Therapeutics and Clinical Risk Management

3

Dove

REVIEW

Efficacy and cardiac safety of the concurrent use of
trastuzumab and anthracycline-based neoadjuvant
chemotherapy for HER2-positive breast cancer:

a systematic review and meta-analysis

Yu-Tuan Wu'*

Zhou Xu'*

Ke Zhang?*

Jiu-song Wu?*

Xin Li'*

Bilal Arshad'

Ying-Cun Li?

Zhong-Liang Wang?
Hong-Yuan Li'

Kai-Nan Wu'

Ling-Quan Kong'
'Department of Endocrine and
Breast Surgery, The First Affiliated
Hospital of Chongging Medical
University, Chongqing 400016,
China; 2Department of Orthopedics,
Children’s Hospital of Chongging
Medical University, Chongqing
400020, China; *Department of
General Surgery, Children’s Hospital

of Chongging Medical University,
Chongging 400020, China

*These authors contributed equally
to this work

Correspondence: Ling-Quan Kong
Department of Endocrine and Breast
Surgery, The First Affiliated Hospital of
Chongging Medical University, No | You
Yi Road, Chongqing 400016, China

Email huihuikp@163.com

This article was published in the following Dove Press journal:
Therapeutics and Clinical Risk Management

Abstract: The concurrent use of trastuzumab and anthracycline-based neoadjuvant
chemotherapy (NAC) has been proposed to improve the pathologic complete response (pCR)
rate, although there are conflicting views about its efficacy and safety. The purpose of this
study was to evaluate the efficacy and cardiac safety of the concurrent use of trastuzumab and
anthracycline-based NAC for human epidermal growth factor receptor 2 (HER2)-positive locally
advanced breast cancer. We systematically searched PubMed, Embase, and Cochrane databases
from inception until July 1, 2017, for relevant articles. A total of 13 studies were included in the
meta-analysis. The results showed that the pCR rate was significantly higher in the concurrent
use of trastuzumab and anthracycline group (45%) than that in the nonconcurrent use group
(32%) (OR: 2.36, 95% CI: 1.69-3.30, P<<0.0001). Besides, the pooled absolute rate of breast
conservation surgery (BCS) was 48% (95% CI: 0.35-0.61) and 38% (95% CI: 0.14-0.62) in
the experimental and control groups, respectively (OR: 1.10, 95% CI: 0.64—1.90, P=0.73).
No significant differences were found in the left ventricular ejection fraction (LVEF), which
decreased by >10% (OR: 1.26, 95% CI: 0.55-2.88, P=0.59), and in terms of cardiac failure
(OR: 2.17, 95% CI: 0.24-19.84, P=0.49), when comparing the concurrent use of trastuzumab
and anthracyclines with their nonconcurrent use. In conclusion, the concurrent use of trastu-
zumab and anthracycline-based NAC for certain HER2-positive locally advanced breast cancers
significantly improves the pCR rates without obvious increases in the cardiotoxicity.
Keywords: breast cancer, HER2, neoadjuvant chemotherapy, trastuzumab, anthracycline

Background

Breast cancer, being the most common malignancy and the second most common cause
of cancer death in females, is rising rapidly in recent years.! Neoadjuvant chemotherapy
(NAC) has become a standard treatment for operable breast cancer; patients who are
candidates for adjuvant chemotherapy are also candidates for NAC.? The primary
benefit of NAC is response-guided therapy and the potential to predict prognosis by
pathologic complete response (pCR); besides, it would downstage the primary tumor in
patients to make surgery more practicable. Patients intend to shrink the tumor size and
obtain pCR after NAC,? which would improve the chance for breast-conserving surgery
and the rates of disease-free survival (DFS) and overall survival (OS).** According
to the molecular classification of breast cancer, about 20%-25% patients with
metastatic tumor and 12%—17% patients with primary tumor overexpress the human
epidermal growth factor receptor 2 (HER2), which is classified as HER2-positive
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breast cancer and is associated with more aggressive and
dismal prognosis; fortunately, targeted therapy with the anti-
HER2 monoclonal antibody trastuzumab seems to improve
the prognosis of HER2-positive breast cancer patients.’®
Thus, targeted therapy with trastuzumab is recommended as
an important treatment for HER2-positive breast cancer.®’
Meanwhile, anthracycline-based chemotherapy is one of the
most common regimens in the treatment for breast cancer,
also frequently used as a neoadjuvant regimen, and HER2-
positive breast cancer is highly sensitive to anthracyclines.?
A meta-analysis reported that the addition of trastuzumab
to NAC in HER2-positive breast cancer achieved higher
pCR with no additional toxicity.” However, considering
the different active mechanisms and cardiotoxicity of both
trastuzumab and anthracyclines, we should further analyze
the effect and toxicity of the concurrent use of trastuzumab
and anthracycline-based NAC. Recent studies reported that
concurrent combination therapy with anthracycline-based
chemotherapy and trastuzumab targeted therapy is expected
to be a potential standard neoadjuvant treatment for locally
advanced HER2-positive breast cancer since a higher pCR
rate was achieved despite the potential cardiotoxicity of both
trastuzumab and anthracyclines.>® However, the efficacy
and cardiac safety of the concurrent use of trastuzumab and
anthracycline-based NAC are controversial.

Therefore, we conducted a systematic review and
meta-analysis of randomized and nonrandomized studies
to compare the effect of concurrent vs nonconcurrent use
of trastuzumab and anthracycline-based NAC in HER2-
positive locally advanced breast cancer. We first calculated
the rate of pCR attained. Furthermore, the cardiac safety of
the combination therapy was evaluated. The result of this
study would give advice on further clinical research into
and application of the concurrent use of trastuzumab and
anthracycline-based NAC in HER2-positive locally advanced
breast cancer patients.

Methods

The systematic review and meta-analysis were conducted in
accordance with the PRISMA guidelines.!’ This study was
performed in accordance with an established protocol and was
prospectively registered in the International Prospective Reg-
ister of Systematic Reviews (PROSPERO),!! and the registra-
tion information is available on https://www.crd.york.ac.uk/
PROSPERO/ (registration number: CRD42017071427).

Eligibility criteria
We considered randomized and nonrandomized studies
that had investigated the concurrent use of trastuzumab and

anthracycline-based regimen NAC (experimental group)
with or without a control group for HER2-positive breast
cancer. Studies with the concurrent use of trastuzumab and
anthracycline-based NAC were eligible for meta-analysis
if they reported the data of pCR. Studies were ineligible
under the following conditions: 1) they were reviews and
case reports; 2) no experimental group was available or
relevant data of interesting outcomes could not be extracted;
3) they contained cases with metastasis or coexisting other
malignancies; 4) cases were not HER2-positive breast cancer
patients; and 5) regimens contained other targeting drugs
in addition to trastuzumab. HER2-positive breast cancer
is defined as the condition wherein the HER2 immunohis-
tochemistry score of the patient is 3+ or the fluorescence
in situ hybridization (FISH) result indicates HER2 gene
amplification.

Search strategy

We searched PubMed, Embase, and Cochrane databases
from inception until July 1, 2017, for relevant articles in any
language. The references were searched using a combination
of medical subject heading terms and free text words, such
as “breast neoplasm”, “breast cancer”, “breast carcinoma”,

CEINT3

“neoadjuvant”,

LR T3

preoperative”, “anthracycline”, “doxo-

EEINT3

rubicin”, “epirubicin”, “Herceptin”, and “trastuzumab”.
Two investigators independently performed the reference
searches, and a third investigator was consulted when
disagreement arose. More details of the search strategy are

available in Supplementary materials.

Outcome measures

The primary outcomes were the absolute rates of pCR and
the OR of the pCR, when comparing concurrent use with
nonconcurrent use of trastuzumab and anthracycline-based
NAC for HER2-positive breast cancer. The pCR is defined
as the state in which no residual invasive carcinoma is
found in the breast and axillary lymph nodes or the breast.
The secondary outcomes were the absolute rates and
OR of cardiac ejection fraction decrease (CED), cardiac
failure (CF), complete response (CR), partial response (PR),
breast conservation surgery (BCS), recurrence-free survival
(RFS), and OS.

Study selection

All 1,175 references were identified after databases were
searched. After duplicates were removed, two researchers
independently assessed the eligible studies by scanning the
titles and abstracts of articles. After that, we reviewed the
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full text of possible articles according to the inclusion and
exclusion criteria. Finally, a total of 13 studies™*'*? were
included in the meta-analysis (Figure 1).

Data extraction and quality assessment
Two researchers independently extracted information of
the eligible studies using electronic tables. The following
items were extracted from eligible articles: basic informa-
tion, including the year of study publication, country, study
design, sample size, age, chemotherapy regimen, type of
cancer, and time of follow-up (Table S1); information on
outcomes, including data on pCR and secondary outcome
measures (Table S2).

We assessed the quality of the included studies using
the Newcastle—Ottawa scale (NOS) (Table S3). The NOS
has three parameters of quality assessment for prospec-
tive or retrospective cohort studies, including selection,
comparability, and outcome assessment. The NOS assigns
a maximum of four points for selection, two points for
comparability, and three points for outcome. NOS scores
of =7 points were considered to indicate high-quality studies
and scores of 5-6 points were considered to indicate moderate
quality. A third investigator was consulted when disagree-
ment arose between the prior reviewers.

Statistical analyses

We pooled the absolute rates of pCR and secondary out-
comes in the experimental and control groups, as well as
the ORs with the 95% CIs of pCR and secondary outcomes,
and compared the concurrent use with nonconcurrent use of
trastuzumab and anthracycline-based NAC for HER2-positive
breast cancer. The meta-analysis was carried out using
the Cochrane Collaboration’s Review Manager Software
(RevMan, version 5.3; Cochrane Collaboration, Oxford, UK)
and R software (version 3.3.2; R Foundation for Statistical
Computing, Vienna, Austria). Probability values were two-
sided, and P<<0.05 was considered of statistical significance.
Statistical heterogeneity was evaluated using the /-squared (/?)
and chi-squared (}°) tests. I values of 25%, 50%, and 75%
indicated low, moderate, and high levels of heterogeneity,
respectively. A P-value of <0.1 for * was defined to indicate
the presence of heterogeneity. Results were pooled using the
maximum likelihood estimation. A random-effects model was
used for analysis if heterogeneity existed; otherwise, a fixed-
effect model was used. Besides, sensitivity analysis was per-
formed by excluding the heterogeneity study or the study of the
least sample size depending on the presence or absence of
significant heterogeneity. Funnel plots and the Egger’s test of
funnel plot asymmetry were used to evaluate publication bias.
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Results

Description of included studies

Overall, 13 studies were included in this meta-analysis after
ineligible studies were excluded from the 1,175 identified
references (Figure 1), and 1,391 HER2-positive breast cancer
patients were analyzed for the concurrent use of trastuzumab
and anthracycline-based NAC.

We have summarized the baseline characteristics in
Table S1 and the extracted data in Table S2. Of the 13 studies,
four studies were randomized trials, six studies were prospec-
tive cohorts, and three studies were retrospective cohorts.
Five studies had two arms; meanwhile, eight studies in the
meta-analysis were single-armed ones (experimental arm),
of which three studies’ control groups were abandoned
because the patients were not HER2 positive or because the
treatment regimen was not suitable for comparing with the
experimental group.

We evaluated the quality of the included studies using the
NOS (Table S3). We found that all of the included studies
were of moderate or high quality, and hence the included
studies were reliable. Besides, we assessed the publication

bias of the included studies using symmetrical funnel plot
analysis and Egger’s tests, and the result showed no sig-
nificant publication bias. Meanwhile, we found significant
between-study heterogeneity, and the random-effects model
was used.

The pCR rate of concurrent vs
nonconcurrent use of trastuzumab and

anthracycline-based NAC in HER2-

positive breast cancer patients

All 13 studies, which included 1,391 patients, were analyzed
for the pCR rate after concurrent use of trastuzumab and
anthracycline-based NAC in HER2-positive breast cancer
patients. The pCR rate ranged from 7% to 65% in the
13 studies, and the pooled absolute rate of pCR was 45%
(95% CI: 0.36-0.54) (Figure 2A).

Meanwhile, all four studies, including 248 patients,
reported the pCR rate of nonconcurrent use of trastuzumab
and anthracycline-based NAC in HER2-positive breast
cancer patients. There were two studies using the same
control group; thus, we excluded one study for control

A

Study Events Total ) Proportion 95%-Cl W(fixed) W(random)
Uriarte-Pinto et al, 2016 14 30 —i—-*— 0.47 [0.28; 0.66] 1.9% 6.9%
Buzdar et al, 2005 15 23 o 0.65 [0.43;0.84] 1.6% 6.5%
Buzdar et al, 2007 12 22 —— 0.55 [0.32;0.76] 1.4% 6.2%
Huang et al, 2015 20 41 — 0.49 [0.33;065] 2.6% 7.5%
Bayraktar et al, 2012 137 235 i —a— 0.58 [0.52;065] 154% 9.2%
Pizzuti et al, 2016 28 45 P 0.62 [0.47;0.76] 3.0% 7.7%
Dawood et al, 2007 22 40 —_— 0.55 [0.38;0.71] 2.6% 7.4%
Wenzel et al, 2004 1 14 —=—— 5 0.07 [0.00;0.34] 3.4% 7.9%
Gavila et al, 2015 36 62 | 058 [0.45;0.70] 4 0% 8.1%
Untch et al, 2010 141 445 - 0.32 [0.27,0.36] 32.7% 95%
Gianni et al, 2010 50 117 —TE— 0.43 [0.34;052] 7.6% 8.8%
Untch et al, 2012 93 307 - | 0.30 [0.25;0.36] 23.1% 9.4%
Tuxen et al, 2014 3 10 ; 0.30 [0.07;065] 0.8% 48%
Fixed effect model 1391 < 0.40 [0.37;0.42] 100% -
Random effects model «s;:_:} 0.45 [0.36; 0.54] -- 100%
Heterogeneity: I-squared=89.6%, tau-squared=0.0204, p<0.0001 ' :

T I 1 1
02 04 06 0.8

B

Study Events Total . Proportion 95%-Cl W(fixed) W(random)
Buzdar et al, 2005 5 19 : 5 0.26 [0.09; 0.51] 7.8% 16.7%
Huang et al, 2015 18 46 i 0.39 [0.25,055] 155% 23.4%

Bayraktar et al, 2012 26 65 B N E—— 0.40 [0.28;0.53] 21.7% 26.6%
Gianni et al, 2010 26 118 —'—?— 022 [0.15;0.31] 550% 33.3%
Fixed effect model 248 {:I;Z“-? 0.29 [0.23; 0.34] 100% -
Random effects model ﬂlﬁ'— 0.32 [0.21; 0.42] - 100%
Heterogeneity: l-squared=65.4%, tau-squared=0.0073, p=0.0341

I 1 1 1 1
01 02 03 04 05

Figure 2 The pooled absolute rate of pCR for the concurrent (A) and nonconcurrent (B) use of trastuzumab and anthracycline-based NAC for HER2-positive

breast cancer.

Abbreviations: HER2, human epidermal growth factor receptor 2; NAC, neoadjuvant chemotherapy; pCR, pathologic complete response.

submit your manuscript

1792

Dove

Therapeutics and Clinical Risk Management 2018:14


www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.dovepress.com/get_supplementary_file.php?f=176214.pdf
https://www.dovepress.com/get_supplementary_file.php?f=176214.pdf
https://www.dovepress.com/get_supplementary_file.php?f=176214.pdf

Dove

Effect of the concurrent use of trastuzumab and anthracyclines

group analysis. The pCR rate ranged from 22% to 40% in
the four studies, and the pooled absolute rate of pCR was
32% (95% CI: 0.21-0.42) (Figure 2B).

In total, five studies had compared the pCR rate of concur-
rent vs nonconcurrent use of trastuzumab and anthracycline-
based NAC in HER2-positive breast cancer patients. The
meta-analysis of the five studies showed that patients with
concurrent use of trastuzumab and anthracycline-based NAC
had a substantially higher pCR rate, and the OR was 2.36
(95% CI: 1.69-3.30, P<<0.0001) (Figure 3). No significant
between-study heterogeneity was found, and the fixed-effect
model was used. Sensitivity analysis showed that no single
study could significantly alter the overall pooled effect.

The CR rate of concurrent vs

nonconcurrent use of trastuzumab and
anthracycline-based NAC in HER2-

positive breast cancer patients

Seven studies reported the CR rate of concurrent use of
trastuzumab and anthracycline-based NAC in HER2-positive
breast cancer patients. Meanwhile, three studies reported
the CR rate of nonconcurrent use of trastuzumab and
anthracycline-based NAC in HER2-positive breast cancer
patients. The pooled absolute rate of CR was 51% (95% CI:
0.34-0.68) and 37% (95% CI: 0.11-0.63) in the experimental
group and the control group, respectively (Figure S1), and the
OR was 3.03 (95% CI: 1.50-6.13, P=0.002) (Figure 4).

The PR rate of concurrent vs
nonconcurrent use of trastuzumab and
anthracycline-based NAC in HER2-

positive breast cancer patients
Ten studies analyzed the PR rate for the concurrent com-
bination therapy, and three studies reported the PR rate for

Experimental Control
Study Events Total Events Total
Buzdar et al, 2005 15 23 5 19
Buzdar et al, 2007 12, 22 5 19
Huang et al, 2015 20 41 18 46
Bayraktar et al, 2012 1371 235 26 65
Gianni et al, 2010 50 117 26 118
Fixed effect model 438 267

Heterogeneity: -squared=0%, tau-squared=0, p=0.5373

nonconcurrent use of trastuzumab and anthracycline-based
NAC. The pooled absolute rate of PR was 49% (95% CI:
0.31-0.68) and 47% (95% CI: 0.04-0.91) in the experimental
group and the control group, respectively (Figure S2), and the
OR was 0.32 (95% CI: 0.11-0.92, P=0.03) (Figure 4).

The BCS rate of concurrent vs

nonconcurrent use of trastuzumab and
anthracycline-based NAC in HER2-

positive breast cancer patients

Usually, surgery of breast cancer was planned after NAC, and
BCS was one of the favorable choices. However, the choice of
BCS was partly dependent on the efficacy of NAC. Totally, nine
studies reported the BCS rate of the concurrent combination
therapy, and two studies reported the BCS rate of nonconcurrent
use of trastuzumab and anthracycline-based NAC. The pooled
absolute rate of BCS was 48% (95% CI: 0.35-0.61) and 38%
(95% CI: 0.14-0.62) in the experimental and control groups,
respectively (Figure S3). The concurrent use of trastuzumab
and anthracycline-based NAC did not result in significantly
increased BCS rate compared to the results from nonconcurrent
use of trastuzumab and anthracycline-based NAC; the OR was
1.10 (95% CI: 0.64-1.90, P=0.73) (Figure 4).

The CED rate of concurrent vs
nonconcurrent use of trastuzumab and

anthracycline-based NAC in HER2-

positive breast cancer patients

Cardiotoxicity is a common side effect when resorting to
treatment with trastuzumab and anthracyclines, and CED is a
sign of cardiotoxicity. Usually, the left ventricular ejection frac-
tion (LVEF) is calculated to represent the CED. Eleven studies
calculated the LVEF decrease with concurrent combination
therapy, and four studies reported the LVEF decrease on

Odds Ratio OR  95%-Cl W(fixed)
— +  575[138:.1993] 42%
T—+—— 336[0.90;1260]  54%
e 148 [0.63; 347] 19.4%
—=— 210 [120; 367] 37.9%
—u- 264 [149; 466] 33.1%
<= 2.36 [1.69; 3.30] 100%

I [: ]

|
01

051 2 10

Figure 3 The pooled OR of the pCR for the comparison of the concurrent vs nonconcurrent use of trastuzumab and anthracycline-based NAC for HER2-positive

breast cancer.

Abbreviations: HER2, human epidermal growth factor receptor 2; NAC, neoadjuvant chemotherapy; pCR, pathologic complete response.
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Complete response
Bayraktar et al, 2012 172 235 33 65 56.3% 2.65[1.50, 4.66] .
Buzdar et al, 2005 21 23 9 19 14.3% 11.67 [2.12,64.33) e
Huang et al, 2015 11 41 7 46 29.4% 2.04[0.71,5.90] T
Subtotal (95% Cl) 299 130 100.0% 3.03[1.50,6.13] L 2
Total events 204 49

Heterogeneity: Tau*=0.15; Chi*=3.07, df=2 (P=0.22); F=35%
Test for overall effect: Z= 3.08 (P = 0.002)

1.1.2 Partial response

Bayraktar et al, 2012 15 235 11 65 43.8% 0.33[0.15,0.77] ——
Buzdar et al, 2005 1 23 9 19 16.4% 0.05 [0.01, 0.45] —_—
Huang et al, 2015 29 41 3 46 39.8% 0.67 [0.25,1.77] ——
Subtotal (95% Cl) 299 130 100.0% 0.32[0.11, 0.92] -
Total events 45 56

Heterogeneity: Tau*= 047, Chi*=4.70,df=2 (P=0.10); F=57%
Test for overall effect: Z=2.12 (P =0.03)

1.1.3 Breast conservation

Bayraktar et al, 2012 69 235 18 65 79.9% 1.09 [0.59, 2.00]
Buzdar et al, 2005 13 23 10 19 201% 1.17[0.35,3.97]
Subtotal (95% Cl) 258 84 100.0% 1.10 [0.64, 1.90]
Total events 82 28

Heterogeneity: Tau®*= 0.00; Chi*=0.01, df=1 (P=0.81), F=0%
Test for overall effect Z=035(P=0.73)

1.1.4 Cardiac ejection fraction decrease

Buzdar et al, 2005 7 23 5 19 23.3% 1.23[0.32,4.74] —
Buzdar et al, 2007 1 22 5 19 11.1% 0.13[0.01,1.27)

Gianni etal, 2010 30 17 19 118 451% 1.80[0.94,3.42] -
Huang et al, 2015 5 41 3 46  20.4% 1.99 [0.44,8.91) -1
Subtotal (95% Cl) 203 202 100.0% 1.26 [0.55, 2.88] -
Total events 43 32

Heterogeneity: Tau*=0.29; Chi*=5.03,df=3 (P=0.17); F= 40%
Test for overall effect: Z= 0.54 (P = 0.59)

1.1.5 Cardiac failure

Bayraktar et al, 2012 1 235 0 65 47.4% 0.84 [0.03, 20.81) 3
Gianni et al, 2010 2 117 0 118 526% 513([0.24,108.01)

Subtotal (95% Cl) 352 183 100.0% 2.17[0.24, 19.84]

Total events 3 0

Heterogeneity: Tau®*= 0.00; Chi*= 066, df=1 (P=0.42); F=0%
Test for overall effect: Z= 0.69 (P = 0.49)

1.1.6 Recurrence-free survival

Bayraktar et al, 2012 219 235 46 65 39.8% 565 [2.71,11.82) ——
Buzdar et al, 2005 23 23 18 19 7.0% 3.81[0.15, 99.09)

Buzdar et al, 2007 22 22 16 19  7.9%  9.55([0.46,197.67) —
Gianni etal, 2010 81 117 67 118 45.2% 1.71 [1.00, 2.93] -
Subtotal (95% Cl) 397 221 100.0% 3.34[1.32, 8.43] -
Total events 345 147

Heterogeneity: Tau®= 0.42; Chi*= 7.36, df= 3 (P = 0.06), F= 59%
Test for overall effect: Z=2.55 (P =0.01)

1.1.7 Overall survival

Bayraktar et al, 2012 226 235 56 65 36.9% 4.04[1.53,10.64) —a—
Buzdar et al, 2005 23 23 19 19 Mot estimahle

Buzdar et al, 2007 22 22 18 19 45% 3.65(0.14,94.97)

Gianni et al, 2010 99 117 92 118 585% 1.55(0.80, 3.02] LN
Subtotal (95% Cl) 397 221 100.0% 2.30[1.13, 4.66] L
Total events 370 185

Heterogeneity: Tau*= 0.11; Chi*= 2.65, df= 2 (P=0.27); F= 25%
Test for overall effect: Z=2.31 (P =0.02)

1 Il

0.001 0.1 1 10 1000

Figure 4 The pooled OR of secondary outcomes for the comparison of the concurrent vs nonconcurrent use of trastuzumab and anthracycline-based NAC for HER2-
positive breast cancer.
Abbreviations: HER2, human epidermal growth factor receptor 2; NAC, neoadjuvant chemotherapy; pCR, pathologic complete response.
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nonconcurrent use of trastuzumab and anthracycline-based
NAC. After excluding an obvious heterogeneous study,'
the pooled absolute rate of >10% LVEF decrease was 8%
(95% CI: 0.04-0.16) and 14% (95% CI: 0.05-0.23) in experi-
mental and control groups, respectively (Figure S4), and the
OR was 1.26 (95% CI: 0.55-2.88, P=0.59) (Figure 4).

CF is a fatal outcome of cardiotoxicity caused by trastu-
zumab and anthracyclines. Four studies reported on patients
with apparent cardiac dysfunction; totally, five patients
showed CF in the experimental group, but no one was dead
from CF. When comparing the CF rate between the experi-
mental and the control groups, the OR was 2.17 (95% CI:
0.24-19.84, P=0.49) (Figure 4).

Survival benefits

During the period of follow-up in the individual study
(the maximum and minimum durations of follow-up were
46.0 months and 16.2 months), the pooled absolute rate
of RFS was 86% (95% CI: 0.78-0.94) and 76% (95% CI:
0.58-0.95) in the experimental and control groups, respec-
tively (Figure S5). When comparing the RFS rate between
the experimental and the control groups, the OR was 3.34
(95% CI: 1.32-8.43, P=0.01) (Figure 4). Meanwhile, the
absolute rate of OS was 96% (95% CI: 0.94-0.99) and 90%
(95% CI: 0.79—1.00) in the experimental and control groups,
respectively (Figure S6), and the OR was 2.30 (95% CI:
1.13-4.66, P=0.02) (Figure 4).

Discussion

Recently, NAC has become a general approach in the
treatment of locally advanced breast cancer, which mainly
aims to reduce the size of the tumor and even obtain pCR,
eventually allowing radical surgery or more BCS.? The
pCR after NAC is reported to be a valuable surrogate of
long-term DFS. It is hypothesized that higher rates of pCR
would also result in higher rates of long-term survival.®?
The concurrent use of trastuzumab with multiple chemo-
therapy agents, used as the neoadjuvant therapy for locally
advanced HER2-positive breast cancer, has been reported to
have better efficacy compared with chemotherapy alone.**?
Meanwhile, several studies have reported conflicting results
about the efficacy and safety of the concurrent use of tras-
tuzumab and anthracycline-based NAC for HER2-positive
locally advanced breast cancer. As reported by Buzdar
et al,® 26% in the chemotherapy-alone arm achieved pCR;
meanwhile, 65.2% in the trastuzumab-plus-anthracycline-
based NAC arm achieved pCR, with no clinical congestive
CF being observed. Here, our meta-analysis evaluated the

efficacy and safety of the concurrent use of trastuzumab
and anthracycline-based NAC for HER2-positive locally
advanced breast cancer.

Our study shows a higher pCR rate in the concurrent
use of trastuzumab and anthracycline-based NAC (45%)
compared to the rate (32%) with nonconcurrent use of
trastuzumab and anthracycline-based NAC. Meanwhile, the
rate of CR was higher in the group with concurrent use of
trastuzumab and anthracycline-based NAC, but a similar
result was not observed in terms of PR, which may due to
the limitation of eligible data. Interestingly, the BCS rate was
not significantly higher when comparing the concurrent vs
nonconcurrent use of trastuzumab and anthracycline-based
NAC despite the higher rate of pCR in the concurrent use
of trastuzumab-and-anthracycline group. It is a reasonable
result when considering the fact that BCS is affected by
various factors, such as patients’ will, iatrogenic factors, and
economic factors, in addition to the pCR obtained. However,
the absolute rate of BCS was higher in the concurrent use of
trastuzumab and anthracyclines group (48%) compared with
the result in the nonconcurrent use of trastuzumab and anthra-
cyclines group (38%). BCS patients were reported to obtain
long-term survival equivalent to that for patients of mastec-
tomy; meanwhile, BCS provides better cosmetic effects and
improves the quality of life.??” Furthermore, our result shows
superior survival benefits in terms of RFS and OS in the group
with concurrent use of trastuzumab and anthracycline-based
NAC. It seems that the better efficacy of the concurrent use
of trastuzumab and anthracycline-based NAC had translated
into better long-term tumor control by reducing the chance
of proliferation and metastasis of tumor cells.

Cardiotoxicity is one of the most closely observed
concerns in the use of trastuzumab and anthracyclines for
HER2-positive locally advanced breast cancer, especially
with concurrent use of trastuzumab and anthracyclines.
It was reported that the concurrent use of trastuzumab plus
anthracyclines would result in a high rate of cardiotoxicity.?®
Therefore, many clinical research works and practices had
avoided the concurrent use of trastuzumab and anthracy-
clines. In this meta-analysis, we evaluated the cardiotoxicity
of'the concurrent use of trastuzumab plus anthracycline-based
NAC for HER2-positive locally advanced breast cancer.
Interestingly, our results indicate that the concurrent use of
trastuzumab and anthracyclines resulted in less risk of car-
diotoxicity than the nonconcurrent use of trastuzumab and
anthracycline-based NAC, and this result was coincidentally
in accordance with a meta-analysis that reported that patients
treated with trastuzumab and anthracyclines had a lower rate
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of cardiotoxicity (16%) than those treated with anthracyclines
alone (20%).% The rate of >10% LVEF decrease was lower
despite the concurrent use of trastuzumab and anthracyclines,
and this may be due to the fact that patients with younger age
and better basic cardiac function were more likely to receive
the concurrent use of trastuzumab and anthracyclines. Mean-
while, the CF event was rare and did not show any significant
difference between the two groups. Therefore, the results of
our meta-analysis are in accordance with previous studies
in which low cardiotoxicity was observed in the concur-
rent use of trastuzumab and anthracyclines during chemo-
therapy.? In conclusion, the concurrent use of trastuzumab
plus anthracycline-based NAC for HER2-positive locally
advanced breast cancer is suggested to be safe in terms of
cardiotoxicity. However, the patients should be carefully and
closely evaluated for cardiac function before and during the
concurrent use of trastuzumab plus anthracyclines.
Trastuzumab, a chimeric humanized monoclonal antibody
to the extracellular region of the HER2 protein that reduces
the proliferation of tumor cells, is confirmed to be good for the
prognosis of HER2-positive breast cancer. However, trastu-
zumab alone has modest antitumor activity.®*° Anthracycline-
based regimens are recommended as one of the standard NAC
regimens in breast cancer patients, and a previous study has
demonstrated that anthracycline-containing regimens were
superior to non-anthracycline-containing regimens in HER2-
positive breast cancer patients.! It was hypothesized that a
significantly better curative effect would be obtained when
trastuzumab and anthracyclines were combined since they
have different mechanisms of action. Bayraktar et al'* reported
that neoadjuvant therapy with trastuzumab concurrent with
anthracycline-based regimens achieved a higher rate of pCR
and RFS for HER2-positive breast cancer, and no significant
adverse events were observed. Two previous meta-analyses
showed that trastuzumab combined with NAC significantly
increases the rate of pCR without increasing additional
toxicity.*** However, these two studies had small sample
sizes and did not analyze the subgroup of concurrent use of
trastuzumab and anthracycline-based regimens. Therefore, our
study seems to provide unique and more powerful evidence.
To our knowledge, this is the first meta-analysis to
evaluate the efficacy and cardiac safety of the concurrent
use of trastuzumab plus anthracycline-based NAC for
HER2-positive locally advanced breast cancer. Our meta-
analysis undoubtedly gives evidence to guide the clinical
research and practice of the concurrent use of trastuzumab
plus anthracycline-based NAC for HER2-positive locally
advanced breast cancer. Nonetheless, our meta-analysis has
some limitations, which should be noted. First, five studies

were of two arms and eight studies were of single arm;
meanwhile, only four studies were randomized trials in spite
of systematically searching all eligible studies. Second, the
chemotherapy regimens were not strictly the same in the indi-
vidual included studies, but the chemotherapy regimens were
all anthracycline-based regimens. Furthermore, we could
not analyze other side effects, such as diarrhea, vomiting,
neutropenia, and dermatologic toxicity due to the lack of
relevant data in the included studies. Further research should
be designed to conduct a systematic study of the side effects
of the concurrent use of trastuzumab plus anthracyclines.

Conclusion

Taken together, our study indicates that the concurrent use of
trastuzumab and anthracycline-based NAC for HER2-positive
locally advanced breast cancer significantly improves the
pCR rates without obvious increase in the cardiotoxicity
events. During the period of follow-up, the concurrent use
of trastuzumab and anthracycline-based NAC was superior
to the nonconcurrent use of trastuzumab and anthracycline-
based NAC in terms of RFS and OS. Our results support the
efficacy and cardiac safety of the concurrent use of trastu-
zumab plus anthracycline-based NAC for certain patients
with HER2-positive locally advanced breast cancer.
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