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IMPORTANCE The association of tumor-infiltrating lymphocyte (TIL) abundance in breast
cancer tissue with cancer recurrence and death in patients with early-stage triple-negative
breast cancer (TNBC) who are not treated with adjuvant or neoadjuvant chemotherapy is
unclear.

OBJECTIVE To study the association of TIL abundance in breast cancer tissue with survival
among patients with early-stage TNBC who were treated with locoregional therapy but no
chemotherapy.

DESIGN, SETTING, AND PARTICIPANTS Retrospective pooled analysis of individual patient-level
data from 13 participating centers in North America (Rochester, Minnesota; Vancouver, British
Columbia, Canada), Europe (Paris, Lyon, and Villejuif, France; Amsterdam and Rotterdam, the
Netherlands; Milan, Padova, and Genova, Italy; Gothenburg, Sweden), and Asia (Tokyo,
Japan; Seoul, Korea), including 1966 participants diagnosed with TNBC between 1979 and
2017 (with follow-up until September 27, 2021) who received treatment with surgery with or
without radiotherapy but no adjuvant or neoadjuvant chemotherapy.

EXPOSURE TIL abundance in breast tissue from resected primary tumors.

MAIN OUTCOMES AND MEASURES The primary outcome was invasive disease-free survival
[iDFS]. Secondary outcomes were recurrence-free survival [RFS], survival free of distant
recurrence [distant RFS, DRFS], and overall survival. Associations were assessed using a
multivariable Cox model stratified by participating center.

RESULTS This study included 1966 patients with TNBC (median age, 56 years [IQR, 39-71];
55% had stage I TNBC). The median TIL level was 15% (IQR, 5%-40%). Four-hundred
seventeen (21%) had a TIL level of 50% or more (median age, 41 years [IQR, 36-63]), and
1300 (66%) had a TIL level of less than 30% (median age, 59 years [IQR, 41-72]). Five-year
DRFS for stage I TNBC was 94% (95% CI, 91%-96%) for patients with a TIL level of 50% or
more, compared with 78% (95% CI, 75%-80%) for those with a TIL level of less than 30%;
5-year overall survival was 95% (95% CI, 92%-97%) for patients with a TIL level of 50% or
more, compared with 82% (95% CI, 79%-84%) for those with a TIL level of less than 30%. At
a median follow-up of 18 years, and after adjusting for age, tumor size, nodal status,
histological grade, and receipt of radiotherapy, each 10% higher TIL increment was associated
independently with improved iDFS (hazard ratio [HR], 0.92 [0.89-0.94]), RFS (HR, 0.90
[0.87-0.92]), DRFS (HR, 0.87 [0.84-0.90]), and overall survival (0.88 [0.85-0.91]) (likelihood
ratio test, P < 10e-6).

CONCLUSIONS AND RELEVANCE In patients with early-stage TNBC who did not undergo
adjuvant or neoadjuvant chemotherapy, breast cancer tissue with a higher abundance of TIL
levels was associated with significantly better survival. These results suggest that breast
tissue TIL abundance is a prognostic factor for patients with early-stage TNBC.
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P atients with triple-negative breast cancer (TNBC) have
higher recurrence and mortality rates following tumor
resection compared with patients who have hormone

receptor–positive or ERBB2 (formerly HER2)-positive breast
cancer.1 Because of this, adjuvant or neoadjuvant chemo-
therapy is recommended for most patients with early-stage
TNBC.2,3 The type and number of chemotherapy drugs are se-
lected based on tumor size and the presence or absence of
lymph node metastases. Biomarkers guiding optimal sys-
temic treatment, while avoiding overtreatment, have not been
identified. A prognostic marker associated with a lower risk of
TNBC recurrence could help identify patients who can achieve
high cure rates with less intensive therapy.

Tumor-infiltrating lymphocyte (TIL) levels are markers of
an active antitumor immune response. Patients with early-
stage TNBC and high TIL levels in breast cancer tissue have lon-
ger survival following adjuvant chemotherapy4 and higher
rates of pathologic complete response following neoadjuvant
chemotherapy, compared with those who have lower TIL
levels.5 Studies of less than 500 patients have suggested that
higher TIL levels are associated with improved survival, even
without adjuvant or neoadjuvant chemotherapy.6-8 How-
ever, associations of TNBC TIL abundance with breast cancer
recurrence and mortality rates among women who do not un-
dergo chemotherapy remain unclear.6-8

This study evaluated the association of breast cancer TIL
levels with survival among patients with early-stage TNBC
treated with locoregional therapy who had no exposure to ad-
juvant or neoadjuvant chemotherapy.

Methods
Patients
We analyzed individual patient data from 1966 women
with stages I to III TNBC who received locoregional therapy
but no neoadjuvant or adjuvant chemotherapy at one of 13
centers in North America (Rochester, Minnesota; Vancouver,
British Columbia, Canada), Europe (Paris, Lyon, and Villejuif,
France; Amsterdam and Rotterdam, the Netherlands; Milan,
Padova, and Genova, Italy; Gothenburg, Sweden) and Asia
(Tokyo, Japan; Seoul, Korea) between January 1979 and
November 2017. Final follow-up occurred on September 27,
2021. Participants included 1099 patients from 6 centers
(Rochester, Minnesota; Paris and Villejuif, France; Amster-
dam, the Netherlands; Milan, Italy; and Seoul, Korea) in 3
previously reported smaller studies,6-8 and previously unre-
ported data from 867 patients from 7 additional centers (Van-
couver, British Columbia, Canada; Lyon, France; Rotterdam,
Netherlands; Padova and Genova, Italy; Gothenburg, Swe-
den; and Tokyo, Japan). This study was approved by the
Gustave Roussy’s institutional review board (IRB), the French
Committee for Data Protection, and local IRBs. Informed con-
sent was waived by local IRBs given that this study was retro-
spective and noninterventional.

Data were collected by each institution using medical rec-
ord review and included the following information: breast can-
cer diagnosis date; surgery type and date; age at diagnosis;

menopausal status; tumor histology, grade, and size; number
of involved axillary lymph nodes; estrogen receptor and pro-
gesterone receptor expression (reported as percent of tumor
cell nuclei staining positive using immunohistochemistry);
ERBB2 status; stromal TIL levels in the resected primary breast
tumor (reported as percent); receipt of radiotherapy; last fol-
low-up or death dates; overall survival status at last follow-
up; and occurrence of locoregional and/or distant recur-
rence, contralateral breast cancer, or second malignancy.

TIL Levels and Pathological Analysis
TIL levels were measured in breast cancer tissue using hema-
toxylin and eosin–stained slides by pathologists trained in TIL
assessment following the International Immuno-Oncology Bio-
marker Working Group guidelines,9 who were unaware of clini-
cal outcomes. Briefly, on a resected breast tumor slide, the stro-
mal area was identified (ie, area occupied by noncancer cells).
TIL levels were quantified within the stromal area and re-
ported as 0% to 100% of stromal tissue. The denominator used
to determine the percent of stromal TIL levels was the area of
stromal tissue (ie, area occupied by TIL levels within the total
stromal area). Among 32 trained pathologists, this method had
intraclass correlation coefficients between 0.81 and 0.93 for
defining a TIL threshold of 30% and between 0.90 and 0.94
for defining a TIL threshold of 75% in a previously reported con-
cordance analysis.10 Given that optimal TIL thresholds have
not been defined, TIL levels were analyzed both as a continu-
ous variable and according to prespecified TIL thresholds of
less than 30% or greater than or equal to 30% andless than 50%
or greater than or equal to 50% (Section VI: Statistical Meth-
ods in Supplement 1). In addition, we evaluated a TIL thresh-
old of less than 75% or greater than or equal to 75% in a pos-
thoc and exploratory manner.

Tumor size, grade, and histology were assessed at each cen-
ter according to institutional guidelines. Anatomical stage was
assessed according to the AJCC Staging Manual, 8th ed.11 Tu-
mors negative for estrogen receptor and progesterone recep-
tor were defined as having less than 1% of tumor cell nuclei
staining positive using immunohistochemistry, except for 3 in-
stitutions that used a threshold of less than 10% (eTable 1A in

Key Points
Question In patients with early-stage triple-negative breast
cancer (TNBC) treated with locoregional therapy but without
adjuvant or neoadjuvant chemotherapy, is a higher abundance of
tumor-infiltrating lymphocytes (TIL) in breast cancer tissue
associated with better survival?

Findings In this retrospective analysis of 1966 participants with
early-stage TNBC treated with locoregional therapy but without
adjuvant or neoadjuvant chemotherapy, survival rates were 90%
for patients with a TIL level of 50% or greater, compared with 72%
for patients with a TIL level of less than 30% at 5-year follow-up.

Meaning In patients with early-stage TNBC treated with
locoregional therapy only, higher TIL levels in breast cancer tissue
were associated with improved survival.
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Supplement 2). Only ERBB2–negative tumors were eligible (de-
fined as immunohistochemistry 0, 1+, or 2+ and in situ hy-
bridization–negative; eTable 1B in Supplement 2). For pa-
tients treated prior to routine clinical ERBB2 testing and for
whom ERBB2 information was not available in the clinical rec-
ord, ERBB2 expression was directly evaluated in archival tu-
mor tissue and confirmed to be negative prior to inclusion in
the study (Section 1: Study Population in Supplement 2).

Outcomes
The primary outcome was invasive disease-free survival (iDFS).
Secondary outcomes included recurrence-free survival (RFS),
distant disease-free survival (DDFS), distant relapse-free sur-
vival (DRFS) and overall survival (Sections 3A and 3B in Supple-
ment 1). Outcomes followed the Standardized Definitions for
Efficacy End Points (STEEP) criteria (version 2.0) in adjuvant
breast cancer clinical trials (eTable 3A in Supplement 2).12 iDFS
events include the occurrence of invasive local, regional, and
distant recurrences; contralateral breast cancer; second non-
breast primary cancer; and death from any cause (excluding
noninvasive in situ cancers). RFS events include the same
events but exclude contralateral breast cancer or second non-
breast primary cancers. DDFS and DRFS events include dis-
tant recurrences and death from any cause, but DRFS ex-
cludes second nonbreast primary cancers. Overall survival
includes death from any cause.

Statistical Analysis
Patients who did not experience one of the prespecified out-
comes were censored at last follow-up.

Cox regression models, stratified by institution, were used
to test the independent association of TIL levels (adjusted for
age, tumor size, histologic grade, lymph node metastases, and
radiotherapy) with all prespecified outcomes, using likeli-
hood ratio tests. Adjusted hazard ratios (HRs [95% CIs]) and
2-sided P values were calculated, with P values of less than .05
being considered statistically significant. Schoenfeld residu-
als were plotted to investigate violation of the proportional-
effects assumption in the Cox model (eFigure 11A, eFig-
ure 11B, and eTable 11 in Supplement 2). Heterogeneity across
institutions was evaluated using the Cochran Q test and the I2

statistic (<25% defined as low heterogeneity) (Section 6 in
Supplement 1).

The Kaplan-Meier method was used to estimate survival
probabilities, with 95%CIs calculated using a percentile boot-
strap method. Pairwise correlation was performed between the
variables of interest using Spearman rank correlation and Ken-
dall τ rank correlation. Multiple imputation using a multi-
level model was used to calculate adjustments for missing data.
Discrimination of the multivariable models was evaluated by
the area under the time-dependent receiver operating char-
acteristic curve (area under the curve [AUC]) at 5 years for all
survival outcomes (eTable 9A and eTable 9B in Supple-
ment 2). Calibration plots were constructed using leave-one-
study-out c ross validation (eFigures 10A-10E in
Supplement 2).13 Because patients were treated over 4 de-
cades (1979-2017), differences were evaluated in the associa-
tion of TIL levels with clinical outcomes before vs after 1998,

when the Saint Gallen Consensus Conference first recom-
mended adjuvant chemotherapy for node-negative TNBC.14 To
evaluate the association of TIL levels with the occurrence of
second primary cancers, distant recurrence, or death, a com-
peting risk analysis was conducted using the prespecified
thresholds of 30% and 50% TIL levels.

Analyses were performed using R software version 3.2.3.15

Results
Patient Characteristics
Data were obtained for 2211 patients. Of these, 1966 met eli-
gibility criteria and were included in the analysis, with a me-
dian follow-up of 18 (95% CI, 15-20) years (Figure 1; eTable 1C
in Supplement 2). A total of 173 (9%) were missing data on at
least 1 variable (74 [4%] missing tumor size, 60 [3%] lymph
node status, 29 [1%] tumor grade, and 12 [1%] radiotherapy his-
tory; eTables 3D-F and eFigures 3A-C in Supplement 2). The
median age at diagnosis was 56 years (IQR, 39-71), and 41% were
younger than 50 years. Most tumors were T1 (60%) or T2 (36%),
node-negative (87%), and stage I (55%). Among patients with
stage I TNBC, 65% had T1cN0 tumors. Sixty-one percent had
breast-conserving surgery and radiotherapy (Table; eTable 1C
and eFigures 1A-E in Supplement 2).

Stromal TIL Levels
Overall, the median percentage of TIL levels was 15% (IQR,
5-40). Thirty-four percent had TIL levels of 30% or greater, and

Figure 1. Flow of Patients

2211 Patients’ clinical data submitted
by 13 participating institutions
to the study secretariata

1966 Patients with early-stage triple-negative
breast cancer treated with surgery
who did not receive chemotherapy
and who had TIL level  data and
adequate follow-upb

245 Excluded
133 Received prior chemotherapy

21 Without follow-up data
18 With progesterone receptor levels ≥1%
8 Did not undergo surgery
1 With a concurrent malignancy
1 With noninvasive cancer

41 With estrogen receptor levels ≥1%
22 Without TIL level data

a Patients were women with triple-negative breast cancer who received
locoregional therapy but no chemotherapy from 13 participating institutions.
Data were submitted from the 13 participating centers, which were located in
North America (Rochester, Minnesota, USA; Vancouver, British Columbia,
Canada), Europe (Paris, Lyon, and Villejuif, France; Amsterdam and Rotterdam,
the Netherlands; Milan, Padova, and Genova, Italy; Gothenburg, Sweden), and
Asia (Tokyo, Japan; Seoul, Korea).

b Number of cases included for each tumor-infiltrating lymphocyte (TIL) level:
less than 30%, 1300 (66%); 30% to 49%, 249 (13%); 50% to 74%, 249
(13%); and 75% or greater, 168 (9%).
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21% had TIL levels of 50% or greater (Table; eTable 2A, eFig-
ure 2A, and eFigure 2B in Supplement 2). TIL distribution
showed no significant heterogeneity across institutions (eFig-
ure 2B and eTable 2A in Supplement 2). Higher TIL levels were
associated with younger age (median age, 59 [IQR, 41-72] years
for patients with TIL levels less than 30%; median age, 41 [IQR,

36-63] years for patients with TIL levels of 50% or greater;
Table) and higher tumor grade (P ≤ 10−6) but not with tumor
size or number of involved lymph nodes (eTable 2B, and
eFigure 2B, and eFigure 2C in Supplement 2). For patients
aged 50 years or older, 4% had TIL levels of 75% or greater
(Figure 2).

Table. Characteristics of the Study Population at Baseline

Characteristics

Stromal TIL percentage

<30 (n = 1300) 30-49 (n = 249) 50-74 (n = 249) ≥75 (n = 168)
Age, median (IQR), y 59 (41-72) 57 (43-70) 48 (37-68) 38 (35-55)

Age <50 y, No. (%) 467 (36) 84 (34) 130 (52) 119 (71)

Premenopausal, No./total No. (%) 198/929 (21) 51/192 (27) 39/139 (28) 20/55 (36)

Tumor size, cm

Median (IQR) 2.0 (1.2-2.5) 2 (1.2-2.8) 2 (1.3-3.0) 1.8 (1.3-2.3)

Mean (SD) 2.1 (1.6) 2.2 (1.4) 2.4 (1.6) 1.9 (1.1)

Pathologic tumor size,
No./total No. (%)a

<2 cm (pT1) 782/1278 (61) 142/249 (57) 126/247 (51) 109/166 (66)

2-5 cm (pT2) 448/1278 (35) 97/249 (39) 105/247 (43) 55/166 (33)

>5 cm (pT3) or any size with chest
wall or skin extension (pT4)b

48/1278 (4) 10/249 (4) 16/247 (7) 2/166 (1)

ALN metastases, No./total No. (%)c

None (pN0) 1075/1252 (86) 205/243 (84) 211/244 (87) 160/167 (96)

1-3 ALN (pN1) 117/1252 (9) 24/243 (10) 22/244 (9) 3/167 (2)

4-9 ALN (pN2) 41/1252 (3) 7/243 (3) 10/244 (4) 4/167 (2)

≥10 ALN (pN3) 19/1252 (2) 7/243 (3) 1/244 (0.4) 0/167 (0)

AJCC anatomic stage, No./total No. (%)d

I 689/1230 (56) 124/243 (51) 114/242 (47) 107/165 (65)

II 470/1230 (38) 105/243 (43) 114/242 (47) 54/165 (33)

III 71/1230 (6) 14/243 (6) 14/242 (6) 4/165 (2)

pT1 N0 subgroups,
No./total No. (% of stage I)

pT1mi N0 tumor, ≤0.1 cm 21/675 (3) 3/122 (3) 9/108 (8) 0/102 (0)

pT1a N0 tumor, 0.2-0.5 cm 66/675 (10) 16/122 (13) 17/108 (16) 12/102 (12)

pT1b N0 tumor, 0.6-1.0 cm 146/675 (22) 31/122 (25) 19/108 (18) 18/102 (18)

pT1c N0 tumor, 1.1-2.0 cm 442/675 (65) 72/122 (59) 63/108 (58) 72/102 (71)

Histological subtype, No./total No. (%)

Invasive breast carcinomae 937/1225 (77) 186/239 (78) 186/240 (78) 118/166 (71)

Medullary 32/1225 (3) 21/239 (9) 30/240 (13) 37/166 (22)

Lobular carcinomaf 35/1225 (3) 2/239 (1) 2/240 (1) 2/166 (1)

Metaplastic carcinomaf 45/1225 (4) 3/239 (1) 10/240 (4) 4/166 (2)

Mucinous adenocarcinoma 8/1225 (0.7) 0/239 1/240 (0.4) 0/166

Tubular carcinoma 2/1225 (0.2) 1/239 (0.4) 0/240 0/166

Otherg 166/1225 (14) 26/239 (11) 11/240 (5) 5/166 (3)

Histological grade, No./total No. (%)h

Low 85/1285 (7) 7/242 (3) 2/245 (1) 1/165 (1)

Intermediate 384/1285 (30) 44/242 (18) 30/245 (12) 15/165 (9)

High 816/1285 (64) 191/242 (79) 213/245 (87) 149/165 (90)

Stromal TIL levels, %i

TIL level, median (IQR), % 5 (4-15) 35 (30-40) 60 (55-70) 85 (80-90)

TIL level, mean (SD), % 9 (7) 36 (6) 61 (7) 85 (7)

Primary surgery, No./total No. (%)

Breast conservation 789/1297 (61) 147/249 (59) 141/248 (57) 124/165 (75)

Mastectomy 508/1297 (39) 102/249 (41) 107/248 (43) 41/165 (25)

Adjuvant radiotherapy 793/1292 (61) 146/248 (59) 148/246 (60) 124/168 (74)

Abbreviations: AJCC, American Joint
Committee on Cancer; ALN, axillary
lymph node; TIL, tumor-infiltrating
lymphocyte.
a Refers to tumor size on surgical

specimen.
b Data for pT3 and pT4 were

combined into a single category
given that only tumor size
information was available.
Information on characteristics
defining T4 tumors (extension to
chest wall, ulceration, skin nodules,
inflammatory changes) was not
available.

c Pathologic nodal stage refers to the
number of lymph nodes affected by
metastases.

d Categories indicate AJCC 8th
edition anatomic stages: I, less
advanced disease with a pT1 tumor
and no lymph node involvement
(pN0) or microscopic lymph node
involvement only; II, more advanced
disease with either macroscopic
lymph node involvement in 1 to 3
lymph nodes (pN1) or a larger tumor
(pT2-3 without nodal involvement);
and III, more extensive nodal
involvement (N2-3) or a T4 tumor
regardless of extent of nodal
involvement.

e Indicates no special type of invasive
breast carcinoma.

f Indicates subtype category was not
otherwise specified.

g Other histologic subtypes included
apocrine carcinoma, papillary
carcinoma, anaplastic carcinoma,
neuroendocrine carcinoma,
secretory carcinoma, and mixed
ductal and lobular carcinoma.

h Histological grade describes the
degree of tumor differentiation,
with grade 1 tumors being
well-differentiated, grade 2 tumors
being moderately differentiated,
and grade 3 tumors being poorly
differentiated. In general, the higher
the grade, the more aggressive the
biology of the tumor.

i Stromal TIL levels refer to the
percentage of the tumor stromal
area occupied by mononuclear
inflammatory cells in breast tumor
tissue (reported as 0%-100%), as
assessed using hematoxylin and
eosin–stained tissue sections
according to the International
Immuno-Oncology Biomarker
Working Group Guidelines.
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Follow-Up and Outcomes
The number of events for each end point were as follows: for
iDFS, 1074 (55%); RFS, 940 (48%); DDFS, 894 (46%); DRFS, 832
(42%) (eTable 3B in Supplement 2); and deaths, 803 (41%)
(eTable 3C in Supplement 2). One-hundred forty (13%) of 1074
iDFS events consisted of a new contralateral breast cancer, and
110 (10%) consisted of a second nonbreast primary malig-
nancy. Survival rates according to TIL levels are shown in
Figure 2, Figure 3, and eFigures 5A-R, and eTable 5A in Supple-

ment 2. In a multivariable Cox model including age, tumor size,
nodal status, histological grade, and receipt of radiotherapy,
higher TIL levels were associated with improved iDFS, RFS,
DDFS, DRFS, and overall survival (all likelihood ratio P values
<10−6; eTables 4A-F in Supplement 2). Each 10%-higher TIL
level was associated with an 8% lower risk of an iDFS event
(HR, 0.92 [95% CI, 0.89-0.94]), a 10% lower risk of an RFS event
(HR, 0.90 [95% CI, 0.87-0.92]), a 13% lower risk of a DDFS event
(HR, 0.87 [95% CI, 0.85-0.90]), a 13% lower risk of a DRFS event

Figure 2. Clinical Outcomes According to TIL Thresholds in the Overall Study Population and According to Stage

50 75 100
5-y Survival rate

Estimated survival, % (bootstrapped 95% CI)

No. (%) 5-y iDFS 5-y RFS 5-y DRFS
5-y Overall
survival

All patients (N = 1966)

TIL levels, %

1966 65 (63-67) 69 (67-71) 73 (71-75)0-100 76 (75-78)

1300 (66) 60 (58-63) 63 (61-66) 68 (66-70)<30 72 (69-74)

666 (34) 74 (71-77) 79 (77-82) 84 (81-86)≥30 86 (84-88)

417 (21) 78 (74-81) 83 (80-86) 88 (85-90)≥50 90 (88-93)

168 (9) 84 (80-89) 90 (86-93) 94 (91-97)≥75 96 (93-98)

Stage I (n = 1081)a

TIL levels, %

1081 73 (70-75) 77 (75-79) 82 (80-83)0-100 85 (83-87)

728 (67) 69 (66-72) 73 (70-76) 78 (75-80)<30 82 (79-84)

353 (33) 80 (76-83) 85 (82-88) 90 (87-92)≥30 91 (88-94)

226 (21) 84 (80-88) 89 (86-93) 94 (91-96)≥50 95 (92-97)

108 (10) 86 (80-92) 91 (87-95) 95 (92-98)≥75 96 (93-99)

pT1mi/T1a N0 (n = 156)a

156 85 (80-90) 92 (88-96) 95 (92-98)0-100 98 (96-99)

96 (62) 83 (77-90) 92 (87-96) 93 (89-98)<30 98 (94-100)

60 (38) 88 (81-96) 92 (86-98) 98 (94-100)≥30 98 (94-100)

39 (25) 87 (77-97) 91 (80-97) 97 (91-100)≥50 97 (91-100)

12 (8) 91 (75-100) 100 (100-100) 100 (100-100)≥75 100 (100-100)

pT1b N0 (n = 222)a

222 74 (69-79) 80 (75-85) 86 (82-90)0-100 90 (87-94)

154 (69) 71 (65-77) 76 (70-82) 83 (77-88)<30 88 (84-93)

68 (31) 81 (73-89) 89 (82-95) 93 (88-98)≥30 95 (90-98)

37 (17) 82 (71-92) 94 (86-100) 97 (91-100)≥50 97 (91-100)

18 (8) 76 (56-94) 88 (75-100) 94 (82-100)≥75 94 (83-100)

pT1c N0 (n = 703)a

703 69 (66-72) 73 (70-76) 77 (75-80)0-100 80 (78-83)

478 (68) 66 (62-70) 69 (65-72) 73 (69-76)<30 77 (73-80)

225 (32) 77 (72-82) 82 (78-86) 87 (83-90)≥30 88 (85-92)

150 (22) 83 (78-88) 88 (84-92) 92 (89-96)≥50 94 (90-97)

78 (11) 87 (81-92) 91 (86-96) 95 (90-99)≥75 96 (92-99)

Stage II (n = 779)a

779 62 (59-64) 65 (62-68) 69 (66-72)0-100 73 (70-76)

498 (64) 55 (51-59) 58 (54-61) 62 (59-66)<30 66 (63-70)

281 (36) 73 (68-77) 78 (73-82) 81 (77-85)≥30 84 (81-88)

173 (22) 74 (68-80) 79 (74-84) 85 (81-90)≥50 89 (85-93)

56 (7) 85 (78-93) 91 (83-96) 96 (92-100)≥75 98 (95-100)

IDFS RFS DRFS Overall survival

a Indicates sample sizes after multilevel multiple imputation for missing
variables, as described in Methods.

Right panel illustrates point estimates for each survival end point in all patients,
according to stage and tumor-infiltrating lymphocyte (TIL) level. Area of the

circles is proportional to the sample size for each TIL subgroup. iDFS indicates
invasive disease-free survival; RFS, recurrence-free survival; and DRFS, survival
free of distant recurrence.
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(HR, 0.87 [95% CI, 0.84-0.90]), and a 12% lower risk of death
(HR, 0.88 [95% CI, 0.85-0.91]).

Competing risk analyses display the cumulative inci-
dence of second primary (nonbreast) cancers, distant re-
lapse, or death according to TIL levels (eTables 8A-E and eFig-
ures 8A-D in Supplement 2). At 10 years, patients with a greater
abundance of TILs had a lower cumulative incidence of dis-
tant relapse or death (21% [95% CI, 17%-24%] for TIL levels
≥30% compared with 38% [95% CI 35%-41%] for TIL levels
<30% [eFigure 8A in Supplement 2]; and 16% [95% CI, 12%-
20%] for TIL levels ≥50% compared with 37% [95% CI, 34%-
40%] for TIL levels <50%) [eFigure 8B in Supplement 2]). The
10-year cumulative incidence of second primary (nonbreast)
cancers was 3.7% (95% CI, 2.3%-5.6%) for TIL levels ≥30% com-
pared with 7.3% (95% CI, 5.6%-9.2%) for TIL levels <30% [eFig-
ure 8A in Supplement 2]; and 2.8% (95% CI, 1.5%-5.0%) for TIL
levels ≥50% compared with 7.0% (95% CI, 5.6%-8.8%) for TIL
levels <50% [eFigure 8B in Supplement 2]. Similar results were
observed in patients who did not have lymph node involve-
ment with breast cancer (eFigure 8C in Supplement 2).

TIL Levels and Outcomes in Node-Negative
and Stage I TNBC
Overall, patients with stage I TNBC had a 5-year RFS of 77% (95%
CI, 75%-79%), DRFS of 82% (95% CI, 80%-83%), and overall sur-
vival of 85% (95% CI, 83%-87%) (Figure 2). Among stage I pa-
tients with TIL levels of 50% or greater, 5-year RFS was 89% (95%
CI, 86%-93%), DRFS was 94% (95% CI, 91%-96%), and overall
survival was 95% (95% CI, 92%-97%); while for patients with TIL
levels of less than 30%, 5-year RFS was 73% (95% CI, 70%-
76%), DRFS was 78% (95% CI, 75%-80%), and overall survival
was 82% (95% CI, 79%-84%) (Figure 2; eFigures 5S-X, and
eTable 7A and eTable 7B in Supplement 2). Cumulative rates of
cancer and mortality events are shown in Figure 4.

TIL Levels and Outcomes According to Institution
and Inclusion Period
The distribution of tumor size, nodal status, and stage did not
differ according to institution (eFigures 1A-E in Supplement 2).
Cochran Q test values were associated with a P value of greater
than .05, and I2 values were 0 to 22 for comparisons by institu-

Figure 3. Cumulative Rates of Cancer and Mortality Events for the Entire Population According to Prespecified TIL Thresholds

0.5

0.4

0.3

0.2

0.1

0

Cu
m

ul
at

iv
e 

in
va

si
ve

 d
is

ea
se

 e
ve

nt
s

or
 d

ea
th

, 1
–D

FS
, %

Time since surgery or inclusion, y

Invasive disease-free survivalA

0

1300
249
417

2

967
187
352

4

747
155
313

6

622
135
272

8

504
109
235

10

401
94

203

No. at risk by TIL level
0%-29%

TIL levels 0%-29%
TIL levels 0%-29%

50%-100%

TIL levels 50%-100%

TIL levels 50%-100%

30%-49%

TIL levels 30%-49%

0.5

0.4

0.3

0.2

0.1

0

Cu
m

ul
at

iv
e 

re
cu

rr
en

ce
 o

r
de

at
h,

 1
–R

FS
, %

Time since surgery or inclusion, y

Recurrence-free survivalB

0

1300
249
417

2

988
190
364

4

783
163
332

6

661
144
291

8

547
119
260

10

444
105
232

No. at risk by TIL level
0%-29%

50%-100%
30%-49%

0.5

0.4

0.3

0.2

0.1

0

Cu
m

ul
at

iv
e 

di
st

an
t r

ec
ur

re
nc

e
or

 d
ea

th
, 1

–D
RF

S,
 %

Time since surgery or inclusion, y

Distant recurrence-free survivalC

0

1300
249
417

2

1029
202
373

4

840
173
351

6

712
150
316

8

593
126
290

10

482
111
262

No. at risk by TIL level
0%-29%

TIL levels 0%-29%

50%-100%

TIL levels 50%-100%

30%-49%

TIL levels 30%-49%

0.5

0.4

0.3

0.2

0.1

0

Cu
m

ul
at

iv
e 

to
ta

l m
or

ta
lit

y,
1–

ov
er

al
l s

ur
vi

va
l, 

%

Time since surgery or inclusion, y

Overall survivalD

0

1300
249
417

2

1116
217
382

4

896
182
359

6

748
154
323

8

622
129
293

10

505
114
264

No. at risk by TIL level
0%-29%

TIL levels 0%-29%

50%-100%

TIL levels 50%-100%

30%-49%

TIL levels 30%-49%

TIL levels 30%-49%

The median was reached at 9.71 years (95% CI, 8.16-11.2) years. TIL indicates tumor-infiltrating leukocyte; DFS, disease-free survival; RFS, recurrence-free survival;
and DRFS, survival free of distant recurrence.
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tion or inclusion year for all outcomes (section 6 in Supple-
ment 1). Patients with higher TIL levels had significantly better
outcomes than those with lower TIL levels, regardless of inclu-
sion period (1999-2017 vs 1979-1988). However, in a multivari-
able model adjusted for clinicopathological factors and TIL lev-
els but not stratified by institution, there was a significant effect
of inclusion period on outcomes, with those treated between
1999 and 2017 exhibiting more favorable outcomes for RFS (HR,
0.67 [95% CI, 0.55-0.80]; P < 10−4) and for overall survival (HR,
0.54 [95% CI, 0.44-0.66]; P < 10−6). For patients with TIL levels
of 50% or greater between 1999 and 2017, the 5-year RFS was
81% (95% CI, 74-87), and overall survival was 89% (95% CI, 84-
94), compared with RFS of 84% (95% CI, 81-88) and overall sur-
vival of 91% (95% CI, 88-94) between 1979 and 1998. For pa-
tients with TNBC and TIL levels of less than 30% between 1999
and 2017, the 5-year RFS was 69% (95% CI, 65-72), and overall
survival was 77% (95% CI, 74-80), compared with RFS of 60%
(95% CI, 57-63) and overall survival of 68% (95% CI, 65-71) be-
tween 1979 and 1998. Rates for other survival outcomes and ad-
ditional TIL thresholds are reported in eTable 12, eFigure 12A,
and eFigure 12B in Supplement 2.

Incorporating TIL levels to the clinicopathological model
improved the AUC at 5 and 10 years for all outcomes. At 10
years, incorporation of TIL levels improved the AUC for iDFS
(from 0.64[0.62-0.67] to 0.68[0.65-0.71]), for RFS (from
0.68[0.65-0.71] to 0.72[0.69-0.74]), for DRFS (from 0.71[0.68-
0.74] to 0.75[0.72-0.78]), and for overall survival (from
0.71[0.68-0.74] to 0.75[0.72-0.78]) (Figure 4; eTable 9A,
eTable 9B, and eFigures 10A-E in Supplement 2).

Discussion
Among 1966 TNBC patients who did not receive adjuvant/
neoadjuvant chemotherapy, higher breast tissue TIL levels were
associated with improved clinical outcomes (iDFS, RFS, DRFS,
DDFS, and overall survival) at a median follow-up of 18 years,
independent of age, tumor size, nodal status, and histologic
grade. While the association of TIL levels with clinical out-
comes in early-stage TNBC has been previously reported,4,5,16

in most studies, patients were exposed to chemotherapy, mak-
ing it challenging to assess whether TIL levels were indepen-

Figure 4. Cumulative Rates of Cancer and Mortality Events for the Subset of Patients With Stage I Triple-Negative Breast Cancer According to
Prespecified TIL Thresholds
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Tumor-Infiltrating Lymphocytes in Triple-Negative Breast Cancer Original Investigation Research

jama.com (Reprinted) JAMA April 2, 2024 Volume 331, Number 13 1141

© 2024 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by University of Gent / UZGent Kenniscentrum user on 04/02/2024

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2024.3056?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2024.3056
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2024.3056?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2024.3056
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2024.3056?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2024.3056
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2024.3056?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2024.3056
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2024.3056


dently associated with prognosis or simply associated with
greater chemotherapy responsiveness. This study adds to prior
evidence6-8 by demonstrating that higher TIL levels were as-
sociated with better survival in patients with TNBC who had
no exposure to adjuvant/neoadjuvant chemotherapy.

Current guidelines recommend considering adjuvant/
neoadjuvant multiagent chemotherapy for T1b-cN0 TNBC, and
omitting chemotherapy for T1aN0 TNBC.2,3 In this study, the
survival of patients with T1b-cN0 TNBC differed according to
TIL levels. Analysis from this study has shown that using TIL
levels of greater than or equal to 50% identified patients with
5-year RFS, DRFS, and overall survival rates approaching or ex-
ceeding 90%, even without chemotherapy. These data sug-
gest that current multiagent chemotherapy regimens may have
a limited effect on further reducing recurrence and mortality
in this population. However, further study is needed. Similar
to the approach of using genomic profiles to identify patients
with hormone receptor–positive breast cancer who can avoid
chemotherapy,17 future studies may investigate whether pa-
tients with T1b-cN0 TNBC and high TIL levels may achieve high
cure rates with less intensive chemotherapy regimens than cur-
rently recommended. For patients with T1mi and T1aN0 TNBC,
5-year RFS, DRFS and overall survival exceeded 90% regard-
less of TIL infiltration, findings that support current recom-
mendations to omit chemotherapy for these patients.2,3

While the primary end point of this study was iDFS, this end
point included new contralateral breast cancers and death
from other causes. Some of the outcomes included in iDFS do
not reflect a return of the initial breast cancer but rather newly
formed tumors, and their development would not be affected by
the administration (or not) of chemotherapy for a preceding
malignancy.12 Perioperative chemotherapy aims to eradicate mi-
croscopic residual cancer cells that may persist after surgery and
forwhichregrowthwouldleadtomalignancyrecurrence.Patients
with previously cured TNBC may still be at risk of developing new
contralateralbreastcancers(newlytransformedfromhealthycon-
tralateral breast cells, rather than regrowth of the original malig-
nancy) or subsequent nonbreast primary tumors (new cancers
arising in nonbreast organs, rather than regrowth or spread of the
original breast cancer), particularly in the context of cancer pre-
disposition gene variants. In data reported here, 23% of the first
iDFS events were events other than breast cancer recurrence. For
example, 140 (13%) were new contralateral invasive breast can-
cers, and 110 (10%) were second nonbreast primary tumors. Be-
cause some patients were diagnosed as early as 1979, germline
breast and ovarian cancer predisposition gene variants (eg, BRCA
variants) may not have been diagnosed, and prophylactic breast
and/or ovarian surgery may not have been performed. This could
account for the high rate of contralateral breast cancers and sub-
sequent nonbreast primary cancers observed in this cohort. End
points that exclude events that do not represent a recurrence of
the original cancer should be considered in future studies to ac-
curately measure the effect of using less intensive chemotherapy
on the risk of breast cancer recurrences.12

Consistent with other studies,4,8 younger age was associ-
ated with higher TIL levels. Despite this, TIL levels remained in-
dependently associated with survival in a multivariable model
adjusting for age. Lower TIL levels in older patients may relate

to age-dependent changes in immune phenotype and function,18

and/or from greater TIL infiltration observed in high-grade tu-
mors , which are more common in younger patients.4,7,19 Addi-
tional investigation to improve understanding of the interac-
tions between age, immunity, and clinical outcomes is needed.

Breast cancer biomarker guidelines (eg, European Soci-
ety for Medical Oncology Early Breast Cancer guidelines3 and
the World Health Organization/International Agency for Re-
search on Cancer Anatomic Pathology Breast Cancer
Classification20) recommend reporting TIL levels as part of pa-
thology reports. Currently, College of American Pathologists
guidelines do not recommend reporting TIL levels. TIL mea-
surement is inexpensive and requires only visual assessment
by a trained pathologist using a routine hematoxylin and eosin–
stained slide (the same slide used to diagnose breast cancer
and describe pathologic features). TIL levels could be mea-
sured in low-resource settings, as they require minimal time
and are inexpensive to perform. However, assessment repro-
ducibility and lack of standardization are barriers to wide-
spread clinical implementation. To overcome this, the Inter-
national Immuno-Oncology Working Group has led efforts to
standardize TIL assessment, train pathologists worldwide, and
demonstrate their analytical validity, reproducibility, and
concordance.10 Future clinical trials should consider includ-
ing TIL levels as a biomarker to help evaluate whether less toxic
chemotherapy could replace current multiagent chemo-
therapy regimens for early-stage TNBC and high TIL levels.

Ourstudyhadseveralstrengths.First,thisstudyhadrelatively
low levels of missing data and a long duration of follow-up. Sec-
ond, this study included 13 international participating centers.
Third, this study used standardized TIL assessment following the
InternationalImmuno-OncologyWorkingGroupguidelines,9with
pathologists who were unaware of clinical outcomes.

Limitations
This study has several limitations. First, analyses were retro-
spective and require prospective validation. Second, because
data are observational, no causal inferences can be made. Third,
younger age was strongly associated with higher TIL levels, and
residual and unmeasured confounding cannot be excluded.
Fourth, lack of central TIL review may have introduced interob-
server variability. Fifth, lack of germline cancer predisposition
mutation data may have influenced the frequency of risk-
reducing prophylactic surgeries, which could have affected the
risk of second breast and nonbreast primary tumors. Sixth, data
from patients treated nearly 45 years ago may be less relevant
to clinical practice today. Seventh, data were not available for
race or ethnicity. Eighth, the association of TIL levels with prog-
nosis was linear, and the prespecified thresholds were selected
arbitrarily. Ninth, prospective evaluation in clinical trials is nec-
essary before TIL quantification can be used to guide decision-
making about adjuvant/neoadjuvant chemotherapy.

Conclusion
In patients with early-stage TNBC who did not undergo adju-
vant or neoadjuvant chemotherapy, breast cancer tissue with
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a higher abundance of TIL levels was associated with signifi-
cantly better survival. These results suggest that breast tis-

sue TIL abundance is a prognostic factor for patients with early-
stage TNBC.
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