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Thymic epithelial neoplasms are rare tumors that are difficult to diagnose and treat. Programmed death 1 (PD-1)
receptor and its ligand (PD-L1) are expressed by various malignancies and are considered a prognostic factor
and immunotherapeutic target. We examined the expression of both antibodies in 100 thymic epithelial
neoplasms to assess their use as a biomarker and to correlate their expression with clinicopathological
parameters. Whole-tissue sections of 74 thymomas and 26 thymic carcinomas were examined. Expression of
PD-1 and PD-L1 was evaluated by immunohistochemistry and scored by the percentage of positive T-cells
or tumor cells, respectively. Cases with strong membranous reactivity of the antibody in ≥5% of T-cells (PD-1) or
tumor cells (PD-L1), respectively, were considered positive. Expression of PD-1 was detected in 52/100 cases
(52%) including 6/26 thymic carcinomas (23%) and 46/74 thymomas (62%). PD-L1 was positive in 61/100 cases
(61%) including 14/26 thymic carcinomas (54%) and 47/74 thymomas (64%). A total of 82 cases (82%) showed
expression of PD-1 or PD-L1. PD-1+ cases were associated with higher stage in thymic carcinoma (P= 0.01) and
PD-1− cases with thymic carcinoma histology (P= 0.0014), whereas PD-L1+ cases were associated with
neoadjuvant therapy in thymoma (P= 0.0065). There was no statistical difference between PD-1 or PD-L1
expression status and other clinicopathological parameters including overall survival. PD-1 and/or PD-L1 are
expressed in up to 82% of thymic epithelial neoplasms. These results confirm that these tumors should be
considered for PD-1/PD-L1-targeted therapy, however their predictive value in terms of prognosis remains
uncertain.
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Thymic epithelial neoplasms are rare tumors with an
incidence of o1% of all adult cancers.1,2 They are
divided into thymomas and thymic carcinomas.
Although thymic carcinomas are overtly malignant
epithelial tumors, thymomas exhibit at least low
grade malignant behavior with the potential for
invasion and metastasis. The rarity of these tumors
coupled with their morphological heterogeneity, has
to date precluded any larger clinical trials and the
treatment for these tumors is inconsistent, consisting
mainly of multimodal treatment including complete
surgical resection and chemotherapy and/or radio-
therapy. In the last two decades, adjunct techniques
such as immunohistochemistry and molecular inves-
tigations have emerged with the aim to facilitate

diagnosis and tailor medical treatment. However, so
far no consistent molecular abnormality has emerged
that would define thymic tumors.3 Hence, persona-
lized treatment approaches like those already in
practice for other tumors are still lacking.

An emerging new strategy in cancer treatment is the
blockade of immune checkpoints.4 The development
of effective cancer immunotherapies depends on
reversing inhibitory stimulus in the tumor microen-
vironment, thereby enhancing the visibility of tumor
cells to the immune system. Programmed death 1
(PD-1) is a key immune checkpoint receptor, which
mediates immunosuppression and is expressed by
activated T cells. PD-1 functions primarily in periph-
eral tissues, where T cells, including tumor infiltrat-
ing lymphocytes may encounter the immuno-
suppressive PD-1 ligand PD-L1 which is expressed
by tumor cells, stromal cells, or both. Inhibition of this
pathway using blocking monoclonal antibodies
against PD-1 or PD-L1 is emerging as an effective
method for reversing cancer immunosuppression and
can lead to tumor regression in patients with
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advanced disease.4–6 Immunohistochemical studies
for PD-1 and its ligand performed on tumor tissue can
identify patients who are likely to respond to anti-
PD-1/PD-L1 therapy. As such, response to this type of
treatment has been shown for a number of different
cancer types including non-small cell lung carci-
noma, central nervous system tumors, melanoma, and
lymphoma among others.7–11 To investigate the use of
PD-1 and PD-L1 as potential biomarkers for thymic
epithelial neoplasms, we examined the immunohis-
tochemical expression of these markers in a series of
100 cases comprising thymomas and thymic carcino-
mas and correlated the expression status with
clinicopathological parameters.

Materials and methods

One hundred cases of thymic epithelial neoplasms
were obtained from the surgical pathology files of
MD Anderson Cancer Center, Houston. Whole-tissue
sections from surgical resection specimens were
available in all cases. Pathologic diagnosis and tumor
classification was performed according to the system
proposed by Suster and Moran.12 A near equal
number of cases from each tumor category including
25 spindle cell thymomas (WHO type A), 25
conventional thymomas (WHO type B1 and B2), 24
atypical thymomas (WHO B3), and 26 thymic
carcinomas (18 squamous cell carcinomas, 5 high-
grade carcinomas, not otherwise specified, and 3
basaloid carcinomas) were selected for inclusion in
this study. All tumors were pure subtypes; tumors
with mixed histology were excluded from analysis.
Tumor staging was performed according to the
systems proposed by Moran et al13 for thymomas
and Weissferdt and Moran14 for thymic carcinomas.
Clinical data and follow-up were obtained from the
patients’ medical charts.

Immunohistochemical studies were performed on
formalin-fixed paraffin-embedded whole-tissue sec-
tions from each tumor. The sections were incubated
with 3% H2O2 in methanol and fetal bovine serum to
block endogenous peroxidase activity and non-
specific protein–protein interactions, respectively.
Immunostaining was performed using a horseradish
peroxidase-labeled polymer system. Tissue sections
were incubated with antibodies against PD-1 and
PD-L1 (Table 1). Diaminobenzidine was used as a
chromogen for antigen localization. Adequate posi-
tive and negative controls were run for both
antibodies. The percentage of positive tumor

infiltrating lymphocytes (PD-1) or tumor cells
(PD-L1) was evaluated and scored. Cases with strong
membranous reactivity of the antibody on ≥ 5% of
T-cells or tumor cells, respectively, were considered
positive. The cut-off of 5% was chosen based on
previous publications.5,7,9

The method of Kaplan and Meier was used to
estimate the distribution of overall survival from the
date of surgery. Distributions were compared using the
log-rank test. Fisher’s exact test was used to compare
the distribution of variables [tumor stage, histologic
type, lymph nodes status (for thymic carcinoma], and
neoadjuvant therapy) between PD-1 and PD-L1 posi-
tive and negative patients, respectively. All statistical
analyses were performed using R version 3.2.2. All
statistical tests used a significance level of 5%.
Analyses were performed separately in thymic carci-
noma and thymoma patients because of the known
difference in biologic behavior and prognosis.

Results

Clinicopathologic Characteristics

The patients were 55 males and 42 females with an
average age of 55 years (range, 19–84 years). Twenty-
six cases were classified as thymic carcinoma
(Figure 1a) including 18 squamous cell carcinomas,
5 high-grade carcinomas, not otherwise specified, and
3 basaloid carcinomas, and 72 cases were classified as
thymoma including 25 spindle cell thymomas (WHO
type A) (Figure 1b), 25 conventional thymomas (WHO
types B1 and B2) (Figure 1c), and 24 atypical
thymomas (WHO type B3) (Figure 1d). Nineteen of
the thymoma patients (26%) had an associated
autoimmune disorder; no such association was noted
for any of the thymic carcinoma patients. Among the
thymoma patients, 8 presented with Moran stage 0
(11%), 33 with stage 1 (46%), 10 with stage 2a (14%),
5 with stage 2b (7%), 1 with stage 2c (1%), 14 with
stage 3a (20%), and 1 with stage 3b tumors (1%). The
thymic carcinoma patients were staged as follows: 8
stage I (31%), 11 stage II (42%), and 6 stage III (23%)
according to Weissferdt and Moran.14

Immunohistochemical Results

Expression of PD-1 was restricted to tumor infiltrat-
ing lymphocytes and detected in 6/26 thymic
carcinomas (23%, Figure 1e), 15/25 spindle cell
thymomas (WHO type A) (60%, Figure 1f), 19/25

Table 1 Antibody information

Antibody Clone Vendor Dilution Staining pattern

PD-1 E1L3N Cell Signaling Technology, Danvers, MA, USA 1:100 Membranous
PD-L1 EPR4877(2) Abcam, Cambridge, MA, USA 1:250 Membranous

Abbreviations: PD-1, programmed death 1; PD-L1, programmed death ligand 1.
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conventional thymomas (WHO B1 and B2) (76%,
Figure 1g), and 12/24 atypical thymomas (WHO B3)
(50%, Figure 1h). PD-L1 was detected in epithelial
tumor cells. Positive PD-L1 cases included 14/26

thymic carcinomas (54%, Figure 1i), 14/25 spindle
cell thymomas (56%, Figure 1j), 17/25 conventional
thymomas (68%, Figure 1k), and 16/24 atypical
thymomas (67%, Figure 1l). A total of 52% of thymic

Figure 1 (a) Thymic carcinoma characterized by islands of tumor cells with malignant cytologic features embedded in dense desmoplastic
stroma (H&E). (b) Spindle cell thymoma with diffuse (lower left) and adenomatoid (upper right) growth patterns (H&E). (c) Conventional
thymoma composed of epithelial cells and abundant lymphocytes (H&E). (d) Atypical thymoma showing a prominent epithelial
component and only sparse lymphocytes. Mild cytologic atypia can be noted (H&E). (e) PD-1 positive lymphocytes infiltrate the tumor
cells in a thymic carcinoma. (f) A case of PD-1 positive tumor infiltrating lymphocytes among the spindle cell thymoma group. (g) The
majority of conventional thymomas were PD-1 positive. (h) Atypical thymoma with PD-1 positive infiltrate of tumor infiltrating
lymphocytes. (i) Membranous expression of PD-L1 was seen in 54% of thymic carcinomas. (j) A spindle cell thymoma positive for PD-L1.
(k) Among the conventional thymomas, 76% were PD-L1 positive. (l) A case of atypical thymoma showing strong reactivity of PD-L1.
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epithelial neoplasms were positive for PD-1 and 61%
for PD-L1. A total of 82% of cases showed expression
of PD-1 or PD-L1 (thymic carcinoma: 16/26, 62%;
spindle cell thymoma: 21/25, 84%; conventional
thymoma: 25/25, 100%; atypical thymoma:
20/24, 83%).

Clinical Follow-Up

The median postoperative follow-up term was
80 months (range, 1–204 months). Among the 100
patients, 61 were alive and 36 had died. The
deceased patients included 11 with thymic carci-
noma, 2 of whom had died of causes other than
thymic carcinoma and 25 thymoma patients, 11 of
whom had died of unrelated causes.

Statistical Analyses

PD-1 and PD-L1 expression and thymic
carcinoma. PD-1 positive cases were associated
with higher stage in thymic carcinoma (P=0.01)
but not with thymic carcinoma subtype (squamous
cell carcinoma vs high-grade carcinoma, not other-
wise specified vs basaloid carcinoma) (P=0.86),
lymph node status (P=0.07), or neoadjuvant therapy
(P=0.51, Table 2). Compared to thymoma, patients
with thymic carcinoma were more likely to be PD-1
negative (P=0.0014, Table 3). There was no evidence
of a difference between PD-L1 positive and negative
patients for any of these variables: tumor stage
(P=0.13), thymic carcinoma subtype (P=0.08),
lymph node status (P=1), or neoadjuvant therapy
(P=0.08). There was no evidence of an association
between tumor type (thymic carcinoma vs spindle
cell thymoma vs conventional thymoma vs atypical
thymoma) and PD-L1 status (P=0.6572). Further-
more, there was no statistically significant difference
in overall survival between PD-1 (P=0.2137) and
PD-L1 (P=0.4628) positive and negative patients,
respectively (Figures 2 and 3).

PD-1 and PD-L1 expression and thymoma. PD-L1
positive cases were associated with neoadjuvant
therapy in thymoma patients (P=0.0065) but not
with tumor stage (P=0.18) or tumor subtype (spindle
cell vs conventional vs atypical thymoma) (P=0.67,
Table 4). There was no evidence of a difference
between PD-1 positive and negative patients for any
of these variables: tumor stage (P=0.11), tumor
subtype (P=0.15), or neoadjuvant therapy
(P=0.065). There was no evidence of an association
between tumor type (thymic carcinoma vs spindle
cell thymoma vs conventional thymoma vs atypical
thymoma) and PD-L1 status (P=0.6572). In addition,
there was no statistically significant difference in
overall survival between PD-1 (P=0.3942) and PD-L1
(P=0.4180) positive and negative patients, respec-
tively (Figures 4 and 5).

Discussion

Immunotherapies targeting the PD-1/PD-L1 axis are a
promising new therapeutic strategy for many tumor
types.7–11 PD-1 is an immune checkpoint expressed
on the surface of T lymphocytes on activation.15 It is
quickly upregulated on T cells after exposure to
certain antigens, waning upon antigen clearance.16
Under normal conditions, PD-1 signaling in T cells
regulates immune responses to prevent tissue
damage and counteract autoimmunity. Its ligand,
PD-L1, a transmembrane glycoprotein, is constitu-
tively expressed on T and B cells, macrophages and
dendritic cells and is upregulated in many human
cancer cells.17 Binding of PD-1 to PD-L1 inhibits the
proliferation of activated T cells resulting in preven-
tion of anti-tumor adaptive responses and tumor
evasion of the immune system. Inhibitors of PD-1
and PD-L1 in the form of monoclonal antibodies
disrupt this pathway and have been shown to
promote significant and durable responses in cancer
patients.5 Although expression of PD-1 and PD-L1 as
detected by immunohistochemistry has been

Table 2 Thymic carcinoma patient characteristics by PD-1 positivity

Variable Levels nneg %neg npos %pos nall %all

Stage 1 8 42.1 0 0 8 32
2 9 47.4 2 33.3 11 44
3 2 10.5 4 66.7 6 24

P=0.01 All 19 100 6 100 25 100
Histologic type Basaloid 3 15 0 0 3 11.5

High grade 4 20 1 16.7 5 19.2
Squamous cell 13 65 5 83.3 18 69.2

P=0.86 All 20 100 6 100 26 100
Lymph node status Negative 17 89.5 3 50 20 80

Positive 2 10.5 3 50 5 20
P=0.07 All 19 100 6 100 25 100
Neoadjuvant chemotherapy Adj. 1 5.3 0 0 1 4

No 5 26.3 3 50 8 32
Yes 13 68.4 3 50 16 64

P=0.51 All 19 100 6 100 25 100
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associated with positive responses to anti-PD-1/PD-
L1 treatment,5,18 its prognostic value in different
tumor types is still undetermined and limited data
for thymic epithelial neoplasms have shown con-
flicting results.19–22

Four prior studies have addressed the immuno-
histochemical expression of PD-1 and/or PD-L1 in
the context of thymic epithelial tumors. In 2015,
Padda et al19 evaluated the expression of PD-L1 in 69
cases using a tissue microarray; assessment of PD-L1
reactivity was based on an intensity score. The
authors found that more intense PD-L1 staining was
associated with higher grade WHO histology
(B34B1=B2=C4AB4A), higher stage and worse
clinical outcome. In the same year, a study from
Japan20 investigated the expression of PD-L1 in 101
thymomas and 38 thymic carcinomas arranged in a
tissue microarray; a semiquantitative method was
used for scoring the expression pattern. In this study,
70% of thymic carcinomas and 23% of thymoma
samples showed positive staining for PD-L1. Further-
more, the authors concluded that although thymic
carcinoma was significantly associated with PD-L1
expression, other variables including age at diag-
nosis, sex, tumor stage, tumor size, neoadjuvant
therapy, and overall survival did not show any

association with PD-L1 status. In the two most recent
reports, Yokoyama et al21 separately investigated
thymomas (n=82) and thymic carcinomas (n=25).22
In their analysis of thymomas,21 54% of cases
revealed high expression of PD-L1 and PD-L1high
status was associated with high tumor stage, high-
grade WHO histology, worse disease-free survival,
and increased rate of recurrence but not with overall
survival. Contrary to that, they found that high PD-L1
expression was associated with a higher disease-free
and overall survival in thymic carcinomas, whereas
an increased number of PD-1+ tumor infiltrating
lymphocytes correlated with poor prognosis in this
cohort.22
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Figure 2 Kaplan–Meier overall survival curve for PD-1 status in
thymic carcinoma.
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Figure 3 Kaplan–Meier overall survival curve for PD-L1 status in
thymic carcinoma.

Table 4 Thymoma patient characteristics by PD-L1 positivity

Variable levels nneg %neg npos %pos nall %all

Moran stage
0 4 15.4 4 8.7 8 11.1
1 16 61.5 17 37 33 45.8
2a 1 3.8 9 19.6 10 13.9
2b 2 7.7 3 6.5 5 6.9
2c 0 0 1 2.2 1 1.4
3a 3 11.5 11 23.9 14 19.4
3b 0 0 1 2.2 1 1.4

P=0.18; all 26 100 46 100 72 100

Histologic type
Atypical 8 29.6 16 34 24 32.4
Spindle 11 40.7 14 29.8 25 33.8
Thymoma 8 29.6 17 36.2 25 33.8

P=0.67; all 27 100 47 100 74 100

Neoadjuvant
chemotherapy
Adj. 1 4 0 0 1 1.4
No 15 60 14 30.4 29 40.9
Yes 9 36 32 69.6 41 57.8

P=0.0065; all 25 100 46 100 71 100

Table 3 Association between histology and PD-1

Histology Negative Positive

Thymic carcinoma 20 6
Thymoma/atypical 12 12
Thymoma/spindle cell 10 15
Thymoma/conventional 6 19
Total 48 52

The association between histology and PD-1 status (negative/positive)
is highly significant (P=0.0014). Patients with thymic carcinoma are
more likely to be PD-1 negative.
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Our study confirmed high expression of PD-1
(52%) and PD-L1 (61%) in thymic epithelial neo-
plasms (with positive rates for PD-1 of 62% in
thymoma and 23% in thymic carcinoma, respec-
tively, and positive rates for PD-L1 of 64% in
thymoma and 54% in thymic carcinoma, respec-
tively), supporting the results of the previous studies.
On the other hand, our results could not confirm that
PD-L1 expression is correlated with tumor histology
as there was no statistical difference in expression
when comparing spindle cell thymoma, conven-
tional thymoma, atypical thymoma and thymic
carcinoma. Likewise, we could not support the
results by Padda et al19 and Yokoyama et al21 that
PD-L1 expression is significantly associated with
tumor stage. In terms of survival, worse outcome for
PD-L1 positive cases has been documented in the
study by Padda et al19 who noticed shorter overall
survival in tumors with high expression of PD-L1,
whereas Yokoyama et al21 described worse disease-
free survival and increased recurrence rates but no
change in overall survival among their thymoma
cohort. Overall survival was also unchanged in the
series by Katsuya et al,20 a finding that seems to be
supported by our study although follow up was
generally limited. The only variable that
was associated with PD-L1 expression in our cases
was neoadjuvant treatment in cases of thymoma but
not thymic carcinoma; in this context, PD-L1
positive cases were more frequently found in
patients with thymoma who had received neoadju-
vant chemotherapy. Recently, neoadjuvant chemor-
adiation therapy was found to be associated with an
increase in the proportion of PD-L1+ tumor cells in
patients with rectal adenocarcinoma23 leading the
authors to propose the use of combination therapy
consisting of radiochemotherapy and PD-1/PD-L1

blockade in the treatment of these tumors. Whether
such combination treatment would also be advised
in thymic epithelial neoplasms requires further
study as our results are in conflict with those of
Katsuya et al20 who found no influence of neoadju-
vant treatment on PD-L1 expression in these tumors.
Furthermore, in our series, expression of PD-L1 was
not associated with any of the examined variables in
thymic carcinoma including tumor stage, carcinoma
subtype, lymph node status, neoadjuvant therapy,
and overall survival in agreement with the results by
Katsuya et al19 for this tumor group. In contrast,
although Yokoyama et al22 in their study on thymic
carcinomas also found no correlation of PD-L1 status
with patient age, sex, tumor stage, tumor histology,
or surgical curability, they did observe an increased
disease-free and overall survival in cases with high
PD-L1 expression.

PD-1 has only been incompletely studied in
thymic epithelial neoplasms. In fact, expression of
PD-1 was only addressed in the study by Katsuya
et al20 who exclusively applied this antibody to their
group of thymic carcinomas but not thymomas and
in the study by Yokoyama et al22 in their study on
thymic carcinomas. Katsuya et al found that PD-1
positivity was restricted to tumor infiltrating lym-
phocytes of 62% of their cases but an association
between expression of PD-1 and PD-L1 as had been
suggested by prior studies in different cancer
types24,25 could not be confirmed. In the study by
Yokoyama et al,22 an increased number of PD-1+

tumor infiltrating lymphocytes was associated with
poor prognosis in thymic carcinomas. The results of
our own study showed a much lower expression of
PD-1 in the tumor infiltrating lymphocytes of thymic
carcinomas (23%) compared to a significantly higher
rate in thymomas (62%, P=0.0014). In the past, an
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Figure 5 Kaplan–Meier overall survival curve for PD-L1 status in
thymoma.
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Figure 4 Kaplan–Meier overall survival curve for PD-1 status in
thymoma.
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increase in PD-1+ tumor infiltrating lymphocytes has
been suggested to reflect a favorable prognostic
factor for various cancer types,26–30 however in our
series, no difference in survival between PD-1-
positive and negative cases was observed. Another
positive association in our study was between
PD-1 positive cases and higher tumor stage in cases
of thymic carcinoma. Similar results have recently
been observed in melanoma patients and were
interpreted to represent stronger functional impair-
ment of PD-1+ T cells in advanced stages of the
disease. Similar to our study, an effect on overall
survival could not be observed in that study.31
Furthermore, expression of PD-1 was not associated
with any parameters in thymoma patients nor with
tumor subtype, lymph node status, or neoadjuvant
therapy in cases of thymic carcinoma.

Overall, our results confirm the observation that
PD-1 and PD-L1 are highly expressed in thymic
epithelial neoplasms suggesting that anti-PD-1/PD-
L1 drugs may be a promising alternative treatment
for these tumors. On the other hand, we could not
support the prior opinion that expression of PD-L1 is
associated with higher grade tumor histology, higher
tumor stage, or is related to prognosis. Thus,
controversy still remains about the use of these
biomarkers for prognostic purposes in thymic
epithelial neoplasms. Such controversy is not unique
to these tumors but has been noted for a variety of
other cancers in this context. For instance, the
correlation of high PD-L1 expression with clinical
progression and shortened overall survival has been
described for melanoma, renal cell carcinoma, and
non-small cell lung cancer,10,32,33 but improved
prognosis has been noted for PD-L1-positive color-
ectal carcinomas and ovarian cancers.30,34,35 Some of
these discrepancies may be explained by certain
limitations when comparing different studies. These
primarily appear to lie in the study design and
include the type of tissue studied (fresh vs formalin-
fixed paraffin-embedded), the amount of tissue
available for examination (tissue microarray vs
whole-tissue sections), the use of antibody clones
with different specificity, highly variable definition
of PD-1/PD-L1 positivity and the method of scoring
the results. Another complicating factor in the
analysis of thymoma in this context is the common
heterogeneous composition of tumors and inclusion
of mixed histologic types in previous study cohorts19
raising concern about the validity of results espe-
cially when correlating PD-1/PD-L1 expression sta-
tus with histologic subtypes. Unless more uniform
study designs are applied, direct comparison of
studies will remain difficult and the results need to
be interpreted with a certain degree of caution.

In conclusion, our results support that PD-1 and
PD-L1 are highly expressed in thymic epithelial
neoplasms raising the possibility of the use of
anti-PD-1/PD-L1 therapy in the treatment of these
tumors. In contrast, neither expression of PD-1 nor
PD-L1 seemed to be associated with patient outcome

in our group, adding uncertainty to the role of these
markers for prognostic purposes. The fact that
PD-L1 expression was associated with neoadjuvant
treatment in thymoma raises the possibility of use of
combination therapy in such tumors, however
further studies to this effect are required.
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