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Abstract

We report a rare case of adenosquamous carcinoma of the gallbladder which simultaneously produces granulocyte-colony-
stimulating factor (G-CSF) and parathyroid hormone-related protein (PTHrP), confirmed serologically and histologically. A
71-year-old man was examined for a gallbladder tumor with multiple lymph nodes and liver metastases. Histopathological
evaluation by endoscopic ultrasound fine-needle aspiration revealed adenosquamous carcinoma of the gallbladder. Laboratory
data showed markedly elevated white blood cell (WBC) count of 34,700 uL and corrected serum calcium level of 14.9 mg/
dL. Serum G-CSF (191 pg/mL) and PTHrP (23.1 pmol/L) levels were high. Zoledronic acid and calcitonin were adminis-
tered to treat hypercalcemia, which normalized serum calcium levels. Gemcitabine—cisplatin chemotherapy was started for
cStage IVB gallbladder cancer. After chemotherapy initiation, WBCs showed a rapid downward trend; however, the patient
suddenly developed acute respiratory distress syndrome; thus, chemotherapy was discontinued. Subsequently, WBC count
increased again, and the patient’s overall condition deteriorated. The patient died on day 27. Immunohistochemistry using
autopsy specimens demonstrated patchy staining for G-CSF in the squamous cell carcinoma portion and diffuse and weak
positive staining for PTHrP in the squamous cell carcinoma and poorly differentiated adenocarcinoma portions of the tumor,
suggesting simultaneous G-CSF and PTHrP production by the tumor. This is the first report of a patient with gallbladder
cancer with serological and histological evidence for G-CSF and PTHrP production.
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Introduction

The histological type of gallbladder cancer is mostly ade-
nocarcinoma. Adenosquamous carcinoma makes up only
3.3-3.6% of all gallbladder cancers, according to Henson
et al. [1], and as reported in the 1997 National Biliary
Cancer Registry Survey from Japan [2]. Leukocytosis and
hypercalcemia are paraneoplastic syndromes, which are
mainly caused by the granulocyte-colony-stimulating factor
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(G-CSF) and parathyroid hormone-related protein (PTHrP)
that are produced by the tumor. These paraneoplastic syn-
dromes have often been associated with cancers of squamous
cell origin, such as head, neck, and lung cancer [3-6]. A
few cases of gallbladder cancer with elevated G-CSF and
PTHrP have been reported [2, 7]; however, to the best of
our knowledge, there are no reports of serum and histo-
logical evidence of both G-CSF and PTHrP production by
the tumor. Therefore, this report aimed to describe a rare
case of adenosquamous carcinoma of the gallbladder with
a rapid clinical course, wherein simultaneous production of
G-CSF and PTHrP was confirmed both serologically and
histologically.
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Case report

A 71-year-old man visited our hospital with a chief com-
plaint of right-sided abdominal pain. On physical examina-
tion, his abdomen was flat and soft, with a palpable mass
in the right costal region and tenderness in the same area.
Laboratory data revealed a markedly elevated white blood
cell (WBC) count of 34,700 pL (neutrophil, 94%) and
C-reactive protein (CRP) level of 9.3 mg/dL. Addition-
ally, interleukin (IL)-6 was elevated at 30.0 pg/mL (nor-
mal range, <7.0 pg/mL). Elevated hepatobiliary enzyme
levels, including that of total bilirubin (0.6 mg/dL), aspar-
tate aminotransferase (43 U/L), alanine aminotransferase
(50 U/L), alkaline phosphatase (731 U/L), and y-glutamyl
transferase (297 U/L), were observed. In addition, cor-
rected serum calcium was markedly high at 14.9 mg/dL.
The tumor markers, carbohydrate antigen 19-9 (122.0U/
mL), squamous cell carcinoma antigen (10.4 ng/mL),
and cytokeratin 19 fragment (9.8 ng/mL) were elevated
(Table 1). Contrast-enhanced abdominal computed tomog-
raphy scan revealed a gallbladder tumor (Fig. 1a), as well
as multiple enlarged intra-abdominal lymph nodes around
the pancreatic head, and multiple liver tumors (Fig. 1b).

For histopathological evaluation, endoscopic ultrasound
fine-needle aspiration was performed on the enlarged
lymph node around the pancreatic head (Fig. 2a). H-E
staining showed solid proliferation of large, poorly dif-
ferentiated cells with high-grade nuclear atypia. Some of
the cells formed glandular ducts, suggesting poorly dif-
ferentiated adenocarcinoma (Fig. 2b). There was a mixture
of squamous cell carcinoma components with keratiniza-
tion in some areas (Fig. 2c), which led to the diagnosis of
adenosquamous carcinoma. Based on imaging findings,
clinical stage IVB adenosquamous carcinoma of the gall-
bladder with multiple lymph nodes and liver metastases
was diagnosed according to the 8th edition of the Union
for the International Cancer Control TNM staging system.

After admission, his WBC count rose to the 50,000/uL
range. There were no clinical signs of infection, no foci of
infection were found on imaging studies, and all culture
tests were negative. It was hypothesized that the tumor
produced G-CSF; serum G-CSF levels were measured and
found to be as high as 191 pg/mL (normal range, <39.0 pg/
mL). In addition, blood tests on admission showed marked
hypercalcemia. Since there were no evident bone metasta-
ses on imaging and parathyroid hormone was suppressed
below the lower limit of normal, PTHrP production from
the tumor was suspected. Serum PTHrP levels were found
to be high at 23.1 pmol/L (normal range, < 1.0 pmol/L). It
was suggested that the tumor was simultaneously produc-
ing G-CSF and PTHrP.
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Table 1 Laboratory data on admission

Hematology Biochemistry Tumor marker
WBC 34,700/ TP 6.5g/dL  CEA 4.5 ng/mL
Neutro 94.1% Alb  24¢g/dL  CA19-9 122.0 U/mL
Lympho 2.6% AST 43 U/L AFP 1.8 ng/mL
Mono 3.0% ALT 50U/L PIVKAIl 26 mAU/
mL
Eosino 0.0% ALP 731 U/L  SCC 10.4 ng/mL
Baso 0.0% yGTP 297U/L  CYFRA 9.8 ng/mL
RBC 380 x 10% T-Bil 0.6 mg/dL
ne
Hb 79¢g/dL  LDH 366 U/L
Hct 26.1% BUN 12 mg/dL
Plt 38.4 x Cr 0.74 mg/
10%/uL dL
Coagula- Na 128
tion mEq/L
PT 73.6% K 3.5 mEqg/L
INR 1.19 Cl 96 mEq/L
APTT 32.3 sec Ca 12.5 mg/
dL
FDP 46.4 pg/ 1P 2.7 mg/dL
mL
D-dimer 25.3 pg/ CRP 9.3 mg/dL
mL
PCT 0.36 ng/
mL
IL-6  30.0 pg/
mL

WBC white blood cells, Neutro neutrophils, Lympho lymphocytes,
Mono monocytes, FEosino eosinophils, Baso basophils, RBC red
blood cells, Hb hemoglobin, Hct hematocrit, Plt platelets, PT pro-
thrombin time, INR international normalized ratio, APTT activated
partial thromboplastin time, FDP fibrin degradation product, TP total
protein, Alb albumin, AST aspartate aminotransferase, ALT alanine
aminotransferase, ALP alkaline phosphatase, yGTP y-glutamyl trans-
ferase, 7T-Bil total bilirubin, LDH lactate dehydrogenase, BUN blood
urea nitrogen, Cr creatinine, Na sodium, K potassium, C! chloride, Ca
calcium, /P inorganic phosphorus, CRP C-reactive protein, PCT pro-
calcitonin, /L-6 interleukin-6, CEA carcinoembryonic antigen, CA19-
9 carbohydrate antigen 19-9, AFP a-fetoprotein, PIVKAII protein
induced by vitamin K absence or antagonist II, SCC squamous cell
carcinoma antigen, CYFRA cytokeratin 19 fragment

To treat hypercalcemia, zoledronic acid and calcitonin
preparations were initiated on day 8 with infusion load-
ing, which normalized serum calcium levels. Although the
patient’s performance status (PS) declined (ECOG PS 2),
he was willing to undergo chemotherapy. Thus, gemcit-
abine—cisplatin chemotherapy was initiated for cStage IVB
gallbladder cancer on day 9 after admission. After chemo-
therapy was started, WBCs showed a rapid downward trend.
However, shortly after the initiation of chemotherapy, he
developed acute respiratory distress syndrome (ARDS), and
his respiratory condition rapidly worsened. Chemotherapy
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Fig.1 Computed tomography findings of the gallbladder cancer.
Contrast-enhanced abdominal computed tomography scan shows a
gallbladder tumor (a) and multiple enlarged intra-abdominal lymph
nodes around the pancreatic head (arrows) and multiple hepatic
tumors (arrowhead) (b)

was discontinued, WBCs increased, and the patient’s overall
condition deteriorated. The patient died on day 27 (Fig. 3).

An autopsy was performed with the approval of the
patient’s family. Autopsy revealed a gallbladder tumor
involving the common bile duct, pancreas, and transverse
colon as a single mass, with multiple liver and lymph-
node metastases. Histopathologic findings showed poorly

differentiated adenosquamous carcinoma, with extensive
necrosis and neutrophilic infiltration into the tumor. Immu-
nohistochemistry demonstrated patchy staining for G-CSF
in the squamous cell carcinoma portion (Fig. 4a) and diffuse
and weak positive staining for PTHrP in the squamous cell
carcinoma and poorly differentiated adenocarcinoma por-
tions of the tumor (Fig. 4b), suggesting that the tumor was
simultaneously producing G-CSF and PTHrP. There was no
evidence the tumor had metastasized into bone. The bone
marrow was highly hyperplastic, with increased granulocytic
cells in each maturation stage, which accounted for >95% of
the bone marrow hematopoietic cells. This suggested leuko-
cytosis due to G-CSF producing tumor. The lungs were filled
with infantile fibrous tissue and macrophages in the alveolar
space, with fibrin precipitation consistent with the findings
of the organic stage of diffuse alveolar damage caused by
ARDS.

Discussion

Hyperleukocytosis and hypercalcemia are paraneoplastic
syndromes, mainly caused by G-CSF and PTHrP that are
produced by the tumor. G-CSF producing tumors were first
reported in 1977 [8]. Four diagnostic criteria have thus far
been proposed for G-CSF producing tumors: (1) a marked
increase in leukocytes, (2) an increase in serum G-CSF
activity, (3) a decrease in leukocytes and serum G-CSF
activity after tumor resection/treatment, and (4) immuno-
histological evidence of G-CSF production in the tumor [8].
In this case, the following were observed: (1) persistently
elevated WBC level, (2) elevated serum G-CSF (191 pg/
mL) level, and (3) a decrease in WBC level as a result of
chemotherapy. In addition, (4) tumor cells were positive for
G-CSF immunostaining and met all diagnostic criteria for
G-CSF-producing tumors. G-CSF-producing tumors are
most common in undifferentiated carcinoma, squamous
cell carcinoma, and adenocarcinoma, in that order, and are
primarily located in the lung (28.9%), bladder (9.4%), and
stomach (6.8%) [9]. Reported cases of gallbladder cancer
are few, and the histologic types of the cases are frequently
adenosquamous or squamous cell carcinoma (43.5%), which
are rare histologic types for gallbladder cancer [10].

G-CSF-producing adenosquamous carcinoma has been
reported in the pancreas and stomach in addition to the gall-
bladder [11, 12]. It has been reported that immunostaining
for G-CSF was positive only for the squamous cell carci-
noma component of the tumor and negative for the adeno-
carcinoma component [10—12]. Similar immunostaining
findings were observed in the present case, suggesting that
G-CSF was produced mainly by the squamous cell carci-
noma portion of the tumor.
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Fig.2 Endoscopic ultrasound and histopathological findings of the »
gallbladder cancer. a EUS-FNA is performed on the enlarged lymph
node around the pancreatic head. b The EUS-FNA specimen shows
solid proliferation of large, poorly differentiated cells with high-grade
nuclear atypia. Some cells form glandular ducts, suggesting a poorly
differentiated adenocarcinoma (H-E 40x). ¢ A mix of squamous cell
carcinoma components with keratinization (dotted circle) in some
areas is noted (H-E 40x). EUS-FNA, endoscopic ultrasound fine-nee-
dle aspiration; H-E, hematoxylin—eosin

G-CSF-producing tumors have been found to progress
rapidly and with a very poor prognosis and a mean survival
time of 4.7 + 3.1 months [10]. This poor prognosis can be
attributed to the following mechanisms: (1) autocrine tumor
growth by the appearance of G-CSF receptors on tumor
cells, (2) neutrophils proliferated by G-CSF promote tumor
growth and metastasis, and (3) G-CSF suppresses cellular
immunity by suppressing macrophages and killer cells,
suggesting that G-CSF may be involved in the growth and
promotion of tumors [13]. Many cases of leukocytosis by
G-CSF-producing tumors have shown fever and elevated
CRP levels [14], which have been reported to be caused
by inflammatory cytokines, such as IL-1 and IL-6, that are
simultaneously produced by G-CSF-producing tumors [15].
Elevated levels of IL-6 and CRP were further found in our
patient.

Recently, ARDS and interstitial pneumonia have been
reported with G-CSF administration [16, 17] and ARDS
has also been reported in G-CSF-producing tumors [18].
Although the mechanism by which G-CSF induces ARDS
is unclear, it has been reported that when G-CSF adminis-
tration causes ARDS, there is frequently some inflamma-
tory episode preceding the onset of ARDS, such as antican-
cer drug administration or pneumonia, and inflammatory
cytokines, including TNF-« and IL-6, have been reported
to be elevated at the onset of ARDS [19]. A possible mech-
anism is that hypercytokinemia and G-CSF cause a rapid
increase in neutrophils with enhanced adhesion to the vas-
cular endothelium, resulting in an accumulation of neutro-
phils in the lungs and the development of ARDS [17]. In
the present case, ARDS developed immediately after the
initiation of chemotherapy for gallbladder cancer, suggesting
a similar mechanism.

Furthermore, hypercalcemia of malignancy is classi-
fied into two major categories: humoral hypercalcemia
of malignancy (HHM), wherein PTHrP produced by the
tumor causes increased bone resorption (80%) and local
osteolytic hypercalcemia, in which local bone destruc-
tion occurs by tumor metastasis (20%) [20]. HHM is
found in various histologic types, but it is particularly
common in squamous cell carcinoma. It is the most fre-
quently observed paraneoplastic syndrome and is found
in approximately 10% of patients with advanced lung,
head and neck, renal, breast, bladder, and other cancers
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Fig.3 Clinical course of the patient. After admission, his WBC
count increased to a maximum of 50,000/uL. The administration of
zoledronic acid and calcitonin, initiated on day 8 as a hypercalcemia
treatment, normalized serum calcium levels. Gemcitabine-cisplatin
chemotherapy, which was started on day 9 for cStage IVB gallblad-
der cancer, caused a rapid decline in the WBC count. However, soon

Fig. 4 Immunostaining find-
ings of autopsy specimen. a
Granulocyte-colony-stimulating
factor immunostaining shows
patchy positive staining only in
the squamous cell carcinoma
component (red frame) of the
tumor but is negative in the ade-
nocarcinoma component (green
frame) (20x). b Parathyroid
hormone-related protein immu-
nostaining shows diffuse and
weak positive staining in both
squamous cell carcinoma (red
frame) and poorly differentiated
adenocarcinoma (green frame)
portions of the tumor (20x)

[21-23]. The prognosis of patients with HHM is extremely
poor, with a survival time of 1-3 months after the onset of
hypercalcemia [22, 24]. In this case, the diagnosis of HHM
due to the PTHrP-producing tumor was made based on the
absence of obvious bone metastases on imaging, autopsy

after the initiation of chemotherapy, ARDS developed and the chemo-
therapy was discontinued, the WBC count increased again, and the
patient’s general condition worsened. The patient died on day 27.
WBC white blood cell, Ca calcium, ARDS acute respiratory distress
syndrome

findings, high-serum PTHrP level, and positive tumor cells
on immunostaining for PTHrP.

Malignant tumors simultaneously producing G-CSF and
PTHrP have been reported in cases of lung, tongue, esopha-
geal, renal pelvis cancer, intrahepatic cholangiocarcinoma,
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and pancreatic cancers, among other cancers [6, 9, 25-27].
All of these progressed rapidly, were resistant to treatment,
and had a poor prognosis.

Gallbladder cancer was poorly recorded, and a search of
reports on gallbladder cancer with G-CSF and PTHrP pro-
duction revealed only five cases, including the present case
(Supplementary Table 1) [2, 7, 28, 29]. The average age was
71, including one man and four women. There were two
cases of adenosquamous carcinoma and one each of mod-
erately differentiated adenocarcinoma, poorly differentiated
adenocarcinoma, and undifferentiated carcinoma. The mean
serum calcium level was 14.6 mg/dL; the mean WBC count
was 32,200/uL; and in all patients, multi-organ involvement
or distant metastases were observed at the time of diagnosis.
Most patients underwent chemotherapy; however, all died
within 3 months, indicating a poor prognosis.

Tumor cells producing G-CSF and PTHrP have been
shown to be interrelated and have been reported to harbor
mutations in K-ras exon2 codonl2 [7, 30]. In this case, an
autopsy showed a mutation in the K-ras exon2 codonl3
(G13D). The frequency of K-ras mutations varies by cancer
type and race [31, 32]. K-ras mutations are oncogenes that
cause activation of several downstream signaling pathways,
affecting tumor growth, metastases formation, and angiogen-
esis. It has been reported that PTHrP production in tumors is
induced by K-ras mutations [33, 34], and G-CSF production
has also been linked to abnormal RAS signaling [35, 36].
Therefore, a single gene mutation may induce both G-CSF
and PTHrP overexpression downstream, which may induce
signals related to tumor growth, progression, and metas-
tasis, often associated with a poor prognosis. Mutations
in the K-ras gene have been identified in various cancers;
mutations in the K-ras gene are found in>95% of pancre-
atic cancers, as well as in colorectal cancer, lung cancer,
multiple myeloma, and uterine cancer [37]. However, cases
with G-CSF or PTHrP production are not common in these
cancers. There may be tumors that do not produce G-CSF
or PTHrP because of different downstream signaling path-
ways activated by KRAS mutations, or tumors that produce
a small amount of G-CSF or PTHrP without causing clini-
cal manifestations, such as leukocytosis or hypercalcemia,
owing to weak signaling transduction. The present case may
be called G-CSF and PTHrP-hyper-producing gallbladder
cancer rather than G-CSF and PTHrP-producing gallblad-
der cancer.

Furthermore, the detailed mechanism of the simultaneous
production of G-CSF and PTHrP is unclear. To elucidate
this, further investigation is required.

In conclusion, we report a rare case of gallbladder aden-
osquamous carcinoma that simultaneously produced G-CSF
and PTHrP. To the best of our knowledge, this is the first
report of gallbladder cancer with serum and histological
evidence of both G-CSF and PTHrP production and can

@ Springer

be considered a valuable case. In patients with malignant
tumors, G-CSF and PTHrP production by the tumor should
be considered when unexplained leukocytosis and hyper-
calcemia are observed. Further, tumors that simultaneously
produce G-CSF and PTHrP have a rapid clinical course and
a very poor prognosis. A detailed mechanism of the simul-
taneous production of G-CSF and PTHrP should be inves-
tigated in the future.
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