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Summary

Background—Poor breast cancer survival in low-income and middle-income countries (LMICs) 

can be attributed to advanced-stage presentation and poor access to systemic therapy. We aimed to 

estimate the outcomes of different early detection strategies in combination with systemic 

chemotherapy and endocrine therapy in LMICs.

Methods—We adapted a microsimulation model to project outcomes of three early detection 

strategies alone or in combination with three systemic treatment programmes beyond standard of 

care (programme A): programme B was endocrine therapy for all oestrogen-receptor (ER)-positive 

cases; programme C was programme B plus chemotherapy for ER-negative cases; programme D 

was programme C plus chemotherapy for advanced ER-positive cases. The main outcomes were 

reductions in breast cancer-related mortality and lives saved per 100 000 women relative to the 

standard of care for women aged 30–49 years in a low-income setting (East Africa; using 

incidence data and life tables from Uganda and data on tumour characteristics from various East 

African countries) and for women aged 50–69 years in a middle-income setting (Colombia).

Findings—In the East African setting, relative mortality reductions were 8–41%, corresponding 

to 23 (95% uncertainty interval −12 to 49) to 114 (80 to 138) lives saved per 100 000 women over 

10 years. In Colombia, mortality reductions were 7–25%, corresponding to 32 (−29 to 70) to 105 

(61 to 141) lives saved per 100 000 women over 10 years.

Interpretation—The best projected outcomes were in settings where access to both early 

detection and adjuvant therapy is improved. Even in the absence of mammographic screening, 

improvements in detection can provide substantial benefit in settings where advanced-stage 

presentation is common.
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Introduction

In the USA, breast cancer death rates decreased by 36% between 1989 and 2012.1 These 

improvements were driven by combined improvements in early detection and adjuvant 

systemic therapy.2

Women in low-income and middle-income countries (LMICs) face various barriers to breast 

cancer care, from accessing early detection programmes to receiving timely diagnosis and 

appropriate treatment. This situation is reflected in breast cancer 5-year survival outcomes, 

which are 40–60% in LMICs versus 84% in North America.3

Scarce health-care resources in LMICs need to be used strategically to ensure timely, 

beneficial access to breast health care. Evidence-based, resource appropriate guidelines, 

such as the Breast Health Global Initiative’s resource-stratified guidelines4–6 and the 

National Comprehensive Cancer Network’s resource-stratified framework for breast cancer 

treatment,7 provide broad direction for the allocation of resources. However, to make 

optimal decisions in a given clinical setting, policy makers have to weigh expected benefits 

of feasible strategies against implementation costs. We have developed a simple and 

transparent evidence-based microsimulation model to project outcomes of interventions for 

breast cancer screening and treatment, with minimal assumptions about the natural history of 

the disease.8 A key feature of this model is that it decouples the effect of early detection 

from that of treatment in the prediction of changes in survival. This separation allows for the 

assessment of how changes in availability of systemic therapies for breast cancer might 

affect screening efficacy in the context of historical mammographic screening trials.9

In this study, we aimed to investigate the effect of improved screening and treatment for 

breast cancer in a low-income setting (the East African region) and an upper middle-income 

setting (Colombia) by inputting systemic therapies and early detection strategies into our 

existing model. We also introduce an accessible online interface that allows users to project 

the outcomes for customised settings, using inputs based on region-specific data.

Methods

Model structure

The modelling framework we used has already been described in detail.8 We used a 

microsimulation approach to model individual-level state transitions from healthy to 

clinically diagnosed breast cancer and, finally, death, for a cohort of women with a specified 

age distribution (30–49 years or 50–69 years) at the start of the study (figure 1). This model 

yields a set of breast cancer records for a hypothetical population. We specified the age, 

stage at diagnosis (early is stages I to II, advanced is stages III to IV), and oestrogen-

receptor (ER) status (ER-positive or ER-negative) of the fraction of women from the 

simulated cohort who have breast cancer. These features represent a minimal set of major 

prognostic factors for the assessment of systemic treatment planning and breast cancer 

survival outcomes. Baseline disease-specific survival (survival in the absence of treatments 

modelled in the policy intervention) is longer for early stage cases than it is for advanced-

stage cases. These stage-specific survival data should be disease-specific (ie, in the absence 
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of death from another cause). When survival data include known dissemination of systemic 

treatments, which was true for some of our survival datapoints, a mathematical conversion to 

baseline survival can be applied, as shown in the appendix. Policy interventions can change 

indicated treatments and detect cases of breast cancer early. Treatment extends survival 

beyond the baseline. We model early detection interventions as shifting some cases that 

would have been diagnosed with advanced-stage disease to an earlier stage at diagnosis, 

which improves their survival after clinical diagnosis.10,11 This shift in disease stage has a 

cascade effect on treatment, since advanced-stage cases often require more extensive 

systemic therapy than do early stage diagnoses. For example, ER-positive and node-positive 

breast cancers usually warrant the use of both cytotoxic chemotherapy and endocrine 

therapy, whereas ER-positive and node-negative cases often respond to endocrine therapy 

alone.12 Thus, early detection strategies downstage disease and reduce the extent of required 

systemic treatment, which are both highly relevant for planning cancer control in LMICs.

Although early detection programmes will cause breast cancer incidence to increase, the 

primary determinant of mortality from breast cancer in a given population will be cases that 

would have been identified before these early detection efforts began. Thus, we modelled the 

same number of cases with and without early detection, and always projected survival from 

their original date of clinical diagnosis without screening. Treatments were combinations of 

adjuvant chemotherapies and tamoxifen (endocrine therapy), with efficacies based on 

international meta-analyses of randomised trials.13,14 Although chemotherapy is used to 

treat both early and advanced-stage ER-negative cancers and advanced (node-positive) ER-

positive cancers,12 endocrine therapy is only used to treat ER-positive tumours. These 

systemic therapies extend survival for early and advanced-stage disease.

Stage distribution under early detection

We defined three scenarios for cancer stage distribution. Each successive scenario represents 

a reduction in advanced-stage diagnosis, reflected in decreased incidence of advanced-stage 

cancer. As the true stage distribution under these proposed scenarios is unknown in many 

settings, we used data from known sources. All stage distributions refer to a reference 

population in the absence of early detection.

The first scenario was poor awareness. Advanced-stage breast cancer is common in settings 

with no screening and low public awareness of breast cancer as a health issue—for example, 

in the USA during the 1930s and 1940s. The Connecticut Tumor Registry15 shows that 60% 

of patients with cancer were diagnosed in the advanced stage in 1935–1941. Thus, unless 

country-specific stage distributions are available, our level 1 scenario assumes that in 

countries and regions without screening or early detection programmes, and with low public 

awareness, 60% of breast cancers will present as advanced-stage disease.

The second scenario was elevated breast cancer awareness and clinical screening. When 

public awareness of breast cancer early detection is high, women are more likely to present 

for evaluation with smaller masses that can be clinically diagnosed on the basis of history 

and clinical breast examination. The Canadian National Breast Screening Study16–18 

randomly assigned women, between 1980 and 1985, to an intervention group 

(mammographic screening) or to a control group (clinical evaluation), including clinical 
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breast examination for 5 years, breast cancer awareness, and clinical screening. Since 35% 

of patients in the control group had advanced-stage disease, our model assumes that, in a 

setting where breast health awareness is prevalent and clinical access is available but 

mammographic screening is not, 35% of patients with breast cancer will present as 

advanced-stage disease.

The third scenario was mammographic screening, which reduces the incidence of 

presentation of advanced-stage disease by an estimated 15%.19 By applying this relative 

reduction to the 35% advanced-stage in the second scenario, our model assumes that, in a 

country where awareness of breast health is prevalent and mammographic screening is 

available, 30% of patients with breast cancer will present as advanced-stage disease.

Cancer treatment modelling

Our model assumes that all patients receive surgical therapy with or without radiation 

treatment for locoregional control, as reflected by cancer survival outcomes in the specific 

locations we modelled. To address the potential effects of improved programmes of systemic 

therapy, we modelled three scenarios beyond the standard of care. Programme A was current 

standard of care. Programme B was endocrine (tamoxifen or aromatase inhibitor) therapy for 

all ER-positive cases, including both early and advanced-stage disease. Programme C was 

programme B plus (anthracycline-based) chemotherapy for all ER-negative cases. 

Programme D was programme C plus chemotherapy for advanced (node positive) ER-

positive cases.

Model inputs

In sub-Saharan East Africa, breast cancer cases commonly present in the advanced stages.20 

The underlying causes include patient delays in seeking care and inability of primary care 

health-care providers to recognise early stage tumours; more than 40% of cases in the East 

African region have delayed diagnosis (>12 months from symptomatic presentation to 

diagnosis).21 Although patients with cancer undergo surgical resection, standard drug 

therapy (endocrine or chemotherapy) is not consistently available.

The Colombian population receives medical care through four different health plans: general 

health insurance for employees and their families, subsidised health insurance for low-

income individuals, public hospital assistance for people without any health insurance, and 

prepaid insurance for high-income individuals.22 Each plan is managed by insurance 

companies that provide health services via a network of clinics.22 Surgery, radiation, and 

systemic chemotherapy and endocrine therapy are available, but are not uniformly 

accessible. Opportunistic mammographic screening is available and has been endorsed for 

women aged 50–69 years; however, women within this age group are commonly not referred 

for screening. Thus, advanced-stage presentation is relatively common in Colombia.23

We used various parameters and values to model the standard of care in the East African 

region (low-income) and Colombia (upper middle-income; table 1). Location-specific and 

age-specific incidences were from the Cancer Incidence in Five Continents database.24 We 

used data from Uganda to represent the East African region. Stage distributions, ER status, 

and survival data were from location-specific literature. Since some baseline survival 
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estimates include a proportion of the population receiving systemic treatment, we used a 

mathematical conversion to quantify baseline survival estimates in the absence of these 

treatments (appendix).

In the East African region, we modelled ten policy interventions (E0-E9) for women aged 

30–49 years (table 2). 78% of patients with breast cancer in this region present with 

advanced-stage disease.20 This proportion of advanced-stage distribution is substantially 

higher than the 60% advanced-stage rate in the Connecticut Tumor Registry from 1935 to 

1941,15 suggesting that many people with early stage disease are not accessing health care to 

be diagnosed and counted. The efficacy of organised screening depends on all patients 

having access to care and more than 70% of the population being screened,33 which is not 

feasible in the East African region. Therefore, we did not include mammographic detection 

scenarios in our models. Since we assumed that endocrine treatment and chemotherapy are 

not typically available, we modelled treatment programmes B to D without any correction 

for drug therapy.

In Colombia, we also modelled ten policy Interventions (C0-C9) for women aged 50–69 

years and included mammographic detection scenarios (table 3). Better access to health care 

and awareness of breast health is reflected in the contemporary Colombian stage distribution 

of 45% advanced-stage disease.25 Since this proportion is already an improvement from the 

60% advanced-stage distribution seen in the Connecticut registry, we only modelled levels 2 

and 3. As an upper middle-income country, Colombia has an effective health-care system in 

which patients with insurance have access to standard drug therapy. In our model, we 

applied treatment frequencies for breast cancer in the USA in 2000 (table 3; appendix),32 but 

we recognise that this method might overestimate actual treatment in Colombia nowadays.

Our model can accommodate settings in which a proportion of the population is already 

receiving the treatment of interest; in this case, we model interventions that extend access to 

that treatment. The overall disease-specific survival, the proportion receiving treatment, and 

the efficacy of treatment on baseline survival must be known. The appendix shows how this 

information can be used to recover an estimate of baseline survival (in the absence of 

treatment), which can then be entered as an input into the model along with the specified 

treatment target.

Model outcomes

For both the standard-of-care and intervention scenarios, the model projects cumulative 

breast cancer incidence (C), death counts (D), incident survival (%; 100 × (C-D)/C), and 

years lived (Y) among the cohort over the given follow-up interval. To quantify the benefit 

of an intervention, we compared the intervention setting (I) to the standard-of-care (S) using 

three statistics: mortality rate ratio (DI/DS, where D is the death count; measure of relative 

reduction in mortality), absolute risk reduction (DS-DI; measure of absolute number of lives 

saved), and years of life saved (YLS; YS-YI, where Y is the years lived). Absolute risk 

reduction and YLS are highly sensitive to the specified follow-up interval and generally 

increase with time. Uncertainty intervals are derived by running repeated simulation models 

with constant parameter inputs and varying the random number seed.
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Model access and user interface

Our model code is available online, with a user-friendly interactive web interface to run the 

model. Users can customise inputs for various LMICs and early detection or treatment 

interventions. Although parameters 2–7 (table 1) must be specified from the literature, the 

interface provides regional incidence and all-cause mortality data via incidence24 and 

lifetable31 databases. We developed the model and interface using R (version 3.3.0) and the 

RShiny platform (shiny 1.0.0).

Role of the funding source

The funder of the study had no role in study design, data collection, data analysis, data 

interpretation, or writing of the report. The corresponding author had full access to all the 

data in the study and had final responsibility for the decision to submit for publication.

Results

We report 10-year cumulative breast cancer outcomes projected after the introduction of 

each of the modelled policy interventions in the East African region (E0-E9; table 2) and 

Colombia (C0-C9; table 3), where E0 and C0 approximate the current standard-of-care in 

each location.

For the 616 incident cases in women aged 30–49 years in the East African region case 

scenario, the absolute risk reduction (ie, lives saved) ranges from 23 (95% uncertainty 

interval [UI] −12 to 49; policy E1: no early detection efforts, tamoxifen for all ER-positive 

cases) to 113 (80 to 138; policy E9: clinical breast examination plus tamoxifen for all ER-

positive cases, chemotherapy for all ER-negative and advanced ER-positive cases). This 

finding translates to 92–418 YLS and a mortality rate ratio of 0·59 to 0·92—ie, relative 

mortality reductions of 8–41% (table 2). Mortality projections for interventions E6 and E7 

show that different combinations of treatment and early detection efforts might lead to 

similar increases in survival. We project that programme D, the more aggressive treatment 

with only breast education (E6), will reduce mortality to the same extent as programme B, 

the less aggressive treatment paired with clinical breast examination (E7), will.

Treatment benefit is greatest in the absence of early detection (figure 2A). Progression from 

treatment programme B to D with no early detection strategy (interventions E1-E3) saves 

between 23 and 60 lives. That same treatment progression under clinical breast examination 

(policies E7-E9) saves between 87 and 114 lives. The final treatment progression 

(interventions E8-E9) saves an additional eight lives. This finding shows the interaction of 

early detection and treatment in our model. As early detection improves, the incremental 

benefit of treatment decreases because, with favourable baseline survival, there are fewer 

lives to be saved.

We project 1767 incident cases in women aged 50–69 years in Colombia with absolute gains 

in lives saved ranging from 31 (95% UI −29 to 70; C1: tamoxifen for all ER-positive cases) 

to 105 (61 to 141; C9: mammographic screening plus endocrine therapy for all ER-positive 

cases, chemotherapy for all ER-negative cases, and chemotherapy for advanced ER-positive 

cases; table 3), which is similar to those in the East African region (table 2). The older age at 
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intervention limits the potential for YLS, which range from 122 years to 387 years. The 

results also reflect the better baseline stage distribution and survival in Colombia (table 1), 

which we attribute to the presence of some education on breast cancer. Relative gains range 

from mortality rate ratios of 0·75 to 0·93—ie, mortality reductions of 7–25% (table 3).

In Colombia, the incremental benefits of successive treatment with programmes C and D are 

negligible with all types of early detection (figure 2B). This finding reflects the good access 

to systemic therapy under the current standard of care (table 1).

Uncertainty intervals are wide in both settings because of the relatively small number of 

incident cases per 100 000 women (figure 2, tables 2, 3). Some of the treatment-only 

interventions (E1 and C1-C3) might not represent clinically significant improvements over 

the current standard of care because such policies only benefit a small proportion of cases in 

both settings—ie, all ER-positive cases in the East African region and the untreated ER-

positive and ER-negative cases in Colombia.

Discussion

This modelling framework quantifies the effect of breast cancer control efforts on mortality 

in low-income and middle-income settings and shows that different combinations of 

treatment and early detection interventions can yield similar mortality reductions in a given 

setting. This evidence can be used to optimise resource allocation. Our model is accessible 

via a user-friendly interface that allows non-experts to select data inputs that best 

approximate standard of care, and allows them to project a range of outcomes that are 

relevant to their preferred options for disease control.

Modelling is often used to develop policy for the control of cancer, allowing the synthesis of 

available information to fill in the gaps in evidence that remain when empirical 

investigations—such as randomised controlled trials— are not feasible. This situation is 

especially relevant in LMICs; without successful breast cancer control efforts, 65% of breast 

cancer-related deaths will occur in LMICs by 2025.34 Many models of breast cancer 

progression, detection, and outcomes exist,35–38 including several that are specific to 

LMICs.39,40 Our model differs from these in that it does not include the natural history of 

the underlying disease. Instead, it focuses on observable events in disease progression, 

which requires relatively few inputs from users, making the model highly transparent and 

portable across applications. Our modelling framework can be used by policy makers across 

various settings without the need for customisation for each new application.

Given the scarcity of available resources in LMICs, pragmatic planning—at least in the short 

term—is required to use few resources to benefit the largest proportion of the population. 

Easy-to-use models that can evaluate the performance of feasible strategies will be useful in 

LMICs. Our examples quantify the potential benefit of early detection and diagnosis 

strategies alone and in combination with endocrine and systemic chemotherapies. We 

anticipate that users of the model will focus on affordable and practical policies in their local 

setting; therefore, we focus on benefits rather than costs.
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Affordability is dependent upon the characteristics of the health-care system and known 

constraints to implementation. In the East African region, the burden of health-care costs 

falls primarily on patients. Low amounts of health spending have resulted in dysfunctional 

referral systems and fragmented health services, which contribute to advanced-stage 

diagnoses and poor outcomes. Policies that are relevant to such low-resource settings should 

be implemented with a resource-stratified, phased implementation approach. For example, a 

series of recommendations for Tanzania prioritises detection, treatment, and diagnosis of 

symptomatic breast cancers in primary care via the evaluation of symptoms through clinical 

breast examination. Additionally, educational activities are recommended to increase 

awareness of the importance of seeking care for breast cancer symptoms.

A review of Colombian breast health care reported that, although opportunistic 

mammographic screening is covered by contributory and subsidised health insurance plans, 

it is not organised well. A model to address implementation-related challenges in this setting 

was reported in a Peruvian study that involved stakeholders from the Peruvian Ministry of 

Health, the National and Regional Cancer Institutes, and non-governmental organisations. 

The intervention successfully targeted all aspects of breast health care by improving 

awareness of breast cancer, introducing resource appropriate early diagnostic technologies in 

local clinics, and building a successful referral system to regional cancer centres for 

locoregional and systemic treatment.

Perhaps the greatest challenge from a modelling perspective is the model’s dependence on 

inputs that are not routinely collected by registries in LMICs, including frequency of 

advanced stage disease at clinical diagnosis in the absence of screening and disease-specific 

survival by stage in the absence of treatments of interest. These datapoints are often 

unavailable or are available only for certain facilities or areas of the country. We used 

historical stage distributions from the Connecticut tumour registry as a proxy for stage at 

diagnosis in the absence of screening. Although this proxy is not ideal, the prevalence of 

advanced-stage disease at diagnosis from this cohort is similar to that reported in hospital-

based retrospective case reviews from the East African region. Even if reliable sources of 

data are available, the user will have to extract model-relevant inputs from incomplete or 

inconsistent data sources. Partially screened or treated populations are common and can 

make modelling difficult. In Colombia, for example, opportunistic mammographic screening 

is available but it is not universally used, and some of the population have access to systemic 

therapies. Thus, we modelled expanded access to existing screening or treatment 

interventions rather than to new ones. Regardless, the model still requires information on 

baseline survival in the absence of screening or treatment. The appendix includes a worked 

example of a calculation for this purpose, which is similar to that reported by Welch and 

Passow41 for a partially screened population.

Model inputs for early detection and treatment can also be challenging to estimate. For early 

detection, the anticipated shifts in disease stage associated with candidate screening 

strategies depend on the completeness and quality of screening implementation in the target 

population, which might have logistical determinants that are dependent on location. Zelle 

and colleagues42 used a mathematical model to predict stage shift as a result of screening in 

LMICs, but this model requires specification of other parameters pertaining to disease 

Birnbaum et al. Page 8

Lancet Glob Health. Author manuscript; available in PMC 2018 November 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



natural history, which are often unknown. We modelled expected stage shifts using data 

from the control group (clinical breast examination only) of the Canadian breast screening 

trial.16–18 Although not ideal, this result is a proxy for the effects of clinical breast 

examinations in an unscreened population. Our interface allows users to modify this input to 

better reflect their specific setting. Only two stages are considered because the number of 

specific downstaging options increases substantially as the number of stages increases, and 

data on the frequency of each option are not available. For treatment, efficacy estimates from 

randomised controlled trials represent a highly controlled, generally compliant setting across 

multiple cycles of therapy; because full compliance with such regimens might not be 

achievable in some LMICs, estimates can be overly optimistic.

Given the uncertainty that is inherent to model inputs for LMICs, our modelling framework 

permits assessment of uncertainty related to specified plausible upper and lower bounds for 

model inputs. Sensitivity analysis can be done via the user interface by substituting given 

values of the upper and lower bounds for any input parameter.

This first version of our modelling framework has a restricted number of outcomes and does 

not investigate the effect of modelled interventions on quality-adjusted and disability-

adjusted life-years. The addition of these outcomes to the model will be straightforward if 

the requisite inputs are available. We do not provide data on cost-benefit because cost 

estimates are often specific to each situation and can change rapidly. In middle-income and 

high-income countries, overdiagnosis is a major concern and occurs when indolent or slow-

growing tumours are identified by sensitive screening methods available in these countries. 

Overdiagnosis and overtreatment are not a problem in countries where most women present 

with locally advanced or metastatic disease and screening methods are typically less 

technologically advanced.

In summary, although the implementation of screening and treatment policies for breast 

cancer control that have shown success in high-income settings might be beyond the reach of 

many countries, our model is a tool for pragmatic decision making in LMICs. It allows 

assessment of the benefits of more modest improvements in awareness and access to 

diagnosis alone, or in combination with improvements in access to appropriate treatments. 

Ultimately, our model allows policy makers to focus on strategies that are affordable and 

practical in their particular setting, thus facilitating the identification of resource-appropriate 

policies, rather than a one-size-fits-all approach.43

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context Evidence before the study

We searched PubMed for articles published in English between Jan 1, 2005, and Dec 31, 

2017, using the search terms “LMIC” OR “low-income”, “policy”, “prediction”, 

“decision-making tool”, “population outcomes” NOT “personalized”, “models” AND/OR 

“simulation”, “breast cancer” AND/OR “screening” AND/OR “treatment”, “breast-

cancer specific survival”, and “treatment specific survival”. This search showed no 

models are accessible to policy makers that permit direct comparisons of the effect of 

systemic treatment or early diagnosis interventions on breast cancer-specific population-

based outcomes, using data specific to low-income and middle-income settings. Many 

existing models focus on risk analyses for individuals, such as prognostic models for 

treatment decisions. Models that are focused on policy generally rely on complex natural 

history assumptions (such as models from the Cancer Intervention and Surveillance 

Modeling Network consortium that are used to support mammographic screening 

recommendations in the USA) and most often relate to high-income countries. An 

exception is the work of Zelle and colleagues; their models project the cost-effectiveness 

of interventions for breast cancer control in low-income and middle-income countries 

(LMICs). These models also rely on underlying natural history to project the shift in 

cancer stage in response to screening; however, the parameters driving the model relate to 

latent events in disease progression and are not easily estimated in different settings. Our 

model simplifies this concept by allowing the user to specify the expected stage shift via 

an accessible user interface that is publicly available.

Added value of this study

Making evidence-based choices that are appropriate for the availability of resources is 

crucial to successful strategies for breast cancer control. Breast cancer incidence is 

increasing in many LMICs and scarce economic resources prevent adequate investment 

in early diagnosis and treatment programmes, resulting in poor outcomes for women. 

Policy makers often do not have access to evidence-based guidelines that are specific to 

their resource setting or geographic region. Most trials on breast screening and treatment 

are done in high-income countries, where health care provision is unfortunately far better 

than it is in most LMICs. We have previously developed an accessible modelling 

framework that separates the benefits of breast cancer screening from the benefits of 

treatment. Here, we describe the application of this framework to support evidence-based 

policy decisions in LMICs. The framework projects the effects of combinations of breast 

early diagnosis programmes (eg, education efforts or clinical breast examinations) and 

treatment options (eg, oestrogen-receptor testing and targeted endocrine treatment) on 

breast cancer-related mortality. Our online interface allows users to directly model 

different policies for breast cancer control and observe their population-level effects on 

breast cancer mortality. Our model has the specific advantage of allowing users to utilise 

region-specific data for baseline breast cancer incidence and survival and also 

accommodates partial dissemination of the interventions considered.

Implications of all the available evidence
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Our model quantifies the benefits of access to early detection versus access to adjuvant 

treatments in two settings with different resource constraints. The findings show that 

different combinations of interventions for early detection and treatment might result in 

similar reductions in mortality, thus providing an opportunity for policy makers in LMICs 

to make decisions on the basis of their resources and infrastructure capabilities.

Birnbaum et al. Page 14

Lancet Glob Health. Author manuscript; available in PMC 2018 November 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1: Schematic of the state-transition microsimulation model
Dashed arrow shows that early detection interventions decrease advanced-stage incidence. 

ER=oestrogen-receptor.
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Figure 2: Absolute risk reduction for each intervention compared with the standard of care in 
(A) the East African region and (B) Colombia
Error bars are 95% uncertainty intervals. Percentages in brackets are the proportions of 

women who present with advanced-stage disease. ER=oestrogen-receptor. B=endocrine 

therapy for ER-positive cases. C=B plus chemotherapy for ER-negative cases. D=C plus 

chemotherapy for advanced ER-positive cases.
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Table 1:

Inputs to the microsimulation model by seven parameters

Measures East African region Colombia

1 Clinical breast cancer incidence, by 
age

CI5-X,24 Rakai, Uganda (2003–07) CI5-X,24 Cali, Colombia (2003–07)

2* Proportion of cases that are advanced 
stage
(stage III or IV) at clinical diagnosis 
(%)

    78% (meta-analysis of studies from various countries 
in
sub-Saharan Africa)20

    45%25

3 Proportion of ER-positive cases (%)     41% (Kenya, Uganda, Tanzania, and Madagascar)26     70%27

4* Modelled proportion of the 
population receiving
each available treatment (A-D), by 
stage at
diagnosis and tumour type (%)

A: surgery only; B: A plus endocrine therapy for 100% 
of ER-
positive cases; C: B plus chemotherapy for 100% of
ER-negative cases; and D: C plus chemotherapy for
100% of advanced-stage ER-positive cases

A: surgery plus endocrine therapy 

and chemotherapy;† B: A plus
endocrine therapy for 100% of ER-
positive cases; C: B plus
chemotherapy for 100% of ER-
negative cases; and D: C plus
chemotherapy for 100% of 
advanced-stage ER-positive cases

5 Treatment efficacies (ie, reduction in 
the risk of
disease-specific mortality from each 
treatment),
by stage at diagnosis

Endocrine therapy: HR=0∙70 for ER-positive cases, 1∙0 
for
ER-negative cases; chemotherapy: HR=0∙775 for all; 
endocrine
therapy plus chemotherapy: HR=0∙5425 for ER-positive 
cases,
0∙775 for ER-negative cases (meta-analyses of treatment 
trials
worldwide, primarily USA, Europe, and Japan) 13,14

Same as for East Africa

6 Baseline disease-specific survival (in 
the absence
of systemic treatment), by stage at 

diagnosis‡

Advanced 35% (Uganda),28 early 69% (Ethiopia)29 Advanced 41%,30 early 84%30

7 Other-cause mortality rates, by age IHME lifetables, Uganda 201331 IHME lifetables, Colombia 201331

ER=oestrogen-receptor. HR=hazard ratio. IHME=Institute for Health Metrics and Evaluation.

*
Parameters altered when modelling a screening or treatment intervention.

†
Distributed as was done in the USA in 2000 (appendix).32

‡
5-year survival after clinical diagnosis by region (appendix).
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