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setting (neoaltto, GeparQuinto, Neosphere), trastu-
zumab alone or in combination with another anti-her2 
agent (lapatinib, pertuzumab) was compared with 
either lapatinib or pertuzumab alone and showed 
superior or equivalent rates of pathologic complete 
response. In the adjuvant setting, lapatinib alone or in 
combination with trastuzumab, compared with trastu-
zumab alone (altto) or with placebo (teach), was not 
superior in dfs. The results of the completed aphinity 
trial, evaluating the role of dual her2 blockade with 
trastuzumab and pertuzumab, are highly anticipated. 
Ongoing trials are evaluating trastuzumab as a single 
agent without adjuvant chemotherapy (respect) and in 
patients with low her2 expression (National Surgical 
Adjuvant Breast and Bowel Project B-47).

Conclusions

Taking into consideration disease characteristics 
and patient preference, 1 year of trastuzumab should 
be offered to all patients with her2-positive breast 
cancer who are receiving adjuvant chemotherapy. 
Cardiac function should be regularly assessed in this 
patient population.
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1. INTRODUCTION

The outcomes of patients with early breast cancer 
have been improved with the use of adjuvant systemic 
treatments1, which include chemotherapy, endocrine 

ABSTRACT

Background

This systematic review addresses the question “What 
is the optimal targeted therapy for female patients 
with early-stage human epidermal growth factor 
receptor 2 (her2)–positive breast cancer?”

Methods

The medline and embase databases were searched 
for the period January 2008 to May 2014. The Stan-
dards and Guidelines Evidence directory of cancer 
guidelines and the Web sites of major guideline 
organizations were also searched.

Results

Sixty publications relevant to the targeted therapy 
portion of the systematic review were identified.

In four major trials (hera, National Surgical 
Adjuvant Breast and Bowel Project B-31, North 
Central Cancer Treatment Group N9831, and Breast 
Cancer International Research Group 006), adjuvant 
trastuzumab for 1 year was superior in disease-free 
survival (dfs) and overall survival (os) to no trastu-
zumab; trastuzumab showed no benefit in one trial 
(pacs 04). A shorter duration of trastuzumab (less 
than 1 year compared with 1 year) was evaluated, 
with mixed results for dfs: one trial showed supe-
riority (finher), one trial could not demonstrate 
noninferiority (phare), another trial showed equiva-
lent results (E 2198), and one trial is still ongoing 
(persephone). Longer trastuzumab duration (hera: 
2 years vs. 1 year) showed no improvement in dfs or 
os and a higher rate of cardiac events.

Newer her2-targeted agents (lapatinib, pertu-
zumab, T-DM1, neratinib) have been or are still being 
evaluated in both adjuvant and neoadjuvant trials, 
either by direct comparison with trastuzumab alone 
or combined with trastuzumab. In the neoadjuvant 
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therapy, and targeted agents (trastuzumab) for eli-
gible subgroups of patients. Several clinical practice 
guidelines have made recommendations for the selec-
tion of adjuvant systemic therapy based on primary 
evidence or consensus, or both. Despite the existence 
of those guidelines, practice is variable in the Ontario 
health care setting2. The Program in Evidence-Based 
Care (pebc), together with the Breast Cancer Disease 
Site Group of Cancer Care Ontario (cco), is charged 
with developing evidence-based practice guidelines 
pertaining to breast cancer care. Over many years, 
the pebc has created clinical practice guidelines ad-
dressing various aspects of adjuvant systemic therapy 
for early breast cancer. The creation of an updated, 
comprehensive guideline pertaining to all aspects 
of early breast cancer systemic therapy was recently 
identified as a priority. The resulting guideline is 
most applicable to the Canadian—and particularly 
Ontario—setting, but any high-resource health care 
context could find this guideline applicable.

A systematic review of the evidence was con-
ducted to inform the guideline recommendations. 
Thereafter, expert consensus was used to validate 
the compiled recommendations, leading to creation 
of the final guideline. The guideline recommenda-
tions and a summary of the consensus process are 
published in this supplement and on the cco Web 
site3. This article presents the evidence base used to 
develop the recommendations for targeted therapy 
in female patients with early-stage her2 (human 
epidermal growth factor receptor 2)–positive breast 
cancer; it can be used as a standalone reference re-
viewing the extensive data in this important area. The 
evidence reviews for endocrine therapy in hormone 
receptor–positive cancer and for chemotherapy are 
published elsewhere in this supplement.

For the purposes of this guideline, early breast 
cancer was defined primarily as invasive cancers 
stage i–iia (T1N0–1, T2N0). Studies in breast cancer 
described as operable or stage i–iiia were also includ-
ed (see the Methods section). Although several of the 
systemic therapies discussed here can be considered 
for use in the neoadjuvant setting, the review focuses 
on trials with endpoints of disease-free survival (dfs) 
or overall survival (os), and thus excludes several 
neoadjuvant trials that used only pathologic complete 
response (pcr) as the primary endpoint.

2. METHODS

One systematic review was conducted for all sys-
temic therapies, and therefore the search strategy and 
subsequent overall results apply to chemotherapy, 
hormonal therapy, and targeted therapy combined.

2.1 Literature Search Strategy

The medline and embase databases were searched for 
the period January 2008 to March 5, 2012; the search 

was later updated to May 12, 2014. Publications had 
to include terms related to both breast cancer and 
systemic therapy (chemotherapy; endocrine therapy, 
including ovarian suppression; and targeted agents). 
The search was limited to randomized controlled 
trials (rcts), guidelines, systematic reviews, and 
meta-analyses. In most cases, systemic agents were 
indexed using terms such as “adjuvant therapy,” but 
individual chemotherapy agents or regimens were 
also included. The full database search strategy is 
set out in Supplementary Appendix 1. Guidelines 
were also located using the Standards and Guidelines 
Evidence directory of cancer guidelines and the Web 
sites of organizations known to produce oncology-
related guidelines [National Institute for Health and 
Clinical Excellence (United Kingdom), Scottish 
Intercollegiate Guidelines Network, American So-
ciety of Clinical Oncology, National Comprehensive 
Cancer Network (United States), National Health 
and Medical Research Council (Australia), New 
Zealand Guidelines Group]. Evidence was selected 
and reviewed by one member (GGF) of the pebc Early 
Breast Cancer Systemic Therapy Working Group; all 
authors provided input about the included publication 
once the initial screening was complete.

2.2 Study Selection Criteria: RCTs

Clinical trials were included if they evaluated at least 
100 female patients with early-stage breast cancer 
randomized to at least 1 systemic agent and used 
survival (generally os or dfs) as one of the primary 
or secondary outcomes. Studies had to describe the 
patients as having early or operable breast cancer, 
or allow the population characteristics to be ascer-
tained from the methods or results. Trials evaluat-
ing patients with stages iib and iiia cancers were 
included only if stage iia cases also formed part of 
the patient population and if at least half the patients 
had stages i–iib cancer. When only tumour size and 
nodal status were reported, stage was estimated 
according to the AJCC Cancer Staging Manual, 
6th edition4,5 to decide whether the study met the 
inclusion criteria. Studies with mostly stage iii or 
locally advanced tumours were excluded, as were 
studies that focused on stage iv (metastatic) breast 
cancer, noninvasive cancers (ductal carcinoma in situ 
or lobular carcinoma in situ), or treatment of cancer 
relapse. Trials primarily evaluating antiemetic drugs, 
erythropoiesis-stimulating agents, or autologous he-
matopoietic stem-cell transplantation were excluded. 
Studies of bisphosphonates to prevent metastasis or 
cancer recurrence were included; studies evaluating 
any bone-targeted agents to treat bone metastasis 
were excluded. Studies were eliminated if they were 
not relevant to the current practice setting in Ontario 
(for example, they evaluated older drugs no longer 
used), reported only exploratory analyses or correla-
tions, or did not report survival endpoints.
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2.3 Selection of Other Publications

Clinical practice guidelines were considered relevant 
if their recommendations were based on a system-
atic review of the literature or were described as 
evidence-based consensus. Systematic reviews and 
meta-analyses were also evaluated. The quality of the 
systematic reviews and meta-analyses was assessed 
using the amstar tool6. For the rcts, study or trial 
design and quality characteristics were assessed; 
however, rcts included in high-quality systematic 
reviews and meta-analyses were not separately ap-
praised. Relevant rcts cited in systematic reviews, 
guidelines, or meta-analyses were compared with 
those found during the medline and embase data-
base searches. Studies that were not captured in the 
database review were retrieved if deemed important 
for further evaluation. Studies whose long-term 
follow-up data were pending and studies referenced 
in abstract form only were targeted for retrieval 
of potentially updated publications. Referenced 
trials from before 2008 were also retrieved when 
deemed appropriate. Abstracts presented at major 
conferences were initially searched as part of the 
grey literature; however, most relevant studies were 
found to be included in the updated embase database 
results, and therefore conference proceedings were 
not explicitly included.

3. RESULTS

After removal of duplicate citations, the searches 
of medline and embase located 14,444 publications 
(11,435 rcts and 3009 systematic reviews, guidelines, 
or meta-analyses). Of the guidelines, systematic 
reviews, and meta-analyses, 287 were of some rel-
evance, and portions were either cited in the current 
literature review or used to locate rcts that might 
not have appeared in the database searches. After 
screening based on the inclusion and exclusion 
criteria and the addition of publications from other 
sources (reference lists, targeted searches for publi-
cations of studies initially found only as abstracts), 
516 publications of trials were located, of which 60 
were relevant to the targeted therapy (her2-positive) 
portion of the systematic review.

3.1 Guidelines

Clinical practice guidelines located in the literature 
search are summarized in Supplementary Table 17–10.

3.2 Meta-analyses

3.2.1 The Cochrane Collaboration
For the Cochrane Collaboration, Moja et al.11 
concluded that trastuzumab-containing regimens 
improve rates of os (hazard ratio: 0.66; p < 0.00001) 
and dfs (hazard ratio: 0.60; p < 0.00001). Risk of 

congestive heart failure [relative risk (rr): 5.11; p < 
0.00001] and decline in left ventricular ejection 
fraction (rr: 1.83; p = 0.0008) were increased with 
trastuzumab. Cardiotoxicity is often reversible if 
trastuzumab is stopped immediately on toxicity 
occurrence. No difference in hematologic adverse 
effects was observed.

In patients at high risk of recurrence and without 
heart problems, the trastuzumab benefit is much 
greater than the risk. The risk–benefit balance in pa-
tients at low risk of recurrence is less clear. Two small 
trials of trastuzumab administered for 6 months or 
less compared with no trastuzumab at all (finher12 
and Buzdar et al.13, 273 patients in total) found ef-
ficacy similar to that in longer studies, but with less 
cardiotoxicity. The shorter regimens were associ-
ated with a hazard ratio of 0.31 for the dfs rate (p = 
0.04) and a rr of 0.89 (no difference) for decline in 
left ventricular ejection fraction. Risk of congestive 
heart failure was lower (rr: 0.5), but that statistic was 
based on only 3 events. The Cochrane meta-analysis 
excluded the docetaxel–carboplatin–trastuzumab 
(tch) arm of Breast Cancer International Research 
Group (bcirg) 00614 (in which cardiotoxicity was 
found to be less than that found with anthracyclines) 
and did not include the sequential arm of North Cen-
tral Cancer Treatment Group N983115 because it had 
not yet been published.

3.2.2 Yin et al., 2011
The analysis Yin et al.16 also found better rates of 
dfs, os, locoregional recurrence, and distant recur-
rence (all p < 0.001) when trastuzumab was added to 
adjuvant chemotherapy. The authors did not comment 
on cardiotoxicity, but found a higher incidence of 
central nervous system recurrence (p = 0.01), which 
was suggested to possibly be related to the prolonged 
survival of patients receiving trastuzumab.

3.3 Neoadjuvant Trials, Including Systematic 
Reviews and Meta-analyses

Several systematic reviews of neoadjuvant trastu-
zumab have recently been published17–21. Most 
rcts (and thus reviews) reported pcr as the primary 
endpoint. All the reviews concluded that, compared 
with chemotherapy alone, trastuzumab plus chemo-
therapy significantly increased pcr in patients with 
her2-positive cancer (rr for probability of pcr: 1.85 
and 2.07, p < 0.001, in favour of trastuzumab in two 
of the meta-analyses). Only a study by Buzdar et 
al.13 focused on early breast cancer; it did not meet 
our inclusion criteria because of its small number 
of patients, and therefore it does not appear in the 
data table. The study compared paclitaxel plus 
trastuzumab (every 3 weeks for 4 cycles) → fec 
(5-fluorouracil–epirubicin–cyclophosphamide) plus 
trastuzumab (every 3 weeks for 4 cycles) with the 
same regimen without trastuzumab and found pcr 
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rates of 65% and 26% and 3-year dfs rates of 100% 
and 85% (p = 0.041) respectively.

3.4 Meta-analyses or Reviews of Cardiotoxic Effects

3.4.1 Chen et al., 2011
The meta-analysis by Chen et al.22 of 11,882 patients 
in ten rcts found rates of left ventricular ejection 
fraction decline and congestive heart failure to 
be 7.5% and 1.9% respectively among patients 
receiving trastuzumab. Those rates were signifi-
cantly higher than the rates in patients receiving no 
trastuzumab (rr: 2.13; p = 0.003; and rr: 4.19; p < 
0.00001). A congestive heart failure effect was found 
in both early and metastatic disease. The effect was 
highly significant in patients receiving anthracycline-
based chemotherapy (rr: 4.27; p < 0.00001; almost 
all with early breast cancer), but more uncertain in 
patients receiving non-anthracycline chemotherapy 
[three small studies that included 495 patients with 
metastatic breast cancer (rr: 2.42; 95% confidence 
interval: 0.36 to 16.19; p = 0.36)]. The meta-analysis 
did not consider the non-anthracycline arm of 
bcirg 00614.

3.4.2 Costa et al., 2010
A review by Costa et al.23 considered six major 
studies, focusing on efficacy and cardiac safety. 
Cardiac events occurred at rates of 1.9%–3.8% in 
the anthracycline plus trastuzumab arms; rates were 
lowest with the tch regimen (0.4%). Compared with 
control subjects, patients receiving tch experienced 
less cardiotoxicity and better survival rates, but 
whether tch is as effective as ac (doxorubicin–
cyclophosphamide) → docetaxel plus trastuzumab → 
trastuzumab is uncertain. Most of the studies ex-
cluded patients who had pre-existing heart problems 
or who experienced cardiotoxicity during chemo-
therapy. In finher12, trastuzumab was administered 
for a shorter time before anthracycline (9 weeks), 
and negligible cardiotoxicity was found (although 
the study was small and requires confirmation). 
Several trials to compare 9 weeks with 1 year of 
trastuzumab are ongoing. For patients having risk 
factors for cardiac dysfunction or patients with a low 
risk of recurrence, the review suggested that ac → 
taxane plus trastuzumab is difficult to justify; use of 
tch or trastuzumab after completion of chemo-
therapy (as in the hera trial24,25) might be preferable.

3.5 Individual RCTs with Trastuzumab

The literature search located updated data for six of 
the seven studies in the pebc guideline, and identi-
fied nine new studies and seven ongoing studies. 
Two studies on locally advanced or metastatic breast 
cancer and one study with fewer than 100 patients 
did not meet the inclusion criteria for the present 
guideline. Because earlier guidelines were based on 

limited studies, most of which now have updated 
results, Supplementary Table 2 summarizes all the 
studies and the most recent results12,14,15,24–65.

4. DISCUSSION

The subsections that follow discuss issues related to 
patient selection and optimal administration of trastu-
zumab (timing, duration), including whether the benefit 
of trastuzumab in preventing recurrence outweighs the 
risk of cardiotoxicity or other adverse effects.

4.1	 Is	Trastuzumab	Beneficial	in	Patients	with	Small	
Node-Negative Tumours?

Most rcts exclude patients with small node-negative 
cancers (T <1 cm; T <2 cm and N0), and so evidence 
to evaluate the question of whether trastuzumab is 
beneficial in patients with such tumours is limited. 
The hera24,42,43,66 study included patients with small 
N0 tumours (<1 cm, n = 60; 1 cm, n = 33; >1 cm and 
<2 cm, n = 510), finding that the efficacy of trastu-
zumab was not different for N+ and N0 tumours. At 
2 years, trastuzumab was effective in both 0–2 cm 
and 2–5 cm tumours; at 3 years, the trastuzumab 
effect was similar for N0 tumours overall and for 
N0 tumour subgroups classified as 1.1–2 cm and as 
2 cm or larger in size. The bcirg 00614,58 study found 
benefit for trastuzumab in patients with N0 and N+ 
cancers; results were not further divided by tumour 
size for patients with N0 cancer. Trastuzumab was 
beneficial in patients having tumours less than 1 cm, 
less than 2 cm, and 2 cm or larger in size, but not 
in those whose tumours were 1–2 cm in size. That 
inconsistency could be a result of the small number of 
patients in each category. In the N9831 study15,51–56, 
39% of tumours were smaller than 2 cm, with some 
being 1–2 cm and N0, but data were not reported 
separately for the latter group.

Petrelli and Barni67 summarized the studies of 
very-early-stage pT1a/bN0M0 her2-positive breast 
cancers, including both rcts and retrospective case 
series. They concluded that patients with such can-
cers experience a higher rate of relapse and poorer 
survival rates than do those with her2-negative can-
cers of the same size and stage, and that, for small N0 
tumours, biology or prognostic factors (proliferative 
index, hormone receptor status, etc.) should have 
greater influence than tumour size in guiding choice 
of treatment.

Exploratory analyses in the finher trial12,36 found 
that a subgroup of patients with very high her2-
positive content did not benefit from trastuzumab.

4.2 What Is the Optimal Duration of Trastuzumab 
Therapy?

Results from hera24,42,43,66 indicated that 1 year of 
trastuzumab is as good as 2 years and is associated 
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with fewer adverse effects. The small finher tri-
al12,36 found that 9 weeks of trastuzumab is more 
effective than none at all (control), with no differ-
ence in cardiotoxicity or brain metastasis. The 
E2198 trial40 found no difference between 12 weeks 
and 1 year of trastuzumab; however, its results have 
been published only as an abstract. The phare37–39,68 
trial was inconclusive with respect to whether 6 
months of trastuzumab is noninferior to 12 months, 
although a nonsignificant trend favouring 12 months 
was observed. The optimal duration of trastuzum-
ab is therefore still unknown. One year is sug-
gested to be standard, but lower cardiotoxicity might 
justify a shorter duration for some patients, and 6 
months of trastuzumab is better than no trastu-
zumab at all.

4.3 Should Trastuzumab Be Administered 
Concurrently With or Sequentially After 
Chemotherapy?

No adjuvant studies gave trastuzumab concurrently 
with anthracyclines. Most gave either anthracy-
cline → taxane → trastuzumab or anthracycline → 
taxane plus trastuzumab. In the N9831 study15,51–56, 
trastuzumab was administered either concurrently 
or sequentially with taxanes, and a trend toward an 
increase in the dfs rate was observed for concurrent 
compared with sequential administration, but the 
difference was not statistically significant. Ongoing 
studies are giving trastuzumab and anthracyclines 
concurrently in the neoadjuvant setting.

4.4 What Is the Most Appropriate Chemotherapy 
for Use in Conjunction with Trastuzumab?

Available data are limited because only bcirg 00614,58 
compared a non-anthracycline regimen with an 
anthracycline regimen. In that study, adverse effects 
were fewer with tch (docetaxel–carboplatin every 
3 weeks × 6 plus trastuzumab for 52 weeks) than 
with ac→t plus trastuzumab (ac→th), and with 
respect to dfs and os, both regimens were superior 
to ac→t alone. A direct comparison was not made 
between the two trastuzumab regimens; however, 
both were compared with the same control (ac→t). 
Rates of dfs were 84% for ac→th, 81% for tch, and 
75% for ac→t. Rates of congestive heart failure and 
cardiac dysfunction were higher in the ac→th 
group than in the tch group (p < 0.001). Acute 
leukemia occurred in 7 patients receiving ac-based 
therapy and in 1 receiving tch (the latter patient 
had received anthracycline outside the study). 
Whether tch is as effective as ac→th is uncertain; 
however, because of lower rates of cardiotoxicity 
and leukemia, tch might be preferred for some 
patients. As suggested in the review by Costa et 
al.23, tch might be preferred for patients with risk 
factors for cardiac dysfunction.

4.5	 HER2	Status	and	Taxane	Efficacy

Meta-analysis of 11,631 patients in six studies found 
taxanes to be superior to non-taxane-based regimens 
for dfs in both her2-positive and her2-negative dis-
ease. No evidence of interaction between her2 status 
and taxane efficacy was observed69.

5. CONCLUSIONS

Adjuvant trastuzumab should be offered to all 
patients with her2-positive breast cancer (node-
positive and node-negative with a tumour size 
exceeding 1 cm) who are receiving adjuvant che-
motherapy. Adjuvant trastuzumab can be consid-
ered in small (≤1 cm) tumours as part of clinical 
studies or evidence-building programs (such as the 
Evidence-Building Program currently available in 
Ontario). Trastuzumab can be combined with any 
appropriate adjuvant chemotherapy (for example, 
fec→t or ac→t). The tch regimen has been found to 
be associated with lower rates of cardiotoxicity and 
might be preferred for some patients. Administra-
tion of trastuzumab concurrently with the anthra-
cycline component of a chemotherapy regimen is 
generally not recommended because of the potential 
for increased cardiotoxicity, although concurrent 
anthracycline and trastuzumab has been safely 
administered in the neoadjuvant setting. Adjuvant 
trastuzumab can be initiated either concurrently or 
sequentially with the taxane portion of a chemo-
therapy regimen. Patients should be offered 1 year 
of adjuvant trastuzumab, with regular assessments 
of cardiac function (every 3–4 months).

The recommendations and justification in the ac-
companying clinical practice guideline in the present 
supplement are based on the evidence presented here 
and can be considered to be more detailed conclu-
sions from the evidence summary. Table i summa-
rizes the recommendations.

6. REVIEW AND UPDATE

Practice guidelines and literature reviews developed 
by the pebc are regularly reviewed and updated. For 
the full 1-21 evidence-based series and subsequent 
updates, please visit the cco Web site at: https://
www.cancercare.on.ca/toolbox/qualityguidelines/
diseasesite/breast-ebs/.
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