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Efficacy of carboplatin-based preoperative chemotherapy
for triple-negative breast cancer

A meta-analysis of randomized controlled trials
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Objectives: To evaluate the efficacy and safety of
carboplatin-based preoperative chemotherapy in triple-
negative breast cancer patients (TNBC).

Methods: PubMed, EMBASE, the Web of Science, the
Cochrane Library, major clinical trial registries, and
abstract collections from major international meetings
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were systematically searched for relevant randomized
controlled trials. Endpoints included rates of pathologic
complete response (pCR), overall response (ORR),
breast-conserving surgery (BCS) and toxicity. Pooled
relative risk (RR) was calculated for each endpoint
using a fixed- or random-effect model depending on the
heterogeneity among included studies.

Results: A total of 5 randomized controlled trials
involving 1007 patients were included in the meta-
analysis.  Carboplatin-based ~ chemotherapy — was
associated with a pooled pCR rate of 53.3%, which was
significantly higher than the rate associated with non-
carboplatin therapy (37.8%, RR: 1.41, 95% confidence
interval [CI]: 1.23 to 1.62, p<0.00001). Compared with
non-carboplatin therapy (48.1%), carboplatin-based
chemotherapy increased BCS rate (59.7%, RR: 1.24,
95%CI: 1.06 to 1.46, p=0.007). Carboplatin-based
chemotherapy was associated with similar ORR as non-
carboplatin therapy. Carboplatin-based chemotherapy
was associated with higher incidence of grade 3 or
4 anemia, neutropenia, febrile neutropenia, and
thrombocytopenia than non-carboplatin therapy, while
the 2 regimens were associated with similar incidence of
fatigue, leucopenia, and nausea/vomiting.

Conclusion: The available evidence suggests that
carboplatin-based  preoperative  chemotherapy s
associated with significantly better pCR and BCS rates
than non-carboplatin-based therapy in TNBC patients.
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B reast cancer is the most frequently diagnosed cancer
and the leading cause of cancer death in females
worldwide.! Triple-negative breast cancer (TNBC),
a subtype of breast cancer accounting for 10-20% of
all breast cancers,”'! is characterized by absence of
expression of estrogen, progesterone receptor, and
human epidermal growth factor receptor 2 (HER2).
The TNBC occurs predominantly in young people
and is associated with higher rates of metastasis and
mortality than other subtypes of breast cancer.” It
seems that women with TNBC do not benefit from
targeted therapy or endocrine therapy. Preoperative
chemotherapy, an important part of an integrated
treatment approach, is increasingly used in patients
with locally advanced breast cancer. Preoperative
chemotherapy has been found to reduce cancer volume,
improve the surgical resection rate, reduce the tumor
stage, and increase the possibility of breast-conserving
surgery.'” It also allows iz vivo assessment of patient
sensitivity to chemotherapy.” Studies suggest that
preoperative chemotherapy for breast cancer provides
survival benefits comparable with those of postoperative
chemotherapy, and that it is associated with significantly
higher rates of overall survival (OS) in patients achieving
pathologic complete response (pCR)." Specifically
among patients with TNBC who experience pCR,
preoperative chemotherapy is improved 26% of 3-years
OS rate.” Maximizing the rate of pCR is widely
considered the most important outcome for preoperative
chemotherapy against TNBC. The 48-70% of breast
cancer patients with BRCA1 mutations are TNBC.!¢!8
The tumor with BRCA1 mutations may suffer from
defects in DNA repair pathways. Thus, platinum-based
chemotherapy, although usually a second-line treatment
in breast cancer, may be an effective first-line approach
in TNBC. Carboplatin is preferable to cisplatin because
it shows comparable antitumor activity to cisplatin
but with fewer adverse effects. It is unclear on whether
carboplatin-based  preoperative  chemotherapy s
effective and safe for patients with TNBC. A small trial
in Spain showed that adding carboplatin to preoperative
chemotherapy did not improve pCR in patients with
basal-like breast cancer,!® whereas 2 studies in USA and
Germany showed that adding the drug to preoperative
chemotherapy improved the pCR of patients with
TN BC.*** Thus, we performed this meta-analysis of
available randomized controlled trials.

Disclosure. Authors have no conflict of interest, and the
work was not supported or funded by any drug company.

Methods. Scarch strategy and study inclusion. We
systematically searched PubMed, the Web of Science,
EMBASE, and the Cochrane Library for randomized
controlled trials published between January 2000-2015
that examined the effectiveness of carboplatin in
preoperative chemotherapy against TNBC. Publications
were screened initially on the basis of the title and
abstract, and then on the basis of the full text.

We also searched major clinical trial registries
(www.Clinical Trials.gov, www.who.int/trialsearch) for
relevant randomized controlled trials. The abstracts
of annual meetings of the San Antonio Breast Cancer
Symposium, American Society of Clinical Oncology
and European Society for Medical Oncology were
searched.

No language restrictions were applied during any
searches. To be included in the meta-analysis, studies
had to: 1) involve patients who had been diagnosed
with TNBC based on pathology, who did not suffer
any other diseases and who were undergoing their first
treatment; 2) compare carboplatin-based and non-
carboplatin preoperative chemotherapy; and 3) report
sufficient outcomes data.

Two authors independently searched all potentially
relevant publications. Discrepancies were resolved by
discussion.

Data  extraction. Two authors independently
extracted data from the included studies using a
standard form. The following data were extracted from
each study: 1) basic characteristics, including authors,
year of publication, and phase of the trial; 2) study
characteristics, including number of subjects enrolled,
patient ages, disease stages, and chemotherapy regimens;
3) outcomes of interest: pCR, overall response (ORR),
and breast-conserving surgery (BCS); 4) types and
incidence of grade 3 or 4 adverse events.

Assessment of study quality. The methodological
quality of the included studies was assessed using
Review Manager 5.3 (www.cochrane.org).

Statistical analysis. The primary endpoint was pCR
rate, and secondary endpoints included ORR, rate of
BCS, and rates of grade 3 or 4 adverse events. The ORR
was defined as the sum of partial and complete response
rates according to the guidelines for response evaluation
criteria in solid tumors.” Adverse events were evaluated
according to the National Cancer Institute Common
Terminology Criteria for Adverse Events 3.0 or 4.0.

Relative risk (RR) and associated 95% confidence
intervals (CI) were estimated for data using the Mantel-
Haenszel fixed-effect model or the Der Simonian-Laird
random-effect model. The fixed-effect model was used
when significant heterogeneity was absent across the
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pooled studies; significant heterogeneity was considered
to exist when the Q test gave an associated p-value
<0.05 and 12 was >60%. Otherwise, the random-effect
model was used.

All statistical analyses were performed using Review
Manager 5.3. All p-values were calculated for a 2-tailed
distribution.

Results. Characteristics of included studies. A
total of 65 potentially eligible trials were screened.
Finally, 5 independent trials, involving altogether 1007
patients, were included in the meta-analysis'®2"*2

Potentially relevant records identified (n=65) ‘

4’{ 18 records excluded as duplicate

Potentially relevant studies for more

detailed evaluation (n=47)

Studies excluded on the basis of title or abstracts (n=37)
No-RCT (n=27)

No appropriate outcome data (n=10)

RCT retrieved for detailed (n=10)

RCT excluded (n=5)

Not about preoperative chemotherapy (n=3)

Not carboplatin regimens (n=2)

RCT include in meta-analysis (n=5)

Figure 1 - Flow chart diagram of study selection. RCT - randomized
controlled trials

(Figure 1, Table 1). The 5 randomized controlled trials
included between 91 and 595 TNBC patients in stages
[-11I; 3 trials involved Caucasians, and the other 2
involved Asians. All 5 studies examined preoperative
chemotherapy comprising a combination of carboplatin
with another taxane chemotherapeutic, including
paclitaxel and docetaxel. We evaluated the quality of
4 publications with full-text. All 4 studies completely
described the randomization procedure, adequate
allocation concealment, and complete results.

Pathologic complete response. All 5 trials described
data on pCR. The absolute pCR rate was 53.3%
(272/510) in patients receiving carboplatin-based
therapy and 37.8% (188/497) in patients receiving
non-carboplatin therapy. No significant heterogeneity
in pCR rate data was detected among studies (I12=56%,
2=0.006). This RR indicated a significantly better rate for
carboplatin therapy (RR: 1.41, 95%CI: 1.23 to 1.62,
<0.00001) (Figure 2).

Overall response. Two of the 5 studies reported ORR
data.’?* No significant heterogeneity was observed for
this outcome among the 3 studies (I12=0%, p=0.89).
The RR showed a slight benefit of carboplatin-based
preoperative  chemotherapy over non-carboplatin
therapy, but the difference in ORR was not significant
(RR: 1.11, 95%CI: 0.96 to 1.29, p=0.16) (Figure 3).

Breast-conserving ~ surgery.  Breast-conserving
surgery data were reported in 2 of 5 trials."”* No
significant heterogeneity was observed among studies
(I2=27%, p=0.24). The absolute BCS rate was 59.7%
in carboplatin-based chemotherapy comparison with
48.1% in non-carboplatin therapy. The RR showed
significant difference in BCS rate between carboplatin-
based and non-carboplatin-based therapy (RR: 1.24,
95%CL: 1.06 to 1.46, p=0.007) (Figure 4).

Table 1 - Characteristics of randomized controlled trials in the meta-analysis.

N Di pCRwith  pCR without
Study "o Study type 1sease Treatment schedule CBP CBP
patients stage (%)
Alba et al” 2012 93 phase 2 -1 EPI+CTXx4 cycles—>TXTx4 cycles vs EPI+CTXx4 29.8 34.8
cycles—TXT+ CBPx4 cycles

Ando etal® 2014 75 phase 2 [-Illa  CBP and wPTX x4 cycles—=CEF x4 cycles vs wPTX x4 622 26.3
cycles—CEFx4 cycles

Sikov et al*® 2014 433 prospective 11111 wPTXx12 cycles—=>TXT+CTX+CBP ql4x4 cycles vs 60.2 46.2

series wPTXx12cycles—=TXT+CTXx4 cycles
Von minckwitz et al*' 2014 315 phase 2 II-I11 CBP+wPTX+non-PEGylated liposomal doxorubicin 53.2 36.9
+Bevx18w vs wPTX+non-PEGylated liposomal

doxorubicin+Bevx18w

Zhang et al* 2013 91 phase 2 11-111 CBP+PTX x4-6 cycles vs EPI+PTXx4-6cycles 38.3 13.6

EPI - epirubicin, CTX - cyclophosphamide, CBP - carboplatin, DOC - docetexel, PTX - paclitaxel, wPTX - weekly paclitaxel,
CEF - cyclophosphamide, epirubicin, and 5-fluorouracil, pCR - pathological complete response, Bev - bevacizumab, vs - versus
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Experimental Control

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI

Alba E/2012 14 47 16 46  8.5%
Ando M/2014 23 37 10 38 5.2%
Sikov WM/2014 133 221 98 212 52.5%
von minckwitz G/2014 84 158 58 157 30.5%
Zhang P/2013 18 47 6 44 3.3%
Total (95% CI) 510 497 100.0%
Total events 272 188

Heterogeneity: Chi? = 9.13, df =4 (P = 0.06); I> = 56%
Test for overall effect: Z = 4.90 (P < 0.00001)

Risk Ratio Risk Ratio
M-H, Fixed, 95% CI

0.86 [0.47, 1.55] —T
2.36 [1.31, 4.25]
1.30 [1.09, 1.56] =
1.44[1.12, 1.85] -
2.81[1.23, 6.42]
1.41[1.23, 1.62] ¢

0.01 0.1 1 10 100

Favours [experimental] Favours [control]

Figure 2 - Forest plot of pathologic complete response rate for carboplatin-based relative to non-carboplatin-based preoperative chemotherapy.

M-H - Mantel-Haenszel test, CI - confidence interval

Alba E/2012 36 47 32 46  47.2%
Zhang P/2013 42 47 35 44  52.8%
Total (95% CI) 94 90 100.0%
Total events 78 67

Heterogeneity: Chi? = 0.02, df =1 (P = 0.89); I?= 0%
Test for overall effect: Z = 1.39 (P = 0.16)

Risk Ratio
M-H, Fix 5% Cl

Risk Ratio
H. Fix

1.10[0.86, 1.41]
1.12[0.94, 1.34]

1.11 [0.96, 1.29]

0.01 0.1
Favours [experimental]

1 10

Favours [control]

100

Figure 3 - Forest plot of overall response for carboplatin-based relative to non-carboplatin-based preoperative chemotherapy. M-H - Mantel-Haenszel test,

CI - confidence interval

Experimental Control Risk Ratio Risk Ratio
r r Even Total Events Total Weight M-H, Fix 5% Cl M-H, Fix 5% Cl

Alba E/2012 34 47 31 46 24.8% 1.07 [0.82, 1.40]
Sikov WM/2014 126 221 93 212 752% 1.30[1.07, 1.57] |
Total (95% ClI) 268 258 100.0% 1.24 [1.06, 1.46] ¢
Total events 160 124

ity Ohi2 = = - .12 = 979 [ t t t |
Heterogeneity: Chiz = 1.37, df =1 (P = 0.24); I?=27% 0.01 01 1 10 100

Test for overall effect: Z = 2.69 (P = 0.007)

Favours [experimental] Favours [control]

Figure 4 - Forest plot of breast-conserving surgery rate for carboplatin-based relative to non-carboplatin-based preoperative chemotherapy.

M-H - Mantel-Haenszel test, CI - confidence interval

o SE(ogIRR))

S IIzzzs.
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Figure 5 - Funnel plot for publication bias in pathologic complete
response analysis. SE - standard error, RR - relative risk

Safery. Patients who received carboplatin-based
therapy showed significantly higher incidence of the
following adverse events than patients who received
non-carboplatin therapy: grade 3 or 4 anemia (p=0.01),
neutropenia (p<0.00001), febrile neutropenia (p=0.03),
and thrombocytopenia (p<0.00001). In contrast, both
types of preoperative chemotherapy were associated
with similar incidence of grade 3 or 4 fatigue (p=0.52),
leucopenia (p=0.09), and nausea/vomiting (p=0.35).

Publication bias. Publication bias was not found
according to funnel plot for pCR (Figure 5). For ORR,
BCS and safety analysis, it was inappropriate to evaluate
the publication bias, since the lack of data provided.
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Discussion. Our meta-analysis aimed to assess
evidence available from randomized controlled trials,
suggest that carboplatin-based therapy is associated
with significantly greater pCR and BCS rate than
non-carboplatin therapy. To our knowledge, this is
the first meta-analysis to evaluate the efficacy and
safety of carboplatin-based preoperative chemotherapy
for patients with TNBC. One meta-analyses while
evaluated the value of platinum-based chemotherapy
in TNBC, revealed that platinum-based preoperative
chemotherapy significantly increase pCR rate in TNBC
patients compared with containing no platinum drugs.”
The results of our meta-analysis further demonstrated
that the addition of carboplatin to the preoperative
chemotherapy regimen significantly increased pCR rate
in TNBC patients. The conclusion on pCR of another
meta-analyses® regardng carboplatin and bevacizumab
is in agreement with us. However, we newly found
carboplatin can improve the BCS, but we evaluate the
safety.

Preoperative chemotherapy for TNBC may be
even more effective when conducted in the presence of
antiangiogenic chemotherapy. In the GeparQuinto trial,
while the pCR was evaluated in TNBC after neoadjuvant
chemotherapy with or without bevacizumab; pCR was
higher in adding bevacizumab (p=0.003).”” In another
study, the addition of bevacizumab to neoadjuvant
therapy was found to increase pCR rate in patients in
early stages of triple-negative and HER2-positive breast
cancer.”! At the same time, preoperative chemotherapy
with bevacizumab may affect surgical incision healing.
None of the studies in our meta-analysis examined
bevacizumab, highlighting the need to assess this
treatment in TNBC patients.

Preoperative chemotherapy may be used to
slow tumor growth and thereby facilitate surgical
resection. At the same time, such chemotherapy
perhaps increases the risk of surgical complications.
Our meta-analysis suggests that adding carboplatin
to such chemotherapy significantly increases the
incidence of grade 3 or 4 anemia, neutropenia, febrile
neutropenia, and thrombocytopenia. We conclude
from the available evidence that the toxic effects of
preoperative chemotherapy exert only minor effects on
the subsequent surgery.

This meta-analysis suffers from several limitations.
First, the small number of randomized controlled trials
and study subjects may affect the statistical power and
reliability of our meta-analysis. In addition, not all
trials reported data on all relevant outcomes. Second,
our meta-analysis was based on aggregate rather than
individual patient data, which can lead to higher

22 Saudi Med ] 2017; Vol. 38 (1)

WWW.Smj.0rg.sa

efficacy estimates.” Third, our meta-analysis evaluated
the efficacy of carboplatin combined with taxanes, so
the findings may not be relevant to other chemotherapy
regimens. This meta-analysis cannot answer the
question of which chemotherapy regimen is the best
choice for TNBC. Fourth, the pCR definition in the
included studies was completely the same, which may
lead to certain heterogeneity.

In conclusion, our meta-analysis of available
evidence from randomized controlled trials suggests
that carboplatin-based preoperative chemotherapy
leads to significantly higher pCR and BCS rate in
TNBC patients than non-carboplatin therapy. Further
large-scale, prospective, randomized, controlled clinical
trials are required to investigate the survival benefits
from carboplatin-based preoperative chemotherapy in
TNBC patients.
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