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Thallium-201 Single-Photon Emission CT versus CT for
the Detection of Recurrent Squamous Cell Carcinoma of
the Head and Neck
Suresh K. Mukherji, Markus Gapany, Doug Phillips, Brian Neelon, Sean O’ Brien, William McCartney,
Steve Buejenovich, Jayashree S. Parekh, Jacob P. Noordzij, and Mauricio Castillo

BACKGROUND AND PURPOSE: Thallium-201 single-photon emission computed tomography (SPECT) can be used to detect primary squamous cell carcinoma (SCCA) of the head and
neck. Nevertheless, there have very few studies performed to evaluate the ability of thallium201 to depict recurrent SCCA. The purpose of this study was to compare the ability of thallium201 SPECT with CT to enable detection of recurrent SCCA of the upper aerodigestive tract.
METHODS: Thirty-three patients with a history of previously treated SCCA of the extracranial head and neck underwent thallium-201 SPECT imaging and contrast-enhanced CT. A
neuroradiologist and nuclear medicine physician with knowledge of the primary site evaluated
all thallium-201 studies for abnormal radiotracer uptake at the primary site. These results
were correlated with histologic findings and clinical follow-up in all patients. All patients were
followed up for a minimum of 2 years after completion of treatment. The McNemar test was
used to determine statistical significance.
RESULTS: The diagnostic accuracy of thallium-201 SPECT was as follows: sensitivity, 88%;
specificity, 94%; positive predictive value, 93%; and negative predictive value, 89%. The diagnostic accuracy of CT was as follows: sensitivity, 100%; specificity, 24%; positive predictive
value, 55%; and negative predictive value, 100%. The diagnostic accuracy of thallium was
superior to CT (P 5 .01).
CONCLUSION: Thallium-201 SPECT is superior to CT for differentiating recurrent tumor
from post-treatment changes and may complement CT in the evaluation of previously treated
SCCA of the extracranial head and neck.
One of the most challenging issues faced by clinicians and radiologists is the detection of recurrent
tumor that has been treated previously for head and
neck squamous cell carcinoma (HNSCCA). Surgery results in scarring and fibrosis that prevent
complete evaluation of the primary site for recurrent tumor. This task is made more difficult if a
reconstructive flap is used. In such patients, recurrences are often located deep to the flap and cannot
be easily palpated. These anatomic distortions also

compromise the ability of CT and MR imaging to
depict early recurrence (1). Radiation therapy results in an inflammatory response (granulation tissue) in the tumor bed (2–4). In most sites, this inflammatory response progresses to fibrosis
(scarring) within 3 to 4 months after completion of
radiation therapy (2–4). An inflammatory response
that occurs prior to scar formation is indistinguishable from tumor by imaging (5–8). The only findings diagnostic of recurrent tumor on CT or MR
scans are: 1) presence of a focal mass in the location of a treated primary site; 2) lymph node metastases; 3) interval growth of a focal mass; or all
three. Chemotherapy causes mucositis, erythema,
and induration. Chemotherapy–associated changes
also prevent thorough endoscopic evaluation and
reduce the ability to detect accurately mucosal or
submucosal tumor unresponsive to therapy (5, 6).
Accurate assessment of the status of a treated
tumor is important, as early identification of recurrent HNSCCA increases the chances of successful
salvage therapy. A delay in diagnosis allows tumors to enlarge and become incurable at the time
of presentation (5, 6). Prompt detection may permit
earlier salvage of small recurrences that might be
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unresectable when diagnosed at a more advanced
stage (5, 6). An imaging technique that depicts accurately early recurrences has a potential to reduce
patient morbidity and mortality.
Thallium-201 single-photon emission computed
tomography (thallium-201 SPECT) has gained acceptance for detecting a variety of malignant tumors
(9–13). Several investigators have studied the ability
of thallium-201 SPECT to depict HNSCCA (14–
18). Results suggest that HNSCCA is thallium-avid,
and that thallium-201 SPECT accurately localizes
the primary site prior to treatment as well as reveals
clinically occult tumors (14–18). The degree of thallium uptake on pretreatment imaging also may be
predictive of tumor response to nonsurgical organ
preservation therapy (16). The purpose of our study
was to determine if thallium-201 SPECT improves
the diagnostic accuracy of differentiating recurrent
HNSCCA from post-treatment changes as compared
to CT findings. CT continues to be the preferred
cross-sectional technique for evaluating recurrent tumor at many institutions because of its lower cost
and easier access as compared with other imaging
alternatives. Overall patient compliance is also better with spiral CT owing to shorter scan time (1 to
2 minutes) as opposed to the time required for MR
imaging (30 to 45 minutes).
Methods
This is a prospective study that compared the ability of
thallium-201 SPECT with that of CT for detecting recurrent
HNSCCA. Thirty-three patients previously treated for
HNSCCA underwent thallium-201 and contrast-enhanced CT.
Patients were obtained from three institutions that performed
thallium-201 SPECT to attempt to differentiate recurrent tumor from post-treatment changes (institution 1, 16 patients;
institution 2, 11 patients; institution 3, 6 patients). All patients were treated with a combination of surgery, radiation
therapy, and chemotherapy. The exact treatment regimen differed at each institution.
All patients had clinical symptoms of recurrent tumor at the
primary site. The decision to image was made by the referring
otolaryngology head and neck surgeon and was based on a
combination of clinical symptoms and physical examination.
Patient outcome was based on a combination of biopsy (n516)
and clinical follow-up (n517). Presence of cervical lymph
node metastases was not evaluated in this study.
All patients underwent contrast-enhanced CT and thallium201 SPECT imaging. The interval between the two studies did
not exceed 2 weeks. CT studies included contiguous sections
(3-mm thickness, 16-cm field of view, and 512 3 512-mm
matrix) obtained from the skull base to the thoracic inlet. CT
studies were reconstructed in soft-tissue and bone algorithms.
CT studies (primary site and nodes) were evaluated for the
presence of recurrent tumor by one head and neck radiologist
at the institution where the study was obtained. The imaging
criteria used were the presence of a focal mass, asymmetric
soft-tissue swelling, and distortion of the normal fascial planes.
This radiologist was aware of the site of the primary tumor,
and was asked to make a binary decision regarding whether
the study was compatible with recurrent tumor at the primary
site in a manner similar to Lapela et al (5).
Thallium-201 SPECT imaging was performed 10 minutes after the intravenous administration of 3 mCi of thallous chloride
(half-life, 73 hours). Imaging was performed using multiheaded
SPECT scanners equipped with low-energy all-purpose colli-

mators. The type of scanner varied with each institution. Counts
were collected over a 3608 rotation with 128 stops at 10 seconds
each. Images were reconstructed using a Butterworth filter with
a cut-off frequency of 0.35 and an order of 9. The imaging
matrix was 64 3 64 (6 mm per pixel). Images were oriented
into 6-mm sections in transverse, coronal, and sagittal planes.
Weighted planar reprojections (1 per exponential) of the SPECT
data were created in multiple views (64 images). One nuclear
medicine physician, at the institution where a study was performed, evaluated the thallium-201 SPECT studies for abnormal
uptake, and was aware of primary tumor sites. This nuclear medicine physician was asked to make a binary decision as to
whether or not the uptake at the known primary site was compatible with recurrent tumor. Asymmetric radiotracer uptake
within the known primary site was interpreted as indicative of
recurrent tumor. Quantitative analysis for distinguishing between
post-treatment changes and recurrent tumor was not performed
as part of this investigation (5, 19).
Results of the thallium-201 SPECT were recorded and compared with the CT interpretation. This information was conveyed to the referring otolaryngologist and the results were
correlated with patient outcome. In this study, the readers were
asked to make a binary decision as to whether or not the thallium-201 SPECT and CT studies were indicative of recurrent
tumor at the primary site. A nonparametric grading scale (11,
no evidence of tumor; 21, mild chance of tumor; 31, equivocal; 41, probable tumor; and 51, definite tumor) was not
used, as indeterminate interpretations would not benefit the
otolaryngologist, radiation therapist, or medical oncologist. For
these patients, the referring physicians were interested in the
diagnostic accuracy of the study in determining whether or not
tumor was present at the primary site.
The sensitivity, specificity, and positive and negative predictive values for identifying recurrent tumor were calculated
for CT and thallium-201 SPECT. The McNemar test was used
to compare directly the ability of the two diagnostic techniques
to show recurrence.

Results
A summary of the results of the 33 patients who
underwent both contrast-enhanced CT and thallium-201 SPECT is presented in Table 1. Twentysix patients were men and seven were women. Average age of the patients was 60.1 years (range, 29–
82 years).
The primary tumor sites were as follows: oropharynx (n511), oral cavity (n57), hypopharynx
(n56), larynx (n56), nasopharynx (n53) (Table
1). Sixteen patients had histologically confirmed recurrent disease at the primary site. Seventeen patients had no evidence of disease based on clinical
follow-up 2 years after completion of treatment.
Sixteen of 17 patients who had no evidence of disease were followed up for 2 years after completion
of treatment. One patient died of intercurrent disease 19 months after completion of treatment. Because there was no evidence of recurrent tumor at
the primary site, this patient was categorized as
having no evidence of disease.
Results of CT for detection of recurrent tumor
are summarized in Table 2. CT depicted all recurrent tumors (n516), resulting in a sensitivity of
100%. Nevertheless, there were 13 false-positive
studies. This resulted in a low specificity (24%) and
positive predictive value (55%). CT findings were
negative in four patients. None of these patients
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TABLE 1: Data summary
Patient

Outcome

Thallium

CT

Location

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

No evidence of disease (19 mo)
Recurrence
Recurrence
Recurrence
Recurrence
No evidence of disease
No evidence of disease
No evidence of disease
No evidence of disease
Recurrence
Recurrence
Recurrence
No evidence of disease
Recurrence
No evidence of disease
No evidence of disease
No evidence of disease
Recurrence
No evidence of disease
No evidence of disease
No evidence of disease
No evidence of disease
No evidence of disease
Recurrence
Recurrence
Recurrence
Recurrence
No evidence of disease
Recurrence
Recurrence
No evidence of disease
Recurrence
No evidence of disease

Negative
Positive
Positive
Positive
Negative
Negative
Negative
Negative
Negative
Positive
Positive
Positive
Negative
Positive
Positive
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Positive
Positive
Positive
Positive
Negative
Positive
Positive
Negative
Positive
Negative

Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Negative
Negative
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Negative
Positive
Negative

Hypopharynx
Oral cavity
Oral cavity
Oral cavity
Oropharynx
Oropharynx
Oropharynx
Oropharynx
Nasopharynx
Larynx
Larynx
Oral cavity
Nasopharynx
Oropharynx
Oropharynx
Hypopharynx
Oropharynx
Oropharynx
Hypopharynx
Larynx
Larynx
Oropharynx
Hypopharynx
Oropharynx
Oropharynx
Nasopharynx
Hypopharynx
Oral cavity
Hypopharynx
Oral cavity
Larynx
Oral cavity
Larynx

TABLE 2: Diagnostic accuracy of CT for detecting recurrent
tumor

Recurrent tumor
Post-treatment changes

CT1

CT2

16
13

0
4

Note.—Sensitivity 5 100%; Specificity 5 24%; Positive predictive
value 5 55%; Negative predictive value 5 100%.

TABLE 3: Diagnostic accuracy of thallium-201 SPECT for detecting recurrent tumor
Thal1
Recurrent tumor
Post-treatment changes

14
1

Thal2
2
16

Note.—Sensitivity 5 88%; Specificity 5 94%; Positive predictive value 5 93%; Negative predictive value 5 89%.

had recurrent tumor. Thus, there were no false-negative CT studies.
Results of thallium-201 SPECT are summarized
in Table 3. The average time between completion
of treatment and thallium-201 SPECT was 6.4
months (range, 1.5–36 months). Thallium-201
SPECT accurately showed 14 of 16 recurrent tu-

mors (Fig 1) and properly excluded disease in 16
of 17 patients (Fig 2). There were two false-negative studies and one false-positive study.
The McNemar test was used to compare sensitivity, specificity, and overall diagnostic accuracy
of thallium-201 versus CT for properly distinguishing between recurrent tumor and post-treatment
changes. CT and thallium-201 SPECT both had
high sensitivity (100% and 88%, respectively) and
negative predictive value (100% and 89%, respectively). CT revealed all 16 recurrent tumors, but
because CT produced 12 more false-positive studies than thallium-201 SPECT, the specificity of CT
was much lower than thallium-201 SPECT (24%
vs 94%, respectively). The difference in sensitivity
between CT and thallium-201 SPECT was not significant ( P5.5); however, the specificity of thallium-201 SPECT was significantly higher than CT
( P5.0005). As a result, the overall diagnostic accuracy of thallium-201 SPECT was superior to CT
for detecting recurrent HNSCCA at the primary site
(91% versus 61%, respectively; P5.01).
Discussion
Our results suggest that thallium-201 SPECT
may help to differentiate recurrent HNSCCA from
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FIG 1. Correct identification of recurrent squamous cell carcinoma by Tl-201 SPECT.
A, Axial contrast-enhanced CT performed in a patient with a floor-of-mouth carcinoma 6 months after completion of combination radioand chemotherapy. The study shows a heterogeneously enhancing mass that has soft-tissue (large straight arrows ) and low-attenuation
components (asterisk ). Note erosion along the lingual cortex of the mandible (small straight arrows ) and presence of gas (curved arrow ).
These findings were suspicious for recurrent tumor.
B, Axial thallium-201 SPECT obtained at the floor of mouth in the same patient illustrated in 1A. This study shows abnormal radiotracer
uptake (arrow ) in the region of the abnormality shown in 1A. Biopsy of this area revealed squamous cell carcinoma.

FIG 2. Correct exclusion of recurrent squamous cell carcinoma by Tl-201 SPECT.
A, Contrast-enhanced CT in a patient with a right-tonsil carcinoma previously treated with surgery and radiation therapy 14 months
prior to this study. The patient presented with a right-sided nodal recurrence. This patient was a candidate for salvage surgery if no
recurrent tumor was present at the primary site. Pretreatment studies were unavailable for comparison. CT shows an asymmetric softtissue mass involving the right tonsil (arrows ). This is associated with asymmetry of the right glossotonsillar sulcus (arrowhead ). Compare
this to the normal appearance of the normal contralateral side.
B, Axial thallium-201 SPECT through the low oropharynx obtained in same patient illustrated in 2A shows no abnomal radiotracer
uptake in the right tonsil. This patient has been followed up for over 2 years after completion of treatment and has no evidence of
recurrent tumor at the primary site.

post-treatment changes at the primary site. It is
commonly thought that the primary mechanism of
thallium entry into the cell is linked to the sodium/
potassium adenosinetriphosphatase (ATPase) pump
in the cell membrane (9). This system actively
transports potassium into the cell in exchange for
sodium, thereby creating a high intracellular potassium concentration. Biologically, thallium is
thought to act similarly to potassium and competes
with potassium for intracellular transport across the
cell membrane via the sodium/potassium ATPase
system (9, 20–22). The reason for the elevated thallium-201 uptake in tumor has not been elucidated
entirely, but is likely from the increased cellular
proliferation of neoplastic cells as compared with
adjacent normal tissue (9, 12, 13). Previous studies
have suggested that areas of necrosis do not accu-

mulate thallium-201 because of nonfunctioning of
the ATPase cell membrane pump (12). This prevents active transport of thallium-201 into areas of
necrosis. Thus, thallium-201 uptake appears to reflect the viability of the metabolic activity of tumor
cells (12).
Our findings demonstrate that thallium-201
SPECT is more accurate than CT for distinguishing
between tumor and non-neoplastic post-treatment
changes. The difference in accuracy was based on
the superior ability of thallium-201 SPECT to exclude tumor. Our results are consistent with those
previously reported. Valdes-Olmes compared the
effectiveness of thallium-201 SPECT with CT and
MR imaging for detecting recurrent HNSCCA in
30 patients. They also reported a higher diagnostic
accuracy for thallium-201 SPECT (sensitivi-
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ty593%, specificity578%) when compared with
CT/MR imaging (sensitivity576%, specificity530%) (18). The high sensitivity and low specificity of CT found in our study are also consistent
with previous studies. Lapela et al reported CT
findings with a sensitivity of 92% and a specificity
of 50% for the detection of recurrent tumor (5).
We examined symptomatic patients who did not
have prior cross-sectional imaging studies for comparison. It is highly likely that the diagnostic accuracy of CT would have been higher if the posttreatment studies could have been compared to
baseline pretreatment CT (23). In our study, the
majority of patients (n531) did not have a pretreatment CT for comparison. Thus, our study was not
intended to compare CT with thallium-201 SPECT
for prospective treatment surveillance. Instead, we
attempted to compare their abilities for assessing
the difficult task of differentiating between recurrent tumor and post-treatment changes in symptomatic patients with distorted anatomy after treatment at one point in time.
The negative predictive value for CT was very
high (100%). These findings indicate that CT is a
reliable technique for excluding the presence tumor
after treatment. Proper treatment surveillance with
CT requires comparison of post-treatment imaging
with a baseline pretreatment study. Complete radiographic response after treatment is indicative of
local control (23). Further imaging surveillance
may not be necessary for asymptomatic patients.
Thallium-201 or other types of metabolic imaging
may be helpful in patients with persistent residual
masses present on post-treatment imaging or in patients who continue to be symptomatic but who
have no residual disease detected on clinical exam
or by imaging.
The high specificity of thallium-201 SPECT,
compared with CT, help in the exclusion of tumor,
and perhaps in avoidance of unnecessary biopsy.
Our data suggest that thallium-201 SPECT may be
used as an adjunct to CT for examining patients
with previously treated HNSCCA who have suspicious CT findings but low clinical suspicion for
recurrent tumor. Our results suggest that the high
accuracy of a negative thallium-201 SPECT study
may help prevent unnecessary biopsy in these patients. For patients presenting with clinical symptoms of recurrent tumor in whom CT findings are
suspicious, biopsy of the suspicious region is desirable; the opportunity to perform surgical salvage
may be lost if the diagnosis is delayed. Nonetheless, unnecessary biopsies should be avoided, if
possible, as the trauma of multiple biopsies in irradiated tissues may result in a superimposed infection or perichondritis that may lead to frank cartilage necrosis, particularly in the larynx (4).
Biopsy of necrotic tissue may cause these areas of
necrosis to worsen and lead to a complete loss of
function (4). Moreover, some biopsies require general anesthesia and, therefore, place a patient with
an already compromised airway at greater risk.
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Risks are also increased with underlying cardiopulmonary disease, as is often the case with head
and neck tumors. Additionally, false-negative biopsies may be attributed to sampling errors (5, 6).
A negative biopsy result should be viewed with
suspicion if there is a strong likelihood of recurrence on the basis of clinical or imaging findings.
It is very likely that microscopic foci of tumor may
not be revealed by thallium-201 SPECT, resulting
in potentially false-negative studies. Thus, careful
surveillance and repeat biopsies of the primary site
may be necessary despite a negative thallium-201
SPECT study in patients who have a high clinical
suspicion of recurrent HNSCCA.
The results of thallium-201 SPECT compare favorably with those previously reported for Technitium-99m-MIBI and 2-[F-18] fluoro-2-deoxy-Dglucose positron emission tomography (FDG PET)
for differentiating recurrent HNSCCA from posttreatment changes (5, 6, 24, 25). Leitha at al reported a sensitivity and specificity of 95.3% and
78.4%, respectively, for the ability of Technitium99m-MIBI to differentiate recurrent HNSCCA
from post-treatment changes. (24) Fischbein et al
reported a sensitivity and specificity of 100% and
64%, respectively, for the ability of FDG PET to
distinguish properly between recurrent HNSCCA
and nonmalignant post-therapy changes (25). Our
investigation, coupled with other studies, suggests
that thallium-201 SPECT may be an alternative
form of metabolic imaging for detecting recurrent
HNSCCA tumor at institutions where PET is not
available (18). A direct comparison of thallium-201
SPECT and PET would be necessary, however, to
compare properly the diagnostic accuracy of both
techniques for detecting recurrent SCCA.
The primary disadvantage of thallium-201 imaging of the upper aerodigestive tract compared
with FDG is the background uptake of thallium201 by salivary and thyroid glands (14). Normal
salivary gland activity has the potential to reduce
the conspicuity of oral cavity and oropharynx tumors while thyroid uptake may reduce the ability
to detect laryngeal tumors. This background thallium activity also may prevent identification of the
full extent of primary tumor (14). In our series and
those previously reported, the diagnostic accuracy
of thallium-201 was not affected adversely by the
normal background uptake. (18)
The registration between thallium-201 and CT
was estimated by visual inspection. Automated or
semiautomated techniques were not used in our
study. Thus, there was no measure of the accuracy
of our technique. Nonetheless, we found that the
normal uptake in the parotid and submandibular
gland was helpful in the attempt to identify the location of abnormal thallium-201 uptake. We believe that the diagnostic accuracy of thallium-201
may be improved further by SPECT/CT coregistration techniques. (24)
There are potential advantages of thallium-201
SPECT over FDG for imaging nasopharyngeal car-
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cinoma and other skull base tumors. Unlike FDG,
background uptake of thallium-201 by normal
brain is low. Conspicuity of nasopharyngeal and
skull base tumors may be reduced with FDG imaging, as these tumors are directly adjacent to normal brain FDG activity. Because of the low background activity of the normal brain, these tumors
are well delineated with thallium-201 imaging. Our
results also suggest that thallium-201 may be used
to monitor response after completion of nonsurgical
organ preservation therapy. FDG PET is unreliable
for predicting treatment response when performed
within 1 to 2 months after completion of radiation
therapy. Greven et al reported a high incidence of
false-negative studies when FDG PET was performed during this time interval (26). The cause of
the false-negative studies is unknown but may arise
from temporary cessation of glycolysis due to effects of radiation therapy. Thirteen of 33 patients
in our study were imaged within 2 months after
completion of radiation therapy. Six patients had
uptake of tumor within the primary site and seven
had no abnormal uptake. All six patients with persistent uptake had recurrent tumor at the primary
site whereas the seven patients without uptake were
controlled locally. Thus, our results suggest that
thallium-201 may enable prediction of early primary site response.
It is true that thallium-201 SPECT imaging has
lower resolution than can be achieved with FDG
PET studies. Nevertheless, it should be noted that
the degree of radiopharmaceutical uptake by the lesion and the resulting lesion-to-background contrast is especially critical in ‘‘hot spot’’ imaging;
these factors may tend to offset the resolution disadvantage of thallium SPECT.
The studies in our series were qualitatively interpreted without the aid of quantification. Previous
investigators have proposed that visual analysis of
radionuclide images performed by experienced observers is sufficient for the detection of recurrent
head and neck cancer (5, 18, 25). The use of visual
analysis is further supported by the fact that
HNSCCA has high thallium-201 uptake, as measured by quantitative methods (15, 16).
In summary, our results show that thallium-201
SPECT is more accurate than CT for differentiating
recurrent HNSCCA from post-treatment changes.
This diagnostic accuracy, combined with that found
by other investigators, suggests that thallium-201
SPECT may be an alternative to FDG PET for detection of recurrent HNSCCA, using metabolic imaging with radiopharmaceuticals (5, 6, 18).
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