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KEYWORDS Abstract  Purpose: Tumour-infiltrating lymphocyte (TIL) detection by histology is associ-
Breast; ated with outcomes in breast cancer; nevertheless, analysis standardisation is difficult. We
Biostatistics; determined whether transcriptomic data could generate a genomic signature that estimated
Immunology; TIL infiltrates and determined patient prognosis in localised breast cancer.

Tumour-infiltrating Experimental design: Using 1928 transcriptomic profiles of pure cells, we generated a genetic
lymphocytes; signature specific to lymphocyte, myeloid, stromal and cancer cells. We then computed a score
Gene expression based on this signature and tested the association between the score and the TILs estimated for
signatures patients in an adjuvant setting from public and private data sets. We tested the capacity of the

transcriptomic RNA TIL score to predict disease-free survival (DFS) or overall survival (OS)
through multivariate Cox models adjusted for classical clinical variables and PAMS50 molec-
ular classification in two public data sets (Carte d’Identité¢ des Tumeurs [CIT], n = 530; Me-
tabric, n = 1832).

Results: A high RNA TIL score was significantly associated with the presence of a high level
of TILs as assessed by histology. The score was also associated with DFS and OS in multivar-
iate Cox models adjusted for molecular and clinical variables (CIT: OS hazard ratio
[HR] = 0.15 [0.04, 0.61], p-value = 0.007; DFS: 0.27 [0.08, 0.8] p-value = 0.02; Metabric:
OS HR = 0.87 [0.77, 0.97], p-value = 0.01). The association between the RNA TIL score
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and survival was tested by univariate analysis in each molecular subgroup; the RNA TIL score
was associated with survival only in basal-like tumours.

Conclusions: Determination of the TIL rate using a transcriptomic signature is feasible and
has a high prognostic value in patients with basal-like tumours in an adjuvant setting.

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Intratumoural immune response is associated with
prognosis in various types of cancer. Most studies sug-
gest that immune infiltrates with high densities of CD3
and CD8 T cells are associated with a better outcome
[1]. Currently, there is an increasing demand that
quantitative histopathology is required to better assess
prognosis in many cancer types [2,3]. Tumour-infil-
trating lymphocytes (TILs) scored on haematoxylin and
eosin slides (HESs) or after immunohistological staining
were shown to have prognostic or therapeutic relevance
in breast cancer, non—small-cell lung cancer and mela-
noma [2,3]. In breast cancer, evaluation of TILs on
HESs is prognostic in triple-negative (TN) cancers, but
their role in luminal tumours is less clear [4]. Conflicting
results have been observed for human epidermal growth
factor receptor 2 (HER2)—positive tumours [5,6].
Guidelines by the International TIL working group were
published to standardise the technology [7—9], and the
robustness of this technique was evaluated in interna-
tional trials [10]. Histological assessment requires pa-
thologists’ course formation and currently, some online
tools are available to help pathologists performing such
analysis (https://www.tilsinbreastcancer.org/). This is
essential to  avoid interobserver  variability.
Furthermore, TIL evaluation on HES sections does
not allow differentiation of lymphoid from myeloid
subsets, suggesting that quantitative and automatic
evaluation might be more accurate and avoid
repetitive work by the pathologist.

We aimed to determine a score that would reflect the
presence of distinct underlying cell populations invading
breast tumour tissue using transcriptomic measure-
ments. We generated a transcriptomic signature that
could mirror TILs, named RNA TIL score. Using two
large public cohorts of patients with localised breast
cancer, we tested the capacity of the RNA TIL score to
predict the disease outcome.

2. Materials and methods

2.1. Patients and cohorts

Several data sets were used in this study, first to
construct immune cell signatures and then to compute

and validate corresponding RNA TIL scores in patient
samples.

2.1.1. Signature data sets

In total, 1928 transcriptomic profiles (Supplementary
Table S1) of pure immune cells (lymphocyte and
myeloid cells), stromal cells (endothelial cells, adipocytes
and fibroblasts) and breast cancer cells were all retrieved
from the public repository Gene Expression Omnibus.

2.1.2. Microarray data sets

2.1.2.1. Carte d’Identité des Tumeurs data set. It consisted
of the breast cohort [11] from the ‘Cartes d’Identité des
Tumeurs®’ (CIT), including 530 patients for whom
overall survival (OS) and disease-free survival (DFS)
were available, as well as clinical and biological
parameters.

2.1.2.2. Metabric data set. It consisted of both discovery
and validation Metabric [12] data sets (n = 1832
patients), generated by the Molecular Taxonomy of
Breast Cancer International Consortium. OS as well as
clinical and biological parameters was available.

Description of the RNA sequencing (RNAseq) data
sets and microarray preprocessing methods are available
as Supplementary Data.

2.2. Generation of the RNA TIL immune signature

Breast tumour samples constitute 4 major cellular pop-
ulations: lymphoid, myeloid, stromal and cancer cells.
To select genes characteristic of each cellular type, we
used the barcode approach [13] that provides absolute
gene expression estimations. In this way, each gene is
described by binary values, where 1 denotes expressed
genes and 0 denotes unexpressed genes. Only probesets
present in at least 80% of the samples and present in less
than 20% of the other cell populations were retained as
characteristics of a cell population. In this way, 11
probesets were selected for lymphoid cells, 24 for
myeloid cells, 13 for stromal cells and 35 for cancer cells.
Reducing the number of probesets used for the signature
to 10 probesets by cell type did not change the classifi-
cation (Supplementary Table S2); these 10 probesets
were selected as those that best differentiated each cell
type from the other three. Using principal component
analysis, performed on the 1928 samples of pure cell
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Fig. 1. Association between the RNA TIL score and TILs determined by histology and pathological characteristics. (A—D) Boxplots showing
the RNA TIL score, given the proportions of TILS determined concordantly by 2 pathologists and categorised into 3 categories after the
Salgado classification in the TIL RNAseq (A), the FinHer (C) and the Metabric (D) data sets and categorised into 2 categories (<3: no/
minimal and intermediate infiltrate; >3: high immune infiltrate) in the TCGA data set (B). (E—G) Boxplots representing the distribution of
the RNA TIL score, given the molecular subtype of breast cancer for the CIT (E), Metabric (F) and RNAseq TIL (G) data sets. RNA
TIL scores were scaled to have null mean and unit variance. ***p < 0.05 Wilcoxon test. TIL, tumour-infiltrating lymphocyte; CIT, Carte
d’Identité des Tumeurs.
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lines to visualise the variability contained in the data
[14], we observed the capacity of our selected probesets
to characterise each cellular type (Supplementary
Fig. SIA). Complements about this strategy are
described in Supplementary Data.

2.3. RNA TIL score

Scores for each of the four cell types were computed by
averaging the z-scores obtained for selected probesets
constituting the 4 cell-type signatures for each sample.
Each sample is thus described by 4 values, each sum-
marising one cellular subtype. We considered a final
score defined as the ratio of the sum of lymphoid and
myeloid scores to the total of the 4 cell-type scores.
Hereafter, this score is called the RNA TIL score.

2.4. Statistical analysis

Patient and disease characteristics from the 2 cohorts
were compared using the chi-square test for qualitative
variables and the Wilcoxon test or analysis of variance
(ANOVA) for continuous variables, as appropriate.
Survival analysis was performed using the survival R
library [15]. The prognostic value of RNA
TIL signatures was tested using univariate or adjusted
multivariate Cox proportional hazards models for
DEFS or OS. Survivors were censored after 120 months.
Survival probabilities were estimated using the
Kaplan—Meier method, and survival curves were
compared using the log-rank test. Statistical analyses
were performed using R software (http:/www.R-
project.org/), and graphs were drawn using GraphPad
Prism version 7.03.

3. Results

3.1. Association between the RNA TIL signature and
TIL enumeration by histology

To validate the relevance of our RNA TIL score,
RNAseq was performed in 29 breast cancers (5 Luminal
A, 6 Luminal B, 8 HER2 and 10 TN) coming from the
Centre Georges-Frangois Leclerc (Dijon). The pro-
portions of TILs were independently determined by two
pathologists using international recommendations, and
concordance was observed for all evaluated slides (29 of
29). The molecular subtype of these patients was deter-
mined using PAMS50. The RNA TIL score was strongly
associated with pathological classification (ANOVA
test; p-value = 0.025) (Fig. 1A). Using the RNA
TIL score, we observed a non-significant trend towards
greater infiltration of immune cells in HER2 tumours
and basal-like breast cancer than in Luminal A and
Luminal B tumours (Fig. 1G). A greater variability of
the RNA TIL score was observed in HER2 and basal-
like breast cancer, suggesting a wider immunological

heterogeneity than that previously reported using his-
tological TIL enumeration [16,17].

These observations were also validated using public
RNAseq data from the TCGA (The Cancer Genome
Atlas) breast cancer cohort. In this cohort, TILs from 30
patients were enumerated by histology [18]. Similarly,
the RNA TIL score was associated with the histologi-
cally enumerated TILs (ANOVA test. p-value< 1.107%%)
(Fig. 1B).

We have identified two public data sets containing
array transcriptomic data and TIL evaluation by his-
tology: the FinHer study, which includes 203 patients
with HER?2 breast cancer, and a subpopulation of 157
patients from the Metabric cohort. In the FinHer cohort
also, the RNA TIL score was strongly associated with
the histological score (ANOVA test; p-value<1.107"%)
(Fig. 1C). In the Metabric cohort, the RNA TIL score
was also strongly associated with the histological score
(ANOVA test; p-value< 1.107'%) (Fig. 1D).

3.2. Distribution of RNA TIL scores according to
molecular subgroups and clinicopathological variables

The distribution of the RNA TIL score according to
clinical and pathological variables was evaluated in the
CIT and Metabric data sets. For the first, the score was
significantly different for oestrogen receptor (ER) and
HER2 status, age, Scarff-Bloom-Richardson grade (12
vs 3) and nodal status. For the latter, age and nodal
status were not related to the RNA TIL score. In both
data sets, tumour size was not related to the RNA
TIL score (Table 1).

Table 1
RNA TIL score according to clinical and molecular variables.
Variable CIT Metabric
Mean (SD) t-test, Mean (SD) t-test,
p-value p-value

ER
+ 0.383 (0.184)  <1.1077  0.520 (0.013)  <1.107'¢
- 0.493 (0.170) 0.530 (0.014)
HER?2
+ 0.507 (0.164)  0.0003 0.526 (0.014)  0.0002
- 0.409 (0.184) 0.522 (0.014)
Age
>65 years  0.340 (0.199) <1.107*  0.523(0.014)  0.21
<65 years  0.428 (0.178) 0.522 (0.014)
Tumour size
T1 0.403 (0.195)  0.55 0.523 (0.015)  0.72
T2-3 0.392 (0.194) 0.522 (0.014)
SBR grade

1-2 0.378 (0.186)  <1.107>  0.520 (0.013)  <l1.107!

3 0.453 (0.182) 0.525 (0.015)
Nodal status
+ 0.352 (0.196)  0.002 0.520 (0.015)  0.09

- 0.441 (0.190) 0.522 (0.013)

SBR, Scarff-Bloom-Richardson; ER, oestrogen receptor; HER2,
human epidermal growth factor receptor 2.
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3.3. RNA TIL score (mean [standard deviation])
according to clinical and pathological variables evaluated
in the CIT and metabric data sets

The distribution of the RNA TIL score was then eval-
uated, given the molecular intrinsic subtypes. In both
cohorts, we observed that RNA TIL scores were
significantly higher in HER2 and basal tumours than in
Luminal A and B tumours (Fig. 1E and F).

We estimated the association between the RNA
TIL score as a log2-transformed continuous
variable and the standard clinicopathological variables,
using univariate and multivariate linear regression
models. In the CIT cohort, we observed by univariate
analysis that higher RNA TIL values were significantly
associated with higher grade, HER?2 status, presence of
positive lymph nodes, absence of hormone receptors and
younger age (Fig. 2A). In the multivariate model, higher
RNA TIL values were significantly associated with
absence of hormone receptors and younger age; a strong
trend was observed for presence of positive lymph nodes
and HER2 status.

In the Metabric cohort, we observed by univariate
analysis that higher RNA TIL values were significantly
associated with absence of positive lymph nodes, higher
grade, HER2 status and absence of hormone receptors
(Fig. 2B). In the multivariate model, higher RNA
TIL values were significantly associated with higher
grade, absence of positive lymph nodes, absence of
hormone receptors and older age.

Together, these data demonstrate that a high RNA
TIL score is mainly associated with hormone-negative
status.

3.4. Determination of patient prognosis based on the RNA
TIL score

The association between the RNA TIL score and both
DFS and OS was evaluated in the CIT and Metabric
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cohorts. Only OS was available for the Metabric data
set. Clinical characteristics of the patients are summar-
ised in Table 2. Characteristics of patients between the 2
cohorts were compared using chi-square or Wilcoxon
tests, given that variables are qualitative or quantitative;
the corresponding p-values are presented in the last
column of Table 2.

The prognostic value of the RNA TIL score was first
assessed in the CIT cohort (n = 530), for which both DFS
and OS are available (Table 3 and Supplementary Table 3).

On univariate analysis, we found that the RNA
TIL score was not associated with the outcome in the
whole population but was significantly associated with
outcome after exclusion of Luminal A tumours. On
multivariate analysis, using a Cox proportional hazards
model, it was found that the RNA TIL score was
significantly associated with better DFS and OS (hazard
ratio [HR] for a one-unit increase in the value of the
RNA TIL score for DFS: 0.27 [0.08, 0.8], p-
value = 0.02 and for OS: 0.15 [0.04, 0.61], p-
value = 0.007). The RNA TIL score added significant
prognostic information to the clinicopathological char-
acteristics at diagnosis, as shown by the likelihood-ratio
test (P = 0.008 for OS and 0.02 for DFS). This test
enables the comparison of two nested survival models.
The two models tested here are the multivariate survival
model with all clinicopathological characteristics alone
and the survival model including clinicopathological
characteristics and the RNA TIL score, as described in
Table 3 for DFS and Supplementary Table S3 for OS.
The same conclusions were achieved based on standard
pathology classification (Supplementary Tables S3—5).

These observations were validated on the Metabric
data set (n = 1832). By univariate analysis, the RNA
TIL score was associated with outcome only when
luminal A tumours were excluded (HR = 0.88 [0.80,
0.97], p-value = 0.012). By multivariate analysis, the
RNA TIL score was significantly associated with better
OS (HR: 0.87 [0.77, 0.97], p-value = 0.01) (Table 4).
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Fig. 2. Prognostic role of RNA TILs in the different molecular subgroups for the Metabric data set. Kaplan—Meier curves for overall
survival (OS), with patients stratified according to their RNA TIL signature: low vs high score. (A) For the discovery Metabric data set,
the two groups were determined using the optimal threshold of the RNA TIL score in patients with basal-like tumours. (B) For the
validation Metabric data set, the two groups were determined using the threshold determined in the discovery data set. TIL, tumour-

infiltrating lymphocyte.
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Table 2

Patients’ clinical characteristics.

Variable CIT n (%) Metabric n (%) p-value
Sample size 530 1832

Median DFS (years) 5.2 - <1.1071°
Median OS (years) 6.2 9.6

QOestrogen receptor 0.10
Positive 401 (76) 1381 (75)

Negative 107 (20) 451 (25)

Missing 22 (4) —

HER2 1
Positive 49 (9) 233 (13)

Negative 335 (63) 1599 (87)

Missing 146 (28)

Molecular subtype <l.10716
Luminal A 214 (40) 700 (38)

Luminal B 206 (39) 475 (26)

HER2-enriched 52 (11) 224 (12)

Basal-like 58 (10) 427 (23)

Missing - 6 (1)

T size <1107
Tl 138 (26) 794 (43)

T2—4 290 (55) 1022 (56)

Missing 102 (19) 16 (1)

Median age 55 62.4

Tumour grade <1.107¢
1 46 (9) 157 (9)

2 267 (50) 692 (38)

3 197 (37) 904 (49)

Missing 20 (4) 79 (4)

Nodal status <1.1071¢
NO 136 (26) 1238 (67)

N+ 296 (56) 121 (7)

Missing 98 (18) 473 (26)

Treatment type NA

Chemotherapy 377 (20)

Hormone therapy 960 (52)

No treatment 495 (28)

DFS, disease-free survival; OS, overall survival; CIT, Carte d’Identité
des Tumeurs; HER2, human epidermal growth factor receptor 2; NA,
not available

p-values correspond to chi-square or Wilcoxon tests, given that vari-
ables are qualitative or quantitative.

The RNA TIL score added significant prognostic
information to the clinicopathological characteristics at
diagnosis, as shown by the likelihood-ratio test
(P = 0.015) comparing the full multivariate survival
model of Table 4 and the reduced model without the
RNA TIL score.

To assess these results, the Metabric data set was split
into one discovery (n = 957) and one validation
(n = 875) data set, as described by the Molecular
Taxonomy of Breast Cancer International Consortium.
In patients with basal-like tumours from the discovery
data set, two risk groups (low vs high) were determined
of the RNA TIL score estimated in these molecular
subgroups, based on the maximally selected rank sta-
tistics [19]. The corresponding Kaplan—Meier OS curves
underline that the high RNA TIL score was associated
with better prognosis in patients with basal-like tumours
(HR = 0.34[0.19, 0.61], p-value <1.10~* (Fig. 3A). The

optimal threshold computed on the discovery data set
was then applied to the validation data set to generate a
low- and a high-risk group. Fig. 3B shows
Kaplan—Meier curves obtained using these groups. The
association between the RNA TIL score was validated
with HR = 0.59 (0.37; 0.96), p-value = 0.0328. By this
way, we were able to validate the association between
overall survival and our RNA TIL score.

The effect of the RNA TIL score was also analysed
according to the type of adjuvant therapy (see
Supplementary Data).

In a recent article, Loi et al [20] demonstrated the
prognostic value of stromal TILs in TN breast cancer.
To validate our method, we confirmed the findings by
Loi et al. [20] using the RNA TIL score on patients with
basal-like tumours from the Metabric data set (n = 189
patients). We showed that the RNA TIL score dicho-
tomised by the method used by Lausen et al. [29] adds
value in comparison with clinical variables only (likeli-
hood-ratio test chi-square, 4.495; p-value = 0.03) (see
Supplementary Data).

4. Discussion

This study shows that a high RNA TIL score was
significantly associated with the presence of a high level
of TILs assessed by histology. The RNA TIL score was
also associated with DFS and OS in multivariate Cox
models adjusted for molecular and clinical variables in
two public data sets.

Accurate prediction of relapse risk in early breast
cancer is a major challenge because it might avoid
excessive usage of adjuvant chemotherapy and allow the
identification of patients at a high risk of relapse with a
strong therapeutic medical need. Although recurrence
risk has been assessed by examining histological data
and biomarkers (ER, progesterone receptor (PR),
HER?2 and Ki67), these conventional examinations are
not accurate enough to select the subset of patients who
are at sufficiently low risk of recurrence to be spared
from adjuvant chemotherapy without comprising prog-
nosis. Several recent clinical studies have revealed that
TILs can predict prognosis and chemotherapy response,
independently of conventional clinical and pathological
criteria such as age, nodal status or tumour size [21—23].
In TN breast cancers, a meta-analysis revealed that high
levels of TILs were significantly associated with
favourable outcomes [10,24]. New technology such as
automated image analysis methods or determination of
immune infiltrates using transcriptomic data can
improve quantification accuracy. In this context, it
was interesting to determine whether RNA
TIL determination could be combined with histological
evaluation. A previous work tested this hypothesis in a
neoadjuvant setting and underlined that the
TIL signature was predictive of response to neoadjuvant
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Table 3
Univariate and multivariate Cox model for CIT data set for disease-free survival and PAMS50 classification.
Variable Univariate Multivariate
HR 95% CI P-value HR 95% CI P-value

PAMS0

Luminal A 1 1

Basal-like 2.71 1.54, 4.76 0.0005 1.55 0.68, 3.53 0.29

HER2 2.47 1.38, 4.42 0.002 1.42 0.63, 3.21 0.39

Luminal B 1.97 1.26, 3.10 0.003 2.09 1.28; 3.39 0.003
Age > 65 years 1.03 0.67, 1.58 0.89 1.05 0.65; 1.70 0.85
Tumour size

T1 1 1

T2—4 2.13 1.34, 3.40 0.006 1.85 1.34, 3.02 0.01
SBR grade

Grade 1-2 1 1

Grade 3 1.91 1.32, 2.74 0.0005 1.51 0.78, 1.98 0.35
ER+ 0.51 0.35, 0.75 0.001 0.46 0.24, 0.85 0.01
Nodal status 1.40 0.92, 2.13 0.10 1.60 1.09, 2.63 0.02

N>1

RNA TIL score
Whole population 0.71 0.27, 1.83 0.48 0.27 0.08, 0.8 0.02
Population without Luminal A 0.24 0.08, 0.72 0.01
Luminal A 543 0.63, 46.40 0.12 — — —
Luminal B 0.32 0.07, 1.42 0.13
HER2 0.007 0.002, 0.22 0.004
Basal-like 0.01 0.0003, 0.27 0.006

HR, hazard ratio; CI, confidence interval; HER2, human epidermal growth factor receptor 2; SBR, Scarff-Bloom-Richardson; ER, oestrogen
receptor; TIL, tumour-infiltrating lymphocyte.

chemotherapy but not a prognostic factor in untreated RNA TILs are a good biomarker to improve the esti-
patients or patients treated with hormone therapy [25]. mation of survival in basal and HER2 tumour types.
Our study shows, in an adjuvant setting, that  Most of the previous studies have evaluated the prog-
TIL evaluation using transcriptomic data highlights  nostic value of TILs in the context of randomised

greater TIL accumulation in basal and HER2 tumours. adjuvant trials for breast cancer. The results indicated
Table 4
Univariate and multivariate Cox model for Metabric data set for overall survival and PAMS50 classification.
Variable Univariate Multivariate
HR 95% CI P-value HR 95% CI P-value

PAMS50

Luminal A 1 1

Basal 2.49 1.92,3.23 <1.10712 1.66 1.07, 2.58 0.02

HER2 3.68 2.78, 4.86 <1.107"? 2.31 1.49, 3.57 <1.1073

Luminal B 2.46 191, 3.16 <1.10712 1.92 1.43, 2.60 <1.10™
Age > 65 years 1.05 0.88, 1.26 0.57 1.17 0.94, 1.46 0.16
Tumour size

T1 1 1

T2—4 1.92 1.58, 2.33 <1.1071? 1.43 1.13, 1.81 0.003
SBR grade

Grade 1-2 1 1

Grade 3 2.08 1.70, 2.82 <1.1071? 1.51 1.17, 1.94 0.001
ER + 0.48 0.40, 0.58 <1.10712 0.71 0.48, 1.03 0.07
Nodal status 3.3 2.53, 4.31 <1.1071¢ 2.50 1.88, 3.32 <1.107°

N>1

RNA TIL score
Whole population 0.97 0.88, 1.07 0.52 0.87 0.77;0.97 0.01
Population without Luminal A 0.89 0.81, 0.99 0.028

Luminal A 0.85 0.68, 1.07 0.17 — — —

Luminal B 0.85 0.76, 1.09 0.18

HER2 0.85 0.71, 1.09 0.26

Basal-like 0.86 0.73, 1.01 0.07

HR, hazard ratio; CI, confidence interval; TIL, tumour-infiltrating lymphocyte; HER2, human epidermal growth factor receptor 2; SBR, Scarff-
Bloom-Richardson; ER, oestrogen receptor.
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Fig. 3. Association between the RNA TIL score and clinical characteristics. Forest plots representing the coefficient of association between
the RNA TIL score as a continuous log2-transformed variable and each of the standard clinicopathological variables, using the linear
regression model for the CIT (A) and Metabric (B) data sets. Solid lines represent coefficients from univariate linear regression models,
and dashed lines represent coefficients from the multivariate models. TIL, tumour-infiltrating lymphocyte; ER, oestrogen receptor; CIT,

Carte d’Identité des Tumeurs.

that baseline TILs were a strong prognostic predictor
for specific breast cancer subtypes, especially TN can-
cers [17,22]. These previous trials testing the
TIL infiltrate were not always able to test the predictive
value because all arms received adjuvant treatment. In
our study, the RNA TIL score showed prognostic
properties in HER2 and basal-like tumours. However,
we cannot eliminate the possibility that such a result is
biased owing to heterogeneity of data sets. To go
further, we analysed patients with TN cancer from a
neoadjuvant data set (GSE25055) [26] and showed that
in this setting, the RNA TIL score was also associated
with response to neoadjuvant chemotherapy using tax-
ane/anthracycline, an up-to-date chemotherapy regimen
(see Supplementary Data). These data add an additional
argument to propose that the TIL signature may be
predictive.

It is classically known that chemotherapies used for
breast cancer may induce immune cell death and that
such immune activation could contribute to the efficacy
of adjuvant therapy [27]. Our data support the hy-
pothesis that preexisting TIL accumulation is required
for the efficacy of chemotherapy in such disease. Further
studies are required to compare the ability of tran-
scriptomic and histological TIL evaluation to address
patient prognosis.

The present study has some limitations. First, the
development and validation data sets were obtained
from retrospective cohorts. Second, few clinical vari-
ables and little information on treatments were
available owing to use of public data. In addition, it
should be noted that the RNA TIL signature was
associated with TIL histology assessment in only a small
number of patients. One of the most significant
strengths of this study is the validation of the observa-
tions in 2 different data sets. Moreover, our method can

be applied independently of the technology used to ac-
cess gene expression. Genes involved in the RNA
TIL score computation could be used in a deconvolu-
tion strategy to quantify qualitative features of TILs and
thus qualify the immune response. In another extent,
multigene tests such as PAMS50 are recently used in
clinical practice to improve patient prognostic determi-
nation and to support adjuvant therapy decision [28].
Genes involved in the RNA TIL score could also be
easily added to existing tests and could be an interesting
additional tool to predict patient prognostic.

In conclusion, we believe that our RNA
TIL signature is a simple tool to determine prognosis in
patients with early breast cancer.
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