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Recently, thyroid 99mTc-methoxyisobutylisonitrile (99mTc-MIBI)
scintiscanning has been proposed in an attempt to preopera-
tively identify thyroid malignancies, but discrepant results have
been reported for oncocytic lesions. The aim of this study was
to investigate the usefulness of visual and semiquantitative ana-
lyses of 99mTc-MIBI scintigraphy for preoperatively characteriz-
ing thyroid nodules with indeterminate cytologic diagnoses,
segregating in advance nononcocytic variants from those that
are oncocytic. This study also aimed to analyze the relationship
between 99mTc-MIBI images and P-glycoprotein (P-gp)/multi-
drug resistance-associated protein-1 (MRP1) immunohisto-
chemical expression. Methods: Fifty-one consecutive patients
with cold thyroid nodules cytologically diagnosed as nononco-
cytic or oncocytic follicular neoplasm were prospectively stud-
ied. Visual and semiquantitative 99mTc-MIBI scanning was
performed and the diagnoses of the lesions were histologically
proven by subsequent thyroidectomy. Immunohistochemical
evaluation of P-gp and MRP1 was also performed on surgical
samples. Results: Visual and semiquantitative 99mTc-MIBI scin-
tiscans showed a low specificity in preoperatively discriminating
malignant oncocytic lesions. In nononcocytic nodules, the semi-
quantitative method was more accurate than the visual (94.44%
and 77.78%, respectively). P-gp protein expression was nega-
tive in all thyroid lesions, whereas apical plasma membrane
MRP1 expression was found in 78% of the lesions with a nega-
tive 99mTc-MIBI retention index, compared with 11% of lesions
with a positive retention index, correlating most strongly with a
negative 99mTc-MIBI RI in those cases with strong MRP1 apical
expression. Conclusion: Semiquantitative 99mTc-MIBI scintigra-
phy is an adjunctive method to predict preoperatively the malig-
nant behavior of nononcocytic follicular thyroid nodules
indeterminate at fine-needle aspiration biopsy, with a potential

impact on the definition of their clinical management. Moreover,
the good correlation found between immunohistochemical api-
cal expression of MRP1 and the scintigraphic findings supports
the 99mTc-MIBI results and provides tissue information on the
molecular mechanisms responsible for 99mTc-MIBI images in
thyroid lesions.
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The diagnostic approach to thyroid nodules is usually
based on fine-needle aspiration biopsy (FNAB), a well-
established complement to clinical and ultrasound exami-
nations (1). However, the most important FNAB limitation
is the lack of sensitivity in the characterization of follicular
neoplasms because of its inability to detect capsular
invasion and vessel infiltration of the tumor (2,3).

An additional FNAB diagnostic restraint is represented
by some cases of follicular variants of papillary carcinoma
in which the classic diagnostic cytologic criteria of papillary
carcinoma are lacking or not completely unequivocal (4,5),
as well as by some cases of microfollicular goiter with a
hypercellular cytologic pattern; thus, these lesions are often
cytologically interpreted as follicular neoplasms (6).

Although immunocytochemical evaluation of some tumor-
associated antigens, such as galectin-3 (7–14), cell surface
mesothelial antigen HBME-1 (8,14–17), and cytokeratin-19
(8,16,17), was recently successfully introduced for the
thyroid to improve preoperative cytologic diagnosis, the
issue of follicular neoplasm remains incompletely solved
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and these lesions still need surgical procedures for a
definitive diagnosis.

Hence, the identification of new diagnostic approaches is
of paramount importance to provide reliable criteria for
malignancy preoperatively when FNAB findings are inde-
terminate.

To this purpose, some investigators have proposed thy-
roid 99mTc-methoxyisobutylisonitrile (99mTc-MIBI) scinti-
scanning in an attempt to differentiate benign from
malignant thyroid nodules (18–24). Particularly, differenti-
ated thyroid carcinoma has been reported to intensively
accumulate and persistently retain 99mTc-MIBI (18–24).
However, discrepant results have been reported about the
usefulness of 99mTc-MIBI scanning in identifying thyroid
carcinoma, especially in mitochondria-rich oncocytic le-
sions (22,25–27).

The mechanism of cellular radiopharmaceutical accu-
mulation has been reported to depend on the size of a
tumor, the blood flow within it (28), and the richness of
mitochondria in the tumor cells (28,29). MIBI reversibly
passes into the cytoplasm via thermodynamic driving forces
and irreversibly passes into the mitochondria using the
electrical gradient generated by a high negative inner
transmembrane mitochondrial potential (28–30). Accord-
ingly, more intense MIBI concentrations have been found
in malignant tumor cells than in normal cells because of the
higher electrical gradient of the former (28).

In addition, 99mTc-MIBI has been shown to be a substrate
for the MDR1 gene coded P-glycoprotein (P-gp) (28,31–33)
and multidrug resistance–associated protein-1 (MRP1) (32–
35) efflux pumps, supporting the rapid 99mTc-MIBI washout
displayed by tumor cells expressing high levels of P-gp or
MRP1 and the delayed washout displayed by cells with
undetectable levels or altered P-gp or MRP1.

The aim of this study was to investigate the usefulness of
qualitative and semiquantitative analyses of dual-phase
99mTc-MIBI thyroid scintigraphy for differentiating benign
from malignant thyroid nodules, separately, in patients with
a cytologic diagnosis of nononcocytic or oncocytic folli-
cular neoplasms, which are in advance distinguished by fine-
needle aspiration cytomorphologic evaluation. In addition,
we analyzed the relationship between scintigraphic 99mTc-
MIBI findings and the expression of P-gp and MRP1 in the
corresponding thyroid nodules.

MATERIALS AND METHODS

Patients
This study prospectively included 51 consecutive patients (11

men and 40 women; age range, 28–72 y; median, 55 y) with
99mTc-pertechnetate–cold solitary (or prevalent) thyroid nodules
at least 10 mm in diameter (median, 17 mm; range, 10–80 mm),
cytologically diagnosed as Thy3 (nononcocytic or oncocytic
follicular neoplasm) according to the British Thyroid Association
guidelines (Table 1) (36). All patients were diagnosed and treated
at San Luigi Hospital, Orbassano (Turin, Italy), between 2006 and
2007.

In all patients, serum levels of free thyroxine, free triiodo-
thyronine, thyroid-stimulating hormone, antithyroglobulin and
antithyroid peroxidase antibodies, parathyroid hormone, and cal-
citonin were determined. All patients underwent a thyroid ultra-
sound examination followed by 99mTc-MIBI imaging and were
subsequently operated on to confirm or exclude a malignant
lesion.

The study was approved by the San Luigi Hospital review
board, and written informed consent was obtained from each
patient.

Fine-Needle Aspiration Biopsy
Preoperative FNAB was performed with a 22-gauge needle

attached to a 30-mL plastic syringe. The aspirated fluid was in part
expelled and smeared onto charged slides and was fixed and
stained with a rapid hematoxylin-and-eosin method for adequacy
evaluation or processed for Giemsa staining. The remaining
material was used to prepare alcohol-fixed cell blocks and hema-
toxylin- and eosin-stained sections (9).

Oncocytic follicular neoplasms were defined by the presence
of oncocytic cells—large cells characterized by abundant
deeply eosinophilic and granular cytoplasm, with hyperchro-
matic nuclei having prominent nucleoli (37)—in at least 50% of
the total follicular cells present on smears or cell-block sec-
tions.

Cytologic and Histologic Samples
The histologic diagnoses of the 36 nononcocytic follicular

neoplasms were microfollicular goiter (9 cases), follicular ade-
noma (12 cases), minimally invasive follicular carcinoma (2
cases), follicular variants of papillary carcinoma (12 cases), and
poorly differentiated carcinoma (1 case) (Table 1). The histologic
diagnoses of the 15 oncocytic follicular neoplasms were oncocytic
microfollicular goiter (5 cases), oncocytic follicular adenoma
(6 cases), oncocytic insular carcinoma (1 case), and oncocytic
follicular variants of papillary carcinoma (3 cases) (Table 1).

Thyroid tumors were classified according to the most recent
criteria of the World Health Organization (37). Oncocytic variants
of follicular adenoma, follicular variants of papillary carcinoma,
insular carcinoma, and microfollicular goiter were defined by
the presence of oncocytic changes in at least 75% of the lesion
(37).

Thyroid 99mTc-MIBI Scintigraphy
99mTc-MIBI scintigraphy was performed on each patient using

a large-field-of-view g-camera (Axis; Philips Netherland) equip-
ped with a high-resolution parallel-hole low-energy collimator.
Static images of the neck were acquired in the anterior view with a
128 · 128 matrix, a 1.33 zoom, and a pixel size of 1.75 mm and
stored on a Philips Odyssey computer. Images were obtained at 10
min (early image) and 120 min (late image) after intravenous
injection of 400 MBq of 99mTc-MIBI, according to American
guidelines (38). Labeling efficiency was assessed by thin-layer
chromatography and was found always to exceed 94%. To ensure
correct positioning of the patients, we always included both
salivary glands and activity from the myocardium in the 99mTc-
MIBI images.

The images were independently assessed by 2 experienced
nuclear physicians before surgery. They used both a visual scoring
method and a semiquantitative technique and were not aware of
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the clinical data or histologic results. If they disagreed, they
discussed the case and reached a consensus.

Visual Analysis of Images
The early and delayed 99mTc-MIBI thyroid images of a

given patient were placed side by side for comparison. The
visual assessment used the following scoring system developed
in our institution: pattern 0, no increased uptake of the nodule
in either early or delayed images; pattern 1, increased uptake of
the nodule only in early images; pattern 2, increased uptake of
the nodule both in early and in delayed images; and pattern 3,
increased uptake of the nodule only in delayed images.

Semiquantitative Analysis of Images
Both early and delayed images were displayed on the same

screen. The pertechnetate image of the patient was also
displayed on the same screen when definite anatomic land-
marks were needed. On each early image, an exact region of
interest was drawn over the perimeter of the thyroid nodule and
then moved to the opposite normal lobe. These regions of
interest were then copied to the delayed images. If high
radiotracer uptake in the nodule made it difficult to see the
contralateral normal lobe, the intensity of the image was
increased until the normal lobe was clearly visualized and
the pertechnetate image was used as an anatomic landmark. For
background, early-image rectangular regions of interest were
drawn on the right superior region of the patient’s thorax and
then copied to the delayed images. The mean count in each
region of interest was determined, and early ratio (ER) and
delayed ratio (DR) were calculated by dividing nodule counts
by normal-tissue counts after area correction for background
activity. The retention index (RI) was then found using the
formula RI 5 (DR – ER) · 100/ER.

Antibodies
Two primary monoclonal antibodies were used in this study:

clone C219 diluted 1/150 (Zymed Laboratories) to P-gp and
clone QCRL-1 diluted 1/400 (Sigma-Aldrich) to MRP1. These
antibodies were selected from a preliminary pilot immuno-
histochemical study involving a panel of commercial standard-
ized antibodies.

Immunoperoxidase Technique
Paraffin blocks containing surgical specimens were cut at a

4-mm thickness, collected onto poly-L-lysine–coated slides, de-
waxed in xylene, rehydrated in decreasing ethanol concentrations,
and incubated for 10 min in phosphate-buffered saline (PBS) (pH
7.4). A heat-induced antigen retrieval procedure was performed
for all antibodies by placing slides in 0.01 M ethylene-diamine-
tetraacetate buffer (pH 8.0) in a microwave oven set at high power
for 3 consecutive cycles of 5 min each. The slides were left to cool
for 20 min at room temperature and rinsed in PBS. Endogenous
peroxidase activity was quenched with methanol–hydrogen per-
oxide 3% for 15 min at room temperature. Slides were then
washed twice in PBS for 5 min, and tissue sections were incubated
first in the blocking solution (ChemMate Buffer Kit; DakoCyto-
mation) and then with the primary antibodies in a humidified
chamber at room temperature for 45 min. After a prolonged wash
in PBS, the sections were incubated with an enzyme-labeled
polymer preconjugated with antimouse secondary antibodies
(Envision System; DakoCytomation) at room temperature for 30
min. The sections were finally washed 3 times in PBS and
incubated with 39-39-diaminobenzidine-tetrahydrochloride for 10
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min. Slides were subsequently rinsed in tap water, counterstained with
Mayer hemalum solution, mounted in Entellan (Merck), and
examined with a DM-RBE photomicroscope (Leica Microsystems
AG). Positive controls were human liver, kidney, and colon tissues.
Negative controls were obtained by omitting the primary antibody.

P-gp and MRP1 immunostaining was evaluated by 3 indepen-
dent observers without knowledge of clinical and pathologic data.
MRP1 topographic expression (cytoplasmic or apical membranous
immunoreactivity) was analyzed using the following semiquan-
titative scale: 2 (no reactivity), 1 (focal reactivity, , 25% of
positive follicular cells), 11 (moderate reactivity, 25%250%
of positive follicular cells), and 111 (diffuse reactivity, . 50%
of positive follicular cells).

Statistical Analysis
Visual scintigraphic patterns 2 or 3 and 0 or 1 were considered

positive and negative, respectively.
The intra- and interobserver variability (reproducibility) and

repeatability coefficients (39) were computed for both ER and DR
measures.

The Mann–Whitney U test (Statistica software, version 6.1;
Statsoft Italia s.r.l.) was used to determine the differences in ER,
DR, and RI indices between benign and malignant nononcocytic
lesions, as well as between benign and malignant oncocytic
lesions. Results were considered significant when the P value
was less than 0.05. The histologic diagnosis on the surgical
specimens was regarded as the gold standard.

The correlation between nodule size and RI value was ex-
pressed using the Spearman rank correlation coefficient (s) with
95% confidence interval (CI) and P value (level of significance,
P , 0.05).

Receiver operating characteristic analysis (MedCalc software,
version 10.0.2.0; Frank Shoonjans) was performed to determine
the RI threshold above which malignant nononcocytic thyroid
nodules could be detected.

Sensitivity, specificity, positive and negative predictive values,
likelihood ratio, and diagnostic accuracy of visual and semiquan-
titative 99mTc-MIBI analyses were computed for benign versus
malignant nononcocytic and oncocytic lesions, separately.

For the purpose of statistical analysis, MRP1 was considered
positive when apical membrane immunoreactivity was observed in
more than 25% of tumor cells.

MRP1 immunohistochemistry was associated and correlated to
99mTc-MIBI findings by means of nonparametric 2-tailed Fisher
exact testing and Kruskal–Wallis 1-way ANOVA (level of signif-
icance, P , 0.01).

RESULTS

The results of the clinicopathologic findings, visual
analysis of 99mTc-MIBI images, and MRP1 expression
are summarized in Table 1.

All patients had normal values for thyroid-stimulating
hormone and parathyroid hormone and negative calcitonin
levels.

No significant difference in nodule size was found between
benign and malignant thyroid lesions (P 5 0.70) or between
positive and negative RI values (P 5 0.33) of the nodules.

Visual Analysis

Eleven of 15 nononcocytic carcinomas showed a signif-
icantly increased 99mTc-MIBI uptake at 120 min (scinti-
graphic pattern 2), whereas 4 follicular variants of papillary
carcinoma presented a total radiotracer washout at 120 min
(Table 1). Among nononcocytic benign lesions, 17 of 21
samples displayed a 99mTc-MIBI pattern 0 or 1, whereas 4
cases (2 follicular adenomas and 2 micofollicular goiters)
showed a pattern 2 (Table 1).

The sensitivity and specificity of 99mTc-MIBI visual
analysis in differentiating benign from malignant non-
oncocytic tumors were 73.33% (CI, 44.91–92.05) and
80.95% (CI, 58.08–94.44), respectively. Positive and neg-
ative predictive values were 73.33% (CI, 44.91–92.05) and
80.95% (CI, 58.08–94.44), respectively. The positive like-
lihood ratio was 3.85 (CI, 1.51–9.79). The diagnostic
accuracy of 99mTc-MIBI visual analysis was 77.78% (Table 2).

All but 1 oncocytic lesion exhibited a significantly
increased 99mTc-MIBI uptake at 120 min (scintigraphic
pattern 2 or 3) (Table 1).

The sensitivity and specificity of 99mTc-MIBI visual
analysis in differentiating benign from malignant oncocytic
tumors were 100% (CI, 40.23–100) and 9.09% (CI, 1.51–
41.33), respectively. Positive and negative predictive values
were 28.57% (CI, 8.57–58.08) and 100% (CI, 16.55–100),
respectively. The positive likelihood ratio was 1.10 (CI,
0.91–1.33). The diagnostic accuracy of 99mTc-MIBI visual
analysis was 33.33%.

Semiquantitative Analysis

The results of semiquantitative 99mTc-MIBI analysis are
reported in Table 3.

TABLE 2. Discrimination Between Malignant and Benign Nononcocytic Thyroid Lesions by 99mTc-MIBI Analyses

Type of

analysis

Sensitivity

(%)

Specificity

(%)

Positive predictive

value (%)

Negative predictive

value

Positive

likelihood ratio Accuracy

Visual 73.33%

(44.91–92.05)

80.95%

(58.08–94.44)

73.33%

(44.91–92.05)

80.95%

(58.08–94.44)

3.85

(1.51–9.79)

77.78%

Semiquantitative* 100%
(78.03–100)

90.48%
(69.58–98.55)

88.24%
(63.52–98.20)

100%
(82.20–100)

10.50
(2.81–39.24)

94.44%

*RI threshold level 5 211.94.
Data in parentheses are confidence intervals.
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The intraobserver and interobserver correlation coeffi-
cients (r) of ER values, with their related regression
equations, were r 5 0.996 (y 5 0.9661x 1 0.0501) and
r 5 0.983 (y 5 1.0684x 2 0.0536), respectively, whereas
those of the DR values were r 5 0.984 (y 5 0.9822x 1

0.1695) and r 5 0.956 (y 5 0.9597x 1 0.2107), respec-
tively. The repeatability coefficients for early and delayed
images were 0.283 and 0.523, respectively.

No significant difference in ER values was observed
between malignant and benign nononcocytic lesions, whereas
significant differences were found for both DR and RI values
(P , 0.05 and P , 0.001, respectively) in the same group.

No significant differences in the ER, DR, and RI indices
were observed between malignant and benign oncocytic
thyroid nodules.

No correlation was found between nodule size and RI
value (s 5 20.098, CI 5 20.364 to 0.182, P 5 0,486).

The RI cutoff corresponding to the highest accuracy for
discriminating between benign and malignant nononcocytic
thyroid lesions was 211.94. Eleven of 15 nononcocytic
nodules with an RI above this cutoff had a histologic result
consistent with malignancy (Figs. 1A and 1B), whereas 17
of 21 lesions with a RI equal to or below this cutoff was
histologically benign (Figs. 1C and 1D). For this threshold,
the sensitivity and specificity were 100% (CI, 78.03–100)
and 90.48% (CI, 69.58–98.55), respectively. The positive
and negative predictive values were 88.24% (CI, 63.52–
98.20) and 100% (CI, 82.20–100), respectively. The diag-
nostic accuracy of the semiquantitative 99mTc-MIBI assay
was 94.44%, and the positive likelihood ratio was 10.50

TABLE 3. Semiquantitative 99mTc-MIBI Analysis Results

Benign Malignant (carcinoma)

Case Diagnosis ER DR RI* Case Diagnosis ER DR RIy

Nononcocytic lesions

TH-01 Goiter 1.19 1.32 10.81 TH-22 Follicular 1.83 2.70 47.52

TH-02 Goiter 2.72 2.25 -17.28 TH-23 Follicular 6.79 7.20 6.04

TH-03 Goiter 2.81 1.67 -40.64 TH-24 Papillary 0.58 0.68 17.97
TH-04 Goiter 1.09 0.87 -20.41 TH-25 Papillary 0.40 0.45 13.64

TH-05 Goiter 2.50 1.40 -44.00 TH-26 Papillary 2.01 2.53 25.82

TH-06 Goiter 0.84 0.72 -14.91 TH-27 Papillary 2.82 3.88 37.62

TH-07 Goiter 1.50 1.27 -15.15 TH-28 Papillary 2.68 3.00 12.15
TH-08 Goiter 5.53 4.67 -15.66 TH-29 Papillary 1.94 2.50 28.91

TH-09 Goiter 9.75 3.75 -61.54 TH-30 Papillary 1.43 1.88 31.92

TH-10 Adenoma 2.32 4.67 101.25 TH-31 Papillary 1.36 1.82 33.97
TH-11 Adenoma 3.92 3.45 -11.94 TH-32 Papillary 1.49 1.68 12.73

TH-12 Adenoma 1.96 0.78 -60.25 TH-33 Papillary 2.18 3.00 37.50

TH-13 Adenoma 1.57 0.80 -49.09 TH-34 Papillary 1.24 1.23 -0.81

TH-14 Adenoma 1.80 0.83 -53.70 TH-35 Papillary 1.38 1.34 -2.89
TH-15 Adenoma 0.93 0.81 -12.72 TH-36 Poorly differentiated 2.62 4.50 71.76

TH-16 Adenoma 0.68 0.58 -14.68

TH-17 Adenoma 1.35 1.18 -12.78

TH-18 Adenoma 0.44 0.25 -43.75
TH-19 Adenoma 1.54 1.15 -25.10

TH-20 Adenoma 1.55 1.25 -19.12

TH-21 Adenoma 1.14 0.89 -22.22

Oncocytic lesions
TH-37 Goiter 3.00 3.25 8.33 TH-48 Papillary 1.24 1.41 13.63

TH-38 Goiter 1.69 2.00 18.68 TH-49 Papillary 2.25 2.36 5.05

TH-39 Goiter 2.12 3.00 41.67 TH-50 Papillary 0.70 1.00 43.33
TH-40 Goiter 0.39 0.55 39.39 TH-51 Insular 3.10 3.84 23.84

TH-41 Goiter 1.20 1.42 17.88

TH-42 Adenoma 1.17 1.65 41.02

TH-43 Adenoma 2.90 5.67 95.29
TH-44 Adenoma 2.68 2.07 -22.67

TH-45 Adenoma 4.00 3.00 -25.00

TH-46 Adenoma 2.23 4.17 86.78

TH-47 Adenoma 1.76 1.96 11.65

*For benign nononcocytic lesions, all but 2 cases showed negative RI values. The 2 RI-positive cases had negative MRP1 apical
expression (2). For benign oncocytic lesions, all but 2 cases showed positive RI values. The 2 RI-negative cases had positive MRP1

apical expression (11).
yFor malignant nononcocytic lesions, all but 2 cases showed positive RI values. The 2 RI-negative cases had positive MRP1 apical

expression (11). For malignant oncocytic lesions, all cases showed positive RI values and had negative MRP1 apical expression (2).
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(CI, 2.81–39.24) (Table 2). The area under the receiver
operating characteristic curve was 0.943 (CI, 0.811–0.991,
P 5 0.0001), and SE was 0.044.

Multidrug Resistance Protein Expression

No P-gp immunoreactivity was found in the follicular
cells of either nononcocytic or oncocytic histologic spec-
imens (Fig. 2A).

All but 3 cases (2 nononcocytic follicular adenomas and
1 nononcocytic follicular variant of papillary carcinoma) had
a moderate or diffuse cytoplasmic immunoreaction for MRP1,
with a granular pattern of staining (Figs. 2B, 2C, and 2D).

Fourteen of 21 (67%) nononcocytic benign lesions
showed apical membranous MRP1 staining in more then
25% of follicular cells (Fig. 2B), whereas 7 cases were
either negative (4 samples) or only focally (#25% of cells)
positive (3 samples; 14%) (Table 1).

All but 3 (80%) (Fig. 2C) nononcocytic carcinomas (1
minimally invasive follicular carcinoma and 2 follicular
variants of papillary carcinomas) were negative for MRP1
or showed only occasional cells with apical immunoreac-
tivity (Table 1; Fig. 2D).

Only 4 cases (3 follicular adenomas and 1 microfollicular
goiter; 27%) of 15 oncocytic lesions had apical MRP1
expression in 25%250% of follicular cells, whereas the
remaining 11 cases (73%) were negative or showed only
occasional cells with apical immunoreactivity (Table 1).

Normal thyroid tissue surrounding tumor nodules was
MRP1-negative or contained occasional positive cells. All
nonfollicular cells were completely nonreactive.

99mTc-MIBI and MRP1 Membranous Apical Expression

Eighteen of 23 cases (78%) with a negative RI value at
semiquantitative 99mTc-MIBI analysis had apical membra-
nous MRP1 staining in more then 25% of follicular cells
(Figs. 2B and 2C), whereas 3 cases (13%) were only focally
(#25% of cells) positive. The remaining 2 cases (9%) were
negative at the apical level.

All but 3 cases (89%) with a positive RI value at
semiquantitative 99mTc-MIBI analysis did not show apical
MRP1 staining or showed only occasional cells with apical
immunoreactivity (Fig. 2D). The 3 positive cases (11%)
presented MRP1 apical immunoreactivity in 25%250% of
follicular cells.

MRP1 membranous apical expression in follicular cells
was significantly associated with negative 99mTc-MIBI RI
values (P , 0.001).

A significant inverse correlation between the percentage
of apical MRP1–positive follicular cells and negative values
for RI was also detected (P , 0.001, 3 degrees of freedom).

DISCUSSION

Today, fewer than 25% of nodules with indeterminate
FNAB results (Thy3 [follicular neoplasm]) show malignant

FIGURE 1. Thyroid 99mTc-MIBI scan.
(A and B) Representative positive case
(RI, 71.76) of solitary cold thyroid nodule
in right lobe histologically diagnosed as
nononcocytic solid/trabecular poorly
differentiated carcinoma. (A) Early im-
age with tracer accumulation in nodule
(ER, 2.62). (B) Delayed image with tracer
retention in lesion (DR, 4.50). (C and
D) Representative negative case
(RI, 240.64) of solitary cold thyroid
nodule in left lobe that proved to be
microfollicular goiter. (C) Early image
with tracer increase uptake in nodule
(ER, 2.81). (D) Delayed image with nearly
complete tracer washout from nodule
(DR, 1.67).
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features at histologic examination. Thus, most FNABs with
indeterminate results are histologically benign, correspond-
ing to unnecessary operations (1,40).

Several authors have expressed the possibility that
99mTc-MIBI scintigraphy is a reliable adjunctive procedure
for improving the diagnostic accuracy of thyroid fine-
needle aspiration cytology (18–24). However, the overall
published data on effectiveness in differentiating thyroid
cancer from benign lesions are inconclusive, mostly be-
cause of low specificity (18).

Observations that 99mTc-MIBI scintigraphy is often pos-
itive in both benign and malignant oncocytic thyroid lesions
(22,25–27) prompted us to investigate whether its diagnostic
accuracy could be increased when the nononcocytic thyroid
follicular neoplasms were in advance separated (by cytologic
examination) from the mitochondria-rich oncocytic ones.
This study was prospectively conducted on a series of 51
cases of follicular neoplasms using both visual and semi-
quantitative 99mTc-MIBI analyses.

Hence, the first issue to solve in this work was to test the
concordance between the cytologic definition of oncocytic
follicular neoplasm and the corresponding postsurgical di-
agnoses, since a cytologic definition of oncocytic lesions (in
terms of the number of oncocytic cells that should be present
in a cytologic sample) is not provided in the literature.
However, the cutoff of 50% oncocytic cells that we used in
this study was able to correctly categorize all samples
defined as oncocytic tumors on the surgical specimen.

A further matter of concern was the size of the nodule. In
fact, taking into consideration the resolution limits of g-cam-
eras, we reasonably selected only patients with nodules

measuring at least 10 mm; no significant differences in nodule
size were observed between positive and negative 99mTc-
MIBI findings, although we could not investigate if lesions
smaller than 1 cm had biologic or functional features poten-
tially able to influence 99mTc-MIBI uptake and retention.

Our findings showed that visual and semiquantitative
99mTc-MIBI scintiscans were not specific enough to differ-
entiate benign oncocytic lesions from malignant ones; most
oncocytic lesions, both benign and malignant, were char-
acterized by a significantly increased uptake or retention
of 99mTc-MIBI at 2 h, in agreement with other studies (22,
25–27). Therefore, we do not advise exposing patients to
99mTc-MIBI scintigraphy when the cytologic result is onco-
cytic follicular neoplasm.

As far as nononcocytic follicular neoplasms are con-
cerned, semiquantitative 99mTc-MIBI scanning reached a
diagnostic accuracy of 94.44%, showing a better sensitivity
and specificity than visual analysis (100% and 73.33% vs.
90.48% and 80.95%, respectively). However, these results
are from relatively few patients and the semiquantitative
analysis is at least partially an operator-dependent tech-
nique (e.g., region-of-interest–drawing phase) and depends
on the instruments used, the imaging assays, and the
peculiarities of the local patient population (22). For these
reasons, it is important to state that our data have to be
confirmed on a larger population and that each laboratory
needs to set its own RI cutoff.

Notwithstanding these limitations, the promising results
here obtained—sustained by good reproducibility and
repeatability—prompt us to encourage the use of 99mTc-
MIBI scintigraphy in clinical practice as an adjunct to both

FIGURE 2. MDR1 expression in thy-
roid nodules with cytologic result of
follicular neoplasm. (A) No P-gp immu-
noreactivity of follicular cells in non-
oncocytic emblematic case (follicular
adenoma). (B and C) MRP1 membra-
nous apical immunoexpression in case
of nononcocytic microfollicular goiter (B)
and in case of nononcocytic follicular
variant of papillary carcinoma (C), both
with negative RI indices. Cytoplasmic
immunoreactivity with granular pattern
is seen. (D) No MRP1 membranous
apical labeling in case of nononcocytic
solid/trabecular papillary carcinoma
with positive RI value. Cytoplasmic im-
munoreactivity with granular pattern is
seen. Arrows show linear membranous
apical immunoreactivity. Immunopero-
xidase with Mayer solution counterstain
was used (magnification, ·160; insets:
magnification, ·630).
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FNAB and immunocytochemical evaluation of thyroid
tumor–associated molecules.

Taken together, our results provide useful suggestions for
better diagnostic management of patients bearing thyroid
nodules with indeterminate FNAB results, potentially re-
ducing unnecessary operations.

In the case of cytologic diagnosis of oncocytic follicular
neoplasms, we propose that galectin-3 and cytokeratin-19
should be evaluated as previously reported (8). Conversely,
in the case of nononcocytic follicular neoplasms, semi-
quantitative 99mTc-MIBI scintigraphy could be performed
when galectin-3 and HBME-1 are negative (Fig. 3). If the
results for both markers (galectin-3 and HBME-1) and
99mTc-MIBI scanning are negative, the clinician should
adopt a close follow-up program. In the instance of positive
findings on molecular testing or 99mTc-MIBI scintigraphy,
the patient should be referred for thyroidectomy (Fig. 3).

To accurately evaluate P-gp and MRP1 immunohistochem-
ical expression in formalin-fixed and paraffin-embedded
thyroid tissue samples, we followed some of the recommen-
dations previously made by Beck et al. (41), such as the use of
2 or more standardized anti–P-gp and anti-MRP1 antibodies
recognizing different epitopes, as well as the use of tissue-
specific controls and different antigen retrieval methods to
restore accessibility of the epitopes. To this purpose, we
preliminarily tested C219 and JSB-1 clones to P-gp and
QCRL-1 and MRPr1 clones to MRP1, using both ethylene-
diamine-tetraacetate and citrate pretreatments. All the anti-
bodies recognize intracellular epitopes (42–44). Because they
are internally binding, their epitope-binding ability is less
sensitive to conformational changes, glycosylation status, and
environmental effects (e.g., high salt in the medium) than is
observed for externally binding antibodies. Therefore, C219,
JSB-1, QCRL-1, and MRPr1 are well suited for immunostain-

ing of formalin-fixed and paraffin-embedded materials (42), in
which the P-gp/MRP may be degraded, and for immunostain-
ing when other spurious variables may be present.

In our preliminary experimental setting, no differences in
staining pattern were observed between C219 and JSB-1
in thyroid tissue samples (all samples were negative), but in
control tissues C219 with ethylene-diamine-tetraacetate
pretreatment was slightly more sensitive than JSB-1. Like-
wise, QCRL-1 and MRPr1 displayed an overlapping staining
pattern in thyroid tissues; QCRL-1 showed a better-defined
membranous pattern in follicular cells, with minimal non-
specific immunoreactivity (data not shown).

As far as the relationship between the 99mTc-MIBI images
and the expression of P-gp and MRP1 in the corresponding
thyroid nodular lesions is concerned, we found a significant
inverse association between the RI values and MRP1 ex-
pression on apical plasma membranes of follicular cells. Our
study also revealed that high MRP1 apical expression levels
correlated significantly with low negative RI indices. More-
over, these results suggest that MRP1, but not P-gp, has a
possible role as a transporter of 99mTc-MIBI, contributing to
the washout of radiopharmaceuticals in thyroid nodules.

CONCLUSION

Our findings suggest that semiquantitative 99mTc-MIBI
scintigraphy could be an adjunctive presurgical method to
investigate nononcocytic follicular lesions, predicting the
malignant behavior of thyroid nodules that are indeterminate
at FNAB and better orienting their clinical management.
Finally, the good correlation between immunohistochemical
apical expression of MRP1 and the scintigraphic findings
supports the 99mTc-MIBI results and provides tissue infor-
mation on the possible molecular mechanisms responsible
for 99mTc-MIBI images in thyroid lesions.

FIGURE 3. Proposed decision tree for
thyroid follicular neoplasms combining
99mTc-MIBI scanning with molecular
marker panel that we previously de-
scribed (8). For cytologic diagnosis of
oncocytic follicular neoplasm, we pro-
pose evaluation of galectin-3 and cyto-
keratin-19. Conversely, for nononcocytic
follicular neoplasms, semiquantitative
99mTc-MIBI scintigraphy could be per-
formed when galectin-3 and HBME-1
are negative. Negative results for
both markers (galectin-3 and HBME-1)
and for 99mTc-MIBI scanning indicate
that close follow-up is needed. If
molecular testing or 99mTc-MIBI scintig-
raphy results are positive, patient
should be referred for thyroidectomy.
HBME-1 5 cell surface mesothelial an-
tigen HBME-1.
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