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abstract

PURPOSE Triple-negative breast cancer (TNBC) is considered aggressive, and therefore, virtually all young
patients with TNBC receive (neo)adjuvant chemotherapy. Increased stromal tumor-infiltrating lymphocytes
(sTILs) have been associated with a favorable prognosis in TNBC. However, whether this association holds for
patients who are node-negative (N0), young (, 40 years), and chemotherapy-naı̈ve, and thus can be used for
chemotherapy de-escalation strategies, is unknown.

METHODSWe selected all patients with N0 TNBC diagnosed between 1989 and 2000 from a Dutch population–
based registry. Patients were age, 40 years at diagnosis and had not received (neo)adjuvant systemic therapy,
as was standard practice at the time. Formalin-fixed paraffin-embedded blocks were retrieved (PALGA: Dutch
Pathology Registry), and a pathology review including sTILs was performed. Patients were categorized according
to sTILs (, 30%, 30%-75%, and$ 75%). Multivariable Cox regression was performed for overall survival, with
or without sTILs as a covariate. Cumulative incidence of distant metastasis or death was analyzed in a competing
risk model, with second primary tumors as competing risk.

RESULTS sTILs were scored for 441 patients. High sTILs ($ 75%; 21%) translated into an excellent prognosis
with a 15-year cumulative incidence of a distant metastasis or death of only 2.1% (95%CI, 0 to 5.0), whereas low
sTILs (, 30%; 52%) had an unfavorable prognosis with a 15-year cumulative incidence of a distant metastasis
or death of 38.4% (32.1 to 44.6). In addition, every 10% increment of sTILs decreased the risk of death by 19%
(adjusted hazard ratio: 0.81; 95% CI, 0.76 to 0.87), which are an independent predictor adding prognostic
information to standard clinicopathologic variables (x2 5 46.7, P , .001).

CONCLUSION Chemotherapy-naı̈ve, young patients with N0 TNBC with high sTILs ($ 75%) have an excellent
long-term prognosis. Therefore, sTILs should be considered for prospective clinical trials investigating (neo)
adjuvant chemotherapy de-escalation strategies.

J Clin Oncol 00. © 2022 by American Society of Clinical Oncology
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INTRODUCTION

Approximately one in every 18 patients with breast
cancer is under age 40 years at diagnosis. In the United
States alone, breast cancer under age 40 years affects
more than 11,000 women annually.1 Compared with
older women, young women are more often diagnosed
with triple-negative breast cancer (TNBC), a subtype
with relatively high incidences of germline BRCA1

mutations.2 Because of the absence of estrogen re-
ceptor (ER), progesterone receptor (PR), and human
epidermal growth factor receptor 2 (HER2) on the cell
surface of TNBC cells, commonly used treatments like
tamoxifen, aromatase inhibitors, and trastuzumab,
which target these receptors, are not effective in patients
with TNBC. To improve survival, most early-stage TNBC
patients are treated with (neo)adjuvant chemotherapy.3
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Although systemic chemotherapy improves survival, it also
induces age-related acute and chronic side effects, eg,
premature ovarian failure and cognitive impairment.4,5 Given
the heterogeneous biology of TNBC, it might be undesirable
to treat all patients with (the same) chemotherapy.

Commonly used multigene prognostic tests for early-stage
breast cancer, such as MammaPrint and Oncotype-DX,
do not apply to patients with TNBC.6,7 Therefore, prog-
nostic biomarkers are needed that tailor treatment strat-
egies for (young) patients with TNBC. Compared with
older patients, young patients are disproportionally af-
fected by the chronic effects of chemotherapy on their
welfare and well-being.8 One putative prognostic bio-
marker for TNBC is stromal tumor-infiltrating lymphocytes
(sTILs). sTILs are a mix of mononuclear immune cells and
may represent the systemic anticancer immune re-
sponse.9 sTILs have been shown to be prognostic in early-
stage patients treated with and without (neo)adjuvant
chemotherapy.10-12

The prognostic importance of sTILs is, however, unexplored
in patients diagnosed under age 40 years, let alone in the
subgroup of systemic therapy–naı̈ve patients. In this study,
we aim to validate the prognostic value of sTILs in young
patients with node-negative (N0) TNBC who did not receive
adjuvant chemotherapy. Specifically, we aim to identify an
ultralow-risk sTILs subgroup with such a favorable prog-
nosis that, if confirmed in prospective clinical trials, may
lead to de-escalation or even omission of chemotherapy in
the future. In the Netherlands, before the year 2000, node
negativity was considered a favorable prognostic factor. In
addition, in that era, node-positive, premenopausal breast
cancer patients had an indication for adjuvant chemo-
therapy, whereas node-positive postmenopausal breast
cancer patients were advised adjuvant endocrine therapy.
Hormone receptor status was not yet incorporated in
guiding the choice of adjuvant systemic therapy. By
selecting a population-based cohort of young patients who
are N0 before 2000, risk of indication bias was minimized.

METHODS

Patient Selection and Follow-Up Collection

Patients were selected from the population-based PARA-
DIGM cohort. The methods on patient selection, follow-up
collection, and pathology review have been published
previously.13 In short, PARADIGM includes women se-
lected from the prospective Netherlands Cancer Registry
(NCR), which has more than 95% nationwide coverage.
Patients were under age 40 years when diagnosed with N0,
primary invasive breast cancer between 1989 and 2000.
They had undergone locoregional treatment only, including
adequate axillary surgery, according to standard practice at
the time of diagnosis, ie, they had not received any (neo)
adjuvant systemic treatment. We excluded patients with a
prior malignancy, no information on tumor size, or no tumor
tissue available (Fig 1).

Information on (loco)regional recurrence, distant metas-
tasis, and incidence of second primary malignancies was
collected from individual hospital records (date of last
follow-up: June 1, 2014). Survival data were collected
through linkage with the municipality population register.13

This study was approved by the institutional review board of
the Netherlands Cancer Institute.

Pathology Review and sTILs Evaluation

Tumor blocks with corresponding pathology reports were
retrieved using PALGA (the nationwide network and registry of
histo- and cytopathology in the Netherlands), and fresh slides
were cut for hematoxylin and eosin (H&E) staining.14 These
H&E slides were digitalized (Philips ultrafast scanner 1.6.1.3
RA [Philips, Amsterdam, theNetherlands] or NanoZoomer XR
C12000-21/222 [Hamamatsu photonics, Hamamatsu, Shi-
zuoka, Japan]) and uploaded to the trait Enhanced Pathology
Image Sharing platform.13 Breast cancer pathologists were
blinded to clinicopathologic data and reassessed tumor
characteristics (tumor cell percentage, morphology, his-
tologic grade, and lymphovascular invasion).13 Tissue
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FIG 1. (A) CONSORT diagram of all patients included and excluded in the PARADIGM cohort, focusing on
patients with sTILs information and tumor BRCA1 status. For 336 patients with a missing subtype, at least one of
ER, PR, or HER2 scores was missing. For TNBC, ER-negative and PR-negative (Continued on following page).
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microarrays (TMAs) were constructed (TMAGrandmaster;
3DHistech, Budapest, Hungary), consisting of three 0.6-
mm cores per patient. The TMAs were stained for ER, PR,
and HER2 (Ventana BenchMark ULTRA; Ventana Med-
ical Systems, Basel, Switzerland). In addition, for all pa-
tients, a HER2 silver in situ hybridization was performed.
Tumors were characterized as HER2-negative when im-
munohistochemistry (IHC) 0/11 or IHC 21 and silver
in situ hybridization–negative/equivocal. For the main
analyses, patients with an ER/PR expression , 1% were
considered ER-negative/PR-negative.

We evaluated sTILs on whole slides according to interna-
tionally established guidelines, by one trained pathologist.9

In brief, the relative proportion of stromal area to tumor area
was determined from the pathology slide of a given tumor
region. TILs were reported for the stromal compartment.
The denominator used to determine the percent sTILs was
the area of stromal tissue (the area occupied by

mononuclear inflammatory cells over the total intratumoral
stromal area) rather than the number of stromal cells (the
fraction of total stromal nuclei that represent mononuclear
inflammatory cell nuclei). This method has been demon-
strated to be reproducible among trained pathologists.15,16

Scoring was performed in an online environment, blinded
to clinical outcome data.17

sTILs were evaluated and grouped into three categories:
low (, 30%), intermediate (30% to , 75%), and high
($ 75%). We based these cutoffs on previous research on
systemically untreated patients and a study that reports a
high concordance between pathologists for the 30% and
75% cutoffs.11,15

Tumor BRCA1 Mutation Analysis

Tumor DNA was extracted according to our local protocol
(Data Supplement, online only). Sequencing was per-
formed at Agilent (Carpinteria, CA), using an Illumina

FIG 1. (Continued). are defined with a, 1% expression. aFor all analyses where T stage was used, 437 patients
were included. bFor the analyses with tumor BRCA1 mutation status, 380 patients were used. (B) CONSORT
diagram for tumor BRCA1 testing. ER, estrogen receptor; HER2, human epidermal growth factor receptor 2;
NCR, Netherlands Cancer Registry; PR, progesterone receptor; sTILs, stromal tumor-infiltrating lymphocytes; T
stage, tumor stage; TNBC, triple-negative breast cancer.
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NextSeq (Illumina, San Diego, CA). Samples with a (likely)
pathogenic (class 4/class 5) variant were considered tumor
BRCA1–mutated (tBRCA1m). All other samples were
considered tumor BRCA1 wild-type (tBRCA1wt).

Statistical Analysis

Descriptive statistics were performed to summarize sTILs
and clinicopathologic characteristics. Associations between
continuous sTILs and clinicopathologic characteristics were

investigated using Kruskal-Wallis, Wilcoxon rank-sum, or
Jonckheere-Terpstra trend tests. The primary study end
point was overall survival (OS), defined as the time from
diagnosis to death from any cause. Kaplan-Meier curves
were used to visualize OS by sTILs category, tumor stage
(T stage), and tumor BRCA1 status. Multivariable Cox re-
gression was used to estimate hazard ratios (HRs) for sTILs,
adjusted for clinicopathologic characteristics. The prog-
nostic value of sTILs was tested using a likelihood ratio test

TABLE 1. Characteristics of 441 Young, Systemically Untreated Triple-Negative Breast Cancer Patients According to the sTILs Percentage

Characteristic
Overall

N 5 441 (100%)

sTIL Percentage

< 30% 30% to < 75% ‡ 75%

n 5 230 (52.2%) n 5 117 (26.5%) n 5 94 (21.3%)

Age, years, median (IQR) 35 (32-38) 35 (32-38) 35 (32-38) 36 (33-38)

sTILs, median % (IQR) 20 (5-70) NA NA NA

T stage, No. (%)*

1** 4 (0.9) 2 (0.9) 2 (1.7) 0 (0.0)

1a 2 (0.5) 1 (0.4) 1 (0.9) 0 (0.0)

1b 32 (7.2) 16 (7.0) 7 (6.0) 9 (9.6)

1c 218 (49.4) 119 (51.7) 49 (41.9) 50 (53.2)

2 175 (39.7) 89 (38.7) 52 (44.4) 34 (36.2)

3 10 (2.3) 3 (1.3) 6 (5.1) 1 (1.0)

Tumor grade, No. (%)***

1 3 (0.7) 3 (1.3) 0 (0.0) 0 (0.0)

2 59 (13.4) 38 (16.5) 12 (10.3) 9 (9.6)

3 379 (85.9) 189 (82.2) 105 (89.7) 85 (90.4)

Histologic subtype, No. (%)

Carcinoma NST 404 (91.6) 204 (88.7) 113 (96.6) 87 (92.6)

Metaplastic carcinoma 24 (5.4) 17 (7.4) 4 (3.4) 3 (3.2)

Others**** 13 (3.0) 9 (3.9) 0 (0.0) 4 (4.2)

Lymphovascular invasion, No. (%)

Absent 388 (88.0) 196 (85.2) 107 (91.5) 85 (90.4)

Present 53 (12.0) 34 (14.8) 10 (8.5) 9 (9.6)

Tumor BRCA1 status, No. (%)

Wild-type 277 (62.8) 143 (62.2) 76 (65.0) 58 (61.7)

Mutated 103 (23.4) 52 (22.6) 25 (21.3) 26 (27.7)

Not evaluable 61 (13.8) 35 (15.2) 16 (13.7) 10 (10.6)

Local treatment, No. (%)

BCS 1 RTx 293 (66.4) 155 (67.4) 69 (59.0) 69 (73.4)

Mastectomy 119 (27.0) 57 (24.8) 43 (36.7) 19 (20.2)

Others***** 29 (6.6) 18 (7.8) 5 (4.3) 6 (6.4)

Abbreviations: BCS, breast-conserving surgery; NA, not available; NST, no special type; RTx, radiotherapy; sTILs, stromal tumor-infiltrating lymphocytes; T
stage, tumor stage.
*T stage according to the American Joint Committee on Cancer seventh edition.
**For these four patients, detailed information on T1 subdivision was not available.
***Tumor grade according to the Nottingham system.
****Includes adenoid cystic carcinoma, apocrine carcinoma, invasive cribriform carcinoma, ductolobular carcinoma, invasive papillary carcinoma,

invasive lobular carcinoma, and invasive micropapillary carcinoma.
*****Includes BCS without RTx (n 5 4), mastectomy with RTx (n 5 18), and unspecified surgery with and without RTx (n 5 7).
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between a model with only clinicopathologic factors and a
model with clinicopathologic factors plus sTILs. Schoenfeld
residuals were used to test the proportionality assumption;
no violations occurred. Using restricted cubic splines, we
assessed the linearity of continuous sTILs. The secondary
end point was distant metastasis-free survival (DMFS),
analyzed with a competing risk model. Events of interest
were distant metastasis or death from any cause, with
second primary malignancies as competing events. Cu-
mulative incidence functions were used to estimate inci-
dences for distant metastasis or death by sTILs categories, T

stage, and tumor BRCA1 status. The Fine and Gray method
was used to estimate the subdistribution HRs (sHR) of sTILs
adjusted for clinicopathologic characteristics. For all end
points, patients at risk were censored at a 15-year follow-
up. We defined ultralow risk, with the same bounds as in
our funding request, as an OS $ 94% at a 10-year follow-
up with the lower bound of the 95% CI $ 92%.

Only P values for analyses concerning sTILs were reported
with two-sided values , .05 considered as statistically
significant. Statistical analyses were performed using R
version 4.0 (R Core Team, Vienna, Austria).18

A

25

50

75

100

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Time (years)

sTILs � 75%

sTILs 30% to < 75%

sTILs < 30%

No. at risk:

OS
 (%

)

228 225 212 181 165 154 149 146 144 144 142 142 141 139 134 134

115 113 110 104 99 95 93 93 91 91 90 90 89 88 86 85

94 94 94 94 93 91 90 90 90 89 88 88 87 86 86 86

sTILs Level 3 Years (95% CI) 10 Years (95% CI) 15 Years (95% CI)

� 75% 100 (100 to 100) 94.7 (90.2 to 99.3) 93.6 (88.8 to 98.7)

30% to < 75% 90.4 (85.2 to 96.0) 79.1 (72.0 to 86.9) 75.5 (68.1 to 83.8)

< 30% 79.7 (74.7 to 85.1) 63.4 (57.4 to 70.0) 60.2 (54.2 to 67.0)

sTILs < 30%

sTILs 30% to < 75%

sTILs � 75%

B

25

50

75

100

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Time (years)

sTILs � 75%

sTILs 30% to < 75%

sTILs < 30%

No. at risk:

OS
 (%

)

136 134 128 113 103 97 93 92 90 90 90 90 90 89 87 87

57 57 56 53 51 48 47 47 45 45 44 44 43 42 41 40

59 59 59 59 58 56 55 55 55 54 54 54 54 54 54 54

sTILs Level 3 Years (95% CI) 10 Years (95% CI) 15 Years (95% CI)

� 75% 100 (100 to 100) 93.2 (87.0 to 99.9) 93.2 (87.0 to 99.9)

30% to < 75% 93.0 (86.6 to 99.9) 77.2 (67.0 to 88.9) 71.8 (61.0 to 84.5)

< 30% 83.7 (77.7 to 90.2) 68.1 (60.6 to 76.4) 65.8 (58.2 to 74.3)

sTILs < 30%

sTILs 30% to < 75%

sTILs � 75%

FIG 2. (Continued on following page).
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RESULTS

Study Population

We identified 441 TNBC patients with ER/PR, 1% and
known sTILs status (Fig 1). Patient characteristics
according to the sTILs percentage are shown in Table 1.
The median age at diagnosis was 35 years, 49.4% of tu-
mors were T1c, 85.9% were histologic grade 3, and 66.4%
of the patients underwent breast-conserving therapy with
radiotherapy (Table 1).

Tumor BRCA1 Mutation

DNAwas extracted from the tumor tissue of 412 patients. For
380 of 412 patients (92.2%), DNA was of sufficient quality to
generate targeted sequencing results. Of the 380 patients,
27.1% were tBRCA1m (Fig 1). Patients with BRCA1m tu-
mors did not differ substantially from patients with tBRCA1wt
tumors regarding standard clinicopathologic factors (data
not shown).

sTILs

sTIL results were available for 441 patients with a median
score of 20%. About half of the patients had low sTILs
(sTILs , 30%), 27% intermediate (sTILs 30%-75%), and
21% high sTILs (sTILs $ 75%). Increased sTILs per-
centages were associated with grade 3 tumors (P , .001),
but not with the T stage (P 5 .82), histologic subtype
(P 5 .06), age (P 5 .35), or tumor BRCA1 mutation status
(P 5 .51; Data Supplement).

OS

In total, 126 patients died during follow-up; eight patients
were lost to follow-up and therefore censored. Figure 2
shows the Kaplan-Meier curves and 3-year, 10-year, and
15-year OS according to sTILs categories of all patients and
split by T stage. Patients with $ 75% sTILs had a better
prognosis compared with patients with , 30% sTILs (Fig
2A and Data Supplement). In the univariable Cox model,
patients had a relative reduction of 18% in risk of death
(HR, 0.82; 95% CI, 0.77 to 0.88) per 10% sTILs increment
(Table 2). After adjustment for clinicopathologic variables,
the relative reduction was 19% (adjusted HR, 0.81; 95%
CI, 0.76 to 0.87). Adding sTILs to a Cox regression model
with only clinicopathologic factors significantly increased
the prognostic capabilities of the model (x2 5 46.7, P ,
.001). There was no evidence of nonlinearity of the uni-
variable sTILs model (P 5 .45; Data Supplement).

DMFS

During a median follow-up of 15 years, 107 patients de-
veloped distant metastases or death, and 78 patients a
second primary malignancy as the first event. Most second
primaries concerned contralateral breast cancers (n 5 57;
Data Supplement). Figure 3 shows the cumulative inci-
dence functions and 3-year, 10-year, and 15-year cumu-
lative incidences of distant metastasis or death and of
second primary malignancies according to sTILs categories
for all patients and split by T stage. At 10 years, patients with
high sTILs had lower cumulative incidence of distant

C

25

50

75

100

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Time (years)

sTILs � 75%

sTILs 30% to < 75%

sTILs < 30%

No. at risk:

OS
 (%

)

92 91 84 68 62 57 56 54 54 54 52 52 51 50 47 47

58 56 54 51 48 47 46 46 46 46 46 46 46 46 45 45

35 35 35 35 35 35 35 35 35 35 34 34 33 32 32 32

sTILs Level 3 Years (95% CI) 10 Years (95% CI) 15 Years (95% CI)

� 75% 100 (100 to 100) 97.1 (91.8 to 100) 94.3 (86.9 to 100)

30% to < 75% 87.9 (79.9 to 96.7) 81.0 (71.5 to 91.8) 79.3 (69.5 to 90.4)

< 30% 73.9 (65.5 to 83.5) 56.5 (47.2 to 67.6) 52.1 (42.9 to 63.4)

sTILs < 30%

sTILs 30% to < 75%

sTILs � 75%

FIG 2. (Continued). Kaplan-Meier curves for OS according to sTILs categories and T stage: (A) all patients, (B)
patients with T1a/b/c tumors, and (C) patients with T2/3 tumors. OS, overall survival; sTILs, stromal tumor-
infiltrating lymphocytes; T stage, tumor stage.
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metastasis or death (2.1%; 95% CI, 0 to 5.0) compared with
patients with low sTILs (37.0%; 95% CI, 30.7 to 43.3; Fig 3A
and Data Supplement). The 10-year cumulative incidence of
second primary malignancy for patients with high sTILs was
16.0% (95% CI, 8.5 to 23.4), compared with 9.7% (95% CI,
5.8 to 13.6) for patients with low sTILs (Fig 3A). Results were
similar for patients with T1 and T2/3 tumors (Figs 3B and 3C
and Data Supplement). In a multivariable competing risk
analysis, per 10% sTILs increment was associated with a
decreased incidence of distant metastasis or death (sHR,
0.74; 95% CI, 0.69 to 0.81). On the other hand, per 10%
sTILs increment was associated with a significantly in-
creased incidence of second primary malignancies (sHR,
1.08; 95% CI, 1.01 to 1.15; Table 3).

Tumor BRCA1 Status, sTILs, and Outcomes

Patients with tBRCA1m and high sTILs had better OS
compared with those with low sTILs (10-year OS: 88.9%;

95% CI, 77.8 to 100 and 46.2%, 95% CI, 34.4 to 61.9,
respectively; Data Supplement). Patients with high sTILs
had a lower incidence of distant metastasis or death at
10 years compared with those with low sTILs (3.7%;
95% CI, 0 to 11.0; and 53.8%; 95% CI, 40.1 to 67.5,
respectively). The 10-year cumulative incidence of
second primary malignancy for patients with tBRCA1m
and high sTILs was 44.4% (95% CI, 25.2 to 63.6),
compared with 17.3% (95% CI, 6.7 to 27.9) for patients
with tBRCA1m and low sTILs (Data Supplement). At 10
years, patients with tBRCA1wt and high sTILs had an
excellent OS of 96.6% (95% CI, 92.0 to 100) and a 3.4%
(95% CI, 0 to 8.1) incidence of second primary malig-
nancy. However, for tBRCA1wt patients with low sTILs,
10-year OS was low (68.7%; 95% CI, 61.5 to 76.7) and
cumulative incidence of distant metastasis or death was
relatively high (31.3%; 95% CI, 23.7 to 38.9; Data
Supplement).

TABLE 2. Added Prognostic Value of sTILs Regarding Overall Survival on the Basis of Multivariable Cox Models with or without sTILs as a Covariate

Variable

sTILs Univariable Multivariable (no sTILs) Multivariable (including sTILs)

n 5 437a E 5 124 n 5 437a E 5 124 n 5 437a E 5 124

HR 95% CI aHR 95% CI aHR 95% CI

sTILs

10% increment 0.82 0.77 to 0.88;
P , .001

0.81 0.76 to 0.87;
P , .001

T stage

T1a/b 1 1

T1c 1.33 0.63 to 2.78 1.39 0.66 to 2.93

T2/3 1.58 0.75 to 3.35 1.85 0.87 to 3.94

Tumor grade

1-2 1 1

3 1.06 0.63 to 1.79 1.30 0.76 to 2.22

Histologic subtype

Carcinoma NST 1 1

Metaplastic 0.39 0.12 to 1.24 0.30 0.09 to 0.94

Others 0.72 0.22 to 2.35 0.62 0.19 to 2.07

Lymphovascular invasion

Absent 1 1

Present 2.23 1.45 to 3.49 2.15 1.38 to 3.36

Local treatment

BCS 1 RTx 1 1

Mastectomy 1.31 0.88 to 1.96 1.43 0.96 to 2.13

Others 1.83 0.98 to 3.43 1.74 0.93 to 3.27

Likelihood ratio, 42.49 P , .001 Likelihood ratio, 22.17 P 5 .005 Likelihood ratio 68.85 P , .001

NOTE. Three Cox regression models: the first model of sTILs is univariable, the second model is multivariable without sTILs, and the third model is
multivariable including sTILs.
Abbreviations: aHR, adjusted hazard ratio; BCS, breast-conserving therapy; E, events; NST, no special type; RTx, radiotherapy; sTILs, stromal tumor-

infiltrating lymphocytes; T stage, tumor stage.
aIn total, 437 patients were included in the models, and patients without T1 subdivision (a/b/c/) were excluded in this analyses (n 5 4).
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Effect of sTILs on Staging

We investigated whether sTILs scoring influenced the
prognosis according to the stage (American Joint Com-
mittee on Cancer [AJCC] 8th edition). Stage II patients with
sTILs . 75% appeared to have a better prognosis than
stage IB with sTILs , 30% (10-year OS, 97.1%; 95% CI,
91.5 to 100) versus 66.6% (95% CI, 58.5 to 75.7; Data
Supplement).

DISCUSSION

We confirm the prognostic value of sTILs in young patients
with early-stage N0 TNBC who are systemic therapy-naı̈ve
by taking advantage of a prospectively collected
population-based cohort. Increasing sTILs are significantly
associated with improved OS and DMFS. Patients with high
sTILs ($ 75%) had an excellent 10-year OS and a very low
10-year incidence of distant metastasis or death.
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Our findings are consistent with previous reports showing
improved outcomes in TNBCpatients with high sTILs.10-12,19-22

Most studies, however, were performed in women treatedwith
chemotherapy and included only a few youngwomenwith N0
disease.10,12,19-22 Of note, our study population consists solely
of N0, systemic treatment–naı̈ve women age , 40 years at
diagnosis. Our OS results, however, are comparable with a
study in chemotherapy-naı̈ve patients, which included pre-
dominantly postmenopausal women.11 Distribution of sTILs
between the two studies, however, differed considerably as we
identified 52% of patients with TNBC with low (, 30%) sTILs
compared with 71% in the study by Park et al.11 The dif-
ference in sTILs distribution is also observed when compared
with other publications.10,12,19-22 Fewer patients with low sTILs
in our study could be due to younger age at diagnosis and no
involved axillary lymph nodes. Recent studies showed that
younger patients with TNBC more often have high sTILs
tumors when compared with older patients and that there is
an inverse correlation between sTILs levels and the number of
positive lymph nodes.12,23 Moreover, the sTILs distribution in
our study was in line with the sTILs distribution in the young
patient subgroup of the study reported by Aine et al.23 One
explanation might be the changing composition and function
of immune cells with age.24 Further research is needed to
increase our understanding of the interaction between the
immune system, the hormonal system, age, and breast
cancer. Another explanation may be the difference in tumor

grade between younger and older patients. Younger patients
tend to have higher-grade tumors, and these higher-grade
tumors are associated with more sTILs.11,12,23,25

In our study, patients with high sTILs and tBRCA1wt had a
10-year OS of 96.6% and were considered ultralow risk
according to the predefined end point. In patients diag-
nosed age , 50 years with ER-poor tumors, The Early
Breast Cancer Trialists’ Collaborative Group (EBCTCG)
found a 25% reduction in death rate at 10 years for pol-
ychemotherapy compared with nil.26 Therefore, the added
benefit of (neo)adjuvant chemotherapy in the high sTILs
group may be limited and should be balanced against
treatment-related morbidity.4,5,27 Of note, the EBCTCG did
not evaluate whether adjuvant chemotherapy benefits differ
between sTILs categories. Another unresolved question is
whether the link between high sTILs and improved che-
motherapy response is true regardless of the type of
chemotherapeutic agent.22,25

Conversely, we identified clinically relevant high-risk pa-
tients on the basis of low sTILs (, 30%) independent of the
tumor size. According to our data, patients with T1a/b
tumors and low sTILs have a high cumulative incidence
of distant metastasis or death. On the basis of current
guidelines, patients with T1a/b tumors are considered low-
risk and may forego adjuvant chemotherapy. Our data,
however, suggest that these patients may not be low risk
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and should be considered candidates for (neo)adjuvant
systemic therapy, and because of the small sample size,
additional evidence from other studies is needed to confirm
these findings.

In our study, T stage showed limited prognostic power for
OS or DMFS, which may be explained by a relatively small
sample size. In our cohort, the limited prognostic value
shown for tumor size suggests that sTILs can upgrade or
downgrade clinicopathologic staging in TNBC; patients
with stage II disease (AJCC 8th edition) and high sTILs have
a better outcome than patients with stage Ib with low sTILs.
When sTILs were added to the multivariable regression
model, the following variables seemed to retain some in-
dependent prognostic value: the presence of lymphovas-
cular invasion and the histologic subtype. The presence of
lymphovascular invasion suggested a poorer prognosis, as
has been described before.28 Although not formally tested,
our analyses indicated that young, patients with early-stage
TNBC with a metaplastic carcinoma had a more favorable
prognosis compared with women with carcinoma no
special type. Previous studies have described a favorable

prognosis for low-grade metaplastic carcinomas, but not for
high-grade metaplastic carcinomas.29,30 However, since
lymphovascular invasion and histologic subtype were not
variables of interest in our multivariable regression models,
the effects of these covariates might have been biased by
some unmeasured confounders.31

We did not observe an association between tumor BRCA1
mutation status and sTILs quantity. We did, however, observe
a difference in second primary malignancy incidence be-
tween the tBRCA1m and tBRCAwt groups. The cumulative
incidence of contralateral breast cancer in the tBRCA1m
group ranged between 19.2% and 60.0% at 15 years,
depending on the sTILs category, and these findings are in
line with earlier reports.32,33 We also identified a remarkable
difference in second primary tumor incidence between pa-
tients with high and low sTILs, especially in the tBRCA1m
group. We hypothesize that tBRCA1m patients with high
sTILs have more second primary tumors because of their
better survival outcomes and hence longer at-risk time.

The strength of our analyses is the unique population-based
cohort of systemically untreated, young, early-stage breast

TABLE 3. Distant Metastasis-Free Survival and Second Primary Malignancies of sTILs on the Basis of a Competing Risk Model

Variable

Distant Metastasis Events or Deaths Second Primary Malignancies

n 5 437a E 5 107 n 5 437a E 5 78

sHR 95% CI sHR 95% CI

sTILs

10% increment 0.74 0.69 to 0.81; P , .001 1.08 1.01 to 1.15; P 5 .03

T stage

T1a/b 1 1

T1c 1.19 0.56 to 2.57 0.59 0.27 to 1.25

T2/3 1.62 0.77 to 3.44 0.54 0.25 to 1.18

Tumor grade

1-2 1 1

3 1.07 0.61 to 1.86 1.46 0.63 to 3.37

Histologic subtype

Carcinoma NST 1 1

Metaplastic 0.22 0.05 to 0.97 0.71 0.23– 2.20

Others 0.39 0.11 to 1.39 1.76 0.46 to 6.76

Lymphovascular invasion

Absent 1 1

Present 2.36 1.43 to 3.90 0.45 0.19 to 1.09

Local treatment

BCS and RTx 1 1

Mastectomy 1.59 1.05 to 2.43 1.33 0.80 to 2.23

Others 2.03 0.99 to 4.17 0.81 0.31 to 2.13

NOTE. Results of the multivariable competing risk model according to Fine and Gray.
Abbreviations: BCS, breast-conserving therapy; E, events; NST, no special type; RTx, radiotherapy; sHR, subdistribution hazard ratio; sTILs, stromal tumor-

infiltrating lymphocytes; T stage, tumor stage.
aIn total, 437 patients were included in the model, and patients without T1 subdivision (a/b/c/) were excluded in this analyses (n 5 4).
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cancer patients with high-quality clinical data, collected in a
standardized manner. Since guidelines at the time of diag-
nosis exempted patients who were N0 from systemic therapy,
indication bias is virtually absent in this study. This cohort is,
therefore, very suitable to investigate prognostic biomarkers.
Another strength is that a standardized sTILs scoring method
has been used with a high concordance between patholo-
gists, similar to the one reported for HER2-negative and
hormone receptor scoring.15,34 Moreover, sTILs scoring in our
study was performed blinded to clinical outcomes.

However, our study has some limitations. First, we used
tumor BRCA1 mutation status instead of germline status.
Nonetheless, on the basis of the literature, we expect at least
80% of the tumor BRCA1mutations to be germline although
no studies were published specifically for women under age
40 years.35,36 Second, in the Netherlands, BRCA1 germline
testing was not regularly performed in young patients with
breast cancer during the 1990s. As a result, mutation
carriers might have gone unnoticed and therefore did not
receive prophylactic surgery.37,38 Survival of patients with
tBRCA1m-associated tumors in our studymay consequently
be worse than it would be nowadays with screening pro-
grams and preventive strategies available for germline
BRCA1 mutation carriers.39 Since information on mode of

detection was lacking, we cannot answer whether sTILs
carry differential prognostic information in screen-detected
versus symptomatic TNBC. Finally, (neo)adjuvant systemic
therapy for a second (breast) cancer or locoregional re-
currence might have affected OS. Unfortunately, consistent
information on subsequent treatments was unavailable.40,41

sTILs as a prognostic biomarker have some clear advantages
above other (new) biomarkers. sTIL scoring is highly repro-
ducible, with concordance rates ofmore than 0.90 for the 75%
cutoff and more than 0.80 for the 30% cutoff.15 In addition,
pathologists can be trained to score sTILs easily (freely
available educational resources are available on International
TILS Working Group),42 and it is inexpensive as the diagnostic
H&E slide is used. The assessment of genomic biomarkers
and PDL1-IHC is expensive, laborious, and not always easily
implementable in low-to-middle income countries.

In conclusion, we found that young (, 40 years) patients
with N0 TNBC with high sTILs ($ 75%) have an excellent
prognosis. These data could be used as a starting point for
designing a randomized controlled chemotherapy de-
escalation trial. The current study confirms the impor-
tance of sTILs as a valuable addition to the set of standard
prognostic factors in patients with TNBC.
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