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Abstract. Thymic large cell neuroendocrine carcinomas 
(LCNECs) are rare, and the optimal regimen for second and 
subsequent lines of chemotherapy for the treatment of LCNECs 
remains unknown. In the present case study, a 59‑year‑old male 
with post‑operative recurrent thymic LCNEC was treated with 
nab‑paclitaxel and carboplatin every 4 weeks as third‑line 
chemotherapy, and a partial response was achieved following 
4 cycles of this regimen. The patient developed grade 4 neutro-
penia and grade 3 leukopenia, but none of the other toxicities, 
including peripheral neuropathy, were severe. Therefore, the 
patient was able to tolerate this salvage chemotherapy. To the 
best of our knowledge, the present study is the first case demon-
strating clinically meaningful antitumor activity by combination 
chemotherapy with carboplatin and nab‑paclitaxel, resulting in 
a positive response in a patient with thymic LCNEC.

Introduction

Thymic carcinomas are rare invasive neoplasms, and 
their clinical course tends to be more aggressive than that 
of thymomas  (1‑3). The World Health Organization has 
established a thymic epithelial tumor classification criteria, 
according to which, neuroendocrine carcinoma (NEC) is 
classified as a subtype of thymic carcinoma, and LCNEC is 
classified under thymic NEC as a pulmonary neuroendocrine 
tumor (4). Thymic NECs are relatively rare neoplasms that 
account for only 2‑4% of all anterior mediastinal neoplasms (5) 
Due to this low frequency rate, no standard chemotherapy has 
been established for thymic LCNEC following failure of initial 
chemotherapy, which has been recognized as effective against 
high‑grade NEC. Ogawa et al (6) previously reported the case 

of a patient with primary thymic LCNEC. The patient received 
a curative thymectomy and subsequent successful adjuvant 
chemotherapy. In the present study, a case of chemorefractory 
thymic LCNEC that exhibited a good response to carboplatin 
and nab‑paclitaxel combination chemotherapy as a salvage 
therapy is reported. Written informed consent was obtained 
from the patient.

Case report

A 59‑year‑old male was admitted to the Kitasato University 
Hospital (Sagamihara, Japan) in April 2009 for further exami-
nation and treatment following the identification of an abnormal 
shadow on a regular health check‑up chest X‑ray. Following 
the differential diagnosis of thymic carcinoma, the patient 
underwent a total thymectomy. The elastic soft tumor was 
surrounded by thymic fat tissue and measured 40x35x28 mm. 
Histologically, the tumor displayed thick trabeculae with 
irregular nests separated by fibrovascular stroma and scattered 
abortive rosette‑like structures (Fig. 1A). The tumor cells were 
large, oval‑to‑polygonal in shape and contained eosinophilic 
granular cytoplasm. The nuclear chromatin was granular, and 
the nucleoli were not clearly visible. Small foci of coagula-
tion necrosis were also observed (Fig.  1B). The average 
mitotic count was high (30/10 high‑power fields; Fig. 1C), 
and the Ki‑67 indices ranged from 20 to 30%, according to 
MIB‑1 staining. Immunohistochemically, the tumor cells were 
diffusely positive for chromogranin A, synaptophysin and 
neural cell adhesion molecule (Fig. 2), confirming their neuro-
endocrine nature. These pathological findings were consistent 
with thymic LCNEC.

The patient was treated with 3 courses (4‑week cycles) of 
adjuvant chemotherapy, based on a platinum doublet using 
a cisplatin (60 mg/m2, day 1) and irinotecan (IP; 60 mg/m2, 
days1, 8 and 15) regimen. The patient survived without recur-
rence for 3  years following total thymectomy. However, 
computed tomography (CT) of the chest 4 years later revealed 
right pleural dissemination and metastasis in a right medias-
tinal and a right hilar lymph node. The patient was treated 
with 2 courses (3‑week cycles) of amrubicin (AMR; 40 mg/m2, 
days 1‑3) monotherapy, and subsequently re‑challenged with 
2 courses of the aforementioned IP regimen, but control of the 
disease was not achieved (Fig. 3A).
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Since the performance status of the patient and the 
function of the major organs were good in June 2014, it was 
possible to treat the patient with a salvage chemotherapy 
regimen consisting of weekly nab‑paclitaxel infusion 
(100 mg/m2) plus carboplatin, at an area under the curve 
of 6, every 4 weeks. CT scans of the chest following 2 cycles 
of this regimen revealed a 32% reduction in the sum of the 
diameters of the target lesions compared with the baseline, 
indicating a partial response (Fig. 3B). A reduction in the size 
of each of the target lesions was confirmed following 4 cycles 

of this regimen in October 2014 (Fig. 3C). The response was 
evaluated according to the Response Evaluation Criteria 
in Solid Tumors, version 1.1 (7). Additionally, the levels of 
serum NSE, which had increased to 21.2 ng/ml (exceeding the 
institutional upper limit of the normal values, <16.3 ng/ml) 
prior to the treatment, were reduced to 7.0 ng/ml following 
4 cycles of this regimen.

The toxicity profile, reported as the highest toxicity grades 
during all the cycles of this regimen, was as follows: Hema-
tological toxicity in the form of grade 4 neutropenia, grade 2 
leukopenia and grade 1 thrombocytopenia; and non‑hema-
tological toxicity in the form of grade 1 sensory neuropathy, 
arthralgia, nausea and alopecia. Due to neutropenia, the patient 
was unable to receive nab‑paclitaxel on day 15 of the second 
and fourth cycles of the regimen, although no dose reduction 
was required. Follow‑up examinations are performed every 
8 weeks and at present, the patient remains well with a partial 
response status.

Discussion

Thymic LCNECs are rare, and their optimal treatment 
remains unclear. The results obtained in the present case 
suggest that nab‑paclitaxel combined with carboplatin may be 
an effective treatment for thymic LCNEC. To the best of our 
knowledge, the present study is the first case demonstrating 
the efficacy of the aforementioned regimen as a treatment for 
thymic LCNEC. A previous global phase III study observed 
that weekly administration of nab‑paclitaxel plus carboplatin 
yielded a significantly higher overall response rate compared 
with solvent‑based paclitaxel plus carboplatin in patients with 
non‑small cell lung cancer (NSCLC) (8). Nab‑paclitaxel, a 
130‑nm albumin‑bound paclitaxel formulation, is a promising 
novel agent for the treatment of NSCLC, and breast and gastric 
cancer  (9,10). A previous preclinical study reported that 
nab‑paclitaxel exhibited greater antitumor activity than equi-
toxic doses of Cremophor‑based paclitaxel in xenograft models 
of lung (H522), breast (MX‑1), ovarian (SK‑OV‑3), prostate 
(PC‑3) and colon (HT29) human tumors (11). The same study 
reported that the intratumor concentration of paclitaxel in the 

Figure 1. Hematoxylin and eosin staining. (A) The tumor presented with 
thick trabeculae with irregular nests separated by fibrovascular stroma, 
and scattered rosette‑like structures (magnification, x100). (B) Small foci 
of coagulation necrosis were also observed (magnification, x100). (C) The 
tumor cells exhibited high mitotic indices (arrows; magnification, x400).

Figure 2. Immunohistochemically, the tumor cells were diffusely positive 
for chromogranin A (left) and synaptophysin (right) (magnification, x200).
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MX‑1 xenograft model was 33% higher following administra-
tion of nab‑paclitaxel compared with after administration of 
equal doses of Cremophor‑based paclitaxel. These findings 
were supported by the 9.9‑ and 4.2‑fold increases observed 
in endothelial cell binding and transcytosis, respectively, 
for nab‑paclitaxel compared with Cremophor‑based pacli-
taxel (11).

Previous studies have indicated that solvent‑based pacli-
taxel plus carboplatin and carboplatin plus AMR are effective 
treatments for unresectable thymic carcinoma. Therefore, 
carboplatin‑based, cisplatin, doxorubicin, vincristine and 
cyclophosphamide, and cisplatin, vincristine, doxorubicin 
and etoposide regimens may be suitable treatment options for 
patients with thymic LCNECs (12‑17). However, the optimal 
regimen for second or subsequent lines of chemotherapy for 
the treatment of thymic carcinoma remains unclear. Etopo-
side plus cisplatin, IP and AMR monotherapy have been 
demonstrated to be particularly effective in SCLC (18‑20). 
A previous study indicated that solvent‑based paclitaxel plus 
carboplatin may be active in SCLC that is refractory to the 
above‑based regimens (21). Previous studies have reported that 
the clinical behavior and prognosis of LCNEC are similar to 
those of SCLC, and that SCLC‑based regimens are effective 
in patients with LCNEC (22,23). Therefore, it appears to be 

reasonable to conclude that nab‑paclitaxel combined with 
carboplatin is a useful option for the treatment of thymic 
LCNEC that is refractory to SCLC‑based regimens. Further 
studies regarding the use of this regimen for the treatment of 
thymic LCNEC are required.
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