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Thallium-201 and Iodine-131 Scintigraphy in
Differentiated Thyroid Carcinoma
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The purpose of this study was to determine the concordance and
discordance between diagnostic 'l and 2°'TI whole-body scintig-
raphy in patients with differentiated carcinoma of the thyroid.
Methods: Following thyroidectomy for differentiated thyroid carci-
noma, 50 patients underwent whole-body '3'I and 2°'Tl scanning
(60 pairs of scans in total). Fifteen pairs of studies were obtained
before ablative therapy, 30 pairs after ablative therapy and 15 pairs
after '3'| therapy for metastatic disease. Serum thyroglobulin levels
were concurrently determined by radioimmunoassay. Results: Thir-
ty-six 3"l whole-body scans (in 34 patients) showed residual uptake
in the neck, but only six (17%) of the corresponding whole-body
thallium studies had detectable uptake in the neck. Fourteen '3'|
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scans (in nine patients) identified multiple metastatic lesions,
whereas the thallium scans were interpreted as either negative,
nonspecific or showing fewer lesions. In four study pairs, the thallium
scans showed solitary lesions that were not detected by the corre-
sponding radioiodine scans. In 16 scans, the thallium studies gave
false-positive results. Conclusion: lodine-131 scintigraphy for dif-
ferentiated thyroid carcinoma is more sensitive and more specific
than 2°'T1 scintigraphy for detection of distant metastases and
residual activity in the neck following thyroidectomy.

Key Words: thyroid carcinoma; thyroidectomy; iodine-131; thalli-
um-201; thyroglobulin
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']-J‘myroid cancer is the most frequently diagnosed malignant
endocrine lesion. The incidence in the United States is approx-
imately 15,600 new cases occur annually, with 1200 deaths
each year (/). Most of these tumors are well-differentiated and

1487



show slow progression. Survival even in patients with meta-
static (2). Serial determination of serum thyroglobulin (Tg)
levels have been shown to beuseful in detecting recurrence after
thyroid ablation (3). Prolonged follow-up is necessary and
nuclear scintigraphy is often crucial to management decisions in
these patients.

Radioiodine undergoes concentration and organification in
the thyroid gland and is used extensively to study function and
for thyroid imaging (3). Although whole-body '*'I scintigraphy
(WBI) is highly specific for detecting recurrent thyroid cancer,
it has certain limitations. For example, it has a need for a
prolonged period of thyroid hormone withdrawal, restriction of
dietary iodine intake, repeated patient visits and administration
of a relatively high radiation dose. Thallium-201, on the other
hand, has a relatively low radiation exposure, allowing imme-
diate imaging after injection. Thus, there is no need for
preparative thyroid hormone withdrawal. Thallium-201 scintig-
raphy is increasingly utilized for detection and follow-up of
thyroid cancer. The role of 2°'Tl scintigraphy in the manage-
ment of patients with thyroid carcinoma is still controversial.
Some investigators have suggested that whole-body 2°'T1 scin-
tigraphy (WBT) is more sensitive than WBI for the detection of
recurrent or metastatic differentiated thyroid carcinoma (4).

The purpose of this study was to determine the concordance
and discordance rates between diagnostic studies with '*'I and
201T] whole-body scintigraphy in patients post-thyroidectomy
for differentiated thyroid carcinoma.

MATERIALS AND METHODS
Patients

The study population consisted of 50 patients with differentiated
thyroid carcinoma. There were 30 women and 20 men with a mean
age of S1 yr (range 24-79 yr). Forty-two patients (84%) had
papillary adenocarcinoma of the thyroid and eight (16%) had
follicular carcinoma. Forty-four patients underwent total or near
total thyroidectomy, three patients underwent subtotal thyroidec-
tomy and three patients had a hemi-thyroidectomy. Lymph node
sampling was performed as indicated during surgery. Sixty pairs of
131 and 2°'T1 scans were performed within 1 wk of each other in
these 50 patients. Patients who had only 2°'T1 or '*'I scans or both
scans more than 1 wk apart were excluded from the study.

Fifteen pairs of studies were obtained 6 wk after surgical
thyroidectomy, 30 pairs of studies were performed after surgery
and "3'I ablative therapy and 15 pairs of studies were performed
after 'l therapy for metastatic thyroid carcinoma. All studies were
performed after withdrawal of levothyroxine and adequate endog-
enous TSH stimulation (>50 mIU/liter). Concurrent radioimmu-
noassays were performed to measure serum thyroglobulin levels
along with screening of serum for anti-thyroglobulin antibodies.

Patient Follow-Up

Patients were followed for a period of 6 mo to 3 yr after surgery.
The diagnosis of residual, recurrent or metastatic thyroid cancer
was based on clinical examination, serum thyroglobulin measure-
ments, bone scans, CT imaging, fine needle aspiration, cytology
and biopsy. Patients with no clinical findings, negative radiological
examination, negative 2°'T1 and '*'I scans and low Tg levels (<5
ng/ml) on repeated examinations were considered to be free of
disease.

Patients with neck foci greater than 1% uptake on '*'I scans
were treated by ablation. Patients with foci with less than 1%
uptake were also treated if: (a) the patient had additional foci in the
neck or distant metastases at the time of surgery; (b) the cancer was
reported to have invaded the thyroid capsule; or (c) the patient had
a tumor involving the lymph nodes.

Radioiodine Scans

The diagnostic dose of '*'I ranged from 1 to 10 mCi (37-370
MBq). Most of the patients (44/50), however, were imaged with a
10-mCi dose. Scintigraphy was performed 48 hr after oral admin-
istration of radioiodine. A 16% symmetric window was centered at
364 keV using a wide-range, medium-energy collimator. Anterior
and posterior whole-body images were obtained. The '*'I uptake in
the thyroid bed was measured 24 hr after administration in all
patients and the results expressed as the percentage of ingested
activity. Pinhole views of the thyroid bed were also obtained in all
patients 24 hr after the administration of radioiodine.

Thallium-201 Scintigraphy

WBT scans were performed 10 min following an intravenous
dose of 4 mCi (148 MBq) °'Tl-chloride. A 16% symmetric
window was centered at 71 keV using a low-energy collimator, and
anterior and posterior sequential 5-min images of the whole body
were obtained. The WBT scans were performed 1-7 days before
the WBI studies.

Scan

The 2°'T1 and '*'I scans were interpreted as abnormal if focal
increased uptake of the radiopharmaceuticals in pattern and loca-
tion consistent with metastatic disease was demonstrated. Diffusely
increased uptake of 2°'T1 in the lungs was considered a nonspecific
finding, and not diagnostic of metastases. Any focal uptake in the
thyroid bed was considered positive for the presence of functioning
tissue.

RESULTS

Sixty pairs of '>'I and 2°! T1 scans among the 50 patients were
analyzed. Thirty-six scans in 34 patients showed residual uptake
in the neck on the WBI studies. Thirty percent (11/36) of scans
had >1% uptake in the neck at 24 hr after administration of
radioiodine. Only six of the 36 (17%) corresponding WBT
scans showed detectable uptake in the neck (Table 1).

In 14 scans (nine patients), the findings on WBI scans were
consistent with metastatic thyroid cancer, whereas the WBT
scans were either negative (five scans), had nonspecific findings
(three scans) or were interpreted as showing fewer lesions
compared to the WBI scans (six scans). In the last group, one
patient showed multiple bone and pulmonary lesions on the
WBI scan and only one skull lesion on the WBT scan (Fig. 1).
Another patient had multiple bone lesions on the WBI scan and
only two lesions (skull and chest) on the WBT scan.

In four scans (four patients), the thallium studies were more
revealing than the radioiodine studies: one patient had a rib
lesion on the WBT scan that was detected on a bone scan (Fig.
2) but showed no iodine uptake. Another patient had focal
uptake in the left chest on the WBT scan that was not detected
with a diagnostic dose of 1 mCi '*'I. His postablative WBI scan

TABLE 1
Correlation of Thallium-201 and lodine-131 Imaging in
Patients after Thyroidectomy
20111 + 201'n - 201T| + 20111 -
N Ny ™! (Y Total
)4+ N 6 30 36
18— (N 1 23 24
3+ Myt 6 8 14
B - Myt 3 43 46
Total 7 53 9 51
*Neck uptake.

TMetastatic disease outside the neck.
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FIGURE 1. A 51-yr-old man with mixed papillary thyroid carcinoma. lodine-131 whole-body images (A) show multiple metastases in the spine, peivis and right
skull. The whole-body thallium scan (B) shows less intense uptake in the right skull lesion but no detectable lesions in the spine or pelvis. A focus in the right

chest (arrow) is not visualized on the '3'l scan.

performed after the oral administration of 75 mCi *'I con-
firmed the findings of the WBT scan and demonstrated pulmo-
nary parenchymal uptake. The third patient had a lymph node
metastasis in the neck that was not detected on the WBI scan.

FIGURE 2. A 79-yr-old woman with papillary thyroid carcinoma. The poste-
rior view of the thallium scan (A, left) demonstrates an intense focus of activity
in the left lower posterior chest (armow). Corresponding iodine scan (A, right)
shows no detectable lesion at this site but another rib lesion in the right
posterior chest (small arrow). Stomach activity is marked with double amows.
Spot view from a ®*™Tc-methylene diphosphonate scan (C) shows a lytic
lesion in the left posterior 9th rib.

THALLIUM-201 vErsus IopINE-131 IN PATIENTS WiTH THYROID CARCINOMA * Lorberboym et al.

The fourth patient had more lesions on the WBI scan. One
lesion in the right chest seen on the WBT scan, however, failed
to accumulate radioiodine (Fig. 1). Serum thyroglobulin levels
were significantly elevated in these patients.

In 16 patients, the thallium scans showed areas of abnormal
uptake that were proven to be false-positive for disease by
clinical follow-up, repeat WBI and WBT studies and low serum
Tg levels. Table 2 lists the sites of false-positive uptake on
WABT scans. The most common site of false-positive uptake was
in the right lower mediastinum (Fig. 3). Seven additional
patients had diffusely increased lung uptake which was not
considered positive for disease.

DISCUSSION

The advantages of 2°!Tl scintigraphy include low radiation
exposure relative to '*'I scintigraphy, immediate imaging after
injection, the convenience of a complete study in a single visit,
no restriction of dietary iodine intake and no need for thyroid
hormone withdrawal that may result in symptomatic hypothy-
roidism. Thyroid cancer metastases accumulate radioiodine less
avidly than normal thyroid tissues and high levels of circulating
thyroid stimulating hormone (TSH) are necessary to enhance
radioiodine uptake before scanning. Elevated TSH levels may
potentially stimulate the growth of thyroid carcinoma (5).
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TABLE 2
False-Positive Findings on Thallium-201 Scans

No. of patients

Location

Right axilla

Chest

Right shoulder

Right gluteal

Right pelvi

Muscles of right hand
Right sacroiliac joint

- e O N

Although radioiodine scintigraphy is more specific for thyroid
carcinoma, it cannot differentiate locally recurrent tumor from
normal residual thyroid tissue after thyroidectomy, adding to
the difficulty in interpretation.

Lida et al. (6) reported a diagnostic accuracy of 86.9% for
2011 scintigraphy. Seven of ten patients, however, with nega-
tive 2°'Tl scans and elevated Tg levels were subsequently
diagnosed with recurrent or metastatic lesions. Ramanna et al.
(4) reported that 29% of patients in their series had localized
neck and chest abnormalities on 2°' Tl scans that were not seen
on the '*'I studies subsequently proven to represent tumor.
Consequently, they suggested that °' Tl is more sensitive than
B[ for detection of differentiated thyroid carcinoma. In this
series, the 2°' Tl scans were done 6 wk prior to the diagnostic
13! studies, using an exceptionally long imaging time of 15 min
ger view. Hoefnagel et al. (7) reported a sensitivity of 94% for

O'T1 scintigraphy but only 48% sensitivity for '*'I scintigra-
phy. The respective specificity of both studies was comparably
high (97% versus 99%). No information was provided regard-
ing the time interval between 2°'Tl and '*'I scans. Similarly,
Tonami (8) reported a higher sensitivity for 2°'Tl imaging
compared to '*'I after thyroidectomy. He postulated that the
poor results obtained with '*'I may be due to shorter periods of
thyroid hormone withdrawal and insufficiently elevated levels
of endogenous TSH.

In contrast to these reports, the present study shows that
is more sensitive in detecting distant metastases as well as
normal residual thyroid tissue postoperatively. Similarly, Dad-
?arvar et al. (9) found only a 36% concordance rate between

311 and 2°'Tl scan findings in the presence of disease, with '>'I
imaging being more sensitive and specific compared to 2°'TI.
Brendel et al. (10) reported a low detection rate of 45% for
thallium compared to 84% for imaging with '*'I administered in
therapeutic doses. Underestimation of the extent of disease by
201T] may affect patient management, e.g., external beam
radiation for a single bony lesion versus '3'I therapy for
multiple lesions, or by altering therapeutic doses of '*'I for
different extent or location of lesions.

We also observed a significant number of nonspecific and
false-positive thallium studies which may lower the specificity
of this imaging modality. Thallium is normally taken up by the
lungs and is slowly cleared. Incomplete clearance may explain
the mild diffuse uptake noted in seven of our patients. Although
in patients without evident metastatic disease this finding is
nonspecific, diffuse lung uptake in patients with pulmonary
metastases may obscure mild focal activity. Focal uptake in the
chest was also observed in nine patients, localizing to the right
lower mediastinum. This characteristic pattern of uptake in the
chest is apparently a normal variant. Increased uptake in the
axilla and shoulder was noted in three patients with subcutane-
ous infiltration of the thallium dose and may reflect lymphatic
drainage of the radioisotope. Pelvic uptake of thallium may be
secondary to normal concentration of activity in the bowel. Foci

|3|I

FIGURE 3. Anterior view of whole-body thallium scan delineates a typical
focus of increased activity in the right lower mediastinum, just to the right of
the midiine (arow).

in the abdomen that are usually attributed to bowel activity may
also cause confusion. These potential false-positive results
should be recognized as normal variants by careful review of
the scans and evaluation of injection sites.

Four patients in our study showed solitary lesions on the
WBT studies that were not detected by the WBI scans. Failure
of known residual thyroid cancer or metastases to concentrate a
significant amount of radioiodine may be caused by inadequate
TSH stimulation, high concentrations of inorganic iodine in the
serum, or may also be due to the inherent biologic characteris-
tics of the cancer. Radiation therapy in some patients with
metastatic papillary thyroid carcinoma may result in anaplastic
conversion and loss of the ability to concentrate radioiodine
(11). 1t has also been suggested that therapeutic doses of '*'I
may preferentially destroy more differentiated subpoPulations
of thyroid cancer that have the capacity to accumulate >'I (12).

CONCLUSION

Our data indicate that WBI imaging with '*'I is more
accurate than 2°'Tl imaging in patients with differentiated
thyroid cancer. The specificity of the WBT scans can be signifi-
cantly improved by recognition of normal variants and careful
reading of other abnormalities. Nevertheless, WBT scanning can-
not be used as the primary diagnostic test because of its poor
sensitivity for detection of metastases and thyroid remnants.
Although some isolated lesions may accumulate thallium but not
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iodine, the yield of using both imaging modalities in all patients is
low. Thallium-201 scintigraphy should be reserved for circum-
stances in which '*'I scintigraphy is negative and when thyroglob-
ulin levels are elevated or recurrent or widespread differentiated
thyroid cancer is suspected on a clinical basis.
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Intraperitoneal Radioimmunotherapy of Ovarian
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Twelve ovarian cancer patients who failed chemotherapy entered a
Phase | trial of intraperitoneal '77Lu-CC49 antibody. Methods:
Patients had disease confined to the abdominal cavity *+ retroperi-
toneal lymph nodes, adequate organ function and no previous
radiation. Results: Side effects included mild discomfort with ad-
ministration (1/12), delayed transient arthralgia (2/12), and mild
marrow suppression (calculated marrow doses of 11-54 cGy). The
maximum tolerated dose has not been reached with levels of 10, 18,
25 and 30 mCi/m?. Radioimmunoscintigraphy revealed localization
consistent with tumor in 11 of 12 patients. One of eight patients with
gross disease had >50% tumor reduction after therapy, while six
progressed and one went off study with stable disease. Of patients
with microscopic or occult disease, one relapsed at 10 mo and three
remain without evidence of disease after 18 mo. Conclusion:
Intraperitoneal radioimmunotherapy with '77Lu-CC49 is well toler-
ated and appears to have antitumor activity against chemotherapy-
resistant ovarian cancer in the peritoneal cavity.

Key Words: ovarian cancer; radioimmunotherapy; lutetium-177-
CC49

J Nucl Med 1996; 37:1491-1496

Eradication of ovarian cancer implants in the peritoneal cavity
has been the major obstacle to disease control in most patients.
Although the introduction of platinum-based chemotherapy has
increased the response rates of ovarian cancer, there has been
only a modest improvement in survival rates (/) and half of the
patients who have laparotomy-confirmed complete response
will relapse. Since most relapses are confined to the abdominal
cavity, improved therapy should be possible with intensification
of treatment directed to this area. Some abdominal failures have
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been successfully treated with external radiation, intraperitoneal
or systemic administration of chemotherapy, or a form of
radionuclide therapy (2-11).

Positive results have been reported for intraperitoneal deliv-
ery of radiolabeled tumor-reactive antibodies to selected pa-
tients, but this technology has not yet been fully exploited.
Early results from imaging (/2) and dosimetry (/3) studies of
intraperitoneal administration of radiolabeled antibodies have
demonstrated selective tumor localization and slow absorption
into the bloodstream (/4—-16). These studies have also shown
that the intraperitoneal route is superior to intravenous admin-
istration for intraperitoneal implants, while the reverse is true
for solid tumor metastases to lymph nodes and areas of
hematogenous metastasis (/14—16). An early therapeutic trial of
intraperitoneal radiolabeled antibody for ovarian cancer, in
which patients received >140 mCi '3'I-antibody, showed
beneficial effects in 9/16 patients with a tumor mass of <2 cm
(2). Eight patients in that study with larger tumor masses died
of progressive disease within nine months. Similar results are
re!)orted for several antibodies using at least three radionuclides
(11, '86Re, *°Y) (4-5,8,10—11). That is, antitumor effects, and
in many cases prolonged survival, have been noted when
disease volume is small. There is decreasing efficacy, however,
with increasing size of tumor nodules (4).

We are conducting a dose-escalating trial of intraperitoneal
radioimmunotherapy in ovarian cancer patients with persistent
disease using a new agent, '’’Lu-CC49, which is linked by the
chelator PA-DOTA (7). Lutetium-177 is a rare earth material
with a physical half-life of 6.7 days and with beta emissions
(Eavg = 133 KeV) that penetrate 0.2 to 0.3 mm in soft tissue.
Lutetium-177 also emits two relatively low-abundance, low-
energy gamma rays (113 and 208 keV) that allow imaging with
a gamma camera, but pose less radiation hazard to health care
personnel as compared to ''I.
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