03-2.65) 
  TNBC 13 57.0 (24.3-80.0)  1.13 (0.25-5.20) 
Surrogate intrinsic subtypes     

  Luminal A-like 8 75.0 (31.5-93.1) 0.201 1 
  Luminal B-like 14 84.6 (51.2-95.9)  0.66 (0.10-4.33) 
  HER2-Enriched 9 100  NC 
  Basal-like 13 57.0 (24.3-80.0)  1.00 (0.21-4.82) 

Stages III-IV     

Classic subtypes     
  ER-positive/HER2-negative 76 57.9 (45.1-68.7) <0.001 1 
  HER2-positive 28 32.1 (14.9-50.8)  2.16 (1.23-3.80) 
  TNBC 27 21.0 (7.8-38.5)  3.39 (1.91-6.01) 
Surrogate intrinsic subtypes      
  Luminal A-like 17 57.0 (30.3-76.8) 0.004 1 
  Luminal B-like 73 51.7 (38.8-63.1)  0.82 (0.35-1.87) 
  HER2-Enriched 14 42.9 (17.7-66.0)  1.47 (0.52-4.12) 
  Basal-like 27 21.0 (7.8-38.5)  2.38 (0.99-5.68) 

 N 
3-year disease-free survival 

% (95% CI) 
P1 Adjusted HR (95% CI)2 

Stages I-II     

Classic subtypes     
  ER-positive/HER2-negative 15 64.7 (34.4-83.7) 0.155 1 
  HER2-positive 16 92.9 (59.1-99.9)  0.21 (0.02-1.94) 
  TNBC 13 57.0 (24.3-80.0)  0.92 (0.22-3.90) 
Surrogate intrinsic subtypes         
  Luminal A-like 8 62.5 (22.9-86.1) 0.298 1 
  Luminal B-like 14 77.4 (4.9-92.1)  0.78 (0.15-4.17) 
  HER2-Enriched 9 100%  NC 
  Basal-like 13 57.0 (24.3-80.0)  0.91 (0.19-4.42) 

Stage III     

Classic subtypes     
  ER-positive/HER2-negative 58 50.0 (36.3-62.3) <0.001 1 
  HER2-positive 23 23.2 (8.1-42.8)  2.08 (1.15-3.79) 
  TNBC 18 5.6 (0.4-22.4)  3.52 (1.88-6.60) 
Surrogate intrinsic subtypes         
  Luminal A-like 13 46.2 (19.2-69.6) 0.005 1 
  Luminal B-like 56 44.1 (30.5-57.0)  0.99 (0.42-2.31) 
  HER2-Enriched 12 33.3 (10.3-58.8)  1.90 (0.65-5.59) 
  Basal-like 18 5.6 (0.4-22.4)  3.11 (1.25-7.70) 

 
1 p value for the univariable survival analysis. 

2 Adjusted for age (<40 vs 40-49 vs 50-59 vs ≥60 years), HIV status (negative/unknown vs positive) and 

date of diagnosis (pre- vs post-multidisciplinary tumor board implementation). 

ER: estrogen receptor; NC: non-calculable. 
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Supplementary table 5 – Concordance between cell blocks and histological samples for the estrogen receptor, 
the progesterone receptor, HER2 and Ki67 status in patients with both samples available (n=51)1 

 

  Histological samples 
Concordance (%) κ 

  ER-negative ER-positive 

C
el

l b
lo

ck
s 

ER-negative 20 3 88.2% 0.762 

ER-positive 3 25   

 PR-negative PR-positive   

PR-negative 28 3 80.4% 0.574 

PR-positive 7 13   

 HER2-negative HER2-positive   

HER2-negative 31 6 83.7%2 0.603 

HER2-positive 2 10   

 Ki67 low Ki67 high   

Ki67 low 31 6 76.1%3 0.271 

Ki67 high 5 4   

 

1 Positive estrogen receptor (ER) and progesterone receptor (PR) status were defined with a ≥1% cut-off, 

and high Ki67 was defined as >29%. HER2-positivity was defined as an immunohistochemistry score of 

3+ and/or a score of 2+ with an amplified silver in situ hybridization (SISH) test. 

2 Regarding HER2 evaluation, there were two surgical samples for which the immunohistochemistry 

score was 2+ (equivocal), but for which the SISH test was not successful. 

3 Regarding Ki67 evaluation, there were five samples (two cell blocks and three surgical samples) in 

which Ki67 was not tested. 
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Supplementary table 6 – Concordance for the estrogen receptor, the progesterone receptor, HER2 and Ki67 
status in the 15 cell blocks submitted to re-staining and re-evaluation in Portugal by a third pathologist (quality 
control)1 

 

  Portugal 
Concordance (%) κ 

  ER-negative ER-positive 

M
o

za
m

b
iq

u
e 

ER-negative 4 1 93.3% 0.842 
ER-positive 0 10   

 PR- PR+   
PR-negative 5 1 93.3% 0.857 
PR-positive 0 9   

 HER2 0/1+ 2+ 3+   
HER2 0/1+ 10 0 0 80.0% 0.541 
HER2 2+ 1 1 0   
HER2 3+ 1 1 1   

  Ki67 low Ki67 high   
Ki67 low 6 4 50.0%2 0.248 
Ki67 high 3 1   

 
1 Positive estrogen receptor (ER) and progesterone receptor (PR) status defined with a ≥1% cut-off and 

high Ki67 was defined as >29%.  

2 Regarding Ki67 evaluation, there was one sample in which Ki67 was not tested.
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Supplementary material 
 
 

Title: “Healthcare use and costs in early breast cancer: a patient-level data analysis according to stage 
and breast cancer subtype” 

 
 
Supplementary Figure 1 – Flowchart of patients included in the present study 
 

 
 
*Participants not included at baseline (2012) due to: history of a previous primary cancer treated with chemotherapy and/or 
axillary/thoracic radiotherapy; submitted to breast surgery outside IPO-Porto; initial Montreal Cognitive Assessment score below 17 
(or below 16 for women over 65 years old); being illiterate; presenting with a psychiatric illness (e.g., bipolar disorder, schizophrenia, 
among others); other reasons (e.g., previous breast surgery for benign conditions). 
ER: estrogen receptor; HR: hormone receptor; IPO-Porto: Portuguese Institute of Oncology of Porto; PgR: progesterone receptor; 
TNBC: triple negative breast cancer 
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Supplementary Tables 

 

“Comparing the cost of non-metastatic breast cancer care in a low-income vs a high-income 

country: a plea for an optimal allocation of health resources in Sub-Saharan Africa” 
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Supplementary Material  
 
Title: Impact of HIV infection on baseline characteristics and survival of women with breast cancer: a 
systematic review and meta-analysis 
 
 

Supplementary Methods 
 
Search strategy 
 
Searches covering the periods from inception of each database to 1 January 2020 
 

1. MEDLINE 
("breast cancer" OR "breast neoplasm" OR “breast tumor” OR “breast tumors” OR “breast tumour” OR “breast 
tumours” OR "Breast Neoplasms"[MeSH] OR “breast”) AND (“HIV” OR “Human Immunodeficiency Virus” OR 
“Immunodeficiency Virus, Human” OR “AIDS” OR “Acquired Immune Deficiency Syndrome Virus” OR “Acquired 
Immune Deficiency Syndrome”) NOT (animals [mh] NOT humans [mh]) 
 

2. Scopus 
( TITLE-ABS-KEY ( "breast cancer"  OR  "breast neoplasm"  OR  "breast tumor"  OR  "breast tumors"  OR  "breast 
tumour"  OR  "breast tumours" OR "breast")  AND  TITLE-ABS-KEY ( "HIV"  OR  "Human Immunodeficiency Virus"  OR  
"Immunodeficiency Virus, Human"  OR  "AIDS"  OR  "Acquired Immune Deficiency Syndrome Virus"  OR  "Acquired 
Immune Deficiency Syndrome" ) )  AND  PUBYEAR  <  2020 
 

3. ISI Web of Knowledge 
ALL=( "breast cancer"  OR  "breast neoplasm"  OR  "breast tumor"  OR  "breast tumors"  OR  "breast tumour"  OR  
"breast tumours" OR “breast”)  AND  ALL=( "HIV"  OR  "Human Immunodeficiency Virus"  OR  "Immunodeficiency 
Virus, Human"  OR  "AIDS"  OR  "Acquired Immune Deficiency Syndrome Virus"  OR  "Acquired Immune Deficiency 
Syndrome" )    
 

4.  LILACS 
Breast AND HIV 
 

5. SciELO 
Breast AND HIV 
 
 
Manual search of abstracts from major conferences, taking place from 2016 to January 2020: 

 American Society of Clinical Oncology Annual Meeting 

 AORTIC's International Conference on Cancer in Africa 

 Conference on Retroviruses and Opportunistic Infections 

 ESMO Breast Cancer Congress 

 European Society for Medical Oncology (ESMO) Congress 
San Antonio Breast Cancer Symposium 
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Supplementary Figure 1 – Funnel plot of publication bias among studies evaluating the 
likelihood of presenting with locally advanced/metastatic stage (III/IV) at diagnosis among 
WLWH compared with HIV-negative women with breast cancer. 

 
Egger’s test: p=0.543 

 

Supplementary Figure 2 – Funnel plot of publication bias among studies evaluating the 
likelihood of presenting with ER-positive/HER2-negative subtype among WLWH compared with 
HIV-negative women with breast cancer. 

 
Egger’s test: p=0.383 
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Supplementary Figure 3 – Funnel plot of publication bias among studies evaluating the 
likelihood of presenting with HER2-positive subtype among WLWH compared with HIV-negative 
women with breast cancer.  

Egger’s test: p=0.111 

 

Supplementary Figure 4 – Funnel plot of publication bias among studies evaluating the 
likelihood of presenting with triple-negative subtype / basal-like subtype among WLWH 
compared with HIV-negative women with breast cancer. 

 
Egger’s test: p=0.594  
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Supplementary Figure 5 – Funnel plot of publication bias among studies evaluating the 
likelihood of presenting with Luminal A-like subtype among WLWH compared with HIV-negative 
women with breast cancer. 

 
Egger’s test: p=0.865 

 

Supplementary Figure 6 – Funnel plot of publication bias among studies evaluating the 
likelihood of presenting with Luminal B-like subtype among WLWH compared with HIV-negative 
women with breast cancer. 

 
Egger’s test: p=0.530  

0
.2

.4
.6

s.
e.

 o
f 

lo
g_

o
r

.5 1 1.5 2
exp(log_or), log scale

Funnel plot with pseudo 95% confidence limits
0

.2
.4

.6

s.
e.

 o
f 

lo
g_

o
r

.5 1 1.5 2 2.5 3
exp(log_or), log scale

Funnel plot with pseudo 95% confidence limits



Manuscripts – Paper VII: Impact of HIV infection in breast cancer | 160  

Supplementary Figure 7 – Funnel plot of publication bias among studies evaluating the 
likelihood of presenting with HER2-enriched subtype among WLWH compared with HIV-
negative women with breast cancer. 

 
Egger’s test: p=0.767 

 

Supplementary Figure 8 – Funnel plot of publication bias among studies evaluating adjusted 
Overall Survival among WLWH compared with HIV-negative women with breast cancer. 

 
Egger’s test: p=0.936  
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Supplementary Figure 9 – Funnel plot of publication bias among studies evaluating unadjusted 
Overall Survival among WLWH compared with HIV-negative women with breast cancer. 

 
Egger’s test: p=0.201 

 

Supplementary Figure 10 – Funnel plot of publication bias among studies evaluating the 
likelihood of presenting with each stage (0/I, II, III and IV) among WLWH compared with HIV-
negative women with breast cancer. 
 

Egger’s test: p=0.843  
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Supplementary Figure 11 – Funnel plot of publication bias among studies evaluating the 
likelihood of presenting with estrogen receptor-positive status among WLWH compared with 
HIV-negative women with breast cancer.

 
Egger’s test: p=0.047 

 
 

Supplementary Table 2 – Sensitivity analysis of the odds of presenting with locally 
advanced/metastatic stage (III/IV) at diagnosis among WLWH compared with HIV-negative 
women with breast cancer (all studies). 
 

Study excluded Random effect I-squared (%) I-sq. P-value 

Pooled OR 95% CI P-value 

Sseggwanyi 2011 1.40 1.21-1.64 <0.001 47.5 0.025 

Cubasch 2013 1.47 1.26-1.72 <0.001 44.5 0.037 

Shiels 2015 1.37 1.15-1.64 <0.001 48.1 0.023 

Traore 2015 1.42 1.21-1.67 <0.001 52.8 0.011 

Langenhoven 2016 1.41 1.20-1.66 <0.001 52.5 0.011 

Phakathi 2016 1.43 1.21-1.68 <0.001 52.7 0.011 

Ngidi 2017 1.42 1.21-1.66 <0.001 51.6 0.013 

Presti 2017 1.42 1.20-1.67 <0.001 52.7 0.011 

McKenzie 2018 1.46 1.25-1.71 <0.001 47.6 0.024 

Van Zyl 2018 1.44 1.22-1.69 <0.001 51.9 0.012 

Ayeni 2019 1.51 1.31-1.74 <0.001 30.3 0.134 

Brandao 2019 1.41 1.20-1.67 <0.001 52.6 0.011 

Coghill 2019 1.37 1.15-1.62 <0.001 37.2 0.079 

Phakathi 2019 1.42 1.19-1.69 <0.001 52.7 0.011 

Sadigh 2019 1.46 1.25-1.72 <0.001 47.0 0.027 
CI: confidence interval; OR: odds ratio. 
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Supplementary Table 3 – Sensitivity analysis of the odds of presenting with locally 
advanced/metastatic stage (III/IV) at diagnosis among WLWH compared with HIV-negative 
women with breast cancer (North American studies). 
 

Study excluded Random effect I2 (%) I2 P-value 

Pooled OR 95% CI P-value 

Shiels 2015 1.75 1.54-1.98 <0.001 0.0 0.891 

Presti 2017 1.76 1.58-1.96 <0.001 0.0 0.895 

Coghill 2019 1.77 1.46-2.14 <0.001 0.0 0.859 
CI: confidence interval; OR: odds ratio. 

 
 
 

Supplementary Table 4 – Sensitivity analysis of the odds of presenting with locally 
advanced/metastatic stage (III/IV) at diagnosis among WLWH compared with HIV-negative 
women with breast cancer (Sub-Saharan African studies). 
 

Study excluded Random effect I-squared (%) I-sq. P-value 

Pooled OR 95% CI P-value 

Sseggwanyi 2011 1.20 1.05-1.39 0.010 0.0 0.711 

Cubasch 2013 1.27 1.07-1.50 0.005 6.8 0.379 

Traore 2015 1.24 1.06-1.45 0.008 11.1 0.339 

Langenhoven 2016 1.21 1.05-1.40 0.010 3.1 0.413 

Phakathi 2016 1.23 1.05-1.45 0.010 11.1 0.339 

Ngidi 2017 1.22 1.06-1.41 0.006 3.0 0.414 

McKenzie 2018 1.26 1.07-1.48 0.005 7.6 0.372 

Van Zyl 2018 1.24 1.06-1.46 0.008 11.8 0.332 

Ayeni 2019 1.30 1.10-1.54 0.002 0.0 0.460 

Brandao 2019 1.22 1.05-1.41 0.011 4.8 0.397 

Phakathi 2019 1.16 0.99-1.36 0.059 0.0 0.493 

Sadigh 2019 1.26 1.07-1.48 0.005 7.5 0.373 
CI: confidence interval; OR: odds ratio. 
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Supplementary Table 5 – Sensitivity analysis of the odds of presenting with ER-positive/HER2-
negative subtype among WLWH compared with HIV-negative women with breast cancer. 
 

Study excluded Random effect I2 (%) I2 P-value 

Pooled OR 95% CI P-value 

Cubasch 2013 0.77 0.60-0.97 0.030 0.0 0.630 

Langenhoven 2016 0.79 0.64-0.97 0.028 0.0 0.636 

Van Zyl 2018 0.81 0.66-1.00 0.050 0.0 0.506 

Bhatia 2019 0.82 0.66-1.01 0.057 0.0 0.530 

Brandao 2019 0.79 0.64-0.98 0.030 0.0 0.615 

Phakathi 2019 0.93 0.71-1.23 0.624 0.0 0.924 
CI: confidence interval; OR: odds ratio. 

 
 
 

Supplementary Table 6 – Sensitivity analysis of the odds of presenting with HER2-positive 
subtype among WLWH compared with HIV-negative women with breast cancer. 
 

Study excluded Random effect I2 (%) I2 P-value 

Pooled OR 95% CI P-value 

Cubasch 2013 0.99 0.64-1.53 0.958 43.5 0.115 

Langenhoven 2016 1.12 0.78-1.61 0.523 40.5 0.135 

Ngidi 2017 1.15 0.84-1.58 0.381 34.1 0.180 

Van Zyl 2018 1.04 0.72-1.51 0.819 44.5 0.109 

Bhatia 2019 1.06 0.74-1.51 0.759 44.8 0.107 

Brandao 2019 1.29 1.02-1.62 0.032 0.0 0.687 

Phakathi 2019 0.97 0.64-1.48 0.895 35.1 0.173 
CI: confidence interval; OR: odds ratio. 

 
 
 

Supplementary Table 7 – Sensitivity analysis of the odds of presenting with triple-negative 
subtype / basal-like subtype among WLWH compared with HIV-negative women with breast 
cancer. 
 

Study excluded Random effect I2 (%) I2 P-value 

Pooled OR 95% CI P-value 

Cubasch 2013 1.26 0.98-1.64 0.076 0.0 0.737 

Langenhoven 2016 1.15 0.89-1.47 0.279 6.9 0.376 

Presti 2017 1.10 0.86-1.39 0.453 0.0 0.502 

Van Zyl 2018 1.16 0.91-1.47 0.237 3.0 0.403 

Bhatia 2019 1.14 0.89-1.45 0.306 6.6 0.378 

Brandao 2019 1.07 0.84-1.36 0.576 0.0 0.705 

Phakathi 2019 1.10 0.83-1.46 0.519 3.3 0.400 

Sadigh 2019 1.17 0.90-1.51 0.233 3.5 0.399 
CI: confidence interval; OR: odds ratio. 
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Supplementary Figure 12 – Meta-analysis of the odds of presenting with stage 0/I at diagnosis 
among WLWH compared with HIV-negative women with breast cancer. 

 
Random effect: p<0.001. CI=confidence interval; OR=odds ratio. 

 
 
 

Supplementary Table 8 – Sensitivity analysis of the odds of presenting with stage 0/I at 
diagnosis among WLWH compared with HIV-negative women with breast cancer.  
 

Study excluded Random effect I2 (%) I2 P-value 

Pooled OR 95% CI P-value 

Sseggwanyi 2011 0.66 0.59-0.74 <0.001 0.0 0.764 

Cubasch 2013 0.66 0.59-0.74 <0.001 0.0 0.866 

Langenhoven 2016 0.66 0.59-0.74 <0.001 0.0 0.851 

Phakathi 2016 0.67 0.59-0.74 <0.001 0.0 0.763 

Presti 2017 0.66 0.59-0.74 <0.001 0.0 0.768 

Brandao 2019 0.66 0.59-0.74 <0.001 0.0 0.764 

Coghill 2019 0.66 0.46-0.94 0.022 0.0 0.757 

Phakathi 2019 0.67 0.60-0.75 <0.001 0.0 0.959 

Sadigh 2019 0.67 0.60-0.75 <0.001 0.0 0.798 
CI: confidence interval; OR: odds ratio. 
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Supplementary Figure 13 – Meta-analysis of the odds of presenting with stage II at diagnosis 
among WLWH compared with HIV-negative women with breast cancer. 

 
Random effect: p=0.146. CI=confidence interval; OR=odds ratio. 

 
 

Supplementary Table 9 – Sensitivity analysis of the odds of presenting with stage II at diagnosis 
among WLWH compared with HIV-negative women with breast cancer. 
 

Study excluded Random effect I2 (%) I2 P-value 

Pooled OR 95% CI P-value 

Sseggwanyi 2011 0.96 0.86-1.06 0.438 0.9 0.426 

Cubasch 2013 0.85 0.68-1.05 0.133 36.7 0.125 

Langenhoven 2016 0.91 0.78-1.07 0.266 21.2 0.255 

Phakathi 2016 0.87 0.71-1.05 0.145 36.6 0.125 

Ngidi 2017 0.89 0.75-1.05 0.176 29.2 0.185 

Presti 2017 0.86 0.71-1.04 0.128 36.7 0.125 

Brandao 2019 0.90 0.76-1.07 0.232 27.3 0.201 

Coghill 2019 0.82 0.66-1.01 0.057 14.1 0.317 

Phakathi 2019 0.88 0.72-1.09 0.240 29.4 0.183 

Sadigh 2019 0.84 0.69-1.03 0.088 34.5 0.142 
CI: confidence interval; OR: odds ratio. 

 
 
  

Subtotal (I-squared = 28.9%, p = 0.179)
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Supplementary Figure 14 – Meta-analysis of the odds of presenting with stage III at diagnosis 
among WLWH compared with HIV-negative women with breast cancer. 

 
Random effect: p<0.001. CI=confidence interval; OR=odds ratio. 
 
 

Supplementary Table 10 – Sensitivity analysis of the odds of presenting with stage III at 
diagnosis among WLWH compared with HIV-negative women with breast cancer. 
 

Study excluded Random effect I2 (%) I2 P-value 

Pooled OR 95% CI P-value 

Sseggwanyi 2011 1.24 1.10-1.39 <0.001 0.0 0.603 

Cubasch 2013 1.27 1.11-1.46 0.001 4.2 0.400 

Langenhoven 2016 1.26 1.11-1.43 <0.001 3.0 0.409 

Phakathi 2016 1.23 1.07-1.43 0.005 13.1 0.325 

Ngidi 2017 1.24 1.11-1.40 <0.001 0.0 0.481 

Presti 2017 1.23 1.07-1.41 0.003 8.4 0.366 

Brandao 2019 1.25 1.10-1.44 0.001 6.7 0.379 

Coghill 2019 1.20 0.99-1.45 0.065 9.0 0.361 

Phakathi 2019 1.21 1.03-1.42 0.017 9.0 0.360 

Sadigh 2019 1.28 1.13-1.44 <0.001 0.0 0.466 
CI: confidence interval; OR: odds ratio. 
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Supplementary Figure 15 – Meta-analysis of the odds of presenting with stage IV at diagnosis 
among WLWH compared with HIV-negative women with breast cancer. 

 
Random effect: p=0.009. CI=confidence interval; OR=odds ratio. 

 

 

Supplementary Table 11 – Sensitivity analysis of the odds of presenting with stage IV at 
diagnosis among WLWH compared with HIV-negative women with breast cancer. 
 

Study excluded Random effect I2 (%) I2 P-value 

Pooled OR 95% CI P-value 

Sseggwanyi 2011 1.56 1.10-2.23 0.013 65.2 0.003 

Cubasch 2013 1.70 1.19-2.42 0.003 57.3 0.016 

Langenhoven 2016 1.49 1.02-2.17 0.039 64.6 0.004 

Phakathi 2016 1.58 1.10-2.27 0.013 65.7 0.003 

Ngidi 2017 1.61 1.14-2.29 0.007 64.1 0.004 

Presti 2017 1.60 1.10-2.31 0.013 65.3 0.003 

Brandao 2019 1.55 1.05-2.29 0.026 65.8 0.003 

Coghill 2019 1.32 1.04-1.69 0.023 0.0 0.523 

Phakathi 2019 1.71 1.21-2.42 0.002 47.3 0.056 

Sadigh 2019 1.68 1.16-2.42 0.006 58.6 0.013 
CI: confidence interval; OR: odds ratio. 
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Supplementary Figure 16 – Meta-analysis of the odds of presenting with Luminal A-like subtype 
among WLWH compared with HIV-negative women with breast cancer. 

 
Random effect: p=0.059. CI=confidence interval; OR=odds ratio. 

 
 

Supplementary Table 12 – Sensitivity analysis of the odds of presenting with Luminal A-like 
subtype among WLWH compared with HIV-negative women with breast cancer. 
 

Study excluded Random effect I2 (%) I2 P-value 

Pooled OR 95% CI P-value 

Presti 2017 0.76 0.50-1.15 0.193 0.0 0.403 

Van Zyl 2018 0.68 0.38-1.22 0.200 47.6 0.148 

Brandao 2019 0.60 0.41-0.87 0.007 0.0 0.422 

Phakathi 2019 0.63 0.29-1.33 0.226 44.4 0.165 
CI: confidence interval; OR: odds ratio. 
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Supplementary Figure 17 – Meta-analysis of the odds of presenting with Luminal B-like subtype 
among WLWH compared with HIV-negative women with breast cancer. 

 
Random effect: p=0.800. CI=confidence interval; OR=odds ratio. 

 
 

Supplementary Table 13 – Sensitivity analysis of the odds of presenting with Luminal B-like 
subtype among HIV-positive compared with HIV-negative breast cancer patients. 
 

Study excluded Random effect I2 (%) I2 P-value 

Pooled OR 95% CI P-value 

Presti 2017 1.01 0.77-1.32 0.962 0.0 0.542 

Van Zyl 2018 1.00 0.75-1.32 0.987 0.0 0.539 

Brandao 2019 1.09 0.82-1.45 0.561 0.0 0.587 

Phakathi 2019 1.09 0.68-1.74 0.731 0.0 0.405 
CI: confidence interval; OR: odds ratio. 
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Supplementary Figure 18 – Meta-analysis of the odds of presenting with HER2-enriched subtype 
among WLWH compared with HIV-negative women with breast cancer. 
 

 
Random effect: p=0.842. CI=confidence interval; OR=odds ratio. 

 
 

Supplementary Table 14 – Sensitivity analysis of the odds of presenting with HER2-enriched 
subtype among WLWH compared with HIV-negative women with breast cancer. 
 

Study excluded Random effect I2 (%) I2 P-value 

Pooled OR 95% CI P-value 

Presti 2017 0.83 0.37-1.87 0.650 42.0 0.178 

Van Zyl 2018 0.99 0.34-2.93 0.992 69.2 0.039 

Brandao 2019 1.34 0.81-2.22 0.261 0.3 0.367 

Phakathi 2019 1.03 0.27-3.99 0.966 70.5 0.034 
CI: confidence interval; OR: odds ratio. 

 
 
  

Subtotal (I-squared = 54.1%, p = 0.088)

Author (year)

Brandao et al (2019)

Phakathi et al (2019)

Presti et al (2017)

Van Zyl et al (2018)

1.08 (0.49, 2.38)

OR (95% CI)

0.25 (0.06, 1.13)

1.06 (0.56, 2.01)

2.62 (0.89, 7.75)

1.31 (0.37, 4.65)

Country

Mozambique

South Africa

USA

South Africa

HIV+

2/45

13/212

4/31

5/38

HIV-neg

20/129

43/742

55/1028

6/58

1.08 (0.49, 2.38)

OR (95% CI)

0.25 (0.06, 1.13)

1.06 (0.56, 2.01)

2.62 (0.89, 7.75)

1.31 (0.37, 4.65)

Country

Mozambique

South Africa

USA

South Africa

  1.0568 1 17.6

OR (95% CI) 
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Supplementary Figure 19 – Meta-analysis of the odds of presenting with estrogen receptor-
positive status among WLWH compared with HIV-negative women with breast cancer.  
 

 
Random effect: p=0.112. CI=confidence interval; OR=odds ratio. 

 
 

Supplementary Table 15 – Sensitivity analysis of the odds of presenting with estrogen receptor-
positive status among WLWH compared with HIV-negative women with breast cancer. 
 

Study excluded Random effect I2 (%) I2 P-value 

Pooled OR 95% CI P-value 

Cubasch 2013 0.77 0.59-0.99 0.043 16.9 0.297 

Langenhoven 2016 0.84 0.65-1.09 0.197 28.4 0.201 

Ngidi 2017 0.88 0.72-1.08 0.227 5.1 0.391 

Presti 2017 0.89 0.72-1.10 0.301 6.8 0.378 

Van Zyl 2018 0.79 0.61-1.03 0.081 31.0 0.181 

Bhatia 2019 0.84 0.66-1.07 0.165 28.3 0.203 

Brandao 2019 0.80 0.61-1.06 0.117 34.7 0.151 

Phakathi 2019 0.78 0.58-1.06 0.112 34.1 0.156 

Sadigh 2019 0.79 0.59-1.04 0.091 32.9 0.165 
CI: confidence interval; OR: odds ratio. 

 
  

Subtotal (I-squared = 25.4%, p = 0.218)

Cubasch et al (2013)

Author (year)

Presti et al (2017)

Sadigh et al (2019)

Brandao et al (2019)

Bhatia et al (2019)

Van Zyl et al (2018)

Ngidi et al (2017)

Phakathi et al (2019)

Langenhoven et al (2016)

0.82 (0.65, 1.05)

1.12 (0.76, 1.66)

OR (95% CI)

0.45 (0.22, 0.94)

0.99 (0.58, 1.68)

0.88 (0.44, 1.78)

0.47 (0.14, 1.57)

1.18 (0.51, 2.71)

0.31 (0.11, 0.94)

0.90 (0.64, 1.27)

0.60 (0.29, 1.26)

South Africa

Country

USA

Botswana

Mozambique

Botswana

South Africa

South Africa

South Africa

South Africa

93/139

HIV+

18/31

49/81

28/45

29/38

28/41

7/21

162/219

16/31

357/555

HIV-neg

775/1028

118/194

84/129

34/39

42/65

27/44

580/764

268/420

0.82 (0.65, 1.05)

1.12 (0.76, 1.66)

OR (95% CI)

0.45 (0.22, 0.94)

0.99 (0.58, 1.68)

0.88 (0.44, 1.78)

0.47 (0.14, 1.57)

1.18 (0.51, 2.71)

0.31 (0.11, 0.94)

0.90 (0.64, 1.27)

0.60 (0.29, 1.26)

South Africa

Country

USA

Botswana

Mozambique

Botswana

South Africa

South Africa

South Africa

South Africa

  
1.106 1 9.46

OR (95% CI) 
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Supplementary Table 16 – Sensitivity analysis of adjusted Overall Survival among WLWH 
compared with HIV-negative women with breast cancer (North American studies). 
 

Study excluded Random effect I2 (%) I2 P-value 

Pooled HR 95% CI P-value 

Biggar 2005 2.85 1.11-7.30 0.029 99.0 <0.001 

Coghill 2015 1.77 1.62-1.93 <0.001 0.0 0.816 

Coghill 2019 2.96 1.06-8.25 0.038 82.8 0.016 
CI: confidence interval; HR: hazard ratio. 

 

Supplementary Table 17 – Sensitivity analysis of adjusted Overall Survival among WLWH 
compared with HIV-negative women with breast cancer (Sub-Saharan African studies). 
 

Study excluded Random effect I2 (%) I2 P-value 

Pooled HR 95% CI P-value 

Coghill 2013 1.51 1.14-2.00 0.004 23.0 0.273 

Cubasch 2018 1.59 1.16-2.19 0.004 24.1 0.268 

Brandao 2019 1.72 1.33-2.22 <0.001 0.0 0.641 

Sadigh 2019 1.35 0.97-1.88 0.074 0.0 0.527 
CI: confidence interval; HR: hazard ratio. 
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Supplementary Figure 20 – Meta-analysis of unadjusted overall survival among WLWH 
compared with HIV-negative women with breast cancer. 

 
Random effect: p=0.019. CI=confidence interval; HR=hazard ratio. 

 
 

Supplementary Table 18 – Sensitivity analysis of unadjusted Overall Survival among WLWH 
compared with HIV-negative women with breast cancer. 
 

Study excluded Random effect I2 (%) I2 P-value 

Pooled HR 95% CI P-value 

Cubasch 2018 1.61 1.22-2.12 0.001 7.2 0.299 

Brandao 2019 1.44 0.89-2.31 0.136 65.0 0.091 

Sadigh 2019 1.20 0.86-1.67 0.277 0.0 0.570 
CI: confidence interval; HR: hazard ratio. 

 
 

Supplementary Table 19 – Sensitivity analysis of adjusted and unadjusted Overall Survival (OS) 
among WLWH compared with HIV-negative women with breast cancer, excluding studies with 
poor-quality follow-up. 
 

Adjusted OS    

Studies excluded Random effect I-squared (%) I-sq. P-value 

HR 95% CI P-value 

Coghill 2013 & 
Cubasch 2018 

1.50 0.96-2.36 0.077 58.1 0.122 

Unadjusted OS    

Study excluded Random effect I-squared (%) I-sq. P-value 

HR 95% CI P-value 

Cubasch 2018 1.61 1.22-2.12 0.001 7.2 0.299 
CI: confidence interval; HR: hazard ratio. 

 

Subtotal (I-squared = 36.1%, p = 0.209)

Sadigh et al (2019)

Brandao et al (2019)

Author (year)

Cubasch et al (2018)

1.43 (1.06, 1.92)

1.78 (1.31, 2.49)

1.32 (0.83, 2.10)

HR (95% CI)

1.09 (0.68, 1.74)

Botswana

Mozambique

Country

South Africa

1.43 (1.06, 1.92)

1.78 (1.31, 2.49)

1.32 (0.83, 2.10)

1.09 (0.68, 1.74)

Botswana

Mozambique

Country

South Africa

  1.402 1 2.49
HR (95% CI) 
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DISCUSSION AND CONCLUSION 

This thesis provided new insights on how the heterogeneity of breast cancer at the molecular level (i.e. tumor 

subtypes), but also in terms of socio-economic, lifestyle and demographic factors, and patients’ clinico-

pathological characteristics (e.g. age and stage at diagnosis; previous cancer history; presence of HIV 

infection) has repercussions in terms of the etiology, clinical management, health resource use and survival 

of women with breast cancer – Figure 3. 

We evaluated these outcomes along two axes, in a high- and in a low-income setting, with different breast 

cancer epidemiology and healthcare organization, in order to have a more comprehensive overview of this 

heterogeneity. Given the marked differences between the two settings (demonstrated in Paper IV), most of 

the studies presented in this thesis consisted of independent analyses in each country, which explored their 

specificities and addressed the knowledge gaps in each context. 

 

 

Figure 3: Interconnection between the heterogeneity of breast cancer in terms of the setting (socioeconomic, lifestyle 
and demographic factors), organization of healthcare (multidisciplinary cancer care implementation), patient 
characteristics (age at diagnosis, previous cancer history, presence of HIV infection) and tumor characteristics (stage at 
diagnosis, tumor molecular subtype), and the clinical management, health resource use and survival of patients with 
breast cancer; the papers addressing each of these connections are also depicted.  
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With the first papers of this thesis (Papers I-IV), we demonstrated that the proportion of patients with tumors 

classified as TNBC is indeed higher among patients from Mozambique (around 25%), compared to Western 

populations (around 10-15% in the US28 and 8% among patients with early breast cancer from Portugal). 

Moreover, the proportion of women with HER2-positive tumors in Mozambique was also higher than 

expected (24% in Mozambique vs 16% in Portugal). Subtype determination was made in a prospective 

manner, in a centralized lab and according to the ASCO/CAP guidelines,24,25 thus avoiding the potential biases 

related to pre-analytic (e.g. inadequate tissue fixation, antigen degradation) and analytical conditions (e.g. 

lack of ISH for HER2, use of different cut-offs to define ER/PR positivity) verified in other African series.30,46 

Moreover, we showed for the first time in Africa that it is possible to use cell blocks created from FNAC to 

perform these determinations, which may help circumvent the logistical issue of the unavailability of core 

biopsies at diagnosis. 

Then, in Paper I, we unraveled for the first time the etiological heterogeneity of breast cancer according to 

tumor subtypes in a Sub-Saharan African population. We demonstrated that multiparity is protective for HR-

positive breast tumors, while no association was seen with the development of HR-negative tumors 

(including TNBC), which may be related to the high rates of breastfeeding in the country.129 This finding may 

partly explain why the proportion of HR-positive tumors is lower among African populations, where 

multiparity is a common phenomenon,130 protecting women from the development of this tumor subtype, 

compared to Western populations, where fertility rates are much lower.130 This means that, if fertility rates 

start decreasing in Sub-Saharan Africa, it is likely that the proportion of HR-positive breast tumors will 

increase. On the other side, we also showed that higher BMI is associated with the development of breast 

cancer among post-menopausal women, regardless of the subtype. As the prevalence of overweight and 

obesity is rising in Africa,131,132 this may contribute to an increase in the incidence of breast cancer among 

this population – both of HR-positive and HR-negative tumors. Therefore, we highlighted how it is paramount 

to invest in awareness campaigns to reverse this potential obesity epidemic, in order to prevent an increase 

in other health conditions, such as breast cancer. 

Afterwards, we looked at how tumor subtype heterogeneity translates into differences in clinical 

management in a low-income (in Mozambique, Paper II) and in a high-income setting (in Portugal, Paper III). 

We saw that Portuguese women with TNBC were younger and had a more advanced stage at diagnosis 

compared to women with HR-positive/HER2-negative tumors, which is line with Western literature.14 

However, there were very few clinico-pathological differences at baseline across subtypes among 

Mozambican women and, actually, age and stage at diagnosis were similar among them. Concerning 

treatment, Mozambican patients with TNBC were less likely to receive endocrine therapy (as expected), but 

there were no differences in terms of chemotherapy or other treatments used. Surprisingly, the proportion 

of patients with HR-positive/HER2-negative early breast cancer receiving chemotherapy was much higher in 

Mozambique than in Portugal (96% vs 53%, respectively). This is partly due to the fact that most of the 
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Mozambican patients had stage III disease, but also to the absence of information regarding tumor subtype 

at diagnosis, which makes physicians play “on the safe side” and prescribe chemotherapy to all patients. On 

the other hand, in Portugal, subtype determination is made before treatment in virtually every patient and 

there are many available treatment options. Thus, in Paper III, we observed a much more tailored approach 

to breast cancer care, as almost all Portuguese patients with HR-positive tumors received endocrine therapy 

and all women with HER2-positive tumors received trastuzumab, unless there was a contra-indication. 

Hence, we demonstrated that the main driver of health resource use and cost of care among Portuguese 

women with early breast cancer was tumor subtype, and not stage at diagnosis. These findings were derived 

from the analysis of women treated between 2012 and 2015, but if we repeat the same analysis nowadays, 

this conclusion will probably be reinforced, given the approval of several agents for early HER2-positive 

breast cancer (pertuzumab,133 neratinib,134 T-DM181) in the last few years, and soon for HR-positive/HER2-

negative (abemaciclib74) and TNBC (pembrolizumab,65 atezolizumab66), which will increase the relevance of 

tumor subtypes in terms of health resource use. This will pose important questions regarding the 

management of “financial toxicity” and, therefore, our findings may be used as a benchmark to which 

compare future health resource use and cost analyses. 

As it may be difficult to directly estimate the cost of care in developed vs developing countries, given 

differences in purchasing power, we analyzed health resource use among Portuguese vs Mozambican women 

with early breast cancer and then converted the cost of their care from 2015 Euros and 2019 Mozambican 

Meticais to 2019 International dollars (Paper IV). With this, we were able to confirm our preliminary 

impressions: that there was an underfunding of breast cancer care in Mozambique compared to Western 

standards and that there was virtually no difference in health resource use according to stage or subtype. 

Finally, in Paper II, we also assessed survival according to each subtype among Mozambican women, as there 

are scarce data about this in Africa. Despite the overall poor prognosis (three-year overall survival of 53%), 

we demonstrated that TNBC conferred an even worse prognosis, in comparison with the HR-positive/HER2-

negative subtype. Sadly, we also saw that patients with HER2-positive breast cancer had a clearly worse 

survival compared to women with HR-positive/HER2-negative tumors, a situation similar to the 1990’s and 

early 2000’s in Western countries, before the introduction of adjuvant trastuzumab as a standard-of-care.33 

Therefore, we make the plea for a systematic determination of tumor subtype at diagnosis, as this is feasible 

and may help tailoring treatment even in low-resource settings, potentially leading to savings in the cost of 

care (e.g. avoidance of endocrine therapy, while supporting the use of platinum salts for TNBC) and 

improvements in survival outcomes. 

 

Then, we looked to other factors that may influence breast cancer management, health resource use and 

survival (Papers V-VII). In Paper V, we compared women with a previous history of cancer (breast or other 

type) to women with breast cancer as their first primary malignancy. As expected, women with a previous 
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breast cancer were older, but there were no other differences in clinico-pathological characteristics, such as 

in stage or distribution of tumor subtypes. Yet, women with a previous breast cancer were possibly surgically 

overtreated, with a three-fold higher likelihood of receiving mastectomy compared to patients without a 

previous cancer history, while women with a previous non-breast cancer had a lower chance of receiving 

anthracycline-based chemotherapy, probably because they had received these agents before. Nonetheless, 

there were no differences regarding other kinds of therapy, namely radiotherapy, endocrine or targeted 

therapy and there was no significant impact on relapse-free survival, which is reassuring. Still, this Paper adds 

to previous research on this topic, by improving our understanding of the clinical pathway of patients with a 

breast cancer who had a previous primary malignancy. 

Given the dismal prognosis of women with breast cancer in Sub-Saharan Africa, it is important to identify 

strategies that may improve it. Besides approaches to reduce the prevalence of risk factors and to detect the 

disease at earlier stages, there is also room for improvement in the organization of care after a diagnosis of 

breast cancer. In Paper VI, we demonstrated for the first time in a developing country that the 

implementation of an MTB for breast cancer improves the survival of women with early stage disease and 

that it is a cost-effective intervention. We did not find major differences in clinico-pathological characteristics 

or in the treatment received between patients before or after the implementation of the MTB, and we 

observed that its benefit was consistent among most subgroups of patients. These results can empower 

patients and health professionals to ask for a more effective organization of breast cancer care, influencing 

policymakers and scaling-up the implementation of multidisciplinary cancer care in developing countries. 

Additionally, these findigns could be a source of reverse learning from developing countries to high-income 

countries, where the coverage of MTB remains sub-optimal and where their added value is being 

questioned.135 

In Paper VII, we focused on WLWH who develop breast cancer. We have done so because 25% of the patients 

included in the Moza-BC cohort had HIV infection and, when comparing them to HIV-negative women, we 

verified that WLWH were younger and had a higher proportion of TNBC, but similar stage at diagnosis. Their 

survival appeared to be worse, but given the low total number of WLWH included (n=52), that difference was 

not significant. Therefore, we decided to combine our results with other cross-sectional and cohort studies, 

both from Sub-Saharan Africa and other regions and performed the first systematic review and meta-analysis 

on this topic. We demonstrated that WLWH present with more advanced stage at diagnosis and have a worse 

overall survival, even after adjustment for other prognostic factors – both in North America and in Sub-

Saharan Africa. These findings should raise the awareness of clinicians and policymakers regarding the 

detection and survival gap among WLWH with breast cancer, and will certainly fuel additional research 

efforts in order to better understand the reasons behind these disparities. 

Finally, stage at diagnosis has been included in most of the analyses performed in this thesis, as it is known 

to determine both treatment and survival.2 Mirroring previous findings from Western countries,136 we 
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confirmed that it influences health resource use and the cost of care of early disease in Portugal (Paper III), 

but we demonstrated that its influence is much smaller in Mozambique (Paper IV). Nonetheless, increasing 

stage at diagnosis was associated with worse prognosis in patients from Mozambique, as expected (Papers 

II and VI). 

 

In conclusion, this thesis showed how breast cancer heterogeneity, at multiple levels, influences etiology, 

clinical management and prognosis. Therefore, stakeholders across the world should move away from the 

vision of breast cancer as a single disease and understand that women with breast cancer are a very 

heterogeneous group, with different needs in terms of diagnosis, treatment and follow-up. This finer 

understanding of its complexity, both at the molecular, and at the patient and country level, may inform the 

design of better policies in terms of resource allocation and healthcare organization, translating into a more 

effective delivery of breast cancer care and, ultimately, in improved patient outcomes.  
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