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Abstract A 62-year-old Japanese man presented with a
I-month history of inter-digestive epigastralgia. His
family history included a sister with gastric cancer.
Gastroendoscopy and gastrography demonstrated a type-2
tumor in the upper region of the stomach. CT scan
and fluorodeoxyglucose—positron emission tomography
(FDG-PET) scan demonstrated gastric cancer and its
metastatic lymph nodes. The patient underwent total
gastrectomy with splenectomy and extended lymph node
dissection. Although postoperative adjuvant chemother-
apy by S-1 was started, the deteriorating condition of the
patient prevented drug administration and even eating
meals. On the 19th postoperative day (POD), FDG-PET
scan of the body demonstrated new uptake in the liver
and lymph node around the aorta. Without any sign of
infection, leukocytosis developed around the 30th POD.
On the 49th POD, remarkable uptake in the whole upper
abdomen was detected on FDG-PET scan. Finally, leu-
kocyte count increased to 125,200 and granulocyte col-
ony stimulating factor (G-CSF) was elevated to 28 pg/ml
on the 54th POD. The patient died of multiple liver
metastases and carcinomatous peritonitis only 56 days
after surgery. G-CSF-producing tumor is a rare but
aggressive disease, particularly as recurrent tumor. If
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leukocytosis is detected in relation to a non-lympho
hematopoietic malignant tumor, G-CSF-producing tumor
should be considered and FDG-PET scan is recom-
mended for early detection. Chemotherapy for G-CSF-
producing tumor must be conducted as soon as possible.
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Introduction

Granulocyte-colony-stimulating factor (G-CSF)-producing
tumor causes remarkable peripheral leukocytosis and neu-
trophil production in bone marrow. G-CSF-producing
tumor was first described by Robinson [1] in 1974, and has
been described in lung cancer and gastroenterological
tumors. G-CSF-producing tumor is a rare condition but its
aggressive growth results in very poor prognosis. Autopsy
study described the prognosis as within 6 months in 4 cases
[2]. Therefore, detection and treatment of the tumor should
be as early as possible.

The first G-CSF-producing gastric cancer was reported
by Obara et al. [3] in 1985. Although 37 case reports of
G-CSF-producing gastric cancer had been described by
2008 [4-8], the rarity of the disease makes its features
unknown.

In this report, aggressive recurrence of gastric cancer
after curative resection as G-CSF-producing tumor will be
described. The recurrent tumors and their rapid progression
were apparent on fluorodeoxyglucose (FDG)—positron
emission tomography (PET) scan. Additionally, G-CSF-
producing gastric cancer will be reviewed.
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Case report

A 62-year-old Japanese man presented with a history of
inter-digestive epigastralgia. His family history included a
sister with gastric cancer. Serum levels of carcinoembry-
onic antigen (CEA) and carbohydrate antigen (CA) 19-9
were elevated, at 5.6 ng/ml (normal range <5 ng/ml) and
479 U/ml (normal range <37 U/ml), respectively.

Gastroendoscopy (Fig. 1) and gastrography (Fig. 2)
demonstrated a type-2 tumor in the upper region of the
stomach (Fig. 2). The initial diagnosis was poorly differ-
entiated adenocarcinoma on biopsy, and was not a G-CSF-
producing tumor at that time. CT scan demonstrated wall
thickening of the stomach and lymph node swelling around
the stomach. FDG-PET scan demonstrated uptake in the
stomach and surrounding lymph nodes (Fig. 3a).

The patient underwent total gastrectomy with splenec-
tomy and extended lymph node dissection (D2). At sur-
gery, there were no abnormalities in the liver, common bile
duct, or peritoneum.

Macroscopic examination showed a type-2 gastric can-
cer measuring 8.0 cm x 8.2 cm (Fig. 4). Microscopic
examination demonstrated the tumor to be a poorly dif-
ferentiated adenocarcinoma without excessive infiltration
of neutrophils (Fig. 5). Immunohistological examination
for G-CSF was negative. According to the TNM classifi-
cation, the stage of the cancer was T3N2MO (Stage IIIB),
and curability B was obtained.

The clinical course with leukocyte count and serum
level of C-reactive protein (CRP) are shown in Fig. 6.
Postoperatively, CEA was within the normal range, at

Fig. 1 Gastrointestinal endoscopy showed ulcerative type-2 tumor in
the upper region of the stomach

@ Springer

1.6 ng/ml and CA19-9 was decreased but remained above
the normal range, at 61 U/ml. Although postoperative
adjuvant chemotherapy by S-1 (TS-1, Taiho Pharmaceuti-
cal, Tokyo) 100 mg/day was started, the deteriorating
condition of the patient prevented drug administration and
even having meals. On the 19th postoperative day (POD),
to confirm resection of the cancer, FDG-PET scanning of
the whole body was performed. Surprisingly, new areas of
uptake in the liver and lymph nodes around the aorta were
detected (Fig. 3b). Without any signs of infection, leuko-
cytosis with a leukocyte count of 54,300/mm’ was
observed (Fig. 6), and tumor markers on the 47th POD
were: CEA <1 ng/ml, CA19-9 67 U/ml, alpha feto protein
(AFP) 4 ng/ml (normal range <10 ng/ml), and CA125
105 U/ml (normal range <35 U/ml). On the 49th POD,
FDG-PET scan detected remarkable uptake in the
whole upper abdomen (Fig. 3c). Finally, the leukocyte
count reached 125,200/mm3 and G-CSF was elevated to
28 pg/ml (normal range <18.1 pg/ml) on the 54th POD.
The patient died of multiple liver metastases and carcino-
matosis peritonitis only 56 days after surgery. Permission
for necropsy was not obtained.

Discussion

Remarkable leukocytosis accompanying malignant tumor
without inflammatory disease suggests G-CSF-producing

Fig. 2 Gastrography with barium showed a giant ulcerative tumor in
the upper region of the stomach
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Fig. 3 a Fluorodeoxyglucose
(FDG)—positron emission
tomography (PET) scan
demonstrated uptake in the
gastric cancer and lymph node. i

b On the 19th postoperative day u
(POD), recurrence of the cancer

in the liver and lymph nodes

around the aorta was

demonstrated. ¢ On the 49th

POD, aggressive recurrence

occupied the upper abdominal

cavity e

Fig. 4 Macroscopic findings of resected stomach showed type-2
tumor, 8.0 cm x 8.2 cm, in the upper region of the stomach

tumor, even after the resection of a non-G-CSF-producing
tumor. In a study of 439 autopsy cases, 1.2% of
non-lympho hematopoietic malignant tumors with leuko-
cytosis showed a G-CSF or granulocyte macrophage
colony-stimulating-factor-producing tumor [2].
Granulocyte colony-stimulating-factor-producing gastric
cancer is rare. Sporadically reports are available, and most of
the reports are written by Japanese, however, it may not mean
difference of racial or geographic prevalence but of recog-
nition among society. To our knowledge, 37 cases of G-CSF-
producing gastric cancer have been reported [4-8]. Among
these, men:women was 31:6 and median age was 68 (45-92).
Among 36 cases described histologically, while 17 of the

Fig. 5 Histopathologic examination demonstrated poorly differenti-
ated adenocarcinoma that was not accompanied by massive inflam-
matory cells

cases of G-CSF-producing gastric cancer showed poorly
differentiated adenocarcinoma, another 3 cases showed a
poorly differentiated component within adenocarcinoma.
Three cases showed undifferentiated adenocarcinoma, 3
showed moderately differentiated adenocarcinoma, and 1
showed well differentiated adenocarcinoma. Adenosqua-
mous cell carcinoma was shown in 5 cases and the preva-
lence of adenosquamous cell carcinoma of the stomach is
relatively high [6]. Eto et al. [4] described double G-CSF-
producing gastric cancer. Prognosis of G-CSF-producing
gastric cancer is very poor and the median survival was
14 months (95% CI 8-16 months) among 30 cases with
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Fig. 6 Postoperative course showing changes in the leukocyte count
and serum level of C-reactive protein (CRP). Leukocyte counts are
plotted as a logarithmic graph. The additional line shows exponential
regression. Serum levels of CRP are plotted as a bar chart. PET
fluorodeoxyglucose—positron emission tomography

described prognosis. A few cases has been reported with no
recurrence after surgery [9, 10], then early detection
and curative resection possibly resulted in cure of G-CSF-
producing gastric cancer.

To diagnose G-CSF-producing tumor, histological con-
firmation of leukocytosis is needed but our case was not
confirmed by histological examination. Although histo-
logical examination of the gastric cancer of this case did
not show G-CSF-producing tumor, explosive leukocytosis
and elevation of G-CSF with normal CRP level were
observed at the early postoperative period (Fig. 6).
Recurrence of the tumors and their rapid progression were
detected by FDG-PET. Therefore, we concluded that the
recurrent tumor was a G-CSF-producing tumor.

In this case, G-CSF-producing character was acquired
after surgery, because the start of leukocytosis seemed to
be about 30 days after surgery (Fig. 6) and the CEA and
CA19-9 were decreased and not elevated when leukocy-
tosis developed after surgery. Such a change in the tumor
behavior suggests a change in the nature of the tumor cells
or of the cell populations. Recurrence as a G-CSF-
producing tumor has been reported in gastric cancer
[2, 11]. However, the trigger causing the change to G-CSF-
producing tumor is not yet known. To elucidate such a
phenomenon, further studies are needed.

Fluorodeoxyglucose—positron emission tomography
scan apparently demonstrated recurrence and rapid pro-
gression of the G-CSF-producing tumor. Whereas G-CSF
interferes with FDG uptake in bone marrow [12], accu-
mulation of FDG in G-CSF-producing tumor occurs not
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only in the tumor cells but also in aggregating neutrophils
[13]. In this case, FDG-PET scan detected the recurrent
tumor before onset of leukocytosis (Figs. 3b, 6). Further-
more, FDG-PET scan can search the whole body for the
tumor whether it is primary or metastatic. Therefore, FDG-
PET scan is useful for detection and evaluation of the
progression of G-CSF-producing tumor.

Although CT scan and ultrasonography (US) are often
used for surveillance of recurrent tumor after resection,
they are not as useful as FDG—PET scan for detection of
recurrent G-CSF-producing tumor in its early phase. As in
our case, recurrent G-CSF-producing tumor is mainly local
recurrence and liver metastasis [4-8]. CT and US are useful
to detect anatomical change or to compare with a previous
study, therefore they are not good for local recurrence after
surgery or diffuse infiltration of the tumor, especially in the
early phase.

After detection of the G-CSF-producing tumor postop-
eratively, additional chemotherapy should be conducted. In
our case, burst leukocytosis was started about 30 days after
surgery, despite the start of S-1 therapy (Fig. 6). Thereafter,
the patient died within 26 days of the onset of leukocytosis.
The aggressive recurrence and poor prognosis of G-CSF-
producing tumor has been described previously [7, 11, 14].
Therefore, therapy for G-CSF-producing tumor is urgently
needed. However, definitive chemotherapy for G-CSF-
producing tumor has not yet been established, because the
rarity and aggressive progression of G-CSF-producing
tumor has not allowed sufficient clinical research. Although
S-1 is established as an adjuvant therapy for gastric cancer
[15], it was not effective in this case, as in the report by
Endo et al. [8]. They reported irinotecan followed by pac-
litaxel provided a comparatively stable period of about a
year and a half [8]. Although that was a single case report, it
may be worth trying such a regimen for G-CSF-producing
tumor.

In conclusion, G-CSF-producing tumor is a rare but
aggressive disease, particularly as a recurrent tumor. If
leukocytosis is detected related to non-lympho hemato-
poietic malignant tumor, G-CSF-producing tumor should
be considered, and FDG-PET scan is recommended for
early detection. Then, chemotherapy for G-CSF-producing
tumor must be conducted as soon as possible.
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