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Abstract
Introduction
The recent success of various new cancer immunotherapies makes it a priority to
better understand pro- and anti-tumor immune responses. In triple negative (TN) breast
cancer (BC) the presence of tumor infiltrating lymphocytes (TIL) and tertiary lymphoid
structures (TLS) has been associated with good clinical outcomes. The prevalence of PD-1
and/or PD-L1 expression and their prognostic significance remain controversial in TNBC. This
project examined the prevalence of TIL, TLS, PD-1 and PD-L1 expression in a TNBC cohort
and further compared these immune parameters in patients harboring a BRCA1 or BRCA2
germline gene mutation with those carrying the wild type (wt) genes.

Material and Methods
Ninety-eight chemotherapy naïve primary TNBC patients with known germline BRCA1
or BRCA2 status from analysis of their peripheral blood were included in our study. Ninetyfour tumors were considered adequate for evaluating immune cell infiltration (43 BRCA
mutated and 51 BRCA wt). FFPE tumor tissue from the surgical specimen were analyzed
using immunohistochemistry (IHC) stained full-face tissue sections (4 µm). IHC was
performed as a dual labeling using CD3/CD20, CD4/CD8 and PD-1/PD-L1. The stained slides
were scored by two trained pathologists.

Results
Our TNBC cohort was determined to be 87% TIL+ (10% TIL) with 35% identified as
lymphocyte predominant breast carcinoma (LPBC). The lymphocytic infiltrate was principally
composed of T cells and 73% of tumors were TLS+. Examination of two checkpoint molecules
revealed 33% were PD-1 positive and 40% were PD-L1 positive. PD-1 expression was
correlated with PD-L1 expression and both with TIL positivity and the level of immune
infiltration. Interestingly, no significant differences were detected between the BRCAmutated and BRCA wt groups in our TNBC cohort for TIL, TLS or checkpoint molecule
expression.

Conclusion
Our study suggests that immune infiltration in TNBC is not associated with the
mutational status of the BRCA cancer susceptibility genes. Further studies are now required
to identify the principal drivers of immune infiltration in the TNBC subtype.

Introduction
Breast cancer (BC) is the most frequent type of cancer occurring in women,
representing 25% of all cancer cases and 521 000 estimated deaths worldwide in 2012 (1). In
Belgium, 10 695 new cases were diagnosed in 2013 (2).
BC is currently divided into four different molecular subtypes: luminal A (estrogen
receptor (ER) positive (+) and progesterone receptor (PR) +, Ki 67 low), luminal B (ER+, Ki67
high or PR low) which can be subdivided to luminal B HER2+ and luminal B HER2-, nonluminal HER2+ [hormone receptor (HR)] and finally triple negative (TN) which is defined by
the lack of ER, PR and HER2 receptor expression (3).
TN represents 10.4% of all BC registered in Belgium in 2008(4). It is considered to be
an aggressive subtype, characterized by a younger age at diagnosis, higher grade, larger size,
rapid growth with early relapses, frequent visceral metastases (particularly in the lungs and
brain and less often in bone) and the poorest prognosis (5,6). Due to the lack of HR and HER2
expression in TNBC, neither endocrine therapy nor anti-HER2 agents are suitable targeted
treatments. Several new targeted drugs are being tested in phase one and two clinical trials,
among them, immunotherapeutic agents. However, the current therapeutic options are only
classic approaches including surgery, chemotherapy and/or radiotherapy (5).
Immunotherapeutic agents, recently introduced for the treatment of several
advanced solid tumors, target the immune response at the tumor site by restoring
functionality to anergic lymphocytes. Agents targeting programmed cell death 1 (PD-1) and
its ligand PD-L1 are currently being tested in patients with TNBC in the setting of neoadjuvant and metastatic clinical trials (5). Immunotherapeutic approaches are innovative
cancer treatments that have demonstrated lasting responses in various solid tumor types
(e.g. melanoma, non small-cell lung carcinoma, colon, bladder and renal cell carcinoma) (7).
PD-1 is a cell surface receptor principally expressed on activated T cells. PD-L1 can be
expressed by a variety of immune cells but also by tumors cells. The PD-1/PD-L1 pathway is
thought to be an important strategy used by some tumors to escape anti-tumor immune
responses. Binding of PD-L1 to PD-1 inhibits T cell activation, increases the probability of

apoptosis and decreasing proliferation and cytokine production (8). In BC, PD-1 and
PD-L1 expression is principally correlated with tumor infiltrating lymphocytes (TIL) and was
most frequently detected in TNBC (9–11).
In TNBC, the presence of a high levels of TIL has been associated with a good
prognosis, improved responses to neo-adjuvant chemotherapy and an increased frequency
of tertiary lymphoid structures (TLS) (12). TLS arise at tissue sites from ectopic lymphoid
tissue with structural organization similar to secondary lymphoid organs (12,13). In BC, they
are principally found in the peri-tumoral stroma and reflect ongoing, organized adaptive
immune responses near the tumor bed (14). In high grade serous ovarian carcinoma,
increased CD3+ and CD8+ TIL and increased PD-1 and PD-L1 expression were associated with
the BRCA1 and BRCA2 mutations (15).
Patients harboring germline BRCA1 or BRCA2 mutations have a 57% or 49% risk of BC
before the age of 70, respectively (16). Moreover, 57% of BRCA1-mutated tumors and 23%
of BRCA2-mutated tumors are TN (17) and 11.2% of TNBC harbor a germline BRCA1 or
BRCA2 mutation (18).
BRCA-mutated BC have characteristic pathological features derived from the role
BRCA1 and BRAC2 proteins play in repairing DNA double strand breaks by homologous
recombination (error-free mechanism). Their functional loss from the mutation leads to
genomic instability due to the use of alternative but error-prone DNA repair mechanisms
(19). BRCA1-mutated TN patients respond better to carboplatin (a DNA-damaging drug) and
have improved clinical outcomes compared to BRCA1 wild type (wt) patients with similar
tumor pathologies (20,21). It is interesting to note that an increase in TIL has also been
associated with better responses to carboplatin in the neo-adjuvant trial GeparSixto (22).
PARP inhibitors, drugs which target genes involved in base-excision repair mechanisms, also
are a promising therapeutic option for BRCA-mutated tumors (5,23).

Hypothesis and Aims
The aim of this project is to investigate whether BRCA1- and BRCA2-mutated TNBC is
characterized by increased expression of checkpoint molecules, higher TIL, a TLS presence
and therefore an improved prognosis compared to patients carrying the wild-type (wt) gene.

Figure 1. : Inclusion process

Material and Methods
Bibliographic research
Databases used: Pubmed (using MESH), Science Direct, Google scholar.
Types of documents: Original studies, systematic review, epidemiological data from the
Belgian cancer center.
Key words used: “triple negative breast cancer”; “breast cancer”; “Tumor Infiltrating
Lymphocytes”; “Tertiary Lymphoid Structures”; “BRCA”; “PD-1”; “PD-L1”
Boolean operator used: “AND”, “OR”.
Limitations: recent data (2010-2016) for reviews.
Analysis of the documents: Full text and abstract.

Scientific research
Patients and specimens
Among the 1.402 patients from the Jules Bordet Institute who underwent genetic
testing for BRCA1 and BRCA2 mutations (performed by the Genetics department at the
Erasme Hospital in Brussels) between 2000 and November 2015, 122 matched the following
inclusion criteria: primary invasive ER- , PR- and HER2- chemotherapy-naïve BC. Formalin
Fixed Paraffin Embedded (FFPE) tumor tissues blocks from 98 primary TNBC were collected
at surgery by the Department of Pathology at Jules Bordet Institute, Brussels, Belgium
(inclusion processes are shown in Figure 1, population characteristics in Table 1).
The study was approved by the ethics committee of the Institut Jules Bordet (EC2038).

Table 1. Clinicopathological characteristics of the 94 TNBC patients included in this study for the
whole cohort and the two BRCA subgroups.
All patients
(N = 94)

BRCA1 or BRCA2 mut
(N = 43)

wild-type
(N = 51)

P-value

94
42.6 ± 9.9
42 (23 to 76)
76
81%
18
19%

43
39.5 ± 6.7
38 (29 to 60)
41
95%
2
5%

51
45.3 ± 11.4
43 (23 to 76)
35
69%
16
31%

0.003
(continuous variable)

81
1
1
9
1
1

87%
1%
1%
10%
1%

37
1
4
1

88%
2%
10%
-

44
1
5
1
-

86%
2%
10%
2%

1
(ductal vs no ductal)

64
26
3
1

69%
28%
3%

29
13
1

67%
30%
2%

35
13
2
1

70%
26%
4%

0.83
(T1 vs T2,T3)

Age at diagnosis
N
Mean ± std
Median (min-max)
<50
≥50

0.001
(<50 vs ≥50)

Histotype
Ductal
Glandular
Lobular
Medullary
Micropapillary
Missing info (NOS)

pT
T1
T2
T3
Missing info

Tumor size (mm)
N
Mean ± std
Median (min-max)

84
18.5 ± 11.0
15.5 (5 to 70)

40
17.5 ± 7.4
16.5 (5 to 40)

44
19.5 ± 13.5
15 (5 to 70)

0.84

63
24
1
3
3

67%
26%
1%
3%
3%

30
10
1
2
-

70%
23%
2%
5%
-

33
14
1
3

65%
27%
2%
6%

0.60
(N0 vs higher)

94
-

100%
-

43
-

100%
-

51
-

100%
-

-

1
46
32
6
5
3
1

1%
49%
34%
6%
5%
3%

1
20
18
1
3
-

2%
47%
42%
2%
7%
-

26
14
5
2
3
1

52%
28%
10%
4%
6%

0.76
(stage I, IA vs higher)

1
8
79
6

1%
9%
90%

1
3
38
1

2%
7%
90%

5
41
5

11%
89%

pN
N0
N1
N1mi
N2
N3

M
0
1

Stage
1
1A
2A
2B
3A
3C
Missing info

1

Grade
1
2
3
Missing info

(grade 3 vs 1,2)

Ki-67
N
Mean ± std
Median (min-max)
<20
≥20

82
61 ± 25
70 (10 to 100)
6
7%
76
93%

37
60 ± 26
70 (10 to 95)
3
8%
34
92%

45
63 ± 25
70 (10 to 100)
3
7%
42
93%

0.69
(continuous variable)

40
26
28

17
13
13

23
13
15

0.55

Lymphovascular
embolism
0
1
Missing info

61%
39%

57%
43%

64%
36%

Genetic testing:
The search for germline BRCA1-2 mutations was performed routinely using
peripheral blood by two different methods:
Before 2008:

Exon
analysed

Analysis

Protein truncation test
The 3’ portion by High Resolution Melting Curve (HRM)
Exon 5
HRM
Exon 2
Direct sequencing (with a focus on the 185delAG
mutation)
Exon 13
Direct research of the Ins6kbEx13 mutation by PCR
Exon 20
Direct research of the 5382insC mutation by enzymatic
cleavage
Exon 10
Protein truncation test
BRCA2
Exon 11
Protein truncation test
If the HRM profile was determined to be abnormal, the sequences were reanalyzed by direct

BRCA1

Exon 11

sequencing.
2008 and after:

Analysis
BRCA1 and
BRCA2

All exome analysis
Research of deletion or
duplication

Method
Next Generation Sequencing (NGS)
(reference sequence: NM_007294.2 ( A de
ATG = 1) and NM_000059.3 ( A de ATG = 1)
Multiplex Amplicon Quantification

Immunohistochemistry:
For immunohistochemical staining, 4µm sections of the FFPE tumor blocks were
deparaffinized and unmasked using specific treatments. The staining was performed with
ultraVIEW Universal DAB and ultraView Universal Alkaline Phosphatase Red Detection Kit on
BenchMark XT Automated IHC/ISH slide staining system (Ventana Medical Systems, Inc.,
Tucson, USA). Two-color IHC was carried out with a cocktail of antibodies directed against:
CD3 (pan T cell marker) and CD20 (pan B cell marker) to label T and B cells (Dako, Glostrup,
Denmark), CD4 (T helper cells including regulatory T cells) (BioSB, Goleta, USA) and CD8
(cytotoxic T cells) (Dako, Glostrup, Denmark) to label T-cell subsets, and PD-1 (Abcam,

Cambrige, UK) and PD-L1 (Cell Signaling, Massachusetts, USA) to label these checkpoint
molecules.

Evaluation of TIL, TLS and PD-1/PD-L1:
TIL infiltration and TLS were scored on full-face dual CD3/CD20 IHC stained slides
independently by two experienced pathologists (RdW and GvdE) who were blinded to the
clinical data. TIL infiltration as a continuous variable was evaluated as the percentage of
tumor area [including the tumor bed (intra-tumoral TIL) and the peri-tumoral stroma
(stromal TIL)] infiltrated by lymphocytes. Tumors harboring ≥ 10 % of stromal TIL were
considered TIL positive and those with > 50 % of either intratumoral and/or stromal TIL were
considered lymphocyte predominant breast cancer (LPBC) as previously defined (26). TLS
were identified based on aggregates of immune cells containing a B cell follicle surrounded
or adjacent to a T cell zone using the dual CD3+/CD20+ IHC stained slides. Only TLS located in
the adjacent stroma (in direct contact or within 0.5 mm of the tumor) were scored, with TLSpositive tumors defined by a TLS presence (1) and TLS-negative tumors by their absence
(<1). A total count for the number TLS in the whole tumor section was also scored. The
percentage of CD3 positive plus CD20 positive TIL, whose sum is equal to 90-95% of total TIL
(total TIL = cells positive for the pan leukocyte marker CD45), were calculated from the scores
of the dual CD3/CD20 IHC stained slides. The major T cell TIL subsets were scored on dual
CD4 and CD8 IHC stained slides.
PD-1 and PD-L1 expression was scored on dual PD-1/PD-L1 IHC stained slides as a
percent of positive lymphocytes (PD-1 and PD-L1), stroma and/or tumor cells (PD-L1). The
threshold for PD-1 and PD-L1 positivity was set at ≥ 1% positive cells (cumulative for all cell
types positive for PD-L1). Regions of in situ carcinoma, normal glandular epithelium and
necrosis were excluded from the tissue evaluated.

Statistical analysis
All statistical analyses were performed using SAS 9.4. The Wilcoxon-Mann-Whitney nonparametric test was used to compare the distribution for continuous variables based on the
levels of a categorical variable. Chi-square or Fisher exact tests were used for the association
between binary and categorical variables. All reported p-values are two-tailed and a test
comparison was considered as statistically significant if the associated p-value was <0.05.

Table 2. Immune cell infiltration in the whole cohort and BRCA subgroups.
All patients
(N = 94)

BRCA1 or BRCA2 mut
(N = 43)

wild-type
(N = 51)

TIL status
0
1

12
82

13%
87%

4
39

9%
91%

8
43

16%
84%

0.54

LPBC
0
1

61
33

65%
35%

29
14

67%
33%

32
19

63%
37%

0.63

%TIL
N
Mean ± std
Median (min-max)

94
22.5 ± 19.2
17.5 (1 to 75)

43
21.2 ± 17.8
17.5 (1 to 75)

51
23.6 ± 20.4
17.5 (1 to 70)

0.79

%CD3
N
Mean ± std
Median (min-max)

94
15.8 ± 13.8
12 (1 to 60)

43
14.8 ± 11.4
12.5 (1 to 40)

51
16.5 ± 15.7
12 (1 to 60)

0.99

%CD20
N
Mean ± std
Median (min-max)

94
7.4 ± 8.2
5 (<0.5 to 40)

43
8.1 ± 9.2
3.5 (<0.5 to 40)

51
6.9 ± 7.3
5 (0.25 to 35)

0.64

TLS positivity
0
1

25
69

11
32

14
37

0.84

TLS
N
Mean ± std
Median (min-max)

94
17.0 ± 28.7
6.5 (0 to 140)

43
16.5 ± 32.6
5.5 (0 to 140)

51
17.4 ± 25.2
8 (0 to 133)

0.46

% CD4
N
Mean ± std
Median (min-max)

82
8.8 ± 6.9
7.5 (1.5 to 30)

39
7.9 ± 5.8
7.5 (1.5 to 25)

43
9.7 ± 7.7
7.5 (1.5 to 30)

0.35

% CD8
N
Mean ± std
Median (min-max)

82
8.7 ± 7.9
7 (0 to 40)

39
8.3 ± 6.8
7.5 (0.5 to 30)

43
9.1 ± 8.8
5 (0 to 40)

0.99

27%
73%

26%
74%

P-value

27%
73%

TIL+ defined as: TIL ≥ 10% ; LPBC+ defined as : intrastromal TIL >50% ; TLS+ defined as: > 1 TLS ;
TLS number normalized to the tumor area (TLS/tumor area *100)

Results
Patients
We assembled a cohort of 98 patients diagnosed with TNBC whose tumors were
surgically removed between 1985 and 2015 and where FFPE blocks were still available.
Ninety four of the 98 tumors were determined to be adequate for evaluating immune cell
infiltration (the four excluded tumors had an insufficient proportion of invasive disease). The
clinico-pathological parameters of all patients included in this study are detailed in Table 1.
Our TNBC cohort included 43 germline BRCA-mutated (37 BRCA1 and 6 BRCA2) and 51
germline BRCA wt tumors. Patients from the BRCA-mutated group were younger (mean:
39.5 years) than the BRCA wt group (mean: 45.3 years). No significant differences were
detected between the two groups based on histotype, tumor size (T), nodal status (N), stage,
histological grade (G), Ki-67 or lymph-vascular embolism presence.

Immune infiltration in TNBC
Immune infiltration in our TNBC cohort was evaluated on dual CD3/CD20 IHC stained
slides. This approach facilitates accurate determination of T and B cell TIL (CD3+ and CD20+,
respectively) levels and the number of TLS. In agreement with published studies (13,25,26),
we identified 87% of the tumors in our TNBC cohort as TIL positive (Figure 2 and Table 2).
The median TIL percentage was 17.5% (interquantile range: 1-75). All tumors with >50%
intratumoral and/or stromal TIL were classified as lymphocyte predominant BC (LPBC), which
equalled 35% in our TNBC cohort (40.2% of TIL+ tumors). The lymphocytic infiltrate was
principally composed of T cells reflected by a higher percentage of CD3+ cells (median 12 %)
than CD20+ cells (median 5%), consistent with our previous studies of all BC subtypes (14).
Immune cell aggregates composed of a B cell follicle (CD20+ cells) surrounded by a T cell
zone (CD3+ cells) were scored as TLS. These structures were present in 73% of our TNBC
cohort (Figure 3) with a median of 6.5 TLS per cm² of tissue (interquartile range: 0 to
140)(Table 2).

Figure 3. Representative example of tertiary lymphoid structure (TLS) in TNBC.
Immunohistochemistry staining for CD3 (brown), CD 20 (red) (A, B), CD4
(brown), CD8 (pink) (C ) and PD-L1 (brown), PD-1 (pink) (D) of TLS.

Table 4. PD-1 /PD-L1 expression in the whole TNBC cohort correlation with immune infiltration
PD-1(N = 63)

PD-1+
(N = 31)

P-value

PD-L1(N = 56)

PD-L1+
(N = 38)

P-value

TIL status
0
1

12
51

19%
81%

31

100%

0.008

12
44

21%
79%

38

100%

0.001

LPBC
0
1

46
17

73%
27%

15
16

48%
52%

0.02

46
10

82%
18%

15
23

39%
61%

<0.001

%TIL
N
Mean ± std
Median (min-max)

63
19.6 ± 18.7
12.5 (1 to 65)

31
28.5 ± 19.1
22.5 (5.5 to 75)

0.01

56
14.0 ± 13.5
8 (1 to 65)

38
35.1 ± 19.6
33.8 (5.5 to 75)

<0.001

%CD3
N
Mean ± std
Median (min-max)

63
14.3 ± 13.6
10.0 (1 to 55)

31
18.8 ± 14.1
15 (3 to 60)

0.05

56
10.3 ± 10.3
6 (1 to 55)

38
23.8 ± 14.5
20 (3 to 60)

<0.001

%CD20
N
Mean ± std
Median (min-max)

63
5.9 ± 7.1
3 (<0.5 to 35)

31
10.5 ± 9.5
8 (1 to 40)

0.004

56
4.6 ± 5.1
3 (<0.5 to 25)

38
11.6 ± 9.9
8 (1 to 40)

<0.001

TLS positivity
0
1

22
41

3
28

0.01

19
37

6
32

0.06

TLS
N
Mean ± std
Median (min-max)

63
12.7 ± 23.6
3.6 (0 to 133)

31
25.7 ± 35.7
10.9 (0 to 140)

0.004

56
12.6 ± 19.1
5.9 (0 to 100)

38
23.4 ± 38.1
7.5 (0 to 140)

0.23

46
17

10
21

<0.001

/
/

/
/

/

PD-L1
0
1
PD-1
0
1

35%
65%

73%
27%

10%
90%

32%
68%

34%
66%

16%
84%

/
/

/
/

/

46
10

% CD4
N
Mean ± std
Median (min-max)

52
8.4 ± 6.7
7.5 (1.5 to 30.0)

30
9.5 ± 7.1
8.3 (1.5 to 30)

0.47

44
6.6 ± 5.5
4.5 (1.5 to 22.5)

38
11.4 ± 7.4
10 (1.5 to 30)

<0.001

% CD8
N
Mean ± std
Median (min-max)

52
8.2 ± 7.5
6 (0 to 30)

30
9.6 ± 8.5
7.5 (0.5 to 40)

0.39

44
5.5 ± 5.1
4 (0 to 22.5)

38
12.4 ± 8.9
10 (0.5 to 40)

<0.001

82%
18%

17
21

45%
55%

TIL+ defined as: TIL ≥ 10% ; LPBC+ defined as : intrastromal TIL >50% ; TLS+ defined as: > 1 TLS ; TLS number normalized
to the tumor area (TLS/tumor area *100); PD-L1+ defined as >1% of positive cells ; PD-1+ defined as >1% positive cells

<0.001

An examination of the major T cell TIL subpopulations in tumors from our TNBC
cohort was accomplished using dual CD4/CD8 IHC stained slides (Figure 2). We detected a
similar proportion of CD4+ (helper) and CD8+ (cytotoxic) T cells (median 7.5% and 7%,
respectively) (Table 2), which varies from the general BC population (all subtypes), where
our recent studies demonstrated an increase in the CD4/CD8 ratio (Buisseret et al.,
submitted). Overall, these data show a higher frequency of TIL and TLS in TNBC compared to
published studies of other BC subtypes (24).

Immune checkpoint molecule expression in TNBC
The prevalence and location of PD-1 and PD-L1 expression in the TNBC
microenvironment was examined using a dual IHC stain (Figure 2). Thirty-three percent of
tumors in our TNBC cohort were PD-1 positive while 40% were PD-L1 positive on one or
more cell types (lymphocytes, stromal cells and/or tumor cells) (Table 3). PD-1 expression
was correlated with PD-L1 expression (p < 0.001) (Table 4). PD-L1 positivity was associated
with TIL status (p=0.001), TIL percentage (p<0.001) and LPBC tumors (p<0.001) but not a TLS
presence or the overall TLS score. PD-L1 expression was correlated with the percentage of
CD3+ and CD20+ TIL (p<0.001) and CD4+ and CD8+ T cell TIL (p<0.001) (Table 4). PD-1
expression was significantly associated with TIL positive status (p=0.008), TIL percentage
(p=0.01), LPBC tumors (p=0.02), B cell infiltration (p=0.004) and a TLS presence (p=0.01).
There was a borderline association between PD-1 and CD3+ TIL (p= 0.05); however, its
expression was not linked with the percentage of CD4+ or CD8+ TIL (p=0.47 and p =0.39
respectively) (Table 4). PD-1 and PD-L1 positivity was not statistically significant in
correlation with clinico-pathological parameters, including age, histotype, T, N, stage, G,
KI67% and lymph-vascular embolism. These data are consistent with a higher prevalence of
checkpoint inhibitor expression in TNBC (10,11).
Table 3. PD-1 and PD-L1 expression in the whole cohort and BRCA subgroups.
All patients
(N = 94)

BRCA1 or BRCA2 mut
(N = 43)

PD-L1
0
56
60%
27
63%
1
38
40%
16
37%
PD-1
0
63
67%
27
63%
1
31
33%
16
37%
PD-L1+ defined as >1% of positive cells ; PD-1+ defined as >1% positive cells

wild-type
(N = 51)

P-value

29
22

57%
43%

0.56

36
15

71%
29%

0.42

12

Figure 4. Immunes cells and checkpoint inhibitors expression in the two BRCA groups.
%TIL (A),TLS (B), CD4+ (C), and CD8+(D) cells infiltration and PD-1+ (E) , PD-L1+(F) immune
checkpoints expression.

Association between BRCA status, immune infiltration and immune
checkpoint molecule expression in TNBC
Our TNBC cohort was divided into two groups based on germline BRCA mutational
status to compare the immune infiltrate between mutated (n=43) and wt (n= 51) tumors.
Patients from each group were stratified on the basis of TIL positivity, TIL percentage, LPBC,
CD3+ and CD20+ TIL percentage, CD4+ and CD8+ TIL percentage, TLS status (presence vs
absence), TLS score and PD-1 and/or PD-L1 expression. Interestingly, among all of these
immune infiltration parameters no significant differences were detected between the BRCAmutated and BRCA wt groups from our TNBC cohort. This included TIL status (p=0.54),
number of LPBC tumors (p=0.63), TIL percentage (p=0.79), CD3+ and CD20+ TIL percentages
(p=0.99 and p=0.64 respectively), CD4+ and CD8+ TIL percentages (p=0.35 and p=0.99,
respectively), TLS status (p=0.84) and TLS score (p=0.46) (Figure 4 and 5 and Table2).
Expression of immune checkpoint molecules PD-1 and PD-L1 was also similar between the 2
groups (p=0.58 and p=0.36, respectively) (Figure 4 and Table 3). These data suggest that
immune infiltration in TNBC is not driven by BRCA mutational status.

Figure 5. Global TIL (A)
and instrastromal TIL (B)
distribution of the BRCA
mut and BRCA wt TNBC.
Tumors harboring ≥ 10 %
of stromal TIL were
considered TIL positive
and those with > 50 % of
either intrastromal TIL
were considered
lymphocyte predominant
breast cancer (LPBC).

Discussion
The recent success of various new cancer immunotherapies makes it a priority to
better understand pro- and anti-tumor immune responses. Detailed characterization of the
immune infiltrate and its organization in BC should help clinicians to better identify patients
that can derive benefit from these new drugs. Numerous studies have already quantified the
immune infiltrate in BC, showing that the subtypes most frequently infiltrated are HER2+
and TNBC (24). In TNBC, high immune infiltration has been correlated with better outcome
and recognized as a predictive factor for response to neo-adjuvant chemotherapy (12,22). In
the present study, we found 87% of our TNBC cohort was TIL+, which is compatible with
published data (75.6 % to 92.4%)(13,25,26). Thirty-five percent of our TNBC cohort were
identified as LPBC, which is at the high end compared to previous reports (4.4 % to 32.5%)
(13,22,25,27), perhaps because the threshold defining LPBC varies among studies. We used
>50 % (of either intratumoral and/or stromal TIL) to define LPBC while the two highest
published studies (28.3 % and 32.5% LPBC) used ≥60% as a threshold (13,22), potentially
accounting for our increased percentage.
High immune infiltrates are frequently associated with TLS, which are organized
immune aggregates principally located in the peri-tumoral stroma. TLS are typically
composed of a B cell follicle containing a germinal center surrounded by or adjacent to a T
cell zone, reflecting an architecture similar to secondary lymphoid organs (28). TLS were
detected in 73% of the tumors in our TNBC cohort, which is considerably lower than the
96.7% determined by Lee et al.(13). In contrast to our study, Lee et al. scored TLS on H&E
stained slides and counted TLS found in the adjacent tissue including the in situ component.
Studies in our laboratory have shown that TLS are not accurately scored on H&E stained
slides because of difficulties in differentiating lymphoid aggregates from organized TLS on
these sections (Buisseret, et al., in preparation). A strength of our study is the use of dual
CD3/CD20 IHC staining to precisely identify T cell zones and B cell follicles, permitting
pathologists to consistently and reproducibly score tumor-associated TLS by including only
lymphoid aggregates where CD20+ areas were associated with CD3+ areas. TLS are thought
to be sites of active anti-tumor immune responses, where various components of the
immune response come together to produce anti-tumor responses that generate

long term immunological memory. TLS were detected in the majority of the tumors
from our cohort, suggesting that these patients recognize their tumors and therefore
potentially generate memory cells that continue active immunosurveillance after
tumorectomy and thereby helping to prevent relapse (14).
Recent advances in cancer patient management have principally been achieved
through the introduction of various immunotherapies. These new drugs, targeting immune
checkpoint inhibition, have been tested in various solid tumors and shown promising results
[ex. melanoma, non-small cell lung carcinoma, renal-cell carcinoma, etc. (7)]. In BC, two
recently published phase I studies treated advanced TNBC patients with anti-PD-1/ PD-L1
antibody-based drugs. The first trial evaluated the response to anti-PD-L1 antibodies
(MPDL3280A) in metastatic PD-L1+ TNBC with an overall response rate of 19% (21 patients)
(29). The second trial investigated anti-PD-1 in advanced PD-L1+ cancers including TNBC with
an overall response rate of 18.5% (27 patients)(30). PD-L1 expression determined by IHC was
positive for 58.6% of the 110 TNBC screened in this latter trial, compared to 40% in our TNBC
cohort. Based on the ensemble of published data, wide variation in the level of PD-L1
expression in TNBC has been documented, varying between 19-93% when scoring cells in
the stroma on tissue microarray sections (31,32). One report for PD-1 expression in TNBC
detected 27.3% positivity, which is close to our cohort with 33% (11). The high level of
variation between studies underlines the need to standardize methods for PD-1 and PD-L1
evaluation using validated antibodies, similar to the efforts done by the TIL international
working group for TIL evaluation in 2014 (12). The present study found a highly significant
correlation between PD-1/PD-L1 expression and TIL infiltration levels. These data support
the notion that PD-L1 expression is more a marker of TIL infiltration and the diversity of
immune activities than of ineffective immune responses alone (22). This is also consistent
with its good prognostic value and correlation with response to neo-adjuvant chemotherapy,
which has been observed in some TNBC patients despite the frequent association of PD-L1
expression with poor clinicopathological parameters of the tumor (22,31,33).
This study was initiated to determine whether there was an association between
BRCA mutational status and immune infiltration in TNBC. Genetic testing for cancerassociated germline mutations is increasingly a part of clinical practice, particularly since the
introduction of NGS, which has reduced the costs and increased the speed of DNA

sequencing. BRCA gene mutations are the most frequent cancer related germline mutations
detected in BC patients, which has led to an increased frequency in screening, particularly
for young patients with TNBC. Interestingly, we detected no differences either the %TIL,
number of TLS or immune checkpoint molecule expression between the mutated and wildtype groups. To our knowledge, this is the first study to address this question in TNBC and
our data suggest that immune infiltration is not dependent upon BRCA gene mutations.
These data further suggest that while BRCA mutations are associated with susceptibility to
BC tumorigenesis they are not specifically involved in the generation of neoantigens.
McGranahan et al. recently showed that ‘a high clonal neoantigen burden is associated with
an inflamed tumor microenvironment enriched with activated effector T cells in unknownstage lung adenocarcinoma’ (34). Their data suggest that the higher the mutational load the
more likely a tumor is to have neoantigens and as a consequence higher levels of TIL
infiltration. High neoantigen burdens have also been associated with better responses to
immune checkpoint blockade and better overall survival (34). TN and HER2+ BC are known
to harbor more mutations than Luminal BC (35), with the former recently also associated
with the highest levels of TIL [reviewed in (12)]. Anti-tumor immune responses are
principally thought to be driven by the appearance of new epitopes in self-proteins that
render them “foreign” to the immune response and therefore future studies are needed to
conclusively demonstrate the drivers of immune responses in TNBC.
Overall, our data revealed that BRCA-mutated and wt TNBC are remarkably similar in
terms of their heterogeneity in checkpoint inhibitor expression, TIL and TLS within each
patient group. These data suggest that BRCA gene mutations themselves may not be
immunogenic nor be directly driving immune responses. Further studies are now needed to
determine whether specific BRCA gene mutations and/or other frequent gene mutations
detected in TNBC are linked with anti-tumor immune responses. The ultimate importance of
these studies is to identify new drug targets for TNBC, which is the only BC subtype still
lacking a targeted therapy.
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