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Abstract
Background: Advanced thymic epithelial tumors (TETs) are indolent and
poorly responsive to chemotherapy. PD-1/PD-L1 inhibitors have shown remark-
able clinical benefit in several cancers; however, many immunomodulatory mole-
cules have been identified that affect the immune response. This study examined
the progonostic roles of PD-L1, transforming growth factor-β (TGF-β), and
CD8+ tumor-infiltrating lymphocytes (CD8+ TILs) in patients with TETs.
Methods: Retrospective analysis was performed on the data of 20 patients with
stage IV thymic carcinoma and 13 with stage III/IV invasive thymoma. Tissue
biopsies were obtained before first-line chemotherapy was administered. Protein
levels were assessed by immunohistochemistry. Objective response rate, overall
survival (OS), and progression-free survival (PFS) were analyzed.
Results: Patients with advanced thymic carcinoma exhibited higher levels of
PD-L1 and TGF-β than patients with advanced invasive thymic carcinoma (PD-
L1: 65.0% vs. 46.2%, P = 0.472; TGF-β: 65.0% vs. 15.4%, P = 0.011). Five
advanced thymic carcinoma patients with low levels of PD-L1 and TGF-β exhib-
ited high levels of CD8 staining. The median OS was 29.5 months patients with
high TGF-β expression versus 62.9 in patients with low TGF-β (P = 0.052). In
patients with advanced thymic carcinoma, the median PFS in the high PD-L1
expression group was 13.3 months versus 23.5 (P = 0.043) in the low PD-L1,
and the median OS was 50.7 months in the high CD8 expression versus 15.1 in
the CD8 low group (P = 0.154).
Conclusions: Our results showed the prognostic roles of PD-L1, TGF-β, and
CD8+ TILs in patients with advanced TETs, and the potential for development of
anti-PD-1/PD-L1 therapies.

Introduction

The thymus is a primary lymphoid organ, dedicated to T
cell differentiation. CD8+ T lymphocytes, for example, are
stimulated via antigen presentation to become CD8+ cyto-
toxic T effector cells, which eliminate tumors. The inci-
dence of thymic epithelial tumors (TETs) is < 0.15 cases
per 100 000 people per year.1,2 TETs can be classified into
two categories: thymoma and thymic carcinoma.

Thymoma is a kind of organotypic cancer with unique
morphology, performing organ-like functions.3,4 Thymo-
mas generate immature T cells and large amounts of auto-
bodies; 30–40% of patients experience complications,
including autoimmune diseases. By contrast, thymic carci-
noma is non-organotypic, similar to tumors found in loca-
tions such as the lungs, head, and neck, and does not exert
organ-like functions to promote T cell maturation.3,4
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The age of onset of thymoma and thymic carcinoma is
usually between 40 and 60 years. The five-year survival
rates are 64% and 45% in patients with stage III and IV
thymoma, and 33% and 24% in patients with stage III and
IV thymic carcinoma, respectively. Late-stage thymic
malignancy with metastasis is considered to be unresect-
able, and chemotherapy with/without radiotherapy is
recommended. However, thymoma and thymic carcinoma
are indolent and poorly responsive to chemotherapy.
Because there is no standard therapy for second-line treat-
ment, therapeutic development is urgently needed.
In the immune response against cancer, CD8+ T cell

infiltration has contributed to provide immune-surveillance
to eliminate cancer. After stimulation in the lymph nodes,
CD8+ cytotoxic lymphocytes (CTLs) are thought to
migrate to and infiltrate tumor sites. The antigen-specific
recognition of cancer cells by CD8+ CTLs triggers the
release of cytokines such as interferon-gamma (IFN-γ) to
promote immune response, and the release of cytolytic
enzymes (Granzyme B and perforin) to attack cancer cells.
The number of CD8+ tumor-infiltrating lymphocytes
(TILs) positively correlates with prolonged survival in vari-
ous cancers.5–13 PD-L1/PD-1 signaling is an immunosup-
pressive checkpoint that is highly upregulated within the
tumor microenvironment to inhibit infiltrating cytolytic T
cells (i.e. promote T cell exhaustion and suppress T cell
proliferation) in various cancers.14–16 Transforming growth
factor-β (TGF-β) promotes tumor development, causing
versatile effects on not only cancer cells, but also various
immune cells, including CTLs.17

In order to develop a tumor where CTLs emerge, thymic
cancer cells may conduct an immunosuppressive program
to suppress immune surveillance. Therefore, targeting
cancer-mediated immunosuppressive machinery could pro-
vide an additional strategy to control and eradicate
advanced TETs.
In this study, we investigated PD-L1 and TGF-β expres-

sion and the prevalence of CD8+ TILs and evaluated their
progonostic roles in pretreated patients with
advanced TETs.

Methods

Patients and samples

A total of 33 patients diagnosed with advanced TETs
between 2006 and 2014 at the Thoracic Medical Oncology
Department of Peking University Cancer Hospital were
included in this study. Thirteen patients had stage III/IV
invasive thymoma and 20 patients had stage IV thymic car-
cinoma. The inclusion criteria were: (i) histopathological
confirmation of advanced TETs; (ii) adequate pre-treated
samples from original tumor sites or from remote metastatic

sites for immunohistochemistry (IHC) staining;
(iii) complete follow-up information for overall survival
(OS) analysis; and (iv) in 17 patients with advanced thymic
carcinoma receiving first-line chemotherapy with
(or without) radiotherapy, complete treatment history and
evaluation information for progression-free survival (PFS),
objective response rate (ORR), and disease control rate
(DCR) analysis. The relevant clinical data were retrospec-
tively reviewed from the patients’ charts. This study was
performed according to the principles of the Declaration of
Helsinki and was approved by the independent ethics com-
mittees of Peking University Cancer Hospital.

Immunohistochemistry

Formalin-fixed, paraffin-embedded blocks of all patients
included in the study were obtained from the Department
of Pathology, Peking University Cancer Hospital. The
blocks were sectioned at a thickness of 4 μm and deparaffi-
nized. Firstly, the sections were incubated in xylene for
20 minutes, followed by 100%, 95%, and 75% ethanol, and
then washed with double-distilled H2O. Secondly, the sec-
tions were boiled in 10 mM sodium citrate buffer for
15 minutes at 121�C to retrieve the antigen. The sections
were incubated in 3% peroxidase for 10 minutes and then
washed with phosphate buffered saline followed by double-
distilled H2O. Afterwards, the sections were blocked by
phosphate buffered saline containing 5% bovine serum
albumin at room temperature for 20 minutes, followed by
exposure to the primary antibodies for 18 hours at 4�C.
The primary antibodes used in this study were CD8
(C8/144B, 1:100), PD-L1 (ab58810, 1:200), and TGF-β
(ab66043, 1:100; Abcam, Cambridge, MA, USA), which
were diluted in antibody diluent (SignalStain Antibody Dil-
uent #8112, Cell Signaling Technology, Danvers, MA,
USA) for use. The sections were then incubated with a
general secondary antibody (GT Vision TM III, GK500705,
Gene Tech Company Limited, Shanghai, China) at room
temperature for 30 minutes, and visualized by dextran
polymer-conjugated horseradish-peroxidase and 3,30-
diaminobenzidine chromogen, followed by counterstaining
with hematoxylin solution.

Expression score evaluation

The IHC scoring of CD8+ TILs was determined by the
density of cells with positive CD8 staining, as previously
described (graded on a scale of 0–4: 0 = no or sporadic
cells; 1 = moderate numbers of cells; 2 = abundant occur-
rence of cells; and 3 = highly abundant occurrence of
cells).18 The median value was used as a cutoff point to
separate the patients into two groups with either high or
low levels of CD8+ T cell infiltration.
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The IHC scoring of PD-L1 and TGF-β expression was
assessed according to previous standards using a visual
grading system based on the extent (the percentage of posi-
tive tumor cells graded on a scale of 0–4: 0 < 5%,
1 = 5–25%, 2 = 26–50%, 3 = 51–75%, 4 > 75%) and the
intensity of staining (graded on a scale of 1–3: 1 = weak
staining, 2 = moderate staining, 3 = strong staining).19 The
percentage of positive tumor cells and the staining inten-
sity were then multiplied to produce an individual staining
score for each sample, ranging from 0 (no positive tumor
cells) to 12 (> 75% of tumor cells with intense staining).
The median value of all scores was chosen as the cutoff
value for dividing protein expression into high and low.
Images were acquired at magnifications of 10× and 40×.

All IHC results were examined by two independent pathol-
ogists blinded to the patients’ clinical and pathological data
to minimize inter-observer variability. Any discrepancies in
the results were examined by a third blinded pathologist
who made a final diagnosis.

Evaluation of efficacy and patient status

The efficacy of treatments and patient status were evalu-
ated based on three parameters: (i) OS, (ii) PFS, and
(iii) ORR and DCR. Tumor response was assessed accord-
ing to Response Evaluation Criteria in Solid Tumors ver-
sion 1.1 at week 9 and every six weeks thereafter until
disease progression. During the follow-up period, patients
were contacted every three months to assess survival. OS
was calculated from the date of the beginning of first-line
treatment to the date of death. Data were updated as of
1 March 2015. PFS was defined as the duration between
the start of therapy and tumor progression (locoregional
recurrence and/or distant metastasis) or death from any
cause. Patients were assessed radiographically after they
had received at least two cycles of chemotherapy, and the
duration of response was analyzed from the date of the
first cycle to the confirmation of disease progression. ORR
was defined as complete response plus partial response.
DCR was defined as complete response plus partial
response plus stable disease.

Statistical methods

SPSS version 22 (IBM Corp., Armonk, NY, USA) was used
for statistical analysis. The Fisher’s exact test was applied
to assess the differences between categorical variables. The
Kaplan–Meier method was used to plot the survival curves
for OS and PFS. Univariate analysis was performed using
the log-rank test to test the difference between groups. A
larger multivariate model was not used because of limita-
tions in the sample size. A two-sided P value < 0.05 was
considered statistically significant.

Results

Expression of PD-L1, transforming growth
factor-β (TGF-β), and CD8 in advanced
thymic epithelial tumors (TETs)

The characteristics of the patient sample are summarized
in Table 1. We did not perform CD8 staining in patients
with advanced invasive thymoma because it is relatively
difficult to distinguish dysregulated T cells from auto-
reactive T cells.
PD-L1 staining appeared both on the membrane and in

the cytoplasm of the TET cells; in addition, there were four
cases with nuclear staining of PD-L1. PD-L1 levels were
relatively higher in patients with advanced thymic carci-
noma compared to patients with advanced invasive thy-
moma (65.0% [13/20] vs. 46.2% [6/13]) (Table 2, Fig 1).
TGF-β staining was primarily observed inside the TET cells
within tumor nests. Patients with thymic carcinoma exhib-
ited significantly higher TGF-β expression than patients
with invasive thymoma (65.0% [13/20] vs. 15.4% [2/13];
P = 0.011) (Table 2, Fig 2). In advanced thymic carcinoma
biopsies, 11 out of 20 cases (55.0%) presented high CD8
expression, while 9 out of 20 cases (45.0%) exhibited a rela-
tively low level (Table 2, Fig 3).

Effect of PD-L1 and TGF-β expression on
the number of tumor-infiltrating CD8+

cytotoxic lymphocytes

We investigated the relationship between PD-L1/TGF-β
expression and the number of infiltrated CD8+ T cells in
advanced thymic carcinoma patients. Based on IHC results,
5 of 7 (71.4%) patients with low PD-L1/TGF-β expression
exhibited a high level of CD8 staining (Fig 4) and 7 of
13 (53.8%) patients with high PD-L1/TGF-β expression
showed a low level of CD8 staining, although the difference
was not statistically significant between the groups
(P = 0.374) (Table 3). These data suggest that high PD-L1/
TGF-β expression in the tumor may lead to a reduction of
CD8+ T cell infiltration.

Prognostic value of PD-L1, TGF-β, and CD8+

T cells for predicting overall survival in
patients with advanced TETs

Kaplan–Meier survival analysis was performed on all
patient samples (Table 4, Fig 5) and separately in advanced
thymic carcinoma and advanced invasive thymoma patient
samples (Table 5, Fig 6).
Among all patients, the median OS (mOS) in patients

with high PD-L1 expression was shorter than in patients
with low PD-L1 expression (mOS: 29.5 months, [95%
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confidence interval, CI 20.0–39.0] vs. 42.6 months [95% CI
0–98.3]; P = 0.186) (Fig 5a). The mOS in patients with
high TGF-β expression was also shorter than in patients
with low TGF-β expression (29.5 months [95% CI
18.6–40.4] vs. 62.9 months [95% CI 15.6–110.1];
P = 0.052) (Fig 5b). Although there were no significant dif-
ferences in these results, patients with low PD-L1 or TGF-
β expression may have better OS than the whole TET pop-
ulation (P = 0.186 and P = 0.052, respectively). Further
analysis of advanced thymic carcinoma samples

demonstrated a correlation between TGF-β and OS, but
this result was not statistically significant. The mOS in
patients with high or low TGF-β expression was
29.5 months (95% CI 7.1–51.9) and 62.9 months (95% CI
9.3–116.5), respectively (P = 0.054) (Fig 6). In contrast,
high CD8 expression correlated with better OS in advanced
thymic carcinoma compared to low CD8 expression
(50.7 months [95% CI 18.2–83.2] vs. 15.1 months [95% CI
0.0–36.4], respectively; P = 0.154) (Fig 6). These data sug-
gest that PD-L1, TGF-β, and CD8 protein expression may
be used as prognostic factors for OS in patients with
advanced thymic carcinoma.

Prognostic value of CD8+, PD-L1, and TGF-β
for predicting progression-free survival in
advanced thymic carcinoma for first-line
therapy

Most thymic carcinoma patients (17/20) received first-line
chemotherapy, and 9 of them also subsequently received
radiotherapy. Thymic carcinoma patient charateristics are
summarized in Table 6. Kaplan–Meier survival analysis
was performed (Fig 7).

Table 1 Characteristics of patients with advanced thymic carcinoma and advanced invasive thymoma

Patient characteristics

Advanced thymic carcinoma Advanced invasive thymoma

No. No.
Median age (range), years 50 (28–67) % 49 (35–66) % Fisher’s exact test

Age (years)
< 60 16 80.0 11 84.6 P = 1
≥ 60 4 20.0 2 15.4

Gender
Male 13 65.0 6 46.2 P = 0.47
Female 7 35.0 7 53.8

ECOG PS
0 11 55.0 5 38.5 P = 0.5684
1 8 45.0 8 61.5
2 1 5.0 0 0

Smoking status
Yes 7 35.0 9 69.2 P = 0.08
No 13 65.0 4 30.8

Masaoka stage
IIIa 0 0 1 7.7 P = 0.2658
IIIb 0 0 1 7.7
IVa 2 10.0 2 15.4
IVb 18 90.0 9 69.2

Histology/WHO classification
Squamous cell carcinoma 20 100.0 NA NA
Low grade 20 100.0 NA NA
Type A NA NA 2 6.9
Type AB NA NA 3 10.3
Type B NA NA 4 13.8
Unknown NA NA 4 13.8

ECOG PS, Eastern Cooperative Oncology Group performance status; NA, not available; WHO, World Health Organization.

Table 2 PD-L1, TGF-β, and CD8 immunohistochemistry results

Advanced thymic
carcinoma n(%)

Advanced invasive
thymoma n(%)

Fisher’s
exact test

PD-L1
High score 13 (65.0%) 6 (46.2%) P = 0.472
Low score 7 (35.0%) 7 (53.8%)

TGF-β
High score 13 (65.0%) 2 (15.4%) P = 0.011
Low score 7 (35.0%) 11 (84.6%)

CD8
Low score 9 (45.0%) —

High score 11(55.0%) —

TGF-β, transforming growth factor-β.
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The median PFS (mPFS) was significantly shorter in
thymic carcinoma patients with high PD-L1 expression
compared to patients with low PD-L1 expression (mPFS:
10.6 months [95% CI 0-24.9] vs. NE [95% CI 0-NE];
P = 0.043) (Fig 7b). However, we did not find a significant
correlation between TGF-β or CD8+ and PFS in advanced
thymic carcinoma patients (Fig 7a,c).

Correlation of CD8+, PD-L1, and TGF-β with
response to first-line therapy in advanced
thymic carcinoma

Advanced thymic carcinoma patient characteristics are
shown in Table 7. Objective reponses were observed in
3/10 (30.0%) patients with high CD8 expression. By con-
trast, objective reponses were only observed in 1/7 (14.3%)

patients with low CD8 expression. Furthermore, the ORR
was 40.0% (2/5) with low TGF-β expression versus 16.7%
(2/12) with high TGF-β expression. These data showed
that CD8 or TGF-β expression may be correlated with
reponse to first-line therapy in patients with advanced thy-
mic carcinoma, although there were no statistically signifi-
cant differences (P = 0.603 and P = 0.538).

Discussion

Immune checkpoint blockades (ICBs), including antibodies
to PD-1 or PD-L1 and CTLA-4 have shown clinical effi-
cacy in most malignances.20–30 However, some cancer
patients still cannot not benefit from current ICB ther-
apy.2,3 Therefore, determining the predictive biomarkers to

Figure 1 Representative images
of PD-L1 staining in normal thy-
mus tissue and advanced thymic
epithelial tumor (TET) pre-treated
specimens. The median PD-L1
immunohistochemistry expression
score was 2. High PD-L1 expres-
sion was identified with a score
≥ 2, while low expression was
< 2. In TET specimens, PD-L1
staining was mainly observed on
the membrane and cytoplasm of
the tumor cells, with some sam-
ples also showing positive nucleus
staining. A weak basal level of PD-
L1 expression could be observed
on the surface and in the cyto-
plasm of non-thymocytes in the
normal thymus tissue.
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better identify patients more likely to respond to ICBs is
urgent for clinical practice.
Our results show that patients with advanced thymic

carcinoma exhibited relatively higher PD-L1 or TGF-β
expression than patients with advanced invasive thymoma,
consistent with the results of previous studies.31–33 How-
ever, other studies have reported that PD-L1 expression is
relatively higher in thymoma than in thymic carcinoma
patients.34,35 The challenges in defining cutoff values of

PD-L1, distribution of intratumoral heterogeneity, platform
uniformity testing, and dynamic changes may explain the
differences between studies.36 Although PD-L1 was more
frequently detected in advanced thymic carcinoma com-
pared to advanced invasive thymoma patients in our study,
the difference was not statistically significant, suggesting
that PD-L1 might play a role in both malignancies.
Transforming growth factor-β is an important cytokine

for promoting cancer progression and suppressing the host

Figure 2 Representative images
of transforming growth factor-β
(TGF-β) staining in normal thy-
mus tissue and advanced thymic
epithelial tumor (TET) pre-
treatment specimens. The
median TGF-β immunohisto-
chemistry expression score is
4. High TGF-β expression was
identified with a score > 4, while
low expression was ≤ 4. Basal
level TGF-β staining could be
observed in the non-thymocytes
located in the medulla of normal
thymus tissue.

Figure 3 Representative images of CD8 staining in pre-treatment advanced thymic carcinoma specimens. CD8 expression assayed by immunohisto-
chemistry was used to evaluate the prevalence of CD8+ tumor-infiltrating lymphocytes in advanced thymic carcinoma specimens. The median CD8
immunohistochemistry expression score was 1. A high level of CD8+ T cell infiltration was identified with a score ≥ 1 (moderate or abundant num-
bers of cells), while a low level of infiltration was < 1 (no or sporadic cells).
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immune response against cancer.37,38 It regulates various
types of cells in the tumor microenvironment to provide
favorable conditions for tumor growth. TGF-β negatively
regulates cytotoxic CD8+ cells through two mechanisms:
(i) inhibiting CTL clonal expansion and proliferation
in vivo; and (ii) suppressing the expression of cytotoxic
proteins in T cells through transcriptional repression.17

TGF-β also activates CD4+ regulatory T cells (Treg) to pro-
mote self-tolerance and promote cancer.39,40 Treg cells can
also produce TGF-β to suppress the expression of stimulat-
ing receptors on natural killer cells.40,41 TGF-β can nega-
tively regulate B cell proliferation and antibody
production.42,43

The higher expression of TGF-β in patients with
advanced thymic carcinoma suggests that TGF-β might
play an important role in the pathogenesis of thymic can-
cer. Similar to our findings, a very different expression pat-
tern of c-kit and IGF-1R overexpression between thymoma
and thymic carcinoma (2% c-kit overexpression in thy-
moma vs. 79% in thymic carcinoma; and 4% IGF-1R
expression in thymoma vs. 37% in thymic carcinoma) has
been reported.2 In fact, the identification of c-kit overex-
pression has led to the use of c-kit inhibitors (sunitinib) in
clinical trials for the treatment of chemotherapy-refractory
thymic malignancies.44 This suggests that TGF-β

Figure 4 PD-L1, transforming growth
factor-β (TGF-β), and CD8 protein
expression patterns in pre-treated
advanced thymic carcinoma speci-
mens. A potential inverse relationship
is observed between PD-L1/TGF-β and
tumor-infiltrating CD8+ T cells. A high
CD8+ T cell tumor-infiltrating pattern
is observed in samples with a low
level of PD-L1/TGF-β expression.

Table 3 PD-L1, TGF-β, and CD8+ expression in advanced thymic carci-
noma patients

CD8+

Low High Total Fisher’s exact test

PD-L1
Low 2 (28.6%) 5 (71.4%) 7 (100%) P = 0.374
High 7 (53.8%) 6 (46.2%) 13 (100%)
TGF-β
Low 2 (28.6%) 5 (71.4%) 7 (100%) P = 0.374
High 7 (53.8%) 6 (46.2%) 13 (100%)
Total 9 (45.0%) 11 (55.0%) 20 (100%)

TGF-β, transforming growth factor-β.

Table 4 Univariate analysis of PD-L1 and TGF-β for predicting OS in
patients with advanced TETs

Advanced TETs

Expression
N

( n = 33)
Median OS
(months) 95% CI P

PD-L1
Low 14 42.6 0.0–98.3 0.186
High 19 29.5 20.0–39.0

TGF-β
Low 18 62.9 15.6–110.1 0.052
High 15 29.5 18.6–40.4

CI, confidence interval; OS, overall survival; TETs, thymic epithelial
tumors; TGF-β, transforming growth factor-β.
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expression could be exploited as a therapeutic target for
thymic carcinoma.
We further found that low PD-L1 and TGF-β expression

was numerically associated with a high level of CD8 stain-
ing. This is consistent with the counteracting effects
between the function of PD-L1/ TGF-β expressed by tumor
cells and the number of infiltrated CTLs in the tumor
microenvironment. Tumor infiltrated CTLs are known to
secrete cytolytic proteins and cytokines to kill cancer cells.
To inhibit the function of infiltrated CTLs, PD-L1, and
TGF-β are highly expressed by cancer cells to induce T cell
exhaustion and “shut-off” the cytotoxicity program of
CTLs.16,17 Furthermore, PD-L1 and TGF-β have been
shown to inhibit T cell clonal expansion and prolifera-
tion.16,17 The defined immunosuppressive functions of PD-

L1 and TGF-β could explain their inverse relationship of
expression with the number of CD8+ TILs, as indicated by
our results.
The prognostic roles of PD-L1, TGF-β, and CD8 have

been studied in various cancer types.37,38,45,46 However, their
prognostic value in thymoma and thymic carcinoma
remains unclear. Our results demonstrate that high TGF-β
expression is numerically associated with poor OS in thy-
mic carcinoma. This observation is consistent with previ-
ous reports of the immunosuppressive role of TGF-β in the
tumor microenviroment.37,38 We further found that high
PD-L1 expression may be associated with poor PFS, which
is consistent with the results of several previously pub-
lished papers. PD-L1 overexpression is reported to be asso-
ciated with poor clinical outcomes in non-small cell lung
cancer (NSCLC),19 gastric,47,48 colorectal,49 and esophageal
cancers.50 However, there are significant inconsistencies
regarding the prognostic impact of PD-L1 on survival in
patients with TETs.31,32,35,51,52 Padda et al. concluded that
high PD-L1 expression was associated with poorer OS in
patients with advanced TETs,31 consistent with our find-
ings. In contrast, another two papers reported improved
OS in TET patients with high PD-L1 expression.33,35 The
challenges in defining a cutoff value of PD-L1, distribution
of intratumoral heterogeneity, platform uniformity testing,
and dynamic changes may explain these differences. Fur-
thermore, a larger sample size is warranted for further
investigation.
Our results indicate that higher CD8+ TILs may be asso-

ciated with better OS in patients with advanced thymic
carcinoma, consistent with the results of previous reports,
which showed that T cell infiltration was likely a prognos-
tic indicator for better survival in melanomas, NSCLC, and
colorectal, breast, and ovarian cancers.5,6,11 In melanomas,
patients with a higher amount of T cells exhibited better
survival.5 In NSCLC, CD8+ T cell infiltration in both early
and late-stage patients was associated with better progno-
sis.8,9 In colorectal cancer, active CD8+ T cells in the tumor
mass and stromal region provided significant prognostic
value of a better clinical outcome.53,54

In this study, we investigated the association between
PD-L1, TGF-β, and CD8 expression with the response to
first-line treatment of chemotherapy in patients with
advanced thymic carcinoma. Our results show that patients
with higher CD8+ TILs or lower TGF-β expression were
likely to acquire higher ORRs. This trend was consistent
with accumulating evidence that the therapeutic effect of
chemotherapy is partially dependent on the immune sys-
tem of patients.55 Chemotherapy-induced “immunogenic”
cancer cell death leads to an increase of “eat me” signals,
cytokines, and danger signals in the microenvironment,
which triggers the activities of antigen-presenting cells for
engulfing cancer cells. The phagocytosis of target cancer

Figure 5 Kaplan–Meier plots with the log-rank test for overall survival
(OS) of patients with advanced thymic epithelial tumors (TETs) accord-
ing to (a) PD-L1 and (b) transforming growth factor-β (TGF-β) expres-
sion. There was a trend of favorable OS in patients with low PD-L1 or
TGF-β expression, although the differences were not significant
(P = 0.186 and P = 0.052, respectively). CI, confidence interval; mOS,
median OS.
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Figure 6 Kaplan–Meier plots
with the log-rank test for overall
survival (OS) of patients with
(a,c,e) advanced thymic carci-
noma and (b,d) advanced inva-
sive thymoma according to (a,b)
PD-L1, (c,d) transforming growth
factor-β (TGF-β), and (e) CD8
expression. There was a trend of
better OS in advanced thymic
carcinoma patients with low
TGF-β or high CD8 expression
(P = 0.054 and P = 0.154,
respectively). Evaluation of the
prognostic function of PD-L1 for
OS in advanced thymic carci-
noma and invasive thymoma was
limited by the relatively small
sample size in this study, thus
that the median OS (mOS) could
not be estimated in subgroups,
as shown in (a) and (b). CI, confi-
dence interval.

Table 5 Univariate analysis of PD-L1, TGF-β, and CD8+ for predicting OS in patients with advanced thymic carcinoma or advanced invasive thymoma

Advanced thymic carcinoma Advanced invasive thymoma

Expresssion N Median OS (months) 95% CI P N Median OS (months) 95% CI P

PD-L1
Low 7 NE NE 0.262 7 42.6 7.3–77.9 0.711
High 13 29.5 20.8–38.2 6 NE NE

TGF-β
Low 7 62.9 9.3–116.5 0.054 11 91.3 21.9–160.7 0.734
High 13 29.5 7.1–51.9 2 25.4 NE

CD8+

Low 9 15.1 0.0–36.4 0.154
High 11 50.7 18.2–83.2

CI, confidence interval; OS, overall survival; NE, not evaluable; TGF-β, transforming growth factor-β.
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cells by dendritic cells is followed by presentation of the
cancer-associated antigen to T cells to activate adaptive
immunity. Activated TILs recognize cancer cells by specific
antigens and release cytokines and cytolytic proteins to kill
cancer cells. As a result, an active immune response in
patients can largely support the therapeutic effect of che-
motherapy. The relationship between chemotherapy and

Table 6 Characteristics of advanced thymic carcinoma patients admin-
istered first-line treatment

Variable N (n = 17) %

Gender
Male 12 70.6
Female 5 29.4

Age, years
< 60 13 76.5
≥ 60 4 23.5

ECOG PS
0 9 52.9
1 8 47.1

CD8+

Low 7 41.2
High 10 58.8

PD-L1
Low 5 29.4
High 12 70.6

TGF-β
Low 5 29.4
High 12 70.6

First-line chemo best response
PR 4 23.5
SD 13 76.5

RT after first-line chemo
− 8 47.1
+ 9 52.9

Chemo, chemotherapy; ECOG PS, Eastern Cooperative Oncology
Group performance status; PR, partial response; RT, radiotherapy; SD,
stable disease; TGF-β, transforming growth factor-β.

Table 7 Biomarkers and best response of first-line chemotherapy in
patients with advanced thymic carcinoma (n = 17)

First-line
chemo response

Fisher’s
exact testExpression PR SD Total

CD8+

Low 1 (14.3%) 6 (85.7%) 7 (100%) P = 0.603
High 3 (30.0%) 7 (70.0%) 10 (100%)

Total 4 (23.5%) 13 (76.5%) 17 (100%)
PD-L1
Low 1 (20.0%) 4 (80.0%) 5 (100%) P = 1.000
High 3 (25.0%) 9 (75.0%) 12 (100%)

Total 4 (23.5%) 13 (76.5%) 17 (100%)
TGF-β
Low 2 (40.0%) 3 (60.0%) 5 (100%) P = 0.538
High 2 (16.7%) 10 (83.3%) 12 (100%)

Total 4 (23.5%) 13 (76.5%) 17 (100%)

Chemo, chemotherapy; ECOG PS, Eastern Cooperative Oncology
Group performance status; PR, partial response; RT, radiotherapy; SD,
stable disease; TGF-β, transforming growth factor-β.

Figure 7 Kaplan–Meier curves with log-
rank test for progression-free survival
(PFS) after first-line treatment of patients
with advanced thymic carcinoma accord-
ing to (a) CD8, (b) PD-L1, and
(c) transforming growth factor-β (TGF-β)
expression. Significantly superior PFS after
first-line treatment was achieved in
patients with low PD-L1 expression
(P = 0.043). No significance of TGF-β
(P = 0.153) or CD8 (P = 0.699) expression
with regard to PFS was observed.
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immunity may explain the observed trend in our study that
higher CD8+ TILs or lower TGF-β expression appeared to
correlate with reponse to first-line chemotherapy.
Anti-PD-1/PD-L1 antibodies, such as nivolumab and

atezolizumab approved by the United States Food and
Drug Administration (FDA) are now standard therapies
for a range of solid tumours.28,56–59 More patients achieve a
durable response to immunotherapy for a year or
more.60–63 Because the immune response plays an impor-
tant synergistic role in chemotherapy, the restoration of
active immunity during chemotherapy may be beneficial to
cancer patients. Pre-clinical mouse models have illustrated
significantly higher therapeutic effects of chemotherapy in
immunocompetent animals compared to immunodeficient
mice.64 Clinical trials, including FDA-approved nivolumab
and other PD-1/PD-L1 inhibitors combined with chemo-
therapy, are underway to investigate the therapeutic effi-
cacy and clinical benefits. Recently, 22.5% of patients with
recurrent thymic carcinoma who had progressed after at
least one line of chemotherapy with pembrolizumab
achieved an objective response, and the proportion of PD-
L1 positive patients was significantly higher in the
responding group than in the non-responding group.65

This suggests that PD-L1 may be a useful biomarker to
predict the efficacy of immunotherapy in patients with thy-
mic carcinoma.
Several limitations of our study need to be addressed.

First, clinical validation was based on a retrospective set-
ting and the limited sample size might cause statistical bias.
Second, insufficient information on treatment outcomes
may have influenced the ultimate clinical outcomes to
some degree. The findings of this study warrant further
investigation.
In conclusion, PD-L1, TGF-β, and CD8+ CTLs may be

used as potential prognostic factors for clinical outcome in
advanced TETs, especially in advanced thymic carcinoma.
The results of this study support a clinical trial of immuno-
therapy in this rare tumor type and warrant further
evaluation.
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