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ABSTRACT

The aim of this retrospective analysis was to describe our clinical experience for fluorine-18 (*°F) fluorodeoxglucose (FDG) positron
emission tomography/computed tomography (PET/CT) in patients with soft tissue and osseous sarcoma. Total of 26 “F-FDG
PET/CT scans were evaluated in 17 patients (7 osteosarcoma, 5 Ewing’s sarcoma, 3 uterine sarcoma and 2 rhabdomyosarcoma)
in different stages of disease. F-FDG PET/CT was applied on postoperative period except for one patient. The results of “F-FDG
PET/CT, conventional imaging modalities (CT and/or MRI) and clinical follow-up data were reviewed retrospectively. The range of the
period between conventional imaging modalities and *F-FDG PET/CT was 1-6 months. The mean follow-up period was 3.8+0.2
years. The findings of CT and/or MRI and "F-FDG PET/CT were compared on the patient basis. Concordance was seen in 7 of 17
patients and discordance in 10 of 17 patients. In the concordant group, results were normal in 4 of 7 patients. Local recurrence or
distant metastases did not seen in these patients during the follow-up period. In one patient who had undergone 18F-FDG PET/CT
for preoperative staging, both of *F-FDG PET/CT and CT examinations showed the primary lesion on the clavicula. Distant metas-
tases (liver, lung, lymph nodes) were defined with the 18F-FDG PET/CT and conventional imaging modalities in two patients. In the
discordant group, "“F-FDG PET/CT scans were normal in 4 patients who had multiple nodules on the both lungs in CT. These
patients were followed up in remission. Local recurrence and distant metastases (bone, peritonium, lymph nodes) which could not
be detected by conventional imaging modalities were seen in three patients, respectively.

In this retrospective analysis we concluded that "*F-FDG PET/CT is a functional imaging modality which can be used successfully in
addition to conventional imaging modalities in soft tissue and osseous sarcomas.

Keywords: Soft tissue sarcomas, Osseous sarcomas, F-18 FDG, PET/CT

OzET

Yumusak Doku ve Kemik Sarkomlarinda “F-FDG PET/BT Klinik Deneyimi

Bu retrospektif analizin amaci yumusak doku ve kemik sarkomlu hastalarda flor-18 (°F) florodeoksiglukoz (FDG) pozitron emisyon
tomografi/bilgisayarli tomografi (PET/BT) kullanimi ile ilgili deneyimlerimizi ortaya koymaktir. Onyedi olgunun (7 osteosarkom, 5 Ewing
sarkomu, 3 uterin sarkom, 2 rabdomyosarkom) hastaliginin degisik evrelerinde cekilen toplam 26 "F-FDG PET/BT sonucu
degerlendirildi. *F-FDG PET/BT, 1 hasta diginda tim hastalara postoperatif dénemde uygulandi. *F-FDG PET/BT, konvansiyonel
gorunttleme yontemleri (BT ve/veya MR) ve klinik takip sonuclar retrospektif olarak gézden gegcirildi. Konvansiyonel goérintileme yon-
temleri ile "*F-FDG PET/BT arasindaki stre araligi 1-6 aydi. Ortalama takip stiresi 3.8+0.2 yildl.
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BT ve/veya MR ve “F-FDG PET/BT bulgulan hasta bazinda degerlendirildi. 17 hastanin 7’sinde uyumluluk, 10’unda ise uyumsuzluk
goruldt. Uyumlu grupta 4 hastanin sonuglari normaldi. Bu hastalarin takip surelerinde lokal rekurrens ya da uzak metastaz gortime-
di. "F-FDG PET/BT’nin preoperatif dénemde uygulandigi bir hastada "“F-FDG PET/BT ve BT klavikuladaki primer lezyonu gdsterdi.
iki hastada 18F-FDG PET/BT ve konvansiyonel gériintiileme yéntemleri ile uzak metastaz (karaciger, akciger, lenf nodu) tanimlandi.
Uyumsuz grupta BT'de her iki akcigerde birden fazla nodtilleri olan 4 hastada "“F-FDG PET/BT normaldi. Bu hastalar remisyonda
takip edildi. *F-FDG PET/BT ile konvansiyonel gériintileme yéntemleri ile saptanamayan lokal rekiirrens ve uzak metastazlar (kemik,
periton, lenf nodu) sirasiyla tger hastada saptandi.

Bu retrospektif analizde "*F-FDG PET/BT’nin yumusak doku ve kemik sarkomlu hastalarda konvansiyonel gériintiileme yéntemlerine

ek olarak basar ile uygulanabilecek fonksiyonel bir gérintileme ydntemi oldugu sonucuna vardik.

Anahtar Kelimeler: Yumusak doku sarkomlari, Kemik sarkomlari, F-18 FDG, PET/BT

INTRODUCTION

Soft tissue and osseous sarcomas are heterogeneous
tumor groups which have different clinical behavi-
or and differentiation degree. Sarcomas are very
unusual and they are responsible for 0,7% of adult
malignancies and 0,2% of all primary osseous tu-
mors." Also they are more common in childhood
than in adults. Six hundred newly diagnosed child
or adult osteosarcoma cases are reported every ye-
ar in the U.S.A?> Rhabdomyosarcoma is the most
common soft tissue sarcoma in childhood.’

Sufficient data regarding to clinical usefulness of
fluorine-18 ("°F) fluorodeoxglucose (FDG) positron
emission tomography/computed tomography
(PET/CT) in this patient group hasn’t been reported
yet because sarcomas are very rare and heterogene-
ous. The goal of this analysis is to describe our cli-
nical experience for 18F-FDG PET/CT in patients
with soft tissue and osseous sarcoma.

MATERIAL and METHOD
Patients

Twenty-two patients who had *F-FDG PET/CT in
our department due to soft tissue and osseous sar-
coma between the years 2007 and 2009 were evalu-
ated. The results of *F-FDG PET/CT, conventional
imaging modalities (CT and/or MRI) and clinical
follow-up data were reviewed retrospectively. Five
patients whose follow up data were not available or
the patients who were developed secondary malig-
nancies in follow-up period were excluded from the
study. Total of 26 *F-FDG PET/CT scans were ob-
tained in 17 patients (11 male, 6 female; age range:
8-51 years) in different stages of disease.
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One out of 17 patients who had undergone 18F-
FDG PET/CT for preoperative staging was Ewing’s
sarcoma. In 16/17 patients (7 osteosarcoma, 4
Ewing’s sarcoma, 2 rhabdomyosarcoma and 3 ute-
rine sarcoma), "*F-FDG PET/CT was performed for
postoperative staging. Six patients were in childho-
od or adolescent age group however the vast majo-
rity were in adult age group (mean age: 26+1.6 ye-
ars). The range of the period between conventional
imaging modalities and 18F-FDG PET/CT was 1-6
months. The mean follow-up period was calculated
as 3.8+0.2 years.

*F-FDG PET/CT

"F-FDG PET/CT images were acquired with Dis-
covery ST PET/CT scanner (General Electric, Mil-
waukee, Wisconsin, USA). Patients were required
to be on fasting for at least 6 hour before scanning
and blood glucose levels were checked before the
FDG injection. An oral contrast agent was given to
all patients. Intravenous contrast agents were not
used. Patients were rested in a quiet room without
administrating muscle relaxant during waiting peri-
od. Whole body PET/CT imaging was performed
while patients were in supine position from the
skull base to the mid thighs. Images were obtained
approximately | hour after an intravenous injection
of 555 MBq of FDG. CT image was obtained from
the integrated PET/CT scanner with the use of a
standardized protocol involving 140 kV, 70 mA, a
tube rotation time of 0.5 s per rotation, a pitch of 6
and a section thickness of Smm. Immediately after
the CT part, PET images were acquired for 4 minu-
tes per bed position. PET images were reconstruc-
ted using non-contrast CT data for attenuation cor-
rection.

UHOD Number:3 Volume: 22 Year: 2012



Image Analysis

Whole body PET/CT images were interpreted by
two experienced nuclear medicine physicians by
visual inspection in least three planes (transaxial,
coronal, sagittal). Comparison was made between
focus increasing uptake and background and blood
pool activity. After then their anatomic confirmati-
on was made with CT images. The criterion for ma-
lignancy was accepted FDG hypermetabolism at
the site of pathological changes on CT or marked
focal hypermetabolism at the physiological uptake
sites.  Maximum standardized uptake value
(SUVmax) was calculated for all pathologic lesi-
ons.

RESULTS

The findings of conventional imaging modalities
(CT and/or MRI) and *F-FDG PET/CT were com-
pared on the patient basis. Concordance was seen in
7 of 17 patients and discordance in 10 of 17 pati-
ents. Details of comparison of imaging modalities,
follow-up results and characteristics of patients we-
re summarized on Table 1.

In the concordant group, results of "F-FDG
PET/CT and conventional imaging modalities were
normal in 4 of 7 patients (2 Ewing’s sarcoma, 1|
rhabdomyosarcoma and 1 osteosarcoma). Local re-
currence or distant metastases did not seen in four
of them during the follow-up period. In one patient
with Ewing’s sarcoma who had undergone *F-FDG
PET/CT for preoperative staging, both of *F-FDG
PET/CT and CT examinations showed the primary
lesion on the clavicula. After surgical removal, se-
cond "F-FDG PET/CT scan of this patient was to-
tally normal. In two patients of this group, distant
metastases were defined. One of them had been di-
agnosed to osteosarcoma and had undergone wedge
resection of right lung because of lung metastases.
After surgical procedure, control CT detected mass
lesion on the right hilar region and multiple nodu-
les on the left lung. "*F-FDG PET/CT identified pat-
hological FDG uptake on the lesions of hilar region
and left lung. So this patient received chemothe-
rapy for distant metastases. The last patient of this
group had surgically removed uterine sarcoma and
high Ca-125 levels. Abdominal CT had detected
multiple liver nodules and multiple intraabdominal
lymph nodes. In *F-FDG PET/CT these lesions
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showed patholocigal FDG uptake (liver SUV max:
9.1 and lymph nodes SUV max: 10.5). For this re-
ason, this patient was taken to chemotherapy prog-
ramme. After treatment, sizes of these lesions ha-
ven’t changed so the patient is still being followed
up with stable disease.

In the evaluation of discordant group, “F-FDG
PET/CT scans were normal in 4 patients (2 Ewing’s
sarcoma, 1 rhabdomyosarcoma, 1 osteosarcoma).
Four of them had multiple nodules on the both
lungs in thorax CT but no pathological FDG upta-
ke seen on these nodules. For this reason distant
metastases were excluded in these patients and we-
re followed up in remission until today. "F-FDG
PET/CT showed local recurrence which could not
be detected by conventional imaging modalities in
three patients with osteosarcoma. Distant metasta-
ses which could not be detected by conventional
imaging modalities also were identified in three pa-
tients. In the first patient with uterin sarcoma pat-
hological FDG uptakes had been shown on the mul-
tiple foci on the left lung (SUV max: 6.3) and at
sacroiliac joint (SUV max: 14.1). At the same time,
sacroiliac MRI detected signal changes of this pati-
ent’s iliac bone and sacrum. And these changes we-
re accepted to be associated with edema of bone
marrow. After "F-FDG PET/CT, this patient took
chemotherapy for lung metastases. 1 year later, me-
tastatic mass was showed on the sacrum and iliac
bone by control MRI and patient received chemot-
herapy again. "F-FDG PET/CT detected pathologi-
cal FDG uptake in the abdominal wall, between bo-
wel loops (SUV max: 9.3) and right inguinal lypmh
node (SUV max: 3.8) in the second patient with
uterin sarcoma of this group. Fine needle aspirati-
on biopsy was performed for inguinal lymph node
and confirmed to be metastasis of malignant me-
senchymal tumor. This node was excisionally re-
moved and chemotherapy was started. The last pa-
tient of this group had surgically removed osteosar-
coma and his MRI images had showed a mass lesi-
on on the left tibia. ""F-FDG PET/CT detected upta-
ke on the proximal site of left tibia, bilaterally axil-
lary, iliac, inguinal and left popliteal lymph nodes
in this patient. After "F-FDG PET/CT patient was
taken chemotherapy schedule. The sizes of axil-
lary, inguinal, iliac and popliteal lymph nodes were
decreased, so the findings of *F-FDG PET/CT as-
sumed to be metastatic.
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DISCUSSION

CT and MRI are widely used in the evaluation of
soft tissue and osseous sarcomas. However these
imaging modalities just can detect anatomical
changings without giving functional information.
Also metallic replacement related with surgical
procedure may inhibit evaluation by MR. For this
reason, *F-FDG PET/CT is preferred in this patient
group because it can give both anatomical and
functional information. There have been reported
few studies in the usefulness "F-FDG PET/CT in
osseous and soft tissue sarcomas."® The relationship
between SUV and differentiation degree of tumor
has been described.* In our study, the correlation
between clinical behavior of the tumor and the
SUV couldn’t be evaluated because "F-FDG
PET/CT wasn’t performed preoperatively to any of
the patients except one. In the study of Charest et
al.', sensitivity of *F-FDG PET/CT in preoperative
staging had been reported as higher than the sensi-
tivity in detection of recurrence in sarcoma pati-
ents. But this difference has not been found statisti-
cally significant. In our series, all local recurrences
could be detected by *F-FDG PET/CT. Also, in the
first patient with pathological signal changes in
MRI and in the second patient with suspicious
Iymph nodes in CT, local recurrence was excluded
by "F-FDG PET/CT and local recurrence hasn’t
observed in clinical follow up period in these two
patients. At least in our series, 18F-FDG PET/CT
seems to be successful in detection of local recur-
rence.

In sarcoma cases, sensitivity of *F-FDG PET/CT in
the detection of distant metastases has been repor-
ted as lower than the local recurrences.’ In our seri-
es, "F-FDG PET/CT detected distant metastases in
5 patients (lung, liver, lymph nodes, peritoneum
and bone). Also "*F-FDG PET/CT excluded distant
metastases in 4 patients who had suspected lung no-
dules on CT. In a study where 13 sarcoma cases
were evaluated, FDG-PET/CT could detect only 2
patients’ distant metastases.’ In another study, Kle-
is et al. reported that FDG-PET/CT had a very high
sensitivity in detection of local recurrences but had
mild sensitivity in detection of distant metastases.’
However, in the literature *F-FDG PET/CT is re-
commended for the evaluation of treatment respon-
se in Ewing’s sarcoma, osteosarcoma and rhabdom-
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yosarcoma cases.”"" In our series, suspicious lung
nodules were detected by CT in 6 patients (2 oste-
osarcoma, 2 Ewing’s sarcoma, 1 rhabdomyosarco-
ma and 1 uterine sarcoma). Pathological FDG upta-
ke was seen in 2 patients’ lung nodules in the "F-
FDG PET/CT and they were taken under chemot-
herapy schedule. But *F-FDG PET/CT was totally
normal in 4 of them and these patients’ lung nodu-
les stayed stabile during the follow up period. Alt-
hough in our series, "F-FDG PET/CT was very
successful, especially it is very hard to evaluate no-
dules in diameter less than 5 mm. Growing in the
size shows a malignant potential of the lung nodu-
les, but it should be taken into account that the ma-
lignancy possibility of the lung nodules smaller
than 5 mm is higher in childhood sarcomas than in
adults. Fifty five percent of lung nodules smaller
than 5 mm in childhood sarcomas were showed to
be malignant in study of Kleis et al’

Also in our series, *F-FDG PET/CT detected ingu-
inal lymph node and peritoneal metastases in 1 ute-
rine sarcoma patient. In another uterine sarcoma
patient *F-FDG PET/CT detected iliac bone metas-
tases before 1 year earlier than MRI could. In the
study of Park et al. which evaluated "F-FDG
PET/CT results in 8 uterine sarcoma patients, "*F-
FDG PET/CT detected intaabdominal recurrence in
5 uterine sarcoma patients and 1 of them was soli-
tary intraabdominal tumor which couldn’t be seen
by ultrasound and CT."” Treatment plans of 7 pati-
ents were changed by *F-FDG PET/CT, in another
study in which 19 uterine sarcoma patients were
included.’” Uterine sarcomas have very poor prog-
nosis and rates of 5 years survival had been repor-
ted as 20-49.6%.""" Generally, the predicted stage
of disease is lower than the true stage at time of di-
agnosis in most patients. Aggressive treatment stra-
tegies can not improve survival. But, the successful
staging at the beginning period can improve the qu-
ality of life via palliative treatment choices and can
avoid unnecessary surgeries. "“F-FDG PET/CT can
be used for staging in this period.’

There were 2 rhabdomyosarcoma patients in our
group and "*F-FDG PET/CT was totally normal for
both of them (1 embryonal sarcoma and 1 alveolar
sarcoma). Although their follow up period was very
short, in this period, no metastasis was seen in both
of them. It has already been described, that *F-
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FDG PET/CT could show distant metastases which
could not be detected by conventional imaging pro-
cedures in rhabdomyosarcoma patients.*">'"*

This analysis describes our clinical experience in
soft tissue and bone sarcomas. But also has some li-
mitations. Follow up period was very short, patient
group was very heterogeneuos and number of pati-
ents was very small. So we could not report long ti-
me follow up results. Also, except one patient, all
patients were referred to our clinic in postoperative
period. So we could not analyze the relationship
between preoperative SUV and histopathological
variant.

CONCLUSION

In this retrospective analysis we concluded that "*F-
FDG PET/CT is a functional imaging modality
which can be used successfully in addition to con-
ventional imaging modalities in soft tissue and os-
seous sarcomas.
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