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Abstract

Background: Immunotherapy is currently under investigation in B3 Thymoma (TB3) and Thymic Carcinoma (TC).
PD-L1 expression has been evaluated on a limited number of patients with selected antibodies. We aimed to
analyze cohort of TB3 and TC with a panel of antibodies to assess the prevalence of PD-L1 expression, its
prognostic value and to set up a reproducible test.

Methods: We retrospectively studied 103 patients samples of FFPE histologically confirmed TB3 (n = 53) and TC
(n = 50) by expert pathologists within the RYTHMIC national network. We compared PD-L1, PD1, CD8 and PD-L2
expression and performed correlation with tumor types and patients outcomes. Four PD-L1 antibodies were tested,
three of them validated as companion tests in lung cancer, one tested on two automates on whole section of
tumors. We evaluated the percentage and intensity of both epithelial and immune stained cells.

Results: TB3 epithelial cells had a higher and more diffuse expression of PD-L1 than TC regardless the antibodies
tested (p < 0.0001). Three out of four antibodies targeting PD-L1 tested on the DAKO autostainer gave similar
staining. Concordance between antibodies was lower for PD-L1 staining on immune cells with no significant
difference between TB3 and TC except on E1L3N antibody. PD-L2 antibody stained no tumor epithelial cells. High
PD-L1 expression was correlated with a better overall survival for TB3 and was not correlated with tumor staging.

Conclusion: Frequent PD-L1 expression, particularly in TB3, paves the way for immunotherapy in TET (Thymic
Epithelial Tumor). Otherwise, we have set up three reproducible LDT (laboratory-developed test) for four PD-L1
antibodies.
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Introduction
Thymic epithelial tumors are rare. They represent a wide
range of anatomical, histological, clinical, and molecular
malignant entities, which may be aggressive and difficult
to treat [1]. Most of them are surgically removed, either
as a primary intervention for well-circumscribed tumors
or after a neoadjuvant treatment. Into the WHO classifi-
cation, there are five main subtypes (A, AB, B1, B2, and
B3) which can be broadly divided into thymomas con-
taining a majority of epithelial cells and thymomas com-
posed of neoplastic epithelial cells mixed with variable
abundance of immature T-cells. Type B3 thymoma
(TB3) has a poor prognosis due to an often late stage
diagnosis. Thymic carcinomas (TC) are set apart from
thymoma as a diverse group of tumors with overt, often
high grade, malignant behavior [2]. These two latter
types of tumors are not always eligible for a surgical
treatment due to their invasive properties. Chemother-
apy and radiotherapy are thus often recommended with
inconstant results [3]. No targeted therapy validated in
lung cancer has been shown to be efficient for these tu-
mors due to the lack of known oncogenic molecular al-
terations. Anti-angiogenic agents [4], cKIT [5] and
mTOR inhibitors [6] have been tested in limited series
of stage IV diseases.
The thymus is a crucial organ for the development of

the immune system, especially for the selection of T-cells
with appropriate self-tolerance. Although the physiopa-
thology is not elucidated, auto-immune diseases are fre-
quently associated with B1 and B2 subtypes, in particular
myasthenia gravis. Immunotherapy may be a promising
option for the treatment of advanced refractory TET
(Thymic Epithelial Tumor) that are rarely associated with
auto-immune diseases. Meanwhile, immunotherapy has
recently entered the arsenal of therapeutic strategies in
lung cancer [7]. The efficacy of immunotherapy is known
to be correlated with the level of PD-L1 expression [8, 9].
Many different clones of PD-L1 antibodies have been
tested in different tumors, in academic studies or clinical
trials, as on different immunohistochemistry automates.
In thymic tumors, early clinical trials have reported prom-
ising efficacy of PD1 inhibitors. In a phase 2 study, PD-L1
immunohistochemistry data were available for 37 thymic
carcinomas. Positive staining (Dako 22C3) for PD-L1 in at
least 50% tumors indicating high PD-L1 expression, was
found in ten (25%) patients, six of whom had presented a
partial or complete response [10]. The expression of PD-
L1 in thymoma has been lately reported reaching from 23
to 70% according to tumor subtypes [11–13]. Neverthe-
less, immunohistochemistry was performed on tumor mi-
croarrays with single antibodies being rarely used in the
development of current checkpoint inhibitors. The main
objective of our work was to compare four major existing
PD-L1 antibodies, three of them validated as companion

tests in lung cancer in a national cohort of both TB3 and
TC. The secondary objective was to compare PD-L1 ex-
pression to PD1, CD8 and PD-L2 expression and to cor-
relate results with tumor types and patient’s outcomes.

Materials and methods
Patients
A total of 103 samples of FFPE histologically confirmed
TB3 (n = 53) and TC (n = 50) from the RYTHMIC Na-
tional Network have been analyzed [14]. Twenty samples
were biopsies and 83 were surgically resected tumors.
For each sample, the diagnosis was centrally reviewed by
a national panel of pathologists according to the latest
2015 WHO classification [15]. Clinico-pathological vari-
ables were collected for analyses including sex, age at
diagnosis, tumor type according to the WHO classifica-
tion, size, stage, relapse date and last news date. Samples
characteristics are detailed in Table 1.

Immunohistochemistry
All antibodies were tested on whole sections of tumors
instead of TMA to assess staining heterogeneity.

PD-L1 antibodies
A first set of three antibodies was tested: Clone E1L3N
(Cell Signaling Technology, Danvers, MA, USA), clone
22C3 (Pharm Dx kit, DAKO, Agilent Technology, Santa
Clara, CA, USA) and clone SP142 (Spring Bioscience,
Pleasanton, CA, USA). We completed the study with
the SP263 assay (Ventana Medical System, Tucson,
USA) when it became commercially available, but we
could only determine the SP263 status for 83 samples.
SP142 was tested both as CA on Benchmark Ultra or as
LDT on Dako autostainer, E1L3N was tested as LDT
on Dako autostainer. PD-L1 22C3 PharmDx assay was
performed on Dako Autostainer 48 according to the
manufacturer’s instructions. PD-L1 SP263 commercial

Table 1 Thymic epithelial tumors characteristics

N = 103 patients

Histology WHO 2015

Thymoma B2/B3 18 (17%)

Thymoma B3 35 (34%)

Thymoma B3/C 4 (4%)

Thymic carcinoma 46 (45%)

Type

Biopsy 20 (19%)

Surgical resection 83 (81%)

Tumor

Initial resection 89 (86%)

Recurrence 4 (4%)

Metastasis 10 (10%)
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assay was performed on Benchmark Ultra according to
the manufacturer’s instructions. See Table 2 for further
details.

Other antibodies
Tested were: PD1 (NAT105, Ventana Medical System, Tuc-
son, USA), CD8 (SP57, Ventana Medical System, Tucson,
USA), PD-L2 (D7U8C, Cell Signaling Technology, Danvers,
MA, USA).
Sections were deparaffinized, rehydrated and heated for

antigen retrieval, 20min in high buffer (DAKO) (PD-L1
SP142, PD-L1 E1L3N, and PD-L2), and 64min CC1 (PD1
and CD8). Immunohistochemistry was performed on
Dako Link autostain (PD-L1 and PD-L2) with envision
flex system or on Ventana Benchmark (PD1 and CD8)
with Optiview revelation system. Slides were incubated
with primary antibodies 1 h at a 1/100 dilution (PD-L1,
SP-142), 1 h at a 1/500 dilution (PD-L1, E1L3N), 1 h at 1/
100 dilution (PD-L2), 32min (prediluted PD1) and 20min
(prediluted CD8).

Technical data are summarized in Table 2. All the
slides were incubated in di-amino-benzindine (DAB)
and counterstained with hematoxylin, dehydrated and
mounted. Two independent experienced readers exam-
ined the slides and evaluated the percentage and inten-
sity of epithelial and immune stained cells.
PD-L1 positive epithelial cells were defined as having a

clear peripheral membrane staining according to the
scoring already used in lung cancer clinical trials. Cyto-
plasmic staining was not considered as positive (Fig. 1).
In order to evaluate the role of staining intensity, a

semi-quantitative scoring was used with three levels of
intensity 1+, 2+ and 3+ and a H score was established as
previously described in the literature. For the immune
cells we evaluated both intensity and percentage.

Statistical data analysis
Data were summarized by frequency and percentage for
categorical variables and by median and range for con-
tinuous variables.

Comparisons between antibodies were performed
using the Wilcoxon signed rank test for paired compari-
sons. Correlations were assessed using the Spearman’s
rank correlation coefficient.
IHC expressions were then dichotomized according to

thresholds 1 and 50% (negative vs. positive). Concord-
ance was evaluated using Kappa Statistics. The associ-
ation between IHC level (positive vs. negative) and
clinical covariates were performed with Pearson’s chi-
squared or Fisher’s exact tests.
Patients with only metastatic samples were excluded

of the survival analysis study. All survival times were cal-
culated from the collection date of samples (initial diag-
nosis) and estimated by the Kaplan Meier method with
95% confidence intervals (CI), through the use of the fol-
lowing first-event definitions: progression or death for
Relapse Free Survival (RFS) and death for Overall Sur-
vival (OS). Patients alive were censored at the date of
last follow-up. Univariable analyses were performed
using the log-rank test. All reported p-values were two-
sided. For all statistical tests, differences were considered
significant at a 5% level. All statistical analyses were con-
ducted using STATA 12.0 software.

Results
Patients’ characteristics
We analyzed 103 patients including 53 TB3 and 50 TC.
Samples were issued from surgical specimens (n = 83) or
biopsy (n = 20). Most of patients were men with a me-
dian age of 57 years old. Patients’ characteristics are de-
tailed in Table 3.

PD-L1 immunostaining
We have first analyzed PDL1 expression using four
different antibodies (Table 2). PD-L1 expression was
found positive using a 50% threshold in approxima-
tively half of the patients with reproducible results
across the antibodies: 51% with 22C3 pharm DX
assay, 52% with E1L3N antibody on Dako Autostai-
ner, 51% with SP142 antibody on Dako Autostainer,
53% with SP263 CA on Ventana Benchmark Ultra.

Table 2 Antibodies and technical data

Antibody Clone Provider Visualisation system Dilution

PD-L1 E1L3N (LDT) Cell Signaling Technology Envision Flex Sytem Dako 1/500

PD-L1 22C3 (CA) Agilent (Dako) Envision Flex Sytem Dako Prediluted

PD-L1 SP263 (CA) Roche Ventana Optiview system Ventana Prediluted

PD-L1 SP142 (LDT) Roche (Spring biosciences) Envision Flex Sytem Dako 1/100

PD-L1 SP142 (CA) Roche (Spring biosciences) Optiview system Ventana 1/60

PD1 Nat105 Roche Ventana Optiview system Ventana Prediluted

CD8 SP57 Roche Ventana Optiview system Ventana Prediluted

PD-L2 D7U8C Cell Signaling Technology Envision Flex Sytem Dako 1/100
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The only exception was observed with SP142 antibody
used with Ventana Benchmark Ultra which was posi-
tive in only 20% of the analyzed tumors (Fig. 2).
Using a 1% threshold, around 80% of the tumors
were positive with all antibodies except for SP142 on
Ventana automate (64%) (Table 4).
PD-L1 expression on epithelial cells was higher and

more diffuse in TB3 compared to TC for all antibodies
(p < 0.0001) ranging from 81 to 92% for TB3 and 20 to
24% for TC with 50% cut-off and from 92 to 98% for
TB3 and 66 to 73% for TC using 1% cutoff (Table 4).
We found a significant difference for both 1 and 50%

cut-off with all antibodies except SP142 on Ventana
automate (Table 4).
As in most studies published concerning other tumors,

the staining intensity and the H-score did not appear to
be relevant.
PD-L1 expression was not associated with tumor stage

no matter the antibody applied. Interestingly, PD-L1 was
statistically more frequently expressed in tumors with
paraneoplastic syndrome regardless the antibodies. On
the contrary, sex, age and tumor stage had no impact on
PD-L1 expression.

Concordance between PD-L1 antibodies on epithelial
tumors cells
We next analyzed the correlation between the antibodies
used. Therefore, a good concordance was observed be-
tween the four antibodies on TC and TB3 using both 1
and 50% cut-off (Table 5 and 6).
Interestingly, we obtained a similar staining for all

antibodies tested as LDT (Table 2) and for SP263 Assay.
SP142 is less expressed when tested as CA on the
Benchmark Ultra: this assay has been considered in con-
cordance studies published in the field of lung cancer as
less relevant than the others.
Concerning immune cells, we found a low concord-

ance between antibodies and a significant difference be-
tween TB3 and TC was found only using E1L3N
antibody (Table 7).

Other biomarkers analysis
Concerning other biomarkers and clinical correlations,
we found no expression for PDL2. Concerning CD8, all
the samples presented an immune cells staining. Using a
1% threshold, we found no significant difference between

Fig. 1 PD-L1 Thymoma staining comparaison. Commercial Assays (CA): PDL1 22C3 PharmDx Dako (a); Ventana PD-L1 SP142 Assay (b), Ventana
PD-L1 S263 Assay (c) Laboratory developed test (LDT): PD-L 1-E1L3N cell signaling technology (d); PDL1-SP142 Ventana (e)

Table 3 Patients characteristics

N = 103 patients

Sex

Male 62 (60%)

Female 41 (40%)

Paraneoplasic syndrome

No 32 (76%)

Yes 10 (24%)

Missing 61

Recurrence

No 14 (22%)

Yes 50 (78%)

Missing 39

Survival

Alive 72 (81%)

Dead 17 (19%)

Missing 14 (non primary tumors)
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TB3 and TC. Conversely, using a 50% threshold we
found a less frequent expression in TC (p < 0,0001). PD1
stained no tumor cell, and for immune cells in most of
cases the proportion of positive cells was around 1%
without any significant difference between TB3 and TC.
We found no correlation between PD1 and CD8 expres-
sion by immune cells and PD-L1 expression on tumor
cells (Table 8).

Prognostic value of PD-L1 and other biomarkers
Median follow-up was 41 months (data available for 89
patients). One-year, three-year and five-year survival
were 92, 77 and 67% respectively. As expected, survival
was superior in TB3 when compared to TC (p = 0.04,
Fig. 3). There was no correlation between PD-L1 expres-
sion and overall survival in the whole population. Pro-
gression free survival available for 48 patients, was 82,

Fig. 2 Comparison of B3 Thymomas (TB3) (a to h) and Thymic Carcinoma (TC) (I to p) staining with Commercial Assays (CA) and Laboratory
developed tests (LDT). HE staining (a, i); CA, PD-L1 22C3 PharmDx Dako (b, j); CA, Ventana PDL1 SP142 Assay (c, k); CA, Ventana PD-L1 S263 Assay
(d, l); LDT PD-L1-E1L3N cell signaling technology (e, m); LDT PD-L1-SP142 Ventana (f, n); CA CD8-SP57 (g, o); CA PD1-NAT105 (h,p)

Table 4 Percentage of positivity of tumor cells with 50 and 1% threshold

Positive tumor cells 50% threshold TB3 TC P value TB3 and TC

PD-L1 E1L3N (LDT) 44 (83%) 10 (20%) < 0,0001 54/103 (52%)

PD-L1 22C3 (CA) 41 (77%) 12 (24%) < 0,0001 53/103 (51%)

PD-L1 SP142 on Dako (LDT) 42 (81%) 10 (20%) < 0,0001 52/102 (51%)

PD-L1 SP142 on ventana (CA) 4 (29%) 1 (09%) =0,3406 5/25 (20%)

PD-L1 Sp263 (CA) 45 (92%) 10 (23%) < 0,0001 55/93 (53%)

Positive tumor cells 1% threshold TB3 TC P value TB3 and TC

PD-L1 E1L3N (LDT) 51 (96%) 36 (72%) =0,0007 87/103 (84%)

PD-L1 22C3 (CA) 49 (92%) 35 (70%) =0,0033 84/103 (82%)

PD-L1 SP142 on Dako (LDT) 48 (92%) 33 (66%) =0,0010 81/102 (79%)

PD-L1 SP142 on ventana (CA) 10 (71%) 6 (54%) =0,4341 16/25 (64%)

PD-L1 Sp263 (CA) 48 (98%) 32 (73%) =0,0005 80/93 (86%)
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55 and 40% at one, two and 3 years respectively and was
also worse in TC compared to TB3 (p = 0.01) (Fig. 4).
We then analyzed the impact of PD-L1 expression on
PFS patients. In the subgroup of TB3, PD-L1 expression
was significantly associated with a better PFS no matter
which antibody was used (Fig. 5). PFS was almost double
in patients with PDL1 expression regardless the antibody
used for PD-L1 detection and the cut-off (1% vs. 50%).

Discussion
We here demonstrated that B3 thymoma and thymic car-
cinoma frequently express PD-L1. Our study strengths are
its large size, the use of four different clones of PD-L1 anti-
bodies and the context of a national cohort with well-
annotated tumors and validated diagnosis by a panel of
expert pathologists. Our research was restricted to B3
thymoma and thymic carcinoma because immunotherapy
use is limited to these subtypes and because their epithelial
component fits for epithelial expression analysis of PD-L1.

PDL1 expression in thymic tumors has been recently
reported with conflicting data regarding its prognostic
value. Katsuya et al. performed a tissue microarray
(TMA) of thymomas and thymic carcinomas with a
rabbit monoclonal PD-L1 antibody (clone E1L3N) [13].
They have reported that PD-L1 expression increased ac-
cording to tumor types (from 23% in types A, AB and B)
vs 70% in thymic carcinoma. PD-L1 was not related to
prognostic. Padda et al. also performed a TMA analysis
with two clones (5H1 and 15) [11]. PD-L1 high scores
were more frequent in TETs than in thymic controls
(68.1% versus 17.6%). PD-L1 scores and histology were
significantly correlated, with higher intensity staining in
B1 and B2 thymomas. PD-L1 expression was associated
with a significantly worse overall survival. Yokohama
et al. performed a monocentric study using a rabbit
monoclonal anti-PD-L1 (EPR1161 Abcam) and reported
that 54% of thymomas revealed high PD-L1 expression
[12]. In a recent study, PD-L1 was found positive in 61/

Table 5 Concordance between PD-L1 antibodies on tumors cells 50% threshold
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Table 6 Concordance between PD-L1 antibodies on tumors cells 1% threshold

Table 7 Percentage of positivity of lymphoid cells with 50 and 1% threshold

Positive lymphoid cells 50% threshold TB3 TC P value

PD-L1 E1L3N (LDT) 0/53 (0%) 10/50 (20%) =0,0004

PD-L1 22C3 (CA) 0/53 (0%) 1/50 (2%) =0,4854

PD-L1 SP142 on Dako (LDT) 0/51 (0%) 3/50 (6%) =0,1171

PD-L1 SP142 on ventana (CA) 0/14 (0%) 0/11 (0%)

PD-L1 Sp263 (CA) 0/46 (0%) 0/42 (0%)

Positive lymphoid cells 1% threshold TB3 TC P value

PD-L1 E1L3N (LDT) 23/53 (43%) 24/53 (48%) =0,6392

PD-L1 22C3 (CA) 16/53 (30%) 25/50 (50%) =0,0401

PD-L1 SP142 on Dako (LDT) 12/51 (23%) 18/50 (36%) =0,1703

PD-L1 SP142 on ventana (CA) 4/14 (27%) 6/11 (54%) =0,2406

PD-L1 Sp263 (CA) 5/46 (11%) 18/42 (43%) =0,0006
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100 cases (61%) including 14/26 thymic carcinomas
(54%) and 47/74 thymomas (64%). There was no statis-
tical difference between PD-1 or PD-L1 expression sta-
tus and other clinicopathological parameters including
overall survival [16]. In addition, in another cohort, PD-
L1 was expressed in 90% of non-neoplastic thymus, 92%
of thymomas, and 50% of carcinomas tissues, with sig-
nificantly higher scores in B2 and B3 thymomas and car-
cinomas than in AB and B1 thymomas [17]. In a more
recent work on 35 resected thymoma, PD-L1 expression
was detected in 83% (29/35) tumor samples, including
100% (3/3) of thymic carcinoma patients and 81% (26/
32) of thymoma patients using 22C3 antibody [18]. None
of these papers have compared companion tests of lung
clinical trials. Conflicting data have been recently pub-
lished regarding the prognostic value of PDL1. Wei et al.
found no impact of PD-L1 expression on survival but
high PD-L1 was associated with advanced Masaoka sta-
ging and high-grade histology in surgically treated thym-
oma [19]). In two other studies, PD-L1 expression had
no impact of PFS and 5 yr survival [18, 20]. In patients
with advanced thymic carcinoma, the median PFS was
higher in the low PD-L1 group vs the high PD-L1 group
(23.5 vs 13.3 months) [21]. Lastly Arbour et al. reported
that PD-L1 expression was more common in thymomas
compared to thymic carcinoma and was associated with

longer overall survival (Arbour KC, PLoS One 2017) in
line with our findings.
This is the first study that compares four different

clones of PD-L1 antibodies, three of them previously
used in lung or melanoma clinical trials, the fourth one
E1L3N being used in numerous clinical studies. Our
work allowed us to develop reproducible and compar-
able immunohistochemical processes for the four anti-
bodies tested: 22C3 pharmDX and SP263 assays are
captive tests and did not necessitate any technical adap-
tation. The SP142 has been recently developed to be-
come a captive test too. However, in our study, we have
tested the free antibody on two different automates and
we found a high concordance with the other antibodies
concerning the epithelial cells staining only when it was
used on Dako autostainer 48. The last one, E13LN, re-
quired a relatively easy technical adaptation. Therefore,
we have demonstrated that after some technical adapta-
tions, the four clones may provide very reproducible re-
sults. The preanalytic phase has been shown to be
critical and to have a real impact on PD-L1 expression.
We have here restrained our study to formalin-fixed tis-
sues but there was a great heterogeneity in our series
with tumors arising from different centers and some old
archived cases. However, we have obtained homoge-
neous results that favor the hypothesis of relatively

Table 8 CD8 and PD1 positivity in tumor and lymphoid cells

Positive cells TB3 N = 53 TC N = 50 P value TB3 and TC Positive cells

CD8 tumor cells 2 (4%) 1 (2%) = 1000 3/103 (3%)

CD8 lymphoid cells 48 (91%) 23 (46%) < 0,0001 71/103 (69%)

PD1 tumor cells 0 (0%) 0 (0%) – 0 (0%)

PD1 lymphoid cells 0 (0%) 0 (0%) – 0 (0%)

Fig. 3 Overall survival according to histology
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robust antibodies. These results are similar to those re-
ported in lung cancer KEYNOTE 010 trial that had
shown a good reproducibility of results between archived
tissues and fresh biopsies [22].
Our work has shown a high reproducibility between

the four clones for the epithelial cells staining which is
usually clear-cut. Immune cells staining is less clear,
sometimes granular and seems to be more frequent in
thymic carcinoma and tends to be inversely expressed
than in epithelial cells. This may be due to the particular
morphology of thymic tumors: in B3 thymomas there
are very few immune cells whereas, in thymic carcinoma
they are usually well separated from the epithelial cells
without interface patterns. The difference in PDL1 epi-
thelial tumor expression is clear between B3 thymomas,
which usually show a high and diffuse expression, and
thymic carcinomas, which seem to have a more focal
and heterogeneous expression. In our series, the 1 and
50% positive tumor epithelial cells thresholds appear to
be highly significant in order to differentiate B3 thym-
omas from thymic carcinomas. These thresholds have
been reported to be reliable to a good clinical response
to pembrolizumab treatment in Lung cancer trials [23].
The 50% threshold is now considered for the first line
treatment use of pembrolizumab in lung cancer and the
1% threshold for its second line use.
Regarding immune cells we found no significant

threshold but interestingly we came up with a significant
difference between TB3 and TC only for E1L3N clone.
Noteworthily, other immune biomarkers may be of

interest in thymoma. The frequency of MSI has been re-
ported around 10% in a series of 55 patients [24]. High
tumor mutational burden was observed frequently in
thymic carcinoma and was associated with worse sur-
vival [25]. No specific immune-related signature was re-
ported in genetic characterization of thymoma [26].

Thymic tumours management is a paradigm of co-
operation between clinicians, surgeons, and pathologists
from establishing the diagnosis to organizing the thera-
peutic strategy. The PD1-PD-L1 axis can be targeted
thanks to immune checkpoint inhibitors with clinical
success observed across many tumor types including
thoracic malignancies. Given the high frequency of PD-
L1 expression in our series we anticipated that it may be
a promising target in thymomas. Preliminary results of a
recent phase II trial have reported interesting activity of
pembrolizumab in this disease. Conversely attention
should be paid on the risk of immune-related side effects
in a disease that is known for the frequency of paraneo-
plastic syndrome.
Based on our results, patients with stage B3 thym-

oma appears to be the best candidates for such a
strategy because of the high expression of PD-L1,
but some thymic carcinomas with PD-L1 expression
on epithelial or even immune cells may also be
concerned.
Immunotherapy is currently not a standard-of-care

in thymic epithelial tumors and should even not be
delivered in an off-label setting, especially if the pa-
tients are eligible for ongoing clinical trials. Prelimin-
ary results from clinical trials have been recently
reported. In a Korean study, treatment of TET with
pembrolizumab was associated with 2 responses out
of seven thymoma and 5 out of 26 thymic carcinoma,
with 6.1 months median progression-free survival for
both groups [27]. An American study also with pem-
brolizumab have reported a Response Rate at 22.5%
on 40 patients. A high incidence of immune-related
side effect was also found [28].. In Europe, the Euro-
pean Organization for Research and Treatment of
Cancer (EORTC) and the European Thoracic Oncol-
ogy Platform (ETOP) are now starting a single-arm,

Fig. 4 Relapse free survival according to histology
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Fig. 5 Relapse free survival according to antibody and 50% or 1% threshold
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multicentre, phase II study - the NIVOTHYM trial -
to assess the efficacy of nivolumab alone or combined
with ipilimumab in patients with advanced, refractory
type B3 thymomas and thymic carcinomas
(NCT03134118).

Conclusion
We demonstrated the frequency of PD-L1 expression in
B3 thymoma and, to a lesser extent, of thymic carcin-
oma. PD-L1 expression analysis can be performed with
commercially available antibodies otherwise validated
with robust and reproducible results. Our findings pave
the way for the personalized use of PD1-PD-L1 inhibi-
tors in these tumors.
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