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abstract

PURPOSE Trastuzumab has shown an overall survival (OS) benefit in patients with human epidermal growth factor
receptor 2 (HER2)–positive breast cancer (BC), in both the adjuvant and the metastatic setting. We assessed the
effectiveness of trastuzumab in patients treated in daily practice according to national treatment coverage protocols
and compared our results with those reported by randomized clinical trials. These coverage protocols included
patient selection criteria similar to those of those clinical trials and were developed by the Uruguayan National
Resource Fund (FNR), the agency that has funded these prescriptions for more than a decade.

PATIENTS AND METHODS We included all patients with HER2-positive BC treated with trastuzumab under FNR
coverage approved between January 1, 2006, and December 31, 2016. The source of data was the FNR
database, and primary outcome was OS, analyzed through Cox proportional hazards regression analysis.

RESULTS A total of 1,944 women were included: 1,085 women (55.8%) were postmenopausal and 1,240
(63.7%) had HER2 and hormone receptor–positive BC. Trastuzumab was administered as adjuvant therapy to
1,233 patients (63.5%), of whom 154 also received it as a neoadjuvant treatment. Three hundred nineteen
patients (16.4%) received trastuzumab for advanced disease. Five-year OS in the adjuvant setting was 86.4%
(95%CI, 84.0% to 88.7%). Themedian survival of patients with advanced BCwas 25.1months (95%CI, 10.1 to
42.5 months).

CONCLUSIONOur survival results are not inferior to those reported in clinical trials, in both adjuvant and advanced
settings. Importantly, these results support the relevance and the feasibility of treating patients in routine
practice, following coverage protocols based on patient selection criteria and methods supported by positive
clinical trials. In addition, these results favor quality and appropriate access to BC treatment in our country.
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INTRODUCTION

In initial clinical trials, trastuzumab in association with
paclitaxel as first-line therapy was shown to be ben-
eficial in metastatic human epidermal growth factor
receptor 2 (HER2)–positive breast cancer (BC), with
a positive impact on patients’ overall survival (OS).1

Subsequent randomized clinical trials also showed its
efficacy as adjuvant therapy, improving patients’ disease-
free survival and OS.2-4

However, there are doubts as to whether the results
from clinical studies can be directly translated to regular
clinical practice, not only because there can be dif-
ferences in patient and health system characteristics
but also because global access to cancer care and

treatment practices may change.5,6 As a consequence,
cost-effectiveness estimations can differ, depending on
whether clinical trial or clinical practice data are taken
into account. These considerations are particularly im-
portant for agencies that finance high-cost drugs when
reviewing financial coverage decisions. Therefore, when
deciding whether to incorporate high-cost medication
into a universal coverage system, payers need well-
defined strategies for monitoring indications and eval-
uating results.

The information available on the use of trastuzumab in
routine clinical practice in developed countries in-
dicates that real-life outcomes could resemble those
observed in randomized clinical trials, both in adjuvant
settings7-9 and in advanced BC.10-13 However, there is
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still a need for data on the efficacy of trastuzumab in routine
clinical practice in developing countries. Consequently, we
are especially interested in determining the survival rate of
patients treated with trastuzumab no longer in a clinical trial
setting, but in real life.

Uruguay has achieved universal health coverage for its
entire population, including high-cost drugs, which have
been provided by the National Resource Fund (FNR) since
2005under coverageprotocols.14 TheFNR, anongovernmental
public institution created by law in Uruguay in 1979, is part
of the National Integrated Health System and provides fi-
nancial coverage for high-cost procedures and medica-
tions. In 2006, trastuzumab was incorporated into the
coverage of the FNR for the adjuvant treatment of BC and
subsequently, in October 2008, for neoadjuvant therapy
and for the treatment of advanced disease. With the aim of
obtaining results similar to those reported in the random-
ized clinical trials that demonstrated clinical benefit, the
FNR coverage protocols established selection criteria and
methods analogous to those included in the pivotal trials.15

These protocols are reviewed and updated periodically to
reflect the evolution of new scientific evidence and to adapt
them to the specific context of the health system in Uru-
guay. In addition, the FNR has developed an information
system to record patients’ clinical and paraclinical data and
to monitor therapeutic results. These tools provide decision
makers with elements to base their decisions on and offer
objective parameters for coverage that remains sustainable
over time. Hence, a close relationship is established among
quality, equality, and sustainability. Given the key importance
of ensuring quality access to high-cost therapies, we con-
sidered it of special interest to assess the effectiveness of
trastuzumab since its incorporation into the FNR and to
compare the results with those obtained in pivotal clinical trials.

PATENTS AND METHODS

Study Goals

Primary goal. To estimate the OS rate of Uruguayan pa-
tients with HER2-positive BC treated with trastuzumab
provided by the FNR in between 2006 and 2016, globally

and according to disease stage and treatment modality
(adjuvant, neoadjuvant/adjuvant, and for metastatic disease).

Secondary goal. To analyze the clinical, pathologic, and
biologic characteristics at diagnosis of Uruguayan patients
with HER2-positive BC, including age, menopausal status,
stage, and biologic subtype on the basis of tumor estrogen
receptor (ER) and progesterone receptor (PR) expression.

Study Design and Data Collection

We conducted a prospective study of a cohort of patients
with HER2-positive BC treated with trastuzumab under FNR
coverage approved in the period extending from January 1,
2006, to December 31, 2016. During this period, clinical,
paraclinical, and follow-up data were collected by trained
data managers from the application forms completed by the
patient’s oncologists and from reports of the paraclinical
studies, including CBC, liver and renal function tests, as-
sessment of left ventricular ejection function by echocardi-
ography, and systemic imaging studies, (chest computed
tomography [CT], abdominal with or without pelvic CT, bone
scan, and positron emission tomography /CT) if indicated.
Collected data were recorded in the System Information Da-
tabase of the FNR. After controlling for the validity and quality
of the recorded information, the database was anonymized.

The data gathered included age at diagnosis, menopausal
status, TNM stage (on the basis of the American Joint
Committee on Cancer’s TNM classification, 7th edition,
2010), ER and PR status by immunohistochemistry (IHC;
a cutoff point of 1% was used to define ER and/or PR
positivity), trastuzumab treatment modality (adjuvant, neo-
adjuvant, or for metastatic disease), associated systemic
therapies (chemotherapy, hormone therapy), and date of
death or date of last follow-up.

HER2 testing was performed using the methodology re-
ported in the ASCO/College of American Pathologists HER2
testing guideline.16 HER2 status was considered positive in
IHC 3+ cases or in situ hybridization validated. All patients
gave their informed consent to use their information for
research.

CONTEXT

Key Objectives
What are the treatment outcomes of Uruguayan patients with HER2-positive breast cancer treated in daily practice according

to national treatment coverage protocols?
Knowledge Generated
Five-year OS in the adjuvant setting was 86.4% (95% CI, 84.0% to 88.7%). The median survival of patients with advanced BC

was 25.1 months (95% CI, 10.1 to 42.5 months). Our survival results are not inferior to those reported in clinical trials, in
both adjuvant and advanced settings.

Relevance
The current study sheds light on the outcomes of Uruguayan patients with HER2-positive BC in real life; therefore, it provides

useful information to adjust the coverage protocols of trastuzumab in HER2-positive breast cancer in our country.
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During the study period, trastuzumab was covered for the
adjuvant/neoadjuvant therapy for patients with operable
HER2-positive BC with positive regional lymph nodes, or
with negative nodes and a primary tumor with an invasive
component ≥ 1 cm. Trastuzumab was also covered for
patients with HER2-positive, locoregionally advanced, or
disseminated tumors.15

All patients received chemotherapy (with or without en-
docrine therapy, according to ER and/or PR status), with
protocols selected from those validated by pivotal clinical
trials with trastuzumab. No patient was treated as part of
a clinical trial.

Statistical Analysis

Two subtypes were defined on the basis of the positive or
negative expression of ER and PR in IHC:

1. HER2+, ER+, and/or PR+
2. HER2+, ER–, and PR–

The primary end point was OS, which in patients with
nonmetastatic BC (stages I, II, and III) was defined as the
interval from the date of BC diagnosis to the date of death or
to the date of last follow-up in patients alive at the date of
survival analysis. In patients with metastatic BC, OS was
defined as the interval between the date of diagnosis of the
disseminated disease and the date of death or last follow-
up. The patients alive at the date of last follow-up were
censored at that date.

The Kaplan-Meier method was used for the statistical
analysis, and the difference in survival between groups was
evaluated using the log-rank test. Statistical significance
was considered when P , .05. For the comparison be-
tween more than 2 groups, analysis of variance was used.
The statistics package used was SPSS 22 (Armonk, NY).

Ethical Aspects

The current study was performed in compliance with the
international ethical standards applied to biomedical re-
search (ie, the MERCOSUR Standards on the Regulation of
Clinical Trials and the World Medical Association’s Dec-
laration of Helsinki [including its amendment dated Oc-
tober 2013]). Patient anonymity was maintained in the
analysis, and the study had the approval of the research
ethics committee of the School of Medicine of the University
of the Republic.

RESULTS

The analysis included 1,944 patients diagnosed with in-
vasive BC who received trastuzumab funded by the FNR
between January 1, 2006, to December 31, 2016. The
average time between receipt of the request and authori-
zation for treatment has decreased progressively, and has
been 7 days (standard deviation, 26.1 days) since 2016.

The mean age at diagnosis was 52.8 years (standard de-
viation, 11.0 years), and the peak incidences occurred
between the ages of 45 and 60 years. The distribution by age

was as follows: ≤ 35 years (n = 120 [6.2%]), 36-45 years
(n = 404 [20.8%]), 46-55 years (n = 614 [31.6%]), 56-
65 years (n = 514 [26.4%]), and . 65 years (n = 292
[15%]). Menopausal status was available for 1,790 patients.
Most patients (n = 1,085 [55.8%]) were postmenopausal at
diagnosis, and 705 patients (36.3%) were premenopausal.

Disease stage was known in 1,874 patients. The distribution
by stage was as follows: stage I (n = 294 [15.1%]), stage II
(n = 818 [42.1%]), stage III (n = 443 [22.8%]), stage IV (n =
319 [16.4%]), and unknown (n = 70 [3.6%]). Themean age
by stage was as follows: stage I, 54.0 years; stage II, 52.3
years; stage III, 52.0 years; and stage IV, 54.6 years.

The majority of patients presented initially with a node-
positive axilla (n = 1,053 [54.2%]), of whom 565 (29.1%)
had between 1 and 3 positive lymph nodes, 310 (15.9%)
had between 4 and 9 positive lymph nodes, and 178 (9.2%)
had . 9 positive lymph nodes; 682 patients (35.1%) had
a negative axilla. Data on 209 patients (10.7%) are missing.
With regard to biologic characteristics, most patients (n =
1,240 [63.7%]) hade HER2-positive, ER and/or PR-positive
disease; 628 patients (32.3%) had HER2-positive, ER-
negative, and PR-negative disease, and for the remaining
patients (n = 76 [3.9%]) ER or PR status was unknown.

Trastuzumab was administered as adjuvant therapy to
1,209 patients (62.1%), as neoadjuvant and adjuvant
therapy to 263 patients (13.5%), and for advanced disease
to 319 patients (16.4%). Data for the remaining patients
(7.8%) were not available.

The baseline characteristics of 1,233 patients with operable
BC who received adjuvant trastuzumab (with or without
neoadjuvant trastuzumab) are listed in Table 1. The me-
dian age was 52 years, 46.6% of the patients had node-
negative disease, and 67.5% of the patients had hormone
receptor (HR)–positive tumors. One hundred fifty-four
patients (12.5%) received neoadjuvant trastuzumab in
addition to adjuvant treatment. In all cases, 1 year of ad-
juvant trastuzumab was completed.

Regarding chemotherapy, in most patients (n = 1,001
[81.2%]), the therapy consisted of regimens containing an
anthracycline (doxorubicin, epirubicin) and docetaxel or
paclitaxel. The non–anthracycline-containing regimens
prescribed were docetaxel and cyclophosphamide (TC-H)
and also carboplatin and docetaxel (TCH) followed by tras-
tuzumab until completing a year of adjuvant treatment. No
patient received only docetaxel or paclitaxel with trastuzumab
or trastuzumab without adjuvant chemotherapy.

Most patients (n = 747 [60.6%]) received trastuzumab
concurrently with chemotherapy, and 393 patients (32.1%)
received trastuzumab sequentially with chemotherapy. Data
on the remaining patients (n = 90 [7.3%]) are missing. All
HR-positive patients received adjuvant endocrine therapy.

The characteristics of the 319 women with advanced
disease are listed in Table 2. The median age was 54.6
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years; most patients (n = 201 [63.0%]) were postmenopausal
at diagnosis, 83 patients (26.0%) were premenopausal, and
data on the remaining 35 patients (11%) are missing; 58.9%
of the patients had HR-positive tumors.

All patients received the first trastuzumab-based therapy to-
gether with chemotherapy. Most patients (n = 211 [66.1%])
received paclitaxel or docetaxel. The other chemotherapeutics
frequently combined with trastuzumab were vinorelbine,
gemcitabine, and capecitabine (Table 2).

At a median follow-up of 44 months, the median OS at
5 years for all patients was 74% (95% CI, 71.8% to 76.7%).
The OS at 5 years was 92% (95% CI, 87.7% to 95.7%) for
stage I, 87% (95% CI, 84.1% to 88.6%) for stage II, and
72% (95% CI, 55.7% to 73.0%) for stage III BC.

When survival for stages I to III was analyzed according to
treatment modality, OS at 5 years was 86.2% (95% CI,
83.3% to 88.6%) for patients who received adjuvant treat-
ment and 70% (95% CI, 62.1% to 76.6%) for patients who
received neoadjuvant treatment. With regard to patients with

advanced BC, median survival was 25.1 months (95% CI,
10.1 to 42.5 months; Fig 1).

The OS at 5 years of patients with operable BC (stages I to
IIIA) who received adjuvant (with or without neoadjuvant)
trastuzumab (n = 1,233) was 86.4% (95% CI, 84.0% to
88.7%; Fig 2). Figure 3 presents the OS for patients with
stages I to III BC according to receptor status (HR− v HR+).
The comparison of the OS curves showed statistically sig-
nificant differences only for patients with stage II (P = .001)
and stage III BC (P = .029; log-rank [Mantel-Cox]).

DISCUSSION

The allocation of resources for anti-HER2–targeted thera-
pies in BC is a real challenge faced by health policy makers
and the agencies that provide the funds for this type of
medication.17,18 Because clinical studies are performed
with highly selected patients under optimal conditions, their
survival and safety outcomes may not be reproduced in
routine clinical practice.19-21 Moreover, it is well known that
there are social determinants of BC survival, such as access
to health services and quality of BC care, which may vary
among countries.22,23 Consequently, we can question
whether the results obtained from clinical trials will be the
same in real life.

Our study included 1,944 women with HER2-positive BC,
with a mean age at diagnosis of 52.8 years, and with a peak
incidence ranging from 45 to 60 years. This differs from the
peak incidence of other biologic subtypes of BC, such as
HER2-negative luminal tumors, whose peak incidence is
observed in postmenopausal women, and it also differs
from that of triple-negative tumors, whose peak is seen in
young premenopausal women.24-26 Most patients pre-
sented with early-stage tumors (stages I to IIIA, n = 1,233
[63.4%]) and with HR-positive disease (63.7%).

The OS of patients who received adjuvant trastuzumab was
comparable to that reported by the pivotal randomized trials
of adjuvant trastuzumab.2-4 Indeed, these studies reported
a 5-year OS ranging from 87% to 91%, being 86.2% (95%
CI, 83.3% to 88.6%) for the 1,366 patients who received
adjuvant trastuzumab and 86.4% (95% CI, 84.0% to
88.7%) for the subgroup with operable disease (stages I to
IIIA [n = 1,233]). The 5-year OS reported by the HERA trial2

(ClinicalTrials.gov identifier: NCT00045032) was 87%, the
same we observed here.

Regarding the selection criteria, we think they are mainly
comparable to the HERA trial: (1) similar inclusion criteria
for patients with negative axilla, including patients with
tumors larger than 1 cm (regardless of HR status), (2) the
completion of at least 4 courses of adjuvant chemo-
therapy, and (3) no requirement for the administration of
trastuzumab concurrently with chemotherapy.

With respect to patients characteristics, three differences
stand out among our patients who received adjuvant
therapy: (1) the mean age at diagnosis (49 years in HERA v

TABLE 1. Baseline Characteristics of Patients With Operable Breast
Cancer (n = 1,233)
Variable No. %

Age, years

≤ 35 69 5.6

36-49 453 36.7

50-59 351 28.5

≥ 60 360 29.2

Median 52

Menopausal status

Premenopausal 480 38.9

Postmenopausal 669 54.2

Unknown 84 6.8

Nodal status

Not assessed (neoadjuvant chemotherapy) 46 3.8

Negative 575 46.6

1-3 positive 403 32.7

≥ 4-9 positive 191 15.5

≥ 10 positive 18 1.5

Pathologic tumor size, cm

0-2 535 43.4

. 2-5 557 45.2

. 5 53 4.3

Unknown 88 7.1

Hormone receptor status

ER negative and PR negative 379 30.7

ER negative or PR positive 833 67.5

Unknown 21 1.7

Abbreviations: ER, estrogen receptor; PR progesterone receptor.
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52 years in our study), (2) the percentage of patients with
node-positive axilla (57% in HERA v 49.6% of 1,233 pa-
tients with early-stage disease in our study), and (3) the
percentage of patients with HR-negative BC (50% in HERA
v 30.7% in our study). These differences could have an
impact on outcomes because they involve prognostic
factors. Regarding this, our study supports the notion that
HR expression should still be considered a prognostic
factor in HER2-positive BC (Fig 3).

Regarding metastatic BC, the median survival observed in
our study was 25.1months, similar to that reported for stage
IV patients treated with trastuzumab in the pivotal study
reported by Slamon et al.1 Comparable results were also
reported in previous studies that evaluated the efficacy of
trastuzumab in real-life advanced BC.10,11

Likewise, our results confirm those reported by the few
studies that have addressed the real-life outcome of pa-
tients with HER2-positive BC treated with trastuzumab, in
both the adjuvant and7,9 the metastatic setting.10-12

This real-life study has undeniable strengths including the
high number of patients analyzed, the inclusion of patients

in all age groups, and the long follow-up. Furthermore, the
data were collected prospectively as the treating physicians
requested themedication from the FNR, and the information
available provided the main prognostic and predictive fac-
tors, such as disease stage, the number of positive lymph
nodes, and the status of HRs. A limitation was that, in some
cases, the clinical data requested, such as menopausal
status, were not complete. Despite the active search to
minimize missing data, and regular data monitoring to en-
sure adequate information, some data could not be retrieved
for all patients, which is a limitation of our study.

Importantly, all data were verified by reviewing pathologic
reports; HER2, ER and PR reports; and reports corre-
sponding to the imaging studies of disease extension. With
regard to the time it takes to authorize or deny trastuzu-
mab applying the current FNR procedures (current me-
dian time = 7 days), we consider that it is provided in
a timely manner, within an acceptable lapse of time.
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FIG 1. Overall survival according to disease stage and treatment
modality (adjuvant, neoadjuvant/adjuvant, metastatic disease). Adj,
adjuvant; Neo, neoadjuvant; Adv, advanced.

TABLE 2. Baseline Characteristics of Patients With Advanced Breast Cancer
(n = 319)
Variable No. %

Median age, years 54.6

Menopausal status

Premenopausal 83 26.0

Postmenopausal 201 63.0

Unknown 35 11

Site of metastatic disease at diagnosis

Bone only 172 53.9

Visceral 123 38.5

Liver 36 11.2

CNS 2 0.6

Lung/pleura 56 17.5

Others 29 9.0

Unknown 24 7.5

Trastuzumab combination therapy with chemotherapy

Paclitaxel or docetaxel 211 66.1

Vinorelbine 41 12.8

Capecitabine 22 6.9

Gemcitabine 29 9.0

Others 2 0.6

Unknown 14 4.3

Hormone receptor status

ER negative and PR negative 90 28.2

ER negative or PR positive 188 58.9

Unknown 41 12.9

Abbreviations: ER, estrogen receptor; PR progesterone receptor.
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FIG 2. Overall survival for 1,233 patients with operable breast cancer
who received adjuvant (with or without neoadjuvant trastuzumab).
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As far as we know, this is the first study in Uruguay and in
Latin America to analyze the survival of a significant
number of patients with HER2-positive BC treated with
trastuzumab in clinical practice and with a long follow-up.
The OS results for the Uruguayan patients with HER2-
positive BC treated with trastuzumab under the FNR
coverage regulations are comparable to those reported by
the pivotal randomized clinical studies, in both the adjuvant2-4

and themetastatic setting.1 Likewise, our results confirm those
reported by the few studies that have addressed the real-
life outcome of patients with HER2-positive BC treated with
trastuzumab, both in the adjuvant and7,9 in the metastatic
setting.10-12

In addition, these results confirm the appropriate access to
the other components of BC treatment (ie, surgery, ra-
diotherapy, chemotherapy, and hormonotherapy) in our
Integrated National Health System. The fact that no serious
bureaucratic obstacles were found to be hindering or
delaying the appropriate access to trastuzumab led us to
conclude that the regulations and administrative pro-
cedures currently implemented are reasonable and ef-
fective. Importantly, the current study sheds light on the
national outcomes of our patients with HER2-positive BC in
real life; therefore, it provides useful information to decision
makers in charge of deciding policies for the reimbursement
of targeted therapies.
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