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Abstract

Introduction—Blockade of the immune checkpoint programmed death receptor ligand-1 (PD-
L1)/PD-1 pathway has well-established clinical activity across many tumor types. PD-L1 protein
expression by immunohistochemistry (IHC) is emerging as a predictive biomarker of response to
these therapies. Here, we examine PD-L1 expression in a thymic epithelial tumor (TET) tissue
microarray (TMA).

Methods—The TMA contained 69 TETs and 17 thymic controls, with each case represented by
triplicate cores. The TMA was stained with rabbit monoclonal antibody (clone 15, Sino
Biological) to human PD-L1. PD-L1 staining was scored based on intensity as follows: 0=none,
1=equivocal/uninterpretable, 2=weak, and 3=intermediate-strong. Those cases with all cores
scoring 3 in the epithelial component were categorized as PD-L1"9" and the remaining as PD-
LlIOW.

Results—PD-L1N9" scores were more frequent in TETSs than controls (68.1% vs. 17.6%,
p=0.0036). PD-L1 scores and histology were significantly correlated, with higher intensity
staining in WHO B2/B3/C TETs. Only 14.8% of TETs had PD-L1 staining of associated
lymphocytes. In an adjusted analysis (age/gender), PD-L1M9" TETs had a significantly worse

Corresponding Author: Heather A. Wakelee, 875 Blake Wilbur Drive, Room 2233 MC 5826, Stanford, CA 94305, Tel: (650)
723-9094, Fax: (650) 724-3697, hwakelee@stanford.edu.

Conflicts of Interests and Sources of Funding: No COI related to this submitted work for the following authors: Sukhmani K.
Padda, Jonathan W. Riess, Erich J. Schwartz, Lu Tian, Holbrook E. Kohrt, Joel W. Neal, Robert B. West, Heather A. Wakelee

Heather A. Wakelee: No disclosures in relation to this submitted work. Disclosures outside the submitted work include consultancy to

Peregrine [money paid to author] and grants from Celgene, Genentech/Roche, Lilly, Pfizer, Medlmmune, AstraZeneca, Novartis,
BMS, Clovis, Exelixis, Regeneron, Xcovery [money paid to institution].

Joel W. Neal: No disclosures in relation to this submitted work. Disclosures outside of the submitted work include grants paid to
author and/or institution [Merck, ArQule, Genentech/Roche].



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Padda et al. Page 2

overall survival (HR 5.40, 95% CI 1.13-25.89, p=0.035) and a trend for worse event-free survival
(HR 2.94, 95% CI 0.94-9.24, p=0.064).

Conclusions—PD-L1 expression was present in all cases of TETs within the epithelial
component but only in a minority in the lymphocytic component. TETS stained more intensely for
PD-L1 than controls, and PD-L1M9" TETs were associated with more aggressive histology and
worse prognosis. This study lends rationale to a clinical trial with anti-PD1/PD-L1 therapy in this
rare tumor type.

Introduction

Thymic epithelial tumors (TETS), including thymomas and thymic carcinomas, are rare,
with an estimated incidence of 0.13 per 100,000 person-years in the United States.! The
origin of these tumaors, the thymus, is a complex immune organ critical in the creation of T-
cells that carry either a T-cell receptors (TCRS) or & TCRs.2 The thymus is essential in
building the T-cell repertoire, with positive selection occurring when af} T-cells contact
peptide-major histocompatibility (MHC) complexes to produce CD4* helper T-cells (MHC
I1) and CD8* cytotoxic T-cells (MHC I). The thymus is also essential for immune
homeostasis and self-tolerance via negative selection. T cells are removed when they exceed
a binding threshold for the MHC-peptide complex in the thymic medulla, and natural
regulatory T-cells are created via induction of transcription factor forkhead box P3
(FoxP3).3

Given the critical role of the thymus in immune function, it is not surprising that TETs are
associated with autoimmune conditions like myasthenia gravis* and pure red cell aplasia®,
and a higher rate of secondary malignancies.® These paraneoplastic conditions are associated
with disruption in the balance of regulatory T-cells and effector T-cells in both the
peripheral blood” and within the tumor microenvironment.8: As a proof-of-concept, after
thymectomy, it has been shown that this immune dysfunction improves; for example,
disproportionately high levels of peripheral blood cytotoxic CD45*CD8* T-cells implicated
in autoimmunity significantly decrease.’

The interaction of programmed death receptor ligand-1 (PD-L1) and its receptor
programmed death receptor-1 (PD-1) results in inhibition of the immune system.10 PD-L1 is
an immune checkpoint protein that is expressed on tumor cells and tumor infiltrating
immune cells (TILs) of many cancer types, with a variable impact on prognosis depending
on the tumor type.11 This pathway is also being targeted for cancer immunotherapy, with
clinical success seen across a variety of tumor types!? as exemplified by the recent approval
of PD-1 inhibitors, nivolumab in Japan and pembrolizumab in the United States for
unresectable melanoma. Expression of PD-L1 and PD-1 has been demonstrated in the
thymus of both mice and humans. In mice, PD-L1 protein expression is found on the most
immature double negative (CD4CD8") thymocyte population but not the more numerous
mature double positive (CD4*CD8") population.13 PD-L1 expression has also been found
on thymic epithelial cells at the RNA and protein level. 1415 PD-1 expression in the thymus
is induced at various stages of thymocyte development prior to T-cell clonal selection and is
critical via its interaction with PD-L1 for the regulation of positive selection and the final T-
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cell repertoire.16:17 Although the PD-1/PD-L1 interaction is critical in peripheral tolerance,
given its key role in positive selection, it may also play an important role in central
tolerance.1819

In a small series of TETSs reported by Brown et al in 2003, PD-L1 protein expression by
immunohistochemistry (IHC) was found on thymic epithelial cells in both the cortical and
medullary fetal thymus and majority of non-invasive thymomas (66.7%; n=10/15), invasive
thymomas (100%; n=11/11), and thymic carcinomas (87.5%; n=7/8).15 PD-L1 by IHC is
emerging as a predictive biomarker for anti-PD-1 and anti-PD-L1 therapies, with an
improved response rate in PD-L1 positive (PD-L1*) tumors.12 This biomarker's potential
predictive ability has been demonstrated despite the retrospective nature of testing, a variety
of antibodies and platforms being used for testing, and many definitions of PD-L1 positivity.
PD-L1 as a biomarker is currently being validated prospectively in clinical trials.

Given the importance of PD-1 and PD-L1 within the normal thymus and the emergence of
PD-L1 as a potential predictive biomarker for anti-PD-1 and anti-PD-L1 cancer
immunotherapy, we examined PD-L1 expression by IHC in a TET tissue microarray
(TMA).

Materials and Methods

This research was performed under an institutional review board approved protocol.
Formalin-fixed, paraffin-embedded tissue samples of TETs were obtained from surgical
pathology at Stanford University (Stanford, CA). A TMA was constructed from 69 TETs
and 17 thymic controls (including 9 paired non-neoplastic thymuses adjacent to tumor). Two
additional paired controls and two unpaired controls were not included in the analysis as
insufficient tissue remained on the stained levels. To maximize the number of thymic
epithelial cells, three 600-um cores were selected from each case. These cores were
generally selected from centrally located areas of the tumors. Majority of the cases had
representative tissue in the TMA from initial diagnosis, except for six cases that had tissue
from recurrence, including from a paravertebral mass, brain, diaphragmatic base, pleura and
the remaining two from the thymus/mediastinal mass. In addition, one stage 111 case had
representative tissue from lung secondary to direct invasion of the primary mediastinal mass.
TMAs were then manufactured per standard protocol as previously described.2021 The
scoring pathologist (E.J.S.) was blinded to clinical data and sample identity. After
completion of scoring, hematoxylin and eosin (H&E) stained sections were used to
reclassify tumors according to the 2004 WHO classification using the original sections when
available and where necessary. When a TET had a mixed histology, it was classified
according to its most dominant histology. Initially, 4 um sections of the microarray were
stained with clone 5H1, a murine monoclonal antibody (mAb) to human PD-L1 (Table 1).
Despite following previous guidelines on titration?2, in our hands this antibody had
significant non-specific staining, making meaningful scoring difficult. Thereafter, the TMA
was stained with clone 15 (Sino Biological), a rabbit mAb to human PD-L1. Normal
placenta was used for titration. A CK5/6 cytokeratin stain was used to aid in the localization
of PD-L1 expression to epithelial cells or lymphocytes.
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PD-L1 staining was scored based on intensity as follows: 0=no staining, 1=equivocal/
uninterpretable staining, 2=weak staining, and 3=intermediate-strong staining. For purposes
of defining PD-L1 positivity, only staining of epithelial cells was used. TETs and controls
with all representative cores in the TMA scoring 3 (intermediate-strong intensity) in the
epithelial component were categorized as PD-L1M9" and the remaining that did not fit this
criterion were categorized as PD-L1!°W, Given the diffuse staining of PD-L1, the score was
defined solely by the intensity of staining and not the threshold of percentage of cells
staining positive. The PD-L1 staining intensity score used for the epithelial component was
also utilized to score the lymphocytic component. In addition, the presence of tumor-
associated lymphocytes (TALS) were scored based on their percentage in the core:
O=minimal, 1= < 25% lymphocytes, and 2= > 25% lymphocytes. TETs and controls were
scored as LymphNi9n if all representative cores in the TMA had a score of 2 (> 25% cells),
with the remaining classified as Lymph!oW,

Equivocal scores due to inadequate specimens (IHC score 1) were excluded in the analysis.
This means that 5 TETs and 7 controls only had evaluable PD-L1 expression in one or two
representative cores. Regardless, in order to be classified as PD-L1M9M, all of the evaluable
representative cores had to have a staining intensity of 3 within the epithelial component. A
nonparametric permutation test was used to compare the PD-L1 intensity and TAL density,
respectively, between TETs and controls. A paired t-test was used to compare the PD-L1
intensity between TETSs and their paired adjacent non-neoplastic thymus. The Fisher's exact
test or Chi-square test was used to examine the relationship between categorical variables.
Event-free survival (EFS) for those cases without metastases at initial diagnosis was
measured from the date of diagnosis to the date of recurrence or death of any cause. Overall
survival (OS) was measured from the date of diagnosis to the date of death. Data was
updated as of April 01, 2014, and patients were censored when they were last known to be
alive. A proportional hazards model was used to examine outcomes of PD-L 19" versus PD-
L1'oW TETs and LymphNih versus Lymph!®W TETSs, respectively. Adjustment variables
included age, gender, and Masaoka-Koga stage or WHO histology or resection status.
Resection status was defined as RO (complete), R1 (microscopic disease), and R2
(macroscopic disease). There were four cases with early pathologic Masaoka-Koga stage at
diagnosis but their exact stage at diagnosis was not known, and they were excluded from
any analysis that involved adjustment of stage or resection status. A larger multivariate
model was not done due to limitations in sample size. A two sided p-value < 0.05 was
considered statistically significant.

Baseline Characteristics

There were a total of 69 cases of TETs (Table 2), with a mean patient age of 54.9 years
(range 2-86), 47.8% females, 91.3% with ECOG performance status 0-1 and 36.2% who had
a paraneoplastic syndrome. Pathologic Masaoka-Koga stage was predominantly early stage:
68.1% stage I-11b, 26.1% stage I11-1Vb, and 5.8% unknown. Histologies were predominantly
AB, B1, and B2. Majority of patients underwent a median sternotomy surgical approach
(81.2%) and had a complete thymectomy (87.0%).
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TETs Stain Intensely and Diffusely for PD-L1, with Staining Found Mostly on Epithelial
Cells and in a Minority of Tumor-Associated Lymphocytes (TALS)

The majority of PD-L1 staining was found on TET epithelial cells rather than TALs. When
staining was present, in almost all cases, it was diffuse (> 50% of cells in the core). PD-L1
staining was both membranous and cytoplasmic in all cases. Only two cases had nuclear
staining in addition. There were no PD-L1 intensity scores of 0 in either TETS or controls.
PD-L1Mg" scores were significantly more frequent in TETs than controls: 68.1% (n=47/69)
vs. 17.6% (n=3/17), respectively (p=0.0036) (Figure 1a and 1b). There was also a trend for a
higher proportion of PD-L1M9" scores in TETs when compared to their paired adjacent non-
neoplastic thymus (p=0.09). Only 14.8% of TALs from TETs (n=8/54) (Figure 1c) and
29.4% of lymphocytes from controls (n=5/17) stained for PD-L1. In almost all cases (except
one), PD-L1 intensity of TALs was weak with a score of 2. There was also no correlation
between PD-L1 intensity on epithelial cells and TAL density (p=0.31).

Characteristics were examined between PD-L1M9" TETs and PD-L1'°W TETs (Table 3).
There was no difference in the incidence of autoimmune disease between PD-L1M9" TETs
and PD-L1'°W TETs: 40.4% (n=19/47) vs. 27.3% (n=6/22), respectively, p=0.42. Despite the
vast timeframe in which tissues were acquired, there was also no difference in average age
of the specimens between PD-L 19" TETs and PD-L1'°W TETs (109.2 +/- 47.3 months vs.
101.2 +/- 52.1 months, respectively, p=0.54). There was also no association of PD-L1 score
and prior chemotherapy received (p=0.31). Imbalances in demographics between PD-L1nigh
TETs and PD-L1!°% TETs included older age by almost a decade in PD-L1!°% TETs
(p=0.035). There were no statistically significant differences noted between the groups in
regards to other demographic variables, site of biopsy represented in TMA (thymus versus
other), surgical approach, and completeness of thymectomy. PD-L1M9" TETs were
associated with higher stage (p=0.056), incomplete R1 or R2 resection status (p=0.053), and
more aggressive histology (p=0.039) in comparison to PD-L1!°W TETs. This is discussed in
further detail below.

More Intense PD-L1 Staining Associated with Higher Grade WHO Histologies

There was a statistically significant correlation between PD-L1 intensity and WHO
histology (p=0.039). Histologies are listed in order from those with the greatest percentage
of PD-L1M9N scores to those with the least: B3 (100%:; n=7/7) > B1 (76.9 %; n=10/13) = B2
(75.0%; n=15/20) = C (75%; n=3/4) > AB (58.8%; n=10/17) > A (25%; n=2/8). There was
also a statistically significant correlation with histology and stage (p<0.0001) in this cohort,
with more aggressive histologies associated with stage 111-1V disease: C (100%; n=4/4) > B3
(57.1%; n=4/7) > B2 (43.8%; n=7/16) > B1 (23.1%; n=3/13) > AB=A (0%). Of note, there
were no type B3 and C TETs with stage | disease.

As expected, the more aggressive WHO type B3 and C histologies had worse outcomes
compared to the other histologies. This translated into an EFS of 16.7 months vs. 92.3
months, respectively (age and gender adjusted HR 5.21, 95% CI 1.94-13.98, p=0.0011; EFS
events: WHO B3/C, 8 events of 10 and WHO other, 15 events of 54) and an OS of 25.4
months vs. > 105.5 months, respectively (adjusted HR 7.60, 95% CI 2.34-24.66, p=0.0007;
OS events: WHO B3/C, 7 events of 11 and WHO other, 8 events of 58). When additionally
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adjusting for stage, there was no difference in EFS between WHO type B3/C histologies
versus other histologies (HR 2.03, 95% CI 0.56-7.36, p=0.28). However, there was a
statistically significant worse OS (HR 6.24, 95% CI 1.55-25.07, p=0.0099).

PD-L1Nigh TETs have a Worse Prognosis after Adjusting for Age and Gender

In an unadjusted analysis, PD-L1M9" versus PD-L1'°W TETs had no difference in EFS (HR
1.94, 95% CI 0.71-5.29, p=0.20) or OS (HR 1.14, 95% CI 0.36-3.64, p=0.83) (Figure 2).
When adjusted for age and gender, PD-L1M9" TETs had a trend for worse EFS (HR 2.94,
95% ClI 0.94-9.24, p=0.064) and a statistically significant worse OS (HR 5.40, 95% CI
1.13-25.89, p=0.035) compared to PD-L1'°W TETs. For OS, the most important adjustment
was age (p=0.00069) and this result remained statistically significant after the case that was
only 2-years of age was excluded in a sensitivity analysis. PD-L1"9" TETs had a trend for
association with higher stage disease compared to PD-L1!°W TETs (Table 3; stage I11-1V:
31.9% vs. 13.6%, respectively, p=0.056). When additionally adjusting for stage, PD-L1high
TETSs no longer had a trend for worse EFS (HR 1.15, 95% CI 0.26-5.08, p=0.86) but
continued to have a trend for worse OS (HR 4.41, 95% CI 0.88-22.11, p=0.071). This
indicates that PD-L1 intensity may be prognostic independent of stage, at least for OS.
However, there were a limited number of events and high censoring in this retrospective
cohort (EFS events: PD-L1M9", 18 events of 44 and PD-L1'°%, 5 events of 20 and OS
events: PD-L1M9" 10 events of 47 and PD-L1!°%, 5 events of 22.).

In addition, PD-L1M9" TETs had a trend for a higher incomplete R1 or R2 resection rate
compared to PD-L1'°W TETs (Table 3; 36.3% vs. 14.3%, respectively p=0.053). There was
also a statistically significant correlation of stage and resection status in our cohort
(p<0.0001), with stage 111-1V disease more likely to suffer from R2 resections and stage I-11
TETSs having no R2 resections. Given the importance of resection status as a prognostic
factor in TETS, this was built into the multivariate model. When adjusting for age, gender,
and resection status, PD-L1M9" TETs did not have a significantly worse EFS compared to
PD-L1!°W TETs (HR 2.05, 95% CI 0.51-8.28, p=0.32), but did have a statistically significant
worse OS (HR 5.39, 95% CI 1.06-27.28, p=0.042). This indicates that PD-L1 intensity may
be prognostic independent of resection status, at least for OS. Adjustment for WHO
histology was not performed because of the significant correlation between PD-L1nigh
scores and more aggressive histologies. However, since more aggressive histology was
significantly correlated with stage (p<0.0001) and resection status (p<0.0001) in this cohort,
adjustment for either of these variables may have attenuated the significance of the results.

We also examined the outcomes of those TETs with PD-L1* TALs (n=8) and those without
TALSs (n=15) to the reference group of those with PD-L1 negative (PD-L1") TALs (n=46).

In an unadjusted analysis and an analysis adjusted for age, there was no significant
difference in EFS for either TETs with PD-L1* TALs (adjusted p=0.39) or TETs without
TALs (adjusted p=0.34). In an unadjusted analysis, there was a statistically significant
difference in OS, with worse OS for both those TETs with PD-L1* TALs (HR 7.19, 95% Cl
1.01-51.34, p=0.049) and those without TALs (HR 4.10, 95% CI 1.28-13.09, p=0.017).
However, when adjusting for age, this difference disappeared (PD-L1* TALs: HR 3.39, 95%
Cl 0.44-25.99, p=0.24 and No TALs: HR 1.39, 95% CI 0.30-6.58, p=0.68). This was most
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likely because age is significantly correlated with OS in our cohort and the average age

between the groups differed by almost a decade: no TALSs (age 67) > PD-L1* TALs (age 57)
> PD-L1" TALs (age 50). There was also no statistically significant interaction between PD-
L1 staining on epithelial cells and PD-L1 staining on TALS in a proportional hazards model.

Tumor-Associated Lymphocytes (TALs) Are Not Independently Prognostic and Reflect
WHO Histology

The abundance of TALs to some degree defines TET histology according to the WHO
classification.?3 As may be expected, there was a significant correlation between TALs and
WHO histology in our cohort (p< 0.0001). LymphMi9h scores were as follows: B2 (95.0%;
n=19/20) > B1 (76.9%; n=10/13) > AB (47.1%; n=8/17) > A (12.5%; n=1/8) > B3=C (0%).
Also as expected, thymic controls had a higher proportion of LymphNidh scores than TETs
(94.1% vs. 55.1%, respectively, p=0.0084). In an unadjusted analysis, there was a trend for
improved clinical outcomes for LymphMi9" TETs compared to Lymph!% TETs (EFS: HR
0.48, 95% CI 0.20-1.16, p=0.10; EFS events: Lymphhidh, 11 events of 34 and Lymph!oW, 12
events of 30/ OS: HR 0.26, 95% CI 0.08-0.83, p=0.023; OS events: Lymphhi9h | 5 events of
38 and Lymph!®W, 10 events of 31). When adjusting for age, gender, and stage, this trend
was attenuated (EFS: HR 0.70, 95% CI 0.26-1.88, p=0.48 and OS: HR 0.37, 95% ClI
0.097-1.40, p=0.14). However, the trend disappeared after adjusting for WHO histology
along with age and gender (EFS: HR 1.68, 95% CI 0.46-6.12, p=0.43 and OS: HR 1.38,
95% CI 0.27-7.17, p=0.70).

Discussion

Immune checkpoint blockade of PD-1 or PD-L1 is very promising, with activity across
many tumor types including melanoma, renal cell carcinoma, and lung cancer.12:24.25 pD-L1
expression by IHC is emerging as a potential predictive marker of response to these
therapies. In our study, we found diffuse PD-L1 protein expression on epithelial cells of all
TETSs, with higher intensity staining associated with more aggressive histologies and worse
clinical outcomes. In our series, the intensity of membranous or cytoplasmic epithelial
staining was most important. To our knowledge, this is the largest set of TETs examined for
PD-L1 expression and the first to study the impact of PD-L1 expression on clinical
outcomes in this rare tumor type. Expression of PD-L1 in TETSs is intriguing because TETs
are frequently associated with autoimmune conditions and immune dysfunction*?, and in
the normal thymus, the PD-1/PD-L1 interaction is critical for thymocyte selection.16:17

In our series, PD-L1M9" expression was a poor prognostic risk factor. This was most likely
because of its significant correlation with WHO histology, with PD-L1M9" TETs associated
with more aggressive histologies including type B3 thymomas and thymic carcinomas. This
was not a perfect correlation, with type B1, B2, and C TETs containing a similar percentage
of PD-L1M8h scores. In this cohort, PD-L1M9" TETs also had a trend for association with
other poor prognostic features including higher stage (p=0.056) and incomplete resection
status (p=0.053). In addition, more aggressive WHO histologies had a statistically
significant correlation with worse pathologic Masaoka-Koga stage (p<0.0001) and
incomplete resection status (p<0.0001). In the multivariate models adjusting for stage or
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resection status, the PD-L1 intensity score had a trend for being an independent prognostic
effect, at least for overall survival.

This association with PD-L1 expression and more aggressive histology has been shown in
other tumor types including non-small cell lung cancer, where those with sarcomatoid
features had a higher percentage of PD-L1 expression and intensity compared to other
subtypes.2® This has also been shown in sarcomatoid malignant mesothelioma?” and higher
grades of bladder cancer.28 PD-L1 expression in many series has a variable impact on
prognosis depending on the cancer type and the study. For example, PD-L1 expression has
been associated with a poor prognosis in breast cancer® and improved prognosis in
mismatch-repair proficient colorectal cancer 39 and lung cancer.3! However, even within a
cancer type, PD-L1 expression may have a contradictory impact on prognosis.32 There are
currently several variables in PD-L1 testing including: 1) the type of tissue stained (i.e.
formalin-fixed paraffin-embedded versus fresh tissue); 2) the quantity of sample stained (i.e.
small TMA sections versus tissue blocks); 3) testing of RNA versus protein; 4) and
definitions of PD-L1 positivity used. For testing of PD-L1 protein by IHC, there are also
several variables, including the antibodies used and automated versus manual IHC methods.
There have now been several reports of the difficulty in validating commercially available
PD-L1 antibodies and even poor concordance among performance of PD-L1 antibodies
within a single institution.31:33 This was confirmed in our experience. A specific limitation
in our study was that only one pathologist reviewed the PD-L1 score; however, the
pathologist was blinded to both clinical outcomes and sample identity.

The majority of the PD-1 and PD-L1 inhibitors in development are also co-developing a
companion diagnostic test of PD-L1 by IHC, as this is emerging as a potential predictor of
response to these therapies.12:34-37 The predictive ability of PD-L1 by IHC has mainly been
explored in relation to objective response rate (ORR) by RECIST 1.1 criteria. For each
company, there are different definitions of positivity for PD-L1 being used, including
staining on tumors cells, TILs, or both along with various thresholds for percentage of
positive cells and the use of different antibodies and IHC platforms. In the first reporting of
the phase 1 study with nivolumab, a fully human 1gG4 PD-1 inhibitor, PD-L1 (IHC)
appeared to be a very promising biomarker, with no responses in PD-L1" tumors and a 36%
ORR in PD-L1* tumors.12 Since that time, responses have been also noted in PD-L1-
tumors, although many studies have reported differential benefit in PD-L1* tumors. Of note,
a single definition of PD-L1 positivity may be predictive in only some tumor types3*35, and
its predictive capability can vary depending if positivity is defined on tumor cells or
TILs.36:37 Many of these studies suffer from examining tumors that have been pre-treated,
are retrospectively collected, and only represent a subset of the cohort. Therefore, this
biomarker is being validated prospectively in clinical trials. Unlike the current definitions of
PD-L1 positivity being employed in clinical trials, given the diffuse staining we observed on
TETs, our scoring system heavily relied on staining intensity rather than a threshold
percentage of cells staining positive. Despite finding epithelial cell/tumor cell PD-L1
staining of TETSs to be most important in our study, our ability to evaluate the prognostic
significance of PD-L1 staining on TALs was limited by the small sample size and the high
rate of censoring for survival outcomes.
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Unlike other solid tumors such as ovarian and colorectal cancer where TILs have prognostic
value38:39, TETs are defined histologically by their epithelial atypia and abundance of
lymphocytes. Abundant lymphocytes are seen in type AB, B1, and B2 TETs and are a minor
component in type A, B3, and most C TETSs, with type B3 and C being more aggressive
histologies.23 In our series, not surprisingly, there was a strong correlation between TALs
and histology in a mostly expected distribution. TALs were not an independent prognostic
feature in a proportional hazards model that adjusted for WHO histology.

Unfortunately, the standard of care in the treatment of TETSs is relatively unrefined due to
the rare nature of these diseases. Generally, when resectable, complete resections predict for
the longest survival.2C In the locally advanced/unresectable or metastatic first-line setting,
platinum-based therapies are used with palliative intent only*1:42, and there has been limited
utility of novel targeted therapies to date. Given the emergence of PD-L1 as a promising
predictive biomarker and the diffuse staining of PD-L1 seen in TETS in our study, the next
step is to conduct a clinical trial with anti-PD-1 or anti-PD-L1 therapy in this rare tumor
type. Generally, anti-PD-1 and anti-PD-L1 therapies are well tolerated, with a unique side
effect of immune-related adverse events (iIAEs).12:2443 However, when considering this
therapy in TETS, caution should be taken given the high burden of associated autoimmune
disorders such as myasthenia gravis.*

In conclusion, our study showed high PD-L1 expression in TETs, with higher staining
intensity seen in TETSs than controls and PD-L1M9" TETs associated with a worse prognosis.
PD-L1 by IHC is evolving as a predictive biomarker, with various antibodies and definitions
of positivity being used. Despite this variety, across many trials, PD-L1* tumors appear to
have a differential benefit with PD-1 and PD-L1 targeted immunotherapies. Further
validation of this biomarker and standardization needs to be performed. However, diffuse
and intense PD-L1 expression in TETs lends rationale to a trial with this therapy for this rare
tumor type. Caution will need to be heeded since TETS are associated with autoimmune
conditions.
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Figure 1.
Magnification x300. Panel A is a type B2 thymoma, Panel B is normal thymus, and Panel C

is a micronodular thymoma with lymphoid stroma. Stains include H&E (left column),
CK5/6 (middle column) highlighting thymic epithelial cells, and PD-L1 (right column). In
panel A and B, only the epithelial cells stain for PD-L1. Panel C shows PD-L1 staining of
both thymic epithelial cells and lymphocytes. Panels A, B, and C show strong (IHC 3), weak
(IHC 2), and intermediate (IHC 3) PD-L1 staining, respectively.
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Figure 2.

PD-L1 Intensity and Outcomes (a) Overall Survival (OS) with stratification by age < 50
years old, (b) OS with stratification by age = 50 years old, (C) Event-free survival (EFS).
PD-L1M9" TETs demonstrate no difference in EFS and OS in an unadjusted analysis. When
adjusted for age and gender, PD-L1 high TETSs had a statistically significant worse OS, with
age being the most important adjustment. PD-L1 high TETSs also had a trend for worse EFS
when adjusted for age and gender, with adjustment favoring females. OS events: PD-L1Migh,
10 events of 47 and PD-L1!°W 5 events of 22. EFS Events: PD-L1M9", 18 events of 44 and

PD-L1oW, 5 events of 20.
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Table 1
Immunohistochemical Staining Protocols
Antibody | Clone Dilution | Staining Conditions
PD-L12 5H1 (murine mADb) 1:100 DAKO/EDTA/Tris
pPD-L1b 15 (rabbit mAb) 1:1000 DAKO/EDTA/Tris
CK5/6€ D5 &16B4 (murine mAbs) | 1:50 Leica/Leica ER2 (EDTA)

mADb, monoclonal antibody

aYale Dr Lieping Chen

bSino Biological, Beijing, China

CCeII Marque catalog number 356M-16
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Table 2

Baseline Characteristics

J Thorac Oncol.

Variable n (%)
Age, mean years 54.9
(range) (2-86)
Gender
Female 33(47.8)
Male 36 (52.2)
ECOG PS
0 35(50.7)
1 28 (40.6)
2 5(7.2)
3 1(1.4)
Paraneoplastic Syndrome
Myasthenia Gravis 16 (23.2)
Pure Red Cell Aplasia 2(2.9)
Hypogammaglobulinemia 1(1.9)
Other & 6(8.7)
None 44 (63.8)
Pathologic Masaoka Stage b
I 32 (46.4)
I 15 (21.7)
1A 3
11B 12
1] 12 (17.4)
v 6(8.7)
IVA 5
VB 1
Unknown 4(5.8)
WHO Histology ©
A 8 (11.6)
AB 17 (24.6)
B1 13 (18.8)
B2 20 (29.0)
B3 7(10.1)
c 4(5.8)
Chemotherapy Prior to Biopsy in TMA | 12 (17.4)
Average Age of Specimen 106.7
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Variable | n (%)
(mo, calculated from 4/1/2014) | (26.7-209.8)
Metastases at Diagnosis d | 5(7.2)
Thymectomy
Unknown 4(5.8)
Partial 5(7.2)
Complete 60 (87.0)

Surgical Approach €

Sternotomy 56 (81.2)
Thoracotomy 5(7.2)
Transcervical 1(1.4)
VATS 2(29)
Hemiclamshell 1(1.4)
Unknown 4(5.8)

Resection Status f

RO 46 (66.7)
R1 9(13.0)
R2 10 (14.5)
Unknown 4(5.8)
Induction Chemotherapy 9 14(20.3)

*all platinum-based

Adjuvant Radiation 20 (29.0)

ECOG PS, Eastern Cooperative Oncology Group Performance Status; mo, months; TMA=tissue microarray; VATS=video-assisted thoracoscopy

a . . . . . L .
Other paraneoplastic syndromes include 1 case each of lymphocytic myocarditis, rheumatoid arthritis, minimal change nephrotic syndrome,
enteropathy, dermatomyositis, and Guillain-Barre syndrome.

Initial pathologic Masaoka-Koga stage was unknown in 4 patients but these patients were known not to have metastatic disease at initial
diagnosis. One stage IVVA patient had a radical resection and was considered not to have metastases at diagnosis. Of the four unknown stages, all

had a prolonged time from initial diagnosis to recurrence (range: 42.3-219.6 months).

‘A micronodular thymoma with lymphoid stroma was classified as type A; 3 classified as B1 were mixed B1/B2; 1 classified as B3 was mixed
B2/B3; and 1 classified as C was mixed B3/C.

Those cases with metastases at diagnosis were all stage IV. There was one stage IV case without metastases at diagnosis because of radical
resection that was performed. However, the remaining are non-metastatic stage I-111 cases.

e2 of the sternotomies were performed with a thoracotomy and 2 additional were performed with a VATS.
fOf the R2 resections, stages were as follows: 3 IVA, 2 IVB, and 5 I1I. Of the R1 resections, stages were as follows: 3 11A, 2 11B, 3 11I, and 1 IVA.

gOf those cases that received induction therapy, 11 had advanced stage I11-1V disease. Of those cases that received adjuvant radiation, 13 had
advanced stage 11-1V disease and 13 had R1 or R2 resection status.
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Characteristics of PD-L1M9" TETs versus PD-L1'°% TETs

Table 3

Page 17

Characteristic

| PD-L1Mgh TETs (n=47) | PD-L1'% TETs (n=22) |

Chi-square or Fisher's exact test

J Thorac Oncol.

Age, mean years | 51.9 | 61.4 | p=0.035*
Gender
Male 55.3% 45.5% p=0.61
Female 44.7% 54.5%
ECOG PS
0 53.2% 45.5% p=0.23
1 34.0% 54.5%
2 10.6% 0%
3 2.1% 0%
Paraneoplastic Syndrome 40.4% 27.3% p=0.42
WHO Histology
A 4.3% 27.3% p=0.039*
AB 21.2% 31.8%
B1 21.2% 13.6%
B2 31.9% 22.7%
B3 14.9% 0%
C 6.4% 4.5%
Stage &
| 38.7% 71.5% p=0.056*
1 27.2% 14.3%
1 25.0% 4.7%
v 9.1% 9.5%
Resection Status &
RO 63.7% 85.7% p=0.053*
R1 20.4% 0%
R2 15.9% 14.3%
Site of Biopsy
Thymus 91.5% 95.5% p=1.00
Other 8.5% 4.5%
Age of Specimen, mean months | 109.2 +/- 47.3 | 101.2 +/-52.1 | p=0.54
Prior Chemotherapy to Biopsy in TMA | 21.3% | 9.1% | p=0.31
Thymectomy &
Complete 93.2% 90.5% p=0.66
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Characteristic | PD-L1Mgh TETs (n=47) | PD-L1'% TETs (n=22) | Chi-square or Fisher's exact test
Partial | 6.8% | 9.5% |

Surgical Approach &
Median Sternotomy 86.3% 85.7% p=1.00
Other 13.7% 14.3%

Chi-square or Fisher's exact tests were performed to determine differences in characteristics between PD-L1NiG and pD-L10W TETS. Two-sided

p-values < 0.05 are statistically significant and indicated by (*). Two-sided p-values < 0.1 indicate a trend for significance and are indicated by (*)

aThere were 4 cases that were not evaluable for the following characteristics because of unknown details at initial diagnosis including (3 PD-

L1high ang 1- PD-L1|0W): stage, resection status, completeness of thymectomy, and surgical approach. Regardless, all categories should add up to

~100%.
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