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ABSTRACT

Background. In this phase II clinical trial, we evaluated the
efficacy of the nonanthracycline combination of carboplatin
and nab-paclitaxel in early stage triple-negative breast can-
cer (TNBC).
Patients and Methods. Patients with newly diagnosed stage
II–III TNBC (n = 69) were treated with neoadjuvant carboplatin
(area under the curve 6) every 28 days for four cycles plus
nab-paclitaxel (100 mg/m2) weekly for 16 weeks. Pathological
complete response (pCR) and residual cancer burden (RCB)
were analyzed with germline mutation status, tumor-
infiltrating lymphocytes (TILs), TNBC molecular subtype,
and GeparSixto immune signature (GSIS).
Results. Sixty-seven patients were evaluable for safety and
response. Fifty-three (79%) patients experienced grade 3/4
adverse events, including grade 3 anemia (43%), neutropenia
(39%), leukopenia (15%), thrombocytopenia (12%), fatigue
(7%), peripheral neuropathy (7%), neutropenia (16%), and
leukopenia (1%). Twenty-four patients (35%) had at least one
dose delay, and 50 patients (72%) required dose reduction.
Sixty-three (94%) patients completed scheduled treatment.
The responses were as follows: 32 of 67 patients (48%) had

pCR (RCB 0), 10 of 67 (15%) had RCB I, 19 of 67 (28%) had
RCB II, 5 of 67 (7%) had RCB III, and 1 of 67 (2%) progressed
and had no surgery. Univariate analysis showed that immune-
hot GSIS and DNA repair defect (DRD) were associated with
higher pCR with odds ratios of 4.62 (p = .005) and 4.76
(p = .03), respectively, and with RCB 0/I versus RCB II/III with
odds ratio 4.80 (p = .01). Immune-hot GSIS was highly corre-
lated with DRD status (p = .03), TIL level (p < .001), and TNBC
molecular subtype (p < .001). After adjusting for age, race,
stage, and grade, GSIS remained associated with higher pCR
and RCB class 0/I versus II/III with odds ratios 7.19 (95% confi-
dence interval [CI], 2.01–25.68; p = .002) and 8.95 (95% CI,
2.09–38.23; p = .003), respectively.
Conclusion. The combination of carboplatin and nab-paclitaxel
for early stage high-risk TNBC showed manageable toxicity
and encouraging antitumor activity. Immune-hot GSIS is associ-
ated with higher pCR rate and RCB class 0/1. This study pro-
vides an additional rationale for using nonanthracycline
platinum-based therapy for future neoadjuvant trials in early
stage TNBCs. Clinical trial identification number: NCT01525966
The Oncologist 2021;26:e382–e393

Implications for Practice: Platinum is an important neoadjuvant chemotherapy agent for treatment of early stage triple-
negative breast cancer (TNBC). In this study, carboplatin and nab-paclitaxel were well tolerated and highly effective in TNBC,
resulting in pathological complete response of 48%. In univariate and multivariate analyses adjusting for age, race, tumor
stage and grade, “immune-hot” GeparSixto immune signature (GSIS) and DNA repair defect (DRD) were associated with
higher pathological complete response (pCR) and residual cancer burden class 0/1. The association of immune-hot GSIS with
higher pCR holds promise for de-escalating neoadjuvant chemotherapy for patients with early stage TNBC. Although GSIS is
not routinely used in clinic, further development of this immune signature into a clinically applicable assay is indicated.
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INTRODUCTION

Triple-negative breast cancer (TNBC) is characterized by the
lack of estrogen receptor, progesterone receptor, and over-
expression of human epidermal growth factor receptor
2 (HER2) expression. It accounts for approximately 10% to
15% of all breast cancer [1, 2]. TNBC is a highly heterogeneous
disease with four to six molecular subtypes based on mRNA
expression [3, 4]. Despite treatment with anthracycline-
taxane–based standard chemotherapy, 30% to 40% of
patients with early stage TNBC relapse [5, 6]. Furthermore,
metastatic TNBC is associated with poor clinical outcome,
largely because of a lack of effective targeted therapy [5, 7].

Neoadjuvant chemotherapy (NCT) with anthracycline-
taxane is the standard treatment for early stage (tumor size
≥2 cm) or locally advanced TNBC [8]. Pathological complete
response (pCR) and low residual cancer burden (RCB) after
NCT predict improved survival in TNBC [9–11]. However, with
standard neoadjuvant anthracycline-taxane regimen, pCR
rate is approximately 30% to 40% in TNBC [6, 10, 12]. Plati-
num agents have received renewed interest in the treatment
of TNBC because of a close association between TNBC and
hereditary breast cancer [13]. Adding the DNA-damaging
agent carboplatin to a neoadjuvant regimen has shown
improved pCR rates in TNBC without significant event-free
survival benefit in the Cancer and Leukemia Group B (CALGB
40603) Alliance trial [14, 15]. In the GeparSixto trial, addition
of carboplatin to a neoadjuvant anthracycline and taxane–
based chemotherapy regimen increased pCR from 43% to
57% in patients with TNBC [16, 17]. Interestingly, the benefit
in a subset analysis of the trial was more pronounced in
patients without germline BRCA mutations [16]. In an
anthracycline-free neoadjuvant trial combining carboplatin
and docetaxel, a pCR rate of 55% was observed in TNBC [18].
Moreover, nab-paclitaxel, an albumin-bound particle form
of paclitaxel, has shown preferential tumor uptake and a
more favorable safety profile compared with paclitaxel,
and nab-paclitaxel has been evaluated in the neoadjuvant
setting [19–21].

Previous studies have shown that the immune system is
important for response to NCT in breast cancer. This is partic-
ularly relevant in TNBC, which is characterized by a higher
immune response compared with other breast cancer sub-
types. Indeed, there is strong evidence that tumor-infiltrating
lymphocytes (TILs) in TNBC have prognostic value and are
associated with improved clinical outcome and survival [22,
23]. The GeparSixto immune signature (GSIS) is composed of
12 immune genes that differentiate “immune-hot” tumors
from “immune-cold” tumors, which includes immune-
activating genes (CCL5, CXCL9, CXCL13, CD80, CD21, CD8A,
IGKC) and immunosuppressive genes (PD-1, PD-L1, CTLA4,
FOXP3, and IDO1), which were selected to include B-cell and
T-cell markers, chemokines, and immune checkpoint inhibi-
tors. This immune signature was previously reported to pre-
dict pCR in patients with TNBC who received neoadjuvant
anthracycline-plus-taxane combination in addition to car-
boplatin [24]. DNA repair deficiency or “BRCAness” resulting
from somatic mutations or epigenetic modification of DNA
repair genes are associated with higher pCR in neoadjuvant
trials; however, the precise definition of DNA repair

deficiency is controversial [25]. In this study, DNA repair
defect (DRD) is defined as germline mutations in genes that
are known to be associated with DNA repair pathways,
including BRCA1, BRCA2, CHEK2, and RAD51C gene muta-
tions [26, 27].

Recent U.S. Food and Drug Administration approval of
immune checkpoint inhibitor (ICI) in metastatic TNBC has
elicited strong interest in the neoadjuvant regimen [28–30].
Several studies combining ICI and anthracycline-taxane
showed significantly promising pCR with additional toxicities
[31–33]. Thus, assessing the status of immunological parame-
ters in TNBC may provide clinical utility in informing treatment
decisions that include immunotherapy approaches. In addi-
tion, non–anthracycline-containing regimens with carboplatin-
taxane showed promising pCR in early stage TNBC [18] and
may serve as a chemotherapy backbone for future ICI
combinations.

Here we report the results of a phase II trial evaluating
the efficacy of neoadjuvant carboplatin plus nab-paclitaxel
in patients with stage II–III TNBC. Additionally, we report
the association of pCR with biomarkers including germline
BRCA mutation, DRD, TILs, and microarray-based immune
signature.

PATIENTS AND METHODS

Patient Population
This study was conducted between January 2012 and August
2018 with institutional review board approval of the City of
Hope Comprehensive Cancer Center (COH) (protocol 11174).
The study followed the guidelines of the Declaration of
Helsinki and good clinical practice and was registered at the
clinical trial web site ClinicalTrials.gov under number
NCT01525966. Voluntary informed consent was signed by
all patients prior to study entry. Key eligibility criteria
included patients with newly diagnosed stage II–III TNBC,
primary tumor size over 2 cm by imaging or clinical mea-
surement, histologically confirmed TNBC (estrogen recep-
tor <10%, progesterone receptor <10%, HER2-neu negative
defined by immunohistochemistry score 0 or 1, or fluores-
cence in situ hybridization negative), and no evidence of
distant metastases.

Study Procedures
A total of 69 patients with stage II–III TNBC were accrued.
Two patients were subsequently found to be HER2 positive
and were removed from study. Neoadjuvant carboplatin (area
under the curve [AUC] 6) on day 1 of every 28 days for four
cycles (to minimize severe myelosuppression), plus nab-
paclitaxel (100 mg/m2) weekly for 16 weeks (four 28-day
cycles) was given intravenously. If necessary, treatment was
delayed allowing recovery from toxicity; however, if treat-
ment was delayed for more than 2 weeks because of toxic-
ity, the patient stopped protocol treatment. Toxicity-based
dose adjustments were carried out according to drug-
specific standard guidelines. Patients did not receive
prophylactic colony-stimulating factors (e.g., granulocyte
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colony-stimulating factor [G-CSF], granulocyte-macrophage
colony-stimulating factor) during cycle 1, but G-CSF use was
permitted from cycle 2 onwards according to American Soci-
ety of Clinical Oncology guidelines [34].

Pathological Response Assessment
Pathological response was determined by COH pathologists.
pCR was defined as the absence of residual invasive breast
cancer with or without ductal carcinoma in situ in the breast
and axilla (ypT0/TisN0). RCB was scored for all patients using
the Symmans criteria [35]. Patients who had pCR (RCB 0) or
near pCR (RCB I) were included in the group RCB 0/I.

Germline Genetic Testing
Of 67 patients, 56 underwent germline genetic testing per
National Comprehensive Cancer Network (NCCN) guidelines.
Eleven patients did not meet testing criteria. Most patients
were tested through the myRisk Hereditary Cancer test or
Comprehensive BRCAnalysis from Myriad Genetics (Salt Lake
City, UT). DRD was defined by identification of germline
mutations in genes that are known to be associated with
DNA repair pathways, including BRCA1, BRCA2, CHEK2, and
RAD51C gene mutations [26].

TNBC Molecular Subtyping
Formalin-fixed, paraffin-embedded (FFPE) baseline tumor
biopsies were subjected to mRNA microarray testing via
70-gene MammaPrint profile, the 80-gene BluePrint sub-
types, and full genome mRNA profiling (Agendia, Irvine,
CA). Of 67 samples, 63 had RNA quality and quantity with
at least 30% tumor cell percentage for sequencing.
MammaPrint categorized patients as having a high risk or
low risk of recurrence, whereas BluePrint stratified tumor
samples into three molecular subgroups: luminal type, HER2
type, and basal type. MammaPrint further stratified BluePrint
luminal type into luminal A (MammaPrint low risk) and lumi-
nal B (MammaPrint high risk) [36, 37]. The mRNA expression
array was used for Vanderbilt TNBC molecular subtyping:
basal-like 1 (BL1), basal-like 2 (BL2), immunomodulatory (IM),
mesenchymal (M), mesenchymal stem-like (MSL), and luminal
androgen receptor (LAR) subtypes [3, 38].

Immune Signatures
Using the above full genome mRNA expression array data
(Agendia), the expression of the GSIS 12-gene immune
signature (CCL5, CXCL9, CXCL13, CD80, CD21, CD8A, IGKC,
PD-1, CD274 (PD-L1), CTLA4, FOXP3, and IDO1) was
analyzed. Hierarchical clustering of mRNA expression
distinguished immune-hot tumors (high immunologic gene
expression) from immune-cold tumors (low immunologic
gene expression) [39].

Stromal TIL Analysis
H&E-stained slides from pretreatment specimens (biopsies)
were analyzed for stromal TILs by microscopic analysis of
H&E-stained slides of FFPE surgical specimens by patholo-
gists at City of Hope. Stromal TILs were reported in percent-
ages according to the International TILs Working Group
2014 and categorized as the following: low (0%–10%), inter-
mediate (11%–59%), and high (≥60%) [40]. TILs in the tumor

area with artifacts or necrosis were excluded, as were poly-
morphonuclear leukocytes [41].

Statistical Design
A two-stage design was proposed based on detecting a
promising pCR rate. In the first stage, accrual was continued
until 22 patients were enrolled, with second stage accrual to
an evaluable 45 and total of 49 patients. The design was
selected to meet the objectives and permit the early termi-
nation of the trial in the event that the therapy was inferior
to other neoadjuvant regimens. An expanded cohort of
20 patients (given the promising results in the first 45) was

Table 1. Patient and disease characteristics (n = 67a)

Characteristic n (%)

Age, years, median (range) 52 (28–79)

Race/ethnicity (n = 67)

Non-Hispanic White 35 (52)

Hispanic 24 (36)

Asian 4 (6)

Black 1 (1)

Other/unknown 3 (5)

Menopausal status (n = 67)

Premenopausal 24 (36)

Perimenopausal 6 (9)

Postmenopausal 37 (55)

Clinical stage (n = 67)

II 55 (82)

III 12 (18)

Tumor grade (n = 67)

1 2 (3)

2 14 (21)

3 51 (76)

Initial nodal status (n = 67)

Positive 34 (51)

Negative 33 (49)

Germline mutation (n = 56)b

BRCA1 8 (14)

BRCA2 3 (5)

CHEK2 2 (4)

RAD51C 1 (2)

Wild type 42 (75)

Surgery (n = 66)c

Lumpectomy 19 (29)

Mastectomy 47 (71)

Adjuvant radiation (n = 66)c

Yes 37 (55)

No 29 (45)
aTwo patients were not eligible because of human epidermal
growth factor receptor 2–positive status on repeat biopsy.
bA total of 56 of 67 had genetic test results per National Compre-
hensive Cancer Network guidelines.
cOne patient progressed and had distant metastases; no surgery or
radiation.

© 2020 AlphaMed Press

Neoadjuvant Carboplatin and Nab-Paclitaxel in TNBCe384



added to better evaluate the response rates in association
with molecular and genomic features of TNBC. This resulted
in a total of 69 patients. The primary objective of this study
was to evaluate pCR and RCB after NCT based on the surgical
specimen analyzed by COH pathologists after completion of
study treatment. The secondary objectives were to evaluate
disease-free survival (DFS), measured from start of treatment
to progression of disease or death from any cause and over-
all survival (OS) of the patients, and to assess the toxicities
using the National Cancer Institute’s Common Terminology
Criteria for Adverse Events (CTCAE; version 4.0). All enrolled
patients who received at least one dose of therapy were
evaluated for toxicity. Survival times were measured from
the start date of neoadjuvant treatment to the date of event
or death. DFS and OS were estimated by the Kaplan-Meier
method (one patient progressed during neoadjuvant therapy
and was assigned the date of progression for DFS). The
corresponding median survival times (with 95% confidence
limits) were determined. Odds ratios and 95% confidence
intervals (CIs) with p values were used. A value of p < .05
(two-sided) was considered statistically significant. The asso-
ciations of pCR and RCB class with TNBC molecular sub-
type, DRD status (wild type vs. mutation), BRCA (wild type
vs. mutation), stromal TIL level (low, medium, and high),

and GSIS (immune-hot vs. immune-cold) were tested by
univariate logistic regression with either pCR (yes vs. no)
or RCB class (0/I vs. II/III) as the response variable. Demo-
graphic variables (age and race), clinical variables (tumor
stage and grade), and biomarkers were included in the
model. Because the GSIS was highly correlated with other
biomarkers, a multivariate logistic regression was carried out
for pCR with GSIS as the only biomarker, with patient’s age,
race, tumor stage, and tumor grade adjusted as covariates.

RESULTS

Patient Characteristics
A total of 69 patients with stage II–III TNBC were enrolled
between January 2012 and August 2018 at City of Hope. Two
patients were found to be ineligible because of HER2-positive
status on repeat biopsy (supplemental online Fig. 1). Patient
characteristics, disease status, and treatment variables are
summarized in Table 1 (n = 67). Median age of the patients
was 52 years (28–79). Thirty-five of 67 patients (52%) were
non-Hispanic White, and 24 of 67 (36%) were Hispanic. Fifty-
five of 67 patients (82%) had clinical stage II, and 12 of
67 (18%) had stage III disease. Fifty-one of 67 patients (76%)

Figure 1. Kaplan-Meier survival curves (n = 67): Survival analysis showed 3-year DFS of 87.3% (95% CI, 74.9%–93.8%; n = 67,
events = 9) (A), 3-year OS of 90.2% (95% CI, 77.8%–95.8%; n = 67, events = 6) (B), and for the 35 patients with residual disease,
3-year DFS of 79.0% (95% CI, 58.5%–90.2%; n = 35, events = 8) (C).
Abbreviations: CI, confidence interval; DFS, disease-free survival; NR, not reached; OS, overall survival.
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had grade 3 disease. Of the 67 patients, 56 had genetic test-
ing per NCCN guideline: BRCA1, 8 of 56 patients (14%);
BRCA2, 3 of 56 (5%); CHEK2, 2 of 56 (4%); and RAD51C, 1 of
56 (2%); and 42 of 56 (75%) were wild type. Eleven patients
did not meet NCCN testing criteria. Surgery and adjuvant
radiation therapy were performed according to NCCN guide-
lines. After NCT, 66 of 67 patients underwent breast surgery,
and 1 of 67 progressed with new distant metastases; hence,
this patient did not have surgery or radiation. Of the
66 patients who had surgery, 19 of 66 (29%) had lumpec-
tomy, and 47 of 66 (71%) had mastectomy. Thirty-seven
of 66 patients (55%) received adjuvant radiation therapy.
Seven patients received additional adjuvant chemotherapy:
three had adriamycin/cyclophosphamide (AC), two had
capecitabine, one had AC followed by capecitabine, and one
had carboplatin/nab-paclitaxel.

Pathological Response and Survival
Among the 67 patients, 32 of 67 (48%) achieved pCR (RCB 0),
10 of 67 (15%) had RCB I, 19 of 67 (28%) had RCB II, 5 of
67 (7%) had RCB III, and 1 of 67 (2%) progressed (supplemen-
tal online Fig. 2). A total of 42 of 67 patients (63%) achieved
RCB 0/I.

Median follow-up was 43.7 months. Nine of 67 patients
(13%) experienced disease relapse. The Kaplan-Meier curve
for DFS at median follow-up is shown in Figure 1A, with a
3-year DFS of 87.3% (95% CI, 74.9–93.8; n = 67, events = 9).
The Kaplan-Meier curve for OS is shown in Figure 1B, with a
3-year OS of 90.2% (95% CI, 77.8–95.8; n = 67, events = 6).
A total of 35 patients had residual disease with a 3-year DFS
of 79.0% (95% CI, 58.5–90.2%; n = 35, events = 8; Fig. 1C).

Adverse Events
A total of 67 patients were evaluable for adverse events
(Table 2). Overall, 53 of 67 patients (79%) experienced one
or more CTCAE (version 4.0) grade 3/4 adverse events (AEs).
Hematological AEs were the most common grade 3/4 toxic-
ities. Grade 3 AEs were anemia (29/67, 43%), neutropenia
(26/67, 39%), leukopenia (10/67, 15%), thrombocytopenia
(8/67, 12%), lymphopenia (5/67, 7%), and febrile neutrope-
nia (2/67, 3%). Forty-three percent of patients had blood
transfusion. Significant grade 3 nonhematological AEs were
fatigue (5/67, 7%) and peripheral neuropathy (5/67, 7%).
Grade 4 hematological AEs were neutropenia (11/67, 16%) and
leukopenia (1/67, 1%). There were no grade 4 nonhematologic
AEs. Twenty-four patients (35%) had at least one dose delay

Table 2. Treatment-related adverse events (n = 67)

Adverse eventa Grade 2, n (%) Grade 3, n (%) Grade 4, n (%)

Hematological AEs 14 (21) 40 (60) 11 (16)

Neutropenia 19 (28) 26 (39) 11 (16)

Leukopenia 35 (52) 10 (15) 1 (1)

Anemia 29 (43) 29 (43) 0

Thrombocytopenia 8 (12) 8 (12) 0

Lymphopenia 10 (15) 5 (7) 0

Febrile neutropenia 0 2 (3) 0

Nonhematological AEs 34 (51) 12 (18) 0

Fatigue 23 (34) 5 (7) 0

Alopecia 16 (24) 0 0

Hypertension 8 (12) 0 0

Nausea/vomiting 6 (9) 0 0

Peripheral sensory neuropathy 3 (4) 5 (7) 0

Upper respiratory infection 3 (4) 0 0

Hypokalemia 2 (3) 1 (1) 0

Urinary tract infection 1(1) 1(1) 0

Dehydration 0 1 (1) 0

Hyperglycemia 0 1 (1) 0

Hyponatremia 0 1 (1) 0

Premature menopause 0 1 (1) 0

Hypophosphatemia 4 (6) 0 0

Depression 3 (4) 0 0

Oral mucositis 3 (4) 0 0

Elevated alanine transferase 2 (3) 0 0

Dyspnea 2 (3) 0 0

Hypocalcemia 2 (3) 0 0
aIncludes events with at least two grade 2 occurrences or one grade 3 or higher. Only the highest grade per person for each category is counted.
Abbreviation: AE, adverse event.
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(range, one to four), and 50 patients (72%) required dose
reductions (3 patients had reduction because of carboplatin,
49 because of nab-paclitaxel, and 2 because of both). Median
duration of dose delay was 1 week. Thirty-seven of 67 patients
(55%) used G-CSF support. Sixty-three of 67 patients (94%)
completed scheduled treatment. Two patients were taken off
the study early because of hematological toxicities, one patient
refused treatment prior to completing cycle 2, and one patient
went off treatment for progression prior to completing cycle 3.

Analysis of Biomarkers with pCR: DRD Mutation,
TNBC Molecular Subtype, TILs, and GSIS
Of 67 patients, Agendia microarray was performed from
63 baseline tumor biopsies to obtain MammaPrint profiles and
full genome mRNA profiling. MammaPrint classified all tumors
as at high risk for recurrence. Of the 63 patients, 56 had
germline genetic testing, and 61 had stromal TIL analysis (sup-
plemental online Fig. 1). All subsequent biomarker analysis is
based on the 63 patients with Agendia microarray result.

GSIS is composed of 12 immune genes (CCL5, CXCL9,
CXCL13, CD80, CD21, CD8A, IGKC, PD-1, CD274 (PD-L1),
CTLA4, FOXP3, and IDO1) that were selected based on
immunological relevance and was previously reported to
predict pCR in patients with TNBC who received neo-
adjuvant anthracycline-plus-taxane combination in addition
to carboplatin [24]. Hierarchic clustering of GSIS across
63 tumors showed two different immune groups: immune-
cold tumors, which showed low expression of all immune
genes, and immune-hot tumors, which showed high expres-
sion of immunologic genes (Fig. 2).

In this study, DRD is defined by identification of germline
mutations in genes that are known to be associated with DNA
repair pathways, including BRCA1, BRCA2, CHEK2, and
RAD51C. There were no PALB2 or ATM mutations in this
patient population. Of 56 patients with germline genetic test-
ing, 14 (25%) had DRD, including BRCA1 (n = 8), BRCA2
(n = 3), CHEK2 (n = 2), and RAD51C (n = 1), and 42 of 56 (75%)
were wild type (Table 3). Univariate logistic regression showed

Figure 2. Association of GeparSixto immune signature with triple-negative breast cancer molecular subtype, pCR status, and bio-
markers (n = 63). Of 67 patients enrolled, 63 pretreatment tumor specimens were available for analysis. Hierarchical clustering of
12 immunologically relevant genes in 63 tumors showed two distinct immune groups with different expression levels, including
immune-cold tumors with low expression of immune genes, and immune-hot tumors with high expression of immune genes. Gray
blocks on DRD, BRCA, and TILs indicate no results (not analyzed because of limited specimen availability).
Abbreviations: BL1, basal-like 1; BL2, basal-like 2; DRD, DNA repair defect; IM, immunomodulatory; LAR, luminal androgen
receptor; M, mesenchymal; MSL, mesenchymal stem-like; MUT, mutation; pCR, pathological complete response; TIL, tumor-
infiltrating lymphocyte; UNS, unspecified,WT, wild type.

© 2020 AlphaMed Presswww.TheOncologist.com

Yuan, Lee, Yost et al. e387



that pCR was associated with DRD status and immune-hot
GSIS with odds ratios of 4.76 (p = .03) and 4.62 (p = .005),
respectively. Similarly, RCB 0/I class was associated with
immune-hot GSIS with an odds ratio of 4.80 (p = .01; Table 3).

Fisher’s exact test showed that GSIS (immune-hot vs.
immune-cold) was significantly associated with DRD status
with mutation in 11 of 27 patients (41%) with immune-hot sta-
tus and mutation in 3 of 26 patients (12%) with immune-cold
status (p = .03). Stromal TIL level (p < .001) and TNBC

molecular subtypes (p < .001) were also associated with GSIS
(Table 4). In addition, GSIS was associated with both pCR
(20/30, 67% in immune-hot vs. 10/33, 30% in immune-cold)
and RCB 0/I class (24/30, 80% in immune-hot vs. 15/33, 45%
in immune-cold) (p = .005 and p = .009, respectively; Table 4).

DRD and BRCA status were available for 53 of 63 patients
with substantial overlap. Only three patients showed differ-
ent status (wide type vs. mutation) for DRD and BRCA. DRD
status was significantly correlated with GSIS (p = .03), as

Table 3. Univariate analysis of pCR and RCB class with demographics, clinical variables, and biomarkers (n = 63)

pCR, n

pCR OR (95% CI), p value RCB class OR (95% CI), p valueYes (n = 30) No (n = 33)

Median age, years 51.8 52.08 1.00 (0.96–1.04), .09 0.99 (0.95–1.03), .65

Race

White 25 27 1.00 1.00

Other 5 6 0.90 (0.24–3.32), .87 0.69 (0.19–2.57), .58

Clinical stage

2 25 26 1.00 1.00

3 5 7 0.74 (0.21–2.64), .65 0.55 (0.16–1.82), .35

Tumor grade

Low 1 1 1.00 Inf (0.00–Inf), .99

Intermediate 4 9 0.45 (0.02–9.03), .60 1.00a

High 25 23 1.08 (0.06–18.36), .95 3.20 (0.90–11.37), .07

TNBC molecular subtype

BL1 6 5 1.00 1.00

BL2 2 3 0.55 (0.07–4.76), .59 0.33 (0.03–3.52), .36

IM 10 6 1.39 (0.29–6.62), .68 0.67 (0.10–4.48), .68

LAR 2 5 3.00 (0.04–2.53), .29 0.17 (0.02–1.27), .10

M 5 10 0.41 (0.08–2.05), .28 0.19 (0.03–1.22), .08

MSL 2 2 0.84 (0.08–8.25), .88 0.22 (0.18–2.67), .24

UNS 3 2 1.25 (0.15–10.70), .84 0.33 (0.03–3.52), .36

DRD status

Wild type 17 22 1.00 1.00

Mutation 11 3 4.76 (1.14–19.69), .03 3.75 (0.73–19.14), .11

N/A 2 8

BRCA status

Wild type 20 22 1.00 1.00

Mutation 8 3 2.94 (0.68–12.55), .15 2.50 (0.48–13.11), .28

N/A 2 8

Stromal TIL level

Low (0%–10%) 13 20 1.00 1.00

Medium (11%–59%) 13 9 2.23 (0.74–6.69), .16 2.22 (0.70–7.10), .18

High (≥60%) 4 2 3.06 (0.49–9.30), .23 1.67 (0.27–10.39), .58

N/A 0 2

GSIS

Immune-hot 20 10 1.00 1.00

Immune-cold 10 23 4.62 (1.58–13.33), .005 4.80 (1.56–14.81), .01
aIntermediate grade was chosen as the reference category because there was no RCB II/III with low grade.
Abbreviations: BL1, basal-like 1; BL2, basal-like 2; CI, confidence interval; DRD, DNA repair defect; GSIS, GeparSixto immune signature; IM, immu-
nomodulatory; Inf, infinity; LAR, luminal androgen receptor; M, mesenchymal; MSL, mesenchymal stem-like; N/A, not applicable; OR, odds ratio;
pCR, pathological complete response; RCB, residual cancer burden; TIL, tumor-infiltrating lymphocyte; TNBC, triple-negative breast cancer; UNS,
unspecified.
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shown in Table 4. Because of missing data in DRD and colin-
earity between GSIS and DRD, we only included one vari-
able (GSIS or DRD) in the model. After adjusting for patient
age, race, tumor stage, and tumor grade with a multivariate
logistic model, immune-hot GSIS was significantly associ-
ated with pCR and RCB 0/I class with notably higher odds
ratios of 7.19 (95% CI, 2.01–25.68; p = .002) and 8.95 (95%
CI, 2.09–38.32; p = .003), respectively (Table 5). Using DRD
status in the multivariate model in place of GSIS showed
that DRD was associated with pCR but not with RCB 0/I with
odds ratios of 6.93 (95% CI, 1.32–36.47; p = .022) and 4.88
(95% CI, 0.74–32.10; p = .10), respectively (data not shown).
These results show that DRD status, TIL level, and mRNA-
based immune gene signatures such as GSIS can detect
patients who may achieve higher pCR rate from platinum-
based neoadjuvant chemotherapy.

DISCUSSION

Anthracycline and taxane–based neoadjuvant therapy has
been the mainstay for HER2-negative breast cancer regard-
less of hormone receptor status [8, 42]. Although pCR after
NCT is associated with favorable clinical outcome, 30% to
40% of patients with early stage TNBC relapse despite receiv-
ing anthracycline-taxane neoadjuvant regimen [9, 10]. Our
study demonstrated excellent pCR rate of 48% and an
RCB 0/I rate of 63% with a nonanthracycline regimen of
carboplatin-nab-paclitaxel in patients with stage II–III TNBC.
The most common grade 3 or 4 AEs were anemia and neu-
tropenia. Notably, 35% had dose delay, and 72% had dose
reduction; however, patients achieved encouraging pCR with
four cycles of carboplatin plus weekly nab-paclitaxel. Simi-
larly, Sharma et al. reported a pCR of 55% and RCB 0/I of
68% with six cycles of carboplatin and docetaxel in early
stage TNBC [18]. In the BrighTNess trial, Loibl et al. reported
a pCR rate of 58% in patients who received paclitaxel
(80 mg/m2 weekly × 12 doses) plus carboplatin (AUC 6 every
3 weeks for four cycles) followed by four cycles of doxorubi-
cin and cyclophosphamide [43]. The GeparSixto trial demon-
strated that the addition of carboplatin to paclitaxel and
nonpegylated loposomal doxorubicine increased the pCR rate
from 43% to 57% among 315 patients with TNBC [17]. In
CALGB 40603, a randomized phase II trial evaluated for stage
II–III TNBC, adding carboplatin to paclitaxel followed by dose-
dense doxorubicin plus cyclophosphamide increased the pCR
rate from 39% to 49%, although adding carboplatin was asso-
ciated with more frequent neutropenia and thrombocytopenia
[15]. Addition of carboplatin was not associated with event-
free survival benefit in CALGB 40603 [14]. Our study adds to
the body of literature supporting the addition of platinum to
neoadjuvant therapy for TNBC.

The different pathological responses to NCT is attributed
to the molecular heterogeneity of TNBC [3, 44]. Lehmann
et al. first described that TNBC can be subclassified into six
distinctive subtypes using molecular profiling [3]. The rela-
tion between subtypes and different treatment responses
has been evaluated [45–47]. In the BrighTNess trial, TNBC
subtypes were mostly BL1 or BL2 (23.3%), IM (22.4%), or
M/MSL (31.7%), with only 6% LAR. pCR was higher for basal
versus nonbasal tumors (52.3% vs. 35.4%, p = .003). IM had

the highest pCR rate of 64.2% (95% CI, 59.9%–68.5%).
Masuda et al. reported that IM had the highest pCR rate of
93%, LAR and M had the lowest pCR rates of 29% and 28%,
respectively, and BL1 and BL2 had 54.5% and 50% pCR rates,
respectively [48]. In our study, the pathological response
based on the TNBC subtypes was similar with previous
reports, but the results were not statistically significant, likely

Table 4. Correlation between GSIS and biomarkers (n = 63)

GSIS

p valueImmune-hot Immune-cold

DRD status

Wild type 16 23 .03

Mutation 11 3

N/A 3 7

BRCA status

Wild type 19 23 .18

Mutation 8 3

N/A 3 7

Stromal TIL level

Low (0%–10%) 8 25 <.001

Medium
(11%–59%)

16 6

High (≥60%) 5 1

N/A 1 1

TNBC molecular
subtype

BL1 5 6 <.001

BL2 2 3

IM 16 0

LAR 1 6

M 0 15

MSL 1 3

UNS 5 0

pCR

Yes 20 10 .005

Noa 10 23

RCB class

0/I 24 15 .009

II/IIIa 6 18

BluePrint

Luminal 0 2 .49

Basal 30 31

MammaPrint

H1 3 8 .19

H2 27 25
aOne immune-cold patient progressed prior to surgery and was
included in the non-pCR RCB II/III group for analysis purposes.
Abbreviations: BL1, basal-like 1; BL2, basal-like 2; DRD, DNA repair
defect; GSIS, GeparSixto immune signature; IM, immunomodula-
tory; LAR, luminal androgen receptor; M, mesenchymal; MSL, mes-
enchymal stem-like; N/A, not applicable; pCR, pathological
complete response; RCB, residual cancer burden; TIL, tumor-
infiltrating lymphocyte; TNBC, triple-negative breast cancer; UNS,
unspecified.
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reflecting the small sample size. However, the higher
response rate for IM and the lower response rate for LAR
and M types were consistent with immune-hot and immune-
cold tumor status by GSIS analysis. Although a larger number
of primary tumors need to be assessed to confirm the cur-
rent finding, our data highlight the need for valid immune
biomarkers in the area of immune checkpoint therapies for
early stage breast cancers.

Although the current study showed that the combina-
tion of carboplatin and nab-paclitaxel is effective, there was
increased hematological toxicity. Therefore, the identifica-
tion of predictive biomarkers to better define subsets of
patients who benefit the most from the regimen would be
helpful. Several biomarkers have been reported that predict
pCR to neoadjuvant therapy in TNBCs, including BRCA
mutation [49, 50], homologous recombination deficiency
(HRD) [51], and TILs [52]. HRD resulting from the loss of
BRCA function is the main rationale of platinum efficacy in
TNBC [53–56]. Based on genomewide effects, BRCA-like
classifiers can identify the functional loss of BRCA and serve
as predictors. HRD score identifies BRCAness and predicts
the sensitivity of platinum and is increasingly being consid-
ered [51]. In the current study, 8 of 11 patients (73%) with
BRCA mutation achieved pCR compared with 20 of 42 (48%)
with wild-type BRCA; however, it was not statistically signifi-
cant (with either pCR or RCB 0/I). Recently, emerging evi-
dence of high platinum sensitivity in BRCA-related breast
cancer has been reported. Byrski et al. reported a pCR rate
of 61% from patients with BRCA1-positive breast cancer
when patients were treated with single agent cisplatin as
NCT [57]. In another study, neoadjuvant carboplatin and
docetaxel demonstrated a 59% pCR rate in BRCA-associated
TNBC [18]. However, in the randomized phase II trial TBCR
C031 comparing neoadjuvant single agent cisplatin with AC,
the pCR rates were 23% and 26%, respectively, which was
statistically insignificant [58]. HRD status, but not BRCA

mutation, was associated with improved DFS in SWOG S9313
[56]. We evaluated DRD by analyzing germline mutations of
BRCA1, BRCA2, CHEK2, and RAD51C. In our univariate analy-
sis, pCR was associated with DRD and GSIS immune-hot with
odds ratio of 4.76 and 4.62. Our data suggest that DRD and
GSIS are potential tools for predicting pCR, with a stronger
signal for GSIS based on multivariate logistic regression (see
below).

Increased stromal TILs have been associated with
improved pCR to NCT in TNBC and improved DFS and OS
in TNBC [40]. In this study, we evaluated the association of
stromal TILs, TNBC molecular subtypes, DRD status, and
GeparSixto immune signature with pCR. Among the bio-
markers evaluated, univariate logistic regression showed that
pCR was associated with DRD status and immune-hot GSIS,
and RCB class was associated with immune-hot GSIS. In the
I-SPY 2 study, a seven-gene DNA repair deficiency expression
signature (PARPi-7) and BRCA1ness signatures [59] were
associated with response in the neoadjuvant veliparib and
carboplatin arm (p < .05) [60]. After adjusting for age as a
continuous variable, race, stage, and grade with a multivari-
ate logistic model, immune signature further supported the
association of GSIS with pCR and RCB class with striking odds
ratios of 7.19 and 8.95, respectively, whereas HRD was asso-
ciated with higher pCR only. Based on these findings, GSIS
outperforms all other biomarkers, such as TILs, TNBC molecu-
lar subtype, BRCA status, and DRD, in association with pCR.

There has been increasing interest in incorporating ICIs into
the treatment of TNBC because of relatively high preexisting
immunogenicity reflected by a higher percentage of stromal
TILs, which are predictive and prognostic in TNBC [24, 61].
The IMpassion130 trial showed the benefit of incorporating
the ICI atezolizumab, which moderately increased progres-
sion-free survival in PD-L1-positive TNBC [28, 62]. In the
I-SPY 2 study, adding pembrolizumab to neoadjuvant
adriamycin, cyclophosphamide, and paclitaxel increased pCR

Table 5. Multivariate analysis of pCR and RCB class with demographics, clinical variables, and GSIS (n = 63)

n
pCR (yes vs. no) OR
(95% CI), p value

RCB class (0/I vs. II/III)
OR (95% CI), p value

Age as a continuous variable 63 1.02 (0.98–1.08), .33 1.02 (0.97–1.07), .46

Race

White 52 1.00 1.00

Other 11 1.23 (0.28–5.37), .79 1.00 (0.22–4.47), .996

Clinical stage

2 51 1.00 1.00

3 12 0.37 (0.08–1.65), .19 0.24 (0.05–1.22), .08

Tumor grade

Low 2 1.00 Inf (0.00–Inf), .99

Intermediate 13 0.43 (0.02–10.76), .61 1.00a

High 48 1.37 (0.07–28.08), .84 4.81 (1.07–21.69), .04

GSIS

Immune-hot 30 1.00 1.00

Immune-cold 33 7.19 (2.01–25.68), .002 8.95 (2.09–38.32), .003
aIntermediate grade was chosen as the reference category because there were no RCB II/III with low grade.
Abbreviations: CI, confidence interval; GSIS, GeparSixto immune signature; Inf, infinity; OR, odds ratio; pCR, pathological complete response;
RCB, residual cancer burden.
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from 20% to 60% [30, 32]. In GeparNuevo, a randomized
phase II NCT trial in TNBC, addition of durvalumab to nab-
paclitaxel and epirubicin plus cyclophosphamide increased
pCR rate from 44% to 53% [63]. From these encouraging
results, multiple ongoing studies have been testing the com-
bination of ICI with chemotherapy in the neoadjuvant setting
(NCT03742986) [64, 65]. In KEYNOTE-522, adding pembrolizumab
to carboplatin/paclitaxel followed by anthracycline/cyclo-
phosphamide for treatment of early stage TNBCs showed a
promising improved pCR rate of 64.8% versus 54.2% in the
chemotherapy-alone arm (p = .00055) [33]. Grade 3 or higher
toxicities were seen in 76.8% and 72.2% of the patients,
respectively. Of the patients treated with the pembrolizumab/
chemotherapy combination in KEYNOTE-522, 23.3% had dis-
continuation of treatment related to adverse events [33]. Fur-
thermore, PD-L1 positivity trended toward higher pCR rate in
the subset analysis [33]. Despite these developments, one
may question the chemotherapy backbone currently being
tested: carboplatin and paclitaxel or paclitaxel followed by
anthracycline and cyclophosphamide. These escalated
approaches, in addition to 1 year of ICI treatment, could
increase treatment-associated toxicities and lower quality of life
for patients who are potentially curable when given a less toxic
regimen. Our study underscores, in addition to the impor-
tance of carboplatin-based nonanthracycline neoadjuvant
regimens [18], the urgent need to identify biomarkers that
predict pCR or RCB 0/I in order to spare patients from unnec-
essary therapy. Carboplatin and taxane–based doublets may
serve as an appropriate NCT backbone in the immunotherapy
era for TNBC, especially BRCA wild-type tumors, whereas BRCA
germline mutated breast cancer may be most effectively treated
with PARP inhibitor–based therapy, considering the promis-
ing efficacy of single talazoparib neoadjuvant therapy [66].

The current study was limited by small sample size, as
well as availability of genomic data. A future neoadjuvant
study incorporating GSIS for prospective patient selection is
required to validate the current findings.

CONCLUSION

Carboplatin and nab-paclitaxel showed manageable toxicity
and had encouraging antitumor activity in patients with early
stage TNBC resulting in a high pCR rate. This study adds to

the existing data on the efficacy of platinum agents in early
stage TNBC. Our results showing that immune-hot GSIS is
associated with significantly higher pCR and RCB 0/I hold
promise for de-escalating neoadjuvant therapy and pro-
vide further rationale for using a nonanthracycline
platinum-based therapy backbone for future neoadjuvant
trials.
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