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Abstract: Immunotherapy provided with checkpoint inhibitors such as the programmed cell
death-1 (PD-1) receptor or its ligand-1 (PD-L1) protein has been shown to be effective for
treating several types of cancer, and was recently approved for use in treating malignant
melanoma, advanced non-small cell lung cancer (NSCLC), urothelial carcinoma, head and
neck squamous cell carcinoma, liver cancer, and additional forms of cancer. However, there
is little evidence concerning its effectiveness in treating thymic squamous cell carcinoma
(TSCC). Here, we report two cases of refractory TSCC that were treated with PD-1 single/
combination therapy in a clinical setting. The patients exhibited variable responses to therapy
without any serious adverse events. In summary, our findings show that immunotherapy
provided with an immuno-checkpoint inhibitor in combination with chemotherapy/anti-
angiogenesis therapy can improve the treatment response of patients with refractory TSCC.
Anti-PD-1 single/combination therapy may be used as a strategy for treating advanced
refractory TC.
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Introduction
Thymic carcinoma (TC) is a rare mediastinal malignant tumor derived from thymic
epithelial cells, and accounts for 5~36% of all thymic epithelial tumors (TETs).'
Histological examinations have shown that the majority of TCs are either squamous
carcinomas or undifferentiated carcinomas. A retrospective study by the Chinese
Alliance for Research in Thymomas (ChART) showed that the most frequent
histologic subtype of TCs was squamous cell carcinoma.* A study has shown that
the 5-year survival rate of patients with TC is only 30%.> Surgical resection is the
primary method used to manage early-stage TC when a complete resection is
possible. However, the postoperative recurrence rate of TC is high,®” and the
prognosis of TC patients is poor. As most cases of TC are diagnosed at an advanced
stage, chemotherapy is usually administered to slow the progress of the tumor. The
efficacy of conventional chemotherapy in patients with advanced-stage or relapsing
tumors is poor,® there are few published findings regarding the efficacy of second-
line chemotherapy in patients with previously treated or advanced TC.

The evolution of immune-checkpoint inhibitors (ICIs) has revolutionized the
field of immunotherapy. Cancer cells are known to activate different immune

checkpoints, and several ICIs including pembrolizumab, nivolumab, atezolizumab,
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durvalumab, and avelumab have recently shown promising
results for suppressing cancer growth and progression.

ICIs that target PD-1/PD-L1 have been shown to be ben-
eficial in treating multiple types of solid tumors, and to
increase the overall response rate (ORR) with a low rate of
immune-related adverse events. Investigations into methods
for obtaining long-term immune responses and increasing
patient survival times by using ICIs has become an increas-
ingly popular area of research. Several anti-PD-1/PDL-1 drugs
have recently been approved by the Food and Drug
Administration for use in treating malignant melanoma,
NSCLC, and other types of solid tumors. Under normal phy-
siologic conditions, PD-1 expressed on activated T-cells is
known to protect the host against autoimmunity by inhibiting
effector T-cell activity and stimulating the activity of immu-
nosuppressive regulatory T cells (Tregs).” Expression of the
PD-ligand (PD-L1) is specifically upregulated in the presence
of a tumor, and that upregulation further promotes tumor
invasion and growth by suppressing the T-cell response.

The thymus is a complex immune organ known to play
a critical role in creating and building a T-cell repertoire.
Previous studies have demonstrated PD-L1 expression in
the thymus, and several studies reported the frequency of
PD-L1 expression in thymomas (23%-68%) and TCs
(70%-75%).'%""" A study that analyzed PD-1 and PD-LI
and their levels of mRNA expression in 68 samples of
formalin-fixed paraffin-embedded thymic epithelial neo-
plasm tissue (63 thymomas and 5 thymic carcinomas)
suggest possible involvement of the PD-1 and PD-L1
pathway in TETs’ progression.'* Although still controver-
sial, given the immunological significance of PD-1/PD-L1
within the thymus and the recent emergence of PD-L1 as

Figure | Histopathology from case |. (A) x40. (B) x200.

an important predictive biomarker for the effectiveness of
cancer immunotherapies,'*'* anti-PD-1/PD-L1 therapies
could play an important role in the management of
advanced TC. It is also possible that combination treat-
ment with conventional cytotoxic agents plus immunother-
apy agents could increase the efficacy of both types of
agents.'”> However, the low prevalence of TC significantly
limits the ability of investigators to generate epidemiolo-
gical evidence regarding the efficacy of anti-PD-1/PD-L1
therapies used for advanced-stage TC. The low number of
available patients could also be responsible for the current
lack of consensus on how to best treat advanced-stage TC
patients in clinical practice.

Here, we describe two cases of advanced-stage recur-
rent TSCC treated with PD-1 inhibitor single/combination
therapy and provide an assessment of the efficacy and
safety of the treatment.

Case Presentations
Case |

A 40-year-old male presented at the hospital and was sub-
sequently diagnosed with squamous cell carcinoma of the
thymus (Masaoka stage IV) in November 2004 (Figure 1).
The patient was administered preoperative and postopera-
tive chemotherapy with cyclophosphamide, epirubicin, and
cisplatin. Because of repeated local recurrence, the patient
received gamma knife treatment in 2006, and again in 2014.
Shortly afterwards, the patient presented with an inoperable
relapse and was administered concurrent radiochemother-
apy with docetaxel and oxaliplatin. In 2015, second-line
treatment with albumin paclitaxel was initiated; however,
the disease continued to progress, and third-line treatment
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with gemcitabine plus bevacizumab was initiated. A second
axillary lymph node biopsy was performed, which revealed
the same histological type as the primary lesion.
Immunohistochemistry (IHC) showed that the biopsy tissue
was PD-1 and PD-L1 positive. In June 2016 (Figure 2A),
ICI therapy was initiated consisting of 40 cycles of nivolu-
mab. That treatment continued until May 2018 (Figure 2B)
and resulted in SD with a progression-free survival (PFS)
time of 38 months. In August 2019, the patient received one
cycle of pembrolizumab plus vinorelbine due to re-
emergence of the disease. Chest imaging revealed a right
hilar lymph node lesion that showed a 10% increase in size.
This finding was followed by re-initiation of treatment with
3 cycles of nivolumab in combination with nab-paclitaxel,
which resulted in a partial response. Unfortunately, the
treatment had to be discontinued due to complaints of
chest tightness and asthma. The disease then rapidly pro-
gressed, with the right hilar lymph node lesion showing
50% enlargement. Since December 2019, the patient has
been receiving oral anlotinib therapy. With the exception of
itchy skin on the limbs (CTCAE grade 1), no serious
adverse events were observed during these single/combina-
tion treatments.

Case 2

In 2017, a 52-year-old male presented at the hospital with
complaints of progressive chest pain. Chest imaging revealed
an anterior mediastinum mass with enlarged lymph nodes and
a left pleura metastasis. A small needle biopsy of the anterior
mediastinal mass revealed poorly differentiated squamous cell
carcinoma of the thymus (Figure 3). Immunohistochemistry
showed that 70% of the cells were positive for PD-L1. The

patient was administered first-line treatment with paclitaxel
liposomes plus carboplatin; however, the disease continued to
progress. Next, immunotherapy was initiated with pembroli-
zumab as second-line treatment, and the patient showed pro-
gressive disease after 2 cycles of immunotherapy.
Subsequently, the treatment was modified to include combi-
nation therapy with albumin paclitaxel as a third-line treat-
ment, which led to significant disease remission after 2 cycles.
Upon examination, the patient showed only slight progress
after the 3rd cycle (Figure 4A), and was switched to treatment
with pembrolizumab plus anlotinib, which subsequently
resulted in progressive disease. This was followed by the
introduction of palliative radiotherapy, and concurrent admin-
istration of targeted therapy with anlotinib. Combination ther-
apy with anlotinib plus pembrolizumab was continued for 16
cycles as a part of a sequential regimen, resulting in the
maintenance of stable disease until December 2019 (Figure
4B), when an enlarged pleural tubercle and new bone metas-
tases were observed (Figure 4C). As a consequence of these
findings, the third-line chemotherapy was judged to be inef-
fective, and the patient was switched to one cycle of combina-
tion therapy with pembrolizumab plus gemcitabine. To our
surprise, the patient exhibited a partial response (Figure 4D).
Furthermore, during the entire course of pembrolizumab
immunotherapy and immunocombination therapy with albu-
min paclitaxel/anlotinib, the patient experienced only grade 1
nausea without any additional immunotherapy-related side
effects. However, the patient did experience a grade 3 skin
reaction that manifested as rashes on the trunk and limbs,
accompanied by itching during treatment with pembrolizu-
mab plus gemcitabine combination therapy. Later, a marked
improvement in the skin reaction was observed after initiation

- —

Figure 2 CT images from case |. (A) Chest CT revealing postoperative changes of thymic carcinoma, scattered fibrous foci of the left lung, left pleural hypertrophy with
a small amount of pleural effusion. Soft tissue shadows are observed around the posterior mediastinal thoracic aorta. (B) PET-CT revealing the left mediastinal pleura and
bilateral costal pleura were irregularly thickened, and some of them were accompanied by increased metabolism. Left pleural effusion and atelectasis of the lower left lung.
Right hilar enlarged lymph nodes with increased metabolism were considered for metastasis.
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Figure 3 Histopathology from case 2. (A) %40. (B) x200. (C) CD5. (D) CDI17. (E) P40. (F) Pé3.

Figure 4 CT images from case 2. (A) Chest enhancement CT revealing the maximum cross-section of the anterior mediastinal mass is 2.1x1.lcm in size (red arrow). (B)
Chest enhancement CT revealing an irregular, ill-defined mass of the anterior mediastinal, difficult to accurately measure (red arrow). (C) Chest enhancement CT revealing

the pleural effusion appears on the left side (red arrow). (D) The left pleural effusion was absorbed and soft tissue mass near the left posterior mediastinum smaller than
before (red arrow).
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of hormone therapy. In summary, the duration of anti-PD-1
single therapy and immunotherapy in combination with che-
motherapy/antiangiogenic therapy lasted for a total of 23
months.

Discussion

TCs are malignant mediastinal neoplasms derived from
thymic epithelial cells and have a poor prognosis. Due to
the rarity of these tumors, treatment decisions are often
based on findings from underpowered prospective clinical
studies. Moreover, TCs are more aggressive, less respon-
sive to chemotherapy, and have an increased likelihood of
producing distant metastases when compared with other
types of tumors. TSCCs are known to respond poorly to
chemotherapy, with objective positive rates ranging from
22% to 36%.'%!7 To date, the response of TSCCs to radio-
therapy is also controversial. In addition, there is no
standard second-line treatment for patients with recurrent
TC. These factors emphasize the need for prognostic bio-
markers and new alternative strategies for treating TC.
Recently, ICIs have ushered in a new era in cancer treat-
ment, provoking us to evaluate the prospects for using ICIs
in treatment of TCs.

PD-L1 expression is the most studied biomarker for
judging the efficacy of a PD-1/PD-L1 inhibitor. The effi-
cacy of pembrolizumab was recently evaluated in a single-
arm Phase II study that enrolled 40 patients with recurrent
TC that had progressed after at least one cycle of che-
motherapy. Only 3% of those patients achieved a complete
response, 20% achieved a partial response, and 53%
achieved stable disease.'® Another phase II trial enrolled
26 patients with refractory or recurrent TET. In that study,
19.2% of the patients showed a partial response, 53.8% of
patients achieved stable disease, and the median PFS time
was 6.1 months.'” A recent case study showed that 100%
of squamous cell carcinoma specimens obtained from
a Japanese patient treated with pembrolizumab expressed
PD-L1. The patient’s tumor was successfully treated, as
verified by its significant regression without any accom-
panying serious adverse side effects. These studies suggest
that inhibition of the PD-1/PD-L1 axis by anti-PD-1 or
anti-PD-L1 antibodies might be a strategy for treating
TC.*

Both patients (case #1 and case #2) in our case-series
tested positive for PD-L1 expression. Our immunohisto-
chemical analysis of one of the patients (case #2) showed
a high level of PD-L1 expression (up to 70%), and that
patient received pembrolizumab as second-line therapy.

However, the patient showed disease progression after
only 2 cycles of treatment, suggesting a lack of efficacy.
Our results are in sharp contrast with those of a previous
study that reported a positive association between a high
level of PD-L1 expression (>50% of cells) and a favorable
prognosis.

Furthermore, in a small study that evaluated the effi-
cacy of nivolumab in four patients with TC, 3 patients
showed a partial response and the remaining patient
achieved stable disease; those results suggest the potential
benefits of using these inhibitors to treat TCs in real-world
clinical setting.”' In our case study, one patient (case #1)
who received nivolumab as monotherapy achieved stable
disease and a PFS time of 38 months, which was consis-
tent with previous reports of a durable response to immu-
notherapy lasting longer than one year.**** Due to the low
incidence of TC, we were unable verify the correlation
between PD-1 expression and the efficacy of TC treat-
ment; further emphasizing the need for a larger sample
size.

It is believed that immunotherapy might be even more
beneficial when administered in combination with other
therapies such as chemotherapy, radiotherapy, and antian-
giogenic therapy. These potentially synergistic combina-
tion therapies may cause an anti-tumor immune response
by releasing antigens that promote tumor cell apoptosis,
and thereby restore active immunity.>*?> Consistent with
literature reports, both patients with progressive disease in
our study who were administered nivolumab/pembrolizu-
mab in combination with albumin paclitaxel achieved
a partial response. Furthermore, one of those patients
was further treated with pembrolizumab in combination
with the traditional chemotherapy drug gemcitabine, and
continued to show a partial response. Knowledge regard-
ing chemotherapy for TC has mainly been based on retro-
spective series with small patient samples. A retrospective
analysis reported that gemcitabine achieved moderate out-
comes concerning in 4(36.4%) of 11 patients with refrac-
tory TC who had previously been treated mainly with
platinum-based chemotherapy, suggesting gemcitabine as
a possible important drug for treating TC.?® Another study
evaluated the efficacy of second-line chemotherapy in
patients with previously treated advanced TC. When gem-
citabine was used as the second-line chemotherapeutic
agent, the response rate was 28.6%.% However, gemcita-
bine was only used as a second-line treatment for TC in
the above studies, and there is no standard treatment after
multiple lines of chemotherapy have been used. Because
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of its rarity, there are no randomized studies on the effects
of chemotherapy in treatment of TC, and additional evi-
dence is required to prove the efficacy of gemcitabine
when used as a single agent in treatment of TC. Our
study suggests the potential clinical benefits of receiving
different combinations of an ICI plus other forms of ther-
apy. A previous retrospective study showed that elevated
levels of PD-L1 and PD-1 expression after chemotherapy
are markers that support the use of anti-PD-1/L1 drugs for
treating TM and TC, as well as the continued use of those
agents after chemotherapy.?’ Our results are also consis-
tent with that study, as they suggest the benefit of provid-
ing ICI therapy after conventional chemotherapy.

We observed a favorable response in one patient (case #2)
who was administered pembrolizumab in combination with
the antiangiogenic drug, anlotinib, as that patient achieved 15
months of PFS. Tumor growth requires the generation of new
blood
a continuous supply of oxygen and nutrients. While angiogen-

vessels (i.e. neovascularization) to maintain
esis is critical for the growth of primary tumors, it also has
a complex relationship with the immune system.”® Tumor
cells evade immune surveillance by immunologically sup-
pressing their microenvironment. VEGF produced by tumors
not only plays an essential role in tumor vascularization but
also inhibits the immune system by identifying and destroying
immune cells that attack tumor cells.”” VEGF signaling spe-
cifically modulates immunoregulation by inhibiting the activ-
ity of T cells to reduce an antitumor response. Several Phase 2
trials have reported the activity and safety of multi-targeted
kinase inhibitors, mainly targeting VEGR, as second-line
treatment for thymic carcinoma. The activity of sunitinib
malate, a multitargeted kinase inhibitor targeting the
VEGFR, was tested in 23 patients with thymic carcinoma
and 16 patients with thymoma in a phase 2 trial, in which 6
(26%) of the 23 patients with thymic carcinoma achieved
a partial response.’® Another multicenter, phase 2 trial
assessed the activity and safety of lenvatinib as a second-line
treatment in advanced or metastatic thymic carcinoma. Those
findings showed that 16 (38%) of 42 patients had a partial
response.’’ These results suggest that sunitinib and lenvatinib
could become treatment options for patients with previously
treated advanced or metastatic thymic carcinoma. However,
the above trials all have the limitation of a small sample size,
and their results need to be confirmed in larger trials. Anlotinib
is a novel TKI that was independently developed in China.
Anlotinib can bind to VEGFR-1, VEGFR-2, VEGFR-3,
PDGFR, fibroblast growth factor receptor (FGFR), c-Kit,
Ret, have

and other targets. Several clinical trials

demonstrated that anlotinib has good efficacy and safety
when used in the treatment of non-small cell lung cancer,
soft tissue sarcoma, small cell lung cancer, medullary thyroid
carcinoma, renal carcinoma and colorectal cancer. Because of
the rarity of thymic carcinoma, no clinical trials have investi-
gated the safety and efficacy of anlotinib in treatment of TC.
However, such findings support the use of antiangiogenic
agents in treatment of advanced thymic malignancies.
Previous success stories regarding the effectiveness of anloti-
nib therapy motivated us to treat two of our patients with that
drug. The results were encouraging, as one of the patients
reaped the benefits of immunotherapy provided in combina-
tion with anlotinib, further confirming the stimulatory effect of
anti-angiogenesis drugs on the immune system.** The use of
anlotinib in combination with traditional chemotherapy, tar-
geted therapy, and immunotherapy needs further exploration.
It is hoped that immune-based combination therapy will
become more widely used to treat various types of tumors in
the future, and thus benefit more patients.

In conclusion, our study showed that different indivi-
duals can respond differently to immunotherapy. Although
we observed a suboptimal response rate, the responses we
did observe when using immunomonotherapy or an
immuno-checkpoint inhibitor in combination with che-
motherapy/anti-angiogenesis therapy was beneficial, and
those treatments were accompanied by an acceptable
level of toxicity. Our study further emphasizes the need
for investigating the role that combination therapies con-
sisting of an ICI plus chemotherapy/antiangiogenic drugs
can play in treating refractory TC. Despite the limitations
of our study, results for the 2 cases described here suggest
that immune-based combination therapy may be used as
a treatment option for patients with advanced refractory
TC, a population for which no standard treatments are
available. However, our results must be viewed with cau-
tion and reveal the need for conducting large-scale pro-
spective studies that explore the role of immunotherapy in
TSCC. Furthermore, prognostic biomarkers could play an
essential role in realizing the possible synergistic antitu-
mor effects that ICIs might exert when used as part of
combination therapy for TC. Whether PD-L1 can be used
as a potential biomarker for TC, still needs to be verified in
studies with large sample sizes.
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