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Summary
Background Tumour-infiltrating lymphocytes (TILs) are predictive for response to neoadjuvant chemotherapy in 
triple-negative breast cancer (TNBC) and HER2-positive breast cancer, but their role in luminal breast cancer and the 
effect of TILs on prognosis in all subtypes is less clear. Here, we assessed the relevance of TILs for chemotherapy 
response and prognosis in patients with TNBC, HER2-positive breast cancer, and luminal–HER2-negative breast 
cancer.

Methods Patients with primary breast cancer who were treated with neoadjuvant combination chemotherapy were 
included from six randomised trials done by the German Breast Cancer Group. Pretherapeutic core biopsies from 
3771 patients included in these studies were assessed for the number of stromal TILs by standardised methods according 
to the guidelines of the International TIL working group. TILs were analysed both as a continuous parameter and in 
three predefined groups of low (0–10% immune cells in stromal tissue within the tumour), intermediate (11–59%), and 
high TILs (≥60%). We used these data in univariable and multivariable statistical models to assess the association 
between TIL concentration and pathological complete response in all patients, and between the amount of TILs and 
disease-free survival and overall survival in 2560 patients from five of the six clinical trial cohorts.

Findings In the luminal–HER2-negative breast cancer subtype, a pathological complete response (pCR) was achieved 
in 45 (6%) of 759 patients with low TILs, 48 (11%) of 435 with intermediate TILs, and 49 (28%) of 172 with high TILs. 
In the HER2-positive subtype, pCR was observed in 194 (32%) of 605 patients with low TILs, 198 (39%) of 512 with 
intermediate TILs, and 127 (48%) of 262 with high TILs. Finally, in the TNBC subtype, pCR was achieved in 80 (31%) 
of 260 patients with low TILs, 117 (31%) of 373 with intermediate TILs, and 136 (50%) of 273 with high TILs (p<0·0001 
for each subtype, χ² test for trend). In the univariable analysis, a 10% increase in TILs was associated with longer 
disease-free survival in TNBC (hazard ratio [HR] 0·93 [95% CI 0·87–0·98], p=0·011) and HER2-positive breast cancer 
(0·94 [0·89–0·99], p=0·017), but not in luminal–HER2-negative tumours (1·02 [0·96–1·09], p=0·46). The increase in 
TILs was also associated with longer overall survival in TNBC (0·92 [0·86–0·99], p=0·032), but had no association in 
HER2-positive breast cancer (0·94 [0·86–1·02], p=0·11), and was associated with shorter overall survival in luminal–
HER2-negative tumours (1·10 [1·02–1·19], p=0·011). 

Interpretation Increased TIL concentration predicted response to neoadjuvant chemotherapy in all molecular subtypes 
assessed, and was also associated with a survival benefit in HER2-positive breast cancer and TNBC. By contrast, increased 
TILs were an adverse prognostic factor for survival in luminal–HER2-negative breast cancer, suggesting a different 
biology of the immunological infiltrate in this subtype. Our data support the hypothesis that breast cancer is immunogenic 
and might be targetable by immune-modulating therapies. In light of the results in luminal breast cancer, further 
research investigating the interaction of the immune system with different types of endocrine therapy is warranted.

Funding Deutsche Krebshilfe and European Commission.

Introduction
Immunological parameters, including tumour-infiltrating 
lymphocytes (TILs), have been identified as predictors of 
response to neoadjuvant chemotherapy in breast cancer.1,2 

These data suggest that the immune system might have a 
major effect on the efficacy of chemotherapy, which opens 
the possibility for new treatment options through 
modulation of immune responses. Recent phase 1 trials 
suggest that a subgroup of breast carcinomas has an 

enhanced response to immune checkpoint inhibitor 
therapy in combination with conventional chemotherapy.3,4 
Currently, multiple randomised trials are ongoing to 
validate this finding in larger cohorts (eg, NCT02819518, 
NCT03036488, and NCT02425891).

A better understanding of tumour subtypes as well as 
molecular mechanisms is essential for development of 
innovative therapeutic strategies for modulation of 
immune response. The analysis of neoadjuvant 
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treatment of breast carcinomas allows assessment of 
direct therapy response as well as the associated effect on 
disease-free survival and overall survival. In particular, 
patients with HER2-positive breast cancer or triple-
negative breast cancer (TNBC) who achieve a pathological 
complete response after neoadjuvant chemotherapy have 
an improved prognosis.5

The primary aim of this study was the assessment of the 
association of TILs with response and survival in a large 
clinical cohort of breast carcinomas treated with 
neoadjuvant therapy; an additional secondary aim was 
assessment of immune-cell subpopulations to identify 
differences between luminal–HER2-negative breast cancer 
and TNBC.

Methods
Study design and clinical cohorts
We included individual patient data from six randomised, 
multicentre clinical trials done by the German Breast 
Group of neoadjuvant chemotherapy in patients 
with newly diagnosed, previously untreated, primary 
breast cancer: GeparDuo,6 GeparTrio,7 GeparQuattro,8 
GeparQuinto,9,10 GeparSixto,11 and GeparSepto.12 All 
patients had received a neoadjuvant combination therapy 
as part of the clinical trials; patients with HER2-positive 
tumours also received an anti-HER2 therapy in all but 
two trials.6,7

In two of the studies11,12 TILs were assessed 
prospectively as part of the mandatory central pathology 
assessment at the Charité Institute of Pathology, Berlin, 
Germany, and reported to the main study office at the 

German Breast Group in an individual central 
pathology report for each patient before randomisation. 
In the remaining four studies,6–10 TIL analysis was done 
retrospectively—after the end of the clinical trial—
using hematoxylin and eosin (H&E) stained slides that 
were prepared as part of the translational research 
programme from archived paraffin blocks obtained in 
the biobank of the German Breast Group at the Charité 
Institute of Pathology. Not all samples from these trials 
could be assessed for this study because of the lack of 
availability of tissue or H&E slides. The comparison of 
cohorts with TIL data (and included in our study) and 
without TIL data is shown in the appendix (p 1). TNBC 
and HER2-positive breast cancer samples are enriched 
in the cohort, because of the research focus of some of 
the studies.8–10 For some cohorts, TIL assessments have 
been published elsewhere.1,13–15 Data on disease-free 
survival and overall survival was available for all clinical 
cohorts except for GeparSepto.12

All patients gave informed consent for the use of tissue 
for research purposes and biomarker assessment, which 
was approved by the ethical committees for all clinical 
trials. This biomarker study is reported according to the 
REMARK guidelines.16

Procedures
Stromal TILs were quantified on H&E sections of core 
biopsies obtained before the start of neoadjuvant 
chemotherapy. TILs were assessed by use of the 
guidelines of the international TIL working group.17 
Stromal TILs were measured as percentage of immune 

Research in context

Evidence before this study
We did a systematic search of PubMed using the search terms 
”TILs”, ”breast cancer”, and ”neoadjuvant” in one search and 
”TILs”, ”breast cancer”, and “adjuvant” in another search, each 
for articles published between Jan 1, 2010, and Dec 31, 2016. 
Several studies were identified, but most of them focused on 
moderately sized cohorts of patients with triple-negative breast 
cancer. To our knowledge, a comprehensive analysis of a large 
clinical trial cohort of patients with different molecular 
subtypes of breast cancer treated with neoadjuvant 
chemotherapy has not been published previously. For luminal 
breast cancer, some publications have described that tumour-
infiltrating lymphocytes (TILs) and immune-related genes were 
associated with a poor response to aromatase inhibitor 
treatment. The association of TILs with response to 
chemotherapy, disease-free survival, and overall survival has 
not yet been assessed in large clinical trial cohorts.

Added value of this study
Our study shows that increased TIL concentrations are 
associated with increased response to neoadjuvant 
chemotherapy in all subtypes assessed and longer survival in 

triple-negative breast cancer and HER2-positive breast cancer. 
Our study also shows that the effect of TIL concentration on 
survival is different in HER2-positive and triple-negative breast 
cancer compared with that in luminal–HER2-negative tumours. 
We show a different composition of the immune-cell infiltrate 
in different breast cancer subtypes and a differential impact of 
immune-cell subtypes on prognosis in triple-negative breast 
cancer and luminal–HER2-negative tumours, that might partly 
explain the different effect of TILs in these subtypes.

Implications of all available evidence
Our results strongly support the hypothesis that breast cancer is 
immunogenic. This finding suggests that subsets of breast 
cancer might be targetable by immune-modulating therapeutic 
approaches. The assessment of TILs—as an indicator of 
pre-existing immunogenicity—might be useful for further 
stratification of breast cancer in clinical trials involving 
chemotherapy, anti-HER2 therapies, and future combinations 
with immune therapies. An integration of TILs with genomic 
classifiers might be warranted. Moreover, our findings suggest 
further research investigating the interaction of the immune 
system with different types of endocrine therapy is warranted.

See Online for appendix
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For cBioPortal see http://www.
cbioportal.org

cells in stromal tissue within the tumour that showed a 
mononuclear immunological infiltrate. The number of 
TILs was analysed as a continuous measurement; 
additionally, three predefined categories were used: low 
TILs (0–10%), intermediate TILs (11–59%), or high TILs 
(60–100%). The number of intratumoural TILs that 
directly infiltrated into the tumour cell nests were 
correlated with the number of stromal TILs, but had 
generally lower concentrations (data not shown). 
Therefore, this analysis is focused on stromal TILs. 
Classification of breast cancer subtypes (TNBC, HER2-
positive, and luminal–HER2-negative) were based on 
immuno histochemistry and in-situ hybrid isation (for 
HER2 2+); tumours with missing subtype information 
were excluded from the subtype-specific analysis. We did 
not divide the hormone-receptor-positive (luminal) 
cohort into luminal A and luminal B-like tumours, but 
we used Ki67 as an additional parameter for stratification 
of luminal tumours. For oestrogen receptor, progesterone 
receptor, HER2, and Ki67 status, the central biomarker 
result was used if available, otherwise the local 
assessment from the clinical trial database was used.

TILs contain different subsets of cells, and the 
distribution of these subsets might be different in 
different tumour types. Therefore, we analysed the 
distribution of immune cells in a large cohort of tumours 
from the Metabric database,18 by use of specific molecular 
markers for each immune cell subset.19 Genome-wide 
mRNA expression data and clinical and pathological data 

from the Metabric cohort (n=1980) were downloaded 
from cBioPortal. Luminal–HER2-negative tumours and 
TNBCs were included in the analysis. We excluded 
HER2-positive tumours, because these tumours contain 
both hormone-receptor-positive and hormone-receptor-
negative subsets and are therefore less suitable for 
identifying differences between datasets.

Statistical analysis
We hypothesised that patients with breast carcinomas 
with a high lymphocyte infiltrate would have an increased 
pathological complete response compared with those 
with a low lymphocyte infiltrate, which would lead to 
longer survival in HER2-positive breast cancer, TNBC, 
and some patients with high-risk luminal–HER2-
negative breast cancer.

The endpoints of interest were pathological complete 
response, disease-free survival, and overall survival. We 
defined pathological complete response as ypT0/ypN0 
on the basis of the local histopathological analysis of the 
resection specimen after neoadjuvant chemotherapy. We 
defined disease-free survival as the time from 
randomisation until any breast cancer relapse or death 
from any cause; and overall survival as the time from 
randomisation to death irrespective of cause.

The analysis was based on a predefined statistical 
analysis plan (appendix pp 8–14) and we did these analyses 
using SPSS version 23 (IBM Corporation, Somers, NY, 
USA). We assessed correlations between TIL categories 

9125 enrolled in six clinical trials of  
 neoadjuvant chemotherapy

Metabric 
cohort
n=1980

MCP counter
algorithm

1542 patients
 with 
 luminal–
 HER2-
 negative
 tumours
 or TNBC

907 enrolled in 
 GeparDuo

690 tissue block 
 or H&E 
 slides not 
 available

1522 tissue block 
 or H&E 
 slides not 
 available

1315 tissue block 
 or H&E 
 slides not 
 available

1815 tissue block 
 or H&E 
 slides not 
 available

7 slides not 
 suitable for
 analysis*

5 slides not 
 suitable for
 analysis*

2357 enrolled in 
 GeparTrio & pilot

1495 enrolled in 
 GeparQuattro

2572 enrolled in 
 GeparQuinto

1206 enrolled in 
 GeparSepto

588 enrolled in 
 GeparSixto

217 patients with 
 TIL data

3771 included in pCR analysis (TNBC: n=906; HER2-positive: n=1379, luminal–HER2-negative: n=1366)

2560 included in disease-free survival and overall survival analysis (TNBC: n=632; HER2-positive: n=986, luminal–HER2-negative: n=832)

120 patients 
 had missing 
 subtype data

mRNA data
on immune
cell subsets
TNBC:
n=297;
luminal–
HER2-negative:
n=1245

110 patients 
 had missing 
 subtype data

835 patients with 
 TIL data

180 patients with 
 TIL data

757 patients with 
 TIL data

1201 patients with 
 TIL data

581 patients with 
 TIL data

A B

Figure 1: Study cohorts.
3771 tumours with available TIL data were included in this pooled analysis (A). A cohort of TNBC and luminal–HER2-negative tumours from the METABRIC were investigated for mRNA based 
immune-cell subtyping (B). TIL=tumour-infiltrating lymphocytes. H&E=haematoxylin and eosin. pCR=pathological complete response. TNBC=triple-negative breast cancer. MCP=microenvironment 
cell populations. *Eg, core biopsy with lymph node tissue.

http://www.cbioportal.org
http://www.cbioportal.org
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Number of patients Stromal TILs low 
(0–10%)

Stromal TILs intermediate 
(11–59%)

Stromal TILs high 
(≥60%)

p value

Age (n=3771)

≤40 years 729 (19%) 279 (38%) 294 (40%) 156 (21%) 0·0006*

41–50 years 1368 (36%) 619 (45%) 477 (35%) 272 (20%) ··

>50 years 1674 (44%) 779 (47%) 598 (36%) 297 (18%) ··

Tumour stage (n=3752)

cT1 703 (19%) 266 (38%) 292 (42%) 145 (21%) <0·0001* 

cT2 2227 (60%) 991 (45%) 784 (35%) 452 (20%) ··

cT3 479 (13%) 236 (49%) 163 (34%) 80 (17%) ··

cT4a–c 160 (4%) 86 (54%) 57 (36%) 17 (11%) ··

cT4d 183 (5%) 91 (50%) 64 (35%) 28 (15%) ··

Nodal status (n=3705)

cN0 2031 (55%) 968 (48%) 717 (35%) 346 (17%) <0·0001*

cN1 1501 (41%) 619 (41%) 559 (37%) 323 (22%) ··

cN2 134 (4%) 51 (38%) 48 (36%) 35 (26%) ··

cN3 39 (1%) 8 (21%) 22 (56%) 9 (23%) ··

Tumour grading (n=3712)

G1 114 (3%) 79 (69%) 28 (25%) 7 (6%) <0·0001*

G2 1783 (48%) 958 (54%) 616 (35%) 209 (12%) ··

G3 1815 (49%) 618 (34%) 703 (39%) 494 (27%) ··

Tumour type (n=3767)

Ductal 3223 (86%) 1382 (43%) 1201 (37%) 640 (20%) <0·0001†

Lobular 272 (7%) 185 (68%) 74 (27%) 13 (5%) ··

Other‡ 272 (7%) 109 (40%) 92 (34%) 71 (26%) ··

Molecular subtypes (n=3651)

Luminal–HER2-negative breast 
cancer

1366 (37%) 759 (56%) 435 (32%) 172 (13%) <0·0001†

HER2-positive 1379 (38%) 605 (44%) 512 (37%) 262 (19%) ··

TNBC 906 (25%) 260 (29%) 373 (41%) 273 (30%) ··

Clinical trial (n=3771)

GeparDuo9 217 (6%) 96 (44%) 96 (44%) 25 (12%) <0·0001†

GeparTrio10 835 (22%) 408 (49%) 250 (30%) 177 (21%) ··

GeparQuattro11 180 (5%) 71 (39%) 61 (34%) 48 (27%) ··

GeparQuinto12 757 (20%) 349 (46%) 259 (34%) 149 (20%) ··

GeparSixto14 581 (15%) 183 (32%) 257 (44%) 141 (24%) ··

GeparSepto15 1201 (32%) 570 (48%) 446 (37%) 185 (15%) ··

Type of taxane (n=3771)

Docetaxel 1911 (51%) 887 (46%) 638 (33%) 386 (20%) <0·0001†

Paclitaxel 1258 (33%) 507 (40%) 508 (40%) 243 (19%) ··

Nab-paclitaxel 602 (16%) 283 (47%) 223 (37%) 96 (16%) ··

Neoadjuvant anti-HER2 (n=3771)

None 2518 (67) 1117 (44%) 901 (36%) 500 (20%) 0·092

Trastuzumab 381 (10%) 178 (47%) 127 (33%) 76 (20%) ··

Lapatinib 212 (6%) 97 (46%) 79 (37%) 36 (17%) ··

Trastuzumab plus lapatinib 267 (7%) 99 (37%) 115 (43%) 53 (20%) ··

Trastuzumab plus pertuzumab 393 (10%) 186 (47%) 147 (37%) 60 (15%) ··

pCR (ypT0ypN0) (n=3771)

No 2757 (73%) 1349 (49%) 1000 (36%) 408 (15%) <0·0001†

Yes 1014 (27%) 328 (32%) 369 (36%) 317 (31%) ··

Data are n (%). TILs=tumour infiltrating lymphocytes. pCR=pathological complete response. *χ² test for trend. †χ² test. ‡Includes all tumours that were neither ductal nor 
lobular; 255 (96%) of the 265 tumours in this category with available information on grading were grade 2 or grade 3. 

Table: Baseline parameters and distribution of TILs in clinicopathological subgroups
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and clinical–pathological parameters as well as pathological 
complete response by χ² test, χ² test for trend, or Fisher’s 
exact tests, and by logistic regression; correlations with 
disease-free survival and overall survival were assessed by 
Cox proportional hazard regression. All p values were two-
sided; p values less than 0·05 were deemed significant. We 
calculated 95% CIs for logistic regression and Cox 
regression using the function provided in the SPSS 
software. Continuous TIL variable unit odds ratios (for 
pathological complete response) and unit hazard ratios (for 
disease-free survival and overall survival) are reported for 
units of 10% TILs. We did regression analyses as 
univariable and multivariable models; the covariates for 
multivariable models were age (≤40 years vs 40–50 years vs 
>50 years, T stage (T1 vs T2 vs T3 vs T4a–c vs T4d), N stage 
(N0 vs N1 vs N2 vs N3), histopathological type (ductal 
invasive vs lobular invasive vs other), tumour grading (G1 
vs G2 vs G3), study, and molecular subtype (hormone-
receptor-negative and HER2-negative vs hor mone-receptor-
negative and HER2-positive vs hormone-receptor-positive 
and HER2-negative vs hor mone-receptor-positive and 
HER2-positive). Some of these parameters were missing 
in some subgroups and thus were omitted in the analysis 
of these subgroups. The number of samples available for 
the multivariable models is slightly smaller than the one 
for the corresponding univariable analyses because of 
missing values (appendix p 1). For significance testing in 
Kaplan-Meier survival analysis, we used the log-rank test. 
In a post-hoc analysis of survival, we assessed a large set of 
clinicopathological parameters in the different breast 
cancer subtypes by logistic regression and Cox regression.

Abundance of immune cell populations in the Metabric 
cohort, focusing on differences between luminal–HER2-
negative tumours and TNBC, was estimated from log2 
scale mRNA expression data. We used the micro-
environment-cell-populations (MCP)-counter method on 
the basis of specific molecular markers for each immune 
cell subset.19 For analysis of overall survival with Cox 
proportional hazard models, we used the median level of 
each immune cell population as the cutoff. Differences 
between immune cell populations in each breast cancer 
subtype were assessed using Welch’s t test.

Role of the funding source
The funding source had no role in study design, data 
collection, data analysis, interpretation of data, or writing 
of the report. CD, KEW, JB, and BL had access to the raw 
data. The corresponding author had full access to all of the 
data and the final responsibility to submit for publication.

Results
Of 9125 patients enrolled in the six included clinical 
trials, 3771 pre-therapeutic core biopsies from patients 
with primary breast cancer were eligible to be assessed 
for TILs (figure 1). Of these, 1366 (37%) were luminal–
HER2-negative tumours, 906 (25%) were TNBC, and 
1379 (38%) were HER2-positive breast cancer (table). The 

table shows the association of TILs with clinical–
pathological parameters. By use of the predefined 
cutpoints, 1677 (44%) tumours had low TILs, 1369 (36%) 
had intermediate TILs, and 725 (19%) had high TILs. The 
percentage of tumours with high TILs was higher in 
TNBC (273 [30%] of 906) and HER2-postive breast cancer 
(262 [19%] of 1379) than in luminal–HER2-negative 
tumours (172 [13%] of 1366; p<0·0001, χ² test for trend; 
table). We used predefined cutoff points to distinguish 
three TIL subgroups; nevertheless, the actual distribution 
suggests that the proportion of TILs in a tumour is a 
continuous variable (figure 2).

Increased concentration of TILs was a predictor of 
response to neoadjuvant chemotherapy: a pathological 
complete response was achieved in 328 (20%) of 
1677 tumours with low TILs, 369 (27%) of 1369 tumours 
with intermediate TILs, and 317 (44%) of 725 tumours 
with high TILs (p<0·0001, χ² test for trend, figure 3A). 
This positive correlation was also observed using TILs as 
a continuous measurement (figure 3B, C). Increased TIL 
concentrations were linked to increased pathological 
complete response in all subtypes when TILs were 
assessed either as a categorical or a continuous variable 
(figure 3). In patients with the luminal–HER2-negative 
subtype, a pathological complete response was achieved 
in 45 (6%) of 759 patients with low TILs, 48 (11%) of 435 
with intermediate TILs, and 49 (28%) of 172 with high 
TILs. In patients with the HER2-positive subtype, a 
pathological complete response was achieved in 
194 (32%) of 605 patients with low TILs, 198 (39%) of 512 
with intermediate TILs, and 127 (48%) of 262 with high 
TILs. In patients with TNBC, a pathological complete 
response was achieved in 80 (31%) of 260 patients with 
low TILs, 117 (31%) of 373 with intermediate TILs, and 
136 (50%) of 273 with high TILs (p<0·0001 for each 
subtype, χ² test for trend).

Figure 2: TILs as a continuous measurement
3771 tumours sorted by increasing stromal TIL levels. TIL=tumour-infiltrating lymphocyte. TNBC=triple-negative 
breast cancer.
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In a post-hoc univariable logistic regression analysis, 
TIL con centrations predicted pathological complete 
response in most clinicopathological subgroups of 
TNBC, HER2-positive breast cancer, and luminal–HER2-
negative breast cancer, suggesting that the association 
between immunological infiltrates and chemotherapy 
response is similar across subtypes and clinico patho-
logical subgroups (appendix p 3).

We assessed TILs as a prognostic marker for disease-
free survival and overall survival in 2570 patients from 
five clinical trial cohorts.6–9,11 The median follow-up for 
overall survival was 62·8 months (IQR 37·6–73·2) and 
the median follow-up for disease-free survival was 
63·3 months (IQR 38·0–73·5). When TIL concentration 
was assessed as a continuous variable, patients with 
increased TIL concentrations and TNBC had significantly 
longer disease-free survival and overall survival than did 
patients with TNBC and lower TIL concentrations; 

increased TIL concentrations in patients with HER2-
positive breast cancer had a significantly longer disease-
free survival than did patients with HER2-positive breast 
cancer with lower TIL concentrations but there was no 
association for overall survival (figure 4A, D). By contrast, 
in the luminal–HER2-negative patients, TIL conc-
entration was not significantly associated with disease-
free survival, and a low TIL concentration was 
significantly associated with longer overall survival than 
was a high TIL concentration (figure 4A, D). The 
association between TIL concentration and survival was 
similar between univariable analysis and multivariable 
analysis including baseline parameters (figure 4B, E) for 
all subtypes. However, when pathological complete 
response was included as a parameter in the 
multivariable analysis, TILs were no longer significantly 
associated with disease-free survival in patients with 
TNBC or with overall survival in patients with TNBC or 
HER2-positive breast cancer (figure 4C, F).

A total of 632 patients with TNBC, 986 patients with 
HER2-positive breast cancer, and 832 patients with 
luminal–HER2-negative breast cancer were included in 
the Kaplan-Meier survival analysis. By use of the three 
predefined TIL subgroups, the analysis showed that high 
TILs were a positive prognostic factor for disease-free 
survival in TNBC (figure 5A) and HER2-positive breast 
cancer (figure 5C). By contrast, in the luminal–HER2-
negative group, low TILs were a positive prognostic 
factor for disease-free survival (figure 5E). Results for 
overall survival were similar to those for disease-free 
survival in all subtypes (figure 5B, D, F). When the overall 
survival analysis was stratified for pathological complete 
response within the subtypes of TNBC and luminal–
HER2-negative tumours, patients with a pathological 
complete response had a good prognosis regardless of 
TILs (appendix p 4). Patients with TNBC without a 
pathological complete response had a similar prognosis 
across all three TIL groups; by contrast, in patients with 
luminal–HER2-negative tumours without a pathological 
complete response, the prognosis was better in the low 
TILs subgroup than in the high or intermediate TILs 
subgroups (appendix p 4).

In a post-hoc analysis of survival on the basis of 
molecular subtypes and clinicopathological parameters, 
higher TIL concentrations were associated with longer 
disease-free survival and overall survival than were lower 
TIL concentrations in most subgroups of TNBC and 
HER2-positive breast cancer (appendix pp 5–6). By 
contrast, the effects were mixed for both disease-free 
survival and overall survival in different clinico-
pathological subgroups for patients with luminal–HER2-
negative breast cancer (appendix pp 5–6).

1245 luminal–HER2-negative tumours and 297 TNBCs 
were included in the METABRIC analysis. We noted a 
distinct distribution of immune cell types in the breast 
cancer subtypes (appendix p 7). The effect of these 
immune cell types on prognosis was also different 

Figure 3: TIL concentration and response to neoadjuvant therapy
(A) pCR in three predefined TIL groups in all breast cancer subtypes. p values are from the χ² test for trend. 
(B) Univariable analysis of TILs as a continuous marker for prediction of pCR. p values are from the log-rank test. 
(C) Multivariable analysis of TILs as a continuous marker for prediction of pCR. p values are from the log-rank test. 
TIL=tumour infiltrating lymphocyte. pCR=pathological complete response. TNBC=triple negative breast cancer. 
OR=odds ratio.
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among the breast cancer subtypes. For TNBC, the 
presence of most immune cell types, including different 
types of T cells, natural killer cells, B cells, monocytes, 
and myeloid-derived dendritic cells were significantly 
associated with better prognosis for overall survival 
(appendix p 7). By contrast, in luminal–HER2-negative 
tumours, most T-cell markers were not associated with 
overall survival (appendix p 7), myeloid-derived dendritic 
cells and B cells were linked to improved prognosis, 
though the presence of monocytes or macrophages was 
associated with poor prognosis.

Discussion
In our pooled assessment of TIL concentrations in 
patients with breast cancer treated in six randomised 
trials of neoadjuvant chemotherapy we found that 
pathological complete response was associated with TIL 
concentrations in all breast cancer subtypes with a strong 
positive correlation, but the effect of TIL concentration 
on disease-free survival and overall survival differed 
between HER2-positive breast cancer or TNBC (positive 
survival effect in both subtypes) and luminal–HER2-
negative breast cancer (negative survival effect).

The neoadjuvant therapy approach has the advantage 
over adjuvant therapy in that it allows the separation of 
biological predictive markers of pathological complete 
response from prognostic factors. For neoadjuvant 
therapy response, we observed a consistent positive 
association of increased TILs with increased pathological 
complete response. This effect was observed in most 
subgroups defined by the standard clinicopathological 
parameters, with only a few exceptions. In logistic 
regression analysis, for every 10% of increased TILs, 
there was an increase in the odds ratio of pathological 
complete response (on the basis of data for the complete 
cohort).

In this study, we focused on stromal TILs, because this 
was the predominant location of TILs in breast cancer in 
our study. The number of intratumoural TILs were 
correlated with the number of stromal TILs (data not 
shown), but typically had a much lower density and 
therefore are less suitable as a biomarker.

Although the association of TILs with response to 
neoadjuvant chemotherapy was similar across breast 
cancer subtypes, there were major differences between 
subtypes for survival endpoints. For TNBC and HER2-
positive breast cancer, increased numbers of TILs were 
linked to longer disease-free survival than that for lower 
numbers of TILs; for TNBC, increased TILs were linked 
with improved overall survival. In the multivariable 
analysis, the prognostic role of TILs in these subtypes 
remained significant with inclusion of baseline 
parameters. However, when pathological complete 
response was included in the multivariable analysis, the 
association was no longer significant, which can be 
explained by the significant correlation of TILs with 
increased pathological complete response. For luminal–

HER2-negative tumours, TILs were not prognostic for 
disease-free survival. Notably, for overall survival in this 
subtype, there was an improved prognosis associated 
with low TIL concentrations. Therefore, the effect of TILs 
on overall survival had the opposite effect for luminal 
tumours, compared with TNBC and HER2-positive 
breast cancer.

It is unlikely that the different effect of TILs on survival 
in TNBC and luminal breast cancer is because of 
differences in chemotherapy response, as pathological 
complete response increased with increased TIL 
concentrations in all subtypes. For luminal grade 3 
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Figure 5: Kaplan-Meier 

analysis for prognosis of 
patients with high, 

intermediate, and low TILs in 
different molecular subtypes

(A) Disease-free survival in 
TNBC. (B) Overall survival in 

TNBC. (C) Disease-free survival 
in HER2-positive breast cancer. 

(D) Overall survival in 
HER2-positive breast cancer. 

(E) Disease-free survival in 
luminal–HER2-negative breast 

cancer. (F) Overall survival in 
luminal–HER2-negative breast 

cancer. p values were derived 
from a log-rank test; HR and 

95% CI for comparison of the 
three TIL groups were derived 

from univariate Cox-regression 
using the three TIL categories. 

TIL=tumour-infiltrating 
lymphocytes. TNBC=triple-

negative breast cancer. 
HR=hazard ratio.
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tumours, increased TILs were a positive prognostic 
factor, similar to TNBC, which might be explained by the 
biological similarity between the subtypes. By contrast, 
for luminal tumours with a high T stage, the prognosis 
was significantly improved with low TIL concentrations. 
This might be explained by the fact that patients with this 
tumour subset are unlikely to reach a pathological 
complete response.20 Stratification in the luminal subtype 
by progesterone receptor status or Ki67 did not change 
the overall effects of TILs. Nevertheless, this finding does 
not exclude that more advanced ways to characterise 
luminal tumours, such as gene expression signatures, 
mutation-based subtyping, or mutational signatures, 
might result in more refined breast cancer subtypes with 
different immunobiology.

In general, the negative effect of TILs on survival in 
patients with luminal–HER2-negative tumours was most 
pronounced in patients who did not have a pathological 
complete response and was stronger for overall survival 
than for disease-free survival. The number of patients 
with pathological complete response was too small to do 
statistical assessments; nevertheless, the results suggest 
that the poor prognosis of luminal tumours with high 
TILs was mainly driven by the large group of patients 
without a pathological complete response. This finding 
suggests that therapies that were given after surgery and 
first recurrence, particularly after endocrine therapy, 
might be relevant. Some publications have shown that 
TILs and immune-related genes were associated with a 
poor response to aromatase inhibitor treatment.21,22 
Therefore, the adverse prognostic effect of increased TILs 
in patients with luminal tumours without a pathological 
complete response might also be explained by a relative 
resistance to adjuvant and metastatic endocrine treatment. 
Additional validations in large endocrine-treated clinical 
study cohorts comparing different types of endocrine 
treatment would be interesting.

One possible explanation of the differences between 
luminal tumours and TNBC could be the contribution of 
different immune cell types. Most types of immune cell 
were increased in TNBC compared with luminal–HER2-
negative breast cancer. In TNBC,  the presence of many 
immune cell subtypes, including B cells, T cells, and 
macrophages, were linked to improved survival. By 
contrast, in luminal–HER2-negative breast cancer, 
the presence of T cells were not prognostic for survival 
and the only cell types linked to improved prognosis 
were B cells and myeloid dendritic cells, although 
macrophages were linked to reduced survival. This 
suggests differences in the cellular composition and the 
prognostic effect of immune cells in TNBC versus 
luminal–HER2-negative breast cancer.

Different approaches to analyse immune cell phenotypes 
in mRNA datasets of malignant tumours have been 
published.23–27 The MCP counter18 method, which we used, 
measures the absolute abundance of immune cell subtypes 
and is therefore suitable for tumours with low amounts of 

immune cells, such as breast carcinomas. The Cibersort 
method,28,29 which is also used widely, focuses on relative 
quantification of immune cell subtypes, and is less suitable 
for tumours with very low infiltrates. Nevertheless, 
previous studies using Cibersort have similarly identified 
different immune cell subpopulations, including different 
types of macrophages, in luminal breast cancer and 
TNBC.30,31 B-cell-related mRNA signatures are prognostic 
in luminal breast cancer and TNBC,26 although T-cell-
related mRNA signatures are prognostic only in TNBC 
and HER2-positive breast cancer.27

At present, it is not feasible to do an mRNA based 
subtyping of immune cells in our entire clinical trial 
cohort. Nevertheless, our study shows that some 
immunological differences detected in complex 
molecular profiling studies can also be observed and 
validated in large clinical study cohorts by use of the 
relatively simple approach of assessment of TILs in H&E 
sections. Both approaches complement and validate each 
other and together strongly indicate that differences in 
immunological interactions in TNBC and luminal breast 
cancer can be molecularly defined and are clinically 
relevant. For further substratification, particularly in 
luminal tumours, genomic parameters such as 
mutational signatures or copy number variations18 could 
be integrated. This approach might be of interest because 
it has been shown that apolipoprotein B mRNA editing 
enzyme catalytic polypeptide (APOBEC)-type substitution 
signatures are linked to increased TIL concentrations 
and immune-gene expression in oestrogen-receptor-
positive breast cancer.32

In our study, we used predefined cutoff points to 
distinguish three groups with different TIL con-
centrations, but it should be emphasised that the actual 
distribution of TILs suggests that these were artificial 
cutoffs. The number of TILs was a continuous variable, 
which could reach any proportion between 0 and nearly 
100%. This suggests that TILs—similar to the 
proliferation marker Ki67—are a continuous parameter 
of tumour-immune cell interaction rather than a marker 
of a specific immune-activated tumour subtype. This is 
in line with results on genomic parameters that were 
published by Lehmann and colleagues,33 showing that 
gene expression profiling could not be used to define an 
immune-enriched subtype of TNBC, but that different 
levels of immune-gene expression were observed across 
all breast cancer subtypes and were correlated with TIL 
concentrations. The continuous analysis of immune 
markers is more relevant from a statistical point of view 
and gives a more accurate description of tumour biology. 
Nevertheless, the categorisation into low, intermediate, 
and high concentrations of TILs might be relevant for 
future clinical applications, since stratification in clinical 
trials can be more easily done on the basis of categorical 
variables that divide patients in different groups. 
Therefore, in our study, we have presented both the 
categorical and the continuous analysis and both 
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approaches give similar results for prediction of 
pathological complete response as well as prognosis.

As a limitation, it should be mentioned that a substantial 
number of tissue samples from the earlier trials6–10 were 
not available for TIL analysis and translational projects 
within those trials were focused on TNBC and HER2-
positive breast cancer. Therefore, our cohort is enriched for 
TNBC and HER2-positive breast cancer as well as for 
tumours from the remaining trials.11,12 The enrichment for 
TNBC and HER2-positive breast cancer has the advantage 
that the three subtype cohorts (TNBC, HER2-positive 
breast cancer, and luminal–HER2-negative breast cancer) 
are of similar sizes for statistical analysis, but it generates 
some differences compared with the original clinical trial 
cohorts. Despite the evidence discussed above, at this time, 
there is no clear biological explanation for the different 
prognoses of TIL concentration in TNBC versus luminal–
HER2-negative tumours. It can therefore not be excluded 
that these different prognoses might be due to chance.

It would be interesting to further explore the prognostic 
value of TILs in cohorts treated with endocrine therapy. 
The GeparSepto trial12 provides prospective results 
regarding TILs and pathological complete response from 
a large clinical cohort of 1201 tumours, but survival data, 
including for patients with HER2-positive tumours 
treated with the trastuzumab–pertuzumab combination, 
is not yet available.

In summary, we show that increased TIL concentrations 
are associated with increased frequency of response to 
neoadjuvant chemotherapy in all breast cancer subtypes 
and that they are also associated with longer survival for 
patients with TNBC and HER2-positive breast cancer, 
although they are not associated with longer survival for 
patients with luminal–HER2-negative tumours. However, 
it should be emphasised that even in luminal tumours—
depending on the clinical setting—TILs can have a positive 
effect on the frequency of pathological complete response. 
Therefore, it would also be interesting to further assess 
whether a modulation of immune cells in luminal breast 
cancers—particularly in tumours that have at least some 
basal immune infiltrate—might increase pathological 
complete response and create a stronger link between 
pathological complete response and survival. This 
approach is currently being tested in the ULTIMATE trial 
(NCT02997995). In the ongoing GeparNuevo trial 
(NCT02685059), we are assessing TIL concentrations 
prospectively as a stratification parameter for a combination 
of neoadjuvant chemotherapy and the Programmed death-
ligand 1 inhibitor durvalumab in TNBC. For combined 
risk assessment, the combination of gene expression-
based risk predictors and immunological parameters 
might offer new options for the stratification of breast 
cancer allowing different therapeutic strategies.
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Cohort of patients in G2-G7 clinical 
trials evaluated for TILs


Cohort of patients in G2-G7 clinical 
trials not evaluated for TILs


All patients* 3771 (100%) 5354 (100%)
Clinical trial 


Geparduo 217 (5·8%) 690 (12.9%)
GeparTrio 835 (22·1%) 1522 (28.4%)


GeparQuattro 180 (4·8%) 1315 (24.6%)
GeparQuinto 757 (20·1%) 1815 (33.9%)
GeparSixto 581 (15·4%) 7 (0.1%)
GeparSepto 1201 (31·8%) 5 (0.1%)


Type of Taxane 
Docetaxel 1911 (50·7%) 5017 (93.7%)
Paclitaxel 1258 (33·4%) 333 (6.2)


Nab-Paclitaxel 602 (16·0%) 4 (0.1%)
Neoadj·anti-HER2 Tx 


none 2518 (66·8) 4879 (91.1%)
trastuzumab 381 (10·1) 370 (6.9%)


lapatinib 212 (5·6) 96 (1.8%)
trastuzumab+lapatinib 267 (7·1) 6 (0.1%)


trastuzumab+pertuzumab 393 (10·4) 3 (0.1%)
Molecular subtypes 


Luminal/HER2- 1366 (37·4%) 2290 (53.5%)
HER2+ 1379 (37·8%) 798 (18.6%)
TNBC 906 (24·8%) 1193 (27.9%)


Age 
<=40 years 729 (19·3%) 991 (18.5%)


>40-50 years 1368 (36·3%) 1934 (36.1%)
>50 years 1674 (44·4%) 2429 (45.4%)


Tumor stage 
cT1 703 (18·7%) 427 (8.0%)
cT2 2227 (59·4%) 3408 (63.8%)
cT3 479 (12·8%) 844 (15.8%)


cT4 a-c 160 (4·3%) 355 (6.6%)
cT4d 183 (4·9%) 308 (5.8%)


Nodal status 
cN0 2031 (54·8%) 2602 (49.0%)
cN1 1501 (40·5%) 2477 (46.6%)
cN2 134 (3·6%) 183 (3.4%)


cN3 39 (1·1%) 48 (0.9%)
Grading (n=3712)


G1 114 (3·1%) 207 (4.0%)
G2 1783 (48%) 2859 (55.4%)


G3 1815 (48·9%) 2097 (40.6%)
Tumor type 


Ductal 3223 (85·6%) 4283 (80.1%)
Lobular 272 (7·2%) 647 (12.1%)


other 272 (7·2%) 420 (7.9%)
pCR (ypT0ypN0) 


no pCR 2757 (73·1%) 4465 (83.4)
pCR (ypT0ypN0) 1014 (26·9%) 889 (16.6%)


Supplemental table 1: Comparison of cohort evaluated for TILs (n=3771 from six clinical trials) 
with and cohort with no TIL data (n=5354)


*for some variables, some cases have missing values, so that the total number of cases is not always reached
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Supplemental Figures 


Supplemental figure legends


Supplemental figure 1: Extended logistic regression analysis. Subgroup analysis of TILs for prediction of
pCR in a large set of clinicopathological parameters in the different molecular breast cancer subtypes (A:
TNBC; B: HER2+ BC, C. lum/HER2- BC). TILs were evaluated as a continuous parameter; the OR per 10%
increase in TILs is shown. The prediction of pCR by increased TIL levels was significant in most subgroups of
TNBC, HER2+ and also lum/HER2- breast cancer, suggesting that the relationship between immunological
infiltrates and chemotherapy response is similar across subtypes and clinicopathological subgroups.


Supplemental figure 2: Comparison of overall survival stratified by pCR in TNBC (A, B) and luminal/HER2-
BC (C, D). Kaplan-Meier analysis, p-value: log rank test. The negative prognostic effect of TILs in
luminal/HER2- breast cancer is mainly seen in the non-pCR group. The patients with pCR have an improved
survival regardless of TIL levels.


Supplemental figure 3: Extended COX-regression analysis for DFS. Subgroup analysis evaluating the
effect of TILs on DFS for three molecular breast cancer subtypes (A: TNBC; B: HER2+ BC, C. lum/HER2-
BC) and various clinicopathological parameters. TILs were evaluated as a continuous parameter; the HR per
10% increase in TILs is shown. High TILs were linked to improved DFS in most subgroups of TNBC and
HER2+ BC. In contrast, for lum/HER2- BC the effects were different in different clinicopathological
subgroups. For luminal grade 3 tumors, increased TILs were a positive prognostic factor, while for G1-2
tumors, increased TILs were a negative prognostic factor. Similarly, for luminal tumors with a high T-stage,
the prognosis was significantly worse with increased TIL levels.


Supplemental figure 4: Extended COX-regression analysis for OS. Subgroup analysis evaluating the effect
of TILs on DFS for three molecular breast cancer subtypes (A: TNBC; B: HER2+ BC, C. lum/HER2- BC) and
various clinicopathological parameters. TILs were evaluated as a continuous parameter; the HR per 10%
increase in TILs is shown. High TILs were linked to improved DFS in most subgroups of TNBC and HER2+
BC. In contrast, for lum/HER2- BC the effects were different in different clinicopathological subgroups. In
particular for G1-2 tumors and for tumors with a high t-stage, increased TILs were a negative prognostic
factor.


Supplemental figure 5: Evaluation of different immune cell subtypes in the Metabric cohort using the MCP
counter method. A: Seven out of eight immune cell subtypes were more abundant in TNBC compared to
luminal/HER2- BC. Significance of differences was assessed using Welch’s t-test. B: Prognostic impact of
specific immune cell subsets on OS in TNBC and luminal/HER2- BC. In TNBC, most immune cell types,
including different types of T-cells, NK-cells, B-cells, monocytes and myeloid-derived dendritic cells were
significantly associated with improved prognosis. In contrast, in luminal/HER2negative tumors, most T-cell
markers were not relevant for prognosis. Myeloid-derived dendritic cells and B-cells were linked to improved
prognosis, but monocytes lineage cells were associated with poor prognosis. In each of the analyses, two
equal-sized patient groups were compared using the log-rank test for significance assessment.
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A


B


C


TNBC	pCR OR 95%	CI p-value n
all	TNBC	 1·16 1·10 1·23 <0·0005 906
T1/2 1·16 1·10 1·23 <0·0005 759
T3/4 1·12 0·97 1·29 0·120 146
N0 1·17 1·09 1·25 <0·0005 541
N+ 1·20 1·10 1·32 <0·0005 348
G1-2 1·21 1·08 1·35 0·001 249
G3 1·13 1·07 1·20 <0·0005 647
Ki67	<14% 1·48 0·99 2·21 0·057 38
Ki67	>=14% 1·15 1·09 1·22 <0·0005 781
inv ductal 1·14 1·08 1·21 <0·0005 790
inv lobular 1·60 0·99 2·59 0·055 21
other 1·17 1·02 1·35 0·028 94


HER2+	tumors	pCR OR 95%	CI p-value n
all	HER2+	tumors 1·13 1·08 1·18 <0·0005 1379
T1/2 1·13 1·07 1·19 <0·0005 1016
T3/4 1·08 0·98 1·19 0·116 353
N0 1·12 1·05 1·20 <0·0005 680
N+ 1·13 1·07 1·21 <0·0005 683
G1-2 1·07 1·00 1·15 0·048 705
G3 1·16 1·09 1·23 <0·0005 648
HR- 1·13 1·06 1·21 <0·0005 526
HR+ 1·10 1·04 1·17 0·002 853
Ki67	<14% 1·12 0·95 1·31 0·176 159
Ki67	>=14% 1·10 1·05 1·16 <0·0005 969
inv	ductal 1·13 1·08 1·18 <0·0005 1268
inv lobular 0·96 0·61 1·50 0·849 42
other 1·14 0·95 1·36 0·165 68


luminal/HER2neg OR 95%	CI p-value n
all	lum/Her2- tus 1·31 1·23 1·41 <0·0005 1366
T1/2 1·31 1·22 1·41 <0·0005 1053
T3/4 1·27 1·04 1·55 0·018 306
N0 1·40 1·28 1·53 <0·0005 738
N+ 1·25 1·12 1·38 <0·0005 595
G1-2 1·27 1·13 1·42 <0·0005 876
G3 1·27 1·16 1·39 <0·0005 471
PR- 1·27 1·13 1·42 <0·0005 305
PR+ 1·33 1·22 1·45 <0·0005 1058
Ki67	<14% 1·27 0·99 1·63 0·060 380
Ki67	>=14% 1·29 1·19 1·40 <0·0005 774
inv ductal 1·30 1·21 1·39 <0·0005 1072
inv lobular 1·07 0·68 1·69 0·770 187
other 1·40 1·11 1·76 0·005 106
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Figure legend:	see page 2







Supplemental figure 2: Comparison of overall survival stratified by pCR in TNBC (A, B) and lum/HER2-
BC (C, D). Kaplan-Meier analysis, p-value: log rank test. The negative prognostic effect of TILs in
luminal/HER2- breast cancer is mainly seen in the non-pCR group. The patients with pCR have an
improved survival regardless of TIL levels.
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TNBC	DFS HR 95%	CI pvalue n events
T1/2 0·924 0·86 0·992 0·030 509 112
T3/4 0·931 0·835 1·039 0·204 123 51
N0 0·914 0·828 1·009 0·074 347 64
N+ 0·901 0·833 0·974 0·009 271 96
G1-2 0·925 0·822 1·041 0·198 183 50
G3 0·934 0·871 1·002 0·058 439 111
Ki67	<14% 0·930 0·75 1·16 0·514 29 12
Ki67	>=14% 0·933 0·87 1·00 0·049 516 119
inv	ductal 0·920 0·86 0·98 0·015 559 137
inv	lobular 0·638 0·38 1·07 0·086 18 7
other 0·924 0·79 1·08 0·320 54 19


HER2+	tumors	DFS HR 95%	CI p-value n
T1/2 0·913 0·853 0·979 0·010 690 146
T3/4 1·016 0·923 1·117 0·750 290 78
N0 0·888 0·802 0·984 0·023 428 84
N+ 0·950 0·889 1·016 0·135 550 141
G1-2 1·003 0·928 1·085 0·938 510 121
G3 0·867 0·797 0·942 0·001 450 101
HR- 0·933 0·865 1·005 0·068 420 107
HR+ 0·925 0·85 1·01 0·067 566 120
Ki67	<14% 0·948 0·79 1·13 0·559 124 26
Ki67	>=14% 0·920 0·86 0·99 0·018 611 143
inv	ductal 0·934 0·88 0·99 0·019 913 212
inv	lobular 1·668 0·81 3·42 0·163 33 4
other 0·804 0·59 1·09 0·166 39 11


luminal/HER2neg	DFS HR 95%	CI p-value n
T1/2 0·987 0·91 1·07 0·748 612 109
T3/4 1·181 1·056 1·321 0·004 219 66
N0 1·061 0·951 1·182 0·288 418 65
N+ 0·964 0·888 1·047 0·387 394 107
G1-2 1·132 1·04 1·233 0·004 591 112
G3 0·879 0·787 0·981 0·021 222 59
PR- 1·068 0·965 1·182 0·205 187 50
PR+ 0·993 0·92 1·08 0·874 642 125
Ki67	<14% 1·093 0·95 1·26 0·206 271 57
Ki67	>=14% 0·998 0·92 1·09 0·964 349 84
inv	ductal 1·027 0·95 1·11 0·484 627 130
inv	lobular 1·035 0·83 1·29 0·764 145 29
other 0·994 0·83 1·19 0·951 59 16
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Supplemental figure 3: Extended COX-regression analysis for DFS. Subgroup analysis evaluating the effect of TILs on DFS for three molecular breast
cancer subtypes (A: TNBC; B: HER2+ BC, C. lum/HER2- BC) and various clinicopathological parameters. TILs were evaluated as a continuous parameter;
the HR per 10% increase in TILs is shown. High TILs were linked to improved DFS in most subgroups of TNBC and HER2+ BC. In contrast, for lum/HER2-
BC the effects were different in different clinicopathological subgroups. For luminal grade 3 tumors, increased TILs were a positive prognostic factor, while
for G1-2 tumors, increased TILs were a negative prognostic factor. Similarly, for luminal tumors with a high T-stage, the prognosis was significantly worse
with increased TIL levels.


A


B
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TNBC	OS HR 95%	CI pvalue n events
T1/2 0·903 0·823 0·991 0·031 509 70
T3/4 0·955 0·841 1·084 0·478 123 36
N0 0·878 0·768 1·003 0·056 347 37
N+ 0·921 0·84 1·011 0·083 271 68
G1-2 0·972 0·843 1·121 0·698 183 32
G3 0·910 0·833 0·994 0·036 439 73
Ki67	<14% 0·942 0·75 1·19 0·619 29 10
Ki67	>=14% 0·917 0·84 1·00 0·061 516 72
inv	ductal 0·923 0·85 1·00 0·056 559 90
inv	lobular 0·495 0·17 1·43 0·194 18 4
other 0·885 0·73 1·07 0·215 54 12


HER2+	tumors	OS HR 95%	CI p-value n
T1/2 0·881 0·783 0·991 0·034 690 56
T3/4 1·051 0·938 1·179 0·390 290 48
N0 0·933 0·791 1·102 0·415 428 29
N+ 0·930 0·847 1·021 0·126 550 76
G1-2 1·010 0·898 1·136 0·866 510 53
G3 0·857 0·761 0·965 0·011 450 51
HR- 0·944 0·854 1·044 0·263 420 58
HR+ 0·891 0·78 1·02 0·100 566 49
Ki67	<14% 0·936 0·74 1·18 0·575 124 15
Ki67	>=14% 0·925 0·84 1·02 0·122 611 67
inv	ductal 0·935 0·86 1·02 0·119 913 96
inv	lobular 1·730 0·76 3·93 0·191 33 3
other 0·917 0·65 1·30 0·631 39 8


luminal/HER2neg	OS HR 95%	CI p-value n
T1/2 1·067 0·967 1·177 0·198 612 60
T3/4 1·256 1·111 1·42 <0·0005 219 47
N0 1·126 0·988 1·282 0·075 418 37
N+ 1·027 0·944 1·14 0·448 394 67
G1-2 1·219 1·1 1·35 <0·0005 591 66
G3 0·972 0·859 1·1 0·656 222 37
PR- 1·096 0·979 1·226 0·112 187 37
PR+ 1·084 0·98 1·20 0·106 642 70
Ki67	<14% 1·120 0·95 1·32 0·182 271 34
Ki67	>=14% 1·056 0·95 1·17 0·295 349 55
inv	ductal 1·111 1·02 1·21 0·015 627 83
inv	lobular 1·160 0·90 1·49 0·245 145 19
other 1·081 0·81 1·45 0·605 59 5
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Supplemental figure 4: Extended COX-regression analysis for OS. Subgroup analysis evaluating the effect of TILs on DFS for three molecular breast
cancer subtypes (A: TNBC; B: HER2+ BC, C. lum/HER2- BC) and various clinicopathological parameters. TILs were evaluated as a continuous parameter;
the HR per 10% increase in TILs is shown. High TILs were linked to improved DFS in most subgroups of TNBC and HER2+ BC. In contrast, for lum/HER2-
BC the effects were different in different clinicopathological subgroups. In particular for G1-2 tumors and for tumors with a high t-stage, increased TILs were
a negative prognostic factor.
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TNBC	(297	pts.,	156	events) HR 95%	CI p-value
B	lineage 0·53 (0·38	to	0·73) 0·00007
T	cells 0·51 (0·37	to	0·71) 0·00004
CD8	T	cells 0·79 (0·57	to	1·08) ns
Cytotoxic lymphocytes 0·61 (0·44 to 0·84) 0·003
NK	cells 0·59 (0·43	to	0·82) 0·001
Monocytic lineage 0·68 (0·5 to	0·94) 0·02
Myeloid dendritic cells 0·54 (0·39 to	0·74) 0·0001
Neutrophils 0·98 (0·71 to	1·34) ns


Lum/HER2- (1245	pts.,	717	events)
B	lineage 0·80 (0·72	to	0·96) 0·014
T	cells 0·96 (0·83	to	1·11) ns
CD8	T	cells 0·98 (0·84	to	1·13) ns
Cytotoxic	lymphocytes 0·89 (0·77	to	1·03) ns
NK	cells 1·03 (0·89	to	1·19) ns
Monocytic	lineage 1·18 (1·02	to	1·37) 0·02
Myeloid	dendritic	cells 0·77 (0·67 to	0·9) 0·0007
Neutrophils 1·00 (0·86	to	1·15) ns
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Supplemental figure 5: Evaluation of different immune cell subtypes in the Metabric cohort using the MCP counter
method. A: Seven out of eight immune cell subtypes were more abundant in TNBC compared to lum/HER2- BC.
Significance of differences was assessed using Welch’s t-test. B: Prognostic impact of specific immune cell subsets on OS in
TNBC and lum/HER2- BC. In TNBC, most immune cell types, including different types of T-cells, NK-cells, B-cells,
monocytes and myeloid-derived dendritic cells were significantly associated with improved prognosis. In contrast, in
luminal/HER2negative tumors, most T-cell markers were not relevant for prognosis. Myeloid-derived dendritic cells and B-
cells were linked to improved prognosis, but monocytes lineage cells were associated with poor prognosis. In each of the
analyses, two equal-sized patient groups were compared using the log-rank test for significance assessment.
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