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ABSTRACT
Purpose: Patients with triple-negative breast cancer (TNBC)
with homologous recombination deﬁcient tumors achieve signiﬁcantly higher pathologic complete response (pCR) rates when
treated with neoadjuvant platinum-based therapy. Tumorinﬁltrating lymphocytes (TIL) are prognostic and predictive of
chemotherapy beneﬁt in early stage TNBC. The relationship
between TILs, BRCA1/2 mutation status, and homologous recombination deﬁciency (HRD) status in TNBC remains unclear.
Experimental Design: We performed a pooled analysis of ﬁve
phase II studies that included patients with TNBC treated with
neoadjuvant platinum-based chemotherapy to evaluate the
association of TILs with HRD status (Myriad Genetics) and tumor
BRCA1/2 mutation status. Furthermore, the relationship between
pathologic response assessed using the residual cancer burden (RCB)
index and HRD status with adjustment for TILs was evaluated.

Introduction
Triple-negative breast cancers (TNBC) are highly proliferative
cancers that lack expression of estrogen receptors (ER) and progesterone receptors (PR), as well as overexpression or ampliﬁcation of the
HER2 oncogene (1). The current standard of care for the systemic
treatment of newly diagnosed primary TNBC is anthracycline and
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Results: Among 161 patients, stromal TIL (sTIL) density was not
signiﬁcantly associated with HRD status (P ¼ 0.107) or tumor
BRCA1/2 mutation status (P ¼ 0.391). In multivariate analyses, sTIL
density [OR, 1.23; 95% conﬁdence interval (CI), 0.94–1.61;
P ¼ 0.139] was not associated with pCR, but was associated with
RCB 0/I status (OR 1.62; 95% CI, 1.20–2.28; P ¼ 0.001). HRD was
signiﬁcantly associated with both pCR (OR 12.09; 95% CI,
4.11–44.29; P ¼ 7.82  107) and RCB 0/I (OR 10.22; 95% CI,
4.11–28.75; P ¼ 1.09  107) in these models.
Conclusions: In patients with TNBC treated with neoadjuvant
platinum-based therapy, TIL density was not signiﬁcantly associated with either tumor BRCA1/2 mutation status or HRD status. In
this pooled analysis, HRD and sTIL density were independently
associated with treatment response, with HRD status being the
strongest predictor.

taxane-based combination chemotherapy. In operable TNBC, neoadjuvant therapy has become widely utilized given the prognostic
signiﬁcance of pathologic response on long-term outcomes and the
opportunity to modify adjuvant therapy based on pathologic response
after neoadjuvant therapy (2). Current questions of interest include
whether platinum should be routinely incorporated into the curative
multi-drug chemotherapy regimen for patients with newly diagnosed
TNBC and whether therapies stimulating host antitumor immunity
have a role in primary disease.
A subset of sporadic TNBCs share many features with germline
BRCA1 or BRCA2 (BRCA1/2) mutation-associated cancers, including
defective homologous recombination (HR) DNA repair (3). This HR
deﬁciency may be driven by a number of potential mechanisms
including methylation of the BRCA1 promoter, germline mutation
in non-BRCA1/2 HR pathway genes, as well as somatic mutations in
the HR pathway, including BRCA1 or BRCA2. Biomarkers of homologous recombination deﬁciency (HRD), or “BRCAness,” are being
investigated in breast and other cancers to determine whether they
might be able to select patients for therapies targeting tumors with
defective DNA repair, including platinums and PARP inhibitors. The
HRD assay (Myriad Genetics) incorporates three measures of genomic
instability, LOH, telomeric allelic imbalance (TAI), and large-scale
state transitions (LST), to capture this biology regardless of etiology (4).
Previous work from our group has shown that HR-deﬁcient TNBC is
associated with higher rates of pathologic response to neoadjuvant
platinum-based therapy compared with HR nondeﬁcient
tumors (5–10).
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Translational Relevance

There is increasing evidence that host antitumor immunity is
critical for the formation and progression of cancer, as well as the
effectiveness of standard-of-care therapies. In particular, the density of
tumor-inﬁltrating lymphocytes (TIL) is strongly associated with both
prognosis and prediction of neoadjuvant chemotherapy response in
patients with TNBC (11–17). Interestingly, recent data demonstrated
that HR-deﬁcient and BRCA1/2-mutant high-grade serous ovarian
cancers are enriched for immune cell inﬁltration (18). It was hypothesized that increased TIL inﬁltration may result from an increased
production of neoantigens by these tumors, providing the rationale for
combinatorial treatment strategies. To further evaluate the relationship between HRD, BRCA1/2 mutations, and TIL density in earlystage TNBC, we performed a pooled analysis of ﬁve phase II neoadjuvant clinical trials of platinum-based chemotherapy where HRD
status, BRCA1/2 mutation status, and tumor for TIL scoring were
available.

Materials and Methods
Data were pooled from ﬁve prospective phase II clinical trials of
neoadjuvant platinum-based therapy where HRD status and tumor
BRCA1/2 mutation status were available. The eligibility criteria for
inclusion in this pooled analysis included patients with stage I–III
disease, TNBC status, treatment with 4–6 cycles of platinum-based
neoadjuvant chemotherapy, available HRD status, available pathologic
response data, and available hematoxylin and eosin (H&E) tumor
section adequate for TIL assessment.
Description of the clinical studies
Full details of the study designs and efﬁcacy endpoints of PrECOG
0105 (NCT00813956), cisplatin-1 (NCT00148694), cisplatin-2
(NCT00580333), and NCT01372579 and TBCRC 008
(NCT00616967) have been reported previously (5, 7–10). The trials
included in this analysis are summarized in Table 1. These studies were
approved by the institutional review boards at each respective institution and were conducted in accordance with the Declaration of
Helsinki. Written informed consent was obtained from each subject.
The single arm phase II PrECOG 0105 study enrolled patients with
stage I–IIIA (T  1cm) triple-negative (ER/PR  5%, HER2-negative)

AACRJournals.org

Trial

N

Weeks of
therapy

PrECOG 0105 67 12–18
Cisplatin-1
Cisplatin-2
NCT01372579
TBCRC 008

18
32
26
18

12
12
12
12

Neoadjuvant regimen
Carboplatin, gemcitabine, and
iniparib
Cisplatin
Cisplatin and bevacizumab
Carboplatin and eribulin
Carboplatin, nab-paclitaxel,
 vorinostat

or BRCA1/2 germline mutation–associated breast cancer (5). A total of
93 patients were enrolled in this study and were treated with neoadjuvant carboplatin intravenously at an AUC of 2 on days 1 and 8,
gemcitabine 1,000 mg/m2 i.v. on days 1 and 8, and iniparib 5.6 mg/kg
i.v. on days 1, 4, 8, and 11 every 21 days for 4–6 cycles. Sixty-seven
patients who met the inclusion criteria were entered into the pooled
analysis
Cisplatin-1 is a single arm, phase II study that enrolled 29 patients
with stage I–III (T > 1.5 cm) TNBC (ER/PR < 1%, HER2-negative;
ref. 7). Prior to surgery, patients received four cycles of cisplatin
75 mg/m2 i.v. every 21 days. Eighteen patients who met the inclusion
criteria were entered into the pooled analysis.
Cisplatin-2 is a single arm, phase II trial that enrolled 51 patients
with stage I–III TNBC (ER/PR < 1%, HER2-negative) who were treated
with neoadjuvant cisplatin 75 mg/m2 i.v. every 3 weeks for four cycles
and bevacizumab 15 mg/kg every 3 weeks for three cycles prior to
deﬁnitive surgery (8). Thirty-two patients who met the inclusion
criteria were entered into the pooled analysis.
NCT0137257 is a single arm, phase II trial that enrolled 30 patients
with stage I–III (ER/PR < 1%, HER2-negative) TNBC (9). There was
no minimum tumor size requirement. Patients received carboplatin
AUC 6 i.v. every 21 days and eribulin 1.4 mg/m2 days 1 and 8 every
21 days for four cycles. Twenty-six patients who met the inclusion
criteria were entered into the pooled analysis.
TBCRC 008 is a multicenter phase II study that enrolled 62 patients
with clinical stage I–III HER2-negative breast cancer (10). Patients
with any ER/PR status were included in the original study but stratiﬁed
on the basis of hormone receptor status (ER and PR < 1% vs. ER or
PR > 1%). Participants received 12 weeks of preoperative carboplatin
AUC 2 i.v. weekly, nab-paclitaxel 100 mg/m2 weekly with vorinostat
400 mg orally daily, days 1–3 of every 7-day cycle or placebo. Eighteen
patients with TNBC who met the inclusion criteria were entered into
the pooled analysis.
HRD testing
The HRD assay utilizes next-generation sequencing on DNA
extracted from formalin-ﬁxed, parafﬁn-embedded or frozen tumor
tissue (4). The methods of DNA extraction are described previously (4).
Genome-wide SNP data were generated from a custom Agilent
SureSelect XT capture followed by sequencing on an Illumina
HiSeq2500. SNP data were analyzed using an algorithm that determines the most likely allele-speciﬁc copy number at each SNP location
after accounting for contamination of the tumor sample with nontumor DNA. Tumor sequence data for BRCA1 and BRCA2 were
analyzed for the presence of variants from wild-type sequence.
Variants were classiﬁed as deleterious or suspected deleterious based
on previously described criteria (19). Read coverage across each exon
was used to detect large rearrangements.
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Increased tumor-inﬁltrating lymphocytes (TIL) are prognostic
and predictive of therapy response in patients with early-stage
triple-negative breast cancer (TNBC). Likewise, germline mutations in BRCA1 and BRCA2, as well as measures of genomic
instability, including the homologous recombination deﬁciency
(HRD) assay, are also signiﬁcantly associated with response to
neoadjuvant chemotherapy, especially platinum-based therapy.
The relationship between TILs, HRD, and BRCA1/2 mutation
status in early-stage TNBC has been unclear. In this pooled analysis
of ﬁve neoadjuvant clinical trials of platinum-based therapy in
TNBC, we found that stromal TIL density was not signiﬁcantly
associated with HRD status or tumor BRCA1/2 mutation status. In
a multivariate model, HRD and TIL density were independently
associated with therapy response, with HRD being the strongest
independent predictor. Our data suggest that these biomarkers
should potentially be considered independently in future clinical
trials.

Table 1. Trials included in analysis.
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The HRD score is the sum of three biomarkers of genomic instability, which includes LOH, TAI, and LSTs. HRD scores ranged
between 0 and 100. Tumors with a high HRD score (42) or a tumor
BRCA1/2 (tBRCA) mutation were considered HR deﬁcient. Tumors
with a HRD score of <42 and no BRCA1/2 mutation were deﬁned as
HR nondeﬁcient. Germline BRCA1/2 status was not available for all
trials and tumor BRCA1/2 status was determined using nextgeneration sequencing of the primary breast tumor. A high binary
HRD score is deﬁned as being 42 or greater, whereas a low binary HRD
score is less than 42. The threshold of 42 was selected on the basis of the
5th percentile of HRD scores in tumors with known BRCA1/2 mutation or methylation status (4).
All patients had a core biopsy at baseline, on which HRD status was
assessed. All HRD assays were performed at Myriad Genetics, Inc and
processed in the HRD research laboratory. Samples that did not yield a
passing HRD score were excluded from this analysis.

Pathologic response assessment
In all ﬁve trials, pathologic complete response (pCR) was deﬁned as
having no invasive disease in either the breast or axillary nodes with
noninvasive breast residuals allowed (ypT0/is ypN0). In addition,
pathologic response was assessed using the residual cancer burden
(RCB) index (21). The RCB index is a validated measure of relapse-free
survival in patients with breast cancer treated with neoadjuvant
chemotherapy. RCB 0 indicates complete pathologic response
(ypT0/is ypN0); RCB I, minimal residual disease; RCB II, moderate
residual disease; and RCB III, extensive residual disease. As prior
studies have shown that for TNBC RCB I carries the same favorable
prognosis as RCB 0, responders were deﬁned as RCB 0/I and nonresponders as RCB II/III (21, 22). Patients who experienced progressive disease during neoadjuvant therapy were categorized as having no
pCR and an RCB category of III.
Statistical analysis
The primary objective of this retrospective pooled analysis was to
quantify iTILs and sTILs in pretreatment core biopsy breast tumor
samples and evaluate the association of iTILs and sTILs with HRD
status. Secondary objectives included evaluation of the association of
iTILs and sTILs with tBRCA mutation status and binary HRD score in
BRCA mutation–negative patients. In addition, we assessed the relationship between pCR and RCB 0/I with iTILs or sTILs while adjusting
for HRD status. Finally, the relationships between pCR and RCB 0/I
and HRD status while adjusting for iTILs, sTILs, age at diagnosis,
clinical stage, intended duration of neoadjuvant therapy, and clinical
trial were evaluated.
The evaluable analysis set includes all stage I–III patients with
TNBC who have a nonmissing HRD status and at least one nonmissing
TIL count. The evaluable set was used for demographics and other
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Variable
Clinical characteristics
Age
Clinical stage

Intended therapy duration
Trial
Clinical endpoints
pCR
RCB

HR deﬁciency
tBRCA mutation status

Binary HRD score

HRD status
TIL density
iTIL

sTIL

Statistic

Mean (SD)
Range
I
II
III
12 weeks
18 weeks
PrECOG
Other

49.4 (10.83)
24–78
12 (7.5%)
126 (78.3%)
23 (14.3%)
104 (64.6%)
57 (35.4%)
67 (41.6%)
94 (58.4%)

No
Yes
0/I
II/III
Missing

110 (68.3%)
51 (31.7%)
75 (46.6%)
84 (52.2%)
2 (1.2%)

Negative
Positive
Missing
Low (HRD < 42)
High (HRD  42)
Missing
Nondeﬁcient
Deﬁcient

122 (75.8%)
34 (21.1%)
5 (3.1%)
62 (38.5%)
95 (59.0%)
4 (2.5%)
61 (37.9%)
100 (62.1%)

<1%
10%
20%
<1%
10%
20%
30%
40%
50%

135 (83.9%)
22 (13.7%)
4 (2.5%)
37 (23.0%)
60 (37.3%)
24 (14.9%)
21 (13.0%)
6 (3.7%)
13 (8.1%)

baseline characteristics and for all statistical analyses. A subset of the
evaluable set included BCRA1/2-negative tumors. This set was utilized
for secondary analysis. Missing data were not imputed in this study. All
P values are two-sided and statistical signiﬁcance was set at 0.05.
Statistical analysis was performed using SAS.
In the primary analysis, the distribution of iTIL and sTIL counts that
were quantiﬁed, were investigated. As the counts were not normally
distributed, the Mann–Whitney test was used to evaluate the association of iTIL or sTIL densities in decile form with HRD status, BRCA1/
2 mutation status, and binary HRD score. In the secondary analyses,
multivariate logistic regression was utilized to assess the association of
the binary responses pCR and RCB 0/I with independent variables like
iTILs, sTILs, HRD status, clinical stage, age at diagnosis, clinical trial,
and intended duration of neoadjuvant therapy. The OR was reported
with a 95% conﬁdence interval (CI).

Results
Patient characteristics
A total of 161 patients from ﬁve clinical trials met criteria for
inclusion. The patient demographics and clinicopathologic data are
shown in Table 2. The average patient age was 49.4 years. Twelve
patients (7.50%) were clinical stage I, 126 patients (78.3%) were stage
II, and 23 patients (14.3%) were stage III.
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TIL scoring
Histopathologic TIL evaluation was performed on digitized pretreatment core biopsy H&E-stained sections. Intratumoral TILs (iTIL)
and stromal TILs (sTIL) were scored. Density of iTILs was scored in
deciles and deﬁned as the percentage of lymphocytic cells within tumor
nests having direct tumor cell contact with no intervening stroma.
Density of sTILs was also scored in deciles and deﬁned as the
percentage of lymphocytic cells in the tumor stroma. In accordance
with the international TIL working group guidelines (20), an expert
breast cancer pathologist (S.S. Badve) scored these sections blinded to
outcome data. TILs were scored only on those patients who met the
criteria for inclusion this this pooled analysis.

Table 2. Patient characteristics (N ¼ 161).

Association of TILs with HRD and BRCA1/2 Mutations in TNBC

Regarding clinical endpoints, pCR was achieved in 51 (31.7%)
patients and RCB 0/I was achieved in 75 (46.6%) patients. Among
the 161 patients, 100 patients (62.1%) were HR deﬁcient, which
includes patient's with an HRD score  42 or a tumor mutation in
BRCA1/2. Within this group, 34 patients (21.1%) had a tumor mutation in BRCA1/2. Furthermore, 62 (38.5%) patients from the entire
group had a low binary HRD score (HRD score < 42), whereas 95
(59.0%) had a high binary score (HRD score  42). The majority of
patients had an iTIL density of <1% (83.9%) and 64 (39.8%) had a sTIL
density  20%.

Association of TILs and pathologic response
Elevated sTIL density was not associated with pCR (P ¼ 0.107), but
was signiﬁcantly associated with RCB 0/I (P ¼ 0.002) among patients
treated with platinum-based neoadjuvant chemotherapy, as shown
in Fig. 1.
In univariate analysis, HR-deﬁcient patients were more likely to
achieve pCR (OR 9.54; 95% CI, 3.82–29.12; P ¼ 9.47  108) and RCB
0/I (OR 9.10; 95% CI, 4.25–21.09; P ¼ 1.36  10–9) compared with HR
nondeﬁcient patients (Table 3). Furthermore, tumors with tBRCA1/2
mutations were also more likely to achieve pCR (OR 2.30; 95% CI,
1.05–5.04; P ¼ 0.038) and RCB 0/I (OR 2.83; 95% CI, 1.29–6.53; P ¼
0.009) compared with tBRCA1/2 wild-type tumors. This association

Discussion
In this cohort of 161 patients pooled from ﬁve phase II neoadjuvant
clinical trials of platinum-based therapy, the densities of iTIL and sTIL
were not signiﬁcantly associated with HRD status, tBRCA1/2 mutation
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Association between TILs, HRD, and tBRCA1/2 status
iTIL and sTIL densities were not signiﬁcantly associated with HRD
status (P ¼ 0.369 and P ¼ 0.107, respectively). Furthermore, iTIL and
sTIL density were not associated with tBRCA1/2 mutation status (P ¼
0.312 and P ¼ 0.391). Among tBRCA1/2-negative patients, binary
HRD score (42 vs. <42) was not associated with iTIL or sTIL density
(P ¼ 0.536 and P ¼ 0.228, respectively).

was also seen in the tBRCA1/2-negative patients with a high binary
HRD score for both pCR (OR 8.78; 95% CI, 3.34–27.78; P ¼ 2.52 
106) and RCB 0/I (OR 8.20; 95% CI, 3.61–20.08; P ¼ 1.57  107).
In regards to TILs, iTIL density was not associated with either pCR
or RCB 0/I in univariate analyses. Patients with elevated sTIL densities
were more likely to achieve a RCB 0/I outcome (OR 1.34; 95% CI, 1.11–
1.66; P ¼ 0.002) compared with lower sTIL densities, but sTIL density
was not signiﬁcantly associated with pCR. Other factors of signiﬁcance
in univariate analyses for pCR included age at diagnosis and trial.
Signiﬁcant factors for RCB 0/I in univariate analyses included age at
diagnosis and clinical stage.
Multivariate logistic regression was used to assess whether sTIL or
iTIL density and HRD status were signiﬁcant predictors of pCR and
RCB 0/I after adjusting for clinical covariates (Table 4). In this model,
HR-deﬁcient status remained a signiﬁcant predictor of both pCR (OR
12.09; 95% CI, 4.11–44.29; P ¼ 7.82  107) and RCB 0/I (OR 10.22;
95% CI, 4.11–28.75; P ¼ 1.09  107). In the multivariate model,
neither iTIL (OR 0.75; 95% CI, 0.26–2.14; P ¼ 0.585) nor sTIL density
(OR 1.23; 95% CI, 0.94–1.61; P ¼ 0.139) showed an association with
pCR. Furthermore, iTIL was not associated with RCB 0/I (OR 0.53;
95% CI, 0.17–1.63; P ¼ 0.260), but sTIL was (OR 1.62; 95% CI, 1.20–
2.28; P ¼ 0.001). In the multivariate analysis, age at diagnosis and
intended duration of therapy were not independently predictive for
pCR or RCB 0/I. Clinical stage was an independent predictor for RCB
0/I only. Clinical trial was an independent predictor for pCR only.

Figure 1.
Association of sTIL density and pathologic response. Violin plots show the distribution of sTIL density by chemotherapy response (pCR vs. no pCR and RCB 0/I vs.
RCB II/III). The width of each violin plot is proportional to estimated density of sTILs and points are overlain to identify the distribution seen in our data. P values are
from univariate logistic regression and test the association between sTILs and response.
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Table 3. Univariate logistic regression analysis for pathologic response.
pCR
Variable
HR deﬁciency
HRD status
tBRCA mutation status
Binary HRD score
TIL density
iTIL
sTIL
Clinical characteristics
Age
Clinical stage

Trial

I
II
III
12 Weeks
18 Weeks
PrECOG 0105
NCT00148694
NCT00580333
NCT01372579
TBCRC 008

P

OR (95% CI)

P

1
9.54 (3.82–29.12)
1
2.30 (1.05–5.04)
1
8.78 (3.34–27.78)

9.47  108

1
9.10 (4.25–21.09)
1
2.83 (1.29–6.53)
1
8.20 (3.61–20.08)

1.36  109

0.038
2.52  106

0.009
1.57  107

1.40 (0.67–2.85)
1.16 (0.97–1.40)

0.355
0.107

1.63 (0.81–3.44)
1.34 (1.11–1.66)

0.174
0.002

0.95 (0.92–0.98)
3.24 (0.97–11.57)
1
0.82 (0.28–2.14)
1
1.44 (0.72–2.85)
1
0.38 (0.08–1.31)
0.35 (0.11–0.98)
1.40 (0.55–3.54)
1.91 (0.66–5.56)

0.002
0.130

0.95 (0.92–0.98)
6.16 (1.54–41.16)
1
0.85 (0.33–2.12)
1
1.86 (0.97–3.62)
1
0.30 (0.09–0.90)
0.47 (0.19–1.10)
0.57 (0.23–1.43)
1.12 (0.38–3.42)

0.002
0.025

status, or binary HRD score. Multiple prior studies have identiﬁed TIL
density as an important biomarker for both prognosis and prediction
of chemotherapy beneﬁt in early stage TNBC (11–17). BRCA1/2
mutation status, as well as HRD status have also been found to be
associated with signiﬁcantly higher pCR rates to neoadjuvant
chemotherapy (3, 5–10). Our data suggest that in early stage TNBC,
TIL, HRD, and tBRCA1/2 biomarker subsets may be distinct and
nonoverlapping. This is an important negative ﬁnding and is in
contrast to a prior study suggesting that HR-deﬁcient and BRCA1/
2-mutant ovarian cancers are enriched for immune cell inﬁltration (19). Overall, this suggests that in early stage patients with TNBC

0.300
0.032

0.063
0.120

with or without BRCA1/2 mutations or HR deﬁciency, tumor immunogenicity is an independent phenomenon. This ﬁnding is important
for future clinical investigations of DNA repair–targeted therapeutics
and immunotherapies in primary TNBC. In addition, these data
suggest that factors other than genomic instability associated with
HRD deﬁciency are driving antitumor immunity in primary TNBC.
Currently, multiple studies are ongoing to evaluate PARP inhibitors
and PD-1/PD-L1 inhibitors in TNBC and BRCA1/2 mutation–
associated breast cancer with early proof-of-concept data reported
from investigations in the advanced disease setting (23, 24). Efforts to
better understand the biomarkers predicting these responses in

Table 4. Multivariate logistic regression analysis with pathologic response.
pCR
Variable
HR deﬁciency
HRD status
TIL density
iTIL
sTIL
Clinical characteristics
Age
Clinical stage

Intended duration of neoadjuvant therapy
Trial
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Nondeﬁcient
Deﬁcient

I
II
III
12 weeks
18 weeks
PrECOG 0105
NCT00148694
NCT00580333
NCT01372579
TBCRC 008

RCB 0/I

OR (95% CI)

P

OR (95% CI)

P

1
12.09 (4.11–44.29)

7.82  107

1
10.22 (4.11–28.75)

1.09  107

0.75 (0.26–2.14)
1.23 (0.94–1.61)

0.585
0.139

0.53 (0.17–1.63)
1.62 (1.20–2.28)

0.260
0.001

0.96 (0.92–1.00)
3.22 (0.71–16.62)
1
0.47 (0.11–1.72)
1
2.72 (0.49–22.01)
1
0.91 (0.10–9.57)
1.07 (0.15–10.05)
7.91 (1.16–77.08)
8.31 (1.16–84.58)

0.054
0.131

0.97 (0.94–1.01)
9.26 (1.53–84.84)
1
0.70 (0.21–2.30)
1
1.20 (0.20–6.70)
1
0.30 (0.04–2.13)
0.75 (0.12–4.56)
0.85 (0.12–5.58)
1.85 (0.25–13.69)

0.151
0.032

0.263
0.005

0.833
0.313
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Intended therapy duration

Nondeﬁcient
Deﬁcient
Negative
Positive
Low
High

RCB 0/I

OR (95% CI)
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analysis with prior TIL assessment, 2 patients were excluded on the
basis of ER-positive disease, 2 excluded due to receipt of <4 cycles of
therapy, 1 excluded because of being lost to follow-up with no response
data (never had surgery), 3 excluded because of inability to score TIL,
and 15 excluded for no HRD data (no remaining tissue available,
insufﬁcient tumor to attempt DNA extraction, inadequate DNA yield
following extraction, and insufﬁcient tumor DNA content). Among 20
excluded cases with TIL data, 8 had sTIL 0%–10%, 8 had sTIL 11%–
59%, and 4 had sTIL  60%. This, along with the overall very low
frequency of high TIL cases observed in the pooled analysis by Adams
and colleagues, suggests that this possibility is unlikely to have
introduced signiﬁcant confounding in our results. Despite these
limitations, this study has strengths as well. The cohort was highly
representative of early stage TNBC seen in practice in the United
States, the overall sample size was large, and all patients were prospectively treated on a clinical trial with pathologic response as the
primary endpoint. As such, the cohort was very well characterized and
TILs were independently scored by an expert pathologist blinded to the
outcome data.
In summary, we observed that TIL density, while associated with
response to neoadjuvant platinum-based chemotherapy, was not
associated with tumor HRD or BRCA1/2 mutation status in early
stage patients with TNBC. Furthermore, tumor HRD status was
associated with a much higher odds of favorable pathologic response
than TIL density in this pooled analysis of ﬁve prospective trials. Given
the disparate results we observed compared with those observed in
high-grade serous ovarian cancer, further evaluation of the overlap of
these biomarkers in independent datasets of early stage patients with
TNBC is needed. In addition, our study reports a relatively low
frequency of high TIL tumors (sTIL density  60%) among patients
included in this pooled analysis. These data, along with that of other
United States–treated cohorts, suggests the frequency of high TIL
triple-negative tumors may vary geographically with much higher
frequencies reported in Western Europe. Further study of these
geographic differences in the degree of TIL inﬁltration of primary
TNBC are required and may have implications for current management and future investigational approaches.
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individual patients will be important for the development of this
combinatorial strategy in breast cancer and other solid tumors.
Both sTIL density and HRD status were signiﬁcantly associated with
favorable response (RCB 0/I) in univariate and multivariate analyses.
However, sTIL density was not associated with pCR, whereas HRD
status was strongly associated with an improved odds of pCR. Taken
together, the lack of association of TIL density with HRD status and the
positive association of sTIL density with RCB 0/I, suggests that sTIL is
independently predictive of response to platinum-based therapy, albeit
less predictive than HRD status. In this cohort, HRD status was a
superior predictor of response to platinum-based chemotherapy in
TNBC in comparison with TIL density with ORs for HRD being 6- to
10-fold higher. A recent pooled analysis from Denkert and colleagues
included 906 patients with TNBC treated with neoadjuvant chemotherapy reported a pCR rate of 31% among 260 patients with low sTILs
(0%–10%), 31% pCR rate among 373 patients with intermediate
sTILs (11%–59%), and a pCR rate of 50% among 273 patients with
high sTILs (60%). In our study, sTIL density 0%–10% was observed
in 60% of patients and only 8.1% had sTIL  60%. Given the lack of
difference in neoadjuvant therapy response in the low and intermediate sTIL groups reported by Denkert and colleagues, this explains,
in our assessment, the lack of association we observed between sTIL
density and pCR. Why the distribution of sTIL is so much higher in
their German cohort compared with what we observed in our cohort
treated in the United States is unclear. To evaluate this further, we
looked at an article by Adams and colleagues, which evaluated TILs
in a primarily U.S. patient population and included patients with
TNBC enrolled on the adjuvant Eastern Cooperative Oncology
Group (ECOG) 1199 and ECOG 2197 trials. In this article, consistent
with our TIL distribution ﬁnding, 12 of 481 (2.4%) of patients with
TNBC had sTIL density  60%.
There were several limitations to our study. First, as a pooled
analysis there is inherent heterogeneity among the different studies
pooled in terms of cohort and treatment variables. In particular,
patients did not all receive the same chemotherapy regimen, as some
received platinum monotherapy, while others were treated with multidrug combinations. Importantly, no patients received anthracyclinebased neoadjuvant therapy. Patients treated with taxane-containing
therapy had a higher odds of pCR in our multivariate model, but this
difference was nonsigniﬁcant when looking at RCB 0/I as an endpoint.
Germline BRCA1/2 mutation status was not uniformly available and
for this analysis BRCA1/2 mutation data were obtained from tumor
sequencing. While the overwhelming majority of BRCA1/2 mutations
found on tumor sequencing are germline in origin, we could not
determine that in our study. Overall, 34 of 161 (21.1%) patients
included had tumor mutations in BRCA1/2 in this analysis and the
small sample could have reduced the power to see an association with
TIL density. Regarding sample size, this pooled analysis included 161
patients of among 224 patients enrolled in these studies with TNBC
(72%). While the reason for exclusion were many, the most common
reasons included lack of available response data, receipt of <4 cycles of
therapy, lack of adequate tumor remaining for HRD and TIL analysis
particularly with the older studies, and no HRD status available. We
considered the possibility that high TIL inﬁltration may result in high
nontumor DNA content, in making it more likely that these cases
would result in failed HRD assays. As the HRD assay is able to be
calculated down to 20%–30% tumor content, there would need to be a
large inﬁltration of TILs for HRD analysis to fail. While we did not have
TIL data available on the excluded cases in this analysis, in PrECOG
0105, we did have TIL scoring for all patients treated with six cycles of
therapy from a prior analysis. Among 23 patients excluded from this
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