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Abstract Platinum agents such as cisplatin and carbo-
platin are DNA-damaging agents with activity in breast
cancer (BC), particularly in the triple negative (TN) sub-
group. The utility of platinum agents, in addition to stan-
dard neoadjuvant chemotherapy (NAC), is controversial.
To assess the activity of platinum agents in patients with
TNBC treated with NAC, we performed a systematic
review and meta-analysis of all published studies. A search
of PubMed, EMBASE, the Web of Science, SCOPUS, and
the Cochrane Central Register of Controlled Trials was
performed to identify studies that investigated platinum-
based NAC in patients with TNBC. Random effect models
were adopted to estimate the summary risk ratio (RR), and
the publication bias was evaluated using a funnel plot and
Egger’s regression asymmetry test. The primary endpoints
were the pooled rate of the pathologic complete response
(pCR) and the RR to obtain a pCR in patients treated versus
not treated with NAC containing platinum agents. 28
studies were included (six randomized controlled trials and
22 retrospective or prospective studies) for a total of 1,598
TNBC patients. Overall, the pooled rate of pCR in patients
treated with platinum-based NAC was 45 %. In random-
ized trials, NAC containing cisplatin or carboplatin sig-
nificantly increased the rate of pCR compared with
nonplatinum agents (RR = 1.45, 95 % CI 1.25-1.68;
P < 0.0001). Compared with non-TN, TNBCs were asso-
ciated with a threefold increase in the pCR rate when
treated with platinum-based NAC (RR 3.32, 95 % CI
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2.39-4.61; P < 0.0001). In conclusion, pCR rates increase
significantly with the addition of cisplatin or carboplatin in
TNBC compared with NAC containing no platinum drugs.
TN status is a predictor of benefit from platinum-based
NAC.
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Introduction

Triple-negative breast cancer (TNBC), which lacks
expression of estrogen and progesterone receptors (ER and
PgR) and human epidermal receptor 2 (HER?2), is associ-
ated with a dismal prognosis despite responding remark-
ably well to anthracycline and taxane-based neoadjuvant
chemotherapy (NAC). In particular, standard polychemo-
therapy results in pathologic complete response (pCR) in
more than 20 % of patients [1, 2], and this response is
considered a surrogate of increased survival compared with
patients without a pCR [3]. In a meta-analysis of 12 NAC
studies, TNBC was associated with a pooled pCR (the
absence of invasive and in situ cancer in the breast and
axilla) of 34 % [4], and pCR was associated with signifi-
cantly improved event-free survival compared with no pCR
in TNBC patients (HR = 0.24, P < 0.001). In this meta-
analysis, the improvement in the pCR odds ratio, however,
did not correlate with an improvement in event-free and
overall survival (OS).

There is an interest in DNA-damaging agents such as
platinum drugs (cisplatin [CDDP] and carboplatin
[CBDCA]) in TNBC. This interest derives from the fact
that almost all TNBCs belong to the molecular subgroup of
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basal-like BCs according to the Perou classification [5].
These tumors exhibit high-proliferation rates and are sel-
dom associated with BRCA1 mutations. A high proportion
of TN patients exhibit BRCA1 functional alterations
(BRCAness-like status), implying that these tumors are
highly sensitive to interstrand cross-linking agents like
platinum salts. In a registry of 6,903 patients, 10 out of 12
patients with BRCA1 mutations obtained a pCR when
treated with single-agent CDDP [6]. Similarly, among 28
TNBC patients treated with four cycles of neoadjuvant
CDDP, 22 % achieved a pCR, including two BRCA-
mutated patients [7].

To date, however, no randomized phase III study has
evaluated whether the addition of platinum salts to standard
NAC including anthracycline and taxanes is capable of
improving treatment efficacy in these patients. In 2013, at
least two phase II randomized trials instead confirmed the
benefit of adding CBDCA to NAC in TNBC. In a CALGB
trial, the addition of CBDCA at the AUC of 6 increased the
pPCR rates from 28 to 42 % in stage II-III BCs [8]. Simi-
larly, in a German study, the introduction of weekly
CBDCA (AUC 1.5-2) to non-pegylated liposomal doxo-
rubicin, weekly paclitaxel, and bevacizumab boosted the
pCR rate from 37.9 to 58.7 % [9].

Here, we present a meta-analysis evaluating the asso-
ciation of TN histology with pCR after platinum-based
NAC for operable or locally advanced BC as well as the
benefit of the addition of platinum agents to conventional
NAC. Furthermore, the activity of platinum salts in TNBC
compared with non-TNBC was calculated.

Methods
Search strategy and selection of studies

PubMed, the Web of Science, EMBASE, SCOPUS, and the
Cochrane Register of Controlled Trials (CENTRAL) were
searched for studies (including conference abstracts) evalu-
ating the pCR after platinum-based NAC in TNBC from 1990
to December 20th, 2013. We used the medical subject heading
terms  (“Breast Neoplasms”[Mesh] AND  ((“cis-
platin”[MeSH Terms] OR “cisplatin”’[All Fields]) OR
(“carboplatin”[MeSH Terms] OR “carboplatin”[All Fields])
OR (“platinum” [MeSH Terms] OR “platinum”[All Fields]))
AND ((“neoadjuvant therapy”[MeSH Terms] OR (“neoad-
juvant”[All Fields] AND “therapy”[All Fields]) OR (“neo-
adjuvant therapy” [All Fields] OR “neoadjuvant”[All Fields])
OR preoperative[All Fields] OR primary[All Fields])) and
limited the results to English language studies. Eligibility
criteria included randomized or nonrandomized studies
reporting the proportion of pCRs (both in breast and axilla;
ypTONO) in TNBCs (defined as BC with ER and PgR
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expressionin <1 % of cells and HER2-negative status) treated
with CDDP or CBDCA-containing NAC, possibly including a
taxane and/or an anthracycline. Studies including less than 10
patients as well as studies evaluating high-dose chemother-
apy, phase I studies, targeted therapies alone, unconventional
combinations (e.g., combinations not approved for advanced
or localized disease), or therapies involving platinum as single
agent alone were excluded from this analysis. In addition, the
reference lists of the retrieved articles were checked to identify
additional relevant publications. The “Related Articles”
function was also used to improve the search. The study
selection, data extraction, and data entry were performed by 2
authors independently (FP and AC), and discrepancies
between the two reviewers were resolved by discussion and
consensus. The final results were reviewed by the senior
investigator (SB).

Data extraction

The following information was extracted from each article:
(1) basic information, including the year of publication and
the first author’s name; (2) study information, including
sample size, study design, number of TNBC, and non-
TNBC patients; (3) treatment information, including neo-
adjuvant schedules and number of cycles; (4) outcomes of
interest, such as the percentage or number of pCRs in the
TNBC population and the percentage (or number) of pCRs
in the control arms for randomized studies (NAC without
platinum agents); (5) percentage (or number) of pCRs and
the ORR in non-TNBC treated with platinum agents; and
(6) overall clinical RR (ORR), rate or number of breast-
conserving surgery (BCS) in the TNBC population, long-
term DFS and OS in TNBC subgroup, and DFS and OS in
TNBC patients who obtained a pCR with platinum-based
NAC.

Statistical analysis

Both the pooled pCR rates in TNBCs treated with platinum-
based NAC and the comparison of the pCR rates of platinum-
versus nonplatinum-based NAC in TNBC patients (for ran-
domized studies) were the primary endpoints. Secondary
endpoints were the comparison of pCRs in TNBCs and non-
TNBCs treated with platinum agents, ORR, rate of BCS, DFS,
and OS (for both all treated patients and pCR-only population)
in TNBCs treated with platinum-based NAC. The pCR and
other comparisons in the TNBC and non-TNBC subgroups
were calculated using the method for dichotomous data
(assessment of risk ratio [RR]; 95 % CI). Both the fixed-effect
model/Mantel-Haenszel method with minimal heterogeneity
in the variables among studies and the DerSimonian—Laird
method (random effects model) when there was significant
heterogeneity were used [10]. The Cochran’s Q test, with a



225

Breast Cancer Res Treat (2014) 144:223-232

0S
‘SA 88/0S SOLIaS
8T ‘SA 88 SLISL - - It - L9 91 syPam 91 X Jvdm + 82 b 1p 9ONV vOadd  6€/Tl aamdadsord  600T/A0NIS
12 b 1p (3/3w ¢1) qewnzioeAdq + ¢ X [
b [p OV F « syeam g1 x [g b 1p (88w ¢1) soLIos
- - - - 16 = €6 SO/LT - LLT/18 91  qewnzioeadq + 99NV VOAdD + DVA-dVN-M  8T/LT oamdadsord  Z10g/AEPUIS
SOLIaS
87T - - - - 60T - 9bS ¥ v x 1gbipooane + 1zb 1podny voadd o/l aamdadsord  (10g/Suey)
IS
SA 8L/ ¥ X DV F ¥ X DOAM 10 DOAME + dAADME SOLIoS
8¥ SA |8 19/ 9L - - - 1€ 8/ 10 yOagom 10 $DNV vOddD vP1  eanoadsonsy  ¢10T/ASHNH
L9
‘SA v X 1Zb 1p pastwopuex
- - - L 9'6L "SA 9°9L - 0€ 'SA 0 8  SONV VOAdD F D0AMg « + X 1¢ b 1p DF €6 T oseyq T10T/RAlY
¥ x 1zb 1p SoLIoS 110T
YT /€€ SA Y6 - - - - - 8 §  dAdD + D0amg 10 DVdm « ¢ X v1 b 1p v 61 oandadsord  /eano)-zei(q
voado pasIwopues
- - - - - - ¥T 'SA TS 91 /quedipea F ¢ X [Z—Ib [P OV « TI X Dvdm 09 T oseyq €10z/030y
SOLIdS
- - - - - - - (LTS ss 9 12 b 1P DOA + 90NV vOadd 0¢ oandadsorq €107/uIy
pastwopuel
- - - - G8 "SA 76 - - GESATY TI syeam [ X A1p Sw ¢ GAH F DVdAM + dAdOm 0TI zoseyd  €10T/MRKeN
ov 6 x (41 b 1p 3y
‘SA /3w 0]) qewnzioeadq F vOAIOM F + X 1 pastwopuex
- - - 9% - - MU IS 91 b 1p OV « TI X DVdm 981 zoseyd  ¢l0T/AoNIS
STL
‘SA
1'0L
18T 12 b 1/2p posIwopues
LE - SATIL - 9°6L "SA 168 - ¥1 'SA 98¢ 9% $ONV vOAdD + OVd 'sa 1zb 7/1p Ovd + 1dd 16 zeseyd  glog/Sueyz
€10
VOadOm F (41 b LET POSILIOPUBL  /Z)IMYIUIA
- - - - - Iee 6°LE SA LS SYPOM 8T [P 3y/Swl G]) qewnzIoeAdq + DVdm + ATANM  /STE T oseyq UOA
Qouonbes os10A01 10 § X b 600C
- - S6Y/0S - - 99] - S¢ 8 IPOVd+dddd « + X 1zb1pOvd + NV #5/0T 7oseyd  /lwuleysniok
€ X 8ThbSIgI POV « ¥ X IT-1 SoLIoS
Ll - - 98 98 - - or L P P NJd-S + [P dAAD + T-1P 1dd 0/0€ oAmdadsold  800T/ISLLOL,
12 b 1p (Sw/Sw gy)
- - - 8L 96 - - w 9 qeWINZIoBARQ + DOAME + § DNV VOAdD 0/S¥ T oseyq €107/wry
SOLIaS
It 9°56/06 68/9L - €86 - - 79 sYm g ovVdm + Idam + daaom 0/v9 oAnRdsold  600T/1OSeL]
- - - - - €81 - €€ 14 8¢ b SI°8°IP vO@dOMm + Dvdm  1L/bT T aseyq 010T/usuD
(%) (%) sOd
(%) (%) wnuperd wnunerd NL
(syyuour) syd yod (9) wnunerd wnunerd noyIIm Pim 00U
nd  ou saydd (%) (%) mowim SAYNM  qIm SOENL SOEANL SOENL INL
UBIPON SO/SAA  SO/SAA SOd  SOENL SYI0O jou Yod ¥od ¥od  sepho N a[npayds oN  Apms jo odA,  Ieak/royiny

S[eLI} papn[oul JO SONSLIAJORIRYD) | IdqeL

pringer

A



Breast Cancer Res Treat (2014) 144:223-232

226

siwaned sanesou-o[din 10N

SQUI[OAOBIYIUE INOWIIM PUB IIA

suure unejdogres ou snsioa uneidoqie)

qunede] + qewnznisen JUEITWOSUOD PaATadal syuened aanisod 7YdH ,

oprureydsoydo[oko x7H ‘ourqeyrowas wgo
‘xenped-qeu Dyd-gyN ‘opiueydsoydodho +  w/Swr oo uwiquide + [emorony-¢ 94 oprwedsoydo[dhd + uwiqnide Hz ‘oprureydsoydoohs + uAWELPE DY AIND dY) 1opun vAIR J/)Y ‘UDAWELPE TV
‘urorqnioxop [erwosod£| pajeA8ad-uou (774N ‘[rovINOION-G ).4-¢ ‘uniqnida ;47 ‘[9X931000p DO ‘Txeed Dy ‘unerdso Jqg) ‘unerdoqied yOqgD ‘dn MO[[0f /)4 TBAIAINS [[BISAO SO ‘[BAIAINS 93IJ ISBISIP .7 (7
9181 2suodsal [[BIA0 Yy ‘A193Ins SUIAIISUOD-)sBAIq §Og ‘partodar jou YN ‘B[[IXe pue Isealq ur asuodsar ajo1dwod dr3ofoyed yHd ‘10oued Isealq aane3au-o[din HGANL ‘QIqe[leAe Jou — ‘Aep = p ‘APfoam M ‘Ioquinu A/

¢ xgrb
[P 8y/8w O] qewnzioeAdq + 9 x 8¢b G1°g° TP

- - - - - 0 - (9/¢) 0§ 9 72NV vOadd + 9 x 87 b SI18°Ip OVd-qeN-#  61/11 T oseqd  010T/ARZOIN
¥ x 17 b 11°¢'%* 1P quediur + |
- - - - - - - € 4 b g1p WAD + 1T b 8°TP 2ONV vOAdD  0/6v T oseyd 110Z/PL
syeam I X DNV
VOAdOM + DVdm « syoam 71 X XID
- - - - 8 - - o T [ei0 + NAVA /LI coseyd  CI0T/ARILL
9 x 41 b 1p 88w
qewnzioeadq + ¢ X 1 b [p OV « + x g¢b SOLIOS
- - - - - - - €S 8 SI'8'IP OVJ-dVN-4 + 8¢ b [P 9 DNV vOAdD 4% oAndadsord  ¢1(7/AepIUS
€10C
- - - - - 0 - 44! € exIth1psonv voadd + 1ch g 1P WAD €€/ T oseyd Uy
8¢ - - e - 611 - 4 4 ¥ X $1 b Zp 9dNV vOadd + +1 b IpD0A  8¥/6 T oseyd €10z/k0y
v X1z
b 1pdadd + 12 b 8 1P WAD « ¥ X 1T
- - - - p167C8 LT - 0S € bzio [p WAV + 12 b 8 1P NAD  TT/HI Toseud  800T/eNINS
SOLIAS
- - - - - SLT - 09 AN OVdM + 90NV VOAdD  67/01  eanoadsonay  ¢10z/epuys
v+ x 1¢bp SOLIOS
- - - - 8 - - £ee 8 D0amg +dadd + ¥ x 12 b 1p 001084 10 OV 81 aapoadsord  OTOT/TeYRY
SOLIOS
oy AN AN vel  eandadsonoy 2107/
9 X 171 SILIOS
- - - - pP6 — 001 6 - Ll 9 p © 04§ + 1¢b 1p daad + 1¢b 1p 144 ¥S/9  eAmdadsondy  800T/MoNS
(%) (%) sOd
(%) (%) wnuperd  wnunerd NL
(syyuour) s1d yod (9) wnunerd wnunerd noyIm Pim jou
Nd  ou saydd (%) (%) NOPIM SAYNM (M SDENTL SOANL SOANL INL
uBIpIN SO/SIA  SO/SAA SO SOENL SWIAO Jou yod ¥od ¥od  sepho N J[Mpaydg oN  Apms Jo odKy  reakzoyiny

poanunuod | Jqel,

pringer

A's



Breast Cancer Res Treat (2014) 144:223-232 227

predefined significance P threshold of 0.1, was used to assess
the statistical heterogeneity among the studies. The assump-

Records identified through PubMed,
Cochrane Central Register of Controlled

Trials, Web of Science, SCOPUS and
EMBASE searching
(including conferences abstracts)
(n=3,850)

A

Records screened for
potential inclusion
(n=56)

l

Full-text articles assessed

Records excluded

(n=3,794)
N=2,125 duplicates, review,
letters, commentaries, meta-

analysis, case reports
N=815 studies with biological
agents or wit molecular end

points
N=64 surgical or radiotherapy
topics
N=600 studies in advanced
setting

N=75 studies in adjuvant setting
N=115 studies without platinum-
based chemotherapy

Studies included in
qualitative synthesis
(n=28)

l

Studies included in
quantitative synthesis
(n=28)

Fig. 1 Selection of publications

for eligibility
(n=56) Publications excluded
I (n=28)
‘ n=3 included a not conventional
neo adjuvant single agent

treatment

n=24 Analysis of triple negative
or pCR was not possible with
published data

n=1 included only 8 patients

included in the meta-analysis

tion of homogeneity was considered invalid for P values less
than 0.1; in this case, summary estimates were reported from
the random effect models. Subgroup analysis was performed
according to the platinum agent (CDDP vs. CBDCA) and
chemotherapy schedule (platinum + taxane vs. plati-
num + taxane + anthracycline) (Table 1).

Finally, potential publication biases for the primary
endpoints were evaluated using funnel plots, which asses-
sed the relative symmetry of the individual study estimates
around the overall estimate, followed by the Begg’s and
Egger’s tests. A two-tailed P value < 0.05 without
adjustment for multiplicity was considered statistically
significant. The leave-one-out procedure was also per-
formed for the primary endpoint analysis. The “fail-safe
N” was calculated, which is defined as the number of
additional “negative” studies (studies in which the inter-
vention effect was zero) required to increase the P value for
the meta-analysis to above 0.05.

A two-tailed P value <0.05 was considered statistically
significant, and the results of the meta-analysis were
reported as classic forest plots (for the primary endpoints).
All statistical analyses were performed using NCSS 2007
software (version 07.1.21 released June 1, 2011) and
Comprehensive Meta-Analysis software (version 2.2.064;
July 27, 2011).

Study name

Event

rate

chen 2010 0,330
frasci 2009 0,620
kim 2013 0,420
torrisi 2008 0,400
yerushalmi 2009 0,350
von minckwitz 2013 0,587
zhang 2013 0,386
sikov 2013 0,424
sikov beva arm 2013 0,500
mayer everolimus arm 2013 0,350
mayer 2013 0,420
kern 2013 0,550
diaz-correa 2011 0,840
alba 2012 0,300
hurley 2013 0,310
chang 2010 0,546
sinclair 2012 0,270
sinclair anthra-arm 2012 0,810
sikov 2009 0,670
sirohi 2008 0,170
fei 2012 0,403
rahal 2010 0,333
shinde 2012 0,600
julka 2008 0,500
rugo 2013 0,520
roy 2013 0,440
ithimakin 2013 0,142
snider 2013 0,530
tiley 2012 0,400
telli 2011 0,340
mrozek 2010 0,500
0,450

Lower Upper

limit

0,174
0,505
0,286
0,243
0,177
0,509
0,259
0,327
0,400
0,255
0,275
0,364
0,620
0,187
0,240
0,268
0,089
0,550
0,379
0,024
0,321
0,158
0,297
0,260
0,366
0,174
0,019
0,355
0,202
0,222
0,168
0,401

limit

0,536
0,723
0,567
0,581
0,574
0,661
0,531
0,527
0,600
0,459
0,580
0,723
0,944
0,444
0,390
0,798
0,583
0,937
0,871
0,633
0,492
0,571
0,842
0,740
0,670
0,746
0,580
0,698
0,638
0,482
0,832
0,499

Statistics for each study

Z-Value p-Value

0,103

Event rate and 95% Cl

-1,00 -0,50 0,00 1,00

Fig. 2 The pooled ORR for platinum-based neoadjuvant chemotherapy in triple negative breast cancer
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Platinum-vs not-platinum based NAC

Study name Outcome Statistics for each study MH risk ratio and 95% CI
MH risk Lower Upper
ratio limit  limit Z-Value p-Value
Zhang 2013 pCR 2,757 1219 6,237 2435 0,015
Sikov 2013 pCR 1,317 1,076 1,612 2,670 0,008 '.'
Von Minckwitz 2012 pCR 1,549 1,219 1,967 3,585 0,000 '.'
Rugo 2013 pCR 2,167 0,956 4,913 1,851 0,064
Alba 2012 pCR 1,000 0,537 1,861 0,000 1,000
1,455 1,257 1,683 5,036 0,000 ‘

0,1 0,2 05 1 2 5 10

Favour not-platinum Favour platinum

PCR in TNBC with platinum vs not-platinum-based NAC

Fig. 3 The forest plots of RR with 95 % CIs for pCR in triple-negative breast cancer treated with versus without platinum-based neoadjuvant

chemotherapy

Results

Overall, a total of 3,850 references were identified, and
3,794 studies were excluded by reading the titles and
abstracts. The studies were read further to identify case
reports, clinical reports that did not provide pCR rates,
nonconventional single-agent regimens, and studies where
data extraction according to the TN molecular subtype was
not possible to exclude a total of 28 studies. Ultimately, 28
studies were selected with a total of 1,598 TNBC and 596
non-TNBC patients [8, 9, 11-36]. Six were randomized
phase II trials, and 22 were prospective or retrospective
single-arm studies. The number of patients with TN disease
treated with platinum drugs ranged from 10 to 315 in each
study. The platinum agent was CDDP in eight studies,
CBDCA in 18 studies, and both agents in one series (in one
study this data was not reported). The reference flow is
presented in Fig. 1.

Primary endpoint: pooled pCR and RR
for the comparison of platinum- versus nonplatinum-
based NAC in TNBC

Overall, the pooled weighted pCR rate in all TNBCs
treated with platinum-based NAC (n = 28 studies) was
45 % (95 % CI 40-49.9 %; Fig. 2). If we consider the
trials that included both a taxane and anthracycline (n = 13
studies), this rate rises to 48.4 % (95 % CI 40-56 %).
Eight trials included CDDP-containing NACs. In one
trial, a definition of platinum-based NAC did not permit us
to split the CDDP- versus CBDCA-treated patients. The
pooled pCR rate was 41.9 % (95 % CI 32-51 %). In 18

@ Springer

trials, CBDCA was the platinum of choice and was asso-
ciated with a pCR rate of 46.3 % (95 % CI 40.7-52.1 %).

Compared with nonplatinum-based NAC, the addition
of a platinum agent in five randomized trials increased the
pCR rate by 45 % (RR 1.45, 95 % CI 1.25-1.68,
P < 0.0001; I = 31.7 %, P for heterogeneity 0.2 accord-
ing to fixed-effect model; Fig. 3). The pCR rate increased
from 32 to 48 % (absolute increase 16 %, 95 % CI
10-22 %, P < 0.0001).

pCR in TNBC versus non-TNBC with platinum-based
NAC

Compared with non-TN histology, TNBCs were associated
with a twofold increase in the rate of pCR when treated
with platinum-based NAC in 13 studies (from 19.6 to
48.4 %; RR 3.32, 95 % CI 2.39-4.61, P <0.0001,
I? < 0.0001, P for heterogeneity 0.74 according to fixed-
effect model).

ORR in TNBC versus non-TNBC, BCS rate, DFS,
and OS in all and pCR-only patients

In all TNBC treated with platinum-based NAC, the pooled
ORR was 86.7 % (95 % CI 82.7-89 %). This rate was
similar to TNBCs treated without CDDP or CBDCA in two
studies (P = 0.164).

The rate of breast-conserving surgeries ranged from 7.6
to 86 %. Long-term DFS and OS ranged from 50 to 76 %
and from 49.5 to 89 %, respectively. In particular, DFS and
OS in patients who achieved a pCR were excellent (range
81.8-90 % for DFS and 78-95.6 % for OS) and were
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Fig. 4 Funnel plot for publication bias in pooled pCR analysis
(triple-negative populations only)

superior to the DFS and OS of TNBC that did not obtain a
PCR (range 44-56 % for DFS and 50-51 % for OS). The
RRs of progression and death for pCR versus non-pCR
patients were 0.29 (95 % CI 0.18-0.49, P < 0.0001) and
0.43 (95 % CI 0.24-0.75, P = 0.004), respectively.

Publication bias

A funnel plot and both the Begg’s and Egger’s tests were
performed to assess the publication bias of the selected
studies for the pooled pCR rate analysis and for compari-
son of platinum- versus nonplatinum-containing NAC. The
shapes of the funnel plots revealed little evidence of
asymmetry for pooled pCR analysis in TNBC treated with
platinum-based NAC (Fig. 4). However, the Begg’s test
(P = 0.7) and Egger’s test (P = 0.89) were not significant
for pooled pCR analysis. The results remained unchanged
after the leave-one-out procedure. Using the trim and fill
method to account for asymmetric studies in the funnel
plot, there was no effect on the pCR rate. The fail-safe
N was 53, indicating that it would be necessary to locate
and include 53 “null” studies for the combined 2-tailed
P value to exceed 0.05.

Similarly, for the comparison of platinum- versus non-
platinum-based NAC in TNBC, there was no evidence of
asymmetry in the funnel plot. Both Begg’s (P = 0.46) and
Egger’s tests (P = 0.44) were not significant. Using the
trim and fill method to account for asymmetric studies in
the funnel plot, there was no effect on the RR (RR 1.36,
95 % CI 1.07-1.71). The fail-safe N was 24, indicating that
it would be necessary to locate and include 24 “null”
studies for the combined 2-tailed P value to exceed 0.05.

Discussion

This systematic review and meta-analysis suggests that
TNBC is associated with a high rate of pCR when treated

with platinum-based NAC and that the addition of platinum
salts increases this rate by 31-45 % in five randomized
studies. OS and DFS data are not available to evaluate
whether the addition of platinum agents to NAC improves
TNBC outcomes, and larger trials with longer follow-ups
are necessary. Furthermore, the TN subgroup is associated
with a pCR rate nearly double that of non-TNBC when
both are treated with platinum-based NAC, suggesting that
TN status is a potential therapeutic target for these drugs.

Our review lead to the observation that the treatment of
TNBC with platinum salts is associated with a near similar
pCR rate as HER2 + BC treated with modern anti-HER2
drugs, such as pertuzumab and lapatinib, added to trast-
uzumab. The NeoSPHERE and NeoALLTO studies dem-
onstrated infact that the double HER2 blockade similarly
increased the pCR rate from 29 to 45 % with pertuzumab
plus trastuzumab and from 29 to 51 % with lapatinib plus
trastuzumab [37, 38]. In patients who achieved a pCR,
there was also an increase in event-free survival and OS
compared with non-pCR patients as demonstrated in the
NeoALLTO study (HR 0.38 and 0.35). Among trials ana-
lyzed in the present review, only three trials provided long-
term DFS and OS, and these outcomes were excellent for
TNBC treated with platinum-based NAC. Furthermore, in
patients who achieved a pCR, there was a significant
benefit in relapse and death (70 and 57 % less risk of
relapse and death) compared with non-pCR TNBC patients
treated with the same platinum agents. In the Cortazar
meta-analysis [4], TNBCs (as well as HER2 + and
ER + grade 3 BCs) that achieve a pCR in breast and axilla
(ypTONO) were associated with a better event-free survival
compared with patients with residual disease. These data
and our meta-analysis suggest that adding an active agent
to a backbone NAC with demonstrated efficacy could
result in a meaningful significant increase of the pCR rate,
and a potential cure for some TNBC patients.

Whether all TNBC patients would benefit from platinum
agents during preoperative chemotherapy is a matter of
debate. It is likely that BRCA-mutated tumors, represent-
ing up to 50 % of all TNBC [39, 40], are the most sensitive
to DNA-damaging agents. In the Birsky and Silver publi-
cations cited above [6, 7], 83 and 100 % of BRCA-mutated
patients obtained a pCR with single-agent CDDP. How-
ever, BRCAness tumors that shared mixed characteristics
of sporadic cancer and inherited BRCA-mutations were
more frequent (approximately two-thirds of all TNBCs)
and were associated with decreased pCR compared with
BRCA-mutated tumors (35 vs. 63 %) [41]. Similarly,
BRCA-mutated TNBCs were associated with a better
prognosis than nonmutated tumors [41]. In our series, only
one trial reported the different responses of TNBC with and
without BRCA mutation; these response were 100 and
15 %, respectively, confirming this suggestion. From a
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molecular point of view, TNBC is a group of different
entities as demonstrated by Masuda et al. [42]. At least 7
subtypes were described, with basal-like-1 that was asso-
ciated with the highest pCR rate (52 %). This notion is
hugely crucial and needs to be validated prospectively; this
could permit a better elucidation of responsiveness of
TNBC to platinum agents.

Other agents have tested as neoadjuvant therapy in
TNBC. The anti-VEGF-A monoclonal antibody bev-
acizumab was a candidate agent for use in aggressive
TNBC subsets. Among more than 600 TNBC patients
treated into the GeparQuinto trial and randomized to NAC
with four cycles of anthracyclines followed by four cycles
of docetaxel with or without bevacizumab added to NAC,
the pCR rates (ypTOypNO after surgery) were 27.9 %
without and 39.3 % with bevacizumab (P = 0.003), simi-
lar to our results [43]. In our series, trials including bev-
acizumab as a part of platinum-containing NAC were
associated with a pCR rate of 52 %. In the recent CALGB
trial lead by Sikov, the addition of bevacizumab to NAC
with or without CBDCA increased the pCR by 10 % [9].
Another explored target in TNBC is EGFR. A randomized
phase II trial in early BC with ER-negative disease
explored the addition of gefitinib to anthracycline NAC.
The pCR rate was increased by 5 % with the anti-EGFR
agent compared with placebo, but the rate was nonetheless
poor (17 vs. 12 %). However, a post-hoc subgroup analysis
revealed a significant difference in pCR between TNBC
and non-TNBC tumors (P = 0.03) [44]. The poly(ADP-
ribose) polymerase (PARP) inhibitor veliparib, with
chemosensitizing and antitumor activities, confers an
added benefit when added to CBDCA and paclitaxel plus
standard anthracycline-based NAC. In the randomized
phase II study I-SPY 2, the researchers observed a pCR in
52 % of women who were treated with veliparib plus
CBDCA and paclitaxel versus a 26 % pCR rate in those
who received paclitaxel alone. Both regimens were added
to conventional anthracyclines [25].

The best platinum salt to be added to NAC is presently
unknown. All randomized trials included in our study used
CBDCA-based NAC, suggesting that CBDCA should be
applied in clinical practice. In eight studies, CDDP was the
agent of choice and resulted in a pCR rate of 41.9 %,
similar to the overall pooled analysis and slightly inferior
to CBDCA-based NAC studies (46 %). In the Hurley ser-
ies, however, the use of CDDP, but not CBDCA, was an
independent predictor of PFS and OS [30].

Two issues remain unsolved: the prognosis of BC
patients with TN histology and residual disease after NAC,
and the prediction of patients more likely to obtain a pCR.
This and other studies [1, 2] demonstrate that TNBC,
which does not get a pCR after NAC, is associated with a
dismal prognosis. Early identification and treatment with a
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non-cross-resistant agent could improve responses and
prognoses. In GeparTrio study, however, a different sche-
dule in early nonresponders after 2 cycles of NAC did not
permit to obtain a better pCR rate or an improved DFS in
n = 362 TNBC patients enrolled [45]. Molecular profiling
of residual tumor burden in 74 TNBCs treated with NAC
identified genetic alterations potentially treatable with tar-
geted therapies in 90 % of cases [46]. Early nuclear med-
icine tools such as PET could also improve the detection of
TNBC NAC non-responders [47, 48]. Other molecular
predictors, including grade, young age, BCL-2 expression,
p53, high Ki67, LDH, and basal-like status, were associ-
ated with better results with NAC in TNBC, but none of
these predictors were analyzed in platinum-treated TNBC
patients [49-54].

Our systematic review has some limitations. This is a
meta-analysis of published trials, and only six studies
included a randomized design. The included studies rep-
resent a mixed population of operable and locally advanced
TNBCs with different prognoses and responses to NAC.
Finally, the NAC schemes comprise conventional and
nonconventional schedules (e.g., ECF schedule and gem-
citabine/adriamycin + gemcitabine/CDDP  combination)
with slightly different durations. It is likely that polyche-
motherapy including both anthracyclines and taxanes may
obtain the best results as previous publications have con-
firmed. Nonetheless, our meta-analysis represents about
1,600 TNBCs, all treated with platinum-based NAC. To
our knowledge, the present study represents the largest
review ever published about this controversial topic.
Finally, comparing five randomized phase II trials, we are
able to calculate a significant pCR rate in association with
platinum salts plus both taxanes and anthracyclines.

This meta-analysis updated a previous Chinese review
that included only three out of 28 trials analyzed here [55].
These results are similar to those presented in this review,
although the previous authors did not include any random-
ized studies. The Liu et al. meta-analysis was furthermore
extended to metastatic patients, in whom the addition of
platinum agents increased ORR but did not improve PFS or
OS. Their data confirm an older meta-analysis offered by the
Cochrane Collaboration review, which demonstrated an
ORR benefit but did not observe any survival or time to
progression increase with platinum agents [56]. The dif-
ferent effects of platinum salts in the localized versus met-
astatic disease suggest that these agents should be
introduced early in the course of the disease.

In conclusion, the optimal NAC combination/sequence
incorporating platinum salts in the neoadjuvant setting is
far from evident given the data available. Nevertheless, the
best candidates for platinum-based NAC for BC seem to be
those with the TNBC phenotype because these patients
respond better compared with non-TN patients and achieve
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a significant improvement in pCR rates when CDDP or
CBDCA is added.
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