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Abstract Triple-negative breast cancer (TNBC) is a hetero-
geneous disease with different biological characteristics and
treatment outcomes compared to other subtypes of breast can-
cer. Recently, platinum-based chemotherapy has received in-
creased attention in TNBCs based on promising results espe-
cially in the neoadjuvant setting. Homologous recombination
deficiency (HRD) and tumor infiltrating lymphocytes (TILs)
are new emerging biomarkers associated with platinum effi-
cacy. Despite heterogeneity of methods used for HRD assess-
ment, results of published studies showed consistently the
predictive value of HRD for efficacy of platinum-based che-
motherapy, especially in the neoadjuvant setting. Prognostic
value of TILs in TNBCs is consistent across the trials and
while the predictive value of TILs for platinum-based therapy
in TNBCs is promising, it needs to be confirmed in further
trials. Further research should focus on prospective validation
of these biomarkers to confirm their clinical utility, while com-
bination of these markers could lead to composite biomarkers
that mirror both tumor and microenvironment properties.
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Introduction

Breast cancer is one of the most common malignancies in
women in western countries, with an estimated 231,840 new
cases diagnosed in the USA since the beginning of 2015 [1].
Triple-negative breast cancer (TNBC) represents approxi-
mately 10–20 % of all breast cancers [2•]. It is defined by
immunohistochemistry as a tumor that does not overexpress
the human epidermal growth factor receptor 2 (HER2) and
that lacks expression of estrogen (ER) and progesterone re-
ceptors (PR). TNBC expressing epidermal growth factor re-
ceptor and cytokeratin 5/6 constitute tumors with core basal
phenotype with significantly worse outcome within TNBC
and represents about 53 % of TNBCs [3]. TNBC is a hetero-
geneous group with different biological characteristics and
treatment outcomes in metastatic as well as in adjuvant set-
tings compared to other subtypes of breast cancer [2•].
Therefore, identification of biomarkers should be important
to improve treatment selection in this type of breast cancer.

TNBC is associated with special clinical and biological
features that affect women of younger age compared to the
overall population of breast cancer patients, particularly wom-
en of African American or West African ancestry, and women
of low socioeconomic status [4, 5]. TNBC is associated with
higher grade and tumor stage at the time of presentation.
TNBC patients have a higher risk of distal recurrence and
death and have a higher likelihood of developing central ner-
vous system and visceral metastases than those with non-
TNBC [6–8]. While median survival of metastatic non-
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TNBC is 28 months, median survival of metastatic TNBC is
approximately 10 months [9]. Similarly, among 180 women
with primary TNBC, distant recurrence-free survival was
about 66 % compared to 80 % of patients with non-TNBC
[10].

TNBC represents a heterogeneous disease, despite immu-
nohistochemical definition, this subtype of breast cancer, be-
yond invasive ductal carcinoma includes several other histo-
logical entities like metaplastic, medullary, secretory, and/or
apocrine breast cancer [11–15]. Genomic profiling revealed
six distinct molecular subtypes of TNBC including basal-
like 1 and 2 (BL1 and BL2), an immunomodulatory (IM), a
mesenchymal-like (M), a mesenchymal stem-like (MSL), and
a luminal androgen receptor (LAR) subtype [16••]. TNBC
exhibits a high level of genomic instability and recent data
suggest that TNBC is oligoclonal or multiclonal at the time
of diagnosis, and this clonality is more prominent than in other
breast cancer subtypes [17]. For instance, a recent study
showed that only 50 % of cancer cells exhibit p53 or
PIK3CA mutations. This phenomenon has important clinical
consequences as tumors possess a potential driver mutation in
a fraction of subclones with a high probability of overgrowths
of different subclones that are not inhibited with targeted ther-
apy [16••].

Standard predictive factors for breast cancer treatment se-
lection are hormone-receptor status for endocrine therapy and
HER2 amplification for anti-HER2 therapy [18]. However,
due to lack of these therapeutic targets, cytotoxic chemother-
apy remains the only standard option of systemic therapy in
TNBC [18]. Therefore, a better understanding of this subtype
of breast cancer is important to identify new therapeutic tar-
gets as well as biomarkers for individualization of treatment.

In recent years, platinum-based chemotherapy received in-
creased attention in TNBCs based on promising results in the
neoadjuvant setting, where addition of platinum to the chemo-
therapeutic regimen in TNBCs was associated with increased
likelihood to achieve a pathological complete response (pCR)
especially in patients with BRCA1 mutations [19••, 20•, 21•].
As platinum-based chemotherapy is associated with substan-
tial toxicity (mainly hematological toxicity for carboplatin,
nephro-, neuro- and ototoxicity for cisplatin), identification
of predictive biomarkers is very important. In the last few
years, two categories of biomarkers associated with platinum
agents had increased attention—markers of homologous re-
combination deficiency and tumor infiltrating lymphocytes. In
this article, we review these biomarkers in TNBCs in the con-
text of platinum-based therapy.

Molecular Profiles of TNBC

In a seminal study, Perou and colleagues identified four intrin-
sic subtypes of breast cancer using gene expression profiling:

luminal, HER2 positive, normal, and basal-like subtype [22].
Claudin-low subtype characterized by decreased expression
of genes related to cell-to-cell adhesions and tight junctions
were identified later [23]. While, there is a significant overlap
between basal-like subtype of breast cancer and TNBC, these
categories are not the same. TNBC is defined based on immu-
nohistochemical analysis of ER/PR and HER2 receptors, and
basal-like subtype is defined based on the gene expression
profile of tumor that is similar to normal basal cells. Initial
studies showed that approximately 65 % of TNBC are basal
like, while, only 55 % of basal-like breast tumors are triple
negative. Therefore, further genomic studies analyzed gene
expression profile of TNBC, and six distinct molecular sub-
types of TNBCs were revealed (Table 1) [16••].

Basal-like 1 and 2 subtypes of TNBC are characterized by
high expression of genes involved in proliferation, cell cy-
cling, and cell division. In the BL1 molecular profile, there
is enrichment for DNA damage response genes suggesting an
increased sensitivity to DNA-damaging agents including cis-
platin and carboplatin while, the BL2 molecular profile is
associated with expression of genes related to growth factor
signaling. The immunomodulatory subtype is distinguished
based on expression of genes involved in innate and adaptive
immunity, and this profile is a consequence of lymphocytic
infiltration of tumor tissue. Compared to other subtypes, the
molecular profile of the IM subtype mirrors gene expression
in tumor microenvironment and not directly in cancer cells,
while true tumor gene expression profile in the IM subtype
likely includes tumors that are biologically of basal-like and
mesenchymal-like subtypes [16••]. Recently, lymphocytic in-
filtration was shown to be prognostic in several types of tu-
mors including TNBC [24, 25]. The mesenchymal and mes-
enchymal stem-like subtypes are characterized by enrichment
of genes involved in epithelial to mesenchymal transition.
MSL overlaps with the claudin-low breast cancer subtype
and is associated with low proliferation and expression of
genes related to cancer stem cell phenotype. Mesenchymal-
like subtypes show activation of multiple growth factor sig-
naling pathways like transforming growth factor beta
(TGF-β) signaling and high expression of several growth fac-
tors like EGFR (epidermal growth factor receptor), PDGFR
(platelet-derived growth factor), and FGF2 (fibroblast growth
factor 2) with autocrine and paracrine activation [16••].
Metaplastic breast cancer is typically associated with
mesenchymal-like molecular profile [14]. The luminal andro-
gen receptor subtype is a distinct subtype characterized by
significant overexpression of androgen receptor (AR) and ac-
tivation of signaling involved in steroid synthesis, porphyrin
metabolism, and androgen/estrogen metabolism despite lack
of estrogen receptor expression [16••].

Molecular profiling of TNBC is important not only from
the biological point of view, but recent studies showed clinical
validity/utility of gene expression profiles [26]. Retrospective
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analysis of 130 TNBC tumors treated with neoadjuvant che-
motherapy showed that pathological complete response
(pCR) was associated with a specific molecular profile.
Patients with a BL1 subtype achieved pCR in 52 % of the
time after antracycline and taxane-based chemotherapy,
whereas tumors with BL2, MSL and LR subtypes achieved
pCR in 0, 23, and 10 %, respectively [27••]. In another trial
(GeparTrio phase III trial), women with a LAR subtype had a
lower pCR rate after chemotherapy, compared to other sub-
types (13 % vs. 25 %) that suggested the relative
chemoresistance of the LAR subtype [28•].

Genomic Biomarkers Associated with Efficacy
of Platinum-Based Therapy in TNBCs

Germline mutations of BRCA1 and BRCA2 genes are
responsible for a considerable proportion of hereditary
breast cancer. These genes encode proteins involved in
DNA repair via homologous recombination of double-
stranded DNA damage [28•]. BRCA1, but not BRCA2-
mutated tumors are typically triple negative and have a
basal-like molecular profile, suggesting sensitivity of
these tumors to DNA-damaging agents including
platinum-based chemotherapy regimen [29]. Based on as-
sociation between genomic instability, BRCA inactiva-
tion, and response to DNA-damaging agents, several stud-
ies measure genomic instability as a marker of homolo-
gous recombination deficiency (HRD) and response to
platinum-based chemotherapy in TNBCs. Genomic insta-
bility was usually quantified as a score of telomeric allelic

imbalance, loss of heterozygosity (LOH), and/or larger
scale transition scores, while HRD score is usually signif-
icantly associated with BRCA1 and BRCA2 mutations
(tmBRCA) [30–35]. Recently, it was showed that the
HRD score is highly conserved across multiple repeat
biopsies from different regions of the same cancer [36].

Platinum-based regimens were recently studied in several
neoadjuvant trials in TNBCs, and these studies as well as
meta-analysis suggest the effectivity of platinum in TNBCs
[37•, 38–40]. In recently reported I-SPY 2 trial, combination
of veliparib (PARP inhibitor) and carboplatin with standard
neoadjuvant chemotherapy increased pCR from 26 to 52 % in
TNBC patients [37•]. Addition of cisplatin/carboplatin to the
neoadjuvant regimen consistently increases the pCR rate in
about 15 % [20•, 40, 41•, 42, 43]. Meta-analysis of 11 ran-
domized neoadjuvant trials revealed that pCR rate in
carboplatin-containing arms were significantly higher than in
control arms (odds ratio=1.80, 95 % CI 1.39–2.32, p<0.001).
The addition of carboplatin was associated with a pCR rate as
high as 51.2 % with an absolute pCR difference of 13.8 % as
compared with control regimens [40]. However, despite im-
provement of pCR, the role of platinum in neoadjuvant setting
is still controversial mainly due to unknown impact on
relapse-free or overall survival. Therefore, identification of
predictive biomarkers related to the response to platinum-
based therapy is very important. In recent years, several new
biomarkers related to efficacy of platinum-based therapy in
TNBCs were evaluated (Table 2) [20•, 41•, 42–44].

The GeparSixto trial was a neoadjuvant study aimed to
determine the efficacy of adding carboplatin to neoadjuvant
chemotherapy for TNBC and HER2-positive breast cancer.
The addition of carboplatin significantly improved the pCR
rate in patients with TN, but not HER2-positive breast cancer;
pCR rates of 53.2 vs. 36.9 %, p=0.005 in TNBCs and 32.8 vs.
36.8 %, p=0.58 in HER2-positive breast cancer, respectively
[19••]. Further biomarker analysis aimed to determine bio-
markers associated with efficacy of carboplatin. Formalin-
fixed, paraffin-embedded (FFPE) tumor tissues were available
in 193/315 patients (61.3 %) enrolled into the study.
Researchers determined the HRD score and tumor BRCA1/2
mutations (tmBRCA) for each sample and defined HR defi-
ciency as either tmBRCA positive and/or high HRD score
(≥42) defined as the unweighted sum of LOH scores [29,
31, 32]. In this analysis, 70.5 % of tumors were HR deficient,
30.3 % exhibit tumor BRCA1/2 mutations, and 19.8 % exhib-
ited germ-line BRCA1/2 mutation. HR-deficient tumors were
more likely to achieve pCR as opposed to HR-non-deficient
tumors (55.9 vs. 29.8 %, p=0.001). Addition of carboplatin to
neoadjuvant therapy increased the pCR rate in HR-deficient
tumors but not in HR-non-deficient tumors (64.9 vs. 45.2 %,
p=0.025). In patients with non-tmBRCA, a high HRD score
was associated with a higher pCR rate than a low HRD score
(49.4 vs. 30.9 %, p=0.05), irrespective of the use of

Table 1 Molecular subtypes of TNBCs

Molecular subtype Molecular characteristics

Basal-like 1 Proliferation, cell cycling, and cell division

DNA damage response

Basal-like 2 Proliferation, cell cycling, and cell division

Growth factor signaling

Immunomodulatory Immune processes

Immune cell and cytokine signaling

Mesenchymal-like Epithelial to mesenchymal transition

Cell motility

Cell proliferation

Mesenchymal stem-like Epithelial to mesenchymal transition

Growth factor signaling pathways

Low proliferation

Cancer stem cell phenotype

Luminal androgen
receptor

Androgen receptor signaling

Steroid synthesis, porphyrin metabolism
androgen/estrogen metabolism
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carboplatin. Based on these data, authors concluded that HR
deficiency in TNBC and high HRD score in non-tmBRCA
TNBC are predictors of response to neoadjuvant anthracycline
and taxane-containing chemotherapy, irrespective of the use
of carboplatin. These data suggest that HR deficiency may be
a predictive biomarker to identify patients with the highest
likelihood of benefit to DNA-damaging agents [20•].

In another neoadjuvant study, treatment with four cycles of
cisplatin was associated with a 61 % pCR rate in a cohort of
107 BRCA1-mutated breast cancer patients [21•]. The proba-
bility of achieving a pCR by another chemotherapy regimen in
this patient population was significantly lower, supporting the
role of BRCA1 mutation as a biomarker of platinum effectiv-
ity in neoadjuvant setting [41•].

In a phase II study of gemcitabine, carboplatin, and iniparib
as neoadjuvant therapy for triple-negative and BRCA1/2
mutation-associated breast cancers, the HRD-LOH (loss of
heterozygosity) score was significantly associated with pCR
[42]. Subsequently, a predictive value of the combined HRD
score, defined as an unweighted sum of LOH, telomeric allelic
imbalance (TAI), and large-scale state transitions (LST) scores
were reported. The study showed that TNBCs with a HRD
score of ≥42 were significantly associated with pCR when
treated with neoadjuvant platinum-based chemotherapy and
moreover identified responders lacking deleterious BRCA1/
2 mutation [43].

In another neoadjuvant trial, the number of subchromosomal
regions with allelic imbalance extending to the telomere (NtAI)

predicted cisplatin sensitivity in vitro and pathologic response
to preoperative cisplatin treatment in TNBC patients [30].

In the adjuvant setting, the data are much more limited. In a
study by Vollebergh et al., patients with stage III HER2-
negative breast cancer with BRCA1 loss as assessed by com-
parative genomic hybridization (CGH) analysis had substan-
tially improved the overall survival after adjuvant high-dose
platinum-based chemotherapy that induced double-strand
breaks compared with the standard anthracycline-based che-
motherapy [34].

In metastatic TNBCs, single-arm phase II trial evaluated
biomarkers that could predict the efficacy of cisplatin/
carboplatin. This study showed that BRCA-like genomic in-
stability signature discriminated responding and non-
responding tumors. This signature was based on determina-
tion of mean homologous recombination deficiency-loss of
heterozygosity/homologous recombination deficiency-large-
scale state transitions (HRD-LOH/HRD-LST) scores [45].
The TNT trial was a randomized phase III trial of carboplatin
compared with docetaxel for patients with metastatic or recur-
rent locally advanced triple-negative or BRCA1/2 breast can-
cer. In this trial, there was no difference in objective response
(31.4 % in carboplatin arm vs. 35.6 % in docetaxel arm, p=
0.44) nor differences in progression-free and overall survival
in unselected study population. However, among the BRCA-
positive patients, the difference between arm was significant
with objective response rate of 68 % with carboplatin and
33% with docetaxel (p=0.03). Opposite to neoadjuvant trials,

Table 2 Selected predictive biomarkers of response to platinum-based therapy TNBCs

Biomarker Platinum Setting Endpoint Outcome Reference

BRCA1 Cisplatin Neoadjuvant pCR Increased pCR (83 %) [20•]

BRCA1 Cisplatin Neoadjuvant pCR Increased pCR (61 %) [21•]

tmBRCA Addition of carboplatin
to antracyclin/taxane

Neoadjuvant pCR Increased pCR in tmBRCA
or high HRD score

[40]
High HRD score

HR deficiency (HRD score of ≥42
tumor BRCA1/2 mutation)

Platinum-based therapy Neoadjuvant pCR Increased pCR in HR
deficiency

[42]

HRD-LOH Gemcitabine, carboplatin,
iniparib

Neoadjuvant pCR Increased pCR in high
HRD-LOH score

[41•]

HRD score, HR deficiency status Carboplatin plus eribulin Neoadjuvant pCR Increased pCR in high HRD
score or HR deficiency

[43]

Number of subchromosomal
regions with allelic imbalance
extending to the telomere (NtAI)

Cisplatin Neoadjuvant pCR Increased pCR in tumors
with higher (NtAI)

[30]

BRCA1 loss based on comparative
genomic hybridization

High-dose platinum-based
chemotherapy

Adjuvant Overall survival Increase OS in platinum
containing arm in
BRCA1 loss

[34]

BRCA-like genomic instability
signature

Cisplatin/carboplatin Metastatic Response rate Increased response rate in
tumors with BRCA-like
genomic instability
signature

[44]

TILs Addition of carboplatin
to antracyclin/taxane

Neoadjuvant pCR [54]

pCR pathological complete remission, tmBRCA tumor BRCA1/2 mutations, HRD homologous recombination deficiency, TILs tumor infiltrating
lymphocytes, LOH loss of heterozygosity, OS overall survival
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the HRD score did not select for sensitivity to carboplatin over
docetaxel [46].

Immune-Based Biomarkers Associated with Efficacy
of Platinum-Based Therapy in TNBCs

Increasing data suggest a prognostic value of immune cells in
different types of cancer, including breast cancer. Infiltration
of tumor with different subtypes of immune cells is closely
associated with prognosis and/or response to anticancer treat-
ment [24, 25].

One of the first studies that assessed the association be-
tween tumor-infiltrating lymphocytes (TILs) and prognostic
outcome was published more than 60 years ago, and in recent
years, emerging data support this association [47]. Tumor in-
filtrating cells includes T-lymphocytes, B-lymphocytes, mac-
rophages, and dendritic cells. It was shown that a vast majority
of TILs are CD3+ T-cells, which can be further divided into
CD4+ (T-helper), CD8+ (cytotoxic T-cells), and T-regulatory
cells (T-regs). Most data support the prognostic value of cyto-
toxic T-cells, and studies showed that the total number of these
cells, including intratumoral CD8+ T-cells and CD8+ T-cells
in proximal and distal tumor stroma are associated with better
prognosis [48]. Further studies showed, that this association is
mainly related to hormone-receptor negative and TN breast
cancer. Lymphocyte-predominant breast cancer (LPBC) is de-
fined as tumors with more than 50–60 % lymphocytic infil-
trates and is associated with better prognosis compared to
breast cancer with lower lymphocytic infiltrates.

The prognostic value of TILs was shown in numerous ret-
rospective and prospective trials in TNBCs [48–52]. Recent
meta-analysis that included 2987 patients with early-stage BC
with a median follow-up of 113 months showed that tumors
rich in TILs were associated with improved recurrence-free
survival (hazard ratio [HR]=0.70, 95 % CI 0.56–0.87, p=
0.001) as well as the overall survival (HR=0.66, 95 % CI
0.53–0.83, p=0.0003). Moreover, every 10 % increment in
TILs was associated with a 15–20 % reduction in recurrence
or mortality. In addition, tumors rich in TILs were predictive
of improved OS, irrespective of the disease phenotype (TNBC
or basal phenotype) and/or TILs distribution (intratumoral or
stromal), or subtype of TILs (e.g., TILs-non-specified, cyto-
toxic (CD8+), or regulatory (forkhead box protein 3, FOXP3+
) T-cells [53]. In primary breast cancer, patients with LPBC
had an increased probability to achieve pCR as opposed to
patients without LPBC (40 vs. 4 %, p=0.01), and this differ-
ence is most striking in TNBCs [54].

As we previously discussed, HR deficiency is a potential
biomarker associated with efficacy to platinum agents in
GeparSixto trial, a neoadjuvant trial aimed to determine the
value of addition of carboplatin to antracycline/taxane-based
regimen [18]. The authors of this study assessed TILs as

another biomarker associated with treatment response to
carboplatin. This biomarker analysis substudy showed that
stromal TILs predicted pCR, and this was confirmed in mul-
tivariate analysis. The pCR was 59.9 % in LPBC compared to
33.8 % in non-LPBC (p=0.001). In LPBCs patients treated
with a carboplatin-based regimen, the pCR rate was 75 %,
suggesting that TILs are predictive of pCR especially in
TNBCs treated with platinum-based chemotherapy [55••].

Conclusions

Different treatment regimens combining platinum salts with
chemotherapies such as taxanes, vinorelbine, or gemcitabine
have been evaluated in metastatic as well as neoadjuvant set-
ting in breast cancer. Platinum-based chemotherapy has been
postulated to be specifically efficacious in tumors with im-
paired DNA repair pathways such as in specific subsets of
TNBCs. However, no prospective trials have been reported
that demonstrate a survival advantage to such regimens com-
pared with non-platinum agents. Therefore, platinum-
containing regimens are usually reserved for women with
good performance status, but high disease burden, whose dis-
ease has progressed on other available chemotherapy agents
[56]. Considering substantial toxicity associated with
platinum-based chemotherapy identification of predictive bio-
markers are very important. TNBC is a heterogeneous disease;
therefore, clinical trials assessing efficacy of new drugs should
incorporate biomarkers for treatment selection that enrich for
population with the highest likelihood of achieving therapeu-
tic response and, at the same time, enable biomarker valida-
tion in prospective setting. Several new biomarkers and ther-
apeutic targets are emerging in TNBC including growths fac-
tor signaling pathways, microRNAs, circulating tumor cells
and/or circulating tumor DNA. Two classes of new predictive
biomarkers, homologous recombination deficiency and tumor
infiltrating lymphocytes that are associated with platinum ef-
fectivity in TNBCs patients, have received increased attention
in recent years. Although HRD is directly linked to cancer cell
DNA repair ability after DNA damage, TILs are part of the
tumor microenvironment that modulates the host response to
DNA-damaging agents. Despite heterogeneity of methods
used for HRD assessment, results of available studies consis-
tently showed a predictive value of HRD for efficacy of
platinum-based chemotherapy in TNBCs. Availability of fresh
frozen tissue might be one of the limitation for their routine
use outside of clinical trials, and reproducibility across labo-
ratories and prospective validation are another requirements
for their application in daily clinical practice. Utility of HRD is
limited to a small proportion of TNBC, and therefore, new
biomarkers and therapeutic targets should be identified and
validated for the other subtypes of TNBC as well. While data
on prognostic value of TILs in TNBCs are consistent across
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the trials, predictive value of TILs for platinum-based therapy
in TNBCs remains limited. As TILs are heterogeneous popu-
lation of immune cells infiltrating tumor tissue, identification
of specific subsets of TILs specifically associated with plati-
num efficacy could further improve their clinical values as
biomarkers. Further research should focus on prospective val-
idation of these biomarkers to confirm their clinical utility in
treatment selection process, while combination of them could
lead to composite marker that mirrors both tumor and micro-
environment properties.
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