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Simple Summary: The immunological proflice of pleomorphic invasive lobular cancer is scarcely investigated.
pILC is characterized by a more aggressive behavior and worse prognosis, however this rare subtype lacks a
specific treatment approach. Here we investigated the expression of sTILs, and analyzed the PD-L1 expression
levels. We also analyzed the association between sTILs and PD-L1 expression with other prognostic or
predictive biomarkers, and correlated sTILs and PD-L1 expression with survival outcomes.

Abstract: Background: The prognostic and predictive role of stromal tumor-infiltrating lymphocytes (sTILs) is
undetermined in pleomorphic invasive lobular cancer (pILC). The same applies for the expression of PD-1/PD-
L1 in this rare breast cancer subtype. Here, we aimed to investigate the expression of sTILs, and analyze the
PD-L1 expression levels in pILC. Methods: Archival tissues from sixty-six patients with pILC were collected.
The sTIL density was scored as a percentage of tumor area, using the following cut-offs: 0%; <5%; 5-9%; and
10-50%. PD-L1 expression was analyzed using IHC on formalin-fixed, paraffin-embedded tissue sections, using
the SP142 and 22C3 antibodies. Results: 82% of the sixty-six patients were hormone receptor-positive; 8% of
cases were triple negative (TN), while 10% showed human epidermal growth factor receptor 2 (HER2)
amplification. sTILs were present in 64% (=1%) of the study population. Using the SP142 antibody, 36% of
tumors demonstrated a positive PD-L1 score of >1%, and 28% had a positive PD-L1 score of >1 using the 22C3
antibody. There was no correlation of sTILs or PD-L1 expression with tumor size, tumor grade, nodal status,
expression of estrogen receptor (ER) or amplification of HER2. Our data did not show any difference in survival
between the three molecular subtypes of pILC with respect to sTILs and PD-L1 expression. Conclusion: This
study shows that pILCs show some degree of sTILs and PD-L1 expression, however this was not associated
with survival benefit. Additional large trials are needed to understand the immune infiltration in lobular
cancer, even more in the pleomorphic subtype.

Keywords: invasive lobular cancer; pleomorphic invasive lobular cancer; tumor-infiltrating
lymphocytes; programmed cell death 1; programmed cell death ligand 1; 22C3 assay; SP142 assay;
survival

1. Introduction

The immunological profile of invasive lobular cancer (ILC), the second most common
histological subtype (~15% of all breast cancer cases) has only scarcely been investigated. These
tumors are predominantly hormone receptor-positive (estrogen receptor (ER) and/or progesterone
receptor (PR)) with a low proliferation rate, and only a minority of ILCs express human epidermal
growth receptor 2 (HER2) [1]. The current management of the majority of these tumors, consists of
surgery followed by endocrine therapy. Studies demonstrated a lower response rate to chemotherapy
compared with invasive ductal carcinoma of no special type (IDC-NST) [2,3]. Some studies showed
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a worse long term survival in ILC patients compared with ER-positive IDC [4,5], and atypical
metastatic sites such as peritoneum, ovary, and gastro-intestinal tract were common [6]. Most
hormone receptor-positive ILCs have significantly lower levels of sTILs (a median percentage of 5%
sTILs) as compared with their ductal counterparts [7,8]. High sTIL levels in ILCs have been associated
with adverse prognostic factors and less favorable clinical outcomes [8]. In triple negative breast
cancer (TNBC) and HER2-positive breast cancer (BC), a particularly strong correlation between sTILs,
survival and response to therapy have been demonstrated [9]. In early stage TNBC the average value
of sTILs was 23% (standard deviation, 20%), and 77% of patients had 1% or more sTILs [10]. In triple
negative and HER2-positive BCs, high sTIL levels are associated with prolonged patient survival,
decreased distant recurrence and better response to chemotherapy [9,11-13].

ILC represents a heterogenous group of tumors, with the pleomorphic histologic subtype being
a variant of ILC [14]. Morphologically, these lesions demonstrate a similar pattern of infiltrative
growth as ILC, but they exhibit a higher mitotic count and a higher degree of cytonuclear atypia,
resulting in more aggressive behavior and poor survival [15-17]. The immunological profile of
pleomorphic invasive lobular cancer (pILC), which compromises approximately 1% of all BC cases,
has not been investigated thoroughly. As far as we know, no data are currently available on sTILs
expression in pILC.

One of the mechanisms of immune suppression involved in tumor progression is the
programmed cell death 1 (PD-1) / programmed cell death ligand 1 (PD-L1) pathway [18]. In immune
responses, the PD-1/PD-L1 pathway serves as a feedback mechanism to prevent excessive T-cell
activity and autoimmunity. In malignancy, PD-L1 upregulation counteracts the antitumor immune
response and can prevent effective antitumor immunity. Tumoral PD-L1 expression is of
considerable clinical interest due to the development of PD-1/PD-L1 blocking antibodies used for a
variety of malignancies, which may improve the outcome [18]. PD-L1 expression is observed in
approximately 20-40% of all BCs. Studies demonstrated that PD-L1 expression varies across different
BC subtypes with positivity rates ranging from 0-83% [19,20]. A higher rate of PD-L1 expression has
been demonstrated in a subset of BCs with aggressive clinicopathological and immunohistochemical
tumor features, such as grade 3 tumors, ER and PR negativity, or Ki-67 proliferation greater than 14%,
and this was associated with lower overall survival (OS) [21,22]. A meta-analysis of 19,870 patients
revealed a higher rate of PD-L1 expression in breast tumors with a pathological complete response
(pCR) following neoadjuvant chemotherapy [21]. Available current evidence consistently reports
greater expression of PD-L1 in TNBC (61.4%), whereas expression in ER-positive and HER2-positive
tumors is lower. Previous studies have focused almost exclusively on IDC. However, available data
suggest a lower PD-L1 expression rate in ILC compared with IDC (13% vs. 28%) [23]. Data on PD-L1
expression in pILC is scarce, only the study of Dill et al. in 2017 examined the PD-L1 status in this
cohort of patients, reporting a positivity rate of 14.3% (2/14), determined with clone SP142 (threshold
of >1%) [23].

Although pILC is characterized by a more aggressive behavior and worse prognosis, this rare
subtype lacks a specific treatment approach. So far, there is no role for routine assessment of sTILs
and PD-L1 in pILC. In an effort to identify potential treatment hypotheses, we performed an analysis
of sTILs and immunohistochemical expression of PD-L1 in a cohort of 66 cases. For the latter, we
compared two different IHC scoring methods, the 22C3 assay, and the SP142 assay. Furthermore, we
analyzed the association between sTILs and PD-L1 expression with other prognostic or predictive
biomarkers, and correlated sTILs and PD-L1 expression with survival outcomes.

2. Materials and Methods

2.1. Case selection

Surgically resected primary breast cancers over a 16-year period (2004-2020) were collected from
our pathology archives. Selection was done by two independent pathologists (KVDV, JVD) based on
morphology and by aberrant immunohistochemical E-cadherin staining at the time of diagnosis.
Only cases with known ER, PR and HER2 IHC results were included. All pathology slides and reports
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were reviewed and only true pleomorphic invasive lobular cases were selected (n=66). All patients
were offered standard of care adjuvant therapy. Clinicopathological characteristics of the selected
cases were extracted from the medical and pathology reports. The patient data include primary tumor
characteristics (e.g., size, extent, grade, hormone receptor status), nodal staging (number of nodes
examined, number of involved nodes), the primary operation performed (lumpectomy vs.
mastectomy), lymph node staging (sentinel node vs. axillary dissection), vital status, and survival.
This study was approved by the Ethical Committee of Ghent University Hospital (BC-06646).

2.2. Quantification of TILs

Hormone receptor and HER2 expression were used to classify tumors into the following
phenotypes: ER+/HER2- (luminal), ER-/PR-/HER2- (TNBC), and HER2+. The density of sTILs was
reported as an overall percentage of the stromal area covered by immune cells (i.e. area occupied by
mononuclear inflammatory cells over total intra-tumoral stromal area). The assessment of sTILs was
performed on whole H&E-slides of the primary tumor. Only resection specimens were used. sTILs
were scored according to international guidelines (www.TILsinbreastcancer.org) [24]. sTILs were
evaluated within the borders of the invasive tumor. All mononuclear cells (including lymphocytes,
histiocytes and plasma cells) were scored, but polymorphonuclear leukocytes were excluded.
Lymphocytic infiltration around normal lobules, DCIS and blood vessels, and in the previous biopsy
site, or in areas of diathermy or with crush artefact were disregarded. The sTIL density scores were
subdivided into the following categories: 0% (none); <5% (rare); 5-9% (mild); or 10-50 % (moderate).

2.3. Immunohistochemistry

Formalin-fixed, paraffin-embedded (FFPE) tissue sections of 4-um thickness were stained for
PD-L1 protein. Two diagnostic anti-PD-L1 clones (SP142 from Ventana and 22C3 from Dako Agilent)
were used for PD-L1 assessment. Sections were counterstained with haematoxylin. PD-L1 labeling
was scored blinded to patient characteristics. Perivascular TILs or TILs surrounding DCIS or normal
breast lobules served as internal control: due to the age of several FFPE tissue blocks, PD-L1 was
determined non-assessable if a slide showed no staining at all.

PD-L1 expression measured by the SP142 antibody was evaluated on tumor-infiltrating immune
cells (ICs) and recorded as a percentage of the total number of ICs. PD-L1-positive tumor-infiltrating
ICs were typically seen, either as variably sized aggregates towards the periphery of the tumor mass,
or in stromal bands dissecting the tumor mass, or as single cells scattered in stroma. The percentage
of ICs staining with anti-PD-L1 SP142 was scored as <1 or >1%.

PD-L1 expression as defined by immunostaining with anti-PD-L1 22C3 was determined by
using the combined positivity score (CPS), which is the number of PD-L1 staining cells (tumor cells,
lymphocytes, macrophages) in the tumor divided by the total number of viable tumor cells,
multiplied by 100. In our cohort, cut-off values were determined as <1, >1 or >10.

2.4. Statistical analysis

For the evaluation of the clinicopathological variables between the subgroups, the Fisher’s exact
test was performed. Independent T-test was performed for continuous variables (age and tumor
diameter). The associations among the numbers of sTILs and PD-L1 SP142, and sTILS and PD-L1
22C3 immunohistochemical stainings were assessed using Spearman’s rho correlation test.

The cumulative survival time was calculated using the Kaplan-Meier method and analyzed
using the log-rank test. OS was calculated from the date of diagnosis to the date of death from any
cause or the last follow-up date. Disease-free survival (DFS) was determined from the date of the
initial diagnosis to the date of disease recurrence. All analyses were performed using SPSS, version
28. A p-value <0.05 (2-tailed) was considered statistically significant.
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3. Results

3.1. Patient and tumor characteristics

Clinicopathological features of 66 patients with newly diagnosed pILC are summarized in Table
1. The median patient age was 59 years (range 35-84) and the median follow-up was 91 months (7.5
years). Of the 66 patients, most had tumors that were ER+ (82%), only 10% were HER2+, and 8% were
triple negative (TN). All cases had grade 2 (45%) or 3 (55%) cytonuclear atypia. Most of the patients
had stage II disease (50%), and 40% had node-positive disease; the mean tumor size was 34 mm.
There was little difference in the features of the different subtypes, although there was a trend
towards more aggressive features in TN and HER2+ tumors. Only nodal staging was significantly
different between the three subgroups, with the highest involvement of lymph nodes in TNBC.

Table 1. Clinicopathological characteristics of the pleomorphic lobular cancer cohort.

All Cases ER+/HER2- TNBC HER2+ )
Total number n (%) 66 54 (82) 5(8) 7 (10)
Age (years) 0.61
Mean 58 58 61 62
Median 59 59.5 57 62
Tumor size n (%) 0.58
pT1 22 (33) 16 (30) 2 (40) 4 (57)
pI2 33 (50) 29 (54) 2 (40) 2(29)
pT3 11 (17) 9(6) 1 (20) 1(14)
Tumor size (mm) 34 35 42 26
Graden (%) 0.17
G2 30 (45) 27 (50) 2 (40) 1(15)
G3 36 (55) 27 (50) 3 (60) 6 (85)
LVSIn (%) 0.33
Negative 40 (61) 35 (65) 2 (40) 3 (43)
Positive 26 (39) 19 (35) 3 (60) 4 (57)
Lymph node metastases n (%) 0.014
pNO 38 (60) 31 (57) 1 (20) 6 (85)
pN1 17 (25) 15 (28) 2 (40) 0
pN2 7 (10) 7 (13) 0 0
pN3 4 (5) 1(2) 2 (40) 1 (15)
Ki67 n (%) 0.21
<15 18 (37) 17 (42) 0(0) 1(16)
315 31 (63) 23 (58) 3 (100) 5 (84)
Missing 17

Abbreviations: ER+: Estrogen receptor-positive; TNBC: triple negative breast cancer; HER2+: human epidermal
growth factor receptor 2 positive; n: number; LVSI: lymphovascular space invasion.

3.2. sTIL distribution and PD-L1 expression (22C3 — SP142}

Subsequently, we assessed the density and composition of sTILs. In total, 64% of the study
population demonstrated sTILs: 29% had less than 5% (= 1-4%), 17% had between 5-9%, and only
18% had 10% or more sTILs. No patient had a score of >50%. We also examined immune parameters
by molecular subtype. Only 23 of patients had a sTIL score of >5%: three of seven patients in the
HER2+ group, two of five patients in TN group, compared to 18 patients within the ER+ /HER2-
subgroup (78%).

Using the SP142 PD-L1 antibody, measuring the percentage of ICs that express PD-L1, only 36%
of tumors expressed PD-L1 on ICs, when applying >1 % as cut-off. In the HER2+ subgroup, 4 of seven

doi:10.20944/preprints202304.1090.v1
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patients (57%) had a positive IC score of >1%, while 2 of five patients (40%) in the TN group had a
positive IC score of >1%, compared with 15 patients in the ER+ /HER2- (luminal) subgroup (32%).
PD-L1 expression evaluation using the 22C3 antibody was graded as CPS<1, 21 or > 10. In 28%
of the cases, the CPS score was >1: three of seven patients in the HER2+ group (43%), two of five
patients in TN group (40%), compared with 11 patients in the ER+/HER2- subgroup (24%). Using this
antibody, we found that only 3 patients had a score 210, 2 patients in the ER+/HER2- subgroup and
1 patient in the HER2+ subgroup (67% vs 33%) (Table 2). For both immunoassays, there was no
significant difference between the three subgroups, probably due to a too small sample size.

Table 2. Immune parameters of the pleomorphic lobular cancer cohort.

All Cases ER+/HER2- TNBC HER2+ 1)
sTILs n (%) 0.26
0 24 (36) 18 (33) 3 (60) 3 (43)
<5 19 (29) 18 (33) 0 1(14)
9-May 11 (17) 10 (18) 1(20) 0
>10 12 (18) 8 (16) 1(20) 3 (43)
PD-L1 SP142 ICs n (%) 0.48
<1% 38 (64) 32 (68) 3 (60) 3 (43)
>1% 21 (36) 15 (32) 2 (40) 4 (57)
Non-assessable 7
PD-L1 22C3 CPS n (%) 0.58
<1 42 (72) 35 (76) 3 (60) 4 (57)
>1 13 (23) 9 (20) 2 (40) 2 (29)
>10 3(5) 2 (4) 0 1(14)
Non-assessable 8

Abbreviations: TNBC: triple negative breast cancer; HER2+: human epidermal growth factor receptor 2-positive,
sTILs: stromal tumor-infiltrating lymphocytes; PD-L1: programmed death ligand 1; n: number; ICs: immune
cells; CPS: combined positivity score.

3.3. sTIL distribution and PD-L1 (22C3 - SP142) expression according to patient characteristics

There was no correlation in our cohort between the sTIL scores or PD-L1 expression scores with
variables such as age, tumor size, tumor grade, lymphovascular space invasion (LVSI), or nodal
status. (Table 3).

We noticed that sTIL scores were higher in higher stage and grade tumors, in lymph node
positive tumors, in cases with LVSI, and in tumors with Ki67 >15%, but these findings were
statistically not significant. These findings were also observed with analyses using anti-PD-L1
antibodies. There was a trend for PD-L1-positive tumors to show more aggressive features, such as a
higher grade, higher stage, higher proliferation index, LVSI, and nodal involvement.

Table 3. Association between sTIL and PD-L1 scores and various clinical factors.

sTILs PD-L1 SP142 PD-11 22C3
0% 1-4% 5-9% 210% <1% >1% <1 >1 =10

Age (years)

Mean 57 61 57 58.5 57 60 58 56 66

Tumor (mm) 33 33 35 36 34 34.3 36 30 3
Stage n (%)

pT1 9(37) 6(32) 4(36) 3(25) 13(34) 8(38) 14(33) 6(46) 0

pT2 12(50) 9@47) 5@46) 7(58) 19(50) 9(43) 20(48) 5(38) 3(100)

pT3 3(13) 4(@1) 2(18) 2(17) 6(16) 4(19) 8(19) 2(15) 0

doi:10.20944/preprints202304.1090.v1
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Grade n (%)
G2 12 (50) 9 (47) 327) 6(50) 19(50) 6(28) 18(43) 5(38) 1(33)
G3 12(50) 10(53) 8(73) 6(50) 19(50) 15(72) 24(57) 8(62) 2(67)
LVSIn (%)
Negative 16 (66) 11(58) 7(64) 6(50) 24(63) 11(52) 27(64) 5(38) 2 (66)
Positive 8(34) 8(42) 4(36) 6(50) 14(37) 10(48) 15(34) 8(63) 1(34)
Lymph node
metastasis n (%)
pNO 16 (67) 10(53) 6(60) 5(42) 22(58) 11(55) 25(60) 5(42) 2 (66)
pN1 4(17) 6(32) 3(30) 4(33) 9(24) 6((30) 10(24) 4@33) 1(34)
pN2 3(12) 2(10) 1(10) 1) 5@13) 1(5 5(12) 1(8) 0
pN3 1(4) 1(5) 0 2(17) 2() 2(10) 2(55) 2(17) 0
HER2 n (%)
negative 21(87) 18(95) 11(100) 9(75) 35(92) 17(81) 38(90) 11(85) 2(67)
positive 3(13) 15 0 3(25) 308 419 4(10) 2(5 1(33)
Ki67 n (%)
<15 7(50) 7 (41) 2(18) 2(25) 13(45) 2(12)* 13(41) 3(18) 0
>15 7(50) 10(59) 8(82) 6(75) 16(55) 15(88)* 19(59) 9(82) 3(100)

Abbreviations: sTILs: stromal tumor-infiltrating lymphocytes; PD-L1: programmed death ligand 1; n: number;
LVSI: lymphovascular space invasion; HER2+: human epidermal growth factor receptor 2-positive; *P-value:
<0.05.

3.4. Correlation of sTILs with PD-L1 expression (22C3 - SP142)

We assessed the relationship between the presence of sTILs and PD-L1 expression (Table 4a,b).
PD-L1 scores were positive in 36% and 28% of the overall study population, using SP142 and 22C3
antibody respectively. Sixty-four % of tumors contained sTILs (=1%) and 35% of tumors showed >5%
sTILs. Tumors with greater numbers of sTILs had a greater percentage of PD-L1-positive ICs: 47% of
tumors with >10% sTILs displayed a positive PD-L1 SP142 score (ICs >1%), and 66% of tumors with
>10% sTILs demonstrated PD-L1 22C3 CPS =10.

A strong positive correlation was found between the percentage sTILs and PD-L1 expression
(5P142 and 22C3) as shown in Figure 1. The correlation was stronger between percentage sTILs and
PDL-1 SP142 scores (r=0.82, P <0.001), than percentage sTILS and PD-L1 22C3 scores (r=0.67, P <0.02).

Table 4. a. Correlation of percentage of sTILs with PD-L1 SP142 score.

<1% > 1%
n (%) n (%)
0% 21 (55) 0
<5% 16 (42) 2 (10)
TIL
STILS 5-9% 1(3) 9 (43)
210% 0 10 (47)
Fisher exact test: P< 0.001.
Table 4. b. Correlation of percentage of sTILS with PD-L1 22C3 score.
<1 21 210
n (%) n (%) n (%)
O,
STILS 0% 20 (48) 0 0

<5% 16 (38) 2 (15) 0
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5-9% 4(9) 5(39) 1(34)
>10% 2(5) 6 (46) 2 (66)
Fisher exact test: P< 0.001.
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Figure 1. (a) Correlation between percentage of sTILs and PD-L1 SP142 score and (b) percentage of
sTILS and PD-L1 22C3 score .

3.5. Correlation of sTILs and PD-L1 (22C3 - SP142) expression with patient survival

We observed a significant difference in DFS between the three subtypes of pILC, showing a
worse DFS for patients with TNBC (p=0.004). However, Kaplan Meier survival curves did not
demonstrate differences in survival between the tumor subtypes with respect to the presence of sTILs
and PD-L1 expression, although survival analysis was limited by the small sample size (data not
shown).

4. Discussion

The present study examines a data set on surgically treated pleomorphic lobular cancers,
examining the presence of sTILs, and the expression of PD-L1. The pleomorphic variant of lobular
carcinoma is more likely to be ER- and HER2+ and has a poorer prognosis than classic lobular cancers
[17]. This study is the first report examining the immune environment in pILC. Several important
findings were revealed. First, we found that 64% of the patients contained at least 1% sTILs, with sTIL
scores ranging between 1 and 30%. Second, 36% of the patients had a positive PD-L1 IC score of >1%,
using SP142, and 28% demonstrated a positive PD-L1 CPS score of 21, using 22C3. In this cohort, we
found no difference between the molecular subtypes and the clinicopathological features, and the
immune parameters, probably due to a too small sample size of the HER2+ (n =7) and TN subgroups
(n =5). We only noticed that there was a trend showing that higher sTIL scores and PD-L1 positive
tumors might be associated with more aggressive morphological and clinical features, but this was
statistically not significant.

Similar to invasive lobular breast cancers in general, we confirmed lower levels of sTIL (mean
4.7%), compared with ductal carcinomas [7,25]. Recently, Tille et al. found a mean sTIL score of 2.7%
in a cohort of 459 ILC patients (40.3% showed a sTIL score of <5%, while only 7.6% showed a sTIL
score of >5%). sTILs correlated with higher grade and tumor size, lymph node metastases, and
Nothingham prognostic index, suggesting a pro-tumorigenic role of TILs in ILC [8]. Desmedt et al.
demonstrated that lobular cancers with high sTIL levels were associated with young age, lymph node
involvement, and high proliferation status as defined by Ki67 [7]. In addition, both studies found an
association between histologic ILC variants and lymphocyte infiltration, as the alveolar histotype was
found more often sTIL-negative, while mixed ILC carcinomas were mostly sTIL-enriched [7,8]. These
findings suggest a role for sTILs in the poor outcome observed for patients with solid and mixed non-
classic ILC versus patients with classical ILC [26].

High sTIL levels have been associated with more favorable prognosis in TN and HER2+ tumors
[10,13,27,28], whereas the prognostic role of sTILs in ER+ BCs is uncertain. So far, no study
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demonstrated a favorable impact of sTILs on DFS, OS or breast cancer specific survival in this
molecular subtype [8,29-32]. Even more, in a recent meta-analysis of six neoadjuvant chemotherapy
trials, higher sTIL scores were associated with a significant reduction in OS in luminal BCs, while an
increase in sTIL scores was associated with longer DFS in TN and HER2+ BC [9]. However, these
results must be interpreted with caution, because ER+ BC have been divided in luminal A and
luminal B tumors in the last decades, where the latter were associated with higher sTILs, tumor
mutational burden (TMB), and a worse clinical outcome than the luminal A subgroup [33]. In ILC,
increasing sTIL levels were associated with poor OS and decreased DFS independent of lymph node
metastases and ILC molecular subtypes in a multivariate analysis [8]. In our cohort, we could not
identify sTILs expression as a factor associated with survival.

Breast tumors generally have low TMB, are poorly infiltrated by TILs, and have low levels of
PD-L1, and therefore are considered to be less responsive to immune checkpoint blockade (ICB),
compared with melanoma and lung cancer. However, PD-L1 expression is significantly higher in
invasive disease compared with normal breast tissue [20,34], and many studies have found a positive
correlation between PD-L1 expression and a more favorable prognosis [20,35-37], although others
found an inverse relationship [38,39]. Perhaps these controversies are related to diversity in antibody
choice, the interpretation of immunohistochemical staining, different cut-off points, different cell
types evaluated, and different perceptions of when a cell is positive on PD-L1 staining [19]. Dill et
al. evaluated 245 primary and 40 metastatic (20 nodal, 20 distant metastasis) BCs with PD-L1 IHC on
tissue microarrays and revealed that PD-L1 staining (clone SP142) of tumor cells was seen in 12% of
primary BCs, including 31% of TNBCs. Staining of tumor cells was common in ductal cancers with
medullary (54%), apocrine (27%), and metaplastic features (40%). Staining for PD-L1 of ICs was seen
in 29% of all BCs and in 61% of TNBCs [23]. Expression of PD-L1 on tumors cells and ICs was rare in
ILCs (8.7 and 13%, respectively), while the pleomorphic subtype contained stromal PD-L1-positive
immune cells in 14.3% of tumors (2/14). In contrast, Thompson et al. found that PD-L1 was expressed
by tumor cells in 17% of ILCs (N=47). In this study, also the PD-L1 expression on stromal ICs was
assessed, with 71% displaying focal (<5%) or moderate (6-49%) labeling, and 29% displaying diffuse
labeling (>50%) [40].

ER+ BC is characterized by low PD-L1 expression as found in a study of Sobral-Leite et al. [32].
In total 410 primary, treatment-naive, breast tumors (162 ER+/HER2-, 101 HER2+ and 147 TNBC)
were examined. At least 1% of PD-L1-positive tumor cells or ICs (determined with clone E1L3N) were
observed in 53.1% of ER+/HER2-, 73.3% of HER2+, and 84.4% of TNBC tumors. Lower levels of TILs
and PD-L1 expression were observed in lobular cancers compared with ductal cancers, regardless of
other pathological variables [32,40]. We observed PD-L1 positivity in 36% of cases of pILCs using the
SP142 IC score and in 28% of cases using the 22C3 CPS. We did not identify PD-L1 expression as a
prognostic variable in our study, however the HER2+ and TN groups were of limited sample size. In
many studies, PD-L1 expression in TN and HER2+ tumors was significantly associated with better
survival. In addition, a strong positive correlation between PD-L1 positivity and TIL density has been
demonstrated [35,37].

PD-L1 expression patterns are different depending on the antibody clone used. SP142 detects
more ICs but fewer tumor cells compared to other PD-L1 antibodies, and thus it is expected that
SP142-positive BCs would be enriched with TILs, CD8+ cells, and other immune features [41,42]. Our
study showed lower rates of PD-L1 positivity using the 22C3 CPS. Huang et al. compared three FDA-
approved diagnostic immunohistochemistry assays for PD-L1 testing in a cohort of TNBC. They
found that 5% of tumors were positive for PD-L1 using the SP142 IC score (1% cutoff), but negative
when using 22C3 with either the IC score (1% cutoff) or CPS (CPS 1 or 2), suggesting that 22C3 is not
able to identify all tumors that would test positive with SP142 using the IC score [43].

Despite the limited numbers of sTILs and low levels of PD-L1 expression in lobular BC, there
has been an effort to determine if ICB has a role in ER+ BCs. In heavily pretreated patients in
metastatic setting, addition of pembrolizumab did not add any benefit to median PFS [44,45]. In
neoadjuvant setting, the ISPY-2 trial treated 40 ER+/HER2- and 29 TNBC patients with
pembrolizumab in combination with standard chemotherapy. In the ER-positive subgroup, the
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addition of pembrolizumab yielded a higher rate of pCR compared to that of the chemotherapy arm
(34% vs 13%). As expected, benefit was seen in the TNBC cohort (60% vs 20%)[46]. With these
promising results, the ISPY-2 trial showed that by focusing on patients in the early setting, ICB may
have a beneficial role in ER+ disease [47].

We recognize that this study has some limitations, mainly due to its retrospective nature and the
low number of HER2- or TN pILCs. Second, we included FFPE tissue samples older than 3 years,
which may influence the quality of antibody staining, leading to lower levels of PD-L1 expression.
Of note, scoring sTILs on a H&E slide according to the guidelines of the International Immuno-
Oncology Biomarker Working Group on Breast Cancer is always feasible as no technical
immunohistochemical stainings are needed.

5. Conclusions

To conclude, the present study is the first to examine the active immune microenvironment in a
large series of pleomorphic lobular carcinomas, evaluating sTILs, and PD-L1 expression. We found
that pILCs were characterized by low, but variable levels of sTILs and PD-L1. We could not
demonstrate that higher sTILs or PD-L1 levels were associated with prognosis. More research on the
immune composition in the different subtypes of lobular breast cancer is needed to provide a better
insight in the immune composition of these tumors.
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