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Abstract

Background: Female breast cancer is the most commonly diagnosed cancer in the world,
with wide variations in reported survival by country. Women in low-income and middle-income
countries (LMICs) in particular face multiple barriers to breast cancer services, including
diagnostics and treatment. In this analysis we estimate the potential impact of scaling up the
availability of treatment and imaging modalities on global breast cancer survival, together with
improvements in quality of care.

Methods: We used a microsimulation model of global cancer survival which accounts for the
availability and stage-specific survival impact of specific treatment modalities (chemotherapy,
radiotherapy, surgery, targeted therapy), imaging modalities (ultrasound, X-ray, CT, MRI, PET,
SPECT), and quality of cancer care to simulate 5-year net survival for newly diagnosed breast
cancer cases in 200 countries. We calibrated the model to empirical data on 5-year net breast
cancer survival in 2010-14 from CONCORD-3. We evaluated the potential impact of scaling up
specific imaging and treatment modalities and quality of care to the mean level of high-income
countries, individually and in combination. We ran 1,000 simulations for each policy intervention
and report the means and 95% uncertainty intervals for all model outcomes.

Results: We estimate that global 5-year net survival for women diagnosed with breast cancer

in 2018 is 67-9% (95% Ul 62-9-73.4), with a 25-times difference between low-income (3-5%
[95% UI 0-4-10:0]) and high-income (87-0% [95% Ul 85-6-88-4]) countries. Among individual
treatment modalities, scaling up access to surgery would yield the largest survival gains globally
(2:7% [95% Ul 0-4-8-3]), and CT would have the largest global impact among imaging modalities
(0-5% [95% Ul 0-0-2:0]). Scaling up a package of traditional modalities (surgery, chemotherapy,
radiotherapy, ultrasound, X-ray) could improve global 5-year net survival to 75-6% (95% Ul
70-6-79-4), with survival in low-income countries improving to 28-6% (95% Ul 4.9-60-1). Adding
concurrent improvements in quality of care could further improve global 5-year net survival

to 78-:2% (95% Ul 74-9-80-4), with substantial impact in low-income countries, improving net
survival to 55-3% [95% Ul 42-2-67-8]). Comprehensive scale-up of access to all modalities and
quality of care could improve global 5-year net survival to 82-3% (95% Ul 79-3-85:0).

Interpretation: Comprehensive scale-up of treatment, imaging, and quality of care could
improve global 5-year net breast cancer survival by nearly 15 percentage points. Scale-up of
traditional modalities and quality of care could achieve 70% of these total potential gains, with
substantial impact in LMICs, providing a more feasible pathway to improving breast cancer
survival in these settings even without the benefits of future investments in targeted therapy and
advanced imaging.
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INTRODUCTION

Female breast cancer is the most commonly diagnosed cancer in the world, with an
estimated 2-3 million new cases and nearly 700,000 deaths each year.! In low-income

and middle-income countries (LMICs) especially, women face barriers to breast cancer
care and experience poor survival outcomes. Reported 5-year net survival outcomes for
women with breast cancer are 40-60% in LMICs versus over 85% in many high-income
countries (HICs),2 which have experienced improvements in breast cancer mortality rates
due to improvements in early detection and adjuvant systemic therapy.3 In contrast to higher
income settings, a large proportion of patients in LMICs present with advanced stage breast
cancer, due to delays in diagnosis associated with both patient-level barriers (e.g. lack of
education, traditional medicine care-seeking) and health system barriers (e.g. healthcare
provider education, lack of access to diagnostic imaging).*>

To improve survival outcomes, the World Health Organization (WHO) and the Breast
Health Global Initiative (BHGI)” have prioritized the implementation of breast cancer early
diagnosis as the first phase of early detection program development in resource-limited
settings, as a prerequisite to screening.8 Early diagnosis requires accessible diagnostic breast
imaging and biopsy capability, which are used for cancer detection and tissue diagnosis,
which is needed for treatment planning.®

Improvements in access to breast cancer education, diagnostic imaging, pathologic tissue
diagnosis, and effective cancer treatment will all be needed to improve global breast cancer
survival. Resource-stratified clinical practice guidelines for women with breast cancer have
been published by the Breast Health Global Initiative® and the National Comprehensive
Cancer Network,1% which provide guidance on recommended care by cancer stage at various
levels of healthcare capability. However, a recent review of 49 distinct guidelines for breast
cancer treatment standards finds that the majority are not context appropriate, and that
further research on the formulation of cancer treatment standards is needed.! Estimating the
survival impact of specific breast cancer treatment components can therefore help provide
guidance to policy-makers to prioritize investments in their own context. In this analysis

we estimate the potential impact of scaling up the availability of treatment and imaging
modalities on global breast cancer survival, together with improvements in quality of care.

METHODS

Overview

We used a previously developed microsimulation (individual-level) model of stage-specific
breast cancer survival for newly diagnosed patients in 2018 in 200 countries/territories (see
Appendix pg 2-13). The model takes into account the availability and survival impact of
specific treatment modalities (chemotherapy, radiotherapy, surgery, targeted therapy), and
imaging modalities (ultrasound, X-ray, computed tomography [CT], magnetic resonance
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imaging [MRI], positron-emission tomography [PET], single-photon emission computed
tomography [SPECT]) (see Appendix pg 11-12).12 We modelled targeted therapies as a
group, which includes hormonal therapy, but for the purposes of this study individual
therapies were not analysed separately. The model also simulates quality of care, capturing
health-system and facility-level factors that account for residual differences in survival not
explained by cancer stage or treatment and imaging availability (e.g. quality of image
acquisition, nursing standards, infection control, etc) (see Appendix pg 13).12 We used
hierarchical models to synthesize data for each model input and estimate parameters for
countries for which no data were available (see Appendix pg 2). We simulated breast cancer
survival in each country, and evaluated the potential impact of scaling up access to treatment
and imaging modalities, as well as improving quality of care.

Survival impact of treatment/imaging modalities

In addition to treatment modalities, imaging also plays an important role in the management
of breast cancer. Due to insufficient data on underlying cancer incidence and stage
distribution, especially regarding the total (i.e. diagnosed and undiagnosed) cases in each
country, we focused our analysis on the survival impact of treatment and imaging modalities
conditional on diagnosis and stage, and did not consider the potential benefits of imaging on
early diagnosis or screening. However, aside from screening, increasing the use of imaging
can help to improve the quality of breast cancer treatment in a number of ways, from aiding
in initial diagnosis and staging to guiding treatment decisions and assessing response.

Although progression-free survival estimates are available from large cohort studies for
different targeted treatments, there is little information available for each modality on overall
survival impact compared to no treatment, which is the relevant comparator needed to
parameterize the model. We therefore used a two-stage survey to elicit expert opinions on
the impact of specific treatment and imaging modalities on stage-specific breast cancer
5-year net survival, previously described.12 A sample of actively practicing physicians was
selected from collaborating institutions, based on expertise in their field (cancer imaging
and/or therapy), with experience in both high- and low-income countries. Respondents were
asked to indicate the impact of each treatment/imaging modality on stage-specific five-year
net survival for newly diagnosed breast cancer patients using a four-point scale, ranging
from “necessary for 5-year survival’ to ‘no impact on 5-year survival’. We received between
18-34 responses for each modality. To provide consensus results, responses with at least
75% agreement were accepted as final responses, while responses with lower levels of
agreement were discussed by a panel of experts to forge final consensus. However, for
modelling purposes all responses (regardless of level of agreement) were used to estimate
prior probability distributions for the probability that each modality was necessary by
weighting the responses and estimating Beta distributions with the sum of the weighted
estimates (see Appendix pg 10-11 for details).

We also model the probability that each patient would benefit from ‘modern’ modalities
such as CT, based on historical trends in achievable survival before these modalities were
available (see Appendix pg 11-12). This helps guard against overestimating the clinical
benefit of modern modalities for breast cancer survival.
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We assumed that the survival impacts of each modality were independent for each individual
patient. However, we assumed that if a modality simulated as ‘needed for survival’ for

a patient was unavailable then survival was 0. This model structure allowed for potential
interactions between modalities, as multiple modalities may need to be scaled-up before all
‘required” modalities are available for a given patient.

Quality of care

In addition to the impact of specific treatment and imaging modalities, we also included
country-specific parameters for quality of care, defined by the Institute of Medicine as the
“degree to which health services for individuals and populations increase the likelihood

of desired health outcomes and are consistent with current professional knowledge”.13
This parameter captures health-system and facility-level factors that account for residual
differences in survival not explained by cancer stage or treatment and imaging availability.
We set wide priors with increasing probability of quality by income group (25%, 50%, 75%,
95%), and zero-mean priors for the other levels in the hierarchical model. Adequate quality
of care is assumed to be a prerequisite for survival in the model, and was thus not included
in the expert opinion survey. This parameter can therefore be interpreted as the probability
that the quality of care available is adequate to ensure 5-year survival, given the availability
of all necessary treatment and imaging modalities.

Stage at diagnosis

Survival estimates from 2010-2016 in the US from the Surveillance, Epidemiology, and End
Results (SEER) Program reveal substantial differences in 5-year (net) survival by stage:
Stage | = 100%; Stage 11 = 92%; Stage 111 = 74%; Stage 1V = 27%.14 To estimate the stage
distribution of diagnosed breast cancer globally we performed a literature review of reported
stage distribution (I-1V) by country, previously described.12 Estimates of breast cancer stage
at diagnosis were available from 162 studies in 84 countries (see Appendix pg 3-9). We used
a hierarchical modeling approach to regularize the reported estimates and estimate stage
distribution for countries for which no data were available.12

Survival estimates

Using our microsimulation model of global cancer survival, we estimated five-year

net survival in each country for breast cancer patients diagnosed in 2018 (based on
GLOBOCAN 2018 estimates), accounting for the joint distribution of age and stage. Model
inputs for the availability of treatment modalities were based on published estimates, and
the availability of imaging modalities was estimated using the International Atomic Energy
Agency (IAEA) IMAGINE database.1> The model was calibrated to empirical data on
five-year net cancer survival in 2010-14 from CONCORD-3 (see Appendix pg 14-19).16 We
do not consider mortality from other causes in this analysis as our outcome of net (relative)
survival already accounts for other-cause mortality. Full details on the model development
are available elsewhere.12 We estimated current stage-specific breast cancer survival in
each country, and evaluated the potential impact of individual policy interventions which
expand the availability of specific treatment and imaging modalities to the mean level of
high-income countries. We also simulated more comprehensive scale-up packages which
simultaneously expand the availability of multiple treatment and imaging modalities:
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treatment only, imaging only, traditional modalities (chemotherapy, radiotherapy, surgery,
ultrasound, x-ray), and comprehensive (all treatment and imaging modalities), both with and
without concurrent improvements in quality of care. Lastly, to illustrate potential pathways
to scale-up, we evaluated the effects of cumulative policy scale-up in which we sequentially
added scale-up of specific modalities and improved quality of care. We estimated the
cumulative impact of sequentially expanding access to: 1) treatment availability (traditional
modalities); 2) imaging availability (traditional modalities); 3) quality of care; 4) targeted
therapy; 5) CT; 6) MRI; 7) SPECT; 8) PET.

Although breast cancer mortality may be a better outcome when evaluating the impact

of policies which may change when patients are diagnosed (e.g. due to the potential

for lead-time bias), as all of our model estimates are conditional on stage and diagnosis

(i.e. the modelled policies do not change the point at which patients are diagnosed), we
believe that five-year net survival is an appropriate outcome for evaluating the comparative
effectiveness of these policies. When calibrating the model we ran 2,000 independent search
chains of 1,000 iterations each, and selected the final 100 best-fitting parameter sets to
account for uncertainty around the model parameters.12 In each of the final 1,000 policy
scenario simulations we sampled a parameter set (from the best-fitting 100 sets) at random,
accounting for both first-order (patient-level stochastic) and second-order (parameter)
uncertainty. We chose 1,000 simulations as a balance between computational efficiency and
the stability of our simulated outcomes. We report the mean and 95% uncertainty intervals
(UI), calculated as the 2:5 and 97-5 percentiles of the simulation results. Our estimated 95%
Uls, reported for all model outcomes, therefore indicate the sensitivity of our results to
different parameter values and account for their joint distribution. To assess the robustness
of our predictions, we compared our results to our training set of CONCORD estimates

(i.e. used to calibrate the model), as well as to a test set of randomly selected CONCORD
estimates withheld from calibration (i.e. not used to fit the model) (see Appendix pg 14-17).
The simulation model was developed in Java (version 1.8.0).

Role of the funding source

RESULTS

The funders of the study had no role in study design, data collection, data analysis,
data interpretation, or writing of the report. All authors had access to the data, and the
corresponding author had the final responsibility to submit for publication.

Expert opinion consensus results for the impact of each treatment and imaging modality

on five-year net breast cancer survival are presented in the Appendix (pg 11). The findings
suggest that while surgery alone may be used to manage stage | breast cancer (though

in some cases systemic therapy is required, and radiation required for patients undergoing
partial mastectomy), in addition to surgery the use of chemotherapy, hormonal therapy, and
targeted therapies are often required to treat stage Il-stage 111 cancers, while chemotherapy,
hormonal therapy, targeted therapy, and radiation are often utilized for patients with stage 1V
cancers. With respect to imaging, expert opinion indicates that ultrasound is necessary for all
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stages of breast cancer, MRI can be helpful in selected patients for further breast evaluation,
while CT, PET, and SPECT are recommended for more advanced stages.

Assessing the model fit, we found that the model prediction intervals (95% Ul) for the
training set of breast cancer calibration targets overlapped with the CONCORD 95% Cls
92-6% of the time, contained the reported point estimate (i.e. coverage probability) 83-3%
of the time, and that our mean five-year net survival estimates had a mean absolute

error of 4.28 (SD 5-87) percentage points compared to the CONCORD point estimates
(see Appendix pg 14-16).12 Although the test set of CONCORD estimates (not used for
calibration) only comprised five estimates for breast cancer, the model performed well
compared to this small test set: the prediction intervals contained these estimates with 80%
coverage and a mean absolute error of 2:34 (SD 1.40) percentage points (see Appendix pg
17).12 These predictive accuracy checks on data not used to fit the model help to build
confidence in the robustness of the model estimates.

Posterior means and 95% Uls of breast cancer stage distribution and stage-specific survival
are reported from the calibrated simulation model by country income group and geographic
area in Table 1. We estimate that 72-:2% (95% Ul 47-6-93-9) (53,830/74,610) of breast
cancer cases are diagnosed at advanced stage (I11-1V) in low-income countries, compared
to 18:8% (95% Ul 11-7-26-0) (156,560/834,925) in high-income countries (see Appendix
pg 20). We estimate that overall global five-year net survival is 67-9% (95% Ul 62-9-73-4)
and varies widely by country income group and geographic area, with a nearly 25-times
difference in net survival between low-income (3.5% [95% Ul 0.4-10.0]) and high-income
(87.0% [95% 85.6-88.4]) groups and large variation by country (see Figure 1).

We find that the scale-up of specific treatment modalities that would yield the largest
survival gains varies by income group and area (see Table 2). Specifically, we find that
scaling up access to surgery would yield the largest survival gains globally (2:7% [95%

Ul 0-4-8:3]) and in low-income and lower-middle-income countries, and in Africa, Asia,

and Oceania in general, while expanding targeted therapy availability would yield the

largest gains in Latin America and the Caribbean and upper-middle-income and high-income
countries as a whole.

For imaging, we also find that the scale-up of individual modalities that would yield the
largest survival gains varies by context (see Table 2). Expanding the availability of CT
would yield the largest survival gains globally (0-5% [95% Ul 0-0-2-0]), and in lower-middle
income countries and Latin America and the Caribbean in particular. Expanding ultrasound
would yield the largest survival gains in low-income countries and Africa, while MRI is
estimated to yield the largest survival benefits in upper-middle-income countries and Asia,
with PET (Europe) and SPECT (North America, Oceania) yielding the largest benefits in
high income countries. However, the gains from expanding any single treatment or imaging
modality individually are small.

We find that scaling up the availability of all treatment modalities to the mean level of
high-income countries could improve global 5-year net breast cancer survival to 75-3%
(95% UI 70:-4-79-1), while increasing availability of all imaging modalities to the mean
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level of high-income countries could improve global 5-year net survival to 70-0% (95% Ul
64-2-75:2) (see Table 3). Increasing only traditional modalities (chemotherapy, radiotherapy,
surgery, ultrasound, x-ray) could improve global 5-year net survival to 75-6% (95% Ul
70-6-79:4), and adding quality of care improvements could further improve survival to
78:2% (95% Ul 74-9-80-4), while comprehensive scale-up of all modalities and quality

of cancer care could raise global 5-year net survival to 82-:3% (95% Ul 79-3-85.0) (see
Table 4), with substantial survival gains in low-income (3:5% [95% Ul 0-4-10-0] to 63-4%
[95% 50-2-76-8]) and lower-middle income (30-2% [95% Ul 8:6-51-6] to 72:7% [95% Ul
63.1-81.9]) countries (see Figure 2a) and Africa (22:7% [95% Ul 11.5-34-2] to 67-6% [95%
Ul 57-6-77-2]) and Asia (61-1% [95% UI 51-3-71-4] to 81-0% [95% Ul 75.2-85-8]) (see
Figure 2b).

DISCUSSION

We find that breast cancer outcomes vary substantially by country income group and
region, with much worse stage at diagnosis in lower-income settings and a 25-times
difference in survival between low-income and high-income countries. Globally, we find
that comprehensive scale-up of treatment, imaging, and quality of care to the mean levels in
high-income countries could improve five-year net breast cancer survival by 15 percentage
points, with traditional modalities and quality of care contributing to 70% of the increase,
achieving most of the potential gains in breast cancer survival in LMICs.

Among single treatment modality interventions, our model results suggest that expanding
surgery availability would yield the largest breast cancer survival gains in low-income and
lower-middle-income countries, while increasing the availability of targeted therapy would
yield the largest gains in upper-middle-income and high-income countries. Improving the
availability of radiotherapy is estimated to lead to larger survival gains than chemotherapy
in low- and lower-middle-income countries, as radiotherapy is generally less likely to be
available at present, offering larger potential gains from scale-up. We also find that the
relative priority of single imaging modality policies differs by context. Specifically, we
find that expanding access to CT would yield the largest survival gains globally, and in
lower-middle income and Latin America and the Caribbean in particular, although these
gains are smaller than those offered by improving treatment modalities such as surgery or
chemotherapy. In low-income countries, scaling up ultrasound would yield the largest gains,
especially in Africa. In contrast, in upper middle-income countries and Asia and we find
that MRI1 would yield the largest survival gains, while PET and SPECT would yield the
largest gains in high-income countries, although these gains are small as survival is already
relatively high in high-income countries.

However, with the exception of expanding surgery in lower-middle-income countries, which
is estimated to increase survival by 10 percentage points, we find that the survival impacts
of expanding the availability of any single imaging or treatment modality are relatively
modest even in lower-income countries. More comprehensive packages of scale-up will
therefore be needed to substantially improve breast cancer survival. To achieve such scale-
up, investments must be made across disciplines to ensure successful delivery of effective
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breast cancer care,? including equipment, infrastructure, and training of engineering and
health professionals.

In addition to scaling up treatment availability and quality of care, health system
strengthening efforts to improve cancer prevention and early detection will also be needed,
as we find that a survival gap still exists by country income group after comprehensive scale-
up due to higher stage at diagnosis (see Figure 2A). These findings suggest that about 70%
of the survival gap between low- and high-income countries could potentially be addressed
by improving treatment availability and quality of care, with earlier detection of cancers
needed to further improve survival. Early diagnosis of breast cancer has a major impact on
survival, a concern further emphasized by the recent delay in diagnoses of breast cancer even
in high-income countries due to the COVID-19 pandemic.17-18 Although mammographic
screening has limitations, such as overdiagnosis,1® there may be opportunities to improve the
cost-effectiveness and benefit-harm tradeoffs of breast cancer screening through the use of
evolving risk prediction models to guide risk-stratified screening strategies.2:20 Especially in
low-resource settings, early diagnosis should be prioritized before screening, and programs
should be developed to raise public education/awareness, improve clinical knowledge in
primary care, and ensure facilities for adequate diagnosis and treatment are in place,
including access to diagnostic imaging.2122 Universal health coverage (UHC) expansion
also offers the potential for prevention and early detection efforts, as well as improved
access to treatment. Although we did not examine the impact of UHC in this analysis due

to data limitations, future research examining the impact of UHC on cancer outcomes could
provide valuable information for policymakers.

Although diagnostic mammography is generally the first imaging study performed in high-
income countries for women presenting with breast cancer symptoms and/or signs, the
general lack of mammography equipment in lower-income settings means ultrasound is
often the main imaging modality for initial breast cancer evaluation. Ultrasound is essential
for management of breast cancer and can be used to evaluate a breast complaint, identify

a mass, suggest benign versus malignant nature, and can also be used to guide diagnostic
biopsies.23

Encouragingly, new technologies have yielded mobile ultrasound devices that are safe,
simple, and more affordable. However, although LMICs are using such mHealth ultrasound
devices for point-of-care imaging, their use for breast cancer capacity building has so far
been limited.24-26 Although a shortage of trained ultrasound providers remains a bottleneck
in LMICs, recent studies have shown that community health workers and nurses can be
taught to effectively use ultrasound to triage women with breast complaints and prioritize
access to care for women with suspicious findings.2” Improvements in digital connectivity
which allow imaging studies to be transmitted to central sites for interpretation could also
improve the accessibility and quality of staging information.

In addition to ensuring treatment availability, establishing basic imaging capacity, such as
ultrasound, can have profound effects on treatment efficacy and patient outcomes for women
with breast cancer. Imaging can improve survival outcomes through cancer staging and
treatment planning, by guiding interventions, and by assessing response to therapy, with
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modalities having different impacts by stage of breast cancer, as estimated in our model
(see Appendix pg 18-19). After scaling-up traditional treatment and imaging modalities and
improving quality of care, the introduction of additional modalities, such as CT, etc. offers
further incremental benefits, as demonstrated by our model findings, and can be included as
resources allow.

Although we synthesized data from multiple sources, data limitations mean that we had

to make assumptions when developing the model. For example, data on the distribution of
breast cancer stage at diagnosis were only available for selected countries, and are often
not available from population-based cancer registries. In addition, we lacked data on the
distribution of breast cancer biological subtypes, which are currently implicitly modelled
via the treatment impact parameters of targeted therapy, for which estimates of global
availability are also scarce. Similarly, although accounting for quality of care is important
to control for health-system and facility-level factors not explicitly included in the model,
we lacked empirical estimates of specific quality of care indicators which would be useful
to inform our model estimates. For example, a recent study found increasing risks of
postoperative mortality in LMICs after cancer surgery, although these differences were not
statistically significant for breast cancer, perhaps due to the sample size available.28 We also
did not model an explicit time horizon for scale-up, instead assuming immediate scale-up
to estimate the potential gains in survival that policies could achieve over a longer period
of time. Similarly, we did not have global data on longer-term survival outcomes (e.g.
10-year net survival) with which to fit the model. However, given that longer-term breast
cancer survival curves (e.g. from SEER)!# are fairly stable after 5 years (i.e. shallower
decline), it is unlikely that evaluating longer-term survival instead would substantially
change the relative impacts of the policies considered. Lastly, because we modelled survival
for newly diagnosed patients (i.e. conditional on stage and diagnosis), we did not consider
the impact of mammaography for breast cancer diagnosis (or screening), or the impact of
other diagnostics (e.g. pathology) on breast cancer outcomes. Although we are not aware
of other modelling studies that have estimated the impact of imaging modalities on global
breast cancer survival, our results regarding treatment availability are broadly similar to
other modelled estimates. For example, we find that expanding treatment availability in
Eastern Africa would increase breast cancer survival by about 13 percentage points, which
is similar to the 10 percentage point survival increase estimated by Birnbaum et al.2? from
expanding the availability of chemotherapy and endocrine therapy for currently detected
ER+ cases in the region. Although these estimates are not directly comparable due to
differences in modelled outcomes, this type of broad model benchmarking can help to build
confidence in the general results.

Overall, we find that comprehensive scale-up of treatment, imaging, and quality of care
could improve global 5-year net breast cancer survival by nearly 15 percentage points.
Scale-up of traditional modalities and quality of care could achieve 70% of these total
potential gains, with substantial impact in LMICs, providing a feasible pathway to
improving breast cancer survival in these settings even without the benefits of future
investments in targeted therapy and advanced imaging.
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Research in context
Evidence before this study

Recent data on five-year net survival for breast cancer is provided by the CONCORD-3
study. GLOBOCAN 2020, produced by the International Agency for Research on Cancer,
also provides modeled mortality estimates for breast cancer. We searched PubMed using
the search terms “breast cancer”, “survival”, “global”, and “imaging” on March 25, 2021,
without language or publication date restrictions, and found no estimates of the impact of

imaging or treatment modalities on global breast cancer survival.
Added value of this study

Using a microsimulation model of global cancer survival for patients diagnosed in
2018, this study provides estimates of breast cancer stage distribution and five-year net
survival (stage-specific and overall) for 200 countries and territories. We provide expert
opinion consensus on the impact of treatment (chemotherapy, surgery, radiotherapy and
targeted therapy) and imaging modalities (ultrasound, X-ray, computerized tomography
[CT], magnetic resonance imaging [MRI], positron emission tomography [PET], and
single photon emission computed tomography [SPECT]), and estimate the potential
breast cancer survival impact of scaling up specific treatment and imaging modalities in
different contexts. Among single imaging modalities, we find that expanding CT would
yield the largest survival gains globally, while expanding ultrasound would have the
largest impact in low-income countries and Africa, with CT in lower-middle, MRI in
upper-middle income, and PET and SPECT in high-income countries having the largest
impact. Improving surgery availability would yield the largest gains globally among
individual treatment modalities, especially in low- and lower-middle income countries,
while improving targeted therapy availability would have the largest impact in upper-
middle and high-income countries.

Implications of all the available evidence

Breast cancer stage at diagnosis and survival varies substantially by country due to
differences in early detection, quality of care, and the availability of treatment and
imaging modalities. Comprehensive scale-up of treatment, imaging, and quality of care
could improve global 5-year net breast cancer survival by nearly 15 percentage points.
Scale-up of traditional modalities (chemotherapy, radiotherapy, surgery, ultrasound, x-
ray) and quality of care could achieve 70% of these total potential gains, with substantial
impact in LMICs, providing a more feasible pathway to improving breast cancer survival
in these settings. Health system strengthening efforts to improve cancer education and
early detection will also be needed to reduce global disparities in breast cancer stage at
diagnosis and survival.
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Figure 1:
Estimated 5-year breast cancer net survival by country
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Estimated 5-year breast cancer net survival with cumulative scale-up of treatment and
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Table 1:

Breast cancer stage at diagnosis and survival by income group and area, means (95% Ul)

Page 16

Stage | Stage 11 Stage 111 Stage IV
5-year net 5-year net 5-year net 5-year net
% of cases  survival (%) % ofcases survival (%) % ofcases  survival (%) % ofcases survival (%)
GLOBAL 274 929 396 739 246 483 84 15.7
(19:2-35:5) (87.0-96:5) (30:7-50-4) (66:3-80:5) (16:8-33:3) (39:6-57-7) (4-2-13.9) (10-6-20-9)
Low 112 80 16:7 4.9 480 241
Income (02-381)  (04-37:6)  (26-419)  (0217.3)  (255703) 280294 (geu75 2200172
kﬂ"l‘(’j"j{e 7.9 477 416 368 362 264 14.3 10-2
Income (1.7-16:9) (11.8-837) (22:3-58.9) (5-9-65:7) (15:5-59-1) (7-3-48-6) (2:2-30:3) (5-1-15-7)
k’ﬂ’fgg{e 223 95.0 432 824 283 61.7 63 190
Income (13.0-357) (92:2-97-1) (28:4-57-2) (77.1-87-1) (17.0-41.0) (56:9-67-6) (2:1-11.5) (13:6-237)
High 43.9 980 374 896 131 696 56 241
Income (29:8-51.9) (96:5-99-1) (28:5-49-1) (86:2-92:6) (6-6-21-8) (64-9-737) (3:1-9-7) (18-3-28-8)
Africa 11.2 44.8 24.8 352 441 17-5 19.9 6-5
(2:5-29-2) (13:3-73-8) (10-8-45-1) (17-2-55-4) (20:5-65-4) (7-2-31-2) (8:3-41-3) (2:5-11-4)
Asia 199 89-3 44.3 665 276 462 82 14.5
(11.3-30:9) (76-3-96-9) (26:5-57:5) (53:1-77.9) (16:5-41.8) (30:6-59-0) (2:1-16:0) (8-3-20-6)
Europe 367 965 387 84.7 180 613 6-6 201
P (24-8-47-2) (94-0-98-7) (29:0-53-7) (78:9-90.0) (10-4-28-4) (52:9-67-3) (3:6-10-5) (14-3-25-3)
Latin
America 232 958 40-4 823 287 606 77 183
and the (12:2-44-2) (91.0-98:3) (26:9-57-3) (72:3-88.0) (16:7-40-3) (52:1-66:7) (3:2-14-8) (13:5-23:6)
Caribbean
North 48.0 98-8 339 922 121 734 6-0 268
America (33:1-557) (97-4-99-7) (25-4-45-4) (87-8-94-8) (5:9-19-2) (67-7-77-6) (3:1-10:0) (21.6-314)
Oceania 394 96-0 394 816 156 55.7 5.6 202
(23.0-49-2) (89:6-99-2) (29:-8-50-0) (72:1-90-4) (5:7-31.0) (42:3-67-9) (2:9-9-2) (12:7-28:5)
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Table 3:

Policy packages to scale-up availability of treatment/imaging modalities

Page 19

Baseline No quality improvements With improvements in quality of care
Treatment Imaging Traditional Comprehen  Treatment Imaging Traditional ~ Comprehen
only only only* sive only only only* sive
Global 679 753 700 756 794 773 712 782 823
(62:9-73:4) (70-4-79:1) (64-2-75-2) (70-6-79.4)  (73.9-83:3) (73:3-80-6) (65:0-76:9) (74.9-80-4)  (79-3-85-0)
Low 35 16-8 6-0 286 327 304 11.8 553 634
income (0-4-10-0) (2-0-43-8) (0-8-14-8) (4-9-60-1) (5-5-659) (11-0-53.9)  (3-3-31.0)  (42-2-67-8)  (50-2-76-8)
;%‘ﬁ; 30-2 54.8 34.7 57:6 65:2 611 387 64.2 727
income (8:6-51-6)  (36:2-68:0)  (9-2-59-6)  (36:6-70-6)  (42.9-78.0)  (43:5-73:3) (11.0-62:6)  (53-8-72:9)  (63-1-81.9)
%’I’gjl; 755 79.3 780 779 824 79.6 783 782 82.7
income (71.4-79:5) (75-1-83:4) (73.7-82.0) (73:1-814)  (79:5-85.7) (754-83.8) (73.7-824) (73-2-81.7)  (79-8-85-9)
High 87.0 879 875 874 885 881 877 876 886
income (85:6-88:4)  (86-4-89-5) (86-0-89-0) (86:0-88:8)  (87:1-90-2)  (86:5-89-8) (86:3-89-4) (86-1-89-1)  (87-1-90-6)
Africa 22:7 407 26-0 46-7 52:5 488 300 59.9 676
(11.5-34-2) (24-8-60-1) (12:6-40-4) (28:1-63:6)  (33:6-72:5) (30-2-645) (14-8-50-3)  (48:9-69-0)  (57-6-77-2)
Eastern 6-2 19.7 87 311 355 315 14.5 558 638
Africa (1-4-16-4) (1.9-55:3) (1-6-23-3) (2:9-68:6) (3:3-75:6) (9-4-68-0) (4-0-382)  (36:2-73-8)  (43:1-82:6)
Middle 54 240 7-9 348 399 359 114 566 650
Africa (0-2-23-7) (1-2-63:6) (0-3-29:5) (1.7-65-2) (2:1-76:8) (8-6-66-5) (0-8-53:5)  (37.9-70-4)  (44.5-79:5)
Southern 327 63-3 359 63-0 70-5 65-8 377 655 733
Africa (10-0-70-1)  (40-8-76-7) (10-4-76-8)  (41.0-77:2)  (459-84:3)  (495-79-4) (10-4-76:9)  (55-0-79-0)  (61-8-85-3)
Western 12.4 355 158 437 501 428 184 556 638
Africa (0-5-33:6) (2-8-59-2) (0-8-40-0) (3-6-62'5) (4-1-70-9) (15-5-62:6)  (3-5-42:7)  (43-2-65:8)  (49:4-74.0)
Northern 458 592 498 59.7 659 655 545 660 729
Africa (19-2-74-1)  (29:5-77-4) (19-8-76-9) (285-77:2)  (31:1-82.0) (46:3-80-5) (257-80-1) (46-4-79-4)  (54-5-84.7)
Asia 611 724 641 729 779 749 657 756 810
(51-3-71.4) (62:7-78:9) (53-1-74.9) (65:0-784)  (68:1-82:9) (66:5-79-8) (53:6-76:8) (69-8-80-0)  (75-2-85-8)
Central 32:6 65-2 354 67-3 743 70-3 374 731 80-9
Asia (4-8-70-6)  (384-79:3) (5:1-75:3)  (37:0-78:4)  (39-9-84.9) (46:9-82:1) (5-2-75:9)  (65:6-80:5)  (72:8-86:5)
Eastern 813 831 833 822 854 833 835 825 857
Asia (75-1-85-8) (77-8-884) (78-2-87-9) (75-8-86-8)  (81-5-89-3)  (77-8-89-0) (78-5-88:2) (75-8-87:0)  (81.7-89-4)
Eg;‘ttehm 36:6 55.3 42.9 59.7 67:3 59-3 451 64.0 72:3
Asia (16:4-66-2) (26:7-73-7) (17-7-72:3) (32:6-716)  (35-8-80:8) (29-8-752) (184-73.0) (54-1-73-2)  (61-8-82:1)
Southern 337 603 370 611 688 66-4 41.0 675 759
Asia (3-2-63-1)  (253-746) (3-3-66:5)  (24-7-74-3)  (269-84.0) (39:5-78:3)  (4-6-77:1)  (46:0-77:3)  (52:2-85-3)
Western 70-5 76-6 717 771 79-6 79-0 730 805 835
Asia (61.6-79:4) (66-1-85-7) (62:4-80-9) (67:0-86:6)  (69-0-89-0) (68.9-88.1) (63:2-84.8) (73-3-88:6)  (76-9-90-7)
Europe 806 831 818 821 846 838 824 829 854
p (78-0-83:1) (80:5-854) (787-84-7) (79-2-84-6)  (81-1-87-2) (816-85-8) (79-8-84.9) (81-1-84.9)  (83:2-87-4)
Eastern 689 737 716 725 i 757 733 745 800
Europe (62:1-74-7)  (64-5-79-7) (64.7-78-7)  (63:3-787)  (67-1-83:1)  (70-1-80-8) (65-8-80-2) (69-3-78-9)  (75-6-84-2)
Northern 85-9 87:1 866 865 878 873 868 867 880
Europe (83.7-88:6)  (84-9-89:5) (83-7-89-7)  (84:1-89:3)  (85-2-90-3)  (85-3-895) (83:7-89:7) (84-2-89-3)  (85-8-90-3)
Southern 830 854 836 843 862 858 840 847 866
Europe (77-9-87:2) (79:9-89-6) (786-88:6) (79-6-88:7)  (82:1-90:5) (82:4-89-9) (79-7-88-8) (81.0-88:8)  (82:7-90-6)
Western 867 875 87.0 869 878 87.7 872 871 880
Europe (83:7-89:9)  (83:7-90-4)  (84-6-90-0)  (83:7-89:9)  (84-8-90:5)  (84-0-90-5) (84-7-912) (83-9-90-4)  (85-0-91-2)
Latin 743 779 768 766 811 783 772 771 816
America (68:5-78:6) (72:9-82:2) (70-1-84-5) (71.7-81.3)  (77-2-855)  (73.7-84.1) (70-3-84.6) (72:2-81-3)  (77-7-85-8)
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Baseline No quality improvements With improvements in quality of care
Treatment Imaging Traditional Comprehen Treatment Imaging Traditional Comprehen
only only only* sive only only only* sive
and the
Caribbean
Caribbean 699 737 721 733 774 752 725 753 796
(61-6-79:3) (64-2-84-7) (63-1-81.6)  (64.0-83:6)  (66:9-86:7)  (66-8-855) (634-82:5) (66-9-84-2)  (71-2-88'5)
Central 687 762 700 746 780 770 707 755 789
merica
Ameri (46-8-77-9) (68-2-82.7) (46-9-79-8) (65-8-824)  (70.9-83:6)  (68:2-82:8) (47:9-79.9) (67-8-82:6)  (71-0-83-7)
South 760 786 789 773 821 789 792 776 825
America (70-5-80-3) (73-7-84-3) (72-3-86-9) (72:7-812)  (77-6-86:9) (73.7-853) (72:3-86:9) (72:7-82:.0)  (78-0-86-9)
Northern 892 895 895 894 898 895 896 895 898
merica
Ameri (86-7-91.1) (86:7-91-5) (87-0-91.7) (86-7-91.5)  (87-0-91.7)  (86-7-91.6) (87-1-92'5) (86-7-91.6)  (87-1-92:5)
Oceania 800 835 813 835 856 850 824 852 876
(74.2-85-8) (77-6-89:1) (74.9-87-2) (77-1-89:1)  (785-90-3) (80-1-89-6) (75-2-89-4) (80-4-89-8)  (83-7-91-3)
Australial 860 876 868 867 88.4 88.0 872 871 888
Zealand (79:9-91.6) (83:5-91.6) (80-9-92.1) (82:1-916)  (84:2-92.1) (836-91.7) (81.7-922) (82:1-91.7)  (84-8-92:3)
Melanesia 17.0 409 230 494 560 538 317 657 746
(1-6-58-1) (4-6-72:3)  (2:5-72:0) (6-3-70-7) (7-1-80:3) (9-1-74-9) (2:.9-74-6)  (55:6-74.0)  (64-5-82:6)
Micronesia 302 516 362 566 635 616 432 675 759
(4-7-66-1)  (11.9-780) (6:5-76:1)  (13-2-76-9)  (151-84.4)  (21.5-80-4) (10-3-80-2)  (54:6-79:4)  (63:0-86:9)
Polvnesia 353 589 435 653 729 657 485 721 805
Y (3-8-77-6) (9-4-83.0)  (5:0-85:3)  (10-8-82:9)  (11-8-90-0)  (16:0-84.0) (12:8-86:4) (58-8-839)  (68:0-90:6)

*
Traditional modalities: chemotherapy, radiotherapy, surgery, ultrasound, x-ray
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Table 4:

Page 21

Policy scenarios to scale-up availability of treatment/imaging modalities to the mean level of high-income

countries
Scale-up to mean of high-income countries
Treatment Imaging Estimated
global
breast
cancer 5-
year net
Cumulative survival
Scale-up Chemo-  Radio- Targeted Quality Ultra-  X- (%), mean
Scenarios therapy therapy Surgery therapy ofcare sound ray CT MRI SPECT PET (95% UI)
Baseline 67-9
(status quo) (62:9-73.4)
+ Treatment 74.4
(traditional) X X X (69-9-78.2)
+ Imaging 756
(traditional) X X X X X (70-6-79.4)
. 782
+ Quality X X X X X X (74.9-80.4)
+ Targeted 79-1
Therapy X X X X X X X (75-7-81-4)
796
+CT X X X X X X X X (763-82.1)
806
+ MRI X X X X X X X X X (76:3-82.1)
+ SPECT X X X X X X X X X X 812
(78:7-84-2)
+PET X X X X X X X X X X X 82:3
(79-3-85-0)
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