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Introduction

Thymic neuroendocrine tumors (TNETs), namely thymic 
carcinoids, are rare, and they were first described by Rosai 
and Higa (1) in 1972. They account for approximately 0.4% 
of all carcinoid tumors (2) and the reported incidence rate 
of TNETs is 0.02/100,000 persons per year according to the 

SEER database (3). Only a small number of retrospective 
studies are available, and the majority of related articles are 
case reports.

According to the 2004 World Health Organization 
classification of tumors (4), TNETs are included in the 
thymic carcinoma group, and they are classified into 
four entities and two major histopathologic types: well-
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differentiated neuroendocrine carcinomas [i.e., typical 
carcinoids (TC) and atypical carcinoids (AC)] and poorly-
differentiated neuroendocrine carcinomas [i.e., small-cell 
carcinomas (SCC) and large-cell neuroendocrine]. Despite 
the suggestion of benign behavior implied by their name, 
thymic carcinoids have been noted to present a more 
aggressive biologic behavior than their counterparts in other 
sites, and they are associated with a poor prognosis (5). The 
overall 5- and 10-year survival rates of patients with TNETs 
are reported to be 28–87% and 0–61%, respectively (3,5-11).  
Most patients with TNETs develop local relapse or 
distant metastasis (DM) within 5 years of diagnosis despite 
receiving surgery and adjuvant treatment. To date, there 
are no uniform treatment strategies, because the results of 
different studies vary.

Here, we present 18 cases with TNETs and discuss 
their clinical manifestation, histopathology, treatment, and 
prognostic factors. A literature review of TNETs is also 
provided.

Methods

Patients

Between September 1993 and March 2015, 18 patients 
diagnosed with histologically confirmed TNETs according 
to the 2004 World Health Organization criteria for 
TNETs (4) were reviewed. This study was approved by the 
Institutional Review Board of Fudan University Shanghai 
Cancer Center, and it was conducted in accordance 
with the Declaration of Helsinki. The histopathology 
of patients with TNETs before 2004 was reviewed by 
experienced pathologists according to the 2004 World 
Health Organization criteria for TNETs (4). Clinical data 
were obtained from patients’ medical records and follow-
up information from the referring physician or us. The sex, 
age, initial presentation, tumor size (TS), histological grade, 
Masaoka-Koga stage (MK), adjuvant treatment, resection 
status, and recurrence of the 18 patients were collected.

A dedicated staging system for TNETs does not exist, 
and different institutions worldwide use the Masaoka-Koga 
staging system (12), which has been shown to be a strong 
prognostic factor of TNETs in some studies (10,13). Thus, 
Masaoka-Koga staging was used in this study.

According to the International Thymic Malignancy 
Interest Group’s recommendation (14), surgery was 
defined as radical when complete tumor resection (R0) 
was performed with negative gross and microscopic 

margins. Incomplete resection was defined when there was 
a microscopically residual disease (R1) or macroscopically 
residual disease (R2). In our cases, we defined biopsy as 
no surgery. The grade of TNETs was divided into well-
differentiated and poorly differentiated tumors. Well-
differentiated tumors include TC and AC. Poorly 
differentiated tumors include large-cell neuroendocrine 
carcinoma and small-cell carcinoma (4).

The TS was determined from the surgical specimen 
or by chest computed tomography examination when the 
tumor was not resected.

Statistical analysis

Statistical analysis was performed by using SPSS, version 
17 software (SPSS Inc., Chicago, IL, USA). Overall survival 
(OS) was defined as the time interval between the date of 
surgery or the last day of initial treatment [chemotherapy 
(CT) or radiotherapy (RT)] and the date of death or the 
date of the last follow-up. Progression-free survival (PFS) 
was defined as the time interval from the date of surgery or 
the last day of initial treatment (CT or RT) to the date of 
recurrence , including local relapse and distance metastasis, 
or death, whichever comes first.

Survival curves were calculated by the Kaplan-Meier 
method commencing from the date of surgery or the last 
day of initial treatment (CT or RT). The log-rank test was 
used to compare OS and PFS between the different factors, 
including sex, age, tumor stage, TS, tumor grade, adjuvant 
therapy, and surgery status. Confidence intervals (CI) were 
calculated at the 95% level with two-sided statistical tests, 
and P<0.05 was considered statistically significant.

Results

Clinical characteristics

The clinical characteristics, treatment, and outcome of 
individual patients are summarized in Table 1. The age of our 
patients at the time of diagnosis ranged from 18–70 years, 
with a median age of 48 years. Thirteen of 18 patients (72.2%) 
were male. Four of 18 patients (22.2%) were asymptomatic 
and had their tumor discovered on routine chest radiography 
examination. Fourteen of 18 patients (77.8%) presented 
with local symptoms related to the mediastinal mass, ranging 
from chest discomfort and cough to cervical lymph node 
enlargement and superior vena cava syndrome. None of the 
patients had clinical manifestations of abnormal hormone 
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secretion, such as full moon face, sanguine temperament 
appearance, centripetal obesity, acne, purple lines, high blood 
pressure, secondary diabetes and osteoporosis, etc. Based 
on the Masaoka-Koga staging system (12), 8 of 18 patients 
(44.4%) were stage III (invasion into neighboring organs); 9 
of 18 (50%) were stage IV [metastasis to the supraclavicular 
lymph nodes (SCLN), liver, lung, and bone]; and only 1 (5.6%) 
was stage I (macroscopically completely encapsulated tumor).

The histology of TC and AC was regarded as well 
differentiated (n=12/18 patients; 66.7%), and the histology 
of large-cell neuroendocrine carcinoma and small-cell 
carcinoma was regarded as poorly differentiated (n=6/18 
patients; 33.3%).

As for the neuroendocrine markers, the positive rates 
of synaptophysin, chromogranin A, neuron-specific 
enolase and CD56 were 94.4%, 88.9%, 100% and 100%, 
respectively. The range of Ki67 was 1–50%.

Treatment

The majority of patients (72.2%) underwent surgical 
resection: 7(53.5%) underwent R0 resection and 6 (46.2%) 
underwent R2 resection. Five of 18 patients (27.8%) 
had undergone a biopsy because of unresectable tumors 
or distant metastasis (DM). Five patients (27.8%) who 
underwent biopsy were firstly treated with CT, RT, or 
supportive care.

RT was administered in 14 patients (77.8%), most of 
whom received RT as an adjuvant treatment postoperatively 
(10/14 patients; 71.4%). Four patients received RT as 
radical treatment. The median total dose of RT was 60 Gy 
(range, 50–64 Gy). The RT technology was 3-dimensional 
conformal RT or intensity-modulated RT. Only one patient 
received RT with 2-dimensional irradiation technology.

Thirteen patients (72.2%) received CT, mostly adjuvant 
treatment postoperatively (7/13 patients; 53.8%). One patient 
received CT preoperatively, four received chemoradiotherapy, 
and one received CT only. All the patients with adjuvant CT 
used agents being cisplatin + etoposide. The five patients 
without surgery received cisplatin + etoposide (3/5 patients, 
60%), cisplatin + etoposide +ifosfamide (1/5 patients, 20%) or 
temozolomide + capecitabine (1/5 patients, 60%) as first line 
treatment. Only one patient received cisplatin + etoposide as 
neoadjuvant CT before surgery. 

Survival analysis and prognostic factors

The median follow-up duration was 40 months (range, 

11–112 months). Sixteen of 18 patients (88.9%) had 
experienced complete follow-up, and two of 18 patients lost 
follow-up at the time of 20 and 11 months, respectively. 
Five patients died at the last follow-up due to DM. 
Fourteen patients (77.8%) had a DM [lung, 4 patients; 
supraclavicular lymph nodes (SCLN) or retroperitoneal 
lymph node (RPLN), 7 patients; pleura, 1 patient; bone, 4 
patients; liver, 1 patient] after initial treatment, and 2 of 7 
patients (28.6%) had local relapse after R0 resection. All 
of the lung metastasis was discovered by chest CT without 
any symptoms. The supraclavicular lymph node metastasis 
was discovered by neck CT with short axis exceeding 1 cm 
or physical examination. The RPLN, liver and pleura were 
discovered by abdominal CT without any symptoms. The 
four patients with bone metastasis have a pain before the 
bone metastasis was discovered and they were diagnosed 
through X-ray. Three patients had DM before initial 
treatment (patient 7 and 9 had liver metastasis; patient 16 
had lumbar vertebrae bone metastasis).

The median PFS duration and disease-free survival (DFS) 
duration were 41 months (95% CI, 4.75–77.25 months) and 
60 months (95% CI, 37.37–82.63 months), respectively. 
Because more than half of patients were still alive, we 
couldn’t calculate the median OS and 95% CI. The 5-year 
OS and 5-year PFS rates were 67.7% and 37.9%, respectively  
(Figures 1,2). The 5-year DFS rate in the patients with R0 
resection was 66.7% (Figure 3).

In univariate analysis, the surgical status (R0, R2 vs. 
no surgery, P=0.018), tumor grade (well-differentiated vs. 
poorly differentiated, P=0.028) were statistically significant 
predictors of OS and the surgical status (R0, R2 vs. no 
surgery, P=0.018) was also statistically significant predictors 
of PFS. Sex, age, tumor stage, TS and adjuvant therapy 
were not statistically significant (Tables 2,3). We could not 
perform multivariate analysis because of the small sample 
size.

Discussion

TNETs are rare, with about 400 cases reported in the 
literature to data (10). The fact that 13 patients (72.2%) 
were men indicated male predominance, which was 
consistent with the findings of other reports (3,10,13). 
In addition, we found that patients with TNET had 
nonspecific symptoms when the tumor was discovered. 
Thus, when a mediastinal mass is present, TNETs should 
be considered. Neuroendocrine markers play an important 
role in the differential diagnosis (15). Thymomas are 
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negative for neuroendocrine markers such as synaptophysin 
or chromogranin A, and mediastinal paragangliomas are 
usually negative for CAM 5.2 cytokeratins.

No official TNET stage classification has been defined 
by the Union for International Cancer Control. However, 
the Masaoka-Koga staging system has been widely used in 
previous studies. Some studies (10,13) have reported that 
the tumor stage plays an important role in prognosis. We 
found that a majority of patients with TNET (17 of 18 
patients; 94.4%) presented at an advanced stage (III or IVb), 
which indicated the highly aggressive biological behavior 
of this type of tumor. Although some studies (10,13) have 
shown an obvious difference in OS between the early stage 

Figure 1 Overall survival (OS) of the 18 patients with thymic 
neuroendocrine tumors (TNETs).

Figure 2 Progression-free survival (PFS) of the 18 patients with 
thymic neuroendocrine tumors (TNETs).

Figure 3 Disease-free survival (DFS) of the seven patients of 
thymic neuroendocrine tumors with R0 resection.
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Table 2 Univariate Cox regression analysis of 18 patients’ OS

Variable HR 95% CI P value

Age (>50 vs. ≤50 years) 0.526 0.059–4.718 0.566

Sex (female vs. male) 4.368 0.720–26.482 0.109

Tumor size (≤8 vs. >8 cm) 4.902 0.503–47.813 0.171

Grade (poorly- vs. well-differentiated) 11.796 1.303–106.769 0.028

Masaoka-Koga stage (IV vs. III) 4.164 0.462–37.553 0.204

Adjuvant treatment (RT vs. RT + CT ) 0.026 0–939,855.099 0.681

Surgery status (R0, R2 vs. no surgery) 0.108 0.017–0.681 0.018

OS, overall survival; CI, confidence interval; RT, radiotherapy; CT, chemotherapy; R0, complete resection; R2, macroscopically residual 
disease.
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(I and II) and advanced stage (III and IV), there was no 
statistical significance between stage III and stage IVb in 
our analysis.

Whether the grade of tumor affects the survival time is 
uncertain. In general, high-grade tumors have higher biologic 
aggressiveness, which result in a poor prognosis. However, 
Filosso et al. (10) reported that the grade did not influence 
patients’ survival time. In contrast, another study (13)  
showed that the histological grade was an independent 
prognostic factor of OS. We also found a significant 
difference between well-differentiated tumors and poorly 
differentiated tumors in terms of OS (P=0.006).

We reviewed patients’ treatment and survival time in 
published series. The 5-year survival rates varied and ranged 

from 28–84% (Table 4). In our study, the 5-year OS rate was 
67.7%, which suggests that the patients may have received 
a better treatment strategy. In addition to surgery, formal 
adjuvant therapy may benefit patients.

Filosso et al. (10) conducted the largest study on 205 
patients diagnosed with TNETs, and they reported that the 
ability to undergo surgery and the completeness of resection 
were the strongest prognostic factors in both univariate and 
multivariate models. Our results also showed that patients 
who underwent R0 or R2 resection had a better OS and 
PFS than those who only underwent biopsy (P<0.05). Yet, 
there was no difference between patients who underwent 
R0 and R2 resection. Therefore, the main prognostic factor 
is surgical resection. The only patient who survived and was 

Table 3 Univariate Cox regression analysis of 18 patients’ PFS

Variable HR 95% CI P value

Age (>50 vs. ≤50 years) 0.782 0.230–2.656 0.693

Sex (female vs. male) 1.235 0.407–3.746 0.709

Tumor size (≤8 vs. >8 cm) 1.061 0.334–3.375 0.920

Grade (poorly- vs. well-differentiated) 2.300 0.709–7.468 0.166

Masaoka-Koga stage (IV vs. III) 0.641 0.201–2.041 0.451

Adjuvant treatment (RT vs. RT + CT) 0.665 0.131–3.361 0.621

Surgery status (R0, R2 vs. no surgery) 0.390 0.179–0.849 0.018

PFS, progression-free survival; CI, confidence interval; RT, radiotherapy; CT, chemotherapy; R0, complete resection; R2, macroscopically 
residual disease.

Table 4 Patients’ treatment and survival time in published series

Reference (year) N R0 (%) Adjuvant therapy 5-year survival (%) 10-year survival (%)

de Montpréville et al. [1996] (6) 14 28.0 NA 31.0 0

Fukai et al. [1999] (7) 15 87.0 5 RT; 1 CT + RT; 1 CT 33.0 7

Moran and Suster [2000] (8) 80 NA NA 28.0 10

Tiffet et al. [2003] (5) 12 75.0 3 RT; 1 CT; 1 RT + CT 50.0 NA

Gaur et al. [2010] (3) 160 <68.0 70 RT 53.0 NA

Li et al. [2012] (11) 21 81.0 7 RT; 12 CT + RT; 2 CT 77.9 26

Crona et al. [2013] (16) 28 10.7 18 CT + RT; 4 CT 79.0 41

Cardillo et al. [2012] (9) 35 97.0 20 RT 84.0 61

Filosso et al. [2015] (10) 205 52.0 70 RT; 31 CT 68.0 39

Present study 18 38.9 3 RT; 11 RT + CT; 1 CT 67.7 NA

NA, not applicable; RT, radiotherapy; CT, chemotherapy.
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free of disease at 112 months (nearly 10 years) underwent 
total excision, regardless of the tumor grade. Thus, TNETs 
should be subjected to radical surgical resection whenever 
feasible, as the European Society for Medical Oncology 
guidelines suggest, and sometimes surgical excision of local 
relapse is required (17).

Concerning adjuvant treatment, Tiffet et al. (5) reported 
a better outcome (no local relapse) for patients who 
received RT after complete tumor resection. However, 
Filosso et al. (10) did not find any statistical advantage in OS 
for adjuvant CT or RT in both univariate and multivariate 
models. Conversely, Gaur et al. (3) found that patients 
who underwent RT did worse than those who did not 
undergo RT. Although the role of CT and RT in patients 
with TNET has not yet been established, a neoadjuvant 
treatment has been advocated with the aim to achieve tumor 
shrinkage, making R0 resection possible in some clinical 
experiences (6,9).

Although the patients with TNET experienced 
recurrence [local recurrence (LR) or DM] postoperatively, 
they survived for a long time after recurrence. The median 
survival time from recurrence to the date of death or the 
date of the last follow-up was 14 months (95% CI, 8.7– 
19.3 months). Treatment strategies included RT, CT, and 
reoperation. Therefore, active treatment after recurrence is 
still greatly beneficial to patients.

In recent years, an increasing number of clinical trials 
about targeted therapy of neuroendocrine tumors (NETs) 
have been conducted. Targeted therapy such as everolimus 
or sunitinib has led to a significant increase in PFS in 
patients with pancreatic NETs (18,19). Likewise, everolimus 
is effective for advanced lung or progressive gastrointestinal 
tract neuroendocrine tumors, and it is associated with an 
almost 3-fold improvement in PFS (11 vs. 3.9 months), 
which corresponds with a reduction in the risk of disease 
progression or death by 52% compared with a placebo (20). 
However, there has not yet been a prospective study on the 
targeted therapy of TNET since it is rare. Grande et al. (21) 
reported clinical activity in patients with advanced NETs, 
regardless of previous treatment with a median PFS of  
9.5 months (3.4 months for lung and thymic NETs). 
Therefore, targeted therapy is a promising treatment in the 
future, and new evidence should be found.

In conclusion, this study was limited by its retrospective 
design and small sample size. Adequate surgical resection 
is a strong prognostic factor for NETs. Adjuvant RT may 
contribute to controlling LR to improve OS and PFS and 
adjuvant CT could not bring benefit for patients. According 

to the MK, there was no statistical significance between 
the advanced tumor stages (III vs. IVb) in regard to OS and 
PFS. Patients with well-differentiated TNET have a better 
OS. In addition, active treatment after recurrence will 
greatly benefit patients’ OS.
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