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Case Report

Focal Uptake in the Sternum on ®F-FDG-PET/CT Caused by
G-CSF Therapy after Chemotherapy Mimicking Bone
Metastasis of Breast Cancer
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Abstract: A woman in her 70s was diagnosed with left breast cancer and left axillary lymph node
metastasis by an ultrasound-guided biopsy. '8F-FDG-PET/CT showed strong FDG accumulation
in the tumor in the left breast and a left axillary lymph node. Neoadjuvant chemotherapy (NAC)
was administered in combination with a G-CSF injection to prevent febrile neutropenia. The post-
treatment 8 F-FDG-PET/CT showed the disappearance of the left breast tumor and left axillary lymph
node and revealed a solitary new area of strong FDG accumulation in the sternum. To rule out the
possibility of sternal metastasis, a sternal biopsy was performed at the same time as surgery, which
revealed no malignant findings. Although very rare, focal uptake on '®F-FDG-PET/CT performed
after anticancer drug therapy with G-CSF may mimic a solitary bone metastasis. A bone biopsy may
be a useful technique to avoid an immediate misdiagnosis of bone metastasis.

Keywords: '8F-fluorodeoxyglucose positron-emission tomography; granulocyte colony stimulating
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1. Introduction

In breast cancer treatment, 8F-fluorodeoxyglucose positron-emission tomography /
computed tomography (*¥F-FDG-PET/CT) is used mainly for staging and surveying distant
metastases, and also to determine the efficacy of drug therapy [1,2]. Among drug therapies,
anthracyclines are frequently used as key drugs in anticancer therapy, especially in breast
cancer. As pancytopenia is an almost inevitable side effect of these drugs, a granulocyte
colony stimulating factor (G-CSF) injection is usually used in combination with anticancer
therapy as a means of preventing febrile neutropenia.

Symmetric accumulation in the red pulp is commonly observed on ¥F-FDG-PET/CT
after a G-CSF injection [3]. In the present case, however, a single localized region of strong
FDG accumulation was seen in the sternum. To the best of our knowledge, this is the first
report of this extremely rare appearance.

Here we report the case of a single localized region of strong FDG uptake that appeared
in the sternum on PET/CT following G-CSF therapy in NAC for breast cancer, which was
confirmed by a bone biopsy as a focal FDG uptake mimicking the bone metastasis of
breast cancer.

2. Case Presentation

A woman in her 70 s (gravida 3, para 3) presented at our hospital for uterine tumor
surgery. She had no relevant medical or family history. Preoperative screening CT revealed
a left breast tumor and an enlarged left axillary lymph node, so she was referred to the breast
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surgery department. Mammography showed an irregular mass with an indistinct margin
in the upper left breast (Figure 1a). MRI revealed an irregular mass in the left breast that
showed contrast enhancement with a fast-washout pattern (Figure 1b). Ultrasonography
showed an irregular hypoechoic tumor in the left breast (Figure 1c) and an enlarged lymph
node with a thickened cortex in the left axilla (Figure 1d).

(©) (d)

Figure 1. Breast mass and axillary lymph node on mammography, MRI, and ultrasound. (a) Bilateral
mediolateral oblique mammogram demonstrates a 20 mm irregular mass with indistinct margin in the
upper area (yellow arrow). (b) MRI shows a 29 mm irregular mass that showed contrast enhancement
with fast-washout pattern in the upper area of the left breast (yellow arrow) and enlarged lymph
nodes in the left axilla (red arrow). (c) Ultrasonography reveals a 17 mm irregular hypoechoic tumor
in the upper area of the left breast (yellow arrow) and (d) enlarged lymph nodes with thickened
cortex in the left axilla (red arrow).

Ultrasound-guided biopsy of the mass yielded a diagnosis of left breast cancer (in-
vasive ductal carcinoma, estrogen receptor [ER], Allred score 8; progesterone receptor
[PR], Allred score 2; human epidermal growth factor receptor [HER2], score 3+; Ki-67,
10.5%, nuclear grade, (1) (Figure 2). The left axillary lymph node was class V cytologically.
PET/CT showed 8F-FDG uptake in the left breast mass (Figure 3A(a,b): yellow arrow),
left axillary lymph node (Figure 3A(a,c): red arrow), and in a uterine tumor (Figure 3A(a):
white arrow). No other distant metastasis was observed (Figure 3A(d)).

The patient underwent total hysterectomy and bilateral oophorectomy. The uter-
ine tumor was pathologically confirmed as low-grade myometrial sarcoma, and the
breast cancer was staged as T2N1MO Stage IIB. She then received four courses of an
AC (doxorubicin + cyclophosphamide) regimen and 4 courses of a PER + HER + DOCE
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(trastuzumab + pertuzumab + docetaxel) regimen as NAC for breast cancer. On the day
after each drug treatment, a subcutaneous injection of G-CSF (pegfilgrastim 3.6 mg) was
administered to prevent febrile neutropenia. A PET/CT scan was performed 15 days after
the last injection of G-CSF in this case. The PET/CT showed no accumulation in the left
breast or left axillary lymph node after NAC (Figure 3B(a—c)); however, a new solitary focus
of strong FDG accumulation was seen, localized to the sternum (Figure 3B(a,d): blue arrow).
As the possibility of sternal metastasis, sternal tumor, and hematopoietic tumor could not
be ruled out, a sternal biopsy was performed at the time of the total left mastectomy and
axillary lymph node dissection.

Figure 2. Pathology of breast lesion tissue sampled by ultrasound-guided biopsy. Histological
examination reveals invasive ductal carcinoma, scirrhous type. HE staining (a); Immunostaining
shows estrogen receptor [ER], Allred score 8 (b); progesterone receptor [PR], Allred score 2 (c); human
epidermal growth factor receptor [HER2], score 3+ (d); and Ki-67, 10.5% (e).

Postoperatively, there was no tumor in the left breast or axillary lymph node patholog-
ically, and the chemotherapy response was pCR (treatment response grade 3). The sternal
biopsy revealed normal bone marrow and no malignancy (Figure 4). The localized FDG
accumulation in the sternum on 8F-FDG-PET/CT was caused by the G-CFS preparation.
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The patient is currently receiving a trastuzumab + pertuzumab (PER + HER) regimen as
adjuvant therapy and has had no recurrence.

Pre-therapy

Post-therapy

(A) (B)

Figure 3. (A) Pre- and (B) post-therapy PET/CT imaging. (A) Pre-therapy imaging shows 18E_FDG
uptake in the left breast mass (SUV max, 3.0; (a,b): yellow arrow), a left axillary lymph node (SUV
max, 4.2; (a,c): red arrow), and a uterine tumor (SUV max, 25.3; (a): white arrow). No other distant
metastasis was observed (d). (B) Post-therapy imaging shows no abnormal uptake in the left breast
or left axillary lymph node after NAC (a—c). There is strong localized FDG accumulation of a solitary
new lesion in the sternum (SUV max, 30.6; (a,d): blue arrow).

Figure 4. Pathology of bone marrow sampled at the same time as the breast cancer surgery. Histolog-
ical examination of the bone biopsy tissue shows no malignant findings.

3. Discussion

We experienced a case of a highly localized single FDG accumulation on PET/CT that
was found in the sternum after chemotherapy with G-CSFE. Despite the good response of the
primary tumor to chemotherapy, the appearance of the new accumulation in the sternum
made it difficult to decide the treatment strategy.

After the injection of G-CSF, FDG usually accumulates symmetrically in the bone
marrow due to increased hematopoietic activity of the granulocytic system, which in turn
increases the bone marrow glucose metabolism [4]. There are several previous reports of
localized FDG accumulations resembling multiple bone metastases [5-7], but this is the
first report of a case of single, localized FDG accumulation in the sternum. The European
Association of Nuclear Medicine (EANM) procedure guidelines recommend that a PET-CT
scan be performed at least 2 weeks after the G-CSF injection. In our case, however, an
abnormal accumulation in the sternum was observed in spite of the 15 days interval [8].

As the subsequent treatment plan may differ greatly depending on the presence
or absence of bone metastasis, bone metastasis should be staged (or diagnosed) after
confirming the history of the G-CSF injection and bone biopsy should be considered if
necessary, rather than simply assuming metastasis when localized FDG accumulation is
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detected on "8F-FDG-PET/CT. Unless it is urgent, we may consider waiting for PET/CT
for a few more weeks after the G-CSF injection in order to evaluate metastases accurately.

4. Conclusions

A G-CSF injection may cause a localized accumulation resembling bone metastases on
18F-FDG-PET/CT.

Author Contributions: Writing—original draft preparation, K.H. and T.F,; writing—review & editing,
M.H., YK, E.Y. and M.M,; supervision, G.O., 1.O., KK. and T.N. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: All procedures performed in this study involving the human
participant were in accordance with the ethical standards of the institutional and/or national research
committee and with the 1964 Declaration of Helsinki and its later amendments or comparable ethical
standards.

Informed Consent Statement: Written informed consent has been obtained from the patient to
publish this paper.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Mori, M.; Fujioka, T.; Katsuta, L.; Tsuchiya, J.; Kubota, K.; Kasahara, M.; Oda, G.; Nakagawa, T.; Onishi, I.; Tateishi, U. Diagnostic
performance of time-of-flight PET/CT for evaluating nodal metastasis of the axilla in breast cancer. Nucl. Med. Commun. 2019,
40, 958-964. [CrossRef] [PubMed]

Ishiba, T.; Nakagawa, T.; Sato, T.; Nagahara, M.; Oda, G.; Sugimoto, H.; Kasahara, M.; Hosoya, T.; Kubota, K.; Fujioka, T.; et al.
Efficiency of fluorodeoxyglucose positron emission tomography/computed tomography to predict prognosis in breast cancer
patients received neoadjuvant chemotherapy. SpringerPlus 2015, 4, 817. [CrossRef] [PubMed]

Abouzied, M.M.; Crawford, E.S.; Nabi, H.A. 18F-FDG imaging: Pitfalls and artifacts. J. Nucl. Med. Technol. 2005, 33, 145-155.
[PubMed]

Kazama, T.; Swanston, N.; Podoloff, D.A.; Macapinlac, H.A. Effect of colony-stimulating factor and conventional- or high-dose
chemotherapy on FDG uptake in bone marrow. Eur. J. Nucl. Med. Mol. Imaging 2005, 32, 1406-1411. [CrossRef] [PubMed]
Mabuchi, S.; Morimoto, A.; Fujita, M.; Isohashi, K.; Kimura, T. G-CSF induces focal intense bone marrow FDG uptake mimicking
multiple bone metastases from uterine cervical cancer: A case report and review of the literature. Eur. ]. Gynaecol. Oncol. 2012,
33, 316-317. [PubMed]

Nakamoto, Y.; Suga, T.; Hara, T.; Ishizu, K.; Togashi, K. Inhomogeneous Bone Marrow Uptake Caused by G-CSF Mimics Multiple
Bone Metastases on FDG-PET. Clin. Nucl. Med. 2010, 35, 74-76. [CrossRef] [PubMed]

Ruiz-Hernandez, G.; Scaglione, C.; Delgado-Bolton, R.; Gutiérrez-Garcia, A.; Madero, L.; Jiménez-Vicioso, A.; Carreras-Delgado, J.
Hipercaptacion esplénica secundaria a factor estimulador de colonias granulocitarias (G-CSF) en el estudio PET-FDG; Splenic
and bone marrow increased 18F-FDG uptake in a PET scan performed following treatment with G-CSFE. Rev. Esp. Med. Nucl. 2004,
23,124-126. (In Spanish) [CrossRef]

Boellaard, R.; O’Doherty, M.].; Weber, W.A.; Mottaghy, EM.; Lonsdale, M.N.; Stroobants, S.G.; Oyen, W.J.G.; Kotzerke, J.;
Hoekstra, O.S.; Pruim, J.; et al. FDG PET and PET/CT: EANM procedure guidelines for tumour PET imaging: Version 1.0. Eur. J.
Nucl. Med. Mol. Imaging 2010, 37, 181-200. [CrossRef] [PubMed]


http://doi.org/10.1097/MNM.0000000000001057
http://www.ncbi.nlm.nih.gov/pubmed/31365505
http://doi.org/10.1186/s40064-015-1634-y
http://www.ncbi.nlm.nih.gov/pubmed/26722637
http://www.ncbi.nlm.nih.gov/pubmed/16145222
http://doi.org/10.1007/s00259-005-1890-0
http://www.ncbi.nlm.nih.gov/pubmed/16133379
http://www.ncbi.nlm.nih.gov/pubmed/22873109
http://doi.org/10.1097/RLU.0b013e3181c7bf4e
http://www.ncbi.nlm.nih.gov/pubmed/20090448
http://doi.org/10.1016/S0212-6982(04)72267-3
http://doi.org/10.1007/s00259-009-1297-4
http://www.ncbi.nlm.nih.gov/pubmed/19915839

	Introduction 
	Case Presentation 
	Discussion 
	Conclusions 
	References

