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Fluorine-18-FDG Detection of Laryngeal Cancer
Postradiotherapy Using Dual-Head Coincidence
Imaging
Marcel P. Stokkel, Chris H. Terhaard, Use J. Mertens, Gerrit-Jan Hordijk and Peter P. van Rijk
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The aim of this study was to investigate whether, in patients treated
for laryngeal carcinoma, a differentiation was possible between local
recurrence or local control using a dual-head SPECT camera with
PET capability. Methods: Eleven male patients (age range 51-71 yr;
mean age 62 yr) who had previously undergone radiotherapy for
laryngeal carcinoma were studied using 5 mCi (185 MBq)18F-fluoro-

deoxyglucose (FDG). The mean interval between initial treatment
and 18F-FDG PET was 21.9 mo (range 6-65 mo). Six patients had

histologically proven local recurrence and five patients showed local
control clinically. The mean follow-up in the local control group was
5.2 mo. Results: Fluorine-18-FDG PET scans were positive in all six
local relapses. Histopathological examination of the laryngectomy
specimen revealed a mean tumor size of 2.6 cm (range 1.4-5.0 cm).
In one patient, false-positive uptake was seen in an inflammatory
lymph node. Fluorine-18-FDG PET scans were negative in all five
patients with local control. Conclusion: It is possible to differentiate
between local recurrence and local control in patients previously
treated for laryngeal carcinoma with a dual-head SPECT scanner
with PET capability.

Key Words: PET; SPECT; laryngeal carcinoma; local recurrence;
fluorine-18-fluorodeoxyglucose
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Wt;Kith an incidence of about 600 cases per year, laryngeal
carcinomas represent 2% of the newly diagnosed cancers in the
Netherlands (/). Modern treatment of these tumors consists of
high-dose radiation therapy, either as a single therapy or in
combination with surgical intervention. These procedures may
cause a variety of acute and late post-treatment changes such as
edema, fibrosis and scarring (2). In these patients, recurrent
disease, which can occur in as many as 50% of patients with
advanced primary disease (3), may be difficult to distinguish
from post-treatment reactions. CT or MRI frequently do not
accurately predict disease recurrence (4,5). In addition, post-
treatment biopsies may reveal false-negative results and should
be performed with caution, since the capacity of the irradiated
tissue to recover is diminished.

Tumor imaging with l8F-2-fluoro-2-deoxy-D-gIucose (FDG)

has yielded promising results for detecting a variety of primary
tumors (6-9). The mechanism of FDG uptake is well docu-
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mented and is based on the increased glycolysis that is associ
ated with malignancy compared with most normal tissues
(10,11). However, because of the high cost and limited avail
ability of dedicated PET scanners, alternative methods of
imaging the 511-keV photons of positron emitters have been
sought. With a dual-head SPECT scanner with a coincidence
module. PET scanning with FDG is possible.

The aim of this study was to investigate if a differentiation
could be made in patients being treated for laryngeal carcinoma
between malignant and benign lesions using a dual-head
SPECT scanner with a coincidence module.

MATERIALS AND METHODS

Patients
Eleven male patients (mean age 62 yr) who had previously

undergone radiotherapy for laryngeal carcinoma underwent
IXF-FDG PET. Six patients had proven recurrent disease with a

mean interval of 20 mo (range 6-65 mo) after initial treatment.
Direct laryngoscopy and biopsy under general anesthesia were
performed 13 times in these patients with an interval between
biopsy and 1SF-FDGPET of at least 4 wk. Three out of six patients

underwent a contrast-enhanced CT study (two glottic and one
supraglottic laryngeal carcinoma). Five patients without clinical
suspicion of tumor recurrence were used as control subjects. In this
group, the average time from the completion of the initial treatment
was 23.8 mo (range 12-45 mo). Mean follow-up after "*F-FDG

PET was 5.2 mo. Diabetes mellitus was an exclusion criterion. All
six patients with proven recurrent disease underwent laryngectomy.
Age, primary site, primary tumor, regional nodes and metastasis
(TNM)-stage, previous treatment, time since last treatment and
pathologic findings of the laryngectomy specimens are summa
rized in Table 1.

Imaging Study
All patients were studied after fasting overnight. Preceding the

PET studies, the patients' plasma glucose levels were measured

with a standard clinical test. At 60 min after the intravenous
administration of 5 mCi (185 MBq) '"F-FDG imaging of the neck

was performed using a dual-head SPECT scanner with a coinci
dence module (Vertex-MCD; ADAC, Milpitas, CA). The spatial
resolution of 5 mm of this scanner is comparable with a dedicated
PET scanner. Acquisition involved a rotation of each detector 180Â°

with 32 stops at 45 sec per stop. PET images were generated using
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TABLE 1
Patient Characteristics, Imaging Findings and Histopatholgic Results

Patient
no.1234567891011Age(yr)5653665971516867626366TNMstageT2N3MOT2NOMOT1NOMOT2NOMOT1NOMOT2NOMOT2NOMOT1Ã’NOMOT2NOMOT1NOMOT15NOMOSiteSupraglottisSupraglottisGlottisSupraglottisGlottisGlottisGlottisGlottisGlottisGlottisGlottisRadiationtherapy(Gy)7070667066607066706666Interval(mo)'7146246563045121715FDGPETTPTPTPTPFPTPTPTNTNTNTNTNTumor

size
(cm)f5.01.43.21.5LN2.02.5NANANANANA

'Interval between initial treatment and FDG PET study.

tHistopathologic finding of laryngectomy specimen.
TP = true positive; FP = false positive; LN = lymph node; TN = true negative; TNM = primary tumor, regional nodes and metastasis; NA = not applicable.

filtered backprojection with a Weiner filter (cutoff frequency 0.8).
All images were analyzed visually.

RESULTS
The mean plasma glucose level in this study was 4.6

mmol/liter (range 4.2-6.2 mmol/liter). Fluorine- 18-FDG PET
scans were positive in all six patients with local relapse as
shown in Table 1. Histopathological examination of the laryn
gectomy specimens of these patients demonstrated a mean
tumor size of 2.6 cm (range 1.4-5.0 cm). The site of increased

uptake corresponded with the location of the local recurrence
found in the histologie specimen (Fig. 1). CT showed local
edema, ulcÃ©rationof the left vocal cord and a frayed right vocal
cord, respectively, in three out of six patients with local
recurrence and this was consistent with the endoscopie findings.
In one patient, I8F-FDG uptake was false-positive in a lymph

node. Histologie examination of this lymph node revealed an
inflammatory response but no malignancy. Fluorine-18-FDG
PET scans were negative in all five locally controlled patients.
During a mean follow-up period of 5.2 mo, no signs of recurrent
disease were seen.

DISCUSSION
PET is a promising complementary diagnostic tool for

managing and following up patients with cancer. Using I8F-

t

m
FIGURE 1. A 51-yr-old man (Patient 6) who had previously undergone
radiotherapy for a T2NOMO glottis carcinoma was suspected of having local
recurrence. Coronal 18F-FDG image of neck with dual-head SPECT scanner

with coincidence module demonstrates focally increased uptake of left
paramedian in larynx. Pathologic examination of laryngectomy specimen
revealed tumor in left vocal cord with diameter of 2.5 cm.

FDG, it is possible to look at physiological processes and
perform metabolic imaging. Fluorine-18-FDG is transported
like glucose into the cell and trapped in phosphorylated form
without further significant metabolism (12). In this respect,
I8F-FDG PET has been applied successfully to a variety of

malignant human tumors such as brain, pancreatic and muscu-
loskelatal tumors (6-9). Several articles have reported on the
value of IXF-FDG PET for detecting and staging primary tumors

of the head and neck (13-15). A sensitivity has been described
ranging between 88% and 100%, including detecting mÃ©tasta
ses in the lymph nodes. One of the major deficiencies of PET
scanning, however, is its lack of anatomic definition of the
lesion site and extent. In contrast, MRI and CT provide detailed
structural information such as destruction of normal fasciai planes
and tumor infiltration into deep structures, thus helping clinical
staging and therapeutic planning. However, these anatomically
based imaging modalities have a sensitivity varying with the
location and type of tumor at between 60% and 88% (16,17).

PET is clearly superior to clinical examination and superior
to either CT or MRI for the postirradiation patient who exhibits
a spectrum of marked soft-tissue changes ranging from persis
tent or excessive laryngeal edema through ulcerated or granular
endolaryngeal soft-tissue change, to perilaryngeal neck ery
thema, edema and tenderness. Biopsy, although usually re
quired for diagnosis, is frequently equivocal. The surgeon is
often reluctant to obtain multiple or deep biopsy specimens in
such cases for fear of initiating or aggravating radionecrosis.
The accuracy of 18F-FDG PET in differentiating a tumor from

postirradiation tissue changes is in the range of 82% to 88%,
compared with 45% for CT or MRI (18,19).

Because of the high cost and limited availability of I8F-FDG

PET, alternative methods of imaging the 511-keV photons of
positron emitters have been sought. Fluorine-18-FDG SPECT
imaging can be performed on a dual-head gamma camera used
routinely. This substantial reduction in cost would allow for
more general use of 1XF-FDG imaging. The obvious cost

savings, however, needs to be balanced against data comparing
the relative accuracy of 511-keV PET and the SPECT method.
SPECT cameras have a resolution of 1.7-1.8 cm (FWHM) (20)
compared with 4-6 mm for dedicated PET scanners. With a
dual-head camera and high-energy collimators, Orane et al.
(21 ) reported detecting primary and nodal mÃ©tastasesin 91% of
their patients. Martin et al. (22) reported detecting 78% of all
hypermetabolic lesions with 18F-FDG PET. In this study, the
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sensitivity of I8F-FDG SPECT was 92% for detecting malig

nancies 1.8 cm or more in diameter, showing the inferior spatial
resolution of SPECT compared with PET.

This study was performed using a dual-head SPECT camera
with PET capability with a spatial resolution of 5 mm (FWHM).
In all six patients, histologically proven recurrences ranging
from 1.4 to 5.0 cm were detected accurately, whereas in one
patient a false-positive uptake was seen in a lymph node.
Histologie examination of this node revealed an inflammatory
response but no malignancy. Activated inflammatory cells have
a markedly increased glycolysis and the hexose monophosphate
shunt is stimulated by phagocytosis with increases of 20-30

times baseline being common in these stimulated cells (25).
Although tissue types may differ with regard to the absolute
uptake of I8F-FDG, tumor uptake is usually greater than the

uptake in most types of inflammation.
None of the five patients with local control showed increased

uptake of IXF-FDG. A mean follow-up of 5.2 mo may, however,

provide insufficient time in which to assess the value of these
scans. False-negative results have been described in patients
with scans performed within 4 mo of radiation therapy (_/#).
Higashi et al. (24) reported that there appears to be a period
immediately after radiation therapy during which 1XF-FDG

incorporation into tumor cells is decreased, although a viable
tumor remains. It is possible that this effect is time limited. It
has been suggested that 1XF-FDG studies at 4 mo after com

pleting treatment may more accurately reflect disease status.
The shortest post-treatment interval in patients with a negative
IXF-FDG scan in this study was 12 mo, thus excluding the

immediate radiation therapy effect as a cause of the scan result.

CONCLUSION
Measurement of I8F-FDG with a dual-head SPECT scanner

with PET capability is very sensitive for detecting local recur
rence of laryngeal carcinoma. In this study, detecting malignant
neoplasms was possible for a tumor of 1.4 cm in diameter
compared with tumors > 2 cm in diameter detected by
I8F-FDG-SPECT with 511-keV collimation. These results jus

tify a prospective study on early detection of local relapses
using this technique.
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