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Abstract. An advanced granulocyte-colony stimulating factor 
(G-CSF)-producing tumor is rare, and it exhibits leukocytosis 
in association with high serum G-CSF levels. A 67-year-old 
male with a 1-month history of bloody emesis and black stools 
was revealed to exhibit leukocytosis, anemia and a high serum 
concentration of G-CSF. During a gastrointestinal endoscopy, 
an ulcerating tumor was identified in the stomach. Computed 
tomography and a fluorodeoxyglucose-positron emission 
tomography scan demonstrated direct invasion of the gastric 
tumor into the transverse colon, regional lymphadenopathy, 
lung nodules and diffuse high uptake of FDG in bone marrow. 
The histological diagnosis was a G-CSF-producing neuroen-
docrine carcinoma (NEC) (tumor 4b, node 2, metastasis 1, 
pulmonary, clinical stage IV). Systemic chemotherapy 
consisting of cisplatin and irinotecan was started. Common 
terminology criteria of adverse events grade 3 tumor lysis 
syndrome and gastric penetration appeared. Grade 4 neutro-
penia lasted for 10 days despite intensive G-CSF administration. 
Prominent shrinkage of the primary and the metastatic tumors 
was observed subsequent to 3 cycles of chemotherapy. Total 
gastrectomy and resection of the transverse colon were subse-
quently performed. Systemic chemotherapy was effective 
for a G-CSF-producing advanced gastric NEC with careful 

monitoring and appropriate supportive care for severe adverse 
events.

Introduction

Granulocyte-colony stimulating factor (G-CSF) is a cytokine 
produced mainly by macrophages, fibroblasts and endothelial 
cells, which functions to induce maturation and prolifera-
tion of the precursor of neutrophils in the bone marrow and 
recruit them into the periphery (1). Production of G-CSF 
by non-hematological malignant cells is rarely observed. 
G-CSF-producing cancers have been reported in the lung, 
digestive organs and urinary bladder (2). The histological 
types of G-CSF-producing gastric cancers are often poorly 
differentiated carcinoma and undifferentiated carcinoma (3). 
In addition, G-CSF-producing tumors generally show an 
aggressive clinical course and poor prognosis.

Neoplasms of the various organs with neuroendocrine 
features have been recognized as neuroendocrine tumors 
(NETs), and their annual age-adjusted incidence was reported 
to be ~5 per 100,000 individuals (4). Neuroendocrine carci-
noma (NEC) is a type of NET, which shows a pathologically 
high proliferation rate. NEC encompasses small cell NEC 
and large cell NEC (5). Small cell lung carcinoma (SCLC) 
is the most frequently identified type of NEC, and 33% of 
extrapulmonary small cell carcinomas have been reported to 
be of gastrointestinal origin (6). Since the standard treatment 
of extrapulmonary NECs (EPNECs) including gastric NECs 
has not been established, platinum-based combination chemo-
therapies are commonly selected, since the clinicopathological 
features of EPNECs are similar to those of SCLC (7). However, 
treatment effectiveness is limited, and the prognosis of EPNEC 
is poor. The median survival of patients with gastrointestinal 
NEC has been reported to be ~13 months (8).

There are a limited number of studies describing 
G-CSF-producing NECs (9,10), and to the best of our knowl-
edge, no G-CSF-producing advanced gastric NECs have been 
reported. Since the chemotherapy regimen for NEC may 
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be affected by a high serum G-CSF concentration, careful 
supportive therapy is required. The present study presents the 
case of a male with a G-CSF-producing advanced gastric NEC, 
which was expected to have an aggressive clinical course. The 
patient was successfully treated with chemotherapy along with 
an appropriate supportive therapy.

Case presentation

A 67-year-old male with bloody emesis and black stools was 
referred by a physician to the Department of Hematology and 
Oncology, Kyushu University Hospital (Fukuoka, Japan) in 
April 2015. The patient had a history of smoking for 47 years 
and hypertension. The patient's temperature was 37.0˚C when 
he was referred. The other vital signs of the patient were 
within normal limits, and his Eastern Cooperative Oncology 
Group (ECOG) performance status was 1. Upon physical 
examination, the bulbar conjunctiva appeared anemic. The 
laboratory results were as follows: White blood cells (WBC), 
25,190/µl (neutrophils 90.8%, lymphocytes 3.3%, monocytes 
4.9%, eosinophils 0.3% and basophils of 0.3%; normal levels: 
WBC 3300-8600/ml, neutrophils 40‑70%, lymphocytes 
18‑53%, monocytes 2‑12%, eosinophils 1‑4%, and basophils 
0‑1%); hemoglobin, 9.3 g/dl (normal level 13.7-16.8 g/dl); plate-
lets, 23.5x104/µl (normal level 15.8-34.8x104/µl); C-reactive 
protein (CRP), 11.21 mg/ml (normal level <0.14 mg/ml); lactate 
dehydrogenase, 348 IU/l (normal level 124-222 IU/l); neuron 
specific enolase (NSE), 75.3 ng/ml (normal level <15.1 ng/ml); 
pro-gastrin-releasing peptide (Pro-GRP), 54.4 pg/ml (normal 
level <81.0 pg/ml); and carcinoembryonic antigen 15.9 ng/ml 
(normal level <3.2 ng/ml). Liver and renal function was within 
normal limits. Computed tomography (CT) demonstrated that 
the gastric tumor had directly invaded the transverse colon, and 
perigastric lymph node swelling was also observed (Fig. 1A). 
Several small nodules in the lungs were also identified, which 
were suggested to be metastatic tumors rather than primary 
lung tumors (Fig. 1B). Fluorodeoxyglucose-positron emission 
tomography (FDG-PET)/CT scanning also revealed metaboli-
cally active lesions in the stomach and lymph nodes, and bones 
of the spine, scapulae, ribs, pelvis and femur, however it was 
negative for the multiple lung nodules (Fig. 1C). Bone marrow 
aspiration revealed hypercellular bone marrow with no malig-
nant features. The WBC count increased gradually, but neither 
symptom nor medical finding suggesting infectious diseases 
was observed. Elevation of the serum G-CSF concentration 
(105 pg/ml; normal level <38 pg/ml) was thought to be the 
possible cause of the leukocytosis and serum CRP elevation. 
Upper gastrointestinal endoscopy revealed an ulcerating tumor 
in the middle of the stomach, which was similar to a primary 
epithelial tumor (Fig. 2A). Light microscopic examination of 
the endoscopic biopsy specimen from the gastric tumor was 
fixed by 10% formalin neutral buffer for 24 h at room tempera-
ture and stained with hematoxylin and eosin that revealed 
proliferation of carcinoma cells arranged in a sheet-like 
pattern (Fig. 2B). Immunohistochemical analyses demon-
strated that these tumor cells were positive for synaptophysin 
(Fig. 2C) and CD56, focally positive for G-CSF (Fig. 2D), but 
negative for chromogranin A (Fig. 2E), indicating the presence 
of a neuroendocrine tumor. The MIB-1 labeling index was 
70% (Fig. 2F). The final diagnosis was a G‑CSF‑producing 

neuroendocrine carcinoma (NEC) (T4bN2M1PUL, clinical 
stage IV).

Since the tumors were unlikely to be curatively resectable, 
systemic chemotherapy consisting of cisplatin (60 mg/m2, 
day 1, every 28 days) and irinotecan (60 mg/m2, days 1, 8 
and 15, every 28 days) was started in May 2015. Tumor lysis 
syndrome (TLS) of common terminology criteria for adverse 
events (CTCAE) grade 3 in association with hyperkalemia and 
hyperuricemia appeared 4 days subsequent to the initiation of 
chemotherapy. TLS improved with a large infusion of normal 
saline. Grade 4 neutropenia appeared on day 7 and agranu-
locytosis appeared on day 11. Grade 4 neutropenia lasted for 
10 days even with intensive G-CSF administration. Grade 3 
febrile neutropenia was also observed, and the patient was 
treated with antibiotic and antimycotic drugs. Other severe 
adverse events experienced were grade 3 anemia, thrombo-
cytopenia, fatigue and loss of appetite. Due to these adverse 
events, the administration of cisplatin and irinotecan on day 8 
and 15 was stopped. The method of dose reduction followed 
the standard therapy for small cell lung cancer (11). The WBC 
count (2,610/µl) and serum G-CSF concentration (13.7 pg/ml) 
decreased to within normal limits prior to the beginning of the 
second cycle of chemotherapy.

The doses of cisplatin and irinotecan in the second cycles 
were decreased to 50 mg/m2, and were not administered on 
day 15. Grade 4 neutropenia appeared on day 21, however it 
recovered immediately. No tumor lysis syndrome occurred, 
however grade 2 vomiting was observed. The doses of cisplatin 
and irinotecan in the third cycles were decreased additionally 
to 40 mg/m2. Subsequent to 3 cycles of chemotherapy, the 
general condition of the patient improved markedly, and gastro-
intestinal endoscopy (Fig. 3A) and CT (Fig. 3B) demonstrated 
remarkable shrinkage of the primary gastric tumor in associa-
tion with the penetration of the gastric wall at the ulcerative 
tumor. Lymph nodes were also reduced in size, however no 
marked change was observed in the lung nodules, suggesting 
that these were non-tumorous lesions (Fig. 3C). The patient 
underwent laparoscopic total gastrectomy with regional lymph 
adenectomy and partial resection of the transverse colon for 
curative intent in September 2015. Histological examination 
of the resected specimens revealed that the ulcerative residual 
tumor was composed of proliferating viable carcinoma cells 
with transmural fibrosis, necrosis and clear‑cell degeneration, 
involving the whole thickness of gastric wall and invading 
around the adipose tissue, accompanied by a healed ulcer. 
Subsequent to recovery from the surgery, adjuvant chemo-
therapy with the same regimen is planned. A chest CT scan 
performed 3 months subsequent to total gastrectomy revealed 
no significant differences in the sizes of lung nodules.

Discussion

G-CSF-producing malignant solid tumors are not common, 
however G-CSF-producing tumors originating from lung, 
digestive organs and other organs have been reported (2). 
Leukocytosis, increased serum G-CSF concentrations, 
decreased leukocytes subsequent to surgery for the primary 
tumor, and positivity for G-CSF on immunohistochemical 
examination of tumor cells have been used as criteria for 
G-CSF-producing tumors (12). The present patient also 
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exhibited some of these features and was diagnosed as an 
advanced G-CSF-producing gastric NEC.

The prognosis of G-CSF-producing tumors has gener-
ally been thought to be poor, however the reasons for this 
are unclear. One possible explanation is the autocrine loop of 
G-CSF/G-CSF receptors on the tumor cells. G-CSF-producing 
tumor cells may be stimulated via their own G-CSF receptors, 
and can also produce several types of cytokines including 
interleukin (IL)-6 (13), IL-1β, and TNF-α, which function 
to enhance tumor cell growth (14). Additionally, G-CSF can 
promote tumor growth by enhancing angiogenesis (15). Since 
a G-CSF-producing nature tended to be observed in poorly 

differentiated cancers, this histological feature may be associ-
ated with the poor prognosis of G-CSF-producing tumors.

Tumors with neuroendocrine features with a gastro-
intestinal origin have been diagnosed based on various 
nomenclatures. Since the World Health Organization (WHO) 
nomenclature published in 2010 is widely used, the present 
case was diagnosed according to it (5). NECs, including those 
of gastrointestinal origin, have been thought to be relatively 
sensitive to systemic chemotherapies (16). Yamaguchi et al (8) 
examined 154 patients with advanced gastrointestinal NECs 
treated with first‑line chemotherapy, and demonstrated that 
each treatment, irinotecan plus cisplatin (IP) and etoposide 

Figure 2. Images prior to chemotherapy. (A) Upper gastrointestinal endoscopy demonstrated an ulcerating tumor in the middle of the stomach. Histopathological 
examination of the gastric tumors (magnification, x200). (B) Hematoxylin and eosin staining (magnification, x200). Immunostaining of (C) synaptophysin 
(magnification, x200), (D) granulocyte colony‑stimulating factor (magnification, x200), (E) chromogranin A (magnification, x200) and (F) MIB‑1, monoclonal 
antibody reacting to the protein Ki‑67 of the primary tumor (magnification, x200).

Figure 1. Images prior to chemotherapy: (A) CT of the abdomen shows the gastric tumor (arrow heads) and perigastric lymph node swelling. (B) CT of the lung 
nodule (arrow heads). (C) Fluorodeoxyglucose-positron emission tomography/CT scan shows metabolically active lesions in the stomach, lymph nodes, and 
bones of the spine, scapulae, ribs, pelvis and femur, but negative for multiple lung nodules. CT, computed tomography.
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plus cisplatin, demonstrated equivalent efficacy with respect to 
the response rate (51 vs. 75%), median PFS (5.4 vs. 4.9 months), 
and median OS (13.4 vs. 14.0 months) (8).

The present study identified four reports of G-CSF- 
producing neuroendocrine tumors in the literature (Table I). 
All cases demonstrated leukocytosis and high serum G-CSF 
concentrations. Immunohistochemical examinations were 
performed in two patients (with esophageal and cervical 
cancer), whereas the other two patients were diagnosed 
without immunohistochemical analyses as having large cell 
lung cancer (9,10,17,18). Multidisciplinary therapy for these 
patients was tried, however long-term survival data were not 
provided. No severe adverse events in association with the 
systemic chemotherapies were reported, including severe 
neutropenia and tumor lysis syndrome. Since there are no 
reports of G-CSF-producing advanced gastric NECs, the 
present report is the first to demonstrate the effect of systemic 
chemotherapy for this disease. The patient was treated with 
the same IP regimen as for extended disease of small cell lung 
cancer (11). A favorable response was achieved, and the patient 
underwent surgery for curative intent.

TLS is common in hematological malignancies, however is 
rare in patients with solid tumors. Among solid tumors, TLS 

has been reported in association with small cell lung cancer. 
However, TLS cases are rare in patients who are diagnosed 
with extrapulmonary NEC (EPNEC) or extrapulmonary small 
cell carcinoma. Therefore, differences of the incidence and the 
clinical features of TLS between small cell lung cancer and 
EPNEC remain unclear. Tumors with susceptibility to TLS 
are thought to be those with rapid growth, a large tumor and 
sensitivity to chemotherapy. Elevation of serum uric acids, 
phosphate and creatinine, dehydration, hypotension and drugs 
affecting renal function are also risk factors of TLS (19). In 
the present case, specific features of the tumor may influ-
ence the occurrence of TLS. The increased concentration of 
G-CSF produced by tumor cells induces over-proliferation 
of granulocytes in the bone marrow and peripheral leukocy-
tosis. Systemic chemotherapy during the condition in which 
neutrophils are greatly increased by G-CSF has been theoreti-
cally recognized to enhance bone marrow suppression due to 
damaging myeloid progenitor cells (20). Therapeutic use of 
G-CSF products is required within 24 h after the chemotherapy 
to avoid enhanced bone marrow suppression (21). However, it 
was unclear whether chemotherapy for patients with continu-
ously increased serum G-CSF concentrations could induce 
similar effects (20). No reports of G-CSF-producing tumor 

Figure 3. Images subsequent to chemotherapy. (A) Upper gastrointestinal endoscopy shows the tumor in the middle of the stomach, (B) CT of the abdomen 
shows the gastric tumor (arrow heads) and perigastric lymph node swelling; and (C) CT of the lung nodule (arrow heads). CT, computed tomography.

Table I. G-CSF-producing neuroendocrine tumors in the literature.

Age/ Primary   WBC  G-CSF  Chemotherapy
sex site Stage Histology (/ul) (ng/ml) Treatment regimen (Refs.)

79 M Esophagus T3N2M0,  Small cell 15,180 52.4 CRT VP-16+CDDP (9)
  Stage III carcinoma
70 F Uterine Stage IVb Small cell 17,100 268 CTx, RTx CAJ, 5-FU (10)
 cervix  carcinoma
41 M Lung T3N0M0,  Large cell 38,400 105 CTx, Surgery CDDP+VDS (17)
  Stage IIIA carcinoma
46 M Lung T2N0M0,  Large cell 40,400 318 Surgery, Adjuvant CTx CBDCA+PTX,  (18)
  Stage IB carcinoma    Gefitinib
67 M Stomach T4bN2M1, Small cell 25,190 105 CTx, Surgery CPT-11+CDDP Present case
  Stage IV carcinoma

G-CSF, granulocyte colony-stimulating factor; WBC, white blood cell; M, male; T, tumor; N, node; M, metastasis; CRT, chemoradiotherapy; 
VP-16, Etoposide; CDDP, cisplatin; F, female; CTx, chemotherapy; RTx, radiotherapy; CAJ, cyclophosphamide+pirarubicin+carboplatin; 
5‑FU, 5‑fluorouracil; VDS, vindesine; CBDCA, carboplatin; PTX, paclitaxel; CPT‑11, irinotecan.
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patients who suffered from severe neutropenia were identified. 
Notably, the present case demonstrated prominent adverse 
events induced by the systemic chemotherapy and required 
intensive supportive therapies. One of the possible reasons for 
the severe adverse events in the patient in the present case report 
may be a feature of the IP regimen, which tended to induce 
bone marrow suppression. A phase III clinical study for small 
cell lung cancer revealed that 25% of patients treated with the 
IP regimen exhibited CTCAE grade 4 neutropenia (11). The 
timing of chemotherapy in the condition of enhanced hema-
topoiesis by tumor-producing G-CSF and this feature of the 
IP regimen may be associated with the occurrence of serious 
adverse events in this patient.

At the onset of the severe neutropenia, C-GSF was inten-
sively administered for therapeutic use. Since the serum 
G-CSF concentration at the point was not measured, it is not 
clear whether enough amount of intrinsic G-CSF remained 
to improve the neutropenia and the administered G-CSF was 
actually effective.

The gastric tumor of the present patient was resected 
subsequent to chemotherapy since the lung nodules were 
finally suggested to be non-tumorous lesions. Efficacy of 
conversion surgery may theoretically be expected in cases 
which demonstrate a high response rate of chemotherapy and 
possess limited metastatic sites. Additionally, efficacy of this 
strategy differs between the types of tumor. While conversion 
surgery could be one of the therapeutic strategies in colorectal 
cancer, the clinical meaning of it was not recognized in gastric 
cancer. Since favorable data of conversion surgery for gastric 
cancer has been accumulated, clinical studies assessing the 
efficacy of conversion surgery are ongoing (22). It remains 
unclear whether conversion surgery can be a standard therapy 
of EPNEC.

The present study demonstrated clear adverse events 
and favorable efficacy of systemic chemotherapy in a 
G-CSF-producing advanced gastric NEC patient. Since certain 
G-CSF-producing tumor patients may exhibit profound bone 
marrow suppression, as in the present case, careful observa-
tion and intensive supportive therapy are required.
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