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Abstract. Trastuzumab has been demonstrated to be an
effective treatment in patients with human epidermal growth
factor receptor-2 (HER-2) positive breast cancer (BC);
however, inconsistent results with regards to the long-term
survival benefits, safety and optimal administration timing
of trastuzumab exist. The present meta-analysis investigated
these inconsistencies in patients with HER-2 positive BC that
received adjuvant or neoadjuvant trastuzumab. Computerized
and manual searches were used to identify eligible random-
ized control trials (RCTs) to include in the analysis. Based
on a fixed or random effects model, hazard and risk ratios
were calculated and used to assess the survival advantages
and risks of trastuzumab. A total of 14,546 patients from
13 RCTs were included in the analysis; 9 RCTs used an adju-
vant setting and 4 RCTs used a neoadjuvant setting. Analysis
of RCTs with an adjuvant setting demonstrated that treat-
ment with trastuzumab and chemotherapy in patients with
HER-2 positive BC, in comparison with patients receiving
chemotherapy alone, improved disease-free survival, overall
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survival and overall response. However, a higher incidence
of neutropenia (P<0.0001), leukopenia (P<0.0001), diarrhea
(P=0.002), skin/nail change (P=0.02), left ventricular ejec-
tion fraction reduction (P=0.007) and congestive heart failure
(P<0.00001) was observed. Notably, the incidence of mortality
and cardiac toxicity following concurrent and weekly use of
trastuzumab was significantly lower compared to treatment
with trastuzumab sequentially and every 3 weeks, respectively.
Additionally, trastuzumab improved the pathologic complete
response with no additional toxicity in the neoadjuvant setting.
The present meta-analysis summarizes that trastuzumab is
efficacious in patients with HER-2 positive BC in adjuvant and
neoadjuvant settings. Thus, concurrent and weekly administra-
tion of trastuzumab is preferable to treatment with trastuzumab
sequentially and every 3 weeks. These findings should be
considered when using trastuzumab in future clinical practice.

Introduction

Breast cancer (BC) is the most common form of malignant
tumor and is a leading cause of mortality in women world-
wide (1). However, the recurrence and mortality of patients
with BC has markedly decreased as a result of improvement
in comprehensive treatments, in particular the use of adjuvant
therapies including cytotoxic drugs, endocrine therapy and
more recently trastuzumab, a monoclonal antibody against the
human epidermal growth factor receptor-2 (HER-2) gene (2).
The survival benefit gained from chemotherapy in BC patients
has been observed to be equal regardless of whether chemo-
therapy was administered pre- or postoperatively (3). HER-2,
also known as HER2/neu or c-erb-B2, encodes a 185-kD
transmembrane glycoprotein receptor (4). Overexpression of
the HER-2 gene has been detected in 25-30% patients with BC
and is related to the aneuploidy growth of S phase, high nuclear
grade, positive axillary node extension and low expression
of hormonal receptors (5-8). In addition, the overexpression
of HER-2 may lead to the activation of HER-2 signal path-
ways and uncontrolled cell differentiation (9). Therefore,
HER-2-positive tumors have more aggressive biological
behavior, and reoccur and undergo metastasis more readily
compared with HER-2-negative tumors (4,7,8).
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As a targeted drug, trastuzumab is recommended by the
Food and Drug Administration to treat patients with HER-2
positive BC (10). A number of randomized control trials
(RCTs) investigating the safety and efficacy of trastuzumab
have demonstrated that a combination of trastuzumab and
traditional drugs for chemotherapy results in a higher survival
and response rate compared with chemotherapy alone in an
adjuvant setting (11-13). In addition, trastuzumab may provide
additional clinical benefits by increasing the rates of pathologic
responses and breast-conserving therapy in a neoadjuvant
setting (14,15).

Despite this, a number of limitations still exist regarding
the administrated of trastuzumab; for example, it is not fully
understood how to optimize the treatment of combined
trastuzumab and chemotherapy. Yin et al (16) reported that
concurrent administration of trastuzumab resulted in a lower
risk of mortality compared with sequential administration. By
contrast, Azim et al (17) reported that no significant difference
was observed in the overall survival (OS) rate between the two
treatment options. Currently, it is unknown how to obtain the
highest survival rates by changing the timings of trastuzumab
administration.

It has been demonstrated that the successful administration
of trastuzumab is associated with severe adverse effects (AEs)
including cardiac toxicities and brain metastases (18-20).
However, the presence of serious AEs in a number of organs
has not been studied extensively. In addition, it is difficult to
evaluate the efficacy and safety of trastuzumab due to the
limited number of studies and quantity of data provided in
previous meta-analyses (11,14,16,19). Furthermore, odds ratios
and relative risk (RR) are less appropriate and unreliable for
analyzing time-to-event outcomes, as survivors or recovered
individuals in the treatment group are simply compared with
those in a control group at a single point in time (21). Therefore,
based on the publication of several high quality RCTs in
recent years, an updated meta-analysis was performed in the
present study in order to evaluate the prognostic effects and
the magnitude of AEs caused by trastuzumab in adjuvant and
neoadjuvant settings.

Materials and methods

Search strategy and eligibility criteria. PubMed (http:/www.
ncbi.nlm.nih.gov/pubmed), Embase (http://www.embase.
com/info/helpfiles/) and Science Direct (http://www.elsevier.
com/online-tools/sciencedirect) databases were used to
identify eligible studies published between January 1995 and
March 2014. Searched keywords included the following terms:
‘Breast cancer’, ‘trastuzumab’, ‘herceptin’, ‘'HER-2’, “adjuvant’,
‘neoadjuvant’, ‘chemotherapy’ and ‘random’. The reference lists
of previous published meta-analyses were manually searched
and reviews were collected without language restriction. Only
RCTs that evaluated the efficacy or safety of chemotherapy with
trastuzumab in patients with HER-2 positive BC were selected
for inclusion in the present meta-analysis. Patients included
in the current study required a good performance status
(defined as a World Health Organization performance status
of 0 or 1), adequate left ventricular ejection fraction (LVEF;
as assessed by multiple-gated acquisition or echocardiography
scan, and was required to be within the institutional normal
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range, and within the lower limit of normal), and normal bone
marrow (a blood leukocyte count >3.0x10? cells/l; neutro-
phil count >1.5x10° cells/l; platelet count >100x10° cells/l;
hemoglobin >10 g/dl), liver and renal function laboratory
results. In the case of obtaining multiple reports of the
same trial, the report with the longest follow-up period was
selected for use. Patients who underwent chemotherapy
were only compared with patients who received the same
type of chemotherapy plus trastuzumab. Trials testing the
administration of trastuzumab in a neoadjuvant setting were
also included in this meta-analysis. The surgical modality,
chemotherapy regimens, radiotherapy and endocrine therapy
were not considered as eligibility criteria in selecting RCTs.
RCTs which evaluated biological or targeted agents other
than trastuzumab were excluded from the present study.
The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (22) checklist was adhered to in the present
meta-analysis (data not shown).

Data extraction. Two reviewers independently extracted data
from each trial included in the present study. Any discrepan-
cies were resolved by discussing the problem with another
author. The group of patients undergoing treatment with
trastuzumab and chemotherapy were defined as the T-group,
and patients only undergoing chemotherapy were defined as
the C-group. The following information was obtained from
chosen studies: Publication year, first author, patient follow-up
time, chemotherapy regimens, number of recruited patients
and the outcome events. The primary endpoint was the number
of disease-free survival (DFS) patients, which was defined by
events from the random assignment to the first documented
disease progression (local, regional, distant recurrence or
morality). Secondary endpoints included OS, tumor response
and AEs. OS was defined as events from random assignment
to mortality. The effects of treatment were assessed by the
clinical response of the patient in an adjuvant setting, which
included the complete response (CR), partial response (PR),
stable disease (SD) and progressive disease (PD). The overall
response (OR) was defined as CR plus PR. The effects of
treatment in a neoadjuvant setting were divided into patho-
logical CR (pCR) and non-pCR. AEs were graded according
to the National Cancer Institute Common Toxicity Criteria
(NCI-CTC) version 2.0 (23). Serious AEs were defined as
grade 3-4 and fatal AEs were also included in the present
study.

Quality assessment. The quality of the included trials was
evaluated by the Cochrane Collaboration's risk of bias tool (24).
This tool includes adequate sequence generation, allocation
concealment, blinding of participants and personnel, blinding
of outcome assessment, incomplete outcome data, selective
outcome reporting and other bias. Each item is recorded as
having a low, high or unclear risk of bias, and then a summary
assessment of each included trial is graded as A, minimization
of bias in all four categories: Adequate randomization, few
losses to follow up and intention-to-treat analysis, blinding of
outcome assessors, high quality outcome assessment; B, each
of the criteria in ‘A’ partially met and C, one or more of the
criteria in ‘A’ not met. Two reviewers checked the risk of bias
concurrently.
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Statistical analysis. Review Manager (Version 5.2;
Copenhagen, Denmark: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2012) was used to perform the
statistical analysis. The hazard ratio (HR) and 95% confidence
interval (CI) were used to assess the survival advantage in
patients with HER-2 positive BC. If provided in the trial, the
P-value and HR from the Cox regression model was recorded
and used directly in the present meta-analysis. If it was not
available, an HR approximation was calculated indirectly
using the methods described by Tierney et al (21). The risk ratio
(RR) was calculated to estimate the relative risk of response
and AEs. Statistical heterogeneity among the included studies
was evaluated using the ¥ test and quantified using I? statistics
that determined the use of the fixed-effects (Mantel-Haenszel
method) or random-effects (DerSimonian and Laird method)
model (25). The existence of homogeneity was considered
unreasonable when I>>50% and P<0.10. The comparison of
trastuzumab stratified analysis was obtained by adjusted indi-
rect comparison using the Bucher's method (26) and indirect
treatment comparison (ITC) software (version 1.0; Canadian
Agency for Drugs and Technologies in Health, Ottawa, Canada)
that estimated the relative effects of concurrent trastuzumab to
sequential trastuzumab, weekly trastuzumab to every 3 weeks
trastuzumab through C-group, as previously described (27,28).
Finally, potential publication bias was evaluated using funnel
plots and further quantified by Begg and Egger's tests (29,30)
using STATA software (version 12.0; College Station, TX,
USA). P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Characteristics of included clinical trials. A total of
419 studies were obtained from databases and 10 studies were
obtained from references. Based on above criteria, 13 RCTs
were included in the analysis, including 9 RCTs with adjuvant
settings (31-39) and 4 with neoadjuvant settings (40-43).
One joint trial (32) which contained two similar studies
[NCCTG N9831 (18) and NSABP B-31 (20)] was included in
the meta-analysis. Longer follow-up and detailed AEs were
reported by Buzdar er al (43,44); therefore, the two studies
were combined in the analysis. The screening process that was
used is briefly described in Fig. 1.

A total of 14,546 patients were available for this
meta-analysis (31-43), of which 14,056 patients received
adjuvant therapy and 490 patients received neoadjuvant
therapy. In the adjuvant setting, 8,418 patients were assigned
to the T-group and 5,638 patients were assigned to the
C-group. In the neoadjuvant setting, 246 patients were
treated with combination therapy and 244 were treated
with chemotherapy alone. The HER-2 status of patients
was assessed by immunohistochemistry, and fluorescence
in situ hybridization or chromogenic in situ hybridization.
Among the trials included in the present meta-analysis,
the following trastuzumab treatment plans were used: An
intravenous initial dose of 4 mg/kg, followed by 2 mg/kg
once a week, was used in 6 trials (32,36-39,43); an initial
dose of 8 mg/kg, then 6 mg/kg every 3 weeks, was used in
5 trials (33,35,40-42); in 2 trials, trastuzumab was adminis-
tered initially at 4 mg/kg, followed by 2 mg/kg per week, and
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Records identified through
database searching (n=419)

Records identified through
other sources (n = 10)

429 records identified and screened

266 records removed based
on titles and abstracts

110 articles were reviews,
case reports, letters

Full < clos 2 d Lack of control,
1; "el’ft a;;‘; & "f‘?,fe }—« updated results, lack of
or eligibility (n = 53) related information (n = 40)

Randomized controlled
trials included (n = 13)

Figure 1. Flow chart of the screening process.

then 6 mg/kg every 3 weeks (31) or given at 6 mg/kg every
3 weeks (34). The median follow-up time ranged between
15.6 and 65.0 months. Baseline characteristics of the RCTs
are summarized in Table I.

Methodological quality assessment. Each trial included a
statement regarding randomization and a detailed description
was included in 7 trials. One study was randomized using a
code envelope (37), two by computer program (40,41), and
four via block method (34,36,38,43). Two trials utilized the
blind method (38,42). All trials published as full text articles
were judged to be grade B.

Efficacy and overall analysis of trastuzumab on DFS and OS
in an adjuvant setting. In an adjuvant setting, 6 trials (31-36)
with 10,503 patients reported disease recurrence. The
random effects model (I°=70%) indicated that the disease
recurrence risk in C group (26.1%; 1,370/5,246) was higher
compared that in the T group [18.8%; 987/5,257; HR=0.66;
95% CI (0.58-0.75), P<0.00001; Fig. 2A]. There were
8 studies (30-35,37,38) with complete information on OS. In
comparison with the C-group, there was a significant rela-
tive reduction in the risk of mortality in the T-group [21%;
HR=0.79; 95% CI (0.68-0.92); P=0.002; I’=62%; Fig. 2B].

Subgroup analysis of trastuzumab on DFS and OS in an
adjuvant setting. To further analyze the effects of different
time schedules of trastuzumab administration on the survival
rate, patients were divided into concurrent and sequential
groups, then into patients treated weekly and every 3 weeks.
With regards to DFS, the effect of each factor was consis-
tent with the overall result (Fig. 3A). ITC demonstrated that
there was no statistical difference between the concurrent
and sequential groups (RR=0.779; P=0.06059), but that the
risk of recurrence following a weekly treatment plan was
lower than the risk of patients on a 3 weekly treatment plan
(RR=0.697; P=0.01128). However, the effect of trastuzumab
on OS differed between the T-group and C-group; concurrent
(RR=0.75; P=0.003) and weekly (RR=0.78; P=0.04) use of
trastuzumab significantly lowered the risk of mortality in
comparison with the C-groups. The differences between the
sequential and C-group (P=0.18), and the 3 weekly treatment
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Figure 2. Forest-plot of the efficacy of trastuzumab in an adjuvant setting. Analysis of (A) recurrence and (B) survival between trastuzumab and the control
group.
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Figure 3. Forest plots of (A) disease free survival (B) overall survival in adjuvant chemotherapy setting by the timing of trastuzumab initiation. “Used random
effect models; “used fixed effects model.

and C-group (P=0.1) were not significantly different with
regards to OS (Fig. 3B).

T-group (P=0.041) (43). The data required to evaluate DFS and
OS in neoadjuvant treatment groups was not available.

Overall analysis of trastuzumab on DFS and OS in a neoadju-
vant setting. Only 2 RCTs contained survival analysis data in
a neoadjuvant setting. The NOAH trial (42) demonstrated that
the addition of trastuzumab could reduce the risk of relapse
and mortality in comparison with the C-group. Buzdar ez al
observed that the DFS at 1 and 3 years was 100% in the

Response rates in adjuvant and neoadjuvant settings. Tumor
response data was available in 4 adjuvant and 4 neoadjuvant
trials. Among these, 3 trials (37-39) adopted the World Health
Organization criteria (45) for the response measurement,
2 trials (34,42) used the response evaluation criteria in solid
tumors and 1 (41) adopted chevalier criteria. The criteria in a
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Risk Ratio
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Figure 4. Forest-plots of the tumor response rate of (A) overall response (B) stable disease (C) progressive disease in an adjuvant setting and (D) pathologic

complete response in a neoadjuvant setting. “Used random effect models.

further 2 trials were unclear (40,43). These studies (34,37-43)
were incorporated in the response analysis for relatively high
concordance among these criteria (46). The OR, SD and PD
was analyzed in 4, 3 and 2 adjuvant setting trials, respectively.
The rate of OR was significantly higher in the T-group in
comparison with the C-group [RR=1.58; 95% CI (1.37-1.83);
P<0.00001; Fig. 4A). However, the rate of SD in the T-group
was significantly lower than that in the C-group [RR=0.74,
95% CI (0.55-0.99), P=0.04; Fig. 4B]. There was no statistical
difference between the rate of PD between the two groups
[RR=0.72; 95% CI (0.18-2.88); P=0.64; Fig. 4C]. The estimated
PCR in 4 neoadjuvant trials demonstrated that the pCR in the
T-group (61%; 150/246) was significantly higher compared
with the C-group [48%; 116/244; RR=1.29; 95% CI (1.12-1.49);
P=0.0005; Fig. 4D].

Safety. According to NCI-CTC 2.0, serious AEs reported
in =2 trials or with an incidence of >5% were classified into
different systems for analysis. Based on these criteria, serious

AEs in hematological and lymphatic systems, the digestive
tract, the circulatory system, respiratory tract, nervous system,
musculoskeletal system and others were studied in the present
meta-analysis.

Serious AEs in an adjuvant setting. In comparison with the
C-group, patients in the T-group were more likely to suffer from
neutropenia (61.9 vs. 54.2%, P<0.0001), leukopenia (57.1 vs.
48.8%, P<0.0001), diarrhea (2.9 vs. 1.6%, P=0.002), a decrease
in LVEF (8.6 vs. 4.4%, P=0.007), congestive heart failure (CHF)
(2.4 vs. 0.4%, P<0.00001) and skin/nail changes, including
alopecia, rashes, hand-foot syndrome and erythema (3.2 vs.
2.0%, P=0.02). There was no statistical difference between
other serious AEs (Table II). With respect to fatal AEs, there
was no significant difference between fatal AEs in patients in
the T- (0.4%, 17/4,036) and C-groups (0.2%, 10/4,060, P=0.19).

Serious AEs in a neoadjuvant setting. There was no statistical
difference in the incidence of neutropenia, febrile neutropenia,
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Table III. Relative risk of cardiac toxicity in patients with human epidermal growth factor receptor-2-positive breast cancer

treated with adjuvant trastuzumab, stratified by timing.

T-group (n) C-group (n)
Treatment Trials (n) Cardiac events Total Cardiac events Total RR (95% CI) P-value
LVEF reduction
Concurrent 5 240 1,890 155 1,948 1.54 (1.27-1.86) <0.00001
Sequential 2 91 1,942 20 1,987 4.66 (2.89-7.53) <0.00001
Weekly 3 45 771 41 856 1.16 (0.77-1.76) 0.47
Every 3 weeks 3 92 2,019 20 2,061 4.62 (2.88-741) <0.00001
CHF
Concurrent 5 75 2,740 15 2,762 479 (2.80-8.17) <0.00001
Sequential 2 37 1,942 3 1,987 12.63 (3.90-40.92) <0.0001
Weekly 3 53 1621 8 1670 3.34 (0.55-20.44) 0.19
Every 3 weeks 3 38 2,019 3 2,061 11.2 (3.76-33.35) <0.0001

LVEEF, left ventricular ejection fraction; CHF, congestive heart failure; RR, risk ratio; CI, confidence interval; T-group, trastuzumab plus

chemotherapy group; C-group, chemotherapy alone group.

Table I'V. Publication bias accessed by Begg and Egger tests.

Items Begg's test Egger's test
Disease free survival 1.000 0.904
Overall survival 0.711 0.682
OR in adjuvant setting 0.734 0.627
pCR in neoadjuvant setting 0.308 0.150
LVEF reduction 0.764 0.651
Congestive heart failure 0.548 0.562

LVEF, left ventricular ejection fraction; OR, overall response; pCR,
pathological complete response; LVEF, left ventricular ejection
fraction.

stomatitis/microsites and LVEF reduction between the T- and
C-groups. No mortalities were recorded as a result of treat-
ment-related toxicities in the two groups (Table II).

Subgroup analysis of cardiac toxicity in an adjuvant setting.
To further evaluate the cardiac toxicities of trastuzumab
in an adjuvant setting, subgroup analysis was performed.
Trastuzumab was assigned to concurrent chemotherapy in
5 trials (n=3,838) (31,32,34,37,38), while 2 trials (33,35)
assigned sequential therapy (n=3,929). In the concurrent
trials, the incidence of an LVEF decrease (RR=1.54) and
CHF (RR=4.79) in the T-group was significantly higher than
in the C-group (P<0.00001). Similar results were observed
in the sequential trials (LVEF, RR=4.66, P<0.00001; CHF,
RR=12.63, P<0.0001). ITC demonstrated that the incidence of
a reduction in LVEF in the concurrent trials was significantly
lower than that in the sequential trials (RR=0.33, P=0.00704).
No significant difference was detected between the incidence
of CHF in the concurrent and sequential trials (RR=0.379,
P=0.36255).

In trials where trastuzumab was administered weekly, the
incidence of LVEF decrease (RR=1.16) and CHF (RR=3.34)
was not significantly different between the T- and C-groups
(P=0.47 and P=0.19, respectively). However, the RR of LVEF
decrease (4.62) and CHF (11.2) was significantly higher in the
C-group in comparison with the T-group when trastuzumab
was administered every 3 weeks (P<0.00001, P<0.0001,
respectively; Table III).

Publication bias. The sensitivity analysis revealed that there
was no heterogeneity of recurrence and mortality once the joint
study had been excluded from the analysis (32). This may have
been caused by the slight design inconformity in individual
trials. For example, patients with high-risk, node-negative BC
were eligible to be included in the N9831, but not the B-31, trial,
and the intention-to-treat analysis was not used in either of the
2 trials. No individual study affected the reduction in LVEF as
the omission of any of the studies did not have an impact on
the analysis. Funnel plots of DFS, OS, OR, LVEF reduction
and CHF in an adjuvant setting, and pCR in a neoadjuvant
setting, revealed no evident publication bias. The results were
further confirmed by the Begg's and Egger's tests (Table I'V).

Discussion

Trastuzumab serves a crucial function in the treatment of
patients that are HER-2 positive. To evaluate the prognostic
effects of trastuzumab, the AEs and administration timings
of trastuzumab in a number of clinical trials in adjuvant and
neoadjuvant settings for patients with HER-2 positive BC were
collected, and high quality RCTs published in recent years
were included and analyzed in the present meta-analysis.
In comparison with published meta-analyses which have
reviewed trastuzumab treatment in patients with BC (Table V),
a number of improvements were achieved in the current study.
The present meta-analysis contained 13 RCTs with a total of
14,546 patients with HER-2 positive BC; to the best of our
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Table V. Continued.

(Refs.)

Major findings

Outcome Effect

Patients

Studies

Object

Author, year

an

The addition of trastuzumab to chemotherapy improved OS, while

HR

1,043 OS, TTP

5

Metastatic BC

Zhu et al, 2013°¢

to hormone therapy did not. All trastuzumab-containing regimens

increased cardiac toxicity and grade 3-4 AEs.

RR

ORR, clinical

benefit ratio

RR

Cardiac toxicity,
grade 3-4 AEs
OS, DFS

CHEN et al: TRASTUZUMAB IN HER-2 POSITIVE BREAST CANCER

(52)

Adjuvant trastuzumab improved survival with increased risk of cardiac

HR
RR

11,991

8

Early stage BC

Moja et al, 2012

toxicity. Also, studies with concurrent administration showed

similar efficacy and toxicity results to sequential studies.

Cardiac toxicity

HR, hazard ratio; RR, risk ratio; OR, odds ratio; BC, breast cancer patient; DFS, disease free survival; OS, overall survival; CHF, congestive heart failure; LVEF, left ventricular ejection fraction; BM, brain
metastases; CNS, central nervous system; ORR, overall response rate; CR, complete response; pCR, pathologic complete response; TTP, time to progression; AEs, adverse events. ‘Neoadjuvant setting;

"Concomitant and sequential use of trastuzumab; “Two trials were trastuzumab in combination with hormone therapy and 3 were with chemotherapy.

knowledge this is the largest number of samples included in a
meta-analysis of this topic. In addition, an increased number of
trials with longer follow-up periods were studied in the present
meta-analysis in comparison with previous analyses.

The results from the present study demonstrated that the
administration timings of trastuzumab can influence patient
survival and cardiac toxicity. Aside from the most commonly
studied cardiac toxicity, AEs of a number of systems and
organs were analyzed in adjuvant and neoadjuvant settings in
the present meta-analysis. DFS and OS may be regarded as
the golden criteria to evaluate the long-term effects of trastu-
zumab, and the results from the current study demonstrated
that the addition of trastuzumab in chemotherapy is able to
increase DFS and OS in patients with HER-2 positive BC
more effectively than in patients treated with chemotherapy
alone, and similar results have been reported in previous
meta-analyses (47-52). Notably, a number of subtle differences
in the benefits of DFS and OS emerged when analyzing studies
with extended follow-up periods. A joint analysis included in
the present meta-analysis indicated that DFS and OS at 3 years
follow-up were 87.1 and 94.3% in the T-group, and 75.4 and
91.7% in C-group, respectively (32); however, at 4 years, DFS
and OS were 85.3 and 86.6% in the T-group, and 67.1 and 91.4%
in the C-group, respectively. Compared with the C-group, the
benefit of DFS at 4-years in T-group still displayed statistical
significance in the HERA trial, however, the OS benefit
was no longer statistically significant by intention-to-treat
analysis (33,53). A previous meta-analysis demonstrated that
the benefits of certain chemotherapies may improve after
a 10- and 15-year follow up period (2). In summary, it was
observed in the present study that long-term observation is
required to determine the extent of the benefits of trastuzumab
treatment in patients with HER-2 positive BC.

The subgroup analysis results from the present study
determined that the optimum method of administering
trastuzumab is to follow specific timings of administration in
order to improve the DFS in patients with BC. In comparison
with the C-group, the rate of OS improved in trials concur-
rently administering trastuzumab; however, this improvement
was not observed in studies that administered trastuzumab
sequentially. Notably, the present meta-analysis demonstrated
that there is a significant improvement in DFS and OS when
trastuzumab is administered weekly. By contrast, the admin-
istration of trastuzumab every 3 weeks improved DFS but
not OS. In addition, ITC concluded that weekly trastuzumab
administration improved the rate of DFS and OS compared
with administration every 3 weeks. Survival analysis was
not performed in the neoadjuvant setting due to the absence
of mature data; therefore, it was not possible to arbitrarily
conclude that the use of trastuzumab is beneficial for the
survival outcomes of patients with HER-2 positive BC.

In an adjuvant setting, the OR was higher in the T-group
in comparison with the C-group; however, the rates of SD and
PD in the C-group were higher compared with those in the
T-group. This may be a result of the small sample size and the
movement of patients in the C-groups of two studies (37,38),
who changed from receiving just chemotherapy to receiving
chemotherapy plus trastuzumab prior to pre-specified
endpoints. One of the two aforementioned studies (38) involved
56.4% (53/94) patients in C-group who crossed over to receive
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trastuzumab, which may have diluted some of the survival
benefit conferred by trastuzumab. In addition, a number of
patients in the T-group who responded to treatment were not
followed-up after receiving the initial efficacy results.

With the exception of efficacy, AEs are important factors
that should be taken into consideration when using trastu-
zumab. In an adjuvant setting, the present meta-analysis
demonstrated that there are higher risks of grade 3-4 neutro-
penia, leukopenia, diarrhea, skin/nail change, LVEF reduction
and CHF in T-groups in comparison with C-groups; however,
there was no difference in the presence of fatal AEs between
the two groups. Fortunately, trastuzumab-associated AEs were
manageable and reversible by discontinuing treatment (54-56).
In the neoadjuvant setting, there was no statistical difference
in the incidence of AEs between the two groups, and no
mortalities resulting from trastuzumab-related toxicities were
recorded. The present meta-analysis therefore indicates that
AEs resulting from trastuzumab are manageable in adjuvant
and neoadjuvant settings.

Cardiac toxicity is a common adverse reaction to trastu-
zumab and limits its use in patients with BC (20). Therefore,
a detailed subgroup analysis of cardiac AEs resulting from
trastuzumab administration was performed in an adjuvant
setting. This analysis demonstrated that weekly administra-
tion of trastuzumab does not increase the incidence of LVEF
reduction and CHF, while the other three time-intervals (every
3 weeks, concurrent and sequential) may result in an increased
risk of cardiac toxicity. ITC demonstrated that concurrent and
weekly trastuzumab administration may result in fewer cardiac
AEs in comparison with trastuzumab administered sequen-
tially and every 3 weeks, and this was a similar result to that
obtained by direct comparison. Although the results of ITC had
not been seriously affected by the characteristics of patients,
the quality, statistical methods and the intervention measures
across trials, which are used as the evaluation standard of ITC
analysis validity, differed between trials. In particular, the
length of the follow-up period and the time frame of the RCTs
may create bias within the results. Therefore, the results from
the present study should be interpreted with caution.

There were a number of inconsistencies within the trials
analyzed in this meta-analysis. The LVEF baseline recordings
were obtained at different time points; for example, in one trial
the baseline reading was recorded following completion of the
primary treatment (which included surgery, radiotherapy and
neoadjuvant or adjuvant chemotherapy, or both) (33), while
in another trial the baseline reading was recorded prior to
chemotherapy (36). The reported data regarding reduction
in LVEF also had a number of inconsistencies; a decline of
>10% in LVEF was observed in 3 trials (31,33,34), >15% in
3 trials (32,35,38) and >20% in one trial (36). In addition,
patients were considered ineligible if ventricular hypertrophy
was detected on echocardiography in the NSABP B-31 trial,
and poorly controlled hypertension and clinically significant
pericardial effusion were exclusion criteria in the N9831
trial (57). In view of these inconsistencies, the results from the
present study may have been different if the same criteria were
applied to all RCTs analyzed.

A number limitations existed in the present study; although
the Begg's and Egger's tests revealed no publication bias in
the meta-analysis, the studies included in the analysis were
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conducted by different investigators from different institu-
tions. Thus, potential publication bias remains a possibility. In
addition, inconsistent methods of accessing the HER-2 status
and different treatment schedules (weekly, every 3 weeks,
concurrent and sequential) of patients may influence the accu-
racy of results. Furthermore, patients in the C-group changed
to receive trastuzumab during the study; this may have
reduced the survival advantage and treatment efficacy to an
extent. Despite the limitations mentioned above, the prediction
of the efficacy and safety of trastuzumab may be regarded as
accurate and dependable in the present study.

In conclusion, the present meta-analysis supports the clin-
ical practice of treating patients with HER-2 positive BC with a
combination of trastuzumab and chemotherapy. AEs resulting
from trastuzumab treatment were acceptable and manageable
both in adjuvant and neoadjuvant settings. Furthermore, with
regards to survival and cardiac toxicity, concurrent and weekly
administration of trastuzumab has been demonstrated to be
more effective than treatment with trastuzumab sequentially
and every 3 weeks. Further research is required to confirm
the findings of the present study and support the use of trastu-
zumab in clinical practice.
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