L))

Check for
updates

Original Article

Efficacy and safety of cyclophosphamide in anthracycline- and
taxane-based neoadjuvant chemotherapy in breast cancer: a
meta-analysis

Yi-Kun Kang'#, Yi-Ran Si', Guang-Yu An’, Peng Yuan'

'Department of VIP Medical Services, National Cancer Center/ National Clinical Research Center for Cancer/ Cancer Hospital, Chinese Academy
of Medical Sciences and Peking Union Medical College, Beijing, China; *Department of Oncology, Beijing Chao-Yang Hospital, Capital Medical
University, Beijing, China

Contributions: (I) Conception and design: YK Kang, P Yuan, GY An; (II) Administrative support: P Yuan, GY An; (III) Provision of study materials
or patients: YK Kang, P Yuan; (IV) Collection and assembly of data: YK Kang, P Yuan; (V) Data analysis and interpretation: YK Kang, P Yuan; (VI)
Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Peng Yuan, MD. Department of VIP Medical Services, National Cancer Center/ National Clinical Research Center for Cancer/
Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100021, China. Email: yuanpeng01@hotmail.com;
Guang-Yu An, MD. Department of Oncology, Beijing Chao-Yang Hospital, Capital Medical University, Beijing 100020, China. Email: agybjcy@163.com.

Background: Our study aimed to compare the efficacy and safety of anthracycline plus taxane (AT)-based
neoadjuvant chemotherapy (NAC) with or without cyclophosphamide in the treatment of breast cancer.
Methods: We scarched PubMed, Embase, Web of Science and the Cochrane Library for randomized
controlled studies comparing the efficacy and safety of AT-based NAC with or without cyclophosphamide in
breast cancer patients.

Results: Four eligible studies with 2,302 individuals were ultimately included in the quantitative analysis.
After applying the AT-based NAC regimen, the overall rates of pathologic complete response (pCR) and
breast conserving surgery in all included subjects were 26.5% and 70.6%, respectively. The rates of pCR
[risk ratio (RR): 1.35; 95% CI: 0.75, 2.45; P=0.32], breast-conserving surgery (RR: 1.07; 95% CI: 0.97, 1.19;
P=0.17) and clinical response (RR: 1.08; 95% CI: 0.97, 1.19; P=0.15) in patients in the cyclophosphamide
group were similar to those in the control group. However, participants in the cyclophosphamide group had
a lower no clinical response rate than those in the control group (RR: 0.72; 95% CI: 0.60, 0.87; P<0.001).
Subjects in the cyclophosphamide group had significantly lower rates of infection (RR: 0.57; 95% CI: 0.41,
0.79; P<0.001) and diarrhea (RR: 0.46; 95% CI: 0.30, 0.68; P<0.001) and higher rates of thrombocytopenia
(RR: 3.38; 95% CI: 1.96, 5.84; P<0.001), sensory/motor neuropathy (RR: 1.57; 95% CI: 1.03, 2.39; P=0.03)
and nausea/vomiting (RR: 1.51; 95% CI: 1.11, 2.06; P=0.009) than those in the control group.
Conclusions: The AT-based NAC regimen with or without cyclophosphamide had similar clinical
outcomes in breast cancer patients. The addition of cyclophosphamide might increase the risks of

thrombocytopenia, sensory/motor neuropathy and nausea/vomiting.
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Introduction

Breast cancer is the most frequently diagnosed cancer as
well as the leading cause of cancer-related death among
females throughout the world, with 1.67 million new cases
and 0.52 million deaths in 2012 (1-3). In 2018, the estimated
number of new cases increased to 2.08 million globally,
with 0.62 million deaths (1,2). Although the mortality rate of
breast cancer has decreased with improvements in diagnosis
and intervention, breast cancer remains the leading cause of
cancer-related death among women in developed counties (3).

Neoadjuvant chemotherapy (NAC), which was initially
used only for locally advanced cancers, has now become
more common for patients with operable disease (4). It has
been reported that NAC is effective in downstaging a tumor,
reducing tumor size, improving the chance of undergoing
surgery, evaluating the sensitivity of a tumor, and allowing
time to fully consider surgical options (5). Recent studies
have also indicated NAC as an efficient approach to improve
pathological complete response (pCR) and the possibility
of breast-conserving surgery in breast cancer patients (6).
Therefore, NAC has become an optional first-line surgical
therapy for the treatment of breast cancer.

Anthracycline plus taxane (AT)-based chemotherapy
is the most common NAC regimen for all early breast
cancer subtypes and is associated with high rates of
clinical response (7,8). It has been discussed whether
cyclophosphamide should be added to AT-based NAC to
improve clinical outcomes for breast cancer patients, but
the conclusions have not been consistent. Some studies
report that cyclophosphamide improves the pCR rate
in breast cancer, while others report no differences (9).
Although cyclophosphamide has been found to increase
toxicity, some studies have also declared that the addition
of cyclophosphamide is able to reduce adverse effects
associated with NAC (10). Therefore, it remains unclear
whether cyclophosphamide should be added to AT-based
NAC. Here, we performed a meta-analysis to compare
the efficacy and safety of AT-based NAC with or without
cyclophosphamide in the treatment of breast cancer.
We present the following article in accordance with the
PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/gs-20-593).

Methods
Search strategy

The protocol of this meta-analysis was registered in
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PROSPERO website (University of York, York, UK)
with a registration number of CRD42020182821. Two
authors (YKK and PY) independently searched four
bibliography databases including PubMed, Embase,
Web of Science and Cochrane Library using following
keywords with various combinations: “neoadjuvant

chemotherapy”, “mammary cancer”, “breast cancer”,

@ ” o« ” o«

“breast tumor”, “cyclophosphamide”, “cytoxan”, “endoxan”,

”» [13 ”, « ”» 3

“anthracycline”, “adriacin”; “adriamycin”, “amycin”,
“texane”, “doxorubicin”, “paclitaxel”, “docetaxel”, “taxinol”.
The searches were limited to human studies and the last

search date was Mar 31, 2020.

Study selection

Inclusion criteria were: (I) randomized controlled study
comparing the efficacy or safety of AT-based NAC with or
without cyclophosphamide in breast cancer patients; (II) the
sample size was at least 30 participants in each group; (III)
the study presented a clear process of the clinical trial; (IV)
accessible to obtain the data; and (V) English-language
literature only. And exclusion criteria were: (I) duplicated
reports based on the same participants and failed to provide
additional information; (II) ongoing studies or unpublished
data; (III) the original data were unavailable; and (IV)
studies with obvious defects in design or data statistics. The
articles were independently screened and selected by two
researchers (YKK and PY), and any disagreements between
them were resolved through discussion.

Quality assessment and data extraction

For the articles that passed the primary screening, they
were then reviewed by two authors (YKK and PY). They
independently assessed the quality of the studies according
to the CONSORT (consolidated standard of reporting
trial) statement (11). The Cochrane risk of bias was assessed
from six aspects: selection bias, performance bias, detection
bias, attrition bias, reporting bias, and other bias. Each
aspect of bias was classified into three categories (i.e., low,
high, and unclear risk bias). The studies with low quality
or evident defects in study design were excluded from this
meta-analysis. Any disagreements between the two reviewers
were resolved by discussion or judged by senior researchers.
Then two authors independently extracted the data: (I) basic
characteristics of the included studies and participants; (II)
the setting of the studies and the management of NAC; (I1I)
main outcomes including the rates of pathologic complete
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Figure 1 Flow diagram of literature selection (n: number of literature).

response (pCR), breast conserving surgery, clinical
response (complete response or partial response) and no
clinical response (stable disease or progressive disease);
and (IV) second outcomes were adverse effects, including
anemia, leucopenia, neutropenia, thrombocytopenia,
neutropenic fever, alopecia, infection, fatigue, sensory or
motor neuropathy, mucositis, skin changes, loss of appetite,
nausea or vomiting, diarrhea, stomatitis, abnormal level
of bilirubin, abnormal level of aspartate aminotransferase
(AST) and alanine aminotransferase (ALT).

Statistical analysis

The pooled quantitative analysis was performed by using
RevMan 5.3 software (Cochrane Collaboration, Denmark).
Risk ratio (RR) with 95% confidence interval (CI) was
calculated for dichotomous variables. Forest plots were
used for presenting the pooled clinical outcomes. The
statistical heterogeneity among studies was analyzed using
the chi-squared test and presented as the I-squared (less
than 50%: low heterogeneity, 50-75%: moderate
heterogeneity, and >75%: high heterogeneity). Fixed-effects
models were used when the heterogeneity was lower than
50%, otherwise, random-effects models were applied. The
publication bias for included studies was evaluated using
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Funnel plots. P value lower than 0.05 was considered as
statistical significance.

Results

Figure 1 showed the process of the literature selection. At
initial searches, a total of 626 published articles were selected
from the four databases mentioned above. After primary
screening and removing duplicated paper, 413 articles
remained and underwent full-text reviews. After removing the
studies with irrelevant topic or in non-English language, 171
articles were potentially eligible. After another round of
screening, four eligible studies with 2,302 early-stage breast
cancer patients were finally included in the quantitative
synthesis (12-15). The assessment of Cochrane risk of bias
was illustrated in Figure 2. Most included studies were of
high quality with low risk of bias, and high risk of bias was
not detected in these studies.

The basic characteristics of the included studies were
listed in Table 1. Among the four included studies, three
studies were from Germany and the other one was from
Korea. Jackisch (12) and von Minckwitz (13) conducted the
research based on the same participants in different phases.
The former one mainly detected the adverse effects while the
latter one revealed the clinical efficacy, and the overlapped
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Figure 2 Cochrane bias assessment of the included studies. Green

circle: low risk; empty grid: unclear risk.

outcomes between them were not repeatedly included in
the analysis. If taking cyclophosphamide group and control
group together, the whole pCR rate and breast conserving
surgery rate in all included subjects were 26.5% and 70.6%,
respectively, after applying the NAC. Three included studies
reported pCR rate according to different molecular types.
The pCR rate in hormone receptor (HR) positive subgroup,
HR negative subgroup, HER-2 positive subgroup, HER-2
negative subgroup, TNBC subgroup and non-TNBC
subgroup was 6.5%, 21.8%, 57.9%, 35.3%, 48.9%
and 41.0%, respectively.

In the pooled analysis, patients in the cyclophosphamide
group had similar rates of pCR (RR: 1.35; 95% CI: 0.75, 2.45;
P=0.32; I’'=82%, P value for heterogeneity =0.004), breast
conserving surgery (RR: 1.07; 95% CI: 0.97, 1.19; P=0.17;
I’=55%, P value for heterogeneity=0.11) and clinical response
(RR: 1.08; 95% CI: 0.97, 1.19; P=0.15; I’=72%, P value for
heterogeneity =0.03) compared to those in the control group
(Figure 3). However, participants in the cyclophosphamide
group had a lower rate of no clinical response rate than those
in the control group (RR: 0.72; 95% CI: 0.60, 0.87; P<0.001;
I’=0%, P value for heterogeneity =0.71). In the included
studies, only Schneeweiss et /. (15) performed subgroup
analysis according to molecular types, and the results showed
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the cyclophosphamide group had similar pCR rate to the
control group no matter in HR positive subgroup or HR
negative subgroup or TNBC subgroup (P>0.05).

The pooled RR of adverse effects in the two groups were
summarized in Table 2. Compared to the control group,
subjects in the cyclophosphamide group had significantly
lower rates of infection (RR: 0.57; 95% CI: 0.41, 0.79;
P<0.001; I°’=0%, P value for heterogeneity =0.90) and
diarrhea (RR: 0.46; 95% CI: 0.30, 0.68; P<0.001; I’=0%,
P value for heterogeneity=0.75), and higher rates of
thrombocytopenia (RR: 3.38; 95% CI: 1.96, 5.84; P<0.001;
I’=0%, P value for heterogeneity =0.48), sensory/motor
neuropathy (RR: 1.57; 95% CI: 1.03, 2.39; P=0.03; I’=0%,
P value for heterogeneity =0.43) and nausea/vomiting
(RR: 1.51; 95% CI: 1.11, 2.06; P=0.009; ’=46%, P value
for heterogeneity =0.16). The two groups had similar rates
in most adverse events, including anemia, leucopenia,
neutropenia, neutropenic fever, alopecia, fatigue, mucositis,
skin changes, loss of appetite, stomatitis, abnormal level
of bilirubin, abnormal level of AST and ALT (All P
value >0.05).

At last, funnel plots for the RR of pCR rate were
calculated to assess the publication bias (Figure S1). No
obvious publication bias was found among the included
studies in this meta-analysis.

Discussion

In the current study, the overall rates of pCR and
breast-conserving surgery with the AT-based NAC regimen
were 26.5% and 70.6%, respectively, which were consistent
with those of former studies. Crown et al. (16) reviewed
randomized trials of NAC in breast cancer and reported that
the pCR rate of the AT-based regimen was 11.5-26.1%.
In the phase III GeparQuattro study, the rates of pCR and
breast-conserving surgery with TAC (docetaxel, epirubicin
and cyclophosphamide)-based NAC were 22.3% and 70.1%,
respectively. Andrade et 4/. (17) compared the efficacy between
CEF (cyclophosphamide, epirubicin and 5-fluorouracil) and
AT (docetaxel and epirubicin) regimens in 316 patients with
stage II-III breast cancer. They demonstrated that NAC
combined with TA was more effective than NAC combined
with CEF in terms of the pCR and clinical response rates as
well as the breast-conserving surgery rate. It has been stated
that there is synergistic action between anthracycline and
taxane by enhancing immune functions. In vitro studies have
proven that doxorubicin enhances the function of innate

immune cells and cytotoxic T-lymphocytes, which induce the
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Figure 3 Forest plot showing the risk ratio (RR) with 95% confidence interval (CI) of pCR rate (A), breast conserving rate (B), clinical

response rate (C), and no clinical response rate (D). pCR, pathologic complete response.

immunogenic death of cancer cells (18). Paclitaxel is also able
to enhance the antitumor activity of lymphocytes by inducing
various cytokines (19). Therefore, chemotherapy combined
with doxorubicin and paclitaxel can activate and increase the
number of T lymphocytes in the peripheral blood of breast
cancer patients (20).

Among the included studies, only von Minckwitz er al. (13)
analyzed the pCR rate of AT-based NAC stratified by
molecular subtypes. The hormone receptor status was
determined in 783 subjects, and the pCR rates in HR" and
HR' breast cancers were 6.2% and 22.8%, respectively. The
difference in clinical outcomes between subtypes has been

© Gland Surgery. All rights reserved.

investigated and may be attributed to genetic factors. In
triple-negative breast cancer (TNBC), an AT-based regimen
is standard. Bignon ez /. (21) showed a high pCR rate after
NAC in BRCA-mutated TNBC, with a rate of 38.3%
among BRCAI mutation carriers and 66% among BRCA2
mutation carriers. Another study explored the correlation of
the PIK3CA mutation and pCR in TNBC and demonstrated
that TNBC with the PIK3CA H1047R mutation is less likely
to achieve pCR after AT-based NAC than TNBC without the
mutation (22). However, although TP53 mutations are
frequent in breast cancer, mutations do not predict the response

to AT-based NAC in the TNBC and human epidermal
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Table 2 Summary of results for the risk ratio (RR) of adverse effects in the cyclophosphamide arm compared to control arm

Outcomes References  Participants RR (95:(/;“?;)3’r?éctlgir;istfga;:e am P value 5 vl;e::rogene::;;%)
Anemia 3 1,397 1.14 (0.35, 3.69) 0.82 0.05 68
Leucopenia 2 1,848 3.43 (0.41, 28.43) 0.25 <0.001 100
Neutropenia (3) 1,932 1.18 (0.46, 3.02) 0.73 <0.001 99
Thrombocytopenia 3) 1,932 3.38 (1.96, 5.84) <0.001 0.48 0
Neutropenic fever ()] 1,029 0.41 (0.00, 62.18) 0.73 <0.001 96
Alopecia (3) 1,932 1.01 (0.98, 1.04) 0.66 0.48 0
Infection ) 1,848 0.57 (0.41, 0.79) <0.001 0.90 0
Fatigue ) 1,848 1.06 (0.57, 1.97) 0.86 0.004 88
Sensory or motor neuropathy 3) 1,396 1.57 (1.03, 2.39) 0.03 0.4 0
Mucositis @ 1,029 0.74 (0.47,1.17) 0.20 0.43 0
Skin changes ) 1,848 0.69 (0.06, 8.32) 0.77 <0.001 97
Loss of appetite ) 1,848 0.83 (0.62, 1.11) 0.21 0.34 0
Nausea or vomiting 3) 1,932 1.51 (1.11, 2.06) 0.009 0.16 46
Diarrhea (3) 1,932 0.46 (0.30, 0.68) <0.001 0.75 0
Stomatitis ) 1,848 1.08 (0.29, 4.06) 0.91 0.002 90
Abnormal level of bilirubin ) 1,029 0.30 (0.083, 2.82) 0.29 0.92 0
Abnormal level of AST ) 1,029 1.86 (0.47, 7.35) 0.38 0.87 0
Abnormal level of ALT 2 1,029 1.47 (0.34, 6.30) 0.60 0.01 84

Italic P values indicate statistical significance. RR, risk ratio; Cl, confidence interval; AST, aspartate aminotransferase; ALT, alanine

aminotransferase.

growth factor receptor-2 positive (HER2") subtypes (23).
Therefore, genetic biomarkers provide important predictions
for the efficacy of NAC in breast cancer and should be verified
by further studies.

The main finding of our study was the similar rates
of pCR, breast-conserving surgery and clinical response
between the AT and TAC regimens. Although a lower
rate of no clinical response was associated with the TAC
regimen, there was equivalent efficiency between the AT
and TAC regimens. According to these results, one may
assume that cyclophosphamide may be unnecessary in
AT-based NAC in breast cancer. However, it should be
clarified that several included studies involved dose-dense
regimens, prophylactic granulocyte colony-stimulating factor
(G-CSF) or the addition of carboplatin in the control group,
which may improve clinical outcomes compared with those
of standard regimens. A dose-dense regimen is recommended

by the National Comprehensive Cancer Network (NCCN)

© Gland Surgery. All rights reserved.

guidelines as standard chemotherapy (24). Several randomized
trials have shown that dose-dense or dose-intensified
chemotherapy results in superior overall survivor (OS)
compared to conventionally dosed chemotherapy (25,26). In
addition, several randomized controlled trials have compared
other anthracycline-based or taxane-based regimens for the
treatment of breast cancer. Diéras et a/. (27) evaluated the
pCR rate of doxorubicin combined with paclitaxel (AP) and
doxorubicin combined with cyclophosphamide (AC) as NAC
in breast cancer patients. The pCR rate was 16% and 10%
in the AP and AC arms, respectively, and breast-conserving
surgery was performed in 58% and 45% of patients in the AP
and AC arms, respectively.

Another important finding was that the TAC regimen
was associated with a lower rate of infection and diarrhea
but a higher rate of thrombocytopenia, sensory/motor
neuropathy and nausea/vomiting than the AT regimen.
The lower incidence of infection and diarrhea in the TAC
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arm may result from lower doses of chemotherapy drugs.
The application of prophylactic G-CSF can enhance
platelet aggregation and activation, which may account for
the lower rate of thrombocytopenia in the TA arm (28).
It has been reported that among the taxane-based
regimens, overall, TAC is associated with the highest
incidence of toxicity (29). Nabholtz et al. (30) assessed the
toxicity of the TAC regimen and concluded that the most
common adverse event was grade 4 neutropenia followed
by febrile neutropenia and infection. Kim et a/. (31)
evaluated the safety of the combination of doxorubicin and
cyclophosphamide (AC) in patients with breast cancer and
indicated that the most frequent adverse effects included
nausea, alopecia, generalized muscle weakness, myalgia,
mucositis, anorexia, dyspepsia and diarrhea. van Rossum
et al. (32) compared toxicity reactions between doxorubicin
and cyclophosphamide (AC) and TAC regimens and
showed a higher rate of anemia (18.9% versus 4.7%)
as well as a lower rate of diarrhea (6.4% versus 16.6%)
and peripheral neuropathy (4.6% versus 14.4%) in the
AC arm. A meta-analysis performed by Do er al. (33)
revealed that febrile neutropenia occurred in 5-69%
of patients who received the combination regimen
of docetaxel and cyclophosphamide and that febrile
neutropenia was effectively prevented by prophylactic
G-CSF. Cardiac effects such as cardiomyopathy can also
be noted in AT-based NAC, though their incidence is
relatively low (34).

The present study compares the efficacy and safety of
TAC and AT based regimens as NAC in breast cancer,
indicating cyclophosphamide may be unnecessary in
AT-based regimens. These data may provide important
information for clinical practice. However, the limitations
of our study should be also noticed. First, only four studies
are included, with a relatively small patient population.
And some included studies were performed ten years ago.
Second, the regimens are different among these studies,
which weakens the comparison. Third, the control group
involves dose-dense regimens, prophylactic G-CSF or
addition of carboplatin, which may influence the clinical
outcomes. Fourth, the study fails to provide information
about the long-term survival rates of participants as well
as the effectiveness on different subtypes. Fifth, sequential
effects of anthracycline and taxane are not discussed in
the present study due to lack of data. Sixth, although the
difference of toxicity reactions is detected between the two
groups in the study, the underlying mechanisms are not
investigated.
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Conclusions

AT-based NAC with or without cyclophosphamide showed
similar clinical outcomes in patients with operable breast
cancer. The addition of cyclophosphamide might increase
the risks of thrombocytopenia, sensory/motor neuropathy
and nausea/vomiting.
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Figure S1 Funnel plot showing the test for publication bias of pooled risk ratio (RR) with standard error (SE) of pCR rate. pCR, pathologic
complete response.
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