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ABSTRACT
Background  The cost of breast cancer care rises with 
higher stage at diagnosis; however, there are no real-world 
data regarding the cost of care according to breast cancer 
subtypes. This study aimed to estimate direct medical 
costs for early breast cancer care in the first 3 years after 
diagnosis according to subtype and stage, using patient-
level data.
Methods  Women with newly diagnosed stage I–III breast 
cancer, admitted in 2012 to a Portuguese cancer centre 
were prospectively followed within the NEON-BC cohort. 
The use of health resources was obtained from each 
patient’s clinical and administrative records and costs 
were computed. Tumours were classified into the classic 
subtypes (hormone receptor-positive (HR+)/HER2−; HER2-
positive (HER2+); triple-negative breast cancer (TNBC)) 
and surrogate intrinsic subtypes (luminal A-like; luminal 
B-like; HER2 enriched; basal like).
Results  A total of 703 patients were included: 48.9% had 
stage I, 35.8% stage II and 15.2% stage III breast cancer; 
76.4% had HR+/HER2−, 15.9% HER2+ and 7.7% TNBC. 
Median cost of care was €9215/patient in stage I, €13 
019/patient in stage II and €15 011/patient in stage III and 
€10 540/patient in HR+/HER2−, €11 224/patient in TNBC 
and €41 513/patient in HER2+ breast cancer. Systemic 
therapy accounted for 69.2% of the cost of care among 
patients with HER2+, 12.0% among HR+/HER2− and 7.5% 
among TNBC patients. Similar differences were observed 
across surrogate intrinsic subtypes.
Conclusions  The cost of early breast cancer care was 
mainly driven by the tumour subtype and, to a lesser 
extent, by stage. The median cost of care was fourfold 
higher among patients with HER2+ tumours compared 
with those with HR+/HER2− and TNBC. These data provide 
information for the economic evaluation of innovative 
treatments for early breast cancer and highlight the weight 
that targeted systemic therapy might have in the overall 
cost of care among patients with early breast cancer.

INTRODUCTION
In developed countries, breast cancer is the 
most incident cancer and its standardised 
mortality rates have been decreasing over 
the last decades.1 This decline has been 
attributed to both an increasing frequency of 

early diagnosis and access to more efficient 
and targeted systemic treatments, besides 
improved radiotherapy and surgery.2 At the 
same time, the cost of each patient’s cancer 
care increased, due to new treatments, but 
also to the development of new technologies, 
such as imaging.3

There are several studies estimating the 
cost of breast cancer care according to stage, 
showing that it increases from stages 0 to 
IV.4 Nevertheless, it is widely recognised that 

Key questions

What is already known about this subject?
►► Breast cancer comprises different tumour subtypes, 
associated with specific treatment strategies, yet 
there are no real-world data regarding cost of care 
according to each of these subtypes. This knowl-
edge is paramount to the economic evaluation of 
innovative therapies, to provide evidence for reim-
bursement schemes and to substantiate healthcare 
policies.

What does this study add?
►► We estimated direct medical costs for early breast 
cancer care in the first 3 years after diagnosis ac-
cording to subtype and stage, using patient-level 
data. We have seen that the median cost of care 
was fourfold higher among patients with HER2+ tu-
mours compared with those with hormone receptor-
positive/HER2-negative and triple-negative breast 
cancer. This difference was mainly attributed to ad-
juvant treatment with trastuzumab.

How might this impact on clinical practice?
►► We demonstrate that the cost of early breast can-
cer care was mainly driven by tumour subtype. 
Clinicians and stakeholders must be aware of the 
weight that targeted systemic therapies may have 
in the overall cost of care and, given the recent 
approval of many drugs for the treatment of early 
breast cancer, that this predominance will probably 
increase in the future.
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breast cancer is a group of molecularly distinct neoplasms,5 
thus, drug regimens are now tailored not only to stage, 
but also to the tumour molecular subtype.6 This may 
have also led to rising costs, due to an increased use of 
targeted drugs, such as anti-HER2 treatments (eg, trastu-
zumab).7 Although health resource use may be expected 
to differ according to tumour subtype, there are other 
factors, such as number of affected lymph nodes, histo-
logical grade and medical history, that affect treatment 
decisions.6 Hence, the individual cost of cancer care can 
differ between patients with tumours of the same subtype, 
even within the same hospital. Nonetheless, there are 
no real-world data regarding cost of early breast cancer 
treatment according to the different tumour subtypes. 
This information is paramount to economic evaluations 
of innovative therapies, to provide evidence for reim-
bursement schemes and to substantiate healthcare poli-
cies. This is particularly important as the sustainability of 
healthcare systems is now being debated, and especially 
of cancer care.8

In the European Union, in 2009, breast cancer repre-
sented the second highest economic cost (€15.0 billion, 
12% of overall cancer costs) and accounted for the 
highest cancer-related healthcare costs (€6.7 billion; 
13% of all cancer-related healthcare costs).9 In the USA, 
estimates of lifetime per-patient costs of breast cancer 
in 2009 ranged from US$20 000 to US$100 000,10 corre-
sponding to 43%–212% of the US gross domestic product 
per capita at that time. Data from low-income and middle-
income countries is scarcer, but some economic studies 
have also shown an increased cost of breast cancer care 
with rising stage.11–14

Therefore, the aim of the present study was to estimate 
all direct medical costs regarding diagnosis and treatment 
of patients with early breast cancer for the first 3 years 
after diagnosis according to tumour subtype and stage, 
using patient-level data.

METHODS
Setting
The Portuguese Institute of Oncology of Porto (IPO-
Porto) is the largest cancer-dedicated hospital in Portugal, 
admitting patients from any part of the country, but espe-
cially from the Northern region.15 IPO-Porto admits over 
1000 new breast cancer cases/year in its Breast Clinic 
and covers the entire breast cancer continuum, from 
diagnosis to treatment (surgery, radiotherapy, systemic 
therapy and supportive care) and follow-up. All patients 
are discussed at a multidisciplinary tumour board and 
treatment is usually decided according to the Euro-
pean Society for Medical Oncology guidelines.16 After 
concluding surgery, radiotherapy and/or chemotherapy, 
patients with early breast cancer enter a follow-up phase, 
in which they have a medical consultation every 3 months 
until the end of the third year of follow-up and then 
every 6 months.

Study design and participants
Patients with newly diagnosed breast cancer, admitted 
to the Breast Clinic of IPO-Porto in 2012 were included 
in the "NEON-BC - Neuro-oncological complications 
of breast cancer" prospective observational cohort.17–20 
Patients were eligible if they were 18 years or older, with 
histologically confirmed breast cancer, proposed for 
surgery and expected to be followed at IPO-Porto. In 
2012, participants were excluded if they had a previous 
primary cancer treated with chemotherapy and/or axil-
lary/thoracic radiotherapy; received breast surgery 
outside IPO-Porto; had a Montreal Cognitive Assessment 
score below 17 (or below 16 for women over 65 years old); 
were illiterate had a major psychiatric illness (eg, bipolar 
disorder, schizophrenia, among others); or due to other 
reasons (eg, previous breast surgery for benign condi-
tions). However, at the third and fifth year of follow-up, 
272 patients initially excluded from the cohort due to the 
above-mentioned reasons were invited to join the study 
and thus 240 additional patients were included (online 
supplemental figure 1). Women with stage 0 (in situ 
carcinoma) or stage IV breast cancer, and those without 
tumour biomarkers’ assessment were excluded from the 
present analysis.

Data collection
Patients’ sociodemographic characteristics were collected 
through face-to-face interviews using a structured ques-
tionnaire. Tumour characteristics, including stage, grade 
and biomarkers’ assessment were retrieved from clinical 
records. The occurrence of a previous primary cancer was 
collected through face-to-face interviews and from clin-
ical records.

Staging was defined by the AJCC TNM seventh edition 
classification.21 Histological grade was classified from 
grade 1 (well differentiated) to grade 3 (poorly differenti-
ated).22 Expression of hormone receptors (HR; oestrogen 
receptor (ER) and progesterone receptor (PgR)), over-
expression/amplification of HER2 and Ki67 score were 
assessed by immunohistochemistry on the primary 
tumour, as described in the literature.23–25 When the 
immunohistochemistry score was 2+ (HER2-equivocal), 
fluorescence in situ hybridisation was performed. HRs 
were considered positive when their expression was 
≥1%. Tumours were grouped according to the ‘classic’ 
classification into HR-positive/HER2-negative (HR+/
HER2−); HER2-positive (HER2+); and triple-negative 
breast cancer (TNBC; HR-negative/HER2-negative). 
Tumours were also classified into surrogate intrinsic 
subtypes, using the 2011 St. Gallen Consensus guidelines: 
luminal A-like (ER-positive/PgR-positive/HER2-negative 
and Ki67 <15% (or grade 1, in cases in which Ki67 was 
not available)); luminal B-like (ER-positive, HER2-
negative and either PgR positivity <20% or Ki67 ≥15% 
(or grade 3); or ER-positive and HER2-positive); HER2 
enriched (HR-negative/HER2-positive); and basal like 
(HR-negative/HER2-negative).26
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Healthcare use during the first 3 years following breast 
cancer diagnosis was obtained from clinical and admin-
istrative records of each participant, namely: surgery (ie, 
breast and axillary); systemic treatment (ie, chemotherapy, 
hormone therapy and targeted therapy); radiation (ie, 
external radiotherapy and brachytherapy); appointments 
(ie, medical outpatient visits and nursing, psychology and 
social services appointments); hospitalisations; imaging; 
and laboratory and pathology examinations (including 
genetic testing). As IPO-Porto is a dedicated cancer 
centre, all patients’ healthcare use within the hospital 
was considered to be related with their breast cancer 
diagnosis. This information was used to compute the 
cost of each component of treatment and follow-up for 
each patient. The unit cost of drugs were provided by the 
Management and Planning Service of IPO-Porto and all 
other costs were retrieved from the 2015 Price Tables of 
the Portuguese National Health Service (NHS).27 When 
patients received breast cancer surgery, chemotherapy 
or targeted therapy before being admitted at IPO-Porto, 
the cost of those procedures was imputed based on the 
median cost of the same procedures at IPO-Porto. All 
costs were reported in euros at constant 2015 prices.

Information on relapse, diagnosis of a second primary 
cancer or death by any cause during the first 3 years 
after diagnosis was obtained from clinical records. Costs 
related to disease relapse or to a second primary cancer 
were integrated in this analysis.

Statistical analysis
Patients’ characteristics are presented as counts and propor-
tions for all categorical variables, and median and percentiles 
25 and 75 (P25–P75) for continuous variables. For statistical 
analysis, patients were stratified by classic tumour subtype. 
Adjusted ORs (aORs) and 95% CIs were computed using 
multinomial logistic regression to quantify the association 
between tumour subtype and healthcare use and costs from 
diagnosis to the third year of follow-up (dependent variable). 
Models were adjusted for age (continuous variable), educa-
tion (≤4, 5–9, ≥10 years) and stage (I, II, III). Additionally, 
analyses were performed according to the surrogate intrinsic 
subtypes. The median cost of overall cancer care per patient 
according to stage (I vs II vs III) was also assessed. All anal-
yses were performed using STATA V.15 (StataCorp). All tests 
were two sided and a p<0.05 was considered significant.

RESULTS
Patients’ characteristics
Among the 703 patients, 48.9% presented with stage I, 
35.8% with stage II and 15.2% with stage III; 76.4% had 
a HR+/HER2- tumour, 15.9% presented with HER2+ 
and 7.7% with TNBC (online supplemental figure 1, 
table 1). Patients with TNBC were younger, and patients 
with HER2+ and TNBC tumours were more frequently 
diagnosed at a later stage — proportion of patients with 
stage III: 20.5% and 20.4% among HER2+ and TNBC, 
respectively, vs 13.6% among HR+/HER2−. Other 

sociodemographic characteristics were similar among the 
three subgroups, as well as history of a previous cancer 
diagnosis. During the first 3 years of follow-up, there were 
18 patients (out of 617; 2.9%) with disease relapse, 12 
(out of 656; 1.8%) with a second primary cancer and 12 
(out of 703; 1.7%) patients had died.

Healthcare use
When adjusting for age, education and stage at diagnosis, 
there were no differences in the type of breast or axil-
lary surgery across the three classic subtype subgroups 
(table 2). Patients with HER2+ (aOR 27.09; 95% CI 9.79 
to 74.98) and TNBC (aOR 2.74; 95% CI 1.08 to 6.97) 
were more likely to receive chemotherapy, compared 
with patients with HR+/HER2− tumours. Almost all 
patients with HR+/HER2− tumours received hormone 
therapy (99.8%) and 93.8% of HER2+ patients received 
targeted systemic therapy (trastuzumab). Overall, 74.1% 
of patients received adjuvant radiotherapy, with no signif-
icant differences between subgroups.

Healthcare costs
The median (P25–P75) overall cost of care per patient 
during the first 3 years after diagnosis was €11 516 
(€7890−€16 376). The median cost of care was €9215 
(€7268−€13 117)/patient for stage I, €13 019 (€10 
075−€19 194)/patient for stage II and €15 011 (€11 
469−€22 530)/patient for stage III (figure 1).

The median (P25−P75) overall cost was €10 540 
(€7480−€13 611)/patient among HR+/HER2€, €11 
224 (€9158−€14 645)/patient among TNBC and €41 
513 (€36 011−€47 015)/patient among patients with 
HER2+ tumours (figure  1, table  3). The discrepancy 
between patients with HER2+ vs HR+/HER2− and TNBC 
was mainly driven by the cost of trastuzumab (median 
€25 006/patient). There was also a higher cost associated 
with chemotherapy and day hospital use among patients 
with HER2+ (median of €386 and €2164/patient, respec-
tively) and TNBC (€398 and €590/patient) compared 
with those with HR+/HER2− tumours (€98 and €394/
patient). HER2+ patients also had a higher cost associated 
with surgeries, appointments, imaging and other medical 
expenses than the HR+/HER2− subgroup. Patients with 
TNBC had a significantly higher cost associated with 
other medical expenses than HR+/HER2− patients. 
Overall, expenses associated with systemic therapy consti-
tuted 69.2% of the median cost of care of HER2+ patients, 
while they contributed to 12.0% and 7.5% among HR+/
HER2− and TNBC patients, respectively (figure 2). In the 
HR+/HER2− and TNBC subgroups, surgery accounted 
for around 25% of the total cost, similar to radiotherapy 
(20% of total cost).

The cost of care by year after cancer diagnosis dropped 
abruptly from the first to the second and third years 
for patients with HR+/HER2− and TNBC (figure  1). 
However, among patients with HER2+ tumours, the cost 
was €9347/patient during the second year due to adju-
vant trastuzumab treatment.

https://dx.doi.org/10.1136/esmoopen-2020-000984
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When combining the cost of care per subtype and 
stage, although patients with stage II and III had a higher 
median cost of care/patient versus those with stage 
I, these differences were small within each subtype—
among HR+/HER2− patients, the cost ranged from 
€8498/patient (stage I) to €13 332/patient (stage III); 
in the HER2+ subgroup, it ranged from €38 216/patient 
(stage I) to €41 564/patient (stage III). Likewise, among 
patients with TNBC, the median cost was €9566/patient 
in stage I and €14 645/patient in stage III (online supple-
mental figure 2).

Surrogate intrinsic subtypes analyses
When categorising tumours according to the surrogate 
intrinsic subtypes classification, there were 87 patients 
with HR+/HER2− tumours, for whom it was not 
possible to discriminate between luminal A-like and 
luminal B-like, due to absence of information regarding 
PgR, Ki67 and/or histological grade. Among the 616 
patients with available surrogate intrinsic subtype 
information, 33.1% had luminal A-like tumours, 52.9% 
had luminal B-like tumours (of which 246 were HER2− 
and 80 HER2+), 5.2% had HER2-enriched and 8.8% 

Table 1  Sociodemographic and clinical characteristics of patients at baseline, according to classic breast cancer subtypes*

HR+/HER2− (N=537) HER2+ (N=112) TNBC (N=54)

N (%) N (%) P value† N (%) P value‡

Age, years

 � <50 165 (30.7) 43 (38.4) 26 (48.1)

 � 50–64 228 (42.5) 46 (41.1) 19 (35.2)

 � ≥65 144 (26.8) 23 (20.5) 0.206 9 (16.7) 0.028

Education, years

 � ≤4 243 (48.3) 39 (37.9) 23 (46.0)

 � 5–9 124 (24.7) 32 (31.1) 16 (32.0)

 � ≥10 136 (27.0) 32 (31.1) 0.144 11 (22.0) 0.483

Net monthly income before diagnosis, euros

 � ≤500 282 (57.1) 49 (49.0) 27 (54.0)

 � >500 212 (42.9) 51 (51.0) 0.138 23 (46.0) 0.675

Marital status

 � Married or cohabitating 362 (72.0) 74 (72.8) 35 (70.0)

 � Other§ 141 (28.0) 28 (27.2) 0.861 15 (30.0) 0.768

Employment

 � Employed 239 (47.5) 51 (49.5) 31 (62.0)

 � Other¶ 264 (52.5) 52 (50.5) 0.711 19 (38.0) 0.051

Place of residence

 � Porto Metropolitan Area 181 (36.3) 39 (38.2) 22 (44.0)

 � Outside Porto Metropolitan Area 318 (63.7) 63 (61.8) 0.708 28 (56.0) 0.281

Breast cancer stage

 � I 283 (52.7) 43 (38.4) 18 (33.3)

 � II 181 (33.7) 46 (41.1) 25 (46.3)

 � III 73 (13.6) 23 (20.5) 0.016 11 (20.4) 0.024

Previous primary cancer diagnosis (including breast 
cancer)

48 (9.8) 5 (5.1) 0.134 3 (6.0) 0.384

The total may not add to 703 due to missing data. May not sum to 100% due to rounding.
*Classic subtypes were defined according to the assessment of the oestrogen receptor, the progesterone receptor and HER2 status 
on the surgical specimen (preferably) or on the biopsy core specimen (when the surgical specimen’s pathology report was unavailable). 
HR+/HER2−: oestrogen receptor and/or progesterone receptor positive and HER2-negative (a score of 0 or 1+ in immunohistochemistry, 
or a score of 2+ with a non-amplified fluorescence in situ hybridizsation (FISH) test result); HER2+: HER2-positive (a score of 3+ in 
immunohistochemistry or a score of 2 with an amplified FISH test result), regardless of the oestrogen and progesterone receptor status; 
TNBC: oestrogen receptor negative, progesterone receptor negative and HER2-negative.
†HER2+ vs HR+/HER2−. Values in bold correspond to statisticallysignificant differences.
‡TNBC vs HR+/HER2−. Values in bold correspond to statisticallysignificant differences.
§Other marital status includes: single, widowed and divorced women.
¶Other employment includes: unpaid family workers, unemployed, housewives, retired and sick leave.
HR, hormone receptors; TNBC, triple negative breast cancer.
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had basal-like tumours. Patients with luminal B-like, 
HER2-enriched and basal-like tumours were diagnosed 
at a more advanced stage compared with luminal A-like 
patients (online supplemental table 1). Only 16.2% 
of luminal A-like patients received chemotherapy vs 
76.4% of luminal B-like, 100% of HER2-enriched and 
81.5% of basal-like patients (online supplemental 
table 2). Patients with luminal A-like tumours also 
had a lower number of appointments than the other 
subgroups.

The median overall cost of care during the first 
3 years after diagnosis was €8232 (€6391−€10 931)/
patient among luminal A-like, €12 493 (€8723−€22 
237)/patient among luminal B-like, €38 297 (€34 
510−€42 529)/patient among HER2-enriched and 
€11 224 (€9158−€14 645)/patient among the basal-
like subgroup (online supplemental table 3 and online 
supplemental figure 3). Similar to that described 
for classic subtypes above, the higher treatment cost 
among patients with HER2-enriched tumours was 
mainly driven by the cost of trastuzumab. Among 
luminal B-like patients, 73 (22.4%) also received trastu-
zumab (as they had HER2+ tumours), which also partly 
explains the higher median cost of care of luminal 
B-like vs luminal A-like patients. The other reason is 
the higher spending related to chemotherapy and day 
hospital use among luminal B-like (median of €255 and 
€590/patient) vs luminal A-like patients (median of 
€0/patient, as 84.0% did not receive chemotherapy). 
Overall, systemic therapy accounted for 9.0% of the 
total median cost of care of luminal A-like patients, 
while it accounted for 45.6% among luminal B-like and 
69.6% among HER2-enriched patients (online supple-
mental figure 4). Among patients with HER2-enriched 
tumours, treatment cost was stable across the different 
stages at diagnosis, due to the fact that they all received 
trastuzumab. Conversely, there was an increase in treat-
ment cost from stage I to stage III among patients with 
the other three subtypes, especially among the luminal 
A-like subgroup (online supplemental figure 5).

DISCUSSION
To the best of our knowledge, this is the first study to esti-
mate all direct medical costs among patients with early 
breast cancer according to tumour subtype. We found 
that the median overall cost of care during the first 3 years 
after breast cancer diagnosis was fourfold higher among 
patients with HER2+ tumours than HR+/HER2− or TNBC 
patients, and that this was primarily driven by the cost of 
adjuvant trastuzumab treatment. This cost relates not 
only to the trastuzumab price itself, but also to all other 
expenditures related to its administration and toxicity 
monitoring, that is, daily hospital use, appointments and 
medical tests (including cardiac imaging).

We have also shown that, among patients with HR+/
HER2− and TNBC, the cost of breast cancer care was 
mainly driven by surgery and radiotherapy rather than 
by systemic therapy (chemotherapy and/or hormone 
therapy). Similar results were observed when comparing 
cost of care according to patients’ surrogate intrinsic 
subtype.

Additionally, we found that there is an increase in the 
total median cost of care from stage I (€9215/patient) to 
stage III (€15 011/patient). This is in line with a previous 
study from Portugal, conducted at IPO-Lisbon (a similar, 
dedicated cancer centre) in 2014, assessing costs within 
the first 2 years after breast cancer diagnosis. The authors 
estimated the mean cost to be €6094/patient in stage I, 
€9785/patient in stage II and €11 893/patient in stage 
III.28 These figures are similar to those reported in other 
European countries with an NHS, such as Italy,29 France30 
and the UK.31

Yet interestingly, the cost discrepancies by stage are 
negligible when compared with the differences observed 
according to breast cancer subtypes. This is primarily 
explained by the fact that, in breast cancer, the intensity 
and type of treatment is driven not only by stage, but mostly 
by biology: most patients with TNBC and HER2+ tumours 
have indication to receive chemotherapy and anti-HER2 
therapy (in the case of HER2+). Likewise, all patients with 
HR+ tumours should receive hormone therapy, regard-
less of stage.16 Concerning locoregional therapy, most 

Figure 1  Median cost per year (1–3) for all patients and by stage (left) and classic subtype (right). HR: hormone receptor; 
TNBC: triple-negative breast cancer.
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patients with smaller tumours receive breast-conserving 
surgery, and subsequently, radiotherapy; while patients 
with more advanced tumours may undergo mastectomy, 
but likely receive radiotherapy afterwards as well. There-
fore, the cost of locoregional therapy may not change 
dramatically according to stage. Similarly, as there are no 
guidelines defending a differential timing of follow-up by 
stage, we did not expect to see differences in follow-up 
intensity according to stage.16 Conversely, breast cancer 
subtype determines the type of adjuvant systemic therapy 
that the patient receives, which may lead to an increased 
number of appointments, in order to monitor toxicity to 
chemotherapy, trastuzumab and/or hormone therapy.

This study has the advantage of having used the micro-
costing method, in which resources and associated unit 
costs were directly measured at the patient level, making 
estimates much more reliable. Additionally, unlike 
previous studies,28–31 we have also reported the quantities 
of resources used separately from costs, allowing for a 
more detailed assessment of healthcare use.

Many studies assessing the cost of breast cancer care 
have compared costs of breast cancer cases to control 
groups (without breast cancer), in order to calculate 
breast cancer-attributable treatment costs, as a way to 
avoid overestimations.4 Since IPO-Porto is a dedicated 
cancer centre, we did not need to perform these esti-
mations, as healthcare use among patients in this study 
can all be virtually attributed to their breast cancer care, 
making our estimates much more accurate. Moreover, we 
also included the costs associated with the treatment of 
patients who have a disease relapse, increasing the gener-
alisation of our findings to the real-world clinical setting.

We only assessed direct medical costs attributable to 
IPO-Porto and the Portuguese NHS, and did not take 
into account out-of-pocket expenses paid by patients. 
However, in Portugal, as in other European NHS,28–31 
almost all direct medical costs related to cancer care are 
covered by the public health system, thus out-of-pocket 
expenses are small. Yet, some direct costs related to breast 
cancer care such as physiotherapy (usually received in the 
community setting) were also not included in the anal-
ysis. Indirect costs, such as loss of productivity, have been 
shown to account for more than half of the total costs 
associated with breast cancer;9 however, these were not 
included in this analysis, which may have underestimated 
the cost associated with some procedures, such as surgery 
or chemotherapy.

This study also has the limitation of being a single-
centre study, which may impair the generalisation of 
the results. Nonetheless, IPO-Porto is a large hospital, 
receiving patients from any part of the country, with 
different sociodemographic backgrounds and it includes 
patients presenting with the entire spectrum of breast 
cancer in terms of stage and subtypes. Moreover, this also 
presents advantages: there was no lost to follow-up and 
we were able to obtain detailed patient-level data, which 
allowed for understanding the main factors behind the 
cost of care.
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From 2012 until now, there have been major advances 
in loco-regional and in systemic therapy for early breast 
cancer.3 The cost of radiotherapy may have decreased 
due to the adoption of hypofractionated regimens and 
of accelerated partial-breast irradiation (to selected 
patients), which decreases the number of radiotherapy 
sessions needed and, therefore, reduces both direct and 
indirect costs.32 33

Among patients with HER2+ breast cancer, the intro-
duction of trastuzumab biosimilar drugs and of a subcuta-
neous trastuzumab formulation lowered the price of this 
adjuvant therapy.34 35 Additionally, the Persephone trial 
showed that 6-month therapy with trastuzumab is non-
inferior to the standard 12-month regimen.36 Nonethe-
less, the 6-month regimen has not been widely adopted, 
due to the negative results of other non-inferiority trials 
and due to concerns regarding its efficacy among higher-
risk groups.37 Hence, 12 months of adjuvant trastuzumab 
continues to be considered the standard-of-care in devel-
oped countries.16 On the other hand, since 2013, three 
more anti-HER2 drugs were approved in the (neo)adju-
vant setting: pertuzumab, neratinib and T-DM1.16 As an 
example, in our cohort, 60% of patients with HER2+ 
tumours had stage II/III and would currently be proposed 
to neoadjuvant chemotherapy plus trastuzumab/pertu-
zumab. As four cycles of pertuzumab have a direct cost 
of €13 978,38 this means that the overall median cost 
per patient could have increased by 20% among this 
subgroup. However, these drugs also decrease the like-
lihood of disease relapse, thus potentially reducing 

expenditures related to the treatment of breast cancer 
recurrence.

On the other hand, around half of the patients with HR+/
HER2− tumours in our cohort received chemotherapy. 
Nowadays, a part of these patients could have their tumours 
tested with a genomic signature (eg, PAM50, oncotype, 
Mammaprint)16 in order to avoid chemotherapy, which 
would decrease both direct and indirect costs. However, 
after the publication of the SOFT/TEXT trials,39 many 
premenopausal women with HR+ tumours started receiving 
adjuvant tamoxifen or exemestane plus ovarian suppression 
for 5 years, which have potentially increased the cost of their 
treatment. Therefore, patients’ menopausal status should 
be taken into account in future analyses of the cost of breast 
cancer care. In addition, there are large ongoing randomised 
clinical trials, testing two to 3 years of adjuvant treatment 
with CDK4/6 inhibitors in patients with HR+/HER2− breast 
cancer (monarchE; NATALEE, NCT03701334), which may 
significantly increase the cost of treatment for this subgroup 
of patients. For example, the total cost of 2 years of therapy 
with abemaciclib (tested in the monarchE trial40) is almost 
€100 000/patient, only considering the cost of the drug 
and not taking into account all the other direct (laboratory 
tests, medical appointments, etc) and indirect expenses 
associated with the treatment. Likewise, in early TNBC, 
treatment costs may significantly escalate in the future due 
to the possible introduction of new immunotherapy drugs41 
or poly-ADP ribose polymerase (PARP) inhibitors (OlympiA 
trial, NCT02032823).

Figure 2  Proportion of the median cost attributed to surgery, systemic therapy, radiotherapy, appointments, Hospitalisation 
and medical tests among all patients, by year after breast cancer diagnosis (all years; years 1–3) and by classic subtype. 
‘Systemic therapy’ includes chemotherapy, targeted therapy, hormone therapy and day hospital use. ‘Medical tests’ includes 
laboratory and pathology tests, blood transfusions, imaging and genetic testing. When the proportion of the median cost of 
a certain item was ≤2% of the overall cost, the respective label was deleted from the figure. HR: hormone receptor; TNBC: 
triple-negative breast cancer.
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Therefore, due to the increase in the number of avail-
able systemic therapy options, namely of targeted drugs, 
there is a growing concern regarding the ‘financial 
toxicity’ of treating breast cancer due to the escalation 
of costs. This concern exists not only in the metastatic 
setting, but increasingly in the early setting as well.42 43 
The European Society for Medical Oncology developed 
the ‘Magnitude of Clinical Benefit Scale’, which aims to 
objectively evaluate the clinical benefit of each approved 
systemic drug, taking into account the drug’s survival 
benefit, associated toxicity and impact on quality of life.44 
These evaluations, coupled with real-life cost assessments 
such as the one presented in this study, may help inform 
stakeholders on reimbursement options for the many 
drugs that are currently being tested and regarding other 
cancer care policies.

CONCLUSION
In this patient-level data analysis, the cost of early breast cancer 
care within the first 3 years following diagnosis was mainly 
driven by the breast cancer subtype and, to a lesser extent, 
by stage at diagnosis. Among patients with HER2+breast 
cancer, the median overall cost of care was fourfold higher 
compared with those with HR+/HER2− and TNBC, and this 
difference was mostly related to the cost of systemic therapy, 
including trastuzumab. These data provide important infor-
mation for the design of future economic studies, including 
the evaluation of innovative drugs, as it accurately quantified 
the use and cost associated with each of the different compo-
nents of early breast cancer care. Moreover, these findings 
highlight the preponderance that targeted systemic therapy 
might have in the overall cost of care for patients with early 
breast cancer.
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