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Abstract  Background: Immune cell infiltration in breast cancer is important for the patient’s
prognosis and response to systemic therapies including immunotherapy. We sought to inves-
tigate the prevalence of tumour-infiltrating lymphocytes (TILs) and their association with im-
mune checkpoints such as programmed cell death 1 (PD-1) and programmed cell death ligand
1 (PD-L1) in high-risk, node-positive breast cancer of the adjuvant German Adjuvant Inter-
group Node—positive (GAIN-1) trial.

Patients and methods: We evaluated TILs by haematoxylin and eosin staining and PD-1 and
PD-L1 (SP263 assay) expression by immunohistochemistry in 1318 formalin-fixed, paraffin-
embedded breast carcinomas. The association of TILs with PD-1, PD-L1, molecular intrinsic
subtypes, outcome and therapy regimens (dose-dense [dd] epirubicin, paclitaxel and cyclo-
phosphamide [EPC] and dd epirubicin, cyclophosphamide, paclitaxel and capecitabine [EC-
PwX]) was statistically tested.

Results: Overall TILs density was significantly associated with the expression of PD-1 and
PD-L1 in immune cells (each p < 0.0001) and PD-L1 in tumour cells (p = 0.0051). TILs were
more common in triple-negative breast cancer (TNBC) and human epidermal growth factor
receptor 2 (HER2)-positive tumours (each p < 0.0001). On multivariate Cox regression ana-
lyses, patients with breast cancer without TILs had an unfavourable disease-free survival
(DFY) in the EPC arm compared with the EC-PwX arm (hazard ratio [HR] = 0.69 [0.44—
1.06], p = 0.0915); but no differences were seen in tumours with TILs (HR = 1.24 [0.92—
1.67], p = 0.1566, interaction p = 0.0336). PD-1—positive immune cells in TNBC were asso-
ciated with a significantly better DFS (HR = 0.50[0.25—0.99], p = 0.0457). PD-L1 expression
had no impact on patient outcome.

Conclusions: TILs predict the benefit of intensified ddEPC compared with ddEC-PwX therapy
in node-positive, high-risk breast cancer. TILs, PD-1 and PD-L1 are linked to each other indi-
cating tumour immunogenicity. Moreover, PD-1—positive immune cells have a positive prog-
nostic impact in TNBC.

Clinical trial: NCT00196872.

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Tumour-infiltrating lymphocytes (TILs) are present in
all molecular subtypes of breast cancer (BC) but most
common in triple-negative and non-luminal HER2-posi-
tive tumours [1—3]. Several studies have shown that TILs
predict prognosis and response to systemic therapies in
BC. Patients with triple-negative BC (TNBC) with
increased TILs have a better overall survival (OS) in the
adjuvant setting compared with patients without TILs
[3—7]. In contrast, there was no prognostic significance
for TILs in hormone receptor—positive, HER2-negative
BC [3,4]. In neoadjuvant trials, increased TILs were
associated with a higher pathological complete response
(pCR) to systemic therapies, especially in TNBC and
HER2-positive cancer [1,8,9]. Patients who achieve a
pCR in these subtypes will have better survival [9—12].

Furthermore, it was recently demonstrated that TILs
and PD-L1—positive immune cells may predict the
response to immune checkpoint therapies with pem-
brolizumab and atezolizumab in BC [13—17]. So far,
additional biomarkers for the identification of patients
with BC that will have a benefit of such immuno-
oncologic therapies have not been established. In other
tumour entities, such as malignant melanoma and
non—small cell lung cancer, testing of PD-1 and/or PD-
L1 by immunohistochemistry (IHC) is an approach for

patient selection [18—20]. The data on the prevalence of
PD-1 and PD-LI expression in BC are conflicting, and
their relation to TILs and molecular subtypes is not well
known, especially not in patient cohorts with defined
treatment and reasonable follow-up. Previous studies
have resulted in variable findings, probably also based
on the use of different staining assays, definitions of
positivity, and scoring criteria [21—23]. The objective of
this work was to evaluate the clinical validity of TILs
and the expression of immune checkpoints such as PD-1
and PD-L1 as prognostic and predictive biomarkers in a
prospective cohort of central pathological validated,
molecularly diverse BC samples of the adjuvant German
Adjuvant Intergroup Node—positive (GAIN-1) trial.
Because previous studies have suggested that TILs are
related to the response of certain chemotherapies such as
carboplatin and anthracycline [3,24], we also examined
the impact of TILs in different chemotherapy regimens.

2. Patients and methods
2.1. Study population

The GAIN-1 study (ClinicalTRials.gov NCT00196872)
was a prospective multicenter phase III trial to
compare two dose-dense (dd) regimens, intensified dd
epirubicin, paclitaxel and cyclophosphamide (EPC)
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versus dd epirubicin, cyclophosphamide, paclitaxel and
capecitabine (EC-PwX) and ibandronate versus
observation in patients with high-risk, node-positive
primary BC. In addition, radiotherapy, endocrine
treatment and adjuvant trastuzumab (starting 05/2006)
were given according to recommendations of the na-
tional ‘Arbeitsgemeinschaft fiir Gyndkologische Onko-
logie (AGO) guideline [25,26]. Patients with
histologically confirmed, unilateral or bilateral primary
node-positive BC were enrolled after providing written
informed consent for clinical trial participation and use
of Dbiomaterials. Patients needed to have received
adequate surgical treatment with histological complete
resection (RO) of the primary tumour and >10 resected
axillary nodes as per standard of care at the time of
conducting the study. Overall, the trial recruited 3023
patients between 2004 and 2008, and 2994 patients were
assigned for initial treatment. Clinicopathological data
were extracted from the clinical study database. Survival
data were available from all patients. Disease-free sur-
vival (DFS) was calculated as the time from study
registration to any invasive recurrence (local, contra-
lateral and distant), any second invasive cancer or death
of any cause. Ethical committee approval from all cen-
tres participating in the clinical study and from the
Institutional Review Board of Charité¢ University Hos-
pital Berlin (Germany) was obtained. This study was
conducted adhering to the REMARK (Reporting Rec-
ommendations for Tumor Marker Prognostic Studies)
criteria [27].

2.2. Assessment of the molecular BC subtype

In total, 1371 FFPE samples were available for the
construction of tissue microarrays (TMA). Tissue sec-
tions were stained with haematoxylin and eosin (H&E)
for histological evaluation. Immunohistochemistry for
oestrogen receptor alpha (SP1, Thermoscientific, 1:50),
progesterone receptor (PgR 636, DAKO, Glostrup,
Denmark, 1:50), HER2 (clone 4B5, Ventana Medical
Systems, Tucson, AZ, USA) and Ki-67 (MIB1, DAKO,
Glostrup, Denmark, 1:100) was performed using a
Ventana Benchmark autostainer (Ventana, Tucson, AZ,
USA). Hormone receptor positivity was defined as
expression in at least 1% of the tumour cells [28]. Ki-67
staining was evaluated as recommended by the Inter-
national Ki-67 in Breast Cancer Working Group [29].
HER?2 status was assessed according to the American
Society of Clinical Oncology (ASCO)/ College of
American Pathologists (CAP) guidelines [30]. Equivocal
HER?2 cases were investigated by silver enhanced in situ
hybridisation (SISH, ultraView SISH detection Kkit,
Ventana Medical Systems, AZ, USA) carried out using
the Ventana BenchMark ultra-automated staining sys-
tem. Stained TMA sections were digitised and evaluated
by a board-certified pathologist experienced in breast
pathology (A.N.) using VM Slide Explorer 2.2 software

(VMscope GmbH Berlin, Germany). For the classifica-
tion of the so-called molecular intrinsic BC subtypes, the
central pathologic assessment of the tumour biology was
used. Subtypes were defined as follows: luminal A
(oestrogen receptor [ER]— and/or progesterone receptor
(PR) PR-positive, HER2-negative, Ki-67 low <20%)),
luminal B/HER2— (ER- and/or PR-positive, HER2-
negative, Ki-67 high >21%), luminal BJHER2+ (ER-
and/or PR-positive, HER2-positive, any Ki-67), non-
luminal HER2-enriched (ER- and PR-negative, HER2-
positive) and triple-negative (ER- and PR-negative,
HER2-negative).

2.3. Evaluation of TILs

TILs were evaluated on H&E-stained sections following
the recommendations of the International TILs working
group [31]. As previously noticed, TILs were predomi-
nantly located within the stromal tissue of the tumour and
therefore assessed in this compartment [8]. The mono-
nuclear inflammatory infiltrate was assessed in predefined
categories, no TILs (0%), 1—10%, 11—-25%, 26—50% and
>51%, by a board-certified pathologist (A.N.). Regions
with non-invasive carcinoma, normal breast epithelium
or necrosis were excluded from the evaluation.

2.4. Immunohistochemical evaluation of PD-1 and PD-LI1

To examine the prevalence of PD-1 and PD-L1 expression,
we applied an anti—PD-1 antibody (clone NAT 105, Cell
Marque, 1:50) and an anti—PD-L1 antibody (clone SP263,
Ventana Medical systems, Tucson, AZ, 1:100) using
UltraView DAB detection on an automated staining sys-
tem (Ventana BenchMark). We calibrated the PD-L1
antibody on a cell line microarray (Horizon Discovery)
and applied the antibody in analogy to the respective
clinical trial assay. Slides were digitised (AT2, Leica,
Wetzlar, Germany), and images, analysed using VMscope
software. The PD-L1 expression was scored in tumour and
immune cells as previously described [32]. The percentage
of PD-L1—positive tumour cells was proportionally eval-
uated in all tumour cells. PD-1 and PD-L1 immune cells
were assessed relative to the whole tumour area.

2.5. Statistics

Pairs of binary variables were compared based on cross
tables and Fisher’s exact tests. Binary variables were
compared with multicategorical variables by cross tables
and > tests. The continuous clinical variable age was
compared with a binary variable by a Wilcoxon test.
DFS was the primary end-point and calculated as the
time from study registration to any invasive recurrence
(local, contralateral and distant), any second invasive
cancer or death of any cause. OS is defined as the time
from study registration to death from any cause. Cox
regression models were used to examine the prognostic
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effect of a biomarker variable or treatment: Regression
models were constructed for the variable of interest
only (univariate), with covariable treatment arm
(bivariate) and with covariables, age, grade, tumour size,
nodal status, histological type, central molecular sub-
type, treatment arm and type of surgery (multivariate).
We used Kaplan—Meier curves to compare subgroups
defined by biomarkers and/or treatment arms. Wherever
two subgroups were compared, log-rank tests were
performed. All reported p-values are two-sided, and
p < 0.05 was considered statistically significant. No
correction for multiple testing was applied. Confidence
intervals symmetrically span 95%. Statistical calcula-
tions were performed using R 3.3.2 (R Foundation for
Statistical Computing, Vienna, Austria, 2016).

3. Results

3.1. Baseline data and central pathology of the study
population

A subset of BC samples of the GAIN-1 cohort was
available for the analysis of immune biomarkers. Clin-
icopathological parameters and treatment groups were
equally distributed between the whole GAIN-1 cohort
(n = 2994) and the study cohort (n = 1318), as shown
in Table 1, confirming a representative selection. We
found no significant differences in DFS and OS between
patients included and those that were not included. As
in the whole GAIN-1 cohort, we observed no significant
differences in DFS and OS between the therapy arms in
the analysis set.

In the original GAIN-1 cohort, local pathologists
defined intrinsic molecular subtypes by the hormone re-
ceptor profile, HER2 status and tumour grade but not by
using the Ki-67 proliferation index. We reassessed the
hormone receptor expression and HER?2 status in the
study cohort (central pathology). To classify molecular
subtypes of BC, we combined the centrally evaluated
hormone receptor expression, HER2 status, and used the
proliferation index (Ki-67) for categorisation of the
luminal types (cut-off <20 vs. >21%). Owing to tissue
shortage and quality, at least one central pathological
parameter was determined in 1318 of 1371 BC samples;
the complete central subtyping was feasible in 1131 cases.
The majority was classified as luminal A (57.7%). The
remaining cases (18.2%) were luminal B (7.5% HER2-
negative and 10.7% HER2-positive), 7.2% were non-
luminal HER2-positive and 16.9% were triple-negative.
The progress of the sample set is displayed in Fig. 1.

3.2. Evaluation of TILs

Evaluation of TILs was feasible in 1271 BC samples. In
69% of the cases (n = 876), TILs (>1%) were detectable.
In 2.6% of the cases, high levels of TILs (n = 33; TILs

Table 1
Comparison of the original (n = 2994) with the study cohort
(n = 1318) using local pathology reports.

Parameter GAIN-1 cohort Study cohort p-value
n (OA!) n (O 0)

Age (years)

Mean, range 50 (20—72) 50 (23-71) 0.1122

<40 438 (14.6) 194 (14.7) 0.2443

40—49 1057 (35.5) 488 (37.0)

50—59 968 (32.3) 418 (31.7)

>60 531 (17.7) 218 (16.5)

Surgery 0.2354

BCS 1672 (55.9) 753 (57.1)

Mastectomy 1320 (44.1) 565 (42.9)

Unknown 2 0

Chemotherapy 0.7967

EPC 1500 (50.1) 664 (50.4)

EC-PwX 1494 (49.9) 654 (49.6)

Local ER 0.8345

Positive 2206 (73.7) 974 (73.9)

Negative 787 (26.3) 344 (26.1)

Unknown 1 0

Local PR 0.5831

Positive 2011 (67.2) 893 (67.8)

Negative 982 (32.8) 425 (32.2)

Unknown 1 0

Local HER2 0.7957

Positive 724 (24.8) 321 (25.1)

Negative 2191 (75.2) 959 (74.9)

Unknown 79 38

Local subtypes 0.5372

Luminal A 1223 (41.8) 542 (42.0)

Luminal B 1031 (35.2) 465 (36.0)

ER-/PR-/HER2+ 254 (8.7) 102 (7.9)

TNBC 421 (14.4) 182 (14.1)

Unknown 65 27

Histologic type 0.2022

Ductal (NST) 2314 (77.3) 1023 (77.6)

Lobular 374 (12.5) 151 (11.5)

Other 306 (10.2) 144 (10.9)

Tumour grade 0.5268

Gl 96 (3.2) 44 (3.3)

G2 1507 (50.4) 649 (49.3)

G3 1385 (46.4) 624 (47.4)

Unknown 6 1

Tumour stage 0.9392

pT1 955 (32.0) 423 (32.2)

pT2 1669 (55.9) 738 (56.2)

pT3 305 (10.2) 130 (9.9)

pT4 55(1.8) 23 (1.8)

Unknown 10 4

Nodal stage 0.0273

pN1 1131 (37.8) 533 (40.4)

pN2 1058 (35.3) 449 (34.1)

pN3 805 (26.9) 336 (25.5)

EC-PwX, epirubicin, cyclophosphamide, paclitaxel and capecitabine;
EPC, epirubicin, paclitaxel and cyclophosphamide; TNBC, triple-
negative breast cancer; ER, oestrogen receptor; GAIN, German
Adjuvant Intergroup Node; PR, progesterone receptor; HER2, human
epidermal growth factor receptor 2; BCS, breast conserving therapy.

>50%) were observed. Increased TILs (cut-off >1%)
were associated with hormone receptor—negative BC
(p < 0.0001), HER2 positivity (p = 0.0051), higher Ki-
67 levels (p < 0.0001), high tumour grade (p < 0.0001),
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GAIN-1 ITT set n=2994

l

FFPE samples collected for biomarker analysis n=1371

l

analysis set n=1318

l

TILs n=1271
PD-1 expression in immune cells n=1233
PD-L1 expression in immune cells n=1252
PD-L1 expression in tumour cells n=1253
molecular subtypes n=1131

Fig. 1. Flow diagram showing the progress of the breast cancer
samples. GAIN, German Adjuvant Intergroup Node; ITT,
intention to treat; TILs, tumour-infiltrating lymphocytes.

invasive ductal (NST) histological type (p < 0.0001) and
early pathological tumour stage (smaller tumour size)
(p = 0.0094) but not with nodal stage (p = 0.1678)
(Table 2). Similar results were obtained for alternative
cut-offs >25% and >50%. Concerning the different
molecular subtypes, highest levels of TILs occurred in
TNBC and non-luminal HER2-positive  BC
(p < 0.0001).

3.3. Association of TILs with PD-1 and PD-LI
expression

Next, we compared the content of TILs with immuno-
histochemical expression levels of PD-1 and PD-LI.
Both immune checkpoints are expressed in immune
cells, whereas PD-L1 is also detectable in the membrane
of tumour cells (Fig. 2). After scoring of PD-1 and PD-
L1 expression, a cut-off of >1% was used for statistical
tests [21]. BC with increased TILs showed a significant
higher expression of PD-1 and PD-L1 in immune cells
(p < 0.0001). In total, the presence of PD-L1 in tumour
cells was very low but associated with TILs
(p = 0.0051).

In correlation analyses (Fig. 3A), we investigated the
relation between TILs, PD-1 and PD-L1 expression. We
found a strong correlation between PD-1—positive and
PD-L1—positive immune cells (Spearman’s rank corre-
lation coefficient [rho]: 0.536). We further noticed
moderate correlations between TILs and PD-1—positive
immune cells (r: 0.477), TILs and PD-L1—positive im-
mune cells (r: 0.436) and PD-L1—positive immune cells
and PD-L1—positive tumour cells (r: 0.323). Finally, we
found modest correlations between TILs and PD-
L1—positive tumour cells (r: 0.158) and PD-1—positive
immune cells and PD-L1—positive tumour cells (r:
0.158).

Table 2

Association of TILs with clinicopathological parameters.

Parameter No TILs Any TILs p-value
n (0 0) n (0 0)

Age (years) 0.0049

<40 37 9.4) 148 (16.9)

40—59 258 (72.1) 592 (67,6)

>60 73 (18.5) 136 (15.5)

Chemotherapy 0.5859

EPC 194 (49.1) 445 (50.8)

EC-PwX 201 (50.9) 431 (49.2)

Hormone receptors <0.0001

ER/PR + 345 (90.3) 617 (72.7)

ER/PR - 37 (9.7) 232 (27.3)

HER2 0.0051

Positive 47 (12.3) 160 (18.7)

Negative 335 (87.7) 696 (81.3)

Missing 13 20

Ki-67 <0.0001

1-15% 208 (61.2) 356 (45.5)

16—20% 81 (23.8) 211 (27.0)

>21% 51 (15.0) 215 (27.5)

Missing 55 94

Molecular subtypes <0.0001

Luminal A 233 (70.2) 414 (52.5)

Luminal B/HER2- 26 (7.8) 59 (7.5)

Luminal B/HER2+ 36 (10.8) 83 (10.5)

ER-/PR-/HER2+ 9 (2.7 71 (9.0)

TNBC 28 (8.4) 161 (20.4)

Missing 63 88

Tumour grade <0.0001

Gl 16 (4.1) 26 (3.0)

G2 237 (60.0) 388 (44.3)

G3 142 (35.9) 461 (52.7)

Unknown 0 1

Histologic type <0.0001

Ductal (NST) 276 (69.9) 710 (81.1)

Lobular 69 (17.5) 76 (8.7)

Other 50 (12.7) 90 (10.3)

Tumour stage 0.0094

pTl 112 (28.4) 291 (33.4)

pT2 220 (55.7) 495 (56.8)

pT3+4 63 (15.9) 86 (9.9)

Nodal stage 0.1678

pNl1 150 (38.0) 364 (41.6)

pN2 149 (37.7) 283 (32.3)

pN3 96 (24.3) 229 (26.1)

EC-PwX, epirubicin, cyclophosphamide, paclitaxel and capecitabine;
EPC, epirubicin, paclitaxel and cyclophosphamide; ER, oestrogen re-
ceptor; TNBC, triple-negative breast cancer; TIL, tumour-infiltrating
lymphocyte; PR, progesterone receptor; HER2, human epidermal
growth factor receptor 2.

3.4. Association of PD-1 and PD-LI with
clinicopathological factors

Expression of PD-1 in immune cells was significantly
associated with poor tumour differentiation (high-
grade), high Ki-67 levels, negativity of oestrogen and
progesterone receptors and TNBC subtype (each
p < 0.0001) and more common in NST (no special type)
carcinomas compared with other types (p = 0.0012). No
association with HER2 status (p = 0.2412),
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Fig. 2. Example of a high-grade, triple-negative breast carcinoma with increased (A) PD-1—positive and (B) PD-L1—positive immune cells
as well as (C) PD-L1—positive tumour cells in immunohistochemistry.

pathological tumour stage (p = 0.0858) and nodal stage
(p = 0.9502) was observed. As summarised in Table 3,
the expression of PD-L1 in immune cells was signifi-
cantly associated with high-grade BC, high Ki-67 levels,
NST histology, negativity of oestrogen and progester-
one receptors (each p < 0.0001), HER2 positivity
(p = 0.0036), TNBC subtype (p < 0.0001) and early
pathological tumour stage (p = 0.0184) but not with
nodal stage (p = 0.4739). Expression of PD-LI1 in
tumour cells was significantly associated with high-grade
BC (p = 0.0011), high Ki-67 levels, negative oestrogen
and progesterone receptor expression, TNBC subtype
(each p < 0.0001) and early nodal stage (p = 0.0436)
but not with HER2 (p = 0.4955), histological type
(p = 0.2518) and pathological tumour stage
(p = 0.7139). The distribution of TILs and PD-1 and
PD-L1 expression in the different molecular subtypes is
given in Fig. 3B. In the subgroup of TNBC, PD-1— and

PD-L1—positive immune cells were not associated with
tumour or nodal stage.

3.5. Prognostic and predictive impact of TILs and immune
checkpoint molecules

We further evaluated the prognostic and predictive
value of TILs and immune checkpoint molecules. The
median follow-up time was 74.3 months (range,
0.1—113.7). In the total study population, we observed
no differences in DFS and OS in patients with breast
carcinomas with and without TILs (cut-off >1%) or
using TILs as a semicontinuous variable. In subgroup
analyses, increased TILs (cut-off >1% or semi-
continuous) in patients with TNBC showed a trend for
better DFS and OS on univariate analysis and after
adjustment by treatment arms (Fig. 4).

100

80
0.436 0.477 60
40
0
e b i
0 I- m_ - - |
0.323 0.158
A F N v o
Q} .(\fb .(\’b Qg" ,\é
& & & ¥
PD-L1 positive TC O S \z\qz
HTILs B PD-1 positive IC

H PD-L1 positive IC m PD-L1 positive TC

Fig. 3. (A) Correlation analysis between TILs, PD-1—positive immune cells (ICs), and PD-L1—positive immune and tumour cells (TCs).
Values of the correlation coefficient (rho) are given. (B) Distribution of TILs, PD-1—positive immune cells, PD-L1—positive immune and
tumour cells in %, in the global study cohort and different molecular subtypes (luminal A, luminal B, non-luminal HER2+ and TNBC).
TNBC, triple-negative breast cancer; TIL, tumour-infiltrating lymphocyte.



82

Table 3
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Association of PD-L1 with TILs, PD-1 and clinicopathological factors.

Parameter PD-LI in TILs PD-LI in tumour cells
Negative Positive p-value Negative Positive p-value
n (OA!) n (D 0) n (%v) n (0 0)
TILs <0.0001 <0.0001
<1% 370 (35.6) 6(3.3) 376 (31.6) 1(2.9)
1-10% 465 (44.7) 38 (20.8) 494 (41.5) 9 (26.5)
11-25% 176 (16.9) 83 (45.4) 243 (20.4) 16 (47.1)
26—50% 22 (2.1) 34 (18.6) 50 (4.2) 6 (17.6)
>51% 7 (0.7) 22 (12) 27 (2.3) 2 (5.8)
PD-1 <0.0001 <0.0001
<1% 865 (85.6) 47 (26.1) 900 (77.7) 13 (39.4)
1-5% 60 (5.9) 20 (11.1) 78 (6.7) 2 (6.1)
6—10% 43 (4.3) 36 (20.0) 72 (6.2) 7 (21.2)
11-24% 38 (3.8) 58 (32.2) 87 (7.5) 9(27.3)
>25% 4(0.4) 19 (10.6) 21 (1.8) 2 (6.1)
Chemotherapy 0.8116 0.1277
EPC 537 (50.3) 95 (51.4) 610 (50.1) 23 (63.9)
EC-PwX 530 (49.7) 90 (48.6) 607 (49.9) 13 (36.1)
Hormone receptors <0.0001 <0.0001
ER/PR + 849 (82.9) 90 (50.0) 928 (79.2) 11 (33.3)
ER/PR - 175 (17.1) 90 (50.0) 243 (20.8) 22 (66.7)
HER2 0.0036 0.4955
Positive 160 (15.5) 45 (24.7) 201 (17.1) 4 (11.4)
Negative 869 (84.5) 137 (75.3) 975 (82.9) 31 (88.6)
Ki-67 <0.0001 <0.0001
1-15% 525 (56.9) 31 (17.4) 549 (51.4) 7(21.2)
16—20% 234 (25.4) 50 (28.1) 277 (25.9) 8(24.2)
>21% 163 (17.7) 97 (54.5) 242 (22.7) 18 (54.5)
Molecular subtypes <0.0001 <0.0001
Luminal A 589 (63.9) 44 (24.7) 624 (58.5) 9 (27.3)
Luminal B/HER2- 64 (6.9) 20 (11.2) 83 (7.8) 1(3.0)
Luminal B/HER2+ 94 (10.2) 24 (13.5) 117 (11.0) 1(3.0)
ER-/PR-/HER2+ 61 (6.6) 19 (10.7) 78 (71.3) 2 (6.1)
TNBC 114 (12.4) 71 (39.9) 165 (15.5) 20 (60.6)
Histologic type <0.0001 0.2518
Ductal (NST) 815 (76.4) 158 (85.4) 943 (71.5) 31 (86.1)
Lobular 139 (13.0) 4(2.2) 142 (11.7) 1(2.8)
Other 113 (10.6) 23 (12.4) 132 (10.8) 4 (11.1)
Tumour grade <0.0001 0.0011
Gl 38 (3.6) 3 (1.6) 41 (3.4) 0 (0)
G2 577 (54.1) 37 (20.1) 606 (49.8) 8(22.2)
G3 452 (42.4) 144 (78.3) 569 (46.8) 28 (77.8)
Tumour stage 0.0184 0.6182
pT1 326 (30.6) 73 (39.9) 386 (31.8) 14 (38.9)
PT2 608 (57.1) 97 (53.0) 686 (56.6) 19 (52.8)
pT3+4 131 (12.3) 13 (7.1) 141 (11.6) 3(8.3)
Nodal stage 0.4739 0.0436
pN1 422 (39.6) 81 (43.8) 482 (39.6) 21 (58.3)
pN2 365 (34.2) 62 (33.5) 417 (34.3) 11 (30.6)
pN3 280 (26.2) 42 (22.7) 318 (26.1) 4 (11.1)

EC-PwX, epirubicin, cyclophosphamide, paclitaxel and capecitabine; EPC, epirubicin, paclitaxel and cyclophosphamide; ER, oestrogen receptor;
TNBC, triple-negative breast cancer; TIL, tumour-infiltrating lymphocyte.

Next, we investigated the relevance of TILs in the
different chemotherapy arms. On multivariate Cox

regression analyses, TILs had a significant positive p =

prognostic impact on DFS in the EPC arm (hazard ratio
[HR] = 0.57[0.39—0.84], p = 0.0043) but not in the EC-
PwX arm (HR = 1.26 [0.86—1.87], p = 0.2384, test for
interaction p = 0.0336). Similarly, TILs as a semi-
continuous variable had a prognostic impact on DFS in

the EPC arm (HR = 0.78 [0.64—0.96], p = 0.0193) but
not in the EC-PwX arm (HR = 0.96 [0.80—1.15],

0.6558). No differences were seen for the OS.

Looking from another perspective, in patients with BC
without TILs, we observed an unfavourable DFS in the
EPC arm compared with the EC-PwX arm (HR = 0.69
[0.44—1.06], p = 0.0915); no differences in DFS between
the treatment arms were found when TILs were present
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lymphocytes.



84

A subgroup

Overall

Molecular Subtypes
Luminal A
Luminal B
ER-/PR-/HER2+
TNBC

Tumour Grade
G1/2
G3

pT stage
pT1
pT2
pT3/4

pN stage
pN1
pN2
pN3

subgroup

Overall

Molecular Subtypes
Luminal A
Luminal B
ER-/PR-/THER2+
TNBC

Tumour Grade
G172
G3

pT stage
pT1
pT2
pT3/4

pN stage
pN1
pN2
pN3

B subgroup
Overall

Molecular Subtypes
Luminal A
Luminal B
ER-/PR-/HER2+
TNBC

Tumour Grade
G1/2
G3

pT stage
pT1
pT2
pT3/4

pN stage
pN1
pN2
pN3

subgroup
Overall

Molecular Subtypes
Luminal A
Luminal B
ER-/PR-/HER2+
TNBC

Tumour Grade
G172
G3

pT stage
pT1
pT2
pT3/4

pN stage
pN1
pN2
pN3

639

321
100

97

317
322

204
368

66
260

227
152

639

321
100

97

317
322

204
368

260
227
152

612

321
99

97

307
305

196
63
249

217
146

612

321

97

307
305

196
353

249
217
146

HR (95% Cl)

0.68 (0.48..0.96)

o

0.54 (0.32..0.90)
0.74 (0.32..1.72)
0.36 (0.08..1.65)
0.38 (0.15..0.95)

L 0.67 (0.39..1.15)
0.57 (0.36..0.90)

—— -
——-—
——— 0.59 (0.31..1.10)
—- 0.72 (0.44..1.17)
1.22 (0.56..2.64)

0.61 (0.31..1.22)
- 0.56 (0.32..0.98)
0.91 (0.51..1.64)

05 1 2 5
HR
TILs superior no TILs superior

01 02

HR (95% CI)

L 0.72 (0.46..1.12)

0.45 (0.23..0.89)
0.84 (0.26..2.69)
NA  (0.00.. Inf)
0.40 (0.14..1.10)

0.72 (0.34..1.49)
0.60 (0.34..1.05)

I 0.44 (0.18..1.07)
| 0.75 (0.41..1.38)
1.88 (0.70..5.10)

-
o
-
+
—_— -
-

0.62 (0.20..1.88)
0.66 (0.33..1.31)
0.88 (0.44..1.75)

05 1 2 5
HR
TILs superior no TILs superior

01 02

HR (95% Cl)
0.57 (0.39..0.84)

g
s 0.48 (0.28..0.83)
0.75 (0.31..1.84)
0.40 (0.04..3.75)
0.47 (0.15..1.46)

J 0.76 (0.42..1.38)

; 0.45 (0.27..0.76)
0.41 (0.20..0.82)
0.58 (0.33..1.02)
1.30 (0.51..3.32)

-
=

0.45 (0.20..1.00)
0.43 (0.22..0.81)
0.79 (0.41..1.52)

3
|

05 1 2 5
HR
TiLs superior no TiLs superior

01 02

HR (95% ClI)
0.58 (0.35..0.96)

-

0.42 (0.20..0.88)
0.65 (0.19..2.17)

NA (0.00.. Inf)
0.63 (0.17..2.31)

0.69 (0.30..1.60)
0.50 (0.27..0.96)

0.25 (0.09..0.72)
0.61 (0.31..1.23)
240 (0.68..8.46)

0.47 (0.13.1.72)
0.44 (0.19..0.98)
0.64 (0.29..1.44)

01 02 05 1 2 5

TILs superior no TiLs superior

A. Noske et al. | European Journal of Cancer 114 (2019) 76—88

0.0281

0.0192
0.4873
0.1885
0.0384

0.1462
0.0155

0.0991
0.1820
0.6144

0.1639
0.0405
0.7656

0.1500

0.0227
0.7711
0.9961
0.0760

0.3725
0.0733

0.0711
0.3546
0.2133

0.3945
0.2330
0.7186

0.0043

0.0084
0.5346
0.4242
0.1902

0.3668
0.0026

0.0121
0.0582
0.5809

0.0512
0.0086
0.4842

0.0333

0.0219
0.4819
0.9988
0.4830

0.3906
0.0361

0.0098
0.1682
0.1739

0.2546
0.0448
0.2819

p(interaction)

0.6210

0.6259

0.3840

0.4243

plinteraction)

0.7178

0.6822

0.1011

0.7888

p(interaction)

0.7211

0.1920

0.4296

0.4885

plinteraction)

0.6469

0.2585

0.1000

0.8085



A. Noske et al. | European Journal of Cancer 114 (2019) 76—88 85

(HR = 1.24[0.92—1.67], p = 0.1566, test for interaction
p = 0.0336). Regarding the OS, no differences were seen.
Kaplan—Meier curves for patients with and without TILs
by treatment arms are shown in Fig. 5 A and B.

In addition, we looked at the EPC arm and investi-
gated the role of TILs in different subgroups such as
molecular subtypes, tumour grade, tumour and nodal
stage. According to the interaction tests, we did not find
any significant differences in the subgroups on univari-
ate and multivariate analyses (Fig. 6 A and B).

Finally, we observed that patients with PD-
1—positive immune cells in TNBC had a significant
better DFS (HR = 0.50 [0.25—0.99], p = 0.0457) than
patients without PD-1—positive immune cells on multi-
variate analysis (Fig. 7A and B). PD-L1 did not show
any significant impact on patient outcome.

4. Discussion

In this study, we investigated more than 1300 high-risk,
node-positive BC samples prospectively collected from
an adjuvant trial for TILs (H&E staining) and immune
checkpoints, PD-1 and PD-L1 by IHC. Higher levels of
TILs were significantly associated with triple-negative
and non-luminal HER2-positive tumours as well as with
high tumour grade, high proliferation and ductal type
(NST), which is consistent with previous reports in the
adjuvant setting [3,4]. We observed that TILs were more
common in small tumours (early pT stage) but equally
distributed among the pN stages. In a previous adjuvant
study of node-positive BC, TILs were not associated
with tumour size and lymph node involvement [3]. In
contrast, higher levels of TILs were related to larger
tumours and more involved lymph nodes in an adju-
vant-treated cohort of node-positive and node-negative
BC [4]. In TNBC, TILs were significantly lower with
larger tumour size and more positive nodes [7]. These
studies indicate an interaction between tumour load and
TILs that seems to vary between different BC subtypes.

Here, we further observed that patients with TILs
have a better DFS in the EPC arm compared with the
EC-PwX arm. In the GAIN-1 trial, both dd chemo-
therapy regimens were compared, but no differences in
DFS and OS were found [26]. When we looked at breast
carcinomas without TILs, patients had an improved
DFS in the EC-PwX arm compared with the EPC arm.
It is possible that the addition of capecitabine may
mediate an immune modulation.

Similarly, Loi et al [3] reported on an association
between TILs and chemotherapy benefit in HER2-

positive BC. In another previous neoadjuvant study, we
have shown that TILs predict response to carboplatin in
TNBC and HER2-positive BC [24]. These data indicate
that TILs might have a predictive value for chemo-
therapy response. So far, TILs as a stratification factor
for the selection of systemic treatment regimens is not
yet ready to translate in clinical practice. Further pro-
spective trials are needed to prove whether the analysis
of TILs is reliable in adjuvant therapy prediction.
Therefore, the evaluation of TILs should be included in
the design of upcoming clinical trials.

The potential predictive role of TILs was also shown
very recently for immune therapies with pembrolizumab
and atezolizumab [13—15]. PD-1/PD-L1 blockade is
now actively explored in BC, especially in TNBC, in the
adjuvant and neoadjuvant setting. First results of clin-
ical trials demonstrate that patients with PD-
L1—positive immune cells and increased TILs (H&E
staining) have a better response to these therapies
[13,15,17,21]. The consideration of the expression status
of PD-1/PD-L1 and the density of immune cells will be
important for the selection of patients. Further studies
are needed to explore whether TILs, IHC assays for
immune checkpoints or a combination of both param-
eters is the best candidate for prediction of response in
immune-modulating therapies.

In our analysis, we observed low expression levels of
PD-L1 (SP263 assay) in tumour cells (3%), which is
consistent with a recent study (1.7% positivity, EIL3N
clone) [33] but opposite to other previous reports
[21,23,34]. PD-L1 expression was more common in
immune cells (15%) than in tumour cells, as in previous
studies [33,34]. The prevalence of PD-1—positive im-
mune cells was comparable with previous findings [22].
In the past, application of different PD-L1 IHC assays,
scoring methods and evaluation of different tumour
compartments led to variable results. Harmonisation
among these tests are ongoing (comparison of clinical
trial assays versus laboratory assays, refinement of
evaluation algorithms and training to reduce interob-
server variability), especially for patients with mela-
noma, non small cell lung cancer, head and neck and
urothelial carcinoma, where the expression analysis of
PD-L1 by IHC serves as a selection criterion [35,36].
Validated assays to determine the eligibility for immu-
notherapies is important. To our knowledge, we used
for the first time in BC, a robust and validated PD-L1
assay (SP263, Ventana) that otherwise guides treat-
ment decisions for checkpoint inhibitors in clinical trials
for patients with non—small cell lung cancer and uro-
thelial carcinoma under durvalumab therapy. Currently,

Fig. 6. Analysis of the relevance of TILs in different subgroups of the EPC treatment arm only. Univariate and multivariate Cox pro-
portional hazards regressions for DFS and OS are shown as Forest plots. Hazard ratios (squares) and 95% confidence intervals (horizontal
lines) are given for each parameter. Sizes of the squares are proportional to the number of patients. EPC, epirubicin, paclitaxel and
cyclophosphamide; ER, oestrogen receptor; DFS, disease-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval;
TNBC, triple-negative breast cancer; TILs, tumour-infiltrating lymphocytes; PR, progesterone receptor; HER2, human epidermal growth

factor receptor 2.
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Fig. 7. Prognostic value of PD-1—positive immune cells in patients with triple-negative breast cancer (TNBC). (A) Kaplan—Meier curves
comparing TNBC with PD-1—positive and PD-1—negative immune cells for DFS and OS. P values of the comparison of both groups are
given. (B) Kaplan—Meier curves comparing TNBC with PD-1—positive immune cells, PD-1—negative immune cells and no inflammatory
cells at all for DFS and OS with statistically no significant differences. HR, hazard ratio; DFS, disease-free survival; OS, overall survival.

a translational research programme in the randomised
phase II trial (GeparNuevo, GBG) for the evaluation of
durvalumab in combination with taxane—anthracycline
therapy in patients with TNBC is ongoing. These in-
vestigations will show whether the prospective assess-
ment of TILs allows a selection of patients for immune
checkpoint inhibition.

As expected, overall TIL density is correlated with
PD-1 and PD-L1 expression [33,37]. Highest levels of
TILs, PD-1 and PD-L1 occurred in TNBC, confirming
the inherent interaction with the immune system in this
subtype. Thus, we found a strong trend for a better
prognosis in patients with TNBC with TILs. This is in
line with previous studies that have shown a strong
prognostic role of TILs in early-stage TNBC, support-
ing to integrate TILs in a clinicopathological model for
patients with TNBC [3,4,7]. We further observed that
the presence of PD-1—positive immune cells in TNBC
was significantly associated with a better DFS, whereas
PD-L1 (both on immune cells and tumour cells) did not
show any prognostic value. The prognostic relevance of
PD-1/PD-L1 in BC and other tumour entities is
controversial [22,34,38]. This can be explained by the

heterogeneity of the studies, the variety of technical
methods used for staining, scoring algorithms applied
and composition as well as dynamics of the immune
tumour environment.

In this study, we evaluated TILs and immune
checkpoints on TMAs, where the entire tumour is not
represented. We are aware that immune cell infiltration
shows heterogeneity within a tumour that cannot be
fully replicated in small tissue samples. However, our
findings confirm previous data where full-face sections
were examined [3—5]. On the other side, we believe that
the important advantages of our study are the large
sample size, tumour tissue of a clinical trial data set with
long-term follow-up and experience in PD-1/PD-L1 as-
says [35,39].

In conclusion, we demonstrate that TILs predict the
benefit from intensified ddEPC compared with ddEC-
PwX treatment, in high-risk and nodal-metastasised BC.
TILs correlate with PD-1 and PD-L1 and show the
highest levels in TNBC. TILs and PD-1—positive im-
mune cells show prognostic importance, whereas PD-L1
plays an inferior role with respect to the patient’s
prognosis.
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