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abstract

PURPOSE Resource-stratified guidelines (RSG) for cancer provide a hierarchy of interventions, based on re-
source availability. We quantify treatment need and cost if National Comprehensive Cancer Network (NCCN)
RSGs for breast cancer (BC) are adopted globally.

METHODSWe developed decision trees for first-course systemic therapy, merged with SEER and Global Cancer
Observatory 2018 incidence data to estimate treatment need and cost if NCCN RSG are implemented globally
based on country-level income. Simulations were used to quantify need and cost of globally scaling up services
to Maximal.

RESULTS Based on NCCN RSG, first-course chemotherapy is indicated in 0% (Basic), 87% (Core), and 86%
(Enhanced) but declined to 50% (Maximal) because of incorporation of genomic profiling. First-course en-
docrine therapy (ET) is indicated in 80% in all settings. In 2018, treatment need was 1.4 million people for
chemotherapy, 183,943 for human epidermal growth factor receptor 2 (HER2) therapies and 1.6 million for ET.
The cost per person for chemotherapy or HER2 or immunotherapy increased by 17-fold from Core to Maximal
($1,278-$22,313 Australian dollars [AUD]). The cost of ET per person rose eight-fold from Basic to Maximal
($1,236-$9,809 AUD). If all patients with BC globally were treated with Maximal resources, the need for
chemotherapy would decline by 28%, whereas cost of first-course treatment would rise by 1.8-fold ($21-$37
billion AUD) because of more costly therapies.

CONCLUSION NCCN RSGs for BC could result in chemotherapy overtreatment in Core and Enhanced settings.
The absence of chemotherapy in Basic settings should be reconsidered, and future iterations of RSG should
perform cross-tumor comparisons to ensure equitable resource distribution and maximize population-level
outcomes. Our model is flexible and can be tailored to the costs, population attributes, and resource availability
of any institution or country for health-services planning.
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INTRODUCTION

Breast cancer (BC) accounts for 11.6% of new can-
cers and 6.6% of all cancer-related deaths.1 If all
countries delivered chemotherapy based on best-
practice guidelines in 2018, approximately 1.4 mil-
lion people would have benefitted from BC
chemotherapy.2 Low- and middle-income countries
(LMICs) account for approximately 60% of global
cases1 and have higher mortality-to-incidence ratios
than high-income countries.1,3 As LMICs continue to
undergo economic and demographic transition, rising
treatment needs will place increasing demands on
largely underprepared health systems.

The National Comprehensive Cancer Network (NCCN)
has developed resource-stratified guidelines (RSG) for
BC, identifying a hierarchy of interventions based on

level of economic development. The hierarchy con-
siders the contribution of each treatment to overall
survival, disease-free survival, quality of life, and cost.4

Treatment levels are Basic,5 Core,6 Enhanced,7 and
Maximal,8 based on earlier guidelines from the Breast
Health Global Initiative.9 Although they offer a trans-
parent and plausible approach to guiding treatment
decisions in different resource settings, no studies
have examined the economic impact or treatment
needs if RSGs are widely adopted.

We estimated the resource-stratified need and eco-
nomic impact of first-course systemic BC treatment
(including chemotherapy, endocrine therapy, and
targeted therapy) if delivered globally according to
NCCN RSG by level of economic development. We
also estimated the change in need and cost if service
provision for systemic therapy is scaled up globally
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toward Maximal. We also developed a flexible user interface
to tailor the estimates of cost and need using local input
data.

METHODS

Decision Tree

We developed treatment decision trees for first-line che-
motherapy, immunotherapy, endocrine therapy (ET),
cyclin-dependent kinase 4/6 inhibitors, and human epi-
dermal growth factor receptor 2 (HER2) therapy using
TreeAgePro201810 for Basic,5 Core,6 Enhanced,7 and
Maximal8 services outlined in the NCCN RSG. Basic and
Core guidelines are based on stage, hormone receptor, and
performance status, whereas Enhanced incorporates
HER2, and Maximal includes multigene signatures and
programmed death ligand-1 expression. We considered
only first-course treatment (either adjuvant or metastatic)
for each modality. We define need as medically indicated
by the NCCN RSG.

NCCN recommendations are category-based, relating to
the strength of evidence and consensus (Data Supple-
ment). We modeled category 1 recommendations for ad-
juvant chemotherapy and HER2 therapies, category 2A for
metastatic chemotherapy, and category 1, 2A, and 2B for
ET.

To determine the proportion of patients in each decision
branch, we extracted data from SEER,11 or best available
evidence in the absence of SEER data (Data Supplement).
Because of a paucity of data in LMICs, we assume that
histologic and patient characteristics and stage of distri-
bution are the same in all income settings. The implications
of a constant stage distribution are described and modeled
elsewhere.2

Each country was assigned a resource group based on
World Bank Development Classification 201812 income
levels (Low-income [L]—Basic; Low-middle [LM]—Core;

Upper-middle [UM]—Enhanced; High-income [H]—
Maximal). We extracted BC incidence by country in 2018
and projected to 2040 based on linear population growth
from Global Cancer Observatory (GLOBOCAN).1 We then
multiplied each country-level incidence by the appropriate
income-based RSG tree to estimate the need for treatment
by country. We then pooled all country-level estimates to
provide global need estimates.

Preferred Treatment Regimens

We extracted the preferred first-line chemotherapy, im-
munotherapy, HER2, and ET for each setting and resource
level from NCCN RSG (Data Supplement). We assumed
that single-agent chemotherapy for metastatic disease is
preferred,13 and that recommended adjuvant and meta-
static regimens are used with equal probability. We ex-
cluded NCCN recommended treatments not commonly
used as a first-line therapy. We assume that if used,
gonadotropin-releasing hormone agonists are given for 5
years. We assume that the available treatment options do
not change over time. A complete list of model assumptions
is found in the Data Supplement.

Model Costs

From the Australian Pharmaceutical Benefits Scheme
(PBS), we extracted the lowest listed cost per unit from
January 2020,14 in Australian Dollars. We compared the
PBS cost with the International Medical Products Price
Guide 2015 from the Management Sciences for Health
(MSH)15 where possible (Data Supplement). As cost varies
depending on country and income level,15,16 we focus on
relative cost differences rather than absolute costs. We
assumed fixed costs between 2018 and 2040.

Dose calculations were based on a body surface area of
1.8 m2, weight of 75 kg, and creatinine clearance of 75 mL/
min. Growth factor support, gene expression test costs
(Oncotype Dx), and nondrug prices (programmed death
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ligand-1 testing and oophorectomy) can be found in the
Data Supplement. Where a range of treatment durations for
adjuvant ET are possible, we used the mean to derive the
regimen cost. In the metastatic setting, we estimated cost
from the median time to progression or progression-free
survival in the pivotal trials referenced in the NCCN RSG.
The costs of drug delivery and hospitalizations were not
included.

Sensitivity Analysis

We performed three sensitivity analyses. We examined the
change in chemotherapy need for ER-positive, HER2-
negative, node-negative BCs, based on prior model esti-
mates incorporating additional clinical and histologic
features.17 We explored the impact of country-level price
differences using the lowest and the highest priced regi-
men, and half the lowest and twice the highest priced
regimen for each indication. Finally, we generated seven
scenarios, where the resource level assigned to each in-
come level is progressively increased from Basic toward
Maximal to model the upscaling of services globally.

RESULTS

Our model resulted in a decision tree with more than 300
independent decision nodes used to determine treatment
for any given patient (Data Supplement).

Global BC Incidence by Income Group

Based on GLOBOCAN 2018,1 the proportion of BC cases by
income group in 2018 was 3% in L (70,401/2,072,659),
21% in LM (442,075), 36% in UM (736,657), and 40%
(823,526) in H income countries. Based on population
projections, the number of BC cases will rise to 2,798,001
by 2040, with an increasing proportion occurring in LMICs
(5% in L, 26% in LM, 34% in UM, and 35% in H) (Table 1).

Resource-Stratified Need for Chemotherapy

Chemotherapy recommendations differ across resource
levels (Data Supplement). Basic guidelines do not rec-
ommend chemotherapy for any patients. Applying Core
and Enhanced guidelines, 87% and 86% of patients, re-
spectively, have an indication for at least one line of che-
motherapy, driven by the category 1 recommendation for
chemotherapy for most patients with node-negative ER-
positive disease. By incorporating additional variables such
as grade, age, and patient preference,17 the need for
chemotherapy falls to 70% (Core) and 75% (Enhanced). In
the Maximal setting, chemotherapy need falls to 50% after
incorporating multigene signatures (Table 1).

Merging these RSG treatment rates with BC incidence, we
estimate that 69% of patients globally have an indication for
first-course chemotherapy in 2018 (1,431,372/
2,072,659). None reside in L, 385,864 (27%) in LM,
634,905 (44%) in UM, and 410,603 (29%) in H income
countries. By 2040, need for first-course chemotherapy will
rise to 1,943,367 (638,285 [33%] in LM; 823,388 [42%] in
UM; 481,693 [25%] in H) (Table 1).

HER2 and Immunotherapy Need

HER2 therapies are recommended in 12% of patients in
Enhanced and Maximal, and none in Basic and Core
settings. Merging these data with GLOBOCAN cancer in-
cidence, almost 9% of all patients with BC in 2018 have an
indication for HER2 therapies, but only 8% in 2040 be-
cause of rising incidence in L and LM countries. The ab-
solute number of patients recommended HER2 therapies
increases from 183,943 to 224,131 between 2018 and
2040 because of population growth (Table 1). First-course
immunotherapy for metastatic triple-negative BC is only
recommended in the Maximal setting and is indicated in
0.2% of patients in 2018 (3,946 persons).

Costs of First-Course Chemotherapy, HER2 Therapy, and

Immunotherapy Treatments

The cost of guideline-recommended, first-course chemo-
therapy in LM applying Core resources is $1,278 US dollars
(USD) per person (pp) needing treatment, whereas the
average cost of chemotherapy and HER2 therapy in UM
applying Enhanced guidelines is $5,823 AUD pp needing
treatment (Table 1, Data Supplement). The rise in cost
between Core and Enhanced is driven predominantly by
the incorporation of HER2 therapies. For H applying
Maximal guidelines, the average cost is $22,313 AUD pp
needing treatment, driven by the incorporation of dose-
dense chemotherapies requiring growth factor support,
HER2 therapies, and immunotherapy (Table 1, Data
Supplement).

As absolute costs (Table 1) are subject to country-level
pricing, we report relative cost changes from service ex-
pansion. The relative cost pp for first-course chemotherapy,
HER2 therapy, and immunotherapy as we move from Core
to Maximal resources increases by 17-fold (from $1,278 to
$22,313 AUD). The economic cost of adopting first-course
NCCN BC RSG globally is $13.3 billion AUD in 2018 and
rises to $16.3 billion AUD in 2040. Although LMICS will
comprise 75% of global need for chemotherapy and HER2
therapy by 2040 if NCCN RSG are widely adopted,
according to our projections, they will account for only 34%
of global expenditures (Fig 1). Sensitivity analyses of drug
cost provide a global range of $7.8-$36.4 AUD billion in
2040 (Table 1).

Endocrine Therapy Need and Costs

Although the need for first-course ET based on NCCN RSG
is 80% in all settings (Table 2), the types and cost of
recommended therapies vary by resource level (Data
Supplement). First-course ET is indicated in 1,658,038
people in 2018 and 2,238,272 in 2040 because of pop-
ulation growth.

The average cost of ET in the Basic setting is $1,236 AUD
pp needing treatment, where only tamoxifen and oopho-
rectomy are recommended. The cost of ET is eight-fold
higher in the Maximal resource setting ($9,809 AUD pp

Wilson et al

1076 © 2021 by American Society of Clinical Oncology



TABLE 1. Need and Cost of First-Course Chemotherapy and HER2-Targeted Therapy by Resource Level in 2018 and 2040

Resource
Setting

Chemotherapy
Recommended

(%)

HER2 Therapy
Recommended

(%)

Cost per Person at
Population Level
(AUD) (minimum-

maximum)
[minimuma 0.5-
maximuma 2]

Average Cost
per Person

Among Those
Receiving
Treatment
(AUD)

2018 2040

Annual BC
Incidence, No.

(% total)

Chemotherapy
Recommended, No.
(% of global need)

HER2 Therapy
Recommended

(No.)

Global Cost of
Chemotherapy and HER2
Therapy (AUD) (minimum-
maximum) [minimum x
0.5-maximum x 2]

Annual BC
Incidence, No.

(% total)

Chemotherapy
Recommended, No.
(% of global need)

HER2 Therapy
Recommended

(No.)

Global Cost of
Chemotherapy and HER2
Therapy (AUD) (minimum-
maximum) [minimum x
0.5-maximum x 2]

Basic 0 0 0 0 70,401 (3.4) 0 — 0 145,496 (5.2) 0 — 0

Core 87.38 0 1,117 (606-
1,483) [303-
2,965]

1,278 442,075 (21.3) 385,864 (27) — 493,195,451
(267,499,921-
654,549,798)
[133,749,961-
1,309,099,596]

730,278 (26.1) 638,285 (33) — 815,830,571
(442,491,132-
1,082,738,566)
[221,245,566-
2,165,477,131]

Enhanced 85.87 11.66 5,010 (3,848-
5,939) [1,924-
11,877]

5,823 736,657 (35.6) 634,905 (44) 87,940 3,697,060,554
(2,838,966,148-
4,381,950,834)
[1,419,483,074-
8,763,901,668]

956,916 (34.2) 823,388 (42) 111,576 4,794,603,309
(3,681,767,256-
5,562,816,298)
[1,840,883,628-
11,365,632,596]

Maximal 49.90 11.66 11,134 (9,729-
12,995)
[6,005-23,708]

22,313 823,526 (39.7) 410,603 (29) 96,002 9,161,922,244
(8,005,296,635-
10,692,621,088)
[4,941,226,215-
19,508,086,381]

965,310 (34.5) 481,693 (25) 112,555 10,748,186,628
(9,391,306,754-
12,543,905,519)
[5,796,733,493-
22,885,650,805]

Overall 69.06 8.87 6,442 9,328 2,072,659 1,431,372 183,943 13,352,178,249
(11,111,762,705-
15,729,121,721)
[6,494,459,250-
29,581,087,646]

2,798,001 1,943,367 224,131 16,358,620,509
(13,515,565,141-
19,309,460,383)
[7,858,862,687-
36,416,760,533]

NOTE. The overall cost and total need numbers differ by between 0.01% and 0.001% from the sum of the income level price and demands because of rounding in calculations at earlier stages.
Abbreviations: AUD, Australian dollars; BC, breast cancer; HER2, human epidermal growth factor receptor 2. aThe cost per person for each resource setting is averaged over all patients at a population level.
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needing treatment), driven by the incorporation of
gonadotropin-releasing hormone agonists and cyclin-
dependent kinase 4/6 inhibitors (Table 2, Data Supple-
ment). The estimated cost of globally adopting NCCN RSG
for ET is $9 billion AUD in 2018 and $11.3 billion AUD in
2040 (Table 2). Sensitivity analyses of global cost provide
a range of $3.5-$33.1 billion AUD in 2040 (Table 2).
Whereas 66% of global need for ET will be in LMICs by
2040, only 33% of global expenditures will be in LMICs if
NCCN BC RSG are widely adopted (Fig 2).

Upscaling Service Provision Globally to Maximal

As service provision is upscaled toward Maximal in all
countries, we found paradoxically a 28% decline in
guideline-based chemotherapy need (from 1,431,372 to
1,034,264) (Fig 3). This is driven by incorporating multi-
gene signatures in Maximal settings, allowing for better
selection of patients with node-negative, ER-positive dis-
ease. Despite this reduction in need, the global chemo-
therapy, HER2 therapy, and immunotherapy cost rises 1.7-
fold (from $13 to $23 billion AUD), whereas ET increases
1.8-fold (from $9 to $16 billion AUD), because of more
costly treatments (Fig 3). The total cost of guideline-based
first-course treatment for BC in 2018 rises 1.8-fold (from
$22 to $39 billion AUD) if all people with BC are treated with
Maximal resources.

Tailoring Model Inputs

In generating the current model, we made assumptions
regarding population attributes, drug costs, stage distri-
bution, and global resource availability (Data Supplement).
However, this model is flexible, and an adaptable user
interface is provided in the Data Supplement. The input
parameters can be adjusted to the specific population,
cost, and resource characteristics of any institution, region,
or country to estimate need and cost for first-course treat-
ment of BC for health-service planning (Data Supplement).

DISCUSSION

Based on NCCN RSG, the global resource-stratified need
for BC chemotherapy in 2018 is 1.4 million people, the
need for HER2 treatments is 183,943 people, and the need
for first-course ET is 1.6 million people. If all patients are
treated according to Maximal guidelines, relative global
expenditure for systemic BC treatment would increase by
1.8-fold, whereas chemotherapy need would decline by
28% because of better selection of patients most likely to
benefit. ET need would remain unchanged. This is a rel-
atively modest increase especially if offset by the decrease
in costs of toxicity that was not included in our model.

Overtreatment is costly to patients and health systems. If
the optimal proportion of patients with BC needing
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FIG 1. Proportion of global chemotherapy or HER2 cost and need by income group in 2018 and 2040. The estimated need for chemotherapy and cost for
chemotherapy or HER2 therapy by resource level (Basic, Core, Enhanced, and Maximal) as a proportion of total global demand in 2018 and 2040, if
treatments are delivered globally based on National Comprehensive Cancer Network resource-stratified guidelines. HER2, human epidermal growth factor
receptor 2.
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TABLE 2. Need and Economic Impact of First-Course ET and Cyclin-Dependent Kinase 4/6 Inhibitors by Resource Level in 2018 and 2040

Resource
Setting

ET
Recommended

(%)

Price per Person
at Population
Level (AUD)
(minimum-
maximum)

[minimuma 0.5-
maximuma 2]

Average Price
per Person

Among Those
Receiving
Treatment
(AUD)

2018 2040

Annual BC
Incidence, No.
(% global need)

ET
Recommended,
No. (% global

need)

Global Cost of Endocrine
Therapy ($) (minimum -

maximum) [minimum x 0.5 -
maximum x 2]

Annual BC
Incidence, No.
(% global need)

ET
Recommended,
No. (% global

need)

Global Cost of Endocrine
Therapy ($) (minimum -

maximum) [minimum x 0.5 -
maximum x 2]

Basic 79.94 988 (616-1,360)
[308-2,720]

1,236 70,470 (3.4) 56,332 (3.4) 69,632,943
(43,429,872-
95,836,014)
[21,714,936-
191,672,028]

145,496 (5.2) 116,305 (5.2) 143,766,992
(89,667,071-
197,866,913)
[44,833,536-
395,733,825]

Core 79.99 2,052 (659-
3,839) [330-
7,679]

2,565 442,075 (21.3) 353,226 (21.3) 906,043,355
(291,103,242-
1,695,011,232)
[145,551,621-
3,390,022,464]

730,278 (26.1) 584,297 (26.1) 1,498,752,403
(481,535,107-
2,803,841,717)
[240,767,553-
5,607,683,435]

Enhanced 79.99 2,140 (669-
4,024) [334-
8,049]

2,675 736,657 (35.6) 590,250 (35.6) 1,578,762,337
(493,413,215-
2,969,429,905)
[246,706,608-
5,938,859,810]

956,916 (34.2) 765,477 (34.2) 2,047,447,970
(639,892,314-
3,850,961,660)
[319,946,157-
7,701,923,321]

Maximal 79.99 7,846 (5,989-
10,067)
[2,994-
20,135]

9,809 823,526 (39.7) 658,229 (39.7) 6,456,450,904
(4,927,920,992-
8,283,891,497)
[2,463,960,496-
16,567,782,994]

965,310 (34.5) 772,192 (34.5) 7,574,299,085
(5,781,124,649-
9,718,136,592)
[2,890,562,324-
19,436,273,185]

Overall 79.99 2,072,659 1,658,038 9,010,889,539
(5,755,867,322-
13,044,168,648)
[2,877,933,661-
26,088,337,297]

2,798,001 2,238,272 11,264,266,449
(6,992,219,141-
16,570,806,883)
[3,496,109,571-
33,141,613,766]

NOTE. The overall cost and total need numbers differ by between 0.01% and 0.001% from the sum of the income level price and demands because of rounding in calculations at earlier stages.
Abbreviations: AUD, Australian dollars; BC, breast cancer; ET, endocrine therapy. aNote that the cost per person for each resource setting is averaged over all patients, regardless of estrogen receptor status.
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chemotherapy is 50% as calculated in the Maximal setting,
adopting NCCN RSG could result in overtreatment of up to
37% (87%-50%) and 36% (86%-50%) of patients in Core
and Enhanced settings, respectively, because of the cat-
egory 1 recommendation for chemotherapy for patients
with node-negative ER-positive cancers≥ 0.5 cm. In reality,
many of these patients would receive ET alone (category 2A
recommendation), even in the absence of multigene sig-
natures, based on clinician judgment. Sensitivity analysis
demonstrates that using additional histologic and clinical
variables to de-escalate chemotherapy could reduce need
to 70.4% (Core) and 75.2% (Enhanced). Having clear
guidelines that do not result in overtreatment for mar-
ginal gains, especially in limited-resource settings, is im-
portant to avoid toxicity and maximize population-level cost
effectiveness.

The NCCNRSG categories of evidence are extrapolations of
results from Maximal settings where most trials are con-
ducted. Even within the constraints of clinical trials offering
the same treatment and monitoring, outcomes are often
worse in LMICs.18 With this in mind, it may be advantageous
to reconsider the definitions applied for RSG category-
based recommendations, prioritizing the value of a ther-
apy in addition to the strength of evidence, and further
incorporating trial and real-world data from LMICs.

The assumption that no chemotherapy is available in the
Basic setting should be reconsidered. If we assume Core
resources in all low-income countries, global chemotherapy
need increases by 61,593 with an additional cost of $78
million AUD. The absence of chemotherapy in the Basic
NCCN RSG for BC conflicts with Basic NCCN RSG for colon
cancer where adjuvant and palliative chemotherapy are
recommended.19 The evidence supporting adjuvant che-
motherapy for high-risk BC is clear,20,21 with survival
benefits equal to or greater than for adjuvant chemotherapy
for colon cancer.22 The NCCN BC guidelines also conflict
with the BGHI9 RSGs and Asian Oncology RSGs for HER2-
positive disease,23 which both support chemotherapy in the
Basic setting. Future iterations of RSGs should consider
population-based incremental costs and benefits and
perform cross-tumor comparisons and validations to en-
sure resources are allocated consistently between cancer
types to achieve maximum, equitable health benefits.

Our paper focuses on quantifying the global need and cost
of providing BC treatment based on NCCN RSG. In
implementing these guidelines, there are numerous chal-
lenges such as the availability of imaging and pathology
services for diagnosis, drug availability and funding for
treatment, availability of surgical and radiation services,
and the training of medical and nursing practitioners to
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FIG 2. Proportion of global ET cost and need by income group in 2018 and 2040. The estimated cost and need for ET by resource level (Basic, Core,
Enhanced, and Maximal) as a proportion of total global demand in 2018 and 2040, if treatments are delivered globally based on National Comprehensive
Cancer Network resource-stratified guidelines. ET, endocrine therapy.
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deliver care. Much can be learned from the global
upscaling of treatment for individuals with HIV, where the
development of global training programs, low-cost reliable
generic medication, and bulk purchasing led to significant
improvements in access to care. As previously advocated, a
similar approach to implementing cancer care globally
should be considered, and could decrease the global costs
estimated in this model.

Guidelines by definition are imperfect and represent only a
reference document from which decisions can be made. It
can be difficult to determine the best evidence as it applies to
all clinical circumstances,24 and category 1 recommendations
may not always be appropriate. Clinicians should usemedical
judgment and consider individual patient circumstances
when determining care.8 Actual treatment decisions may be
influenced by incentive payments, drug availability,25,26 or
clinical determinants not captured by guidelines. These

limitations of the NCCN guidelines should be considered
when interpreting our results.

The NCCN RSG were developed to allow heterogeneity of
service provision within countries. Our model assumes that
the same level of care is provided across an entire country
and that care levels correlate with a country’s income. Even
in high-income countries, significant heterogeneity in
outcomes exists,27 which may in part reflect differences in
access to screening and treatment. In LMICs such as India,
substantial heterogeneity in treatment also exists, with
some centers offering care at the standard of high-income
countries, whereasmany rural areas have limited services.28,29

Nonetheless, this study provides a benchmark for global
need and economic impact if countries apply care models
matched to their income group homogenously within their
borders. The flexible user interface in the Data Supplement
allows input parameters to be adapted to any individual
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country or region based on local patient characteristics,
costs, and heterogeneity of resource availability.

A complete list of assumptions and their implications are
given in the Data Supplement. A limitation of our economic
analysis is the lack of comprehensive publicly available
global pricing data. We explored differences in country-level
cost through sensitivity analysis and compared cost to MSH
listings where possible. Full model simulation using MSH
prices was not possible as key therapies (eg, trastuzumab)
were missing. Furthermore, MSH costs were often based on
few datapoints and may not be representative of the true
global market. The full cost of drugs to governments may not
be reflected in the PBS listed price, and these estimates
should be viewed as conservative. Moreover, this paper does
not include the costs associated with imaging, surgery,
pathology, radiation, palliative care, and nursing, which are
all integral components of comprehensive BC care.

It is well recognized that women in LMICs present with more
advanced disease, and therefore the current estimates for
cost and need likely underestimate the true global utili-
zation, as we have demonstrated in prior published
models.2 Although we did not explicitly model potential
differences in stage distribution between resource levels in
this current paper, this can be done using the flexible user

interface provided. Only the need and cost of first-course
therapies were included in our model. Second and third
courses of treatment are important on a global scale to gain
a complete understanding of system costs. However, there
are limited data to inform calculations on the prevalence of
subsequent courses of treatment as they are often con-
ditional on receipt of prior lines and changes to patient
fitness over time. Moreover, the magnitude of survival
benefits of second-line and third-line chemotherapy is often
smaller and more variable.30 The lack of survival data as-
sociated with each level of service provision is another
important limitation that is the subject of ongoing research.

In conclusion, based on our model, 1.4 million people need
first-course BC chemotherapy, 183,943 HER2 therapy, and
1.6 million ET in 2018. NCCN RSG for BC could result in
overtreatment of patients in Core and Enhanced settings. As
global service provision is upscaled toward Maximal, che-
motherapy need declines by 28%,whereas total cost rises by
1.8-fold (from $21 to $37 billion AUD). The absence of
chemotherapy in Basic settings should be reconsidered to
allow equitable resource allocation across tumor types. This
model is flexible and can estimate the need and cost of
implementing NCCN BC RSG for any system based on their
unique resource mix, drug costs, and population attributes.

AFFILIATIONS
1Collaboration for Cancer Outcomes, Research and Evaluation, South
West Clinical School, University of New South Wales, Liverpool, New
South Wales, Australia
2Princess Margaret Hospital, University of Toronto, Toronto, Ontario,
Canada
3Liverpool Hospital, Department of Radiation Oncology, Liverpool,
New South Wales, Australia
4Cancer Surveillance Section, International Agency for Cancer Research,
Lyon, France
5Sylvester Comprehensive Cancer Center, University of Miami, Miami, FL
6Department of Public Health Sciences, Leonard M. Miller School of
Medicine, Miami, FL
7Institute for Advanced Study of the Americas, University of Miami, Coral
Gables, FL
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