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Abstract

The Ventana PD-L1 SP142 immunohistochemical (IHC) assay is the FDA-approved companion
diagnostic assay for atezolizumab therapy selection for patients with PD-L1-positive locally-
advanced or metastatic triple-negative breast carcinoma (TNBC). We aimed to elucidate clinical,
pathologic and molecular features associated with PD-L1 expression in TNBCs. Clinical,
pathologic and next-generation sequencing (NGS)-based molecular data for TNBCs tested with
PD-L1 (SP142) IHC at our institution between 11/2018-12/2019 were retrieved and reviewed. PD-
L1 positivity was defined as 21% IC staining. Patients with metastatic TNBC treated at first-line
with atezolizumab regimens were evaluated for treatment response and for time to treatment
failure (TTF). Among 156 TNBCs, PD-L1 was positive in 47.4% of cases. Primary TNBCs were
significantly more frequently PD-L1 positive, compared to recurrent/metastatic samples (P
=.002). PD-L1-positive TNBCs had increased stromal IC, compared to PD-L1-negative samples
(P<.001). The repertoire of somatic genetic alterations of PD-L1-positive and PD-L1-negative
TNBCs was similar. Matched primary and recurrent/metastatic TNBC samples were available for
8 patients, in whom 4 had discordant results. Thirty patients with metastatic TNBC were treated
with atezolizumab regimens, with treatment failure occurring in 16 patients and a median TTF of
5.1 months in this early evaluation. The findings of this study show stromal ICs in primary TNBCs
are more likely to show PD-L1 positivity than in recurrent or metastatic samples. This information
should guide selection of samples suitable for testing. Further studies are needed to identify other
features associated with PD-L1-positive breast carcinomas and clinical benefit of treatment.
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Triple-negative breast carcinomas (TNBCs) lack expression of estrogen receptor (ER) and
progesterone receptor (PR) and do not overexpress human epidermal growth factor receptor
2 (HER2). The frequency of TNBC ranges from 13 to 40% of all breast carcinoma cases and
depends on the patient population studied.1# TNBCs are associated with more aggressive
clinical behavior and poorer prognosis, compared to other types of breast carcinoma.® 6 For
patients with metastatic TNBC (mTNBC), current first-line systemic treatment is
chemotherapy;’ however, duration of response to therapy is short, and median overall
survival for patients with mTNBC remains 18 months or less.8: © Attempts to improve
outcomes led to investigations into the tumor microenvironment, where multiple studies

have demonstrated the prognostic and predictive value of tumor-infiltrating immune cells.
10,11

Development of immune checkpoint inhibitors created novel therapeutic approaches in many
malignancies.}?-15 Programmed death protein 1 (PD-1), a transmembrane protein receptor,
suppresses T-cell function and hinders tumor cell destruction through its interaction with
programmed death ligand 1 (PD-L1).16: 17 As reported by Schmid et al.,1 the IMpassion130
trial found that in patients with PD-L1-positive mMTNBC, the combination of atezolizumab, a
PD-L1 inhibitor, and chemotherapy prolonged progression-free survival when compared to
chemotherapy alone. The United States Food and Drug Administration (FDA) approved
atezolizumab in combination with nanoparticle albumin-bound (nab) paclitaxel for patients
with locally advanced or mTNBC with PD-L1-positive immune cells. The Ventana PD-L1
SP142 immunohistochemistry (IHC) assay (Ventana Medical Systems, Tuscan AZ, USA) is
the FDA-approved companion diagnostic assay for atezolizumab therapy selection and has
been widely implemented.19

The purpose of this retrospective study was to assess the clinical, pathologic and molecular
features of TNBCs that were associated with PD-L1 (SP142) IHC expression in the stromal
tumor-infiltrating immune cells at a single large academic tertiary-care cancer center.

MATERIALS AND METHODS

Study Population

At our institution, PD-L1 IHC is performed at the request of the treating physician.
Following approval from the institutional review board, we identified all patients with
TNBC whose primary, recurrent or metastatic breast carcinoma was subjected to PD-L1
(SP142) IHC between November 1, 2018 to December 31, 2019, through a retrospective
search of our pathology database. Specimens that underwent decalcification process and
cytology specimens were not suitable for the assay, as validation studies in these sample
types have not been performed. In total, 164 samples from 156 patients were included in this
study. For patients with tumor samples from both primary and recurrent or metastatic sites,
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the primary tumor sample was included in the overall analysis, and the results of the
matched samples were analyzed and reported separately.

PD-L1 SP142 Immunohistochemistry

PD-L1 (SP142) IHC was conducted using 4 um-thick full sections. IHC staining was
performed on a Benchmark Ultra System (Ventana Medical Systems, Tucson, AZ, USA)
with antibody detection using the OptiView DAB IHC Detection Kit (\entana Medical
Systems), according to the manufacturer’s manual.20

Slide Review

PD-L1 IHC slides and available corresponding hematoxylin and eosin (H&E)-stained slides
were reviewed. PD-L1 IHC was assessed in all cases (7 =164) by a dedicated study
pathologist with training in breast cancer diagnosis (R.S.H.) following the IMpassion130
trial criteria,1® with PD-L1 positive cases showing PD-L1 expression on stromal tumor-
infiltrating immune cells occupying =1% of the tumor area. Quantification of stromal tumor-
infiltrating immune cells was assessed in all cases (7= 164) based on the recommendations
by the International Tumor-Infiltrating Lymphocytes Working Group?! and was performed
by a study pathologist (R.S.H.), blinded to the PD-L1 status and following a washout period
of at least one week from the date of PD-L1 assessment. The following parameters were
retrieved from the pathology reports: patient age at breast cancer diagnosis, primary tumor
size, lymph node status, histologic subtype, tumor grade and status of estrogen receptor
(ER), progesterone receptor (PR), androgen receptor (AR) and human epidermal growth
factor receptor 2 (HER2). ER, PR and HER2 IHC were assessed using the most recent
American Society of Clinical Oncology/College of American Pathologists guideline.22: 23
AR status was assessed using two cutoffs. Nuclear expression of AR IHC in >1% or =10%
of tumor cells was considered positive.

Clinical Review

Patient follow-up data, including treatment regimens, imaging studies and clinical status,
and patient self-reported race or ethnicity were retrieved from the electronic medical record.
To assess clinical benefit of anti-PD-L1 therapy, electronic medical records for patients who
received atezolizumab were reviewed by a medical oncologist with experience in breast
cancer (C.D.A.). Patients who fulfilled the following criteria were included in the benefit
analysis: (1) had TNBC; (2) received full prescribed treatment regimen of atezolizumab as
first-line therapy for metastatic disease; and (3) therapy was administered at our institution.
Treatment response was assessed based on the findings of computed tomography (CT) scans
and/or clinical examination. To assess clinical benefit, time to treatment failure (TTF) was
calculated for patients, who met the inclusion criteria. TTF was defined as time from
treatment initiation to treatment discontinuation for any reason, including disease
progression, treatment toxicity and death.

Next-Generation Sequencing Analysis

Tumor and matched normal DNA of cases with available material were subjected to a FDA-
approved targeted next-generation sequencing (NGS) using the Memorial Sloan Kettering
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Integrated Mutation Profiling of Actionable Cancer Targets (MSK-IMPACT) assay, targeting
468 key cancer-related genes, as previously described.24 25 Microsatellite instability was
determined by using MSlsensor, with a score of 10 or greater defined as MSI high, score
between 3 and 10 as MSI indeterminate and score of 3 or less as MSI stable, as previously
reported.28: 27 Somatic mutation and gene copy number results and MSlsensor score derived
from MSK-IMPACT testing were recorded. We performed an exploratory, hypothesis-
generating analysis of the repertoire of somatic genetic alterations between PD-L1-positive
and PD-L1-negative TNBCs. We reasoned that given that primary and post-therapy TNBCs
differ in terms of mutation load and somatic mutations,28 these analyses were separately
performed for primary TNBCs and for metastatic/recurrent TNBCs separately.

Statistical Analyses

RESULTS

Differences between groups in categorical variables were calculated by XZ test and Fisher
exact test, where applicable, and in continuous variables by using the Student #test.
Statistical significance was established at < .05. Multiple comparisons adjustment was
performed using the Benjamini—-Hochberg procedure with a corrected false discovery rate
cut-off of .05.

Study Cohort

During the study period, 252 breast carcinoma samples from 234 patients were tested with
PD-L1 (SP142) IHC at our institution. These samples included 91 primary tumor specimens,
43 recurrent tumor specimens and 118 metastatic tumor specimens. Eighty-eight samples
from 78 patients were excluded from the analysis for the following reasons: ER-positive
and/or PR-positive, HER2-negative disease (17 = 69 patients), ER-negative, HER2-amplified
disease and (=5 patients) and ER-positive, HER2-amplified disease (/7= 4 patients).
Patients with hormone-receptor-positive, HER2-negative breast carcinomas may be tested
for eligibility in clinical trials or for compassionate use of anti-PD-L1 therapy. One hundred
sixty-four TNBC samples from 156 patients fulfilled the study inclusion criteria for clinical,
pathologic and molecular analysis. Of these 156 study patients, 155 were women. Study
tumor samples included 58 (37.2%) primary samples, 31 (19.9%) locally recurrent samples
and 67 (42.9%) metastatic samples. Eight study patients had PD-L1 IHC performed on a
primary tumor samples and a metastatic (n= 7 patients) or locally recurrent (7= 1 patient)
tumor sample.

Therapy with anti-PD-L1 was administered to 48 of 234 patients with breast carcinoma
tested with PD-L1 IHC. For assessment of clinical benefit, 18 patients were excluded from
the analysis for the following reasons: anti-PD-L1 treatment as other than first line therapy
(n=12); ER-positive, HER2-negative disease (n7= 2); therapy administration at another
institution (n =2); treatment in the neoadjuvant setting (x7= 1); and full treatment regimen
not given due to infusion reaction (n7= 1). Thirty patients fulfilled the study inclusion criteria
for clinical benefit analysis.
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Clinicopathologic Features Associated with PD-L1 (SP142) Expression in Stromal Immune
Cells of Triple-Negative Breast Carcinoma

Clinical and pathologic findings in the patients with TNBC are summarized in Table 1. Of
the 156 patients with TNBC, PD-L1 IHC was positive in 74 (47.4%) patients, and negative
in 82 (52.6%). The median age at primary breast cancer diagnosis of patients with PD-L1-
positive TNBC was 51 years (mean = 51.5 years; range = 21-87 years), similar to that of
patients with PD-L1-negative TNBC (median = 51.5 years; mean = 51.5 years; range =
32-82 years; P=.93). There was no significant correlation between patient-identified race or
ethnicity and PD-L1 status (Table 1). Primary tumor size for PD-L1-positive TNBCs ranged
from 0.1 to 18.0 cm in maximum dimension, with a median size of 2.5 cm (mean = 3.3 cm),
comparable to that of PD-L1-negative TNBC (median = 2.1 cm; mean = 3.0 cm; range = 0.1
—18.0 cm; P=.46). Invasive lobular carcinoma, both classic and pleomorphic types, tended
to be PD-L1-negative; however, overall, there was no significant correlation in tumor
histology and PD-L1 status. PD-L1-positive and PD-L1-negative TNBCs did not differ
significantly in histologic grade (P=.99), AR status using both 1% cutoff (P=.59) and 10%
cutoff (P = .40) or involvement of axillary lymph nodes (P = .18).

Triple-Negative Breast Carcinomas with Increased Stromal Tumor-Infiltrating Immune Cells
Are Associated with PD-L1 Positivity

Increased stromal tumor-infiltrating immune cells was significantly associated with PD-L1
(SP142) expression of TNBCs. As shown in Figure 1, PD-L1-positive primary, recurrent and
metastatic TNBCs had a median of 20% of the tumor infiltrating immune cells (mean,
27.6%; standard deviation, 22.4%; range, 5—90%), whereas PD-L1 negative TNBCs
showed significantly lower level of tumor infiltrating immune cells, with a median of 5%
(mean, 14.4%; standard deviation, 17.0%; range, 0—80%; P < .001). Examining only
primary TNBC samples, the difference in stromal-tumor infiltrating immune cells between
PD-L1-positive (7= 36) and PD-L1-negative (n = 22) tumor samples remained significant (P
=.04); PD-L1-positive primary TNBCs displayed a higher percentage of stromal tumor-
infiltrating immune cells (median, 20%; mean, 29.0%; standard deviation, 22.8%; range, 5
—80%), compared to PD-L1-negative primary TNBCs (median, 10%; mean, 17.0%;
standard deviation, 17.8%; range, 0—80%).

Primary Triple-Negative Breast Carcinoma Samples Are More Likely to Be PD-L1 Positive
Compared to Recurrent and Metastatic Specimens

Primary TNBCs were significantly more frequently PD-L1 positive than recurrent or
metastatic TNBCs (Figure 2, £=.002). Table 2 details sites of metastasis and PD-L1 IHCs
results. Most common sites of metastases tested included liver (7= 13), lung or pleura (7=
12), lymph node (n=9) and soft tissue (n=9). Matched TNBC samples of the primary
tumor (/7= 8) and metastatic (r7=7) or recurrent (7= 1) sites were available for 8 patients
(Table 3). Discordant PD-L1 (SP142) IHC results were found in 4 (50%) cases. In each
discordant case, the primary tumor expressed PD-L1 in the stromal tumor-infiltrating
immune cells, while the metastatic tumor harbored PD-L1-negative stromal tumor-
infiltrating immune cells or minimal stromal tumor-infiltrating immune cells.
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Two patients with discordant PD-L1 results in the matched primary and metastatic samples
received anti-PD-L1 therapy and are worth special mention. A 60-year-old woman with a
1.7 cm triple-negative, poorly differentiated invasive carcinoma of no special type (IC-NST)
underwent breast-conserving surgery, adjuvant dose-dense doxorubicin, cyclophosphamide
and paclitaxel (ACT) and radiation therapy. Figure 3 (A—F) shows the pertinent pathologic
and radiologic findings of the patient. Thirty-seven months following her initial diagnosis,
she developed numerous metastatic lesions involving both hepatic lobes on CT scan. Biopsy
of a liver nodule showed metastatic adenocarcinoma, morphologically similar to the
patient’s breast primary. PD-L1 IHC was performed on both the primary breast and
metastatic samples. The primary breast carcinoma showed PD-L1 positivity in the stromal
tumor-infiltrating immune cells, while the hepatic metastasis yielded negative PD-L1
staining. The patient was started on atezolizumab and nab-paclitaxel. Follow-up CT scan
performed seven months after initiation of treatment showed the hepatic lesions to be
responding to the treatment, with marked decrease in size.

The other patient is a 51-year-old woman with a 3.9 cm triple-negative, poorly differentiated
IC-NST, for which she underwent neoadjuvant treatment with dose-dense doxorubicin,
cyclophosphamide, followed by paclitaxel. Breast-conserving surgery and axillary lymph
node dissection after completion of neoadjuvant treatment yielded 1.4 cm residual invasive
carcinoma with negative surgical margins and two involved lymph nodes. She then received
adjuvant capecitabine and radiation therapy. Twenty months later, positron emission
tomography—computed tomography (PET-CT) scan revealed 18F-fluorodeoxyglucose
(FDG)-avid lesions in the patient’s adrenal gland, brain, liver, lungs, pelvis, rib and thyroid.
Biopsy of a hepatic lesion demonstrated metastatic adenocarcinoma, morphologically
similar to the patient’s breast primary. PD-L1 IHC was performed on both the primary breast
and metastatic tumors, the former showing PD-L1 positive, and the latter revealing PD-L1-
negative staining. The patient was started on atezolizumab and nab-paclitaxel. Follow-up
PET-CT scan performed three months after initiation of treatment showed no evidence of
residual FDG-avid disease, with resolution of all prior hypermetabolism foci at all sites.

Molecular Features Associated with PD-L1 (SP142) Expression in Stromal Tumor-
Infiltrating Immune Cells of Triple-Negative Breast Carcinoma

MSK-IMPACT sequencing was performed for 114 TNBCs, of which 51 were PD-L1-
positive and 63 were PD-L1-negative. Among the 37 primary TNBCs with NGS results, 21
(56.8%) were PD-L1 positive, and 16 (43.2%) were PD-L1 negative. Among the 11 locally
recurrent TNBCs and 66 metastatic TNBCs with NGS results, 30 (39.0%) were PD-L1
positive, and 47 (61.0%) were PD-L1 negative. As expected, 7P53was the most commonly
mutated gene across the primary and recurrent/metastatic TNBCs studied (Figures 4 and 5).
The frequency of genes altered by somatic mutations or gene copy number alterations was
similar between PD-L1-positive and PD-L1-negative primary TNBCs (Figure 4). Of the 468
genes tested, only somatic mutations in the core-binding factor subunit beta gene (CBFB)
were found to be significantly more frequent in primary TNBCs with PD-L1-negative
stromal tumor-infiltrating immune cells (4/16; 25%) than in PD-L1-positive cases (0%; P
=.03, Fisher’s exact test; Figure 4). After Benjamini-Hochberg adjustment for multiple
testing, however, the association was no longer significant (P=.32). Of the 4 breast
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carcinomas with CBFB mutations, 2 cases demonstrated pleomorphic lobular carcinoma
with apocrine features (Cases 57 and 59) on histology, 1 case displayed metaplastic
carcinoma (Case 53) and 1 case showed IC-NST (Case 54). The cases of pleomorphic
lobular carcinoma with CBFB mutations harbored low percentage of stromal tumor-
infiltrating immune cells (10% and 5% for Cases 57 and 59, respectively) and positive for
AR on IHC (80% and 99% for Cases 57 and 59, correspondingly). The cases of metaplastic
carcinoma and IC-NST showed variably higher percentage of stromal tumor-infiltrating
immune cells (80% and 15% for Cases 53 and 54, respectively) and negative AR IHC, where
performed (<1% for Case 53, and data not available in Case 54).

The repertoire of genetic alterations between recurrent/metastatic TNBCs with PD-L1-
positive or PD-L1-negative was similar, and no statistically significant differences in either
their somatic mutations or gene copy number alterations were found (Figure 5).

The mutational burden of PD-L1-positive and PD-L1-negative TNBCs did not differ
[median 4 non-synonymous somatic mutations/Mb (range, 0—20) and median 5 non-
synonymous somatic mutations/Mb (range, 1—37), respectively; P =.73]. Microsatellite
instability, as defined by MSlsensor,26: 27 was rare in the TNBCs studied, and not
statistically significantly different between PD-L1-positive and PD-L1-negative TNBCs (P
=.37). Only 1 PD-L1 negative metastatic TNBC was classified as MSI high and showed 14
non-synonymous somatic mutations/Mb. Seven PD-L1-negative and 2 PD-L1-positive
TNBCs were classified as MSI indeterminate by MSlsensor.

Assessment of Clinical Benefit of Anti-PD-L1 Therapy in Patients with Triple-Negative
Breast Carcinoma

Of the 30 patients with TNBC treated with anti-PD-L1 therapy, 28 patients had PD-L1-
positive tumors. Patients with PD-L1-negative TNBCs who received atezolizumab were
either enrolled in a clinical trial (7= 1) or had a positive PD-L1 IHC result at the referring
institution (7= 1). Eight out of 30 patients were treated for de-novo mTNBC. Twenty-one
patients had received previous neoadjuvant or adjuvant treatment for primary disease,
including 10 patients in whom the interval between the end of systemic perioperative
treatment and the initiation of first line metastatic treatment was inferior to 12 months.
Twenty-seven patients received atezolizumab combined with nab-paclitaxel, 2 patients
received atezolizumab combined with chemotherapies other than nab-paclitaxel and 1
patient was treated with single-agent atezolizumab.

Median clinical follow-up time for these patients was 4.3 months (range: 1.3—14.3 months).
At present, 14 patients remain on anti-PD-L1 treatment, and 16 patients have failed first-line
therapy (15 due to disease progression, and one due to toxicity). Median time to treatment
failure (TTF) with atezolizumab regimen was 5.1 months. Based on radiologic findings and
clinical evaluation, 1 patient had complete response to therapy, and 7 had partial response;
11 patients showed disease progression, while 7 had stable disease and 4 had non-
measurable lesions.

The patient with complete response was an 81-year-old woman with a history of right TINO
IC-NST in 2000, who presented with a palpable 2.5 cm mass in a different quadrant of the
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ipsilateral breast in 2019. Figure 3 (G—-H) displays the relevant pathologic and radiologic
findings of the patient. Staging PET-CT scan four months later showed scattered bilateral
hypermetabolic pulmonary nodules, biopsy of which demonstrated metastatic carcinoma,
morphologically similar to the patient’s breast primary. PD-L1 IHC was positive in the
metastatic lesion. The patient was started on atezolizumab and nab-paclitaxel. Restaging
PET-CT scan after 4 cycles of therapy showed complete resolution of breast mass and
bilateral pulmonary nodules.

DISCUSSION

Our study demonstrates PD-L1 (SP142) IHC expression is significantly more frequent in
primary tumor samples than in recurrent tumor samples and in samples of distant metastasis
and is significantly associated with increased percentage of stromal tumor-infiltrating
immune cells. A hypothesis-generating genomic analysis has suggested that the differences
between TNBC with PD-L1-positive or -negative stromal tumor-infiltrating immune cells
are likely minimal, but somatic mutations in CBFB may be associated with TNBC with PD-
L1-negative stromal tumor-infiltrating immune cells.

Other groups have previously reported on clinical and pathologic associations with PD-L1
expression in breast carcinoma.2%-3% We caution, however comparison of our results with
prior publications with these publications, as early studies primarily focused on PD-L1
expression in the tumor cells themselves, rather than on the tumor-infiltrating immune cells.
29-35 Fyrthermore, prior studies also used PD-L1 antibodies other than the Ventana SP142
clone, such as 5H12° or E1L3N,32 37 which are assays used in more commonly in other
malignancies.

Our study found a significant association between increased stromal tumor-infiltrating
immune cells and positive PD-L1 status. This finding has been previously noted.2?
Mittendorf et al.2% 30 observed the association of PD-L1 expression in tumor cells and
higher number of CD8-positive tumor-infiltrating lymphocytes in their tissue microarray-
based study. Park and colleagues®* found that PD-L1 expression on hormone-receptor-
positive breast carcinoma cells was significantly associated with higher degree of stromal
tumor-infiltrating lymphocytes. Kurozumi et al.35 analyzed features associated with PD-L1
(SP142) IHC positivity in HER2-amplified breast carcinomas and found increased
percentage of tumor-infiltrating lymphocytes was significantly correlated with PD-L1
expression on tumor cells.

Other clinical and pathologic parameters have shown conflicting results. In our experience,
there was no association with patient age, tumor size, histologic grade or lymph node status
with PD-L1 expression; however, Muenst et al.39 demonstrated PD-L1 expression in tumor
cells was significantly associated with those particular features. Baptista and colleagues33
reported association with younger patient age at diagnosis with PD-L1 expression in tumor
cells. Higher histologic grade has also been reported to be associated with positive PD-L1
status. Zeng et al.3” found patients with higher grade tumors were significantly associated
with PD-L1 (E1L3N) expression within tumor-associated immune cells. In HER2-amplified
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breast carcinomas, higher histologic grade was also noted to be associated with PD-L1
expression in tumor cells.3®

Our study identified a significantly higher proportion of PD-L1 expression within primary
TNBC tumor samples, compared to recurrent and metastatic samples. Other studies have
demonstrated similar findings, but it should be noted that these groups utilize PD-L1
antibodies other than SP142, such as E1L3N,3° SP26340 or B7-H1.41 A PD-L1 negative
result in a metastatic sample, however, may not be indicative of clinical benefit from anti-
PD-L1 therapy. In our study cohort, discordant PD-L1 results for patients with matched
primary and recurrent or metastatic TNBC samples were often the result of a PD-L1 positive
primary sample and additional sample demonstrating PD-L1 negativity with the SP142
antibody. In such cases, if the patient received anti-PD-L1 therapy, clinical benefit was seen
in the recurrent or metastatic site, despite the PD-L1 negative result. One contributing factor
may be that metastatic sites are more likely to be sampled by core needle biopsy, rather than
resection. Therefore, a larger area of tumor and stroma than is provided by biopsy may be
necessary to properly assess for PD-L1 IHC expression. Additionally, these data may
suggest that potential differences in the immune microenvironment between primary and
recurrence or metastatic sites that result in the absence of PD-L1-staining stromal tumor-
infiltrating immune cells.#2

We performed a hypothesis-generating, exploratory analysis utilizing an FDA-approved
targeted NGS assay (i.e. MSK-IMPACT ™) and found that the mutational landscape of the
TNBCs analyzed was similar to those commonly reported in TNBC,*3 with 7”53 and
PIK3CA being the most frequently mutated genes in our study. A significantly higher
frequency of somatic mutations in CBFB were identified in primary TNBCs with PD-L1-
negative stromal tumor-infiltrating immune cells than in PD-L1-positive primary TNBCs.
Typically associated with acute myeloid leukemia,*4-46 CBFB mutations in breast cancer, in
particular TNBCs, are rare.*” A cBioPortal re-analysis of The Cancer Genome Atlas study*8
and of the data from Razavi et al.*” revealed that CBFB mutations co-occur with mutations
affecting genes altered in luminal cancers (e.g. AK71and CDHJ, data not shown),
consistent with the results of this cohort. Given the relative low-frequency of CBFB
mutations in TNBCs, their co-occurrence with genes mutated in luminal breast cancers and
the fact that TNBCs lacking PD-L1 expression in immune cells more frequently harbor
CBFB mutations, one could hypothesize that the higher frequency of CBFB mutations found
in this subset would be due to an enrichment in Luminal Androgen Receptor TNBCs, which
have lower levels of lymphocytic infiltrate and are enriched for mutations affecting AK71
and CDH1.%9 Two cases of 4 cases in our study cohort with CBFB mutations (none of which
are included in the Razavi et al.# study cohort) showed pleomorphic lobular histology,
which are enriched in Luminal Androgen Receptor TNBCs, positive AR IHC, and low
numbers of stromal tumor-infiltrating immune cells. The significance of CBFB gene and its
potential role in stromal tumor-infiltrating immune cells, as well as the importance of TNBC
molecular subtypes in relation to PD-L1 expression, warrant further investigation.

Other studies revealing molecular insights involved with PD-L1 expression remain limited.
Zeng and colleagues®” reported significant correlation of PD-L1 expression in tumor-
infiltrating lymphocytes and p53 expression by immunohistochemistry. Barroso-Sousa et al.
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50 found in their study of 64 patients with TNBC that higher tumor mutational burden was
associated with longer survival and alterations in P7TEN were associated with poorer
outcomes.

Our study is limited by its retrospective nature. Additionally, study cases included in our
cohort were evaluated for PD-L1 expression at the request of the treating physician in
patients with locally advanced or metastatic breast cancer; thus, non-random selection of
cases places this study at risk of sampling bias. Furthermore, this study is limited by the
number of patients who received atezolizumab and nab-paclitaxel, and the short clinical
follow-up time of these patients, further restricting the conclusions one can derive from the
cohort. Due to this limited clinical experience, further analyses of this patient cohort could
not be performed. Subsequent reporting of clinical outcomes and factors associated with
clinical benefit may be performed with longer follow-up. Moreover, approximately two-
thirds of our study cases had undergone molecular testing with next-generation sequencing
analysis using a select panel of 468 genes. Further testing with whole exome or genome
sequencing in this regard in a prospective setting may reveal associations with genetic
alterations not found in this study. Despite these limitations, our cohort provides unique
insights into the distribution of PD-L1 staining in primary versus non-primary breast
carcinomas, and preliminary information on the molecular characteristics of tumors
associated with PD-L1-positive stromal tumor-infiltrating immune cells.

Herein we have highlighted the pathologic findings associated with PD-L1 expression. We
observed that 47.4% of triple-negative breast carcinomas tested with PD-L1 IHC were
positive. Triple-negative breast carcinoma was more likely to be positive for PD-L1 in the
setting of primary breast tumor samples and higher degree of stromal tumor-infiltrating
immune cells. Our data suggest PD-L1 testing of the primary TNBC sample should be
considered. Mutations in CBFB gene were significantly associated with primary TNBCs
with PD-L1-negative stromal tumor-infiltrating immune cells. Further investigation with
immunologic and molecular studies is warranted to identify additional findings predictive of
response to atezolizumab therapy.
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Figure 1.
Association between stromal tumor-infiltrating immune cells and PD-L1 (SP142)

immunohistochemistry result in 156 triple-negative breast carcinoma samples. (A) Box and
whisker plots of the percentage of stromal area occupied by immune cells demonstrates a
significantly higher percentage in PD-L1 positive tumors than in PD-L1 negative tumors (P
<.001). * denotes significant £< .05. (B) Case of a 32-year-old woman with primary
invasive carcinoma of no special type, harboring stromal-infiltrating immune cells that
occupy 60% of the stroma and (C) express PD-L1 [PD-L1 (SP142) immunohistochemical
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stain]. (D) Case of a 55-year-old woman with primary invasive carcinoma of no special type,
status-post neoadjuvant chemotherapy. The stromal area is densely collagenous with 5% of
the stroma occupied by immune cells with (E) no expression of PD-L1 [PD-L1 (SP142)
immunohistochemical stain].

Mod Pathol. Author manuscript; available in PMC 2021 June 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hoda et al.

50 1
36
(62%)

22
(38%)

Patients, n
N
(&) ]

74

(55%)

Primary

Figure 2.

14
(45%)

Page 16

46
(69%)

21
(31%)

mPD-L1 +
OPD-L1 -

Recurrence

Site Tested

Metastasis

Site of 156 triple-negative breast carcinoma samples tested with PD-L1 (SP142)
immunohistochemistry by PD-L1 result. There is significant association with positive PD-L1
status and primary tumor samples, compared to recurrent and metastatic tumor samples (P

=.002, by x? test).
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Figure 3.
A-F. Discordant PD-L1 results between primary and metastatic tumor in the case of a 60-

year-old woman with cT1NO, triple-negative, PD-L1-positive breast carcinoma and PD-L1
negative metastatic disease to the liver three years following her initial diagnosis. (A) The
breast excision specimen shows a 1.7 cm poorly differentiated invasive carcinoma of no
special type with prominent stromal-infiltrating immune cells. (B) Expression of PD-L1 is
demonstrated in the stromal-infiltrating immune cells of the primary tumor [PD-L1 (SP142)
immunohistochemical stain]. (C) Biopsy of the liver lesion reveals metastatic poorly
differentiated adenocarcinoma with (D) no expression of PD-L1 in stromal-infiltrating
immune cells. (E) Computed tomography (CT) scan shows number bilobar low-attenuation
hepatic lesions. (F) Seven months later, follow-up CT scan reveals marked decrease in size
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of previously noted hepatic lesions (arrowhead) on atezolizumab and nab-paclitaxel. G-N.
Complete response to atezolizumab and nab-paclitaxel in the case of an 81-year-old woman
with triple-negative breast carcinoma and metastatic disease at presentation. (G) Core-needle
biopsy shows a poorly differentiated invasive carcinoma of no special type. (H) Expression
of PD-L1 is demonstrated in the stromal-infiltrating immune cells of the primary tumor [PD-
L1 (SP142) immunohistochemical stain]. (I) Biopsy of the lung lesion reveals metastatic
carcinoma with (J) expression of PD-L1 in stromal-infiltrating immune cells. (K) Positron
emission tomography-computed tomography (PET-CT) scan shows a 2.5 cm hypermetabolic
mass within the right breast (arrowhead). (L) Four months later, follow-up PET-CT scan
reveals resolution of previously noted breast mass, denoted by biopsy marker (arrowhead),
after 4 cycles of atezolizumab and nab-paclitaxel. (M) CT scan of the lung prior to therapy
shows scattered subcentimeter pulmonary nodules (arrowhead). (N) Pulmonary nodules are
no longer seen on follow-up CT scan of the lung after 4 cycles of anti-PD-L1 therapy.
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Figure 4.
Somatic mutations and copy number alterations identified by Memorial Sloan Kettering

Mutation Profiling of Actionable Cancer Targets next-generation sequencing assay in 37
primary triple-negative breast carcinomas by PD-L1 status of stromal tumor-infiltrating
immune cells. Cases are represented in columns, and genes are displayed in rows. Alteration
types are color-coded according the legend. Somatic mutations in CBFB were significantly
associated with PD-L1-negative stromal tumor-infiltrating immune cells in primary triple-
negative breast carcinoma on univariate analysis with Fisher exact test (£=.03), but no
longer significant after adjusting for multiple comparisons (P=.32). Values written in red
denote significant < .05.
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Figureb.
Somatic mutations and copy number alterations identified by Memorial Sloan Kettering

Mutation Profiling of Actionable Cancer Targets next-generation sequencing assay in 77
recurrent or metastatic triple-negative breast carcinomas by PD-L1 status of stromal tumor-
infiltrating immune cells. Cases are represented in columns, and genes are displayed in rows.
The type of tumor site tested is shown in phenotype bars (top). Alteration types are color-
coded according the legend. There were no significant differences in somatic mutations or
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copy number alterations between recurrent and metastatic triple-negative breast carcinoma
with PD-L1 positive or negative stromal tumor-infiltrating immune cells.
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Table 1.

Comparison of clinicopathologic features of 156 triple-negative breast carcinoma samples from 156 patients
by PD-L1 (SP142) immunohistochemical expression status.

Characteristic, n PD-L1 positive (n=74) PD-L1 negative (n=82) P
Gender, 17(%) 1.0
Female 74 (100) 81 (98.8)
Male 0 1(1.2)
Age at primary diagnosis, median (range), years 51 (21-87) 51.5 (32-82) .93
Race/ethnicity, 77 (%) 48
White: Non-Spanish; Non-Hispanic 42 (56.8) 52 (63.4)
Black or African American 12 (16.2) 11 (13.4)
Asian: Far East/Indian Subcontinent 10 (13.5) 10 (12.2)
Spanish NOS; Hispanic NOS; Latinx NOS 10 (13.5) 5(6.1)
Data not available 0 4(4.9)
Sample tested, /7 (%) 002%
Primary tumor 36 (48.6) 22 (26.8)
Metastatic tumor 21(28.4) 46 (56.1)
Locoregional recurrence 17 (23.0) 14 (17.1)
Primary tumor size, median (range), cm 2.5(0.1-18.0) 2.0 (0.1-18.0) 46
Histologic grade, (%) 91
1 0 1(12)
2 12 (16.2) 12 (14.6)
3 57 (77.0) 62 (75.6)
Data not available 5 (6.8) 7 (8.5)
Primary tumor histology, 77 (%) .22
Invasive carcinoma NST 53 (71.6) 52 (63.4)
Metaplastic carcinoma 7(9.5) 9 (11.0)
Invasive lobular carcinoma, classic or 1(1.4) 7(8.5)
pleomorphic
Other” 10 (13.5) 11 (13.4)
Data not available 3(4.1) 37
Androgen receptor status, 1% cutoff, 77 (%) .59
Positive 23(31.1) 35 (42.7)
Negative 28 (37.8) 35(42.7)
Data not available 23 (31.1) 12 (14.6)
Androgen receptor status, 10% cutoff, 7 (%) 40
Positive 18 (24.3) 30 (36.6)
Negative 33 (44.6) 40 (48.8)
Data not available 23(31.1) 12 (14.6)
Lymph node status, 77 (%) .18
Involved 41 (55.4) 41 (50.0)
Uninvolved 18 (24.3) 26 (31.7)
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Characteristic, n PD-L1 positive (n=74) PD-L1 negative (n=82) P
Data not available 15 (20.3) 15 (18.3)

Microsatellite instability status, /7 (%) .37
Stable 46/48 (95.8) 52/60 (86.7)
Indeterminate 2/48 (4.2) 7/60 (11.7)
Instable 0 1/60 (1.7)

Treatment with anti-PD-L1 therapy, 77 (%) <001
Yes 45 (60.8) 3(3.7)
No 29 (39.2) 79 (96.3)

Abbreviations: NS, not significant; NST, no special type
*
denotes statistical significance P<.05 by X2 test, Fisher exact test or Student #test, where applicable.

Other category encompasses cases of invasive ductal carcinoma with special histologic features, including apocrine, micropapillary and mucinous
features, and cases of invasive mammary carcinoma, wherein carcinoma shared features of both ductal and lobular carcinoma.
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Table 2.

Summary of 67 metastatic triple-negative breast carcinoma samples from 67 patients by PD-L1 (SP142)
immunochemical expression status.

Site of metastasis PD-L1 positive(n =21) PD-L1 negative (n = 46)

Liver 11
Lung/pleura

Lymph node

Soft tissue

Bone (non-decalcified)
Skin

Brain

Contralateral breast
Ovary

Colon

Mediastinum

o O O B O P W N DN oo
P P P O N W W o NN

Stomach
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