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Simple Summary: High stromal tumor-infiltrating lymphocytes (sTILs) are associated with an
improved pathologic complete response (pCR) and survival in triple-negative breast cancer (TNBC).

Published: 4 March 2022 We hypothesized that high baseline sTILs would have a favorable prognostic impact in TNBC patients

Publisher’s Note: MDPI stays neutral ~ Without a pCR. In this study of 318 early-stage TNBC patients in a prospective clinical trial, event-free
survival (EFS) in patients without a pCR was not significantly different between those with high
sTILs and those with low sTILs (p = 0.7). Therefore, high baseline sTILs do not confer a benefit in
EFS in the absence of a pCR. RNA-seq analysis predicted more CD8+ T cells in the high-sTIL group

with favorable EFS compared with the high-sTIL group with unfavorable EFS, suggesting the type of
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lymphocytes within the TIL fraction may be an important parameter to consider for de-escalation
strategies. The implications of our findings in the setting of immune checkpoint inhibitor therapy
remain to be investigated.
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esized that high baseline sTILs would have a favorable prognostic impact in TNBC patients without
a pCR after neoadjuvant chemotherapy (NACT). In this prospective NACT study, pretreatment
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analysis (RPA) was applied to search for the sTIL cutoff best associated with a pCR. With >20%
sTILs identified as the optimal cutoff, 33% patients had high sTILs (pCR rate 64%) and 67% had
low sTILs (pCR rate 29%). Patients were stratified according to the sTIL cutoff (low vs. high) and
response to NACT (pCR vs. residual disease (RD)). The primary endpoint was event-free survival
(EFS), with hazard ratios calculated using the Cox proportional hazards regression model and the
3-year restricted mean survival time (RMST) as primary measures. Within the high-sTIL group, EFS
was better in patients with a pCR compared with those with RD (HR 0.05; 95% CI 0.01-0.39; p = 0.004).
The difference in the 3-year RMST for EFS between the two groups was 5.6 months (95% CI 2.3-8.8;
p = 0.001). However, among patients with RD, EFS was not significantly different between those with
high sTILs and those with low sTILs (p = 0.7). RN A-seq analysis predicted more CD8+ T cells in the
high-sTIL group with favorable EFS compared with the high-sTIL group with unfavorable EFS. This
study did not demonstrate that high baseline sTILs confer a benefit in EFS in the absence of a pCR.

Keywords: triple-negative breast cancer; tumor-infiltrating lymphocytes; CD8; prognosis; neoadjuvant
chemotherapy; pathologic complete response

1. Introduction

The tumor immune microenvironment in triple-negative breast cancer (TNBC) plays a
fundamental role in the response to neoadjuvant chemotherapy (NACT). Tumor-infiltrating
lymphocytes (TILs) have emerged as an important immune biomarker, with multiple stud-
ies confirming their predictive and prognostic value in TNBC [1-5]. In the neoadjuvant
setting, a pooled analysis of six neoadjuvant trials (including 906 TNBC patients) demon-
strated a pathologic complete response (pCR) rate of 50% among high-stromal TIL (sTIL)
(defined as >60%) TNBC [3]. Another pooled analysis of GeparDuo and GeparTrio trials
confirmed that higher baseline TILs in pretreatment tumors are associated with higher rates
of pCR, a well-established surrogate endpoint in neoadjuvant breast cancer trials [6-8]. A
pooled analysis of nine adjuvant clinical trials (including 2148 TNBC patients) also con-
firmed the strong prognostic role of sTILs in early-stage TNBC patients, where patients with
node-negative TNBC and >30% sTILs had a 3-year distant disease-free survival (dDFS) of
97% and overall survival (OS) of 99% [4].

The majority of studies that have validated the prognostic value of high sTILs were in
the context of systemic therapy. However, recent retrospective studies have shown good out-
comes in early-stage TNBC patients with high sTILs in the absence of chemotherapy [9,10].
A recent small retrospective analysis of systemically untreated stage I TNBC patients
(treated at four centers; n = 72) showed 98% OS at 5 years in patients with >30% TILs [11].
Similarly, a retrospective analysis from Mayo Clinic of untreated TNBC patients (most with
node-negative disease) demonstrated a better prognosis in lymphocyte-predominant (LP)
TNBC (TILs > 50%) compared to those with lower levels of TILs [9]. In their exploratory
analysis, a better iDFS was still noted when using a >20% cutoff for high sTILs in sys-
temically untreated patients [9]. These findings have raised the possibility that a subset
of early-stage TNBC patients with immune infiltrate-enriched tumors may have excellent
outcomes without systemic therapy. There is a growing interest in the use of high sTILs to
select appropriate TNBC patients for de-escalation of neoadjuvant therapy [12,13]. Better
understanding of the high-sTIL TNBC population to identify those with an unfavorable
outcome is equally important for optimizing clinical management.

In this study, we aimed to evaluate the prognostic impact of high baseline sTILs in
patients with early-stage TNBC receiving NACT. Our hypothesis was that high sTILs
would have a favorable prognostic impact in patients who do not exhibit a pCR after NACT.
To test this hypothesis, we statistically identified an optimal cutoff for high sTILs to best
predict the likelihood of a pCR in our cohort and examined the impact of high sTILs on
event-free survival (EFS) as the primary outcome.
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2. Materials and Methods
2.1. Patient Population

The ARTEMIS (A Robust TNBC Evaluation fraMework to Improve Survival) trial
(NCT02276443) is an ongoing prospective trial and is approved by the institutional review
board of MDACC. It profiles early-stage TNBC patients prior to receiving NACT and uses
a unique algorithm of diagnostic imaging and biomarkers to select optimized targeted
therapy trial for patients with chemotherapy-insensitive disease. Written informed con-
sents were obtained from enrolled patients. Pretreatment (baseline) core biopsies from
318 patients with early-stage TNBC enrolled in the ARTEMIS trial, diagnosed between
October 2015 and November 2019, were assessed using recursive partitioning analysis to
identify the cutoff for high sTILs to best differentiate the cohort based on the association
with a pCR and were included in the outcome analysis. This sTIL cutoff was applied to
another 78 ARTEMIS trial patients not included in the first group for confirmation. All
patients received neoadjuvant dose-dense doxorubicin (Adriamycin)/cyclophosphamide
(AC). As per protocol, patients with chemotherapy-sensitive disease (>70% tumor vol-
umetric reduction by ultrasound after 4 cycles of AC) went on to receive taxane-based
NACT. Patients with chemotherapy-insensitive disease (<70% tumor volumetric reduction
by ultrasound after 4 cycles of AC) were offered enrollment in a phase II clinical trial with
a standard chemotherapy backbone and targeted agent based on the patients’ biomarker
profiling (Figure 1). Because this study aimed to focus on the impact of high sTILs on the
response to standard NACT, patients with a pCR in phase II clinical trials (1 = 14, including
6 with high sTILs and 8 with low sTILs) during the same enrollment period for this study
were excluded from both the recursive partitioning analysis and the outcomes analysis.
This step was taken because it was impossible to distinguish whether the pCR was due to
the effect of the targeted agents or due to the chemotherapy backbone.

2 70% decrease
in tumor volume

Paclitaxel
+/-
[ f lI: Carboplatin I:J W

Initial Doxorubicin Breast Ultrasound Surgery
. . > + > and/or MR idual di I:> Follow-u
Diagnosis Cyclophosphamide (Residual disease P

(Response assessment) assessment)

4

Pretreatment Biopsy

« Biomarker testing
= Stromal TIL assessment

g Clniee! :ﬁ
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< 70% decrease
in tumor volume

NCT02530489  Weekly nab-paclitaxel + atezolizumab x 12 weeks

NCT02593175  Weekly paclitaxel + carboplatin + panitumumab x 12 weeks
NCT02689427  Weekly paclitaxel + enzalutamide x 12 weeks
NCT02456857  Liposomal doxorubicin, bevacizumab, everclimus x 12 weeks

Figure 1. ARTEMIS trial schema. Treatment-naive patients with localized TNBC (stages I-III) undergo
a pretreatment biopsy and pretreatment ultrasound and then start 4 cycles of AC chemotherapy.
Patients have their tumors imaged to assess the treatment response after AC. Patients deemed to have
a chemo-sensitive disease after 4 cycles of AC are recommended to undergo standard taxane-based
chemotherapy. Patients predicted to be chemo-insensitive are offered therapy on clinical trials using
targeted therapy in combination with chemotherapy based on the biomarker characteristics of their
tumor, a ‘second hit’ strategy in the middle of NACT to overcome chemotherapy resistance. AC,
doxorubicin and cyclophosphamide; ARTEMIS, a robust TNBC evaluation framework to improve
survival; NACT, neoadjuvant chemotherapy; TNBC: triple-negative breast cancer.
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2.2. Pathological Evaluation

TNBC was defined as a tumor that was estrogen receptor (ER) negative, proges-
terone receptor (PR) negative, and human epidermal growth factor receptor 2 (HER2)
negative. In the ARTEMIS trial, ER and PR negativity was defined as <10% staining of
invasive carcinoma cells of any intensity by immunohistochemistry. HER2 negativity was
defined according to the American Society of Clinical Oncology/College of American
Pathologists HER? testing guidelines [14]. Stromal TILs were assessed on hematoxylin
and eosin (H&E)-stained baseline core biopsy slides based on the International TIL Work-
ing Group guidelines, whereby the percentage of stromal TILs is calculated as the area
of the tumor stroma occupied by mononuclear inflammatory cells divided by the total
tumor stromal area [15]. Stromal TILs were evaluated by a central pathology review and
recorded in increments of 10%, with 5% and above rounded up to the next higher increment
(Supplementary Figure S1). A pCR was defined as the absence of invasive cancer within
the breast and regional lymph nodes (ypT0/ypNO0) and residual disease (RD) as the lack of
a pCR. Residual cancer burden (RCB) indices and class were calculated according to previ-
ously published methods from the histopathological features of residual disease specimens
after NACT [16,17].

2.3. Recursive Partitioning Analysis

We applied recursive partitioning analysis to search for the sTIL cutoff that was best
associated with a pCR in our study. Briefly, recursive partitioning analysis is a tree-based
method that splits the population according to one or more explanatory factors so that
each subgroup demonstrates similar outcomes. In this setting, the only explanatory factor
was sTILs assessed as a continuous variable and the outcome was a pCR. So the recursive
partitioning analysis selected the level of sTILs that would best predict subjects who would
achieve a pCR on following the ARTEMIS treatment protocol. After the sTIL threshold was
set, with subjects meeting the threshold categorized into the high-sTIL group, we correlated
the sTIL groups with outcomes.

2.4. Outcomes Analysis

The primary endpoint for the study was EFS, defined as the time from the date of
diagnosis to the date of the first relapse (locoregional or distant metastatic disease) or
death resulting from any cause, whichever occurred first. The secondary endpoint was OS,
defined as the time from the date of diagnosis to the date of death from any cause. Patients
who were alive (for OS) and event free (for EFS) were censored at the date of last follow-up.
We calculated the 3-year restricted mean survival time (RMST) and fitted Cox proportional
hazards regression models for each of the outcomes. The latter was not performed if any of
the arms did not have an event. Patients were stratified according to sTILs (cutoff identified
by recursive partitioning analysis) and pCR versus RD.

2.5. Additional Statistical Analysis

Wilcoxon rank-sum tests were used to compare the distribution of stromal TILs be-
tween prognostic groups. Fisher’s exact tests were used to compare the distribution of
categorical parameters between groups. All statistical tests used a significance level of 5%.
No adjustments for multiple testing were made. All statistical analyses were performed
using R version 4.1.1.

2.6. Molecular/Vanderbilt Subtype Analysis

Gene expression profiles of the tumors were obtained using Affymetrix U133 microar-
rays and preprocessed with robust multiarray analysis (RMA) [18]. The data were quantile
normalized and uploaded to the TNBCType website for subtype estimation [19].
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2.7. Whole Transcriptomic Sequencing (RNA-Seq)

Total RNA was isolated, quality-checked using a 2200 Tapestation (Agilent Technolo-
gies), and converted to cDNA using the Ovation RNA-Seq System V2 (NuGEN). A library
was prepared using the KAPA library prep kit. Exomes were captured using the Roche
Nimblegen (Exome V3) probes and then sequenced on a NovaSeq 6000 (Illunima). From
the sequence data, we estimated the transcripts per million using RSEM [20], with a STAR
aligner [21]. We predicted the immune cell population using CIBERSORT [22] in absolute
mode so that the scores can be compared across cell types.

3. Results
3.1. Identifying an Optimal Cutoff for High sTILs

Among the 318 patients included in this study, 130 (41%) exhibited a pCR. Using
recursive partitioning analysis, we identified 20% (i.e., low < 20% and high > 20%) as the
optimal cutoff for defining high baseline sTILs in association with a pCR (Figure 2). With
this cutoff applied, the pCR rate was 64% (68/106) in the high-sTIL group and 29% (62/212)
in the low-sTIL group. We further tested the cutoff in 78 additional patients enrolled in the
ARTEMIS trial whose data subsequently became available. In this group, the pCR rate was
60% (n = 17/28) in the high-sTIL subset and 30% (16/50) in the low-sTIL subset, similar to
those observed with patients included in the recursive partitioning analysis.

120

100 A

80 4

60

PCR Rate (%)

40 -

<5 10 20 30 40 50 60 70 80 90

Low High
sTIL (%)

Figure 2. The pCR rates in sTIL groups in 10% increments in 318 patients. Recursive partitioning
analysis identified >20% for defining high sTILs in association with a pCR. The total number of
patients in each sTIL group is shown on top of the corresponding column. pCR, pathologic complete
response; sTIL, stromal tumor-infiltrating lymphocyte.

3.2. Patient Baseline Characteristics

Clinicopathological characteristics of the 318 patients grouped with the 20% sTIL
cutoff are summarized in Table 1. Compared with the low-sTIL group, the high-sTIL
group showed a significantly higher pCR rate, a lower frequency of enrollment in phase II
neoadjuvant clinic trials and adjuvant systemic therapy, a higher rate of grade 3 disease,
and a different distribution in the tumor stage and the nodal stage. Among patients with
RD, 47% (89/188) received adjuvant systemic therapy, including 70% (62/89) patients who
received capecitabine.
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Table 1. Patient clinicopathologic characteristics.
Overall Low TILs (<20%) High TILs (>20%) p-Value
Total Patients (%) 318 (100) 212 106
Median Age at Diagnosis (year range) 52.5 (24-77) 54 (24-77) 49 (27-77)
Race [n (%)] 0.087
White 240 (75) 159 (75) 81 (76)
Black 51 (16) 39 (18) 12 (11)
Asian 25 (8) 13 (6) 12 (11)
Native Hawaiian or Other Pacific Islander 1(0.5) 1(1) 0
Other 1(0.5) - 1(1)
Tumor Stage [ (%)] 0.002
T1 60 (19) 34 (16) 26 (24)
T2 208 (65) 134 (63) 74 (70)
T3 37 (12) 33 (15) 4(4)
T4 13 (4) 11(5) 2(2)
Nodal Stage [1 (%)] 0.009
NO 190 (60) 132 (62) 58 (55)
N1 79 (25) 46 (22) 33 (31)
N2 8 (3) 2(1) 6 (6)
N3 41 (12) 32 (15) 9 (8)
Clinical TNM Stage [1 (%)] 0.315
I 38 (12) 25 (12) 13 (12)
I 210 (66) 135 (64) 75 (71)
I 70 (22) 52 (24) 18 (17)
Histologic Grade [1 (%)] 0.019
1 2 (0.5) 2 (1) 0
2 38 (12) 32 (15) 6 (6)
3 278 (87.5) 178 (84) 100 (94)
Histologic Type [1 (%)] 0.473
Invasive ductal 265 (83) 172 (81) 93 (88)
Invasive lobular 3(1) 2(1) 1(1)
Metaplastic 35 (11) 26 (12) 9 (8)
Other * 15 (5) 12 (6) 3(3)
Systemic Neoadjuvant Therapy ' [ (%)] 0.009
Standard chemotherapy 267 (84) 168 (79) 99 (93)
Phase II NAT clinical trial ™ 51 (16) 44 (21) 7(7)
Surgery [1 (%)] 0.502
Mastectomy 126 (40) 89 (42) 37 (35)
Breast conserving surgery 187 (59) 120 (57) 67 (63)
No surgery (due to progression) 5(1) 3(2) 2(2)
Pathologic Response [1 (%)] <0.001
pCR/RCB-0 130 (41) 62 (29) 68 (64)
RCBI 45 (14) 34 (16) 11 (10)
RCB-II 109 (34) 92 (43) 17 (16)
RCB-III 34 (11) 24 (11) 10 (10)
Adjuvant Radiation [n (%)] 0.500
Yes 251 (79) 168 (79) 83 (78)
No 64 (20) 43 (20) 21 (20)
Unknown (lost to follow-up) 3(1) 1(1) 2(2)
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Table 1. Cont.

Overall Low TILs (<20%) High TILs (>20%) p-Value
Total Patients (%) 318 (100) 212 106
Median Age at Diagnosis (year range) 52.5 (24-77) 54 (24-77) 49 (27-77)
Adjuvant Systemic Therapy ¥ [1 (%)] <0.001
Yes 89 (28) 74 (34) 15 (14)
No 226 (71) 137 (65) 89 (84)
Unknown (lost to follow-up) 3(1) 1(1) 2(2)

* Includes invasive mammary, apocrine, epithelioid, and neuroendocrine. t Patients with a pCR in experimental
therapy were excluded from the analysis. Shown here are patients with residual disease after experimental
therapy with a standard chemotherapy backbone. t1 Phase II trial of neoadjuvant nab-paclitaxel and atezolizumab
(NCT02530489); n = 14. Phase II trial of neoadjuvant liposomal doxorubicin, bevacizumab, and everolimus (DAT)
in TNBC insensitive to standard neoadjuvant chemo (NCT02456857); n = 15. Phase II of panitumumab, carboplatin,
and paclitaxel (PaCT) in localized TNBC insensitive to NACT (NCT02593175); n = 11. Phase IIB neoadjuvant
enzalutamide plus paclitaxel for AR+ TNBC (NCT02689427); n = 11. 1 Adjuvant systemic therapy including
endocrine therapy for patients with low ER+ after pretreatment or surgical pathology; HER2-directed therapy in
clinical trial for HER2 1+ IHC in baseline biopsy or HER2+ on the surgical specimen; capecitabine for patients
with residual disease following CREATE-X results reported; immunotherapy (atezolizumab or pembrolizumab)
in the clinical trial; adjuvant taxane.

3.3. Prognostic Significance of High sTILs

The median follow-up period was 36.5 months (range 4.2-62.9 months). Nineteen (6%)
patients experienced a locoregional recurrence, 49 (15%) patients had a distant recurrence,
and 44 (14%) patients died. We evaluated EFS and OS in the overall high-sTIL versus
low-sTIL groups regardless of the pCR status. There was a trend of EFS in the overall-high-
sTIL group when compared with the overall-low-sTIL group (HR 0.57; 95% CI 0.30-1.03;
p = 0.06) (Figure 3A). OS did not reach statistical significance (p = 0.12; Figure 3B). The
3-year EFS was 86% for the high-TIL group and 76% for the low-TIL group, and the 3-year
OS was 92% for the high-TIL group and 82% for the low-TIL group. We also evaluated EFS
and OS in the sTIL groups that exhibited a pCR and those with RD. Among patients with
high baseline sTILs, there was a significant difference in EFS between those who achieved
a pCR compared with those with RD (HR 0.05; 95% CI 0.01-0.39; p = 0.004) (Figure 3C).
The difference in the 3-year restricted mean EFS time in these two groups was 5.6 months
(95% CI12.3-8.8; p = 0.001); i.e., over 3 years of follow-up, high-sTIL patients who achieved
a pCR would be expected to survive event free for an average of 5.6 months longer than
high-sTIL patients with RD. Although a Cox proportional hazards regression model was
not fitted for OS because one arm did not have any events (Figure 3D), a difference in the
3-year restricted mean OS time in these two groups was observed, which showed that over
3 years of follow-up, high-sTIL patients who achieved a pCR would be expected to have
a longer OS by 3.3 months than high-sTIL patients with RD (95% CI 0.8-5.8; p = 0.01). In
contrast, among patients who had RD, there was not a significant difference in EFS or OS
between those with high baseline sTILs and those with low baseline sTILs (p = 0.7 each;
Figure 3C,D). RMST analysis also showed a similar 3-year restricted mean EFS time and
a similar 3-year restricted mean OS time between these two groups (p = 0.7 and p = 0.9,
respectively).

3.4. Prognostic Indicators in the High-sTIL Patients

With the findings of the prognostic difference within the high-sTIL patients, we
evaluated the association between a response to a neoadjuvant treatment and EFS by RCB
categories. In the high-sTIL patients (n = 106), those with RCB I (n = 11) had favorable EFS
similar to those with RCB 0, while those with RCB II and RCB III had worse EFS compared
with RCB 0 and RCB I patients (p < 0.001; Supplementary Figure S2). Subsequent analysis
of the high-sTIL patients was performed to compare between those with RCB 0 and I, which
were considered as the group with favorable EFS, and those with RCB II and III, considered
as the group with unfavorable EFS.
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Figure 3. Event-free survival (EFS) and overall survival (OS) in high-sTIL and low-sTIL patients.
(A) Kaplan-Meier plots of EFS between the overall-high-sTIL and overall-low-sTIL groups.
(B) Kaplan-Meier plots of OS between the overall-high-sTIL and overall-low-sTIL groups.
(C) Kaplan—-Meier plots of EFS between the high-sTIL and low-sTIL groups, with a pCR and with
RD. (D) Kaplan-Meier plots of OS between the high-sTIL and low-sTIL groups, with a pCR and
with RD. pCR, pathologic complete response; RD, residual disease; sTIL, stromal tumor-infiltrating

lymphocyte.
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Molecular subtyping (Vanderbilt subtypes) was performed on 67 of the 106 patients,
where we were able to obtain high-quality gene expression profiles [19,23]. The im-
munomodulatory (IM) subtype was more frequent in the RCB 0/1 group (21/46; 46%)
compared with the RCB II/III group (7/21; 33%), consistent with a model that links high
immune activation with good outcomes. In contrast, the basal-like 2 (BL2) subtype and the
luminal androgen receptor (LAR) subtype were more frequent in the RCB II/1II group (14%
versus 4% for BL2 and 19% versus 9% for LAR). However, the difference in the proportions
of the subtypes between the two prognostic groups did not reach statistical significance
(Table 2).

Table 2. Comparison of the molecular/Vanderbilt subtype and stromal-tumor-infiltrating lympho-
cytes (sTILs) between residual cancer burden (RCB) 0/I and RCB II/III groups in high-sTIL patients.

RCB 0/1 RCB II/III Total

Variable Category (%) (%) 1 (%) p-Value
BL1 12 (26) 5(24) 17 (25)
BL2 2(4) 3(14) 5(8)
M 21 (46) 7 (33) 28 (42)
. LAR 4(9) 4(19) 8(12)
Vanderbilt Subtype MSL 1) 0(0) 101) 0.62
M 1(2) 0(0) 1(1)
UNS 5(11) 2 (10) 7 (10)
Total 46 21 67
20%/30% 49 (62) 19 (70) 68 (64)
sTIL >30% 30 (38) 8 (30) 38 (36) 0.49
Total 79 27 106

BL1, basal-like 1; BL2, basal-like 2; IM, immunomodulatory; LAR, luminal androgen receptor; M, mesenchymal;
MSL, mesenchymal stem-like; UNS, unstable.

The amount and composition of the lymphocytes associated with tumor in the high-
sTIL patients were examined. First, the amount of sTILs (ranging from 20% to 90% in
10% increments) was compared between the RCB 0/1I and the RCB II/III groups. There
was no statistically significant difference in the sTILs as a continuous variable between
the two groups (p = 0.78). When a cutoff of 30% was used to dichotomize the cohort to
low (20% and 30% sTILs) and high (>30%), there was no significant difference between the
two groups (p = 0.49; Table 2). A cutoff of 20% was applied with similar results (p = 1.00).
Thus, in the high-sTIL patients, the relative abundance of sTILs was not associated with
EFS based on the RCB groups described here. Next, to determine whether specific types of
lymphocytes may be associated with EFS, CIBERSORT (absolute mode [24]) was applied
to whole transcriptomic sequencing (RNA-seq) data (1 = 89) to predict the abundance of
CD4+ and CD8+ T cells as a fraction of the total cell population. The results revealed no
significant difference in resting CD4+ memory T cells or activated CD4+ memory T cells
between the RCB 0/1 (n = 64) and RCB I1/1II (n = 25) groups (p = 0.11 and 0.55, respectively)
but predicted more CD8+ T cells in the RCB 0/I group compared with the RCB II/1II
group (p = 0.03; Figure 4). No naive CD4+ T cells were detected, possibly due to a lack of
sensitivity in the computational algorithm.
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Figure 4. Comparison of T cells by whole transcriptomic sequencing (RNA-seq) between RCB 0/1
(n = 64) and RCB II/III (n = 25) groups in high-sTIL patients. (A) resting CD4+ memory T cells;
(B) activated CD4+ memory T cells; (C) CD8+ T cells. The horizontal bar in each plot represents the
median of the scores. RCB, residual cancer burden; sTIL, stromal tumor-infiltrating lymphocytes.

4. Discussion

In this study, we assessed the prognostic significance of high baseline sTILs in patients
with early-stage TNBC treated with NACT in a prospective trial. Our results show that
in this setting, high sTILs do not confer a benefit in EFS in the absence of a pCR, thus
providing a counterargument to our original hypothesis. Many studies have evaluated
the prognostic value of TILs in early-stage TNBC; however, many of the data available
were retrospective extrapolations from multiple randomized trials and meta-analyses. The
seminal work by Dieci et al. was one of the earliest to suggest adopting TILs as a strati-
fication parameter in clinical trials for TNBC and suggested an interesting possibility of
withholding adjuvant chemotherapy for those with early-stage TNBC and high TILs [1].
Leon-Ferre et al. evaluated the prognostic impact of TILs in early TNBC and included
patients who had never received adjuvant chemotherapy, demonstrating that TILs were
independently associated with iDFS and OS and that they remained prognostic in sys-
temically untreated patients [9]. These findings suggest an intrinsically favorable role of
TILs in TNBC whether chemotherapy is administered or not. A similar retrospective study
evaluating prognosis in untreated patients identified a subset of stage I TNBC patients with
high sTILs that had an excellent prognosis without adjuvant chemotherapy [11]. However,
the authors acknowledged the limitations of that work given the retrospective nature and
inevitable selection bias (e.g., cohort enriched for patients who were not good candidates
for chemotherapy or patients who were not offered chemotherapy based on favorable
pathologic features). In our cohort, of all patients treated with NACT, only 12% had stage
I TNBC. Therefore, the question of omitting neoadjuvant or adjuvant chemotherapy in
stage I TNBC with high sTILs is yet to be answered with prospective analysis of a larger
sample size. In our study, we have shown a significant difference in EFS between high-sTIL
patients showing a pCR and high-sTIL patients with RD. When we evaluated the EFS in
high- and low-sTIL patients irrespective of the pCR status, there was a trend for favorable
EFS in the high-sTIL group compared with the low-sTIL group (p = 0.06). These findings
suggest that the prognostic impact of high sTILs that has been noted in prior retrospective
studies may be a function of the improved pCR rates associated with this subset of patients.

We examined additional phenotypic characteristics that could account for the sig-
nificant difference in EFS among the high-sTIL patients, including Vanderbilt subtypes
and immune cell composition. Interestingly, analysis of the RNA-seq data predicted sig-
nificantly more CD8+ T cells in the RCB 0/1 group compared with the RCB II/III group,
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suggesting that the role of high sTILs as a prognostic marker may be refined by more
precise probing of the lymphocyte population. Thus, when selecting early-stage TNBC
patients for de-escalation strategies, the type of lymphocytes within the TIL fraction may
be an important parameter to consider in addition to the amount of sTILs. While this
finding is consistent with prior literature, showing that increased CD8+ T cell infiltration is
associated with better survival in TNBC [25-28], to the best of our knowledge, ours is the
first prospective study to provide the evidence in the high-sTIL patient group. Additional
ongoing work on the ARTEMIS cohort to elucidate the phenotypic characteristics of the
tumor immune cells may shed light upon the mechanisms of chemoresistance and disease
recurrence within the high-sTIL group, providing opportunities to further refine individual
treatment strategies.

Seminal studies on the predictive and prognostic role of TILs have evaluated them
as a continuous parameter (in increments of 10) as well as using different assigned cut-
offs to define lymphocyte-predominant breast cancer (LPBC), including >30, >50, and
>60% [1,3,29]. The variation in the cutoff for high TILs applied in the literature, despite
recommendations published by the International TIL Working Group focused on standard-
izing TIL evaluation [15,30], may be in part due to how TILs have been assessed in various
studies. As an example, in the analysis of the prognostic and predictive value of TILs using
patients from the BIG 02-98 trial, LPBC was defined as >50% infiltration of either stromal
or intratumoral lymphocytes [29], whereas others only included sTILs [2,3]. When sTILs
and intratumoral TILs (itTILs) have been evaluated, several reports showed a significant
correlation between the two measures, as well as improved outcomes in TNBC with both
sTILs and itTILs [1,8,29,31]. Because sTILs appear to be more reproducible, they have
emerged as a preferred marker on H&E-stained slides and selected as the primary measure
in this study [15,32]. Another factor that may contribute to the inconsistency in the reported
TIL cutoff is the type of pathology material used to assess TILs (large surgical sections
versus core biopsies versus tissue microarrays), because scores may be affected by sample
size. In addition, particular morphologic features of the tumor area, such as heterogeneous
distribution of lymphocytes in the tumor stroma, may introduce interobserver variation
during TIL assessment. In our study, we used recursive partitioning statistical analysis
to find a cutoff >20%, which defined 33% (106/318) of the cohort as high sTIL based on
the best association with pCR prediction. Interestingly, other studies that have reported
high sTILs as a favorable predictive/prognostic factor in TNBC grouped 30-35% of their
cohorts as high sTIL, albeit with different cutoff numbers [2—4]. These findings suggest
that even though finding a uniform cutoff between different cohorts is challenging due to
aforementioned reasons, about one-third of TNBC patients have high sTILs in association
with treatment response or outcome, which could be used as a rule of thumb for TIL evalu-
ation in predictive and prognostic studies. The cutoff identified by recursive partitioning
analysis in our study allowed us to dichotomize the cohort to conduct the outcome analysis
and could be applied to future work involving sTIL assessment with the ARTEMIS cohort.

Although this study included a relatively large cohort of TNBC patients, some sub-
groups may have a small number of subjects, which is a limitation of the study. For example,
the number of patients with high sTILs and without a pCR was relatively small (1 = 38).
With the small sample size and limited number of events, the analysis may be under-
powered. Repeating the analysis with more patients is needed to confirm our findings.
Nonetheless, our data reflect the well-established body of literature demonstrating higher
PCR rates associated with high sTILs in TNBC patients. Another limitation is the relatively
short follow-up time; however, the results remain clinically meaningful given that the
highest risk of recurrence in TNBC is within the first 3 years [33]. Longer follow-up is
required to determine how later events affect differences in EFS and OS based on sTILs as
these data mature.

In this single-institution study, we evaluated the prognostic significance of high base-
line sTILs in patients with early-stage TNBC treated with NACT. In addition to the prospec-
tive nature of this study, all data were collected in the context of an ongoing clinical trial.
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In summary, we statistically identified a cutoff for high sTILs for selecting patients with
an increased likelihood of a pCR after anthracycline-based NACT. We demonstrated a
significant difference in EFS between high sTILs/pCR and high sTILs/RD. These findings
highlight that while high sTILs are an important immunologic biomarker, they may not
be sufficient as a stand-alone biomarker when considering de-escalation strategies. Our
results suggest that high baseline sTILs do not confer an EFS benefit in patients in the
absence of a pCR after NACT; therefore, high-sTIL patients with RD should be treated
as per standard care. If we are able to further stratify high-sTIL patients with RD into
favorable and unfavorable prognostic subgroups based on other factors, these patients
could be treated more selectively with adjuvant therapy. Additionally, with the recent
approval of neoadjuvant pembrolizumab for TNBC [34], the implications of our findings
in the setting of immune checkpoint inhibitor therapy remain to be investigated. More
work is needed to identify additional clinical and pathological parameters to enhance the
prognostic role of high sTILs in early-stage TNBC.
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