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Abstract

A 34-year-old woman with a rapidly growing right breast mass visited our hospital. The mass
was diagnosed as a right breast cancer (cT3N1MO stage IllA). Her serum leucocyte count and
C-reactive protein levels were high, and she had persistent fever. However, serum procalcito-
nin and B-D-glucan levels were normal, and no apparent infection focus was detected, al-
though her serum granulocyte colony-stimulating factor (G-CSF) level was markedly elevated
to 42.7 pg/mL. Therefore, a G-CSF-producing breast cancer was suspected. A pathological
analysis of the surgical specimen revealed a squamous cell carcinoma of the breast (pT2NO
[i+] MO stage lIA). Right mastectomy (with the resection of the pectoralis major muscle), axil-
lary lymph node dissection, and split layer grafting were performed. The leucocyte count and
serum G-CSF level decreased on postoperative day (POD) 1 and normalized on POD 6. As
adjuvant chemotherapy, 4 cycles of a combination chemotherapy with adriamycin and cyclo-
phosphamide and 12 cycles of weekly paclitaxel were administered. After chemotherapy, the
patient also underwent postmastectomy radiotherapy. Currently, 30 months after surgery, the
patient is alive and well with neither progression nor distant metastasis. G-CSF-producing
breast cancers tend to rapidly grow such as in the current case; thus, surgery should be per-
formed immediately, followed by appropriate adjuvant treatment.
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Introduction

Granulocyte colony-stimulating factor (G-CSF)-producing breast cancer is an extremely
rare variant of breast cancer and, to the best of our knowledge, only 13 cases have been
reported, including this case [1-12]. It is known to cause a marked increase in white blood
cell (WBC) count without signs of an infection. G-CSF-producing breast cancer has a very poor
prognosis, and no effective drug therapy has been established. Herein, we report a case of
G-CSF-producing breast cancer. A multimodal treatment, including surgery, chemotherapy,
and radiation, was implemented for the patient, and she is currently alive and recurrence free
30 months after surgery.

Case Report/Case Presentation

Chief Complaint
A 34-year-old woman with a rapidly growing right breast mass presented to our hospital.

Medical History

Four months before her hospital visit, a breast cancer screening using ultrasound showed
no abnormalities; however, she noted a right breast mass 3 weeks after the screening. The
mass rapidly increased in size, and she developed back pain and high fever. Thus, she visited
our department 4 months after the breast cancer screening.

Familial and Past Medical History
Familial and past medical history was nonsignificant.

Physical Exam Findings

A hard mass measuring 6 cm in size was noted on palpation. Skin redness and tenderness
in the upper inner quadrant of her right breast were also observed. She also reported pain at
the site of the mass when the upper limbs were mobilized. No palpable lymph node or papilla
secretion was observed.

Laboratory Findings

Blood test at the first visit indicated inflammation (WBC count, 10,400/mL [normal
range, 3.5-9.1 x 103/uL]; C-reactive protein levels were 8.20 mg/dL [normal range, < 0.20
mg/dL]). WBC count increased to 14,600/mL before the start of treatment. However, procal-
citonin and B-D-glucan results were normal. Thus, we considered that there was no active
infectious disease. However, we strongly suspected a G-CSF-producing tumor based on high
serum interleukin 6 (16 pg/mL [normal range, < 8 pg/mL]) and serum G-CSF (42.7 pg/mL
[normal range, < 39.0 pg/mL]) levels (EIA, BML, Inc., Japan).

Mammography
A mammography was difficult to perform because of the patient’s severe pain; however,
focal asymmetric density was observed in the upper part of the right breast.

Ultrasonography

A hypoechoic mass with a well-defined coarse-looking ellipse was observed on the
cephalad side of the right breast, part of which showed no internal echo or necrosis, and
internal bleeding was suspected. The dorsal boundary of the mass was partly ruptured, and
abundant internal blood flow was noted.
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Breast Magnetic Resonance Imaging

A 4-cm-sized mass was found in the right upper medial region, and its contrast pattern
was a rapid washout. There was a contrast deficit in the internal part of the mass, and cystic
degeneration was considered. The tumor was in contact with the pectoralis major muscle,
and pectoralis major muscle invasion was suspected.

Fluorodeoxyglucose Positron Emission Tomography-Computed Tomography

A 37-mm-sized mass with high fluorodeoxyglucose (FDG) concentration (maximum
standardized uptake value = 22.1) was found in the upper medial region of the right breast.
FDG accumulation was also noted in the axillary lymph node, and axillary lymph node metas-
tasis was suspected. No distinct findings indicated distant metastasis. Diffuse FDG accumu-
lation was noted on a whole-body bone scan (shown in Fig. 1).

Vacuum-Assisted Needle Biopsy

Although there was no distinct keratinization, some cancer cells were arranged in a
cobblestone shape, and an image with suspected intercellular bridges and individual cell
keratinization was observed. Squamous epithelial marker p40 was partially positive, and
squamous metaplasia occurred. Estrogen and progesterone receptors were negative, human
epidermal growth factor receptor 2 was negative, and the Ki-67 protein labeling index was
over 90%.

Diagnosis and Treatment

The patient was finally diagnosed with right breast cancer cT3N1MO stage I1IA (Union
for International Cancer Control [UICC] 8th edition). In addition to sustained fever and back
pain, the possibility of a G-CSF-producing breast cancer was considered owing to the elevated
leucocyte countand serum G-CSF level and diffuse FDG accumulation on the whole-body bone
scan. Total mastectomy was immediately performed owing to the rapid tumor growth.

Surgical Procedures

On the 16th day after the first visit to the hospital, right mastectomy (with the resection
of the pectoralis major muscle), axillary lymph node dissection, and split layer grafting were
performed.

Pathological Diagnosis

The tumor cells had wide acidic eosinophils, and a portion contained intercellular bridges.
The squamous epithelial marker p40 was positive at the same site, and the cytoplasm of some
tumor cells stained positively for G-CSF (shown in Fig. 2). The ratio of the tumor cells posi-
tively stained for G-CSF in the total tumor cells was approximately 65%. In the marginal sinus
of the largest axillary lymph node, small cancer cell masses measuring 0.1 mm in size corre-
sponding to free tumor cells were found. There was no metastasis in other lymph nodes. The
final diagnosis was a G-CSF-producing squamous cell carcinoma.

Postoperative Course

Decreases in WBC count (9,800/mL) and serum G-CSF (27.8 pg/mL) level were observed
on the first day after surgery. On the sixth postoperative day, both levels decreased to within
the normal range (7,500/mL and 0 pg/mL, respectively), and on the 26th postoperative day,
the WBC count further decreased to 5,000/mL. As an adjuvant treatment, 4 courses of adria-
mycin (60 mg/m?) and cyclophosphamide (600 mg/m?) chemotherapy, 12 courses of weekly
paclitaxel (80 mg/m?) therapy, and postmastectomy radiotherapy (50 Gy/25 Fr) were admin-
istered. The patient is currently alive without relapse at 30 months postoperative.
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Fig. 1. Positron emission tomography-computed to-
mography image. Diffuse FDG is confirmed in a
whole-body bone scan. FDG, fluorodeoxyglucose.

Fig. 2. Pathological findings (immunohisto-
chemical staining of G-CSF, objective magnifi-
cation, x20). The cytoplasm of some tumor
cells is stained positively for G-CSF. G-CSF,
granulocyte colony-stimulating factor.

Discussion/Conclusion

G-CSF-producing tumors were first reported by Asano et al. [13] in 1977. The diagnostic
criteria are as follows: (1) significant increase in WBC counts, (2) high serum G-CSF levels, (3)
reduction in WBC counts via tumor resection, and (4) proof of intratumoral G-CSF production.
Our current case was diagnosed as a G-CSF-producing breast cancer because it metall the above
4 criteria. To the best of our knowledge, there are only 13 reported cases of G-CSF-producing
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breast cancer, including our case [1-12] (Table 1). Such tumors have a large proportion of
special tissue type, and squamous cell carcinoma is a frequent type. All reported cases, except
one, were advanced T2 or higher, and the frequent subtype was triple negative. This case also
was squamous cell carcinoma and advanced T3, and the subtype was triple negative.

There are almost no reports describing the time period between symptom awareness or
the date of first visit and surgery. However, 2 of the 3 cases in which the time between
awareness of symptoms and surgery was >1 year, the patients died at 15 and 7 months after
surgery, respectively (Table 1) [4, 5, 12]. The present case and another reported case
underwent surgery at 4 months after symptom awareness (1 month from the first visit), and
the patients survived 30 and 6 months postoperatively without recurrence, respectively [1].
This suggests that early therapeutic intervention may be important, but the number of cases
is small, and further study is needed for better confirmation.

G-CSF-producing tumors are considered to have a poor prognosis. Almost all reported cases
were treated with chemotherapy, but many of them developed metastasis or exacerbation
within 3 months to 1 year, and almost all patients died within 2 years [1-12]. As early diagnosis
and treatment are important, clinicians should consider G-CSF-producing tumors in patients
presenting with persistent fever and back pain without indications of infection. Bone metastases
should also be considered. The measurement of serum G-CSF level (EIA, BML, Inc., Japan) and
G-CSF immunostaining by a pathological examination are crucial for differential diagnosis.
G-CSF-producing breast cancers tend to rapidly grow such as in the current case [1-12]; thus,
surgery should be performed immediately followed by appropriate adjuvant treatment.
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