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Differentiation of Thyroid Nodules Using TI-201 Scintigraphy
Quantitative Analysis and Fine-Needle Aspiration Biopsy
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We studied the differentiation of thyroid nodules using fine-needle aspiration biopsy (FNA) and
TI-201 scintigraphy quantitative analysis. One-hundred and thirty-one thyroid nodules were
examined: 83 follicular lesions (58 benign and 25 malignant lesions) and 48 non-follicular lesions (8
benign and 40 malignant lesions). During TI-201 scintigraphy examinations, an early and a delayed
image were acquired 10 and 120 min after an intravenous injection, respectively. The T/N ratio
(counts of nodular lesion/counts of contralateral normal thyroid tissue) of each image was calculated
quantitatively. We assessed the ability of the TI-201 scintigraphy and of the FNA analysis to
differentiate benign and malignant lesions and determined the cut-off levels for the assays. For the
follicular lesions, the area under the ROC (Receiver Operating Characteristic) curve (Az) for the
TI-201 scintigraphy data was greater than that for the FNA data. For the non-follicular lesions, the
Az for the FNA data was greater than that for the TI-201 scintigraphy data. We set cut-off levels
at 1.370 for follicular lesions, and 1.070 for non-follicular lesions. The sensitivity and specificity were
76% and 82.7% for follicular lesions, and 90% and 87.5% for non-follicular lesions, respectively. The
overall accuracy of the analysis was 84.0%.
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C linically detectable thyroid nodules occur in rough-

ly 4-10% of the population. Of these nodules,
5-38% are malignant [1]. Fine needle aspiration biopsy
(FNA) is a safe and simple procedure with excellent
predictive value and is widely used for the diagnosis of
thyroid nodules [1, 2]. However, an accurate diagnosis
of thyroid follicular nodular lesions is difficult to achieve
using FNA [1, 3]. When a follicular lesion is diagnosed
using FNA, other tests are essential for the
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differentiation of malignant nodules [4, 5]. We previous-
ly reported that visual and quantitative evaluations using
T1-201 scintigraphy are useful for the diagnosis of thyroid
nodules, especially follicular lesions [5, 6].

A few reports have described the use of decision trees
for the differentiation of thyroid nodules. Mazzaferri used
FNA and Tc-99m pertechnetate scintigraphy to
differentiate thyroid nodules [4]. Although Tc-99m
pertechnetate scintigraphy can be used to diagnose thyroid
tumors, it cannot adequately differentiate between benign
and malignant lesions if the result of an FNA examination
is negative.

In the present study, we retrospectively studied the
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use of FNA and a quantitative T1-201 scintigraphy analy-
sis for the differentiation of thyroid nodules.

First, we assessed the abilities of a quantitative
TI1-201 scintigraphy analysis and of FNA to differentiate
both follicular thyroid lesions and non-follicular lesions.
We then estimated the critical test-result value separating
‘positive’ and ‘negative’ results using TI-201 scintigraphy
and FNA data for both non-follicular and follicular lesions.
Finally, we separated the non-follicular lesions and fol-
licular lesions on the basis of the FNA results and created
a diagnostic paradigm for the evaluation of thyroid nod-
ules using FNA and/or TI-201 scintigraphy.

Materials and Methods

One-hundred and twenty-eight patients (17 males and
111 females; age, 16-87 years; mean age [+ SD],
54.6 + 16.0 years) with 131 thyroid nodules (size range,
8-97 mm; median size, 27 mm) were examined between
December 1989 and January 2000 at our institution.
Plural nodules were recognized in 3 subjects, and they
were all located bilaterally.

All nodules were detected sonographically and
confirmed histopathologically after surgical resection.
Lesions were defined as follicular or non-follicular under
FNA light microscopy according to the presence (fol-
licular) or absence (non-follicular) of colloids, foam cells,
or follicle epithelium. In adenomatous goiters (n=17),
both follicular and non-follicular components were recog-
nized cytologically. We classified them as follicular (n =
7) and non-follicular (n = 10) lesions according to the
FNA results.

Histopathologic examinations revealed that 83 of the
nodules were follicular lesions (58 benign lesions [46
follicular adenomas, 2 oncocytomas, 10 adenomatous
goiters| and 25 malignant lesions [follicular carcinomas])
and 48 of the nodules were non-follicular lesions (8 benign
lesions [7 adenomatous goiters, 1 chronic thyroiditis]
and 40 malignant lesions [36 papillary carcinomas, 2
medullary carcinomas, and 2 undifferentiated car-
cinomas ).

In our study, follicular lesions tended to be larger than
non-follicular lesions (median size: follicular lesions, 28
mm; non-follicular lesions, 25 mm), but the difference
was not statistically significant (N.S.). There was no
correlation for benign and malignant lesions (median size:
follicular benign lesions, 28 mm; follicular malignant
lesions, 28 mm; non-follicular benign lesions, 26 mm;
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non-follicular malignant lesions, 25 mm) (N.S.).

In the TI-201 planar scintigraphy examinations,
T1-201 (74 MBq) was injected intravenously, and early
(after 10 min) and delayed (after 120 min) images were
acquired. Tc-99 m pertechnetate (185 MBq) was injected
intravenously after the TI-201 early image was acquired.
A gamma camera (Diagnost Tomo; Phillips Co., Einth-
oven, Netherlands) attached to a low-energy, high-
resolution pinhole collimator was used to obtain the
images. The effective field of view was 40 cm in diameter.
The imaging parameters included a window level of 70
keV for the TI-201 scintigraphy and 140 keV for the
Tc-99m pertechnetate scintigraphy, a window width of £
10% for both T1-201 and Tc-99m pertechnetate, a preset
time of 10 min for T1-201 and 5 min for Tec-99m pertech-
netate, and a maximum preset count of 256 counts per
pixel. The data acquisition matrix was 256 X 256 and the
display matrix was 512 X 512.

Scintigraphic analysis. For the quantitative
T1-201 scintigraphy analysis (both early and delayed
images), the largest possible region of interest not exceed-
ing the target region, which was the cold/hot lesion
observed using Tc-99m pertechnetate scintigraphy, was
manually placed over the tumor and over a region of
normal thyroid tissue on the opposite side.

Counts of nodular lesion
Counts of contralateral normal thyroid tissue

Fine-Needle Aspiration. FNA was perform-
ed by puncturing the thyroid nodules using a 23-gauge
needle. Cells were stained using either the Papanicolou or
the Giemsa method. The staining results were observed
and classified by experienced pathologists with
qualifications from the Japanese Society of Cytodiagnosis.
Normal cells were classified as class I, abnormal cells as
class II, cells suspected of malignancy as class III, cells
likely to be malignant as class IV, and cells with definite
malignancy as class V.

Statistical Analysis. The size of nodules for
follicular and non-follicular lesions was compared by the
Mann-Whitney test. A P value below 5% was judged to
be significant.

Labroc 5 (CE Metz, University of Chicago) was used
to calculate the receiver operating characteristic (ROC)
curves. The ROC curve is a plot of pairs of the true-
positive rate (sensitivity) and false-positive rate (1-
specificity) corresponding to each cut-off value for the
diagnostic test results. The area under the ROC (Az)

T/N ratio =
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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 between the
presence and absence of the disease of interest. We
estimated the relationship between the critical test-result
value and the corresponding operation point on the fitted
bionormal ROC curve for the TI-201 scintigraphy data.
The cut-off level for the FNA data was directly calculated.

Results

Fine-Needle Aspiration. Table 1A shows the
result of follicular lesions (83 nodules). The 12 class I
nodules in 83 nodules, 8 were benign (7 follicular
adenomas and 1 oncocytoma) and 4 were malignant
(follicular carcinomas). Of the 52 class II nodules, 40
were benign (31 follicular adenomas, 8 adenomatous
goiters and 1 oncocytoma) and 12 were malignant (fol-
licular carcinomas). Of the 14 class III nodules, 8 were
benign (6 follicular adenomas and 2 adenomatous goiters)
and 6 were malignant (follicular carcinomas). Of the 4
class IV nodules, 2 were benign (follicular adenomas) and
2 were malignant (follicular carcinomas). Only 1 class V
nodule (follicular carcinoma) was observed.

Table 1B shows the result of non-follicular lesion (48
nodules). only 1 class I nodule (adenomatous goiter) was
observed. Of the 16 class II nodules, 7 were benign (6
adenomatous goiters and 1 chronic thyroiditis) and 9 were
malignant (7 papillary carcinomas and 2 medullary car-
cinomas). Six class III (papillary carcinomas), 9 class IV

Table | FNA results
A. Follicular lesions (n = 83)

Class Benign Malignant
I (n=12) 8 4
II (n=52) 40 |2
I (n=14) 8 6
IV(n= 4) 2 2
Vih= 1) 0 |
B. Non-follicular lesions (n = 48)

Class Benign Malignant
I (n=1) | 0
I (n=16) 7 9
(n= 4) 0 4
V(n= 9) 0 9
V (n=18) 0 18
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(8 papillary carcinomas and 1 undifferentiated carcinoma),
and 18 class V (17 papilary carcinomas and 1
undifferentiated carcinoma) nodules were observed.

ROC curve. Figs. 1A and 1B show the ROC
curves obtained for the FNA and T/N ratio of TI-201
scintigraphy (early image/delayed image) data for fol-
licular and non-follicular lesions, respectively. In the
follicular lesions, the ROC curve for the T1-201 scintigra-
phy data was superior to that for the FNA data, since the
Az for the TI-201 scintigraphy data was much greater
than that for the FNA data (0.582). In addition, the Az
(0.861) for the early image data was greater than that for
the delayed image data (0.838). In the non-follicular
lesions, the ROC curve for the FNA data was superior
to that for the TI-201 scintigraphy data, as the Az for the
FNA data (0.902) was greater than that for the TI1-201
scintigraphy data. In addition, the Az for the delayed
image data (0.792) was greater than that for the early
image data (0.714).

Cut-off level. ~ We used the early image T1-201
scintigraphy data to set the cut-off level for diagnosing
follicular lesions, as the Az for the early image data was
greater than that for the delayed image data. Table 2A

Table 2  Critical test-result values of TI-201 scintigraphy data
A. Follicular lesions (early image)

T/N 10 FPR TPR Sensitivity (%)  Specificity (%)
2.140 0.088 0.546 54.6 91.2
1.795 0.129 0.643 64.3 87.1
1.610 0.178 0.725 72.5 82.2
1.370 0.220 0.778 71.8 78.0
1.335 0.254 0.813 81.3 74.6
1.325 0.291 0.844 84.4 70.9
1.235 0.331 0.873 81.3 66.9
1.205 0.798 0.995 99.5 20.2

B. Non-follicular lesions (delayed image)

T/N 120 FPR TPR  Sensitivity (%)  Specificity (%)

1.650 0.032 0.208 20.8 96.8
1.565 0.312 0.747 14.7 68.8
1.070 0.398 0.821 82.1 60.2
1.015 0.582 0.923 92.3 41.8
0.925 0.720 0.967 96.7 28.0
0.830 0.907 0.996 99.6 9.3

T/N 10, the T/N ratio of TI-201 scintigraphy early image data (10
min); T/N 120, the T/N ratio of TI-201 scintigraphy delayed image
data (120 min); true-positive rate (TPR). sensitivity; false-positive
rate (FPR), |-specificity.
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shows the critical test-result value for the early image
TI-201 scintigraphy data that was used to diagnose fol-
licular lesions. We set the cut-off level at 1.370 (sensitiv-
ity: 77.8%; specificity: 78.0%). Table 3A shows the
critical test-result value for the FNA data that was used
to diagnose follicular lesions. For the FNA data, the
specificity was 100% for class V lesions. The T/N ratio
of 0.99 on early image TI-201 scintigraphy data had a
sensitivity of 96% (24/25) and a specificity of 50% (29/
58) in follicular lesions.

We used the delayed image T1-201 scintigraphy data
to set the cut-off level for diagnosing non-follicular lesions,
as the Az for the delayed image data was greater than that
for the early image data. Table 2B shows the delayed
image TI-201 scintigraphy and the FNA data for non-
follicular lesions. We set the cut-off level at 1.070 (sensi-
tivity: 82.1%; specificity: 60.2%). Table 3B shows the
critical test-result value for the FNA data that was used
to diagnose non-follicular lesions. For the FNA data, the
specificity was 100% and the sensitivity was 77.5% at
classes III, IV, and V, and the sensitivity was 100%
and the specificity was 12.5% at class I. FNA class III,
IV, or V ranking meant malignancy in non-follicular
lesions.

Diagnosis of thyroid nodules.
a. Follicular lesions

Among the follicular lesions, a class V rating meant
malignancy (1 nodule). For the remaining 82 nodules
belonging to classes I, II, III, or IV, we used the early

Table 3  Cut-off level for FNA data
A. Follicular lesions

Class FPR TPR Sensitivity (%) Specificity (%)
\Y 0 0.04 4.0 100
1 0.034 0.12 12.0 96.6
Il 0.172 0.36 36.0 82.8
| 0.862 0.84 84.0 13.8

B. Non-follicular lesions

Class FPR TPR Sensitivity (%) Specificity (%)
I\ 0 0.45 45.0 100
1l 0 0.675 67.5 100
Il 0 0.775 71.5 100
| 0.875 | 100 12.5

true-positive rate (TPR), sensitivity; false-positive rate (FPR), |-
specificity.
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image T1-201 scintigraphy findings and a cut-off level of
1.370 to distinguish malignant and benign lesions. As a
result, 28 nodules were diagnosed as malignant, and 54
nodules were diagnosed as benign. Among the 28 nodules
diagnosed as malignant, only 18 nodules were actually
malignant; of the 54 nodules diagnosed as benign, only
48 nodules were actually benign.

Among the benign tumors that were diagnosed as
malignant (n = 10;8 follicular adenomas, 1 adenomatous
goiter, and 1 oncocytoma), cystic changes were observed
in 6 nodules and calcification in 3 nodules. In 3 nodules,
both calcification and cystic changes were observed, while
neither calcification nor cystic changes were observed in 4
other nodules. Among the malignant tumors that were
diagnosed as benign (n=6; 6 follicular carcinomas),
cystic changes were observed in 2 nodules and
calcification was observed in 1 nodule. In 3 nodules,
neither calcification nor cystic changes were observed.
b. Non-follicular lesions

Among the non-follicular lesions, a class I rating
meant benignity (1 nodule), while a class III, IV, or
class V rating meant malignancy (31 nodules). For the
remaining 16 nodules belonging to class II, we used the
delayed image TI-201 scintigraphy findings and a cut-off
level of 1.070 to distinguish malignant and benign lesions.
As a result, 6 nodules were diagnosed as malignant, and
10 nodules were diagnosed as benign. Among the 37
nodules diagnosed as malignant, only 36 nodules were
actually malignant; of the 11 nodules diagnosed as benign,
only 7 nodules were actually benign.

Among the benign tumors that were diagnosed as
malignant (n=1; adenomatous goiter), both cystic
changes and calcification were observed. Among the
malignant tumors that were diagnosed as benign (n =4;3
papillary carcinomas and 1 medullary carcinoma), cystic
changes were observed in 2 nodules and calcification was
observed in all of the nodules. In 2 nodules, both
calcification and cystic changes were observed.

Table 4 shows the FNA result for false-negative and
false-positive lesions by TI-201 scintigraphy. There were
11 false-positive and 14 false-negative lesions. Of these,
4 FNA class IV and V papillary lesions were malignant.
Another 21 lesions could not be diagnosed correctly using
either T1-201 scintigraphy or FNA.

Fig. 2 shows the results for a 79-year-old woman with
a 3.5 cm nodule in the left lobe of her thyroid gland.
During the Tc-99m scintigraphy examination, a cold
nodule was observed in the left lobe (Fig. 2A). The
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FNA findings indicated a class IV, non-follicular lesion,
and the T/N ratio for the T1-201 scintigraphy data was
1.980 at 10 min (Fig. 2B) and 2.510 at 120 min (Fig.
2 C). The histopathologic diagnosis was undifferentiated
carcinoma.

Fig. 3 shows the results for a 48-year-old woman with
a 3.2 cm nodule in the right lobe of her thyroid gland.
During the Tc-99m scintigraphy examination, a cold
nodule was observed in the right lobe (Fig. 3A). The
FNA findings indicated a class II, follicular lesion, and
the T/N ratio for the T1-201 scintigraphy data was 1.000
at 10 min (Fig. 3B) and 0.970 at 120 min (Fig. 3 C).
The histopathologic diagnosis was follicular adenoma.

Discussion

FNA is a safe and simple procedure that provides
excellent predictive value and is widely used to diagnose
thyroid nodules [1, 2]. The overall sensitivity of FNA
has been reported to be 57-100%, while the specificity of
FNA was 58-100% [1, 7, 8]. For the visual examina-
tion of early and delayed TI-201 scintigraphy images, the
sensitivity for diagnosing thyroid nodules has been report-
ed to be 57-100% and 26-86%, respectively [9]. In a
quantitative evaluation, Hardoff et al reported that a T/
N ratio of 0.99 on delayed image T1-201 scintigraphy data
had a sensitivity of 100% and a specificity of 62% for
diagnosing thyroid nodules without follicular carcinoma

[10].

Table 4 FNA results for false-negative and false-positive lesions
by TI-201 scintigraphy
A. False positive lesions (n=11)

Class Follicular lesions Non-follicular lesions
I (n=2) 2 0
Il (n=6) 5 |
N (n=23) 3 0
IV (n=0) 0 0
V(n=0) 0 0

Class Follicular lesions Non-follicular lesions
I (n=1) | 0
I (n=28) 4 4
Il (n=0) 0 0
IV (n=23) | 2
V(h=2) 0 2
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A. Follicular lesions
T1-201 early =0.861, TI-201 delayed = 0.838, FNA = 0.582

2345 6.7 891
FPR

0o A1

B. Non-follicular lesions
TI1-201 early =0.714, T1-201 delayed = 0.792, FNA = 0.902

Fig. | A, For the follicular lesions, the ROC curve for the TI-201
scintigraphy data was superior to that for the FNA data, since the
area (Az) under the TI-201 scintigraphy curve was much greater than
that under the FNA curve (0.582). In addition, the Az for the early
image data (0.861) was greater than that for the delayed image data
(0.838). B, For the non-follicular lesions, the ROC curve for the FNA
data was superior to that for the TI-201 scintigraphy data, since the
Az under the FNA curve (0.902) was greater than that under the
TI-201 scintigraphy curve. In addition, the Az for the delayed image
data (0.792) was greater than that for the early image data (0.714).
4, TI-10; =&, TI-120; @, FNA.
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Fig.2  Case I, A 79-year-old woman with a 3.5 cm tumor diagnosed as undifferentiated carcinoma in the left lobe of her thyroid gland. In
the Tc-99 m scintigraphy image, a cold nodule is visible in the left lobe (arrow) (A). The results of the FNA analysis indicated a class IV,
non-follicular lesion. The T/N ratio of the TI-201 scintigram was 1.98 at 10 min (arrow) (B) and 2.5 at 120 min (arrow) (C).

Fig. 3  Case 2, A 48-year-old woman with a 3.2 cm tumor diagnosed as follicular adenoma in the right lobe of her thyroid gland. In the
Tc-99 m scintigraphy image, a cold nodule is visible in the right lobe (arrow) (A). The results of the FNA analysis indicated a class Il, follicular
lesion. The T/N ratio of the TI-201 scintigram was 1.00 at 10 min (arrow) (B) and 0.97 at 120 min (arrow) (C).
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In our study, the Az for FNA was greater than that
for TI-201 scintigraphy in non-follicular lesions. How-
ever, the Az for TI-201 scintigraphy was much greater
than that for FNA in follicular lesions. This result
supports the findings of a previous report concluding that
FNA is highly effective for obtaining cytology samples
that enable the distinctive features of papillary carcinoma
to be identified [1]. Papillary carcinoma accounted for
most of the malignant non-follicular lesions in our study.
On the other hand, FNA cannot distinguish between
benign and malignant follicular lesions [11]. Okumura
and Sathekge reported that, in follicular lesions, the
sensitivity of FNA was 10-33% and the specificity of
FNA was 79-95.6% [3, 5]. Thus, when a follicular
lesion is diagnosed by FNA, other tests must be perfor-
med to differentiate malignant nodules [5]. The results of
the present study were similar.

The mechanism of TI-201 accumulation in thyroid
nodules depends on Na®, K"-ATPase activity and thy-
roid blood flow [12]. A good correlation has been shown
between the degree of Na*, K*-ATPase activity, blood
flow, and TI-201 accumulation in the early image [13].
Follicular carcinoma has a higher Nat, K™-ATPase
activity level than follicular adenoma [12]. The staining
index for PCNA (proliferating cell nuclear antigen) in
follicular carcinoma is also higher than that in follicular
adenoma [14]. Papillary carcinoma exhibits a lower
blood flow in thyroid nodules, so wash-out is hardly seen
in the delayed phase of T1-201 scintigraphy images [12].

These facts explain the reason why the Az for the
early image T1-201 scintigraphy data was greater than that
for the delayed image data for follicular lesions and why
the Az for the delayed image TI1-201 scintigraphy data was
greater than that for the early image data for non-follicular
lesions.

Next, we estimated the critical test-result values
separating ‘positive’ and ‘negative’ results for the TI-201
scintigraphy and FNA data, both in non-follicular and
follicular lesions. The results showed that, in follicular
lesions, an FNA class V ranking meant malignancy,
while in non-follicular lesions, a class I ranking meant
benignity, and a class III, IV, or V ranking meant
malignancy. Generally, a class I ranking means benignity,
a class V ranking means malignancy, and classes II to IV
are indeterminate [4]. However, these generalizations
were not suitable for follicular lesions in the present study.
In fact, of the 12 follicular nodules that were diagnosed as
class I by FNA, four nodules were malignant.
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Based on the largest Az values, we selected a cut-off
level of 1.370 in early image T1-201 scintigraphy data, and
1.070 in delayed image TI-201 scintigraphy data for the
detection of follicular and non-follicular lesions, respec-
tively. For follicular lesions, the T/N ratio of 0.99 on the
early image had a higher sensitivity, but had much lower
specificity and accuracy than the T/N ratio of 1.370. The
T/N ratio of 0.99 was therefore considered not useful for
differentiating benign from malignant lesions, but useful
for detecting malignant lesions.

We then made a decision tree based on these results
(Fig. 4). First, the thyroid nodules were divided into
follicular lesions (classes I to V) and non-follicular lesions
(classes I to V) by FNA. Thirty-three thyroid nodules
(32 non-follicular lesions and 1 follicular lesion) were
confirmed to be either malignant or benign by FNA. An
FNA class I non-follicular lesion and an FNA class V
follicular lesion could also be diagnosed as benign or
malignant using T1-201 scintigraphy. There was only one
nodule in each group. And more than half of the nodules
(9/16) classified as class II non-follicular lesions by FNA
were actually malignant, and half of the nodules (2/4)
classified as class IV follicular lesions by FNA were
actually benign. We therefore decided that FNA class I

to V follicular lesions and FNA class I or II non-follicular

Thyroid nodules

FNA

Follicular lesion Non-follicular lesion

I I 0T vV V I I on v Vv
| TI-201 scintigraphy | TI-201
scintigraphy
| Benign | |Malignant\ |Be¥1ign H N‘I'alignant '

Fig. 4 Thyroid nodules were classified as follicular or non-follicular
lesions by FNA. Class lll, IV, and V non-follicular lesions were
considered malignant. TI-201 scintigraphy data for class | to V
follicular lesions and class | and Il non-follicular lesions were
examined. For the follicular lesions, nodules with a T/N ratio of
larger than 1.370 were considered to be malignant; nodules with a
T/N ratio of less than 1.370 were considered to be benign. For the
non-follicular lesions, nodules with a T/N ratio of larger than 1.070
were considered to be malignant; nodules with a T/N ratio of less
than 1.070 were considered to be benign.
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lesions should not be diagnosed as benign or malignant on
the decision tree (Fig. 4). TI-201 scintigraphy was used
in the remaining 98 lesions to differentiate benign and
malignant lesions. Thirty-four nodules (6 non-follicular
and 28 follicular lesions) were diagnosed as malignant,
and 64 nodules (10 non-follicular and 54 follicular lesions)
were diagnosed as benign. The sensitivity and specificity
of this analysis were 76.0% (19/25) and 82.7% (48/58)
in follicular lesions, and 90.0% (36/40) and 87.5% (7/8)
in non-follicular lesions, respectively. The overall accu-
racy was 84.0% (110/131).

Of the 21 nodules that were incorrectly diagnosed by
both FNA and TI-201 scintigraphy, 10 nodules exhibited
cystic changes, and 8 nodules exhibited calcification. Five
nodules had both cystic changes and calcification, whereas
8 nodules had neither cystic changes nor calcification. In
cases where cystic changes or calcification are present, an
accurate calculation of the T/N ratio is difficult [15].

Mazzaferri used FNA and Tc-99m pertechnetate
scintigraphy to differentiate thyroid nodules [4]. If the
thyroid nodules examined in the present study had been
differentiated using these methods, the sensitivity would
have been 72.0% (18/25) and the specificity 19.0% (11/
58) for the detection of follicular lesions, and 97.5% (39/
40) and 25.0% (2/8), respectively, for non-follicular
lesions. The overall accuracy would have been 53.4%
(70/131).

The sensitivity in this study was equal to or lower than
that of the diagnostic method reported by Mazzaferri, but
the specificity and overall accuracy were much higher.
The reason for this is that Tc-99m pertechnetate scintigra-
phy can diagnose thyroid tumors, but cannot differentiate
between benign and malignant lesions.

Although a PET (Positron Emission Tomography)
facility is not yet available at our institution, fluorine-18-
fluorodeoxy glucose PET (FDG-PET) is widely accepted
as being useful for distinguishing between benign and
malignant thyroid nodules [16, 17]. However, the use
of PET has not yet become widespread, and the proce-
dure is expensive. Hopefully, this situation will change in
the future.

Based on our results, we created a decision tree for
use in the diagnosis of thyroid nodules (Fig. 4). In this
tree, thyroid nodules are classified as either follicular or
non-follicular lesions by FNA. Class III, IV, or V
non-follicular lesions are considered to be malignant.
Next, TI-201 scintigraphy is performed for class I to V
follicular lesions and class I and II non-follicular lesions.
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Among the follicular lesions, nodules with a T/N ratio of
greater than 1.370 are considered to be malignant; those
with a T/N ratio of less than 1.370 are considered to be
benign. In non-follicular lesions, nodules with a T/N
ratio of larger than 1.070 are considered to be malignant;
those with a ratio of less than 1.070 are considered to be
benign.

One limitation of our study was that it was performed
retrospectively. Thus, patients without FNA or TI-201
scintigraphy data were excluded from the study, thereby
introducing a bias in the patient selection. Fifteen nodules
were class I by FNA, or equal to or less than 10 mm in
size. Of 2 nodules that were equal to or less than 10 mm
(8 mm and 10 mm), one was suspected to be malignant
by TI-201 scintigraphy, and the other was treated surgi-
cally at the patient’s request. Among the 13 class I
nodules, 10 were suspected of malignancy by TI-201
scintigraphy, 2 were treated surgically at the patient’s
request, and 1 was accompanied by plural tumors in both
thyroid lobes (class III papillary carcinoma, and class I
follicular adenoma). These 4 cases might have introduced
a bias.

For the follicular lesions, the TI-201 scintigraphy data
was superior to the FNA data for differentiating benign
and malignant lesions, whereas, for non-follicular lesions,
the FNA data was superior to the TI-201 scintigraphy
data. Based on our results, we created a decision tree for
use in the diagnosis of thyroid nodules. This tree should
prove clinically useful, as the overall accuracy of the
analysis was 84.0%.
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