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Abstract

Background: Triple-negative breast cancer (TNBC) is associated with higher aggressiveness

and mortality than hormone-positive breast cancer because of the lack of approved

therapeutic targets. Patients with TNBC who attain a pathological complete response (pCR)

after neoadjuvant chemotherapy have improved survival. Platinum-based agents show

promising activity in TNBC; however, their use remains controversial. We conducted a meta-

analysis to assess the role of platinum-based agents in neoadjuvant chemotherapy in patients

with TNBC.

Methods: We performed an extensive literature search of the Pubmed, Embase, and Cochrane

databases. We calculated pooled odds ratios (OR) with 95% confidence intervals (CI) for the

identified studies.

Results: Eight randomized controlled trials with 1345 patients were included in the analysis.

The addition of platinum-based agents improved pCR compared with neoadjuvant therapy based

on anthracyclines, cyclophosphamide, taxanes, and fluorouracil (49.1% vs. 35.9%; OR: 1.87, 95%

CI: 1.23–2.86). Hematological adverse events were similar in both groups, except for more

thrombocytopenia in the platinum-based group (OR: 7.96, 95% CI: 3.18–19.93).

Conclusion: The addition of platinum-based agents to neoadjuvant chemotherapy

improved pCR rates in patients with TNBC, with a slight increase in hematological toxicities.

Platinum-based agents might thus be an accessible and economically viable option in patients

with TNBC.
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Introduction

Breast cancer is one of the most prevalent
malignant tumors among women world-

wide. Triple-negative breast cancer

(TNBC) is a specific subtype characterized
by the absence of estrogen receptor, proges-

terone receptor, and human epidermal

growth factor receptor 2 expression. In con-

trast with other subtypes, TNBC is more
aggressive and associated with higher mor-

tality, due to a lack of approved therapeutic

targets.1

Chemotherapy is currently the only

acknowledged systemic treatment option for

TNBC. Despite its aggressiveness, TNBC is

highly chemosensitive, especially in the neo-
adjuvant setting, with higher pathological

complete response (pCR) rates after neoadju-

vant chemotherapy compared with hormone-

positive breast cancer.2–4 Additionally,
patients with TNBC who attain pCR have

improved survival.4,5 Pursuing higher pCR

rates has thus become an important goal of
neoadjuvant chemotherapy for TNBC. As

cytotoxic DNA-damaging agents, platinum-

based agents (i.e. carboplatin and cisplatin)

can cause DNA strand breaks and conse-
quent cell apoptosis.6 More than half of all

TNBCs have some degree of homologous

DNA recombination defects,7 suggesting
that they might be more sensitive to platinum

damage. Based on this biological rationale,

several studies have evaluated the impact of

adding platinum-based agents to standard
chemotherapy; however, the results are con-

flicting.8–10 Meanwhile, current recommenda-

tions in several international breast cancer
guidelines are also disputed.11–14

We conducted a systematic review and

meta-analysis of randomized controlled

trials (RCTs) to provide up-to-date evi-

dence on the controversial role of

platinum-based agents in neoadjuvant che-

motherapy in patients with TNBC.

Methods

Search strategy

An extensive literature search of the

PubMed, Embase, and Cochrane databases

was performed from their inception to 2

February 2020, with no language restric-

tion, using the following MeSH terms

and/or text words: ‘breast neoplasm’,

‘breast cancer’, ‘breast carcinoma’, ‘breast

tumor’, ‘mammary cancer’, ‘breast malig-

nant tumor’, ‘neoadjuvant therapy’, ‘neoad-

juvant treatment’, ‘neoadjuvant therapy’,

‘cisplatin’, ‘carboplatin’, ‘platinum’, and

‘Platidiam’. If duplicate trials were identi-

fied, the most recent and complete article

was included.

Inclusion and exclusion criteria

Eligible studies had to fulfill the following

inclusion criteria: (1) RCTs containing at

least two treatment groups of platinum-

based neoadjuvant chemotherapy and

platinum-free neoadjuvant chemotherapy;

(2) adult (18 years and above) TNBC

patients; and (3) reported pCR as outcome.

The exclusion criteria were as follows: (1)

studies with incomplete or missing informa-

tion; (2) reviews and case reports; (3)

inflammatory breast cancer; (4) metastatic

2 Journal of International Medical Research



breast cancer; and (5) involving drugs other

than anthracyclines, cyclophosphamide,

taxanes, and fluorouracil.
Two authors independently carried out

the literature searches and identified eligible

articles based on the above criteria.

Disagreements were resolved by discussion

and consensus, or by a third investigator.

Data extraction

The following information was extracted

from each article by two investigators inde-

pendently: (1) study information, including

the first author’s name and year of publica-

tion; and (2) trial design, including study

design arms, therapy regimens, number of

patients in each arm, and adverse events.

Risk of bias assessment

The risk of bias of the eligible studies was

assessed using the Cochrane Collaboration

bias assessment tool for systematic review

of interventions. Selection bias (parameters

of details of random sequence generation

and allocation concealment), performance

bias (blinding for participants and person-

nel), detection bias (blinding for outcome

assessment), attrition bias (incomplete out-

come data), reporting bias (selective report-

ing), and other biases. The risk of bias was

stratified as high, low, or unclear.

Publication biases

Publication bias was evaluated by funnel

plots and measured using Egger’s and

Begg’s tests with Stata version 15.1 software

(Stata, College Station, TX, USA). We also

executed t-tests to determine the signifi-

cance of the intercept, with a P value

<0.05 deemed to be statistically significant.

Statistical analysis

The meta-analysis was conducted via

Review Manager (version 5.3.5; the

Cochrane Collaboration, Oxford, UK).
Pooled odds ratio (ORs) with correspond-
ing 95% confidence intervals (CI) were used
to calculate dichotomous variables.
Between-study heterogeneity was assessed
using the v2-based Q statistic. A random-
effect model was used if the P value
was< 0.10 in the Q-test, otherwise a fixed-
effect model was applied. Classic forest
plots were used to present the meta-
analysis results, and statistical significance
was set at P< 0.05. Sensitivity analyses
were used to estimate the influence of indi-
vidual studies on the overall effect.

Results

Search results

Based on the predefined search strategy,
2494 records were initially identified for eval-
uation. After checking the titles, abstracts,
and full-texts of the records based on the
above inclusion and exclusion criteria, eight
studies and 1345 patients were finally eligible
for the meta-analysis. The PRISMA flow
chart is shown in Figure 1. The character-
istics of the eight included studies are sum-
marized in Table 1.

Two of the eight RCTs involved more
than two neoadjuvant chemotherapy regi-
men groups.15,16 Data for the eligible
groups were extracted and they were consid-
ered as separate studies in the final analysis.
Another study included all four subtypes of
breast cancer,9 but only the data pertaining
to TNBC patients were considered in this
meta-analysis. A total of 1345 patients
were included from the final selected studies,
of whom 676 received platinum-based neo-
adjuvant chemotherapy and 669 received
platinum-free chemotherapy.

Only two studies reported all four types
of hematological adverse events (neutrope-
nia, anemia, thrombocytopenia, and febrile
neutropenia),8,15 and three studies reported
none.9,17,18 pCR was defined as the absence
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of residual invasive disease on evaluation of

the resected breast specimens and resected

lymph nodes (ypT0/is ypN0) in all the

included studies except one,19 which defined

pCR as the absence of invasive cancer and

in situ cancer in the breast and axillary

nodes (ypT0 ypN0).

Quality assessment

The risks of bias for the eight included stud-

ies were appraised according to the

Cochrane risk of bias tool. All studies ran-

domly allocated patients to the treatment

arms, but only one study15 referred to the

specific randomization methods (Figure 2).

Four studies were performed with allocation

concealment, according to the centralization

method.8,9,15,16 Only one study announced

that all trial personnel and participants

were masked to the assignment throughout

the study course.15 Two studies had no reg-

istration information.18,19 Overall, these

characteristics suggested moderate risks of

study-design bias (Figure 3).

pCR rates

Among all eight studies, 572 of 1345

(42.5%) patients achieved pCR after neo-

adjuvant treatment, including 332 out of

676 (49.1%) in the platinum-based chemo-

therapy group and 240 out of 669 (35.9%)

in the control group (OR 1.87, 95% CI

Figure 1. Flow-chart of the literature search.
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1.23–2.86, P¼ 0.003) (Figure 4). An abso-

lute 13.2% increase in pCR rate was

observed in patients treated with

carboplatin-based neoadjuvant chemother-

apy. The studies had high heterogeneity

(I2¼ 65%, P¼ 0.006) and were evaluated

using a random-effect model.

Sensitivity analysis

Sensitivity analysis was conducted by

excluding each study sequentially. The

results showed stable pooled OR estimates

(Figure 5).

Publication bias

No publication bias was detected by funnel

plot (Figure 6).

Grade 3 and 4 hematological adverse

events

Three studies reported the rates of grade 3

and 4 anemia8,15,19 (Figure 7). Overall, 48

out of 488 patients (9.8%) developed grade

3 and 4 anemia, including 40 out of 243

(16.5%) in the platinum-based group and

eight out of 245 (3.3%) in the control

group (OR: 8.07, 95% CI: 0.36–182.43).

Figure 2. Quality assessment for risk of bias for the included randomized controlled trials.
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There was no significant difference between

the groups, with significant heterogeneity

(I2¼ 83%, P¼ 0.003).
Five studies reported the rates of grade 3

and 4 neutropenia8,10,15,16,19 (Figure 8). A

total of 286 out of 786 patients (36.4%)

developed grade 3 and 4 neutropenia,

including 201 out of 397 (50.6%) in the

platinum-based group and 85 out of 389

(21.9%) in the control group (OR:

2.68, 95% CI: 0.68–10.58). There was no

significant difference between the groups,

with significant heterogeneity (I2¼ 92%,

P< 0.00001).
Five studies reported the rates of grade 3

and 4 thrombocytopenia8,10,15,16,19 (Figure 9).

Overall, 42 out of 786 patients (5.3%)

developed grade 3 and 4 thrombocytopenia,

including 38 out of 397 (9.6%) in the

platinum-based group and four out of 389

(1.0%) in the control group (OR: 7.96, 95%

CI: 3.18–19.93). The incidence was signifi-

cantly higher in the platinum-based group

(P< 0.001), with no significant heterogeneity

(I2¼ 0%).
Three studies reported the rates of febrile

neutropenia8,15,16 (Figure 10). A total of 33

out of 615 patients (5.4%) developed febrile

neutropenia, including 19 out of 312 (6.1%)

in the platinum-based group and 14 out of

303 (4.6%) in the control group (OR: 1.32,

95% CI: 0.64–2.70). There was no signifi-

cant difference between the groups, with no

significant heterogeneity (I2¼ 0%).

Figure 3. Risk of bias for the included randomized controlled trials.

Figure 4. Odds ratios for pathological complete response in patients treated with platinum-based vs.
platinum-free (control) neoadjuvant chemotherapy in the included randomized controlled trials.
CI, confidence interval; M-H, Mantel–Haenszel; df, degrees of freedom.

Li et al. 7



Figure 5. Forest plot showing odds ratios of pathological complete response after removing each study
(random-effects model with 95% confidence interval).
CI, confidence interval.

Figure 6. Funnel plots for publication bias.
SE, standard error; OR, odds ratio.
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Discussion

We conducted a systematic review and

meta-analysis to compare the outcomes of
patients with TNBC treated with platinum-

based and non-platinum-based neoadjuvant
chemotherapy, to assess the role of

platinum-based agents in the neoadjuvant
setting. With no evidence of publication

bias, the results revealed that the inclusion

of platinum-based agents in the neoadju-

vant chemotherapy regimen significantly

increased the pCR rate, with a slight

increase in hematological toxicities.
By binding to nucleophilic sites on

DNA, platinum-based compounds cause

double-stranded DNA breaks, which are

Figure 7. Odds ratios for grade 3–4 anemia in patients treated with platinum-based vs. platinum-free
(control) neoadjuvant chemotherapy in the included randomized controlled trials.
CI, confidence interval; M-H, Mantel–Haenszel; df, degrees of freedom.

Figure 8. Odds ratios for grade 3–4 neutropenia in patients treated with platinum-based vs. platinum-free
(control) neoadjuvant chemotherapy in the included randomized controlled trials.
CI, confidence interval; M-H, Mantel–Haenszel; df, degrees of freedom.

Figure 9. Odds ratios for grade 3–4 thrombocytopenia in patients treated with platinum-based vs. plat-
inum-free (control) neoadjuvant chemotherapy in the included randomized controlled trials.
CI, confidence interval; M-H, Mantel–Haenszel; df, degrees of freedom.

Li et al. 9



preferentially repaired by homologous

recombination. The proteins encoded by

BRCA1 and BRCA2 are crucial compo-

nents of the homologous recombination-

mediated repair process.6,7 Up to two

thirds of BRCA1-related breast cancers, as

well as 7.5% of BRCA2-related breast can-

cers, are TNBCs. Even sporadic breast can-

cers that arise in the absence of a BRCA

germline mutation may present with fea-

tures of DNA-repair deficiency.20 These

features suggest that TNBCs may be partic-

ularly susceptible to platinum-based agents,

as supported by the results of several stud-

ies.21–23 Similarly, the present meta-analysis

revealed that patients with TNBC would

benefit from the addition of platinum-

based agents, with a significant increase of

13.2% in the pCR rate in patients treated

with carboplatin-based neoadjuvant che-

motherapy (OR: 1.87, 95% CI: 1.23–2.86

P¼ 0.003).

Regarding adverse events, Poggio et al.21

conducted a similar study in 2018 and

found that the increase in pCR rates was

achieved at the cost of worse hematological

toxicities. However, the current meta-

analysis found no significant differences

between the two groups, except for signifi-

cantly higher rates of grade 3 and 4 throm-

bocytopenia. Compared with the previous

study,21 none of the eight trials included

in the present meta-analysis included

drugs other than anthracyclines, cyclophos-
phamide, taxanes, and fluorouracil (such as
bevacizumab and gemcitabine). Moreover,

given that hormone receptor status might
influence the risk of adverse events, data
for adverse events from two studies,9,18

which were also included in the previous
meta-analysis, were not included in the pre-
sent analysis of adverse events. The current

study thus implemented stricter inclusion
criteria and its results might therefore be

more reliable.
This meta-analysis had some important

limitations that should be considered when
interpreting the results. First, seven of the
included studies were open-label studies.

Second, non-hematologic toxicities, such
as nervous system disorders and gastroin-
testinal disorders, which are important fac-

tors affecting treatment decisions, were not
evaluated in our study. Third, there was a

lack of long-term follow-up in the included
studies, and the effects of the increased
pCR rates associated with the addition of

platinum-based agents on long-term out-
comes, such as disease-free and overall sur-
vival, remain unknown. Future research

should thus pay more attention to the
design of RCTs, such as strict blinding

and allocation concealment, to ensure bal-
ance between the intervention groups and
to prevent potential selective bias.

Moreover, disease-free and overall survival
times and quality of life should also be
included as outcomes in future studies.

Figure 10. Odds ratio for febrile neutropenia in patients treated with platinum-based vs. platinum-free
(control) neoadjuvant chemotherapy in the included randomized controlled trials.
CI, confidence interval; M-H, Mantel–Haenszel; df, degrees of freedom.
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Increasing numbers of drugs are avail-
able to treat TNBC, such as veliparib and
bevacizumab; however these are difficult to
obtain and financially prohibitive for most
patients. Anthracyclines, taxanes, cyclo-
phosphamide, fluorouracil, and platinum-
based drugs are the most widely used,
easily available, and low-cost drugs.
Compared with the previous meta-analy-
sis,21,22 the current meta-analysis found
that the above drugs alone could achieve
better clinical effect, i.e. similar pCR rates
but a lower incidence of hematologic toxic-
ities such as anemia and neutropenia.
However, compared with standard anthra-
cycline- and taxane-based therapies, the
possible added gonadotoxic impact of
platinum-based chemotherapy remains an
unexplored issue, and should be taken into
account during the treatment decision-
making process, especially in young
patients.24

In conclusion, our results showed that
adding platinum to neoadjuvant chemother-
apy based on anthracyclines, cyclophospha-
mide, taxanes, and fluorouracil, without the
inclusion of any other drugs, could improve
pCR rates in patients with TNBC, with a
slight increase in hematological toxicities.
Neoadjuvant therapy including platinum-
based agents might thus be a viable option
for patients with TNBC in terms of drug
accessibility and affordability.
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