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Abstract. Microsatellite instability‑high (MSI‑H) tumors, 
which exhibit somatic hypermutations due to defects in the 
DNA mismatch repair system, are found in several cancer types. 
These tumors are known for their responsiveness to immune 
checkpoint inhibitors (ICIs), regardless of tumor origin. Thymic 
carcinomas (TCs) are characterized by high programmed 
death ligand 1 expression and low levels of somatic mutations. 
Consequently, the incidence of MSI‑H TCs is extremely rare. 
To the best of our knowledge, the present report is the first to 
describe a case of recurrent MSI‑H TC achieving complete 
remission with pembrolizumab monotherapy, distinguishing 
it from prior reports of partial responses. The patient in the 
present case was a 78‑year‑old woman with solitary pulmonary 
and thymic tumors. Thymoma, lung cancer or breast cancer with 
lung metastasis were suspected, and simultaneous videoscopic 
resection was performed. The patient was diagnosed with TC 
with pulmonary metastasis. Adjuvant platinum‑based doublet 
chemotherapy was only administered twice due to side effects, 
and extensive recurrent lesions were found in the thoracic 
cavity 8 months after surgery. Genetic testing of the tumor 
tissue revealed MSI‑H, and pembrolizumab was administered 
as second‑line chemotherapy. A total of 4 years and 9 months 
after the initial surgery, the metastatic lesions had completely 
disappeared, with no signs of recurrence. In conclusion, the 
present report describes a rare case of recurrent TC presenting 
with MSI‑H, in which a complete remission was achieved with 
immune checkpoint inhibitor (ICI) treatment; however, further 
research is needed to explore the efficacy of ICIs in rare cases 
of MSI‑H TCs.

Introduction

Microsatellite instability‑high (MSI‑H) tumors account 
for 4‑5% of all solid tumors, with the highest prevalence 
observed in colorectal (up to 15%) and endometrial cancer 
(up to 30%) (1). MSI‑H status results from deficiency in the 
DNA mismatch repair system, occurring either sporadically or 
through germline mutations associated with Lynch syndrome. 
These tumors are characterized by a high tumor mutational 
burden and abundant neoantigen production. In clinical 
practice, the therapeutic effect of programmed death ligand 
1 (PD‑L1) blockade using pembrolizumab against MSI‑H 
tumors is hypothesized to extend beyond the organ system (2). 
Although most MSI‑H tumors occur sporadically in several 
organs and are not associated with hereditary disease, the 
possibility of Lynch syndrome can only be entirely excluded if 
germline testing is performed.

TC is a rare and highly malignant tumor. Treatment 
strategies include surgical resection when feasible, followed 
by platinum‑based chemotherapy and radiotherapy. Complete 
surgical resection is essential for achieving favorable 
outcomes. The prognosis of patient with incompletely resected 
or metastatic TC is poor, and systemic therapy for unresect‑
able, progressive or recurrent TC is supported by limited 
clinical data (3‑7).

Generally, TCs exhibit high PD‑L1 expression but low 
mutational burden  (8‑10). MSI‑H status in TCs is exceed‑
ingly rare, reported in <1% of case (11‑13). To the best of our 
knowledge, only one case report has described an MSI‑H 
thymic carcinoma treated with ICIs, which achieved a partial 
response  (12). The present report describes a rare case of 
recurrent MSI‑H TC that responded notably well to ICIs and 
may provide useful data for the immunotherapy of future cases 
of recurrent MSI‑H TC.

Case report

A 78‑year‑old woman with an abnormal pulmonary shadow 
was referred to the Department of Thoracic Surgery (Tokai 
University Hachioji Hospital, Tokyo, Japan) for examination 
in April 2020 with a medical history including hypertension 
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and complete atrioventricular block with an implanted 
pacemaker. The patient had surgery for right breast cancer 
~30 years prior and for cerebellar meningioma ~20 years prior. 
No abnormalities were observed during the initial physical 
examination.

Contrast‑enhanced chest computed tomography (CT) 
revealed a pulmonary nodule (26 mm in size) in the right 
middle lobe adjacent to the interlobar pleura without medi‑
astinal lymph node enlargement, and a solid tumor (30 mm 
in size) in the right anterior mediastinum (Fig. 1). Positron 
emission tomography (PET) revealed an accumulation of fluo‑
rodeoxyglucose [standardized uptake value (SUV) max, 4.3 
and 4.5] but no accumulation elsewhere (data not shown). Blood 
test results were normal, including those of tumor markers 
[carcinoembryonic antigen (CEA), squamous cell carcinoma 
(SCC) associated antigen and cytokeratin 19 fragment]. The 
SUVmax value of the mediastinal lesion was low for malig‑
nant lymphoma or TC, which typically show SUVmax value 
exceeding 5.0‑10.0 (14,15). By contrast, the mediastinal lesion 
in this case demonstrated a lower SUVmax of 4.5. Therefore, 
it was considered a thymoma. The pulmonary lesion was 
diagnosed as either lung cancer [C‑T2a(pl1) N0M0] based on 
the TNM classification system (8th edition) (16) or pulmonary 
metastasis from breast cancer.

CT‑guided biopsy was not performed prior to surgery, 
as the lesions were considered resectable. This procedure 
often yields limited tissue samples, which may compromise 
accurate histopathological diagnosis, particularly in thymic 
epithelial tumor. Moreover, it was avoided due to the potential 
risk of tumor seeding along the puncture tract. In addition, the 
anatomical location of lesions raised concern for air embolism 
associated with transthoracic needle insertion. Therefore, 
upfront surgical resection was selected: Middle lobectomy with 
systemic lymph node dissection and radical thymectomy with 
partial pericardium were performed via videoscopic surgery. 
Intraoperative pathology revealed both tumors to be poorly 
differentiated carcinomas. The sample was embedded in a 
cryoprotective compound and frozen at ‑10 to ‑15˚C. Sections 
were cut at 5‑µm thickness using a cryotome and subsequently 
stained by the rapid hematoxylin and eosin (H&E) technique for 
~3 min at room temperature. The slides were microscopically 
evaluated by two pathologists using a light microscope (BX53; 
Olympus Corporation). However, determining the primary 
tumor was difficult. Macroscopically, a whitish solid tumor 
(25x20x30 mm in size) was observed in the resected anterior 
mediastinal resected specimen. Histologically (Fig. 2A and B), 
the tumor was surrounded by a fibrous capsule, but focal 
fatty invasion and necrosis were observed. The tumor was 
composed of epithelioid cells with marked pleomorphism and 
frequent mitosis. Furthermore, the tumor contained thymoma 
components equivalent to type B2‑3 accompanied by lympho‑
cytic infiltration. These finding indicated poorly differentiated 
and highly malignant thymic‑origin tumor. All specimens 
were fixed with 10% neutral buffered formalin for 24‑48 h at 
room temperature, embedded in paraffin and cut into 4‑µm 
thick sections. Immunohistochemistry was performed using 
the BenchMark Autostainer (Roche Diagnostics) according to 
the manufacturer's recommended protocol. Antigen retrieval 
was performed with PROTEASE1 for 4 min or with ULTRA 
Cell Conditioning Solution (ULTRA CC1) at 100˚C for 

64 min. The BenchMark Autostainer automatically performed 
all subsequent processes, including deparaffinization in xylene 
and rehydration in ethanol. Sections were then immersed in 
0.01 mol/l citric acid buffered solution, followed by blocking 
using the UV DAB inhibitor and protein blocking reagent 
included in the UltraView Universal DAB Detection Kit 
(Roche Diagnostics), which was applied at room temperature 
according to the manufacturer's protocol. Endogenous peroxi‑
dase activity was quenched automatically on the BenchMark 
Autostainer using the hydrogen peroxide‑based inhibitor 
included in the same detection kit.

The following primary antibodies were applied at 36˚C 
for 32‑40 min: cytokeratin (cat. no. NCL‑L; clone AE1/AE3, 
Leica, 1:100), p63 (cat. no. NCL‑L; clone 7‑Jul, Leica, 1:20), 
c‑kit (cat. no. NCL‑L‑CD117‑32; clone EP10, Leica, 1:20), CD5 
(cat. no. NCL‑L‑CD5‑4C7; clone 4C7, Leica, 1:200), TTF‑1 
(cat. no. CMQ 343M‑96‑RUO; clone 8G7G3/1, Cell Marque, 
1:100), CEA (cat. no. 413121; clone COL‑1; Nichirei, 1:100), 
and MART‑1 (cat. no. 413381; clone M2‑7C10, Nichirei, 1:10). 
Visualization was achieved using the Ultra View Universal 
DAB Detection Kit (Roche Diagnostics).

Microscopic evaluation was performed with a BX53 
optical light microscope (Olympus Corporation), and two 
pathologists independently assessed the staining results. 
Immunostaining revealed partial positivity for keratin AE1/3 
and P‑63 (Fig. 2C and D), but negativity for C‑kit and CD5 
(Fig. 3A and B), suggesting a poorly differentiated thymic SCC 
or undifferentiated carcinoma, differing from typical thymic 
SCC. Additionally, negativity for thyroid transcription factor 1, 
CEA and melanoma antigen recognized by T cells (Fig. 3C‑E) 
ruled out metastatic tumors originating from the lung adeno‑
carcinoma or amelanotic melanoma. The pulmonary tumor 

Figure 1. Preoperative CT. CT images show (A) anterior mediastinal tumor 
and (B) pulmonary nodule. CT, computed tomography.
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measured 20x15 mm in size and histologically resembled 
a mediastinal lesion with multiple venous infiltrations. No 
metastasis to the mediastinal or hilar lymph nodes was 

observed; however, there was a suspected high potential for 
hematogenous metastasis. Based on the aforementioned 
findings, the tumor was diagnosed as a poorly differentiated 

Figure 2. Histological and positive immunohistochemical findings of the anterior mediastinal tumor. (A) Low power view reveals that the tumor is surrounded 
by a fibrous capsule but shows focal invasion to the fat tissue beyond the capsule. (B) High power view demonstrates that the tumor with necrosis was 
composed of epithelial cells showing marked pleomorphism and frequent mitosis. The arrows highlight the regions with the highest degree of cellular atypia. 
Immunohistochemically, the tumor cells were focal positive for (C) keratin AE1/3 and (D) p63, suggesting an epithelial origin.

Figure 3. Negative immunohistochemical findings of the anterior mediastinal tumor. Tumor cells were negative for (A) CD5, (B) C‑kit, (C) TTF‑1, (D) CEA 
and (E) MART‑1. TTF‑1, thyroid transcription factor‑1; CEA, carcinoembryonic antigen; MART‑1, melanoma antigen recognized by T cells.
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thymic SCC/undifferentiated carcinoma with pulmonary 
metastasis and stage IVb disease (Masaoka classification) (17).

Adjuvant therapy with carboplatin and paclitaxel was 
administered intravenously on postoperative days 84 and 121. 
The regimen consisted of carboplatin (300 mg/body kg) and 
paclitaxel (290 mg/body kg). Although the standard interval 
between cycles is 3 weeks, the second cycle was delayed, 
resulting in a 37‑day interval. However, due to the advanced 
age of the patient, severe bone marrow suppression and 
anorexia, chemotherapy was discontinued after the second 
cycle. A follow‑up contrast CT scan 8 months after surgery 
revealed local recurrence of TC in the anterior mediastinum 
and multiple pulmonary metastases (Fig. 4A) with pleural 
dissemination and right hilar lymph node metastases. However, 
the patient could not tolerate further chemotherapy.

MSI testing was performed on the formalin‑fixed, 
paraffin‑embedded tumor tissue using an MSI testing kit 
(FALCO HOLDINGS Co., Ltd.), and the tissue was classified 
as MSI‑H. Additional biomarkers, including PD‑L1 expres‑
sion and tumor mutation burden (TMB), were not assessed. 
In Japan, ICIs are not approved for TC as a standalone 
indication, and PD‑L1 testing is not routinely performed in 
such a setting (3,18). Furthermore, at the time of treatment 
initiation, tissue‑agnostic approval for TMB‑high tumor was 
not yet available, and comprehensive genomic profiling was 
not available.

Pembrolizumab (200 mg/dose) was initiated 9 months 
after surgery and administered intravenously every 3 weeks 
for total of 21 cycles over 1 year and 9 months, without any 
immune‑related adverse events. A timeline of the tumor 
response and pembrolizumab monotherapy is presented in 
Fig. 5. Subsequently, at 1.5 years after the initiation of pembro‑
lizumab treatment, chest CT revealed that the recurrent 
lesions, including those in the anterior mediastinum, multiple 
pulmonary metastases, pleural dissemination and right hilar 
lymph node metastases, had almost completely disappeared 
(Fig. 4B‑D). A total of 4 years and 9 months after the initial 
surgery, the patient is alive without recurrence.

Discussion

TC is an extremely rare tumor with an incidence of 0.07‑0.38% 
per 100,000 individuals (4). Complete surgical resection is 
essential for achieving good outcomes; however, TC is highly 
malignant, and ~68% of patients develop progressive disease 
with lymph node or distant metastases (5).

Systemic therapy for unresectable progressive or recurrent 
TC has limited clinical data. Currently, the key drug is a platinum 
agent and combination therapy (6). Lenvatinib, a multi‑kinase 
inhibiter, has also shown promising activity in this setting (7). 
Nevertheless, in clinical practice, there are few effective treat‑
ment options after second‑line treatment, compared with that in 
non‑small cell lung cancer. In the present case, the identification 
of MSI‑H status provided a rationale for immune checkpoint 
inhibition, which led to a complete response.

ICI therapy has expanded in the field of thoracic surgery 
to include adjuvant therapy after lung cancer surgery and for 
lung cancer recurrence, with PD‑L1 expression and its asso‑
ciated therapeutic effects gaining attention. In advanced TC 
with a history of initial chemotherapy and no autoimmune 

disease, the PD‑L1 positivity rate is relatively high at 54‑75%. 
The overall response rate (ORR) of pembrolizumab has been 
reported to be ~20%, with a median progression free survival 
of 4.2‑6.1 months. An association has also been reported 
between PD‑L1 expression and therapeutic effect  (9,10). 
However, due to insufficient data, ICI therapy for TC is not 
covered by insurance in Japan (3,18).

The incidence of unresectable or metastatic MSI‑H solid 
cancers varies according to cancer type, with endometrial 
cancer being the most common (16.85%), followed by small 
intestinal (8.63%), gastric (6.74%), duodenal (5.60%) and 
colon/rectal (3.78%) cancer (8). In a phase II trial of pembro‑
lizumab (anti‑programmed cell death protein 1 antibody) 
therapy for MSI‑H advanced solid cancers that were resistant 
or intolerant to standard therapy, the ORR was ~37% and 
median overall survival was 13.4 months, demonstrating a 
certain level of efficacy regardless of solid cancer type (9). 
Therefore, MSI testing is expected to serve as a companion 
test for predicting the efficacy of ICI therapy against solid 
tumors. In Japan, it is currently approved exclusively used in 
solid tumors, particularly solid cancer (19).

The incidence of unresectable or metastatic MSI‑H 
solid cancers in thoracic surgery is extremely low (1.1% for 
non‑small cell lung cancer and 0.67% for TC) (20,21).

In the present case, MSI testing was performed due to the 
lack of alternative treatment options, and tumor was confirmed 
to be MSI‑H. MSI‑H TCs can be associated with Lynch 

Figure 4. Effect of immune checkpoint inhibitors on recurrent lesions. Serial 
CT images demonstrate gradual shrinkage and complete disappearance of 
the largest pulmonary lesion over the course of 20 doses of pembrolizumab. 
(A) POD 237 showing the recurrent pulmonary lesion. (B) POD 335 showing 
the lesion after 4 doses of pembrolizumab. (C) POD 671 showing the lesion 
after 16 doses. (D) POD 895 showing the complete disappearance of the 
lesion. POD, postoperative day.
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syndrome (12,13), and although the finding of MSI‑H in the 
present case suggested the possibility of Lynch syndrome, the 
family history of the patient, summarized in Fig. 6, did not meet 
the revised Bethesda or modified Amsterdam criteria (22,23). 
Although comprehensive genomic profiling was not available, 
germline testing for mismatch repair gene mutations was 

separately recommended to confirm the diagnosis; however, 
the patient declined this genetic testing. As a result, a definitive 
diagnosis of Lynch syndrome could not be established in the 
present case.

Repetto et al (12) reported a case of MSI‑H TC associated 
with Lynch syndrome; however, the present case has several 

Figure 5. Timeline of ICI therapy and tumor response with corresponding CT findings. ICI, immune checkpoint inhibiter; CT, computed tomography.

https://www.spandidos-publications.com/10.3892/ol.2026.15474
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notable distinctions in the clinical course, disease setting and 
treatment response. Whilst both reported involved MSI‑H 
status and post‑platinum chemotherapy settings, the patient 
in the present case experienced postoperative recurrence 
and was treated pembrolizumab monotherapy, resulting in a 
complete and durable response, maintained over an extended 
period. By contrast, Repetto et al reported a case involving 
unresectable progressive disease, which was treated with 
avelumab plus axitinib combination therapy, achieving a 
partial response that persisted for >15 months. Notably, this 
combination therapy was administered within the context of 
an exploratory phase II trial and is not considered a standard 
treatment. However, the most decisive difference lies in the 
treatment outcome; the patient in the present case achieved 
complete remission, whereas the Repetto et al reported only 

partial response. These findings underscore the heteroge‑
neity of ICI responsiveness in MSH‑H TC and highlight the 
importance of individualized therapeutic strategies based on 
disease context and molecular profile.

Furthermore, the patient in the present case had no history 
of autoimmune disease that would have increased the risk of 
immune‑related adverse events from immunotherapy; this 
was a key factor in the decision to administer ICI treatment. 
Pembrolizumab was administered for 1 year and 9 months 
(a total of 21 times). The treatment was highly effective, with 
the lesions almost disappearing, and complete remission 
achieved.

Unlike that of PD‑L1 expression, the incidence of MSI‑H 
in TC is extremely low. Recently, the first case report, to the 
best of our knowledge, on thymoma presenting with MSI‑H 

Table I. Comparison of the features of a case of microsatellite instability‑high thymoma and the present case of MSI‑H thymic 
carcinoma case, both involving pembrolizumab monotherapy.

Feature	 Kaneko et al, 2024 (24)	 Present case

Diagnosis	 MSI‑H thymoma	 MSI‑H thymic carcinoma
Tumor classification	 Low‑grade thymic epithelial tumor	 High‑grade thymic epithelial tumor
Risk of irAEs	 High	 Low, but required careful monitoring
ICI suitability	 Generally unsuitable due to risk of irAEs	 Suitable with careful management and 
		  monitoring in the absent of auto‑
		  immune disease
Predictive value o	 Limited: MSI‑H status alone did not	 Favorable: MSI‑H status supported
MSI‑H status	 justify pembrolizumab use	 pembrolizumab initiation
Reported ICI outcomes	 Partial response with short pembrolizumab	 Complete response with prolonged
	 regimen	 pembrolizumab regimen
Pembrolizumab	 Not approved: Not classified as MSI‑H	 Approved: Classified as MSI‑H solid
indication (Japan)	 solid cancer	 cancer

MSI‑H, microsatellite instability‑high; irAEs, immune‑related adverse events; ICI, immune checkpoint inhibitor.

Figure 6. Pedigree chart of the proband with microsatellite instability‑high thymic carcinoma. No family history of Lynch syndrome associated tumor was 
identified.
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and demonstrating the efficacy of ICIs was published (24); 
however, the present case differs in several key aspects from 
this previously reported case: Firstly, thymoma and TC are 
distinct entities with differences in malignancy and thera‑
peutic approaches. Whilst ICIs are unsuitable for thymoma 
due to a high risk of autoimmune complications, they can 
be administered for TC with careful management  (9,25). 
Secondly, the present case underscores the indication of 
pembrolizumab for MSI‑H cancers in Japanese regulatory 
guidelines. Unlike prior reports that included thymoma as a 
potential candidate (10,25), the present report proposes that 
thymoma may be biologically distinct from other MSI‑H 
cancers, necessitating further research. Lastly, the treatment 
outcomes differ, as the patient in the present case achieved a 
complete response with a prolonged ICI regimen, in compar‑
ison with the partial response and shorter regimen reported 
in the thymoma case. These key differences are summarized 
in Table I.

In conclusion, the present case highlights the potential 
utility of MSI‑H status as a predictive biomarker for pembro‑
lizumab therapy in TC. This represents a rare but clinically 
meaningful entity and underscores the importance of molecular 
profiling and individualized immunotherapy strategies in rare 
thoracic malignancies. However, broader molecular profiling 
and further multicenter or prospective studies are warranted to 
validate the clinical significance of MSH‑H status and thera‑
peutic implications of pembrolizumab in this context.
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