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The usefulness of serum thyroglobulin levels and T1-201 scintigraphy
in differentiating between benign and malignant thyroid follicular lesions
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Objective: To compare the diagnostic capabilities of various serum thyroglobulin levels (Tg) and
T1-201 scintigraphy with regard to thyroid follicular lesions. Methods: We examined 80 thyroid
follicular lesions (benign: 55, malignant: 25) in patients with nodular goiter for whom a pathological
diagnosis was made based on surgical findings. Tg was measured by an I-125 (radioimmunoassay)
method. In TI-201 scintigraphy, 74 MBq of T1-201 chloride was intravenously injected and imaged
after 10 minutes (early image) and after 120 minutes (delayed image), and the scintigrams were
evaluated both visually and quantitatively, with special attention paid to the part of the nodule with
the highest accumulation of TI-201 chioride. The cutoff levels of Tg for categorizing the lesions as
malignant were set at 40, 100, 300, 500, 1,000 and 2,500 ug/l. In T1-201 scintigraphy, method 1
involved high uptake on both early and delayed images, method 2 involved high uptake on only the
early image, and method 3 involved high uptake on only the early image or the same accumulation
in comparison with the normal region on the early image, with no washout being quantitatively
judged as indicative of malignancy. A summary index of overall test performance can be calculated
as the area under the receiver operating characteristic (ROC) curve (Area (Az)). Likelihood ratios
for several cutoff levels were also calculated. Results: In the diagnosis, Az of TI-201 (0.95) was
larger than that of Tg (0.65). The sensitivity and accuracy of Tg at each cutoff level (sensitivity:
4.0% to 76.0%, accuracy: 50.0% to 72.5%) were lower than.with T1-201 scintigraphy (methods 1-
3, sensitivity: 76.0-100%, accuracy: 77.5-88.8%). The likelihood ratio for the positive results of
method 1 for T1-201 scintigraphy, were greatest in the present study (13.9), and the likelihood ratio
for the negative results of method 3 for T1-201 scintigraphy, (0) was smallest in the present study.
Conclusion: Diagnosis based on T1-201 washout patterns in which quantitative evaluation is
combined with visual evaluation appears to be more useful for the differentiation of malignant
thyroid follicular lesions than diagnosis by Tg.
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INTRODUCTION

THYROID NODULES are reported to occur in 4—7% of the
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adult population,! and follicular carcinoma has been
reported to occur in 7-10% of thyroid malignant nodules.
A fine needle aspiration biopsy (FNA) is safe and simple,
provides excellent predictive value, and is widely used to
diagnose nodular goiter.>? Nevertheless, in the diagnosis
of follicular lesions, differentiating between benign and
malignant nodular goiter by FNA is generally considered
to be difficult at the cellular level. When a follicular lesion
is diagnosed by FNA, another test is essential for the
differentiation of malignant nodules.*8

Original Article 95



Serum thyroglobulin is produced in the follicular epi-
thelium and stored in the colloid lumen as a 660-kD
molecular weight glycoprotein in the thyroid gland. Ob-
servation of serum thyroglobulin levels is considered to
be useful for evaluation of the postoperative course of
thyroid cancer, but these observations are generally con-
sidered not to be useful for preoperative differentiation of
malignancy.?'! It has been reported, however, that serum
thyroglobulin levels are useful for differentiating be-
tween benign and malignant follicular lesions when the
cutoff level of serum thyroglobulin is set at 1,000 ug/l.’

In the nuclear medical field, TI-201 scintigraphy is
very sensitive to thyroid cancer, and there have been
many reports that TI-201 scintigraphy is superior in dif-
ferentiating between benign and malignant nodular goi-
ter.+612-21 In visual evaluations, the sensitivity has been
reported to be 57-100% for early images'>17-1 and 25—
86% for delayed images.'®'820-2!1 We have reported that
the washout pattern of T1-201 scintigrams, in which
quantitative evaluation is combined with visual evalua-
tion, is useful for differentiating between benign and
malignant thyroid nodules.

It was our intent in the present study to determine
whether the analysis of serum thyroglobulin levels or T1-
201 scintigraphy by means of the washout pattern is more
effective in distinguishing between benign and malignant
thyroid follicular lesions.

MATERIALS AND METHODS

Between 7 August 1989 and 24 July 1998, we examined
80 nodules without metastases in patients for whom
thyroid nodules were noted based on preoperative ultra-
sonography, and we were able to make a definite histo-
pathological diagnosis in each case. There were 14 male
and 66 female subjects ranging in age from 14 to 84 years,
with a mean age of 52.6 + 15.4 years. The diameter of the
nodules was 14-84 mm (mean: total follicular lesions:
28.6 £ 14.0 mm, benign groups: 29.4 + 14.9 mm, malig-
nant groups: 28.2 + 13.7 mm), with no significant differ-
ence between the benign and malignant groups.

The histopathological diagnosis confirmed 55 cases of
follicular adenoma and 25 cases of follicular carcinoma
without variants such as papillary carcinoma, follicular
type, follicular carcinoma, oxyphilic cell type, and folli-
cular carcinoma, clear cell type. The serum thyroglobulin
levels were measured by radioimmunoassay (RIA) with I-
125 up to 1 month before surgery. The normal range for
serum thyroglobulin levels is less than 35 ug/l. These
levels were not measured within 24 hours after FNA or
immediately after palpation of the thyroid gland in any
patient, in order to prevent serum thyroglobulin levels
from increasing. Furthermore, no patient had Basedow’s
disease or antibody to thyroglobulin, and thyroid gland
function was normal in all patients.

In T1-201 scintigraphy, 74 MBq of T1-201 chloride (CI)
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was intravenously injected, and planar images were ob-
tained after 10 minutes (early image) and 120 minutes
(delayed image). A gamma camera (Diagnost Tomo,
Phillips Co., Eindhoven, Netherlands) attached to a low-
energy high-resolution pinhole collimator was used as the
imaging apparatus. The imaging conditions were as
follows: window level, 70 keV; window width, £10%;
preset time, 10 minutes; and preset count, 256 counts per
pixel.

We visually scored and evaluated the densest part of
each nodule seen in the TI-201 scintigrams, comparing
the dense region with normal regions. The evaluation was
made by a group of three radiologists, including two
physicians accredited in nuclear medicine. In the quanti-
tative evaluation of T1-201 scintigrams, we set the region
of interest (ROI) manually to include the densest part of
the nodular region and the normal region in the opposite
lobe, and we then calculated the tumor/normal ratio (T/N
ratio). The washout rate (%) was calculated by the follow-
ing equation: (T/N (early image) — T/N (delayed image))/
T/N (early image) x 100 (%).

In the diagnosis, nodules in which the uptake was
higher than that of the normal thyroid region as deter-
mined by T1-201 scintigrams in both the early and delayed
images were classified as Group A; those in which the
uptake was higher only in the early image were classified
as Group B; those in which the uptake was equal to that of
the normal thyroid region in the early image were classified
as Group C; and those in which the uptake was lower than
that of the normal thyroid region in the early image were
classified as Group D. Furthermore, in Group C, nodules
in which the washout rate was 0 or below were classified
as Group ClI, and those in which the washout rate was
greater than 0 were classified as Group CIL

In TI-201 scintigraphy, the three methods represented
differentiations of which groups were judged malignant:
in method 1; only Group A, in method 2; both Group A
and B, in method 3; Group A, B and CI, were judged as
malignant.

We also judged malignancy according to the following
serum thyroglobulin levels: 40 ug/! (Tg 40), 100 ug/l (Tg
100), 300 ug/! (Tg 300), 500 pg/l (Tg 500), 1000 ug/l (Tg
1000) and 2500 ug/! (Tg 2500). We calculated the diag-
nostic capabilities of TI-201 scintigraphy and Tg based on
sensitivity, specificity, accuracy and the likelihood ratios
for positive and negative results for the thyroid follicular
lesions.

Statistical Analysis Methods
Benign and malignant groups as judged by serum thyro-
globulin levels were compared by the Mann-Whitney
test. In each test, a p value below 5% was judged significant.
Receiver operating characteristic curves (ROC) were
generated to examine the test performance, and Labroc5
(CE Metz, University of Chicago) was used to calculate
the curve fitting.?2 The ROC curve is a plot of pairs of the
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Table 1 Benign and malignant nodules at each cutoff level of Tg

Cutoff level of Tg (ug/l)

-39 40-99 100-299

300499 500-999 1000-2499 2500~

Benign 21 15 5
Malignant 6 5 3

5 7 1 1
5 1 4 1

Table 2 Benign and malignant follicular thyroid nodules based
on the washout patterns of T1-201 scintigraphy

TI1-201 scintigraphy
A B CI CIl D total

Benign 3 13 2 10 27 55
Malignant 19 4 2 0 0 25

true-positive rate (sensitivity) and the false-positive rate
(1-specificity) corresponding to each cutoff value for the
diagnostic test result. The area under the ROC curve (Az)
serves as an overall measure of test performance, with an
area of 1 indicating a perfect test and an area of 0.5
indicating a test that is unable to distinguish persons with
and without the disease of interest.?

We also calculated the likelihood ratios for several
cutoff levels: the likelihood ratio for a positive test result
= sensitivity/(1 — specificity); The likelihood ratio for a
negative test result = (1 — sensitivity)/specificity. The
likelihood ratio for the positive test result, LR+ (for the
negative test result, LR-), is the probability of a positive
test result (of a negative test result) for a person with the
disease of interest divided by the probability of a positive
test result (negative test result) person without the disease
of interest. LR+ values of 10 or greater and LR— values of
0.1 or smaller are consistent with a test with considerable
diagnostic value.

RESULTS

The serum thyroglobulin levels in the benign and malig-
nant thyroid nodules were 236.4 + 414.4 ug/!/ and 569.6 +
876.7 ugll, respectively, showing no significant differ-
ence (n.s., Mann-Whitney test). The numbers of benign
and malignant follicular lesions at several serum thyro-
globulin cutoff levels are shown in Table 1. The ratio of
malignancy was less than 50% at any cutoff value except
for 1,000 ug/! or higher, where the ratio was 71.4% (5/7).
In this study, at levels of 500 ug/! or higher, all 6 follicular
carcinomas and 4 follicular adenomas had no cystic
lesions but 5 follicular adenomas had cystic lesions. Two
of the 5 follicular cystic lesions were almost pure cystic
lesions. The serum thyroglobulin levels of 2 follicular
adenomas with cystic lesions were measured on the day
after FNA or palpitation. There were no significant rea-
sons for rasing those levels in 3 other follicular adenomas
with cystic lesions.
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Fig.1 Images from case 1, a 47-year-old man in Group A, who
had a tumor diagnosed as follicular carcinoma in the right lobe
of the thyroid gland. Visual scores and T/N ratios for T1-201
scintigram were 4 and 2.19 in the early image (a) and 3 and 1.17
in the delayed image (b). The serum thyroglobulin level was 71
ugll.

The numbers of benign and malignant follicular lesions
as determined by the washout patterns in Ti-201 scinti-
grams are shown in Table 2. The ratio of malignant cases
in follicular lesions in Group A, 86.4% (19/22), was
higher than that in Group B (23.5%) and CI (50.0%).
No malignant nodules were observed in Group CII or D.
Nuclear medical findings in typical cases such as Group
A and Group D are shown in Figure 1 and Figure 2,
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Fig.2 Images of case 2, a 41-year-old woman in Group D, who
had a tumor diagnosed as follicular adenoma in the right lobe of
the thyroid gland. Visual scores and T/N ratios for T1-201
scintigram were 1 and .44 in the early image (a) and 1 and 0.74
in the delayed image (b). The serum thyroglobulin level was 860
uell.

respectively.

There were no pure cystic lesions among the 25 cases
of follicular carcinoma: 4 nodules had partial cystic
lesions which were all classified in Group A, and the
remaining 21 nodules had no cystic lesions.

We examined the test performances of two indices in
discriminating follicular carcinoma from follicular ad-
enoma: serum thyroglobulin levels and T1-201 scintigra-
phy (Fig. 1, Fig. 2). The ROC curve of T1-201 scintigra-
phy is supenior o that of serum thyroglobulin levels, as the
area (Az) of TI-201 scintigraphy (0.95) is much greater
than that of serum thyroglobulin (0.65).

The diagnostic capability of the serum thyroglobulin
levels at each cutoff level and that of T1-201 scintigraphy
are shown in Tables 3 and 4. For the serum thyroglobulin
levels at cutoff levels of 500 ug/, 1,000 ug/l, and 2,500
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Fig. 3 The area under the ROC curve (Az) for the serum
thyroglobulin levels was 0.65.
TPR: True positive rate, FPR: False positive rate
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Fig.4 The area under the ROC curve (Az) for T1-201 scintig-
raphy was 0.95, which was larger than that for the serum
thyroglobulin levels (0.65).

TPR: True positive rate, FPR: False positive rate

ug/l, the specificity was higher than that of methods 2 and
3 for T1-201 scintigraphy (Tg 500: 83.6%, Tg 1000:
96.4%, Tg 2500: 100%, method 2: 70.9%, method 3:
67.3%), but at each cutoff level, the sensitivity was lower
than that of methods 2 and 3 for T1-201 scintigraphy (Tg:
4.0-76.0%, method 2: 92.0%, method 3: 100%). At each
cutoff level for serum thyroglobulin, the accuracy and
negative predictive value (N.P.V.) were lower than those
of methods 1 and 3 for Ti-201 scintigraphy (accuracy; Tg:
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Table 3 Diagnostic capability for follicular lesions by serum
thyroglobulin levels

serum thyroglobulin level (ug/l)
22500 21000 =500 =300 =100 =40 =20

Sensitivity 4.0 200 240 440 560 760 100
Specificity 100 964 836 745 655 382 —
Accuracy 700 725 650 650 625 500 313
PPV, 500 714 400 440 424 358 313
N.P.V. 6.2 726 708 745 766 T18 —
LRPR. 004 55 147 173 162 123 10
LRNR. 098 08 091 075 067 063 0

P.P.V.: positive predictive value

N.P.V.: negative predictive value

L.R.P.R.: Likelihood ratio for positive results
L.R.N.R.: Likelihood ratio for negative results

Table 4 Diagnostic capability for follicular lesions by T1-201
scintigraphy

A  AB ACI ACII AD I 2 3

Sensitivity 76.0 92.0 100 100 100 76.0 92.0 100
Specificity 945 709 673 491 — 945 709 673
Accuracy 888 775 775 650 313 888 775 775
PPV. 864 59.0 581 472 313 864 590 581
N.P.V. 89.7 951 100 100 — 897 951 100
L.R.PR. 139 316 306 196 10 139 3.16 3.06
LRNR. 025 011 O 0 0 025 011 O

P.P.V.: positive predictive value

N.P.V.: negative predictive value

L.R.P.R.: Likelihood ratio for positive results

L.R.N.R.: Likelihood ratio for negative results

Method 1: in which only Group A was considered malignant
Method 2: in which Groups A and B were considered malignant
Method 3: in which Groups A, B, and Cl were considered malignant

50.0% to 70.0%, methods 1 and 3: 77.5% to 88.8%,
N.P.V. Tg: 69.2% t077.8%, methods 1 and 3: 89.7% to
100%).

At each cutoff level of serum thyroglobulin, except for
1,000 ug/l, LR+ was lower than that for T1-201 scintigra-
phy. Although the LR+ at the 1,000 ug/! cutoff (5.5) was
slightly greater than with methods 2 and 3 for T1-201
scintigraphy (method 2: 3.16, method 3: 3.06), it was less
than 10. The LR+ of method 1 for TI-201 scintigraphy
(13.9) was greater than 10. The LR at each cutoff value
for serum thyroglobulin was higher than the LR- of
methods 1 and 3 for TI-201 scintigraphy (serum thyro-
globulin: 0.63-0.98, T1-201 scintigraphy: 0-0.25). The
LR- of method 2 was 0.11, which was almost as low as
0.1, which is the level of a test that provides considerable
diagnostic value. The LR~ of method 3 for TI-201 scintig-
raphy (0) was less than 0.1.
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DISCUSSION

FNA is generally used for the diagnosis of benign or
malignant nodular goiter, as the method is safe and
simple?? but it has been reported that diagnosis of fol-
licular lesions is difficult by FNA “° Therefore, adequate
management of thyroid follicular lesions with regard to
diagnosis remains controversial.”8

To determine whether observation of serum thyro-
globulin levels or T1-201 scintigraphy 1s more effective in
distinguishing between benign and malignant follicular
lesions, we compared the diagnostic ability of the two
techniques by using the washout pattern for follicular
lesions. We used the area under the ROC curves (Az),
which serves as an overall measure of test performance, in
the comparison, for a particular disease can be used to
identify the test that will provide greater diagnostic value.??
Our study found that T1-201 scintigraphy is more effec-
tive in distinguishing between benign and malignant
follicular lesions by providing evidence that the area
under the ROC curves (Az) for T1-201 scintigraphy (0.95)
is larger than that for serum thyroglobulin levels (0.65).
We believe that the likelihood ratio is one of the most
useful factors to consider in terms of diagnostic ability,
as it does not vary as a function of the prevalence of
disease.

We recognized method 1 for T1-201 scintigraphy as
being the most effective in distinguishing between benign
and malignant follicular lesions and determining whether
surgery is necessary, as the likelihood ratio for positive
results of method 1 for T1-201 was greatest in the present
study (13.9) and was greater than 10, which is consistent
with a test that provides considerable diagnostic value.
We also recognized that method 3 for TI-201 scintigraphy
is most effective in distinguishing between benign and
malignant follicular lesions and in determining whether
the lesions can be observed without surgery, as the likeli-
hood ratio for negative results of method 3 for TI-201
scintigraphy (0) was smailest in the present study and less
than 0.1, which is consistent with a test that provides
considerable diagnostic value.

Additionally, proliferating cell nuclear antigen (PCNA),
a highly conserved 36-kDa acidic nuclear protein essen-
tial to DNA synthesis, has been recognized as an endog-
enous histological marker for the G/S phase in the cell
cycle and as a useful marker for the proliferative activity
of cells. Kume et al. have reported a good correlation
between the degree of T1-201 uptake and the PCNA index
of malignant and benign thyroid nodules.?* Comparing
the early and delayed scans, researchers saw a closer
correlation between T1-201 uptake and the PCNA index
on the delayed scans. The staining index for PCNA in
follicular carcinoma is significantly higher than that for
PCNA in follicular adenoma,? which suggests that method
1, which judges malignancy in Group A, which has high
uptake in both early and delayed images, is most useful for
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discriminating between malignant and benign follicular
lesions.

The diagnostic abilities assessed in the present study
were based on methods 1 and 3 in T1-201 scintigraphy, as
reported by Okumura et al.® (sensitivity: 75.0-100%,
specificity: 67.3-94.5%, accuracy: 77.5-88.8%) and are
almost the same as those obtained in our previous study
(sensitivity: 80.0-90.0%, specificity: 60.0~88.9%, accu-
racy: 69.2-86.2%).

On the other hand, serum thyroglobulin levels are not
generally considered useful for preoperative differen-
tiation between benign and malignant tumors.”~!! Never-
theless, Okamoto et al.> have reported that serum thyro-
globulin levels are useful for preoperative differentiation
between benign and malignant tumors when the cutoff
level is set to 1,000 pg/! in follicular lesions.

In cases of goiter, serum thyroglobulin levels increase
due to leakage from destroyed follicular structures. In
the present study, serum thyrogiobulin levels were not
sufficiently effective in distinguishing between benign
and malignant follicular lesions. The likelihood ratios for
positive results, even at a cutoff value of 1,000 yg/l both
in the present study (5.5) and Okamoto’s study (4.41),
were not greater than 10, and the likelihood ratios for
negative results were not less than 0.1 at any cutoff level,
making them not consistent with a test providing consid-
erable diagnostic value.

It has been reported and is widely accepted that fluorine-
18-fluorodeoxyglucose PET (FDG-PET) is useful in dis-
tinguishing between benign and malignant thyroid nod-
ules?6?7 but, the necessary equipment for FDG-PET is so
expensive and the amounts available are so small world-
wide that its utility provides little benefit to patients.

The present study does have a bias, in that surgery was
performed for all follicular lesions when their malignancy
was in doubt. Therefore, the malignancy rate (31.3%; 25/
80) in the present study is not as high as those observed in
two recent surveys in North Carolina, USA, and Catania,
Italy, in which the malignancy rates were 5-6.5% for all
presented thyroid nodules.?82% But, the malignancy rate in
the present study (31.3%) corresponds to that in other
studies, in which surgeons have reported a rate of 20-40%
for all excised nodules selected for surgery.>?3 In addi-
tion, in the present study the likelihood ratio was used,
which does not vary as a function of the prevalence of
disease.

We believe that if a follicular lesion is detected by FNA,
T1-201 scintigrams supplemented with quantitative evalu-
ation are useful.

CONCLUSION
It appears that diagnosis based on Ti-201 washout pat-
terns in which quantitative evaluation is combined with

visual evaluation is more useful for the identification of
malignant thyroid follicular lesions than diagnosis based
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on Tg. With T1-201 scintigraphy if nodules are classified
into Group A, they are likely to be malignant and surgery
is recommended. If, however, they cannot be classified
into Groups A, B or CI, they are unlikely to be malignant,
suggesting that surgery can be postponed.

ACKNOWLEDGMENTS

We gratefully acknowledge the assistance of Toshihide Tsuda,
M.D., of the Department of Social and Environmental Sciences,
Graduate School of Medicine and Dentistry, Okayama Univer-
sity Graduate School, Isao Nagaya and other nuclear medical
staff members in the Department of Central Radiology in the
Hospital of the School of Medicine, Okayama University, and
Junji Shiraishi, Ph.D., Department of Radiology, The Univer-
sity of Chicago.

REFERENCES

1. Vander JB, Gaston EA, Dawber TR. The significance of
nontoxic thyroid nodules: final report of a 15-year study of
the incidence of thyroid malignancy. Ann Intern Med 1968,
69: 537-540.

2. Ashcraft MW, Van Herle AJ. Management of thyroid
nodules I: Scanning techniques, thyroid suppressive therapy,
and fine needle aspiration. Head & Neck Surg 1981; 3: 297-
322.

3. Van Herle AJ, Rich P, Ljung BME, Ashcraft MW, Solomon
DH, Keeler EB. The thyroid nodule. Ann intern Med 1982,
96: 221-232.

4. Nakahara H, Noguchi S, Murakami N, Hoshi H, Jinnouchi
S, Nagamachi S, et al. 99m Technetium-sestamibi scintig-
raphy compared with thallium-201 in evaluation of thyroid
tumors. J Nucl Med 1996; 37: 901-904.

5. Okamoto T, Kanbe M, lihara M, Yamazaki K, Okamoto J,
Yamashita T, et al. Measuring serum thyroglobulin in
patients with follicular thyroid nodule: its diagnostic impli-
cations. Endocrine J 1997, 44: 187-193.

6. Okumura Y, Takeda Y, Sato S, Komatsu M, Nakagawa T,
Akaki S, et al. Comparison of differential diagnostic capa-
bilities of T1-201 scintigraphy and fine-needle aspiration of
thyroid nodules. J Nucl Med 1999; 40: 1971-1977.

7. Mazzaferri EL. Management of a solitary thyroid nodules.
N Engl J Med 1993; 328: 553-559.

8. Ridgway EC. Clinician’s evaluation of a solitary thyroid
nodule. J Clin Endocrinol Metab 1992; 74: 231-235.

9. Ridgway EC. Clinical evaluation of solitary thyroid nod-
ules. In: Werner and Ingbar’s The Thyroid, Bravernman
LE, Utiger RD (eds), Philadelphia, PA; Lippincott, 1991:
1197-1203.

10. Same DH, Refetoff S. Thyroid function tests. In: Endocri-
nology, De Groot L) (ed), Philadelphia, PA; Saunders,
1995: 617-664.

11. Refetoff S, Lever EG. The value of serum thyroglobulin
measurement in clinical practice. JAMA 1983; 250: 2352
2357.

12. Hisada K, Tonami N, Miyamae T, Hiraki Y, Yamazaki T,
Maeda T, et al. Clinical evaluation of tumor imaging with
TI1-201 chloride. Radiology 1978; 129; 497-500.

Annals of Nuclear Medicine



15.

16.

18.

20.

2L

. Freitas JE, Gross MD, Ripley S, Shapiro B. Radionuclide

diagnosis and therapy of thyroid cancer: current status
report. Seminars Nucl Med 1985; 15: 106-131.

. Senga O, Miyakawa M, Shirota H, Makiuchi M, Yano K,

Miyazawa M, et al. Comparison of T1-201 chloride and Ga-
67 citrate scintigraphy in the diagnosis of thyroid tumor:
concise communication. J Nucl Med 1982; 23: 225-228.
Koizumi M, Taguchi H, Goto M, Nomura T, Watari T.
Thallium-201 scintigraphy in the evaluation of thyroid
nodules: a retrospective study of 246 cases. Ann Nucl Med
1993; 7: 147-152.

Ochi H, Sawa H, Fukuda T, Inoue Y, Nakajima H, Masuda
Y, et al. Thallium-201 chloride thyroid scintigraphy to
evaluate benign and/or malignant nodules: usefulness of the
delayed scan. Cancer 1982; 50: 236-240.

. Derebek E, Biberoglu S, Kut O, Yesil S, Saydam S, Yilmaz

M, et al. Early and delayed thallium-201 scintigraphy in
thyroid nodules: the relationship between early thallium-
201 uptake and perfusion. Eur J Nucl Med 1996; 23: 504
510.

Hardoff R, Baron E, Sheinfeld M. Early and late lesion-to-
non-lesion ratio of thallium-201-chloride uptake in the
evaluation of “cold” thyroid nodules. J Nuc! Med 1991; 32:
1873-1876.

. Hermans J, Schmitz A, Therasse G, Eeckhoudt L, Beauduin

M. Thyroid scintigraphy with thallium 201: non-traumatic
method for early detection of tumours and a better assess-
ment of patients suitable for operation. Acta Oto-Rhino-
Laryngologica Belgica 1987; 41: 649-655.

Henze E, Roth J, Boerer H, Adam WE. Diagnostic value of
early and delayed TI-201-thyroid scintigraphy in the evalu-
ation of cold nodules for malignancy. Eur J Nucl Med 1986;
11: 413-416.

Bleichrodt RP, Vermey A, Piers DA, Langen ZJ. Early and

Vol. 16, No. 2, 2002

22.

23.

24.

26.

27.

28.

29.

30.

delayed thailium 201 imaging: diagnosis of patients with
cold thyroid nodules. Cancer 1987; 60: 2621-2623.

Metz CE, Herman BA, Shen J-H. Maximum-likelihood
estimation of receiver operating characteristic (ROC) curves
from continuously-distributed data. Sratistics in Medicine
1998; 17: 1033-1053.

Greenberg RS, Daniels SR, Flanders WD, Eley JW, Boring
JR 1I1. Diagnostic testing. In: Medical Epidemiology, 3rd
ed. New York; McGraw-Hill Medical Publishing Division,
2001: 77-89.

Kume N, Suga K, Nishigauchi K, Kawamura M, Matsunaga
N. Relationship between thallium-201 uptake and tumour
proliferative ability in thyroid nodules. Eur J Nucl Med
1996; 23: 376-382.

. Czyz W, Joensuu H, Pylkkanen L, Klemi PJ. P53 protein,

PCNA staining, and DNA content in follicular neoplasms of
the thyroid gland. J Pathol 1994; 174: 267-274.

Uematsu H, Sadato N, Ohtsubo T, Tsuchida T, Nakamura
S, Sugimoto K, et al. Fluorine-18-fluorodeoxyglucose PET
versus thallium-201 scintigraphy evaluation of thyroid tu-
mors. J Nucl Med 1998; 39: 453-459.

Bloom AD, Adler LP, Shuck JM. Determination of malig-
nancy of thyroid nodules with positron emission tomogra-
phy. Surgery 1993; 114: 728-735.

Belfiore A, Giuffrida D, La Rosa GL, Ippolito O, Russo G,
Fiumara A. High frequency of cancer in cold thyroid nod-
ules occurring at young age. Acta Endocrinol 1989; 121:
197-202.

Werk EE Jr, Vernon BM, Gonzalez JJ, Ungaro PC, McCoy
RC. Cancer in thyroid nodules: a community hospital sur-
vey. Arch Intern Med 1984; 144: 474-476.

Ross DS. Evaluation of thyroid nodule. J Nucl Med 1991;
32:2181-2192.

Original Article 101



