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Abstract 

Pulmonary neuroendocrine tumors are rare, and there have been very few reports regarding 

optimal chemotherapeutic regimens. Two molecular targeted agents, everolimus and suniti-

nib, have recently been shown to provide an additional treatment benefit for pulmonary 

neuroendocrine tumors. However, little information is available regarding the usefulness of 

streptozocin chemotherapy. Here, we encountered a case of relapsed and refractory medias-

tinal atypical carcinoid tumor associated with multiple endocrine neoplasia type 1 for various 

cytotoxic and molecular targeted agents. The patient showed a good response to streptozo-

cin monotherapy. We describe the case and review streptozocin chemotherapy in patients 

with pulmonary neuroendocrine tumors. © 2018 The Author(s) 
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Introduction 

Neuroendocrine tumors (NETs) are a family of neoplasms that can arise from neuroen-
docrine cells of most organs in the body, including the pancreas, gastrointestinal tract, lung, 
and thymus [1]. Pulmonary NETs include low- and intermediate-grade tumors, designated as 
typical and atypical carcinoid (AC) tumors, respectively. Typical and atypical tumors account 
for 15.1 and 2.5% of pulmonary NETs, respectively [2], but only 1% of pulmonary tumors 
[2]. Although surgery is the treatment of choice for patients with resectable lung carcinoid 
tumors, the prognosis of metastatic disease is poor: the median survival is 16 months for 
cases with metastasis in the lung and 40 months for those with such lesions in the thymus 
[1]. Based on 2 large placebo-controlled phase III studies, new molecular targeted agents, 
sunitinib (multiple tyrosine kinase inhibitor) [3] and everolimus (mTOR inhibitor) [4–6], 
have recently been approved for the treatment of NETs. In addition, Fazio et al. [5] per-
formed a subgroup analysis and reported that everolimus improved progression-free sur-
vival in advanced lung NETs by 2.4-fold compared with the placebo group. However, current 
systemic treatment options are of limited efficacy, and little information is available regard-
ing patients with metastatic lung NETs [5–7]. 

Streptozocin (STZ) has been used for up to 30 years as a single agent or in combination 
therapy for the treatment of NETs in the pancreas and digestive tracts [8–15]. A study pool-
ing reports of STZ monotherapy showed a response rate of 42% [8]. Although there have 
been careful clinical evaluations of the usefulness of STZ in pancreatic NET [8–15], little in-
formation is available regarding the clinical benefit in patients with lung NET [5, 10]. We 
encountered a case of metastatic and relapsed mediastinal AC tumor associated with multi-
ple endocrine neoplasia type 1. The patient had been heavily treated with several cytotoxic 
agents and 2 molecular targeted agents over 5 years, but developed left pleural metastasis 
and pleural effusion. Salvage chemotherapy with STZ monotherapy was effective and disease 
control was observed over 6 months. Here, we describe a rare case of mediastinal AC tumor 
along with a review of the relevant literature. 

Case Presentation 

A 39-year-old man was admitted to our hospital in 2011 because of slowly progressing 
left chest pain over a few years. Chest radiography and computed tomography (CT) showed 
a large anterior mediastinal mass. Histological analysis by percutaneous CT-guided biopsy 
revealed AC tumor, and the Ki67 labeling index was 10% (Fig. 1). Simultaneously, hyper-
calcemia (Ca, 11.7 mg/dL) and parathyroid gland adenoma were present. A diagnosis of 
multiple endocrine neoplasia type 1 was made because of his family history and the results 
of genetic screening. As the mediastinal tumor was considered to be locally advanced and 
unresectable, the patient was initially treated with 4 cycles of cisplatin and etoposide chemo-
therapy. Partial response was observed after the chemotherapy, but the disease remained 
unresectable. After the relapse of the mediastinal tumor, various cytotoxic chemotherapies 
were repeated but failed to reduce the tumor size. He developed carcinoid syndrome (slight 
fever and diarrhea), and octreotide long-acting repeatable (LAR) was initiated in 2014, 
which resulted in improvement of the symptoms. Subsequently, radiographic stability was 
obtained by a combination of octreotide LAR and everolimus, followed by sunitinib therapy 
over 2.5 years. However, re-growth of the mediastinal mass was observed and left pleural 
effusion was present for the first time in 2016. The results of chest radiography and CT are 
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shown in Figure 2. Cytological examination of left pleural effusion was consistent with pleu-
ral dissemination of the AC tumor. STZ administration was begun at a dose of 40 mg/m2 per 
day on days 1–5, every 5 weeks. Serial chest radiographs following 4 cycles of STZ treatment 
indicated significant reductions in left pleural effusion and the size of the mediastinal masses 
(Fig. 3). During treatment, thoracocentesis was not performed. In addition, no significant 
adverse events, including hematological or nonhematological toxicities, were observed dur-
ing 4 cycles of STZ monotherapy. 

Discussion 

We reported a case of metastatic mediastinal AC tumor successfully treated with STZ 
monotherapy that had relapsed after heavy treatment with several cytotoxic agents and 2 
available molecular targeted agents. Based on our experience, we emphasize the use of STZ-
based chemotherapy in patients with advanced and metastatic pulmonary NET as a novel 
therapy. 

Several studies in patients with NET of the pancreas and digestive tract indicated re-
sponse rates to chemotherapy with STZ in combination with 5-FU or doxorubicin of 27.7–
42.0% [8–14]. To our knowledge, there have been no reports focusing on the efficacy of STZ-
based chemotherapy in lung NET. Krug et al. [10] reported partial responses to STZ-based 
chemotherapy in 2 of 7 nonpancreatic NET cases (28.6%) compared to 19 of 56 pancreatic 
NET cases (33.9%). These results suggested that the response rate was slightly lower in 
nonpancreatic NET compared with pancreatic NET. However, the nonpancreatic NET sample 
size was too small, and it was unclear how many cases of lung NET were included in the 
nonpancreatic group. Thus, little information or clinical experience is available regarding the 
efficacy of STZ-based chemotherapy in pulmonary NET. 

With regard to pancreatic NET, a randomized trial indicated the superiority of STZ com-
bined with 5-FU as compared to STZ monotherapy [9, 14, 15]. The toxicities in STZ-based 
chemotherapy were well tolerated in previous reports [9–15]. Although the present case 
was treated successfully with STZ monotherapy and there were no specific toxicities, it was 
necessary to combine some cytotoxic agents with STZ for additive clinical benefit. NETs have 
been regarded as relatively rare neoplasms, but the numbers of patients with NETs are in-
creasing in the USA [1], Europe [16], and Japan [17, 18]. In particular, the increase in lung 
NET is remarkable [1]. In proportion to the increase, it is speculated that advanced and/or 
metastatic lung NET patients could increase in number. Further clinical experience and stud-
ies are required to determine the usefulness of STZ-based chemotherapy for lung NET. Our 
case indicated that STZ-based chemotherapy is an important and a novel therapeutic choice 
for advanced and/or metastatic lung NET, although 2 molecular targeted agents combined 
with or without octreotide LAR were available. 

In conclusion, the present case emphasized that STZ is a useful agent for metastatic me-
diastinal AC tumor refractory to previous chemotherapies in Japanese patients. Thymic and 
metastatic carcinoid tumors are extremely rare in clinical practice. We should be aware that 
treatment with STZ may be an optimal therapeutic choice in patients with pulmonary NET. 
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Fig. 1. Histological findings by percutaneous computed tomography biopsy revealed atypical carcinoma 

cells. a Low-power field. b High-power field. 
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Fig. 2. Chest radiography (a) and computed tomography (b) before streptozocin treatment. 

 

 

 

Fig. 3. Serial chest radiographs before (a) as well as 1 month (b) and 4 months (c) after streptozocin treat-

ment. 
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