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Abstract 

Patients with triple-negative breast cancer (TNBC) who achieve pathologic complete response (pCR) to neoadjuvant systemic therapy 
have favorable survival, while those with residual disease have high recurrence risk. Stromal tumor infiltrating lymphocytes (sTILs) 
and TNBC-DX both predict pCR in TNBC. Whether these 2 biomarkers provide complementary information has not been tested. We 
evaluated sTILs and TNBC-DX in TNBC patients treated with docetaxel-carboplatin (TCb) on the MMJ-CAR-2014-01 study 
(NCT01560663) or TCb plus pembrolizumab (TCbþPem) on the NeoPACT trial (NCT03639948). sTILs and TNBC-DX independently pre
dicted pCR in patients treated with TCbþPem. Patients with sTILs≥ 30% and a TNBC-DX pCR-high genomic score achieved a pCR rate 
of 91.3% with TCbþPem. An integrated classification incorporating sTILs and TNBC-DX identified approximately 40% of the NeoPACT 
cohort with a pCR rate exceeding 85%. The integrated classification was prognostic for event-free survival in patients treated with 
TCbþPem. Integrating sTILs and TNBC-DX may facilitate chemoimmunotherapy escalation and de-escalation trials.

Neoadjuvant systemic therapy (NAST) is the standard-of-care for 
patients with early-stage high-risk triple-negative breast cancer 
(TNBC)1 and response to NAST predicts long-term survival.2,3

Immunologic enrichment, defined by either high levels of stro
mal tumor infiltrating lymphocytes (sTILs) or various gene 
expression-based biomarkers of immunologic enrichment, is a 
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known predictor of response to NAST.4-7 TNBC-DX is a 15-gene 
test which integrates a 10-gene core immune module (CD274, 
CD79A, CXCR6, IRF4, LAX1, PDCD1, PIM2, POU2AF1, SLAMF1, and 
TNFRSF17), a 4-gene tumor cell proliferation module (EXO1, 
ASPM, NEK2, and KIF23) and ERBB2, with tumor size (T1, T2, and 
T3-4 categories) and nodal involvement (N0, N1, and N2-3 cate
gories); it has been validated as a reliable predictor of pathologic 
complete response (pCR) in multiple cohorts of TNBC patients 
treated with NAST with or without immunotherapy.8 We previ
ously showed that while sTILs were prognostic on univariate 
analysis in TNBC treated without neoadjuvant immunotherapy, 
sTILs were not independently prognostic in multivariate models 
that included TNBC-DX pCR.8 Whether sTILs and TNBC-DX pCR 
provide complementary prognostic information in TNBC receiv
ing neoadjuvant chemoimmunotherapy remains uncertain.

We analyzed sTILs and TNBC-DX pCR in 280 patients with 
TNBC treated with neoadjuvant carboplatin plus docetaxel (TCb) 
on the MMJ-CAR-2014-01 study (NCT01560663)9 and 108 patients 
with TNBC treated with neoadjuvant TCb plus pembrolizumab 
(TCbþPem) on the NeoPACT trial (NCT03639948).10 All research 
was conducted in accordance with ethical standards of the 
Helsinki Declaration, and both studies were approved by the rele
vant institutional review board. sTILs were centrally evaluated 
by a single expert pathologist (R.S.) according to international 
consensus guidelines.11 Tumors were categorized as sTIL-low 
(<5%), sTIL-medium (5%-29%), or sTIL-high (≥30%). The ≥30% 
threshold was chosen to define sTIL-high as it has been shown to 
be prognostic in multiple studies, exhibits good pathologist inter
rater reliability, and is being used in ongoing prospective trials to 

assign treatment.10,12-14 The TNBC-DX genomic score was calcu
lated and pre-established cut-offs defined TNBC-DX pCR-low, 
-medium, and -high groups. Absolute rates of pCR were calcu
lated for groups defined by both sTILs and TNBC-DX pCR groups. 
Binary logistic regression models were used to assess the associa
tion between sTILs, TNBC-DX pCR, and pCR. P< .05 defined stat
istical significance, and all statistical tests were 2-sided.

Patient and tumor characteristics for patients from both 
cohorts have been previously reported.9,10,14 Patients treated on 
MMJ-CAR-2014-01 (TCb) were older, less likely to be Black, had a 
higher presenting clinical TNM stage, and lower levels of sTIL 
infiltration compared to patients treated on NeoPACT 
(TCbþPem). The overall pCR rate in MMJ-CAR-2014-01 and 
NeoPACT was 51% (95% CI¼ 45% to 57%) and 58% (95% CI¼ 49% 
to 68%), respectively. As continuous variables, sTILs and TNBC- 
DX pCR were moderately correlated (Spearman ρ¼0.46, P< .001). 
On univariate analysis, sTILs and TNBC-DX pCR were associated 
with pCR as both continuous and categorical variables in patients 
treated with TCb and TCbþPem (Table 1). On multivariate analy
sis including nodal status and TNBC-DX pCR, sTILs were not 
prognostic in patients treated with TCb but were prognostic in 
patients treated with TCbþPem (Table 1).

Patients in both treatment cohorts were classified according 
to sTILs and TNBC-DX pCR categories (Figure 1, A and B) and pCR 
rates were calculated for each group (Figure 1, C and D). In the 
TCbþPem-treated cohort with sTILs≥ 30% and a TNBC-DX pCR- 
high genomic score, the pCR rate was 91.3% (Figure 1, D). Since 
sTILs and TNBC-DX pCR were independently prognostic among 
patients treated with TCbþPem, we designated integrated-low 

Table 1. Univariate and multivariate analysis of pCR.

MMJ-CAR-2014-01 NeoPACT

OR (95% CI) P OR (95% CI) P

Univariate model
Nodal status

Negative Ref — Ref —
Positive 0.68 (0.42 to 1.09) .105 0.42 (0.19 to 0.93) .033

sTILs (each 10% increment) 1.16 (1.06 to 1.26) .001 1.27 (1.11 to 1.46) .001
sTILs

Low (<5%) Ref — Ref —
Medium (5%-29%) 1.70 (0.95 to 3.02) .073 1.60 (0.56 to 4.62) .382
High (≥30%) 3.13 (1.74 to 5.62) <.001 5.61 (2.10 to 15.03) .001

TNBC-DX pCR score (each 10-percentile increment) 1.35 (1.22 to 1.50) <.001 1.46 (1.17 to 1.82) .001
TNBC-DX pCR

Low Ref — Ref —
Medium 3.94 (2.16 to 7.19) <.001 3.39 (1.28 to 8.97) .014
High 5.53 (2.90 to 10.53) <.001 7.25 (2.55 to 20.62) <.001

Multivariate model (continuous variables)
Nodal status

Negative Ref — Ref —
Positive 1.02 (0.60 to 1.75) .932 0.44 (0.17 to 1.13) .087

sTILs (each 10% increment) 1.03 (0.93 to 1.14) .521 1.26 (1.09 to 1.46) .002
TNBC-DX pCR Score (each 10-percentile increment) 1.33 (1.18 to 1.49) <.001 1.28 (1.03 to 1.61) .029
Multivariate model (categorical variables)
Nodal status

Negative Ref — Ref —
Positive 0.94 (0.55 to 1.60) .817 0.47 (0.17 to 1.31) .149

sTILs
Low (<5%) Ref — Ref —
Medium (5%-29%) 1.28 (0.69 to 2.39) .438 0.96 (0.29 to 3.20) .949
High (≥30%) 1.67 (0.85 to 3.29) .141 4.04 (1.25 to 13.02) .019

TNBC-DX pCR
Low Ref — Ref —
Medium 3.63 (1.90 to 6.95) <.001 1.97 (0.64 to 6.05) .237
High 4.11 (1.95 to 8.68) <.001 3.76 (1.05 to 13.41) .041
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(Int-L; low sTILs and/or low TNBC-DX pCR), integrated-medium 
(Int-M; medium sTILs and medium/high TNBC-DX pCR), and 
integrated-high (Int-H; high sTILs and medium/high TNBC-DX 
pCR) groups within the NeoPACT cohort (Figure 1, B). We then 

calculated the distribution of patients based on sTILs, TNBC-DX 
pCR, and the integrated classification (Figure 1, E). Use of the 
integrated classification gave the broadest discrimination in pCR 
rates between the 3 risk groups while also partitioning the most 
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Figure 1. Classification and Prognostication of TNBC by sTILs and TNBC-DX pCR. Classification of patients on MMJ-CAR-2014-01 (A) and NeoPACT (B) 
based on categorical sTIL and TNBC-DX pCR classification. Size of circle and value represent percent of all patients within each study with that dual 
classification. In (B), red denotes Int-L, blue denotes Int-M, and green denotes Int-H integrated classification incorporating sTILs and TNBC-DX pCR. 
pCR rates within each sTIL and TNBC-DX pCR classification in MMJ-CAR-2014-01 (C) and NeoPACT (D). (E) Pie charts show the distribution of patients 
by classification method and bar graphs show pCR rates by sTILs, TNBC-DX pCR, and the integrated classification in NeoPACT. (F) Event-free survival 
within Int-L, Int-M, and Int-H integrated classification groups for NeoPACT. P is log-rank statistic.
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patients into discrete low- or high-pCR groups (81.5% for inte
grated vs 67.6% for TNBC-DX pCR vs 75.0% for sTILs) (Figure 1, E). 
The integrated classification also improved discrimination per
formance in predicting pCR compared to categorical sTILs alone 
and categorical TNBC-DX pCR alone (C-statistics 0.693 [sTILs], 
0.707 [TNBC-DX pCR], and 0.763 [integrated classification]). 
Notably, the Int-H group accounts for nearly 40% of the NeoPACT 
cohort, and the pCR rate among this group of patients exceeded 
85% (Figure 1, E). The integrated classification was prognostic for 
event-free survival in patients treated with TCbþPem (Figure 1, 
F). In NeoPACT, compared to the Int-L group, the Int-M group 
had numerically higher EFS (94% vs 74%; HR¼ 0.26, 95% CI¼0.03 
to 2.05, P¼ .20) and the Int-H group had significantly higher EFS 
(98% vs 74%; HR¼ 0.12, 95% CI¼ 0.02 to 0.94, P¼ .04). The inte
grated classification was not associated with EFS within pCR 
(P¼ .23) and no pCR (P¼ .74) groups, though this analysis is lim
ited by low event numbers within subgroups.

In summary, we show that sTILs and the TNBC-DX genomic 
classifier independently predict pCR in TNBC treated with neoad
juvant docetaxel-carboplatin chemotherapy plus pembrolizu
mab, suggesting that gene expression and sTILs provide distinct 
and potentially complementary information. To our knowledge, 
this is the first analysis of prospectively treated TNBC patients 
that shows independent prognostic utility of sTILs and a vali
dated genomic assay. Among patients with sTILs≥30% and a 
TNBC-DX pCR-high genomic score who received chemoimmuno
therapy, the pCR rate was 91.3%. To our knowledge, a biomarker- 
selected TNBC subgroup predicted to achieve a pCR rate of >90% 
has not been identified to date. Moreover, the subgroup we 
defined as Int-H accounted for approximately 40% of patients 
treated with chemoimmunotherapy, and the pCR rate in this 
group still exceeded 85%. Patients with a TNBC-DX pCR-low score 
and/or sTILs <5% also accounted for approximately 40% of 
patients treated with chemoimmunotherapy, and only one-third 
of these patients achieved a pCR with chemoimmunotherapy, 
which is substantially below the pCR rate observed in unselected 
TNBC patients treated with chemoimmunotherapy.10,15 Use of 
an integrated classification system with both biomarkers was 
associated with event-free survival in the TCbþPem-treated 
cohort. Limitations of our current analysis include the low num
ber of EFS events within NeoPACT, lack of a validation cohort of 
patients treated with chemoimmunotherapy, and limitations in 
making inferences about subgroups given the relatively small 
number of patients in each category. There are notable differen
ces in disease burden between the MMJ-CAR-2014-01 and 
NeoPACT cohorts that may confound comparisons between 
these studies. Although the MMJ-CAR-2014-01 cohort had a 
larger proportion of patients with higher T stage and nodal 
involvement, these 2 variables are incorporated into the TNBC- 
DX score, which allows for interstudy comparison of the assay 
between the 2 cohorts. Although T stage and nodal involvement 
are incorporated into TNBC-DX, other differences between MMJ- 
CAR-2014-01 and NeoPACT could impact the validity of inter
study comparisons and the generalizability of our findings to 
other populations. Validation of TNBC-DX is planned in our 
ongoing NeoTRACT trial (NCT05645380), which is prospectively 
assessing chemoimmunotherapy de-escalation based on sTILs 
and radiographic response. Integrated analysis of sTILs and 
TNBC-DX may be of use to identify patients suitable for future 
chemoimmunotherapy de-escalation and escalation trials. 
Specifically, we posit that patients with an Int-L biomarker pro
file are high-risk and could be ideal candidates for studies 

evaluating intensification of neoadjuvant therapy, while patients 
with an Int-H biomarker profile might be suitable for trials that 
are examining personalized de-escalation of neoadjuvant sys
temic therapy.
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