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ABSTRACT

Background. The impact of drug prescriptions in real life
as opposed to strict clinical trial prescription is only rarely
assessed, although it iswell recognized that incorrectusemay
harm patients and may have a significant impact on health
care resources.We investigated the use and effectiveness of
adjuvant trastuzumab in daily practice compared with the
effectiveness in clinical trials.
Methods.We included all patients with stage I–III invasive
breast cancer, irrespective of human epidermal growth
factor receptor 2 (HER2) status, diagnosed in five hospitals
in the southeast of The Netherlands in 2005–2007. We
aimed to assess the actual use of adjuvant trastuzumab in
early HER2-positive breast and its efficacy in daily practice.
Results. Of 2,684 patients included, 476 (17.7%) had a HER2-
positive tumor. Of these, 251 (52.7%) patients had an in-
dication for trastuzumab treatment of which 196 (78.1%)

patients actually received it. Of the 225 patients without
an indication, 34 (15.1%) received trastuzumab. Five-year
disease-free survivalwas80.7% for (n5230) patients treated
with versus 68.2% for (n 5 246) patients not treated with
trastuzumab (p 5 .0023), and 5-year overall survival rates
were 90.7% and 77.4%, respectively (p5 .0002). The hazard
ratio for disease recurrence was 0.63 (95% confidence
interval, 0.37–1.06) for trastuzumab when adjusting for
potential confounders.
Conclusion.This study shows that in real life, patients treated
with trastuzumab in early-stage HER2-positive breast cancer
had a 5-year disease-free and overall survival comparable to
prior randomized trials. For informative decisionmaking, real-
life data are of additional value, providing insight on outcome
of patients considered ineligible for treatment.TheOncologist
2015;20:856–863

Implications for Practice:When new drugs are introduced, knowledge about the correct prescription and impact on health care
resources ismuchappreciated. In the firstyearsafter the introductionof trastuzumab inTheNetherlands, itsusewas inaccordance
withtheeligibilitycriteriaof therandomizedtrials.However, currentlyalmostallpatientswithHER2-positivediseasewillbeoffered
trastuzumab.This study shows that real-life studies canprovide insight into smaller specific patient groups thatmight benefit from
trastuzumab. This may quicken the expansion of indications for drug use, as real life tends to become less strict with growing
expertise.Therefore, real-life data are of additional value for informative decision-making, as they provide insight on the outcome
of patients considered ineligible for treatment in initial clinical trials.

INTRODUCTION

In The Netherlands, approximately 14,000 patients are
diagnosed with invasive breast cancer annually [1]. Human

epidermal growth factor receptor 2 (HER2) overexpression is
present in 15%–20%of newbreast cancer cases.Trastuzumab
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is a monoclonal antibody against the HER2 receptor. Its
effectiveness and safety in patients with a HER2-positive
tumor in the adjuvant setting has been confirmed in six phase
III studies [2–6]. In TheNetherlands, the price of trastuzumab
is approximately 40,000 Euros per patient per year of
treatment [7]. The Dutch Health Care Insurance Board
permitted provisional reimbursement of trastuzumab as
adjuvant treatment. Continued reimbursement from 2012
and onward depended on study of prospective data on
the cost-effective use of trastuzumab in daily practice
within The Netherlands.When introducing a new drug, such
as trastuzumab, knowledge of correct prescription and
impact on health care resources is well-appreciated. Along
with prescription derived from the trials, patients with node-
negative, small, well-differentiated HER2-positive tumors
may also benefit from chemotherapy and trastuzumab,
because these patients are known to have a significant risk of
relapsewhen left untreated [8, 9]. In the St. Gallen guidelines
of 2011, it was recommended to treat patients with node-
negative HER2-positive tumors (pT1bN0 tumors) with
adjuvant trastuzumab [10]. In this study, we assessed the
use and effectiveness of adjuvant trastuzumab in daily
practice compared with the effectiveness in clinical trials.

MATERIALS AND METHODS

Study Design and Data Collection
We performed an observational cohort study, in which we
collected data from all patients with stage I–III breast cancer
diagnosed between January 2005 and December 2007 in five
Dutch hospitals in the southeast of The Netherlands. Patients
were identified by the Netherlands Cancer Registry. Only
patients with a HER2-positive tumor were included for this
present analysis. Immunohistochemistry was used to de-
termineHER2 status. In caseof a21 score, in situhybridization
analysis was performed. Once amplification was seen, these
patients were also considered HER2-positive.

This studywas approved by themedical ethical committee
of the Maastricht University Medical Center. The need for
obtaining informed consent was waived because of the
observational design of the study.

Between 2009 and 2011, data were collected from the
patient files by trained data managers. If HER2 status was
missing, the HER2 status was centrally reassessed by a breast-
dedicated pathologist (B.d.V.). Patients who had a positive
HER2 status after central pathology reviewwere also included.

Study Goals
In this study, we first assessed whether adjuvant trastuzumab
was given according to the national guidelines at that time.
Secondly, we assessed the effectiveness of adjuvant trastuzu-
mab in daily practice and when given according to guidelines
and compared this to patient selection for and effectiveness of
trastuzumab in clinical trials. Thirdly, we assessed factors that
influenced the real-life effectiveness.

Guidelines for Adjuvant Systemic Therapy
In 2005, the criteria in The Netherlands to be a candidate for
adjuvant trastuzumab included HER2-positive, node-positive
disease present in a patient younger than 60 years of age; 4 or

more positive nodes or hormone receptor-negative disease
present in apatient between60and70yearsof age; a tumorof
10–20mm and grade III, 20–30mm and grade II or III, or more
than 30 mm of any grade present in a patient with node-
negative disease below 60 years; and hormone receptor-
negative disease present in a patient below 70 years [11]
(supplemental online Table 1).

Definition of Endpoints
Disease-free survival was defined as the interval from the date
of diagnosis to the first occurrence of recurrence of breast
canceratany site, secondnon-breast cancer, ordeath fromany
cause,whicheveroccurred first.Overall survivalwasdefinedas
the interval fromthedateof firstdiagnosis to thedateofdeath.
If a patientwas still alive anddisease-freeonOctober 21, 2011,
the date of last follow-up, the patient was censored at that
date.

Statistical Analysis
The primary endpoint of our study was 5-year disease-free
survival in real life for patients treated with versus without
trastuzumab. To compare baseline differences between these
two groups, chi-square tests were performed for categorical
variables and Mann-Whitney tests for continuous and ordinal
variables. Kaplan-Meier estimates for the 5-year disease-free
and overall survival rates were calculated, and the Kaplan-
Meiercurvesover timefor thetwogroupswerecomparedwith
the log-rank test. Cox proportional hazard regression analyses
were used to assess the influence of trastuzumab onoutcome,
correcting for age, comorbidity, and tumor characteristics
(which included pathological tumor size, nodal status, and
histological grade). Comorbidity was defined by the Charlson
Comorbidity Index (CCI) [12], an age-adjusted measure of
comorbidity in which different weights were ascribed accord-
ing to the severity of the comorbidity. Records on comorbidity
were kept during data collection. All reported p values were
two-sided, and confidence intervals were set at 95%. All
analyses were performed using SAS software version 9.2.

RESULTS

Patient Inclusion
We included 2,684 patients. Central pathology review in 106
patients with missing HER2 status revealed that 3 (2.8%) had
HER2-positive tumors, and 66 (63%) had HER2-negative
tumors. In 37 patients, reassessment of the HER2 status was
impossible because of insufficient tumor material. The low
HER2-positivity rate on revision may be explained by the high
average age (generally 801) in the patients with missing data
and the fact that age shows a strong negative correlation with
the risk of a positive HER2 status [13]. Of the 2,684 patients,
476 (17.7%) had a confirmed HER2-positive tumor status.

Guideline Adherence
In the HER2-positive group, chemotherapy and trastuzumab
were indicated according to the guidelines as described above
in251 (52.7%)patients basedonage and tumor characteristics
(Table1;Fig.1):196 (78.1%)patientsweretreatedaccordingto
indication, and 55 patients (21.9%) did not receive adjuvant
trastuzumab. Reasons not to offer trastuzumab included
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Table1. Patient,tumor,andtreatmentcharacteristicsofHER2-positivepatientswithorwithout indicationtrastuzumabtreatment

according to 2005 Dutch guidelines

Indication for trastuzumab No indication for trastuzumab

Characteristics All patients No trastuzumab Trastuzumab p value No trastuzumab Trastuzumab p value

Total no. of patients 476 251 225

55 196 191 34

Age at diagnosis, years, no. (%)

,35 15 (3) 2 (3.6) 13 (6.6) .002 0 (0.0) 0 (0.0) ,.001

35–49 117 (25) 15 (27.3) 75 (38.3) 17 (8.9) 10 (29.4)

50–59 152 (32) 24 (43.6) 87 (44.4) 34 (17.8) 7 (20.6)

60–69 98 (21) 14 (25.5) 21 (10.7) 48 (25.1) 15 (44.1)

$70 94 (20) 0 (0.0) 0 (0.0) 92 (48.2) 2 (5.9)

Charlson Comorbidity Index

No comorbidity Score 0 275 (58) 27 (49.1) 142 (72.5) .001 86 (45.0) 20 (58.8) .113

Score 1 119 (25) 19 (34.6) 38 (19.4) 54 (28.3) 8 (23.5)

Score 2 54 (11) 6 (10.9) 13 (6.6) 30 (15.7) 5 (14.7)

Score 3 16 (3) 1 (1.8) 2 (1.0) 13 (6.8) 0 (0.0)

Score 4 9 (2) 1 (1.8) 1 (0.5) 7 (3.7) 0 (0.0)

Score 7 3 (1) 1 (1.8) 0 (0.0) 1 (0.5) 1 (2.9)

Pathological tumor size, no. (%)

#1.0 cm 88 (18) 7 (13.5) 15 (7.8) .013 55 (32.0) 11 (35.5) .229

.1–2 cm 160 (34) 23 (44.2) 67 (34.7) 58 (33.7) 12 (38.7)

$2–3 cm 137 (29) 17 (32.7) 71 (36.8) 43 (25.0) 6 (19.4)

$3 cm 63 (13) 5 (9.6) 40 (20.7) 16 (9.3) 2 (6.5)

Missing 28 (6) 3 (–) 3 (–) 19 (–) 3 (–)

Nodal status, no. (%)

Negative 230 (48) 29 (59.2) 74 (40.7) .021 107 (74.8) 20 (62.5) .172

1–3 positive nodes 114 (24) 14 (28.6) 64 (35.2) 27 (18.9) 9 (28.1)

$4 positive nodes 62 (13) 6 (12.2) 44 (24.2) 9 (6.3) 3 (9.4)

Missing 70 (15) 6 (–) 14 (–) 48 (–) 2 (–)

Histological grade of tumor, no. (%)

Grade 1 41 (9) 4 (7.7) 7 (3.9) .399 27 (16.5) 3 (10.7) .485

Grade 2 209 (44) 22 (42.3) 74 (40.9) 96 (58.5) 17 (60.7)

Grade 3 175 (37) 26 (50.0) 100 (55.3) 41 (25.0) 8 (28.6)

Missing 51 (11) 3 (–) 15 (–) 27 (–) 6 (–)

Hormone-receptor status, no. (%)

ER- and PR-negative 143 (30) 18 (32.7) 81 (41.3) .249 35 (18.3) 9 (26.5) .267

ER- and/or PR-positive 333 (70) 37 (67.3) 115 (58.7) 156 (81.7) 25 (73.5)

Missing 0 (0) 0 (–) 0 (–) 0 (–) 0 (–)

Extent of surgery for primary tumor, no. (%)

Breast-conserving 215 (45) 29 (54.7) 83 (42.8) .122 90 (52.6) 13 (39.4) .164

Mastectomy 236 (50) 24 (45.3) 111 (57.2) 81 (47.4) 20 (60.6)

No surgery 25 (5) 2 (–) 2 (–) 20 (–) 1 (–)

Radiotherapy, no. (%)

Yes 308 (65) 37 (67.3) 142 (72.5) .453 106 (55.5) 23 (67.7) .187

No 168 (35) 18 (32.7) 54 (27.6) 85 (44.5) 11 (32.4)

(Neo)adjuvant chemotherapy, no. (%)

No 207 (43) 28 (50.9) 0 (0.0) ,.001 178 (93.2) 1 (2.9) ,.001

Yes 269 (57) 27 (49.1) 196 (100) 13 (6.8) 33 (97.1)

Adjuvant endocrine therapy given, no. (%)

No 236 (50) 25 (45.4) 86 (43.9) .835 115 (60.2) 10 (29.4) .001

Yes 240 (50) 30 (54.6) 110 (56.1) 76 (39.8) 24 (70.6)

Abbreviations: ER, estrogen receptor; PR, progesterone receptor.
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serious comorbidities (24 patients) and borderline indication
and/orpatientpreference (19patients). Sevenpatientsdidnot
receive trastuzumab because of diagnosis before the in-
troduction of trastuzumab in September 2005.

There were 225 (47.3%) patients without an indication to
receive trastuzumab, of whom 191 (84.9%) did not receive
trastuzumab. However, 34 patients (15.1%) did receive
trastuzumab in spite of the absence of an indication. The
majority was of an age or had tumor characteristics that only
slightly deviated from the treatment guidelines of 2005.
(Table 1) With the current guidelines, all of these 34 patients
would qualify for trastuzumab treatment.

Real-Life Patient and Treatment Characteristics
Patients treated with trastuzumab had a median age of 51
years (range 27–72). Median tumor size was 22 mm (range
0–100), with node-positive disease in 56% and a positive
hormone-receptor status in 62%of patients.Trastuzumabwas
delivered for a median 17 cycles (range 2–37).

Baseline patient and tumor characteristics were compara-
ble to those in theHERA [2] trial,NCCTGN9831 [14] andNSABP
B-31 [14] trials (supplemental online Table 2). However, in our
population, more patients with node-negative tumors re-
ceived adjuvant systemic therapy.

As a result of selection, the baseline characteristics of
patientsnottreatedwithtrastuzumab, inreal life,weredifferent
fromthosewhodidreceivetrastuzumab.Theyweresignificantly
older (median 65 years, range 33–93 years versus median
51 years, range 27–72, p, .0001), were more likely to have

comorbidity (54.1%versus29.6%,p, .0001),andreceived less
adjuvant chemotherapy (16.3% versus 99.6%, p , .0001)
compared with those treated with trastuzumab.

In daily practice, treatment with trastuzumab was mostly
(n 5 187; 80%) initiated after finishing treatment with
chemotherapy, in accordance with the protocol of the HERA
trial [2]. In 18% (n5 42) of patients, trastuzumab was started
concurrently with taxane treatment according to the U.S.
pivotal trials [14]. Sequential administration of trastuzumab
after chemotherapy was mostly given in 2005 and 2006; in
2007,concurrenttreatmentwasgivenmoreoften.Onepatient
(0.4%) received trastuzumabwithout adjuvant chemotherapy.
In 52 of 230 (23%) patients, neoadjuvant chemotherapy and
trastuzumab were administered. The chemotherapy regimes
in patients receiving (neo)adjuvant trastuzumab consisted of
antracycline (37%), antracycline and taxane (60%), taxane
(2%), and no-antracycline, no-taxane-based therapy (0.9%)
(supplemental online Table 2). Consequently, in only 3 of 230
(1%) patients, trastuzumab administration was not according
to the labeled indication. We also monitored the incidence
of cardiotoxicity; there were 36 patients who permanently
stopped trastuzumab treatment because of presumed car-
diotoxicity. Further data on cardiotoxicity will be shown else-
where. No deaths caused by trastuzumab were seen.

Disease-Free and Overall Survival in Relation to Use
of Trastuzumab
Themedian follow-up of the patients in this real-life studywas
5.0 years (range 3.2–6.7). Five-year disease-free survival rate

Figure 1. Actually delivered adjuvant trastuzumab in the years 2005–2007 in the southeast part of The Netherlands in patients
consecutively diagnosed with stage I–III breast cancer related to prevailing guidelines at that time.

Abbreviation: HER2, human epidermal growth factor receptor 2.
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was 80.7% for 230 patients treated with trastuzumab ver-
sus 68.2% for 246 patients not treated with trastuzumab
(p 5 .0023). The 5-year overall survival rates were 90.7%
(trastuzumab) versus 77.4% (no trastuzumab), respectively
(p5 .0002). In the Cox proportional hazard model correcting
for age, comorbidity, and tumor characteristics (size, nodal
status, and grade), the administration of trastuzumab resulted

in a hazard ratio for disease recurrence of 0.63 (95% confidence
interval [CI], 0.37–1.06) (Tables 2, 3).

Additionally,weanalyzed survival in patientswith an indication
for trastuzumabaccording to the2005guidelines, for bothpatients
who did receive trastuzumab (n 5 196) and those who did not
receive trastuzumab for various reasons (mostly comorbidity) (n5
55). The 5-year disease-free survival was 80.6% in the patients

Figure2. SurvivalofpatientsdiagnosedwithHER2-positivediseaseinthesoutheastNetherlandsdiagnosedin2005–2007,receivingtrastuzumab.
Kaplan-Meier estimates of disease-free survival (A) and overall survival (B) of patients treatedwith 1 year trastuzumab versus no trastuzumab in
real life irrespective of eligibility according to 2005 guidelines. Disease-free survival (C) and overall survival (D) of patients treatedwith orwithout
trastuzumab while having an indication according to 2005 Dutch guidelines. Disease-free survival (E) and overall survival (F) of patients treated
with or without trastuzumab with no indication according to 2005 Dutch guidelines. Disease-free survival included recurrence of breast cancer
at any site, ipsilateral or contralateral breast cancer, second non-breastmalignant disease, or death from any cause. Overall survival is defined as
the interval from the date of first diagnosis to the date of death or date of last follow-up.

Abbreviation: Ind., Indication.
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treatedwithtrastuzumaband76.4%inthosewithouttrastuzumab
(p 5 .3935). The 5-year overall survival rates were 89.7%
(trastuzumab) versus 87.0% (no trastuzumab), respectively
(p 5 .45). The Cox proportional hazards model resulted in a
hazard ratio for disease recurrence of 0.56 (95% CI, 0.27–1.17).

In patients with no indication for trastuzumab according
to the 2005 guidelines, the 5-year disease-free survival was
81.3% (n 5 34) (trastuzumab) versus 65.8% (n 5 191) (no
trastuzumab), (p5 .086).The 5-year overall survival rates were
97.1% and 74.7%, respectively (p5 .009). In the multivariable
analysis, the administration of trastuzumab resulted in a hazard
ratio for disease recurrence of 0.75 (95% CI, 0.30–1.88) (Fig. 2).

FactorsThat InfluencedDisease-FreeSurvival/Real-Life
Effectiveness of Trastuzumab
Trastuzumab treatment improved the disease-free survival;
ahazardratio fordiseaserecurrenceof0.56(95%CI,0.39–0.82)
was observed in the unadjusted analysis. The patients treated
with trastuzumab generally had less favorable tumor charac-
teristics (Table 1). After adjustment for these tumor character-
istics in themultivariableanalysis, thedisease-freesurvivalwas
even more favorable with a hazard ratio of 0.43 (95% CI,
0.27–0.67).Themore favorable patient characteristic, age and
comorbidity (Table 1), in the users contributes to this positive
outcome. The adjusted hazard ratio corrected for tumor
and patients characteristics appeared to be 0.63 (95% CI,
0.37–1.06) (supplemental online Table 2).

DISCUSSION

In this study, we assessed to whom adjuvant trastuzumab was
given in daily practice in the initial years since its reimburse-
ment in September 2005 in The Netherlands and with what
outcome. Of 2,684 patients diagnosed with stage I–III breast
cancer, 17.7% had HER2-positive disease. The administration
of trastuzumab was according to the label in 99% of patients.
Approximately half of the patients with HER2-positive disease
did not receive adjuvant trastuzumab: three-quarters because
of the lackof an indication according to prevailing guidelines in
2005 and nearly one-fifth because of comorbidities or patient
preference. Of the patients who received trastuzumab, 85%
fulfilled the criteria of 2005 guidelines, and the remaining 15%
would have had an indication according to the 2012 guidelines
(supplemental online Table 1). Outcome was significantly im-
proved by the use of trastuzumab, and the risk on recurrence
was significantly reduced. Patients treated with trastuzumab
were younger and had less comorbidity than patients not
treated but instead had less favorable tumor characteristics.

Only a few studies have addressed the real-life implemen-
tation of adjuvant trastuzumab. de Munck et al. [13] reported
that of all women with HER2-positive breast cancers receiving
adjuvant chemotherapy, only 6% did not receive trastuzumab.
The most common reasons to withhold trastuzumab were
cardiovascular disease and patient refusal. In our cohort, 3% of
patients did not start with trastuzumab. Whitfield et al. [15]
reported for Australia and New Zealand that during 2006 and

Table 2. The HR for the effect on DFS and OS of treatment with trastuzumab (comparedwith without trastuzumab) corrected for

one risk factor

DFS OS

Hazard ratio HR 95% CI p value HR 95% CI p value

Unadjusted HR 0.56 0.39–0.82 .0026 0.39 0.24–0.65 .0003

Risk factors

Age at diagnosis (years) 0.91 0.58–1.43 .694 0.91 0.49–1.69 .772

Charlson Comorbidity Index 0.64 0.44–0.95 .025 0.44 0.26–0.74 .002

Pathological tumor size 0.60 0.40–0.89 .011 0.42 0.25–0.73 .002

Nodal status 0.46 0.30–0.71 .0004 0.26 0.14–0.46 ,.0001

Grade 0.52 0.35–0.79 .002 0.40 0.23–0.69 .001

Hormone-receptor status 0.51 0.35–0.75 .0006 0.36 0.21–0.60 ,.0001

Chemotherapy 0.51 0.28–0.95 .325 0.37 0.17–0.81 .0128

Hormonal therapy 0.59 0.40–0.86 .0062 0.40 0.24–0.66 .0004

Abbreviation: DFS, disease-free survival; HR, hazard ratio; OS, overall survival.

Table 3. UnadjustedHRandhazard ratios adjusted for a combination of risk factors for the effect onDFS andOSof treatmentwith

trastuzumab (compared with without trastuzumab)

DFS OS

Hazard ratio HR 95% CI p value HR 95% CI p value

Unadjusted HR 0.56 0.39–0.82 .0026 0.39 0.24–0.65 .0003

HR adjusted for tumor characteristicsa 0.43 0.27–0.67 .0002 0.24 0.13–0.44 ,.0001

HR adjusted for tumor characteristics1 CCI 0.52 0.33–0.82 .0048 0.29 0.15–0.54 .0001

HR adjusted for tumor characteristics1 CCI1 age 0.63 0.37–1.06 .0813 0.48 0.23–1.01 .0519
aCombination of pathological tumor size, nodal status, and histological grade.
Abbreviation: CCI, Charlson Comorbidity Index; DFS, disease-free survival; HR, hazard ratio; OS, overall survival.
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2008, the percentage of breast cancers tested rose from 77%
to 91%. In our cohort, only 4% of HER2 results were missing.
Of their patients, 14% had HER2-positive tumors, which is
comparable to our 17.7%. Remarkably, in the Australian study,
the proportion of patients with HER2-positive tumors treated
with trastuzumab rose to 74% in 2008, compared with 48%
in our cohort. Currently, our national guidelines also have
extended the indication for trastuzumab to smaller tumors. In
aGermanstudy, 17.3%ofpatientshadaHER2-positive tumor in
2007,and61%ofthepatientswithaHER2-positivebreasttumor
larger than 1 cm received trastuzumab [16]. In contrast to our
real-life analyses, patients with node-negative breast cancer of
.0.5 cmcanbe considered for adjuvant trastuzumabaccording
to current guidelines. Furthermore, age is by itself not an
exclusion criteria anymore. If a patient is above 70 years of age
but yet in a clinical good condition, adjuvant treatment with
trastuzumabmay be an option depending on tumor character-
istics. According to the national guidelines of 2005, patients
above 70 (in some cases 60) years of age were generally con-
sidered not eligible for adjuvant chemotherapy and for that
reason also not for adjuvant trastuzumab. However, as the
average age of people all over the world is increasing and the
elderly are becoming more vital, nowadays we discuss
adjuvant treatment options with those above 70 years of
age. Nonetheless, we notice within our country that most
elderly patients look differently at calculated benefits and risks
of additional treatment. As a result, the majority still does not
choose to be treated with systemic therapy apart from
endocrine therapy.

The age and tumor characteristics of the patients treated
with trastuzumab in our cohort study largely resembled those
of the prior reported randomized trials [2–6]. Onedifference is
that in our daily practice, more patients with node-negative
tumors received adjuvant systemic therapy. Although the
benefit of trastuzumab is comparable in node-positive and
node-negative disease, the absolute benefit results were
smaller for the more favorable node-negative patient group,
which accounts for 50% of our HER2-positive group.

Furthermore, 10%–15% of breast cancer patients have
a cardiovascular disease. These patients have been largely
excluded from treatment with trastuzumab, both in random-
ized trials and in daily clinical practice. In our analysis, we
corrected for this factor by using the CCI, which resulted in
a slight increase of the hazard ratio but still confirmed the
favorable outcome for patients treated with trastuzumab.
More important, what can be learned from a real-life analysis
in contrast to results from randomized controlled trials is the
sizeand theoutcomeofpatients thatarenotcandidates for the
new treatment because of contraindications.

The disease-free survival results for patients treated with
and without trastuzumab in real life are well comparable to
those in the pivotal randomized controlled trials [14, 17, 20,
21] (supplemental online Table 3). It brings reassurancewhen
eligibility and treatment results of clinical trials can be trans-
lated to the real-life setting. It confirms that implementation in
real life has been successful. Additional information was found
when comparing treatment with trastuzumab with or without
indication. Hence, for reliable assessment of real-life effective-
ness, we recommend assessing the outcome of both treated
and untreated patients and whether their outcome is in line

with clinical trial results or not. Thus it can be confirmed that
implementation in real life is effectively done.

Additional improvement in treatment of adjuvant breast
cancerpatients has beenachievedby the introductionof taxanes
in the same period of time as trastuzumab. Taxanes established
additional improvement in disease-free survival compared with
trastuzumabandanthracyclinesalone[5,18]. Inourmultivariable
analysis, we observed a trend for additional benefit of taxanes in
patients with HER2-positive disease compared with those with
HER2-negative disease (data not further shown).

A limitation of our study, related to its observational
design, is that some missing data could not be retrieved. Also
thenumberofpatients in somesubgroupsbecametoosmall to
draw firm conclusions.

To our knowledge, this is one of the few studies inwhich real-
life treatment decisions on use of adjuvant trastuzumab were
related to outcome. A study that did look at outcomewas that of
Seal et al. [19]; this was a population-based analysis that found
that adjuvant trastuzumab use demonstrates excellent survival
outcomesamongwomenwithHER2-positiveearlybreast cancer.
Arandomizedtrial showsthemaximumtreatmenteffect thatcan
be obtained by optimal patient selection. In real life, indications
for usewill generally get less strict with growing expertise. In the
first years after the introduction of trastuzumab in The Nether-
lands, its use was in accordance with the eligibility criteria of the
randomized trials. However, currently almost all patients with
HER2-positive disease will be offered trastuzumab.

CONCLUSION
Adherence in real life to guidelines regarding indications for
trastuzumab was excellent. The characteristics and the sur-
vival rates of the patients who received trastuzumab were
comparable to those in the clinical trials. For informative
decision making, real-life data may be of additional value,
because real-life studies provide insight in specific patient
groups that cannot be obtained from randomized trials.
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