
Thyroid scintigraphy is one of the most important
procedures in the diagnosis of thyroid tumors. Up to this
time 1-131, 1-123, pertechnetate (Tc-99m), and other
radionuclides have been used as scanning agents. Re
cently, tumor-seeking agents such as [75Se] seleno
methionine (I), Tc-99m bleomycin (2), Cs-l3l (3), and
Hg- I97 chloride (4) have been used in some clinical in
vestigations. Thallium-20l chloride was also developed
as a tumor-seeking agent and has been used for thyroid
tumors in some laboratory and clinical investigations
(5,6). In our previousstudy ofTl-201 chloride scintig
raphy for thyroid tumors (7), we found that it has an
affinity not only for malignant tumors, but also for tu
mors of a benign nature that were relatively poorly dif
ferentiated types such as tubular (fetal) or trabecular
(embryonal) adenomas. Accordingly, Tl-201 chloride
may be a very useful tracer in determining whether
surgery is indicated.
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On the other hand, gallium-67 citrate is also well
known as a tumor-seeking agent and has been used in
cases of thyroid tumor (8). It is reported that Ga-67
shows little affinity for differentiated carcinoma but a
strong affinity for the undifferentiated type, although
the results have not always been gratifying.

In our study we used Tl-201 chloride and Ga-67 ci
trate for thyroid scintigraphy and compared these two
agents. This joint use of thyroid scintigraphy permitted
a qualitative diagnosis of thyroid tumor.

MATERIALS AND METHODS

Twenty-five patients with thyroid tumors were
scanned at various times with both Tl-201 chloride and
Ga-67 citrate scintigraphy. Each patient showed a focal
area of decreased activity with I-i 31 or pertechnetate
(Tc-99m), and all had a histological diagnosis after
surgery or excisional biopsy. A dose of 1.0-2.0 mCi
Tl-201 chloride was administered intravenously, and
after 10-20 mm (early scan) and 2 hr (delayed scan) the
patient was scanned. For Ga-67 citrate a dose of 2.0 mCi
was administered intravenously and after 24 to 48 hr
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Twenty-fIve patIentswith thyroIdtumorswere sclntlgraphedwIth both 11-201
chlorIdeand Ga-67 citrate. All cases showeda focal area of decreasedactIvIty
wIth 1-131or pertechnetate(Tc-99m), andeach had a hIstologIcaldIagnosisafter
surgery or exclslonal bIopsy. From the data we conclude the following: (1) Tumors
givInga positivescanwith11-201chlorIdebutnegatIveresultsusingGa-67 cItrate
proveto be dIfferentIatedcarcinomaor poorlydifferentiatedadenoma.(2) All hi
morsthat are positivewith Ga-67 are highlymalignanttypes, and if these tumors
are negativeby 11-201,undifferentiatedcarcInomaIssuggested.(3) Ga-61 cItrate
sclntlgraphyIs a usefulprocedurein locatIngdIstantmetastases,In determInIng
the area to be IrradIated,and In Judgingthe effect of therapy on undifferentiated
carcInoma.
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TABLE 1.SClNT1GRAPHI@RESULTSIN ThYROIDTUMORS

15
9
2
1
3

10
6
3

12(80%)
8
2

3(30%)
0
3

3(20%)

0
0
2

7(70%)
6
0

4(26.7%)
0

0
3

0(0%)
0
0

11 (73.3%)
9

0
10(100%)

6
3

Thyroidcancer
Papillary carcinoma
Follicularcarcinoma
Medullarycarcinoma
Undifferentiatedca.

Thyroidadenoma
Colloldadenoma
Fetaladenoma
Cyst 1 0 1 0 1

0 Oxyphillc-cell carcinoma.

Tc-99m 11-201 Ga-67

FIG. 3. Fifty-eight-year-old male with medullary carcinoma. Left:
Tc-99m suggests nodule with decreased activity in right lobe.
Thalllum-201 (center)shows slight accumulation,but Ga-67(right)
doesnotaccumulateInnodule.

cysted. All were negative by Ga-67. In two cases of fol
licular carcinoma, both gave a positive scan by Tl-201
and one of them (an oxyphilic-cell carcinoma) showed
positive with Ga-67. In one patient with medullary car
cinoma, a weakly positive scan was found using Tl-20l,
but it was negative with Ga-67. In three cases of undif
ferentiated carcinoma, two small-cell carcinomas gave
negative scans with Tl-201 , and one case with pleomor
phic-cell carcinoma gave a positive Tl-201 scan. With
Ga-67 they all gave strongly positive scans. Of the thy
roid adenomas, three of ten cases (30%) showed positive
scans with Tl-201 . Histologically, all were fetal adeno
mas. Every case of thyroid adenoma, however, gave a
negative scan with Ga-67.

FIG. 4. Seventy-three-year-oidmale with undifferentiated(small
cell)carcinoma.Tc-99m(left)showsnodulewithdecreasedactMty
in rightlobe.Thallium-201(center)doesnotaccumulateinnodule,
but doesIn normalthyroidtissue.Galllum-67(right)givesheavy
accumulationInnodule.
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FIG.1. SIxty-two-year-oldfemalewithpapillarycarcinoma.Left:
thyroid scan wIth pertechnetate (Tc-99m) reveals nodulewith de
creased activity Inupper part of right lobe.Center:TI-201chloride
sclntI@am reveals Intense concentration In the nodule. Right:
sclntigram with Ga-67cftrate shows no accumulation.

scanning was performed with a whole body scanner. For
the thallium scans, a window covering 60-1 10 keV
caught the mercury x ray; for gallium-67 the 93 keY
gamma was used.

RESULTS

The thyroid tumors scanned with Tl-201 and Ga-67
were analyzed histologically as shown in Table 1. In 15
patients with thyroid carcinoma, 12 (80%) were positive
by Tl-201, but only four cases (26.7%) were positive by
Ga-67. By histological type, in nine cases of papillary
carcinoma, eight (88.9%) were positive with Tl-201 . In
one negative case the tumor was almost completely en
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FIG. 2. Slxty-seven-yew-oid female with fist-sized oxyphilic-cell
carcinomaof ri@itthyroidlobe.Left:Tc-99mshowsnodulewith
decreased activity In right lobe. Center and right: both Tl-201 and
Ga-67giveIntenseconcentrationcorrespondingto noduleInright
lobe.

Ga-67 Tc-99m 11-201 Ga-67
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DISCUSSION

Thallium-20l chloride was originally used as a myo
cardial (9) and renal medullary scanning agent (10).
Recently some researchers have reported that Tl-201
chloride has an affinity for various malignant tumors,
and it is being used in the detection of thyroid tumors.
Tonami et al. (5) and Takeuchi et al. (6) reported posi
tive scanning results in 94% and 90%, respectively, of
thyroid carcinomas; they also reported accumulation of
the tracers in the metastatic lymph nodes. In our previous
study (7), 78.6% of thyroid carcinomas gave positive
scans, with differentiated carcinoma showing 84%
strongly positive. On the other hand, undifferentiated
carcinomas were all negative. In adenoma, some cases
gave positive scans, but all of them were relatively poorly
differentiated types such as fetal adenoma and em
bryonal adenoma. It is difficult to distinguish some of
these adenomas histologically from follicular carcinoma.
Therefore, we concluded that Tl-20l chloride has no
specific affinity for malignant tumors, but surgery is
indicated for nodules that show positive scans by Tl-201
chloride.

Recently it was reported that delayed scans with
Tl-2O1 chloride are effective in discriminating between
benign and malignant tumors (11).

In the present study we scanned with Tl-201 chloride
twice: the early scan began 10â€”20mm after intravenous
injection and the delayed scan began at 120 mm. Both
gave almost the same results. It was suggested that dif
ferentiated carcinoma and adenoma, which were positive
with 11-201, produced a clear early scintigram more
often than after a delay. Also, medullary carcinoma and
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FIG.5. Sixty-year-oldfemalewithundifferentiated(pleomorphic
cell)carcinoma.Pertechnetate(left)showsnodulewithdecreased
activity in left lobe.Both11-201(center)andGa-67(right)giveheavy
accumulation In nodule.

..@...-.â€˜,

.v

1-131 11-201

FIG. 6. FIfty-five-year-oldmale with papillary carcinoma. After total
thyroidectomy, metastasesappearedin lymphnodesin left supra
clavicular region and mediastinum.Thyroid scan with 1-131(left)
doesnot showaccumulationin metastaticlymphnodes,butthe
Tl-201 (right)showsintenseuptakeat thesesites.

Thallium-20l chloride and Ga-67 citrate scintigrams
of each histological type of thyroid tumor are presented
in Figs.I through7.

thest roentgenogram Ga-67 Scintigrain Chest roentgenograin Ga-67 Scintigrain
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FIG. 7. Sixty-two-year-old fbmale with undifferentiated(small-cell) carcinoma. A: Ga-67citrate scintigram shows heavyaccumulation
In thyroid tumor, left supraclavicular region, and mediastinum.Chest radiographdoes not show shadowof mediastinal tumor In detail.
B:AfterCo-60teletherapy(6,000red)accumulationof Ga-67failedin theseregions,butoccurredaroundrighthllus.Chestradiograph
showsswellingof righthilar lymphnodesandatelectasisof rightmiddlelobe.C:AfterCo-60irradiation(3,000red)of righthilarlymph
nodes, uptake of Ga-67 disappearedand chest radiographshows Improvementof right middle lobe. Galllum-67 uptake now appears
in left hilarregion.0: After3,000radof Co-60irradiationto left hilarlymphnodes,thereis noaccumulationof Ga-67.
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one positive undifferentiated carcinoma gave a delayed
scintigram clearer than the early one.

Gallium-67 citrate was first used by Edwards and
Hayes (12) for Hodgkin's disease and thyroid carcino
ma. This is one of the most useful tumor-seeking nuc
lides, and is now found very useful in the diagnosis and
follow-up of patients with malignant lymphoma. There
are published reports concerning the use of Ga-67 citrate
scintigraphy in thyroid tumors (8,13). It showed little
affinity for differentiated carcinoma but strong affinity
for the undifferentiated types. In the present study of
thyroid tumors, we found only 26.7%. of the thyroid
carcinomas to be gallium positive: only one case with
oxyphilic-cell carcinoma and three cases with undiffer
entiated carcinoma gave positive scans, and papillary
carcinoma, medullary carcinoma, and adenoma were all
gallium negative. A weak result was therefore obtained
when Ga-67 citrate scintigraphy was used to discrimi
nate between carcinoma and adenoma. Furthermore,
when only Tl-201 chloride was used, it achieved little or
no success in the diagnosis of undifferentiated carci
noma.

We suggest that diagnostic value is enhanced by using
Tl-201 and Ga-67 scintigraphyjointly in identifying the
histological type of thyroid tumor. All tumors giving a
positive scan with Ga-67 were malignant; moreover, they
were all highly malignant types. Thyroid tumors that
concentrated 11-201 but not Ga-67 were suspected of
being differentiated carcinomas or poorly differentiated
adenomas. These two tracers accumulate not only in the
primary tumor but also in distant metastases. In our
previous study (7)â€”of differentiated carcinomas with
relatively large metastatic lymph nodes in the neck and
mediastinumâ€”all showed obvious accumulation of
Tl-201. Additionally, our study shows that Ga-67 citrate
is also effective in finding distant metastases in undif
ferentiated carcinoma from the thyroid.

Concerning the treatment of undifferentiated carci
noma of the thyroid, surgical intervention is possible in
the early stages. However, many patients cannot with
stand surgery, and in these cases irradiation can be uti

lized. It is very difficult to find distant early metastases
around the mediastinum or hilus by chest radiograph,
whereas Ga-67 scintigraphy is effective in such cases.
Furthermore, it is a useful procedure in determining the
irradiation area and in judging the effect of treat
ment.
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