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Hiirthle Cell Tumor Dwelling in Hot Thyroid
Nodules: Preoperative Detection with Technetium-
99m-MIBI Dual-Phase Scintigraphy

Angelo Vattimo, Paolo Bertelli, Marcella Cintorino, Luca Burroni, Duccio Volterrani, Alessandra Vella and Stefano Lazzi
Nuclear Medicine Unit, Institute of Pathology, University of Siena, Siena, Italy

Single injection dual-phase scintigraphy (early and late acquisitions)
with ®*™Tc-MIBI was used to differentiate benign and malignant hot
thyroid nodules. Methods: Thirteen euthyroid and two hyperthyroid
patients displaying a hot thyroid nodule on the ®™Tc¢ scan due to an
autonomously functioning thyroid nodule (AFTN) underwent early
(15-30 min) and late (3—4 hr) thyroid scintigraphy after the adminis-
tration of 740-1000 MBq %°™Tc-MIBI. Visual scoring was done to
assess nodular tracer uptake and retention. In addition, the nodular-
to-thyroid (N/T) uptake ratio in the early and late image and the
washout rates (WO) from the nodule and thyroidal tissue were
measured. All patients underwent thyroid surgery. Results: Histo-
pathology revealed a Hiirthle cell tumor in three nodules, a benign
adenoma with oxyphilic metaplasia in two nodules and a benign
adenoma without oxyphilic cells in the remaining 10 nodules. The
Hurthle cell tumor nodules displayed intense and persistent uptake
of %™ Tc-MIBI (N/T was 2.81 + 0.52 and 5.53 + 1.06 in early and late
images, respectively; WO from the nodule was 12.33 + 0.47, WO
from the thyroidal tissue was 22.00 + 3.56). The benign nodules
showed intense uptake in the early image and intense uptake to
absent retention in the late image (N/T was 2.94 + 1.31 and 1.62 +
0.50 in the early and late images, respectively; WO from the nodule
was 20.25 + 2.92, WO from the thyroidal tissue was 20.33 *+ 2.92).
Conclusion: Single injection dual-phase ®®™Tc-MIBI scintigraphy of
the thyroid with AFTN can identify nodules as a result of the activity
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of a Hurthle cell tumor, since these tumors cause intense and
persistent tracer uptake in contrast with a benign AFTN.

Key Words: thyroid scintigraphy; technetium-99m-sestamibi; hot
nodules; Hirthie cells tumor
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'Ee rate of malignancy in thyroid nodules is fortunately very
low, representing about 6% of all nodules (/,2); however, the
rate of malignancy is higher in those nodules where **™Tc or
radioiodine demonstrate to be scintigrafically cold than in those
that are found to be hot (3—6). These latter sometimes appear
hot with ®™Tc and cold with radioiodine, since this tracer is
rapidly removed from such nodules because they either have
lost their ability to organify the iodine (7) or may be autono-
mous and enact a rapid turnover of iodine (8). In such cases,
some authors have suggested reimaging with radioiodine those
nodules that appear hot with *°™Tc (3-6, 9-12). Others (I3)
claim that this procedure is not necessary since the risk of
cancer in such nodules is very low, accounting for 4%—11% of
all hot nodules (/4). Papillary or follicular cancer have been
found to coincide and be associated with hot nodules, rather
than cause the hot nodule (/4). When present, a Hiirthle cell
tumor was found in the histology of these surgical specimens
(14-16). Since in such cases total thyroidectomy is mandatory,
its preoperative detection is of paramount importance.
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MATERIALS AND METHODS

Patients

The study was performed on 15 patients (6 women, aged 4868
yr; 9 men aged 34—62 yr) who had displayed a hot thyroid nodule
with suppressed extranodular tissue on *™Tc scintigraphy due to
an autonomously functioning thyroid nodule (AFTN). These pa-
tients were scheduled for thyroid surgery. The hormonal thyroid
status was assessed using commercially available kits. Informed
patient consent, as part of the protocol approved by the ethical
committee of our institution, was obtained from all patients.

Technetium-99m-MIBI Scintigraphy

Within a week of thyroid scintigraphy with *™Tc (185 MBq), all
patients were imaged 15-30 min (early image) and 3—4 hr (late
image) after the administration of 740-1000 MBq **™Tc-MIBI
(Cardiolite, DuPont Pharma, North Billerica, MA; labeling effi-
ciency >95%) without any specific preparation. Particular care
was used in patient repositioning and to guarantee maximum
comfort since the acquisition of each image required 10-20 min for
a preset count of SOK. The images were acquired using a small
field of view gamma camera fitted with a 2-mm pinhole collimator
encompassing an area of 10 X 10 cm in 64 X 64 matrices; the
images were stored on a hard disk for further processing.

Scintigraphic Data Processing

Both images were displayed together and manual regions of
interest (ROIs) were drawn on the nodule, the contralateral thyroid
tissue and the surrounding extrathyroidal tissue. After background
subtraction, the counts in each ROI were corrected for the area of
the ROI, acquisition time and *™Tc decay. In addition, the
following indices were calculated: the nodular-to-normal thyroidal
tissue ratio (N/T) for the early and late images and the washout rate
(WO) (fraction of the tracer removed) from the nodule and WO
from the normal thyroid tissue expressed as hr-1. Mann-Whitney
(between groups) and Wilcoxon signed-rank (within groups) tests
were used for statistical analysis.

Visual Interpretation

Two sets of images were arranged for visual interpretation: In
the first set, the *™Tc and *™Tc-MIBI images were displayed at
maximum expansion of the color scale for each image. In the
second set, the late image with “™Tc-MIBI was presented after
correction for time acquisition and *™Tc decay. The two sets of
images were given separately, 2 wk apart, to two observers who
were asked to score the extranodular uptake of *™Tc-MIBI and
tracer uptake in the nodule in the early image and the retention in
the late one as follows: 0 = no uptake or retention; 1 = faint uptake
or retention; 2 = moderate uptake or retention; 3 = intense uptake
or retention.

Histopathologic Data Analysis

Surgical specimens were analyzed using conventional his-
topathological methods. The nodules were diagnosed by the same
pathologist who was also asked to score the oxyphilic cells as a
percent of whole cellularity.

RESULTS

Histopathologic Data

In three patients, the entire nodule was found to be a Hiirthle
cell tumor (adenoma). In two patients, the nodules were
diagnosed as benign adenoma with oxyphilic metaplasia, and
the oxyphilic cellularity was scored as 10% and 20%. In the
remaining 10 patients, the nodule was diagnosed as a benign
adenoma without oxyphilic cells.

THYROID SCINTIGRAPHY IN HURTHLE TUMORS ¢ Vattimo et al.
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FIGURE 1. All nodules appearing hot on ®™Tc scans (Patients 1, 3, 4 and 15)
show intense uptake of ®®*™Tc-MIBI with good visualization of extranodular
tissue in early image (MIBI#1). In the late image, the retention was scored as
intense (true retention) both in raw (MIBI#2 A) and in normalized images
(MIBI#2 B) for Patient A; intense and moderate (true retention) for Patient B;
intense and moderate (apparent retention) for Patient C and absence of
retention for Patient D. Histology revealed a Hurthle cell tumor in Patients A
and B; oxyphilic metaplasia in Patient C and the absence of oxyphilic cells in
Patient D.

Visual Interpretation

The extranodular tissue was clearly delineated in all patients
(Score 2-3) in the early image and disappeared completely in
the late one (Score 0). The nodular tissue showed intense uptake
in the early image in all patients; in the late image the retention
was scored as intense in the 3 patients with a Hiirthle cell tumor
nodule, faint in 6, moderate in 3 and intense in 3 patients with
a benign nodule in a full-color scale set. When corrected images
were interpreted, the retention of Hiirthle cell tumor nodules
was scored as intense in 2 and moderate in 1. The retention of
benign nodules was scored as intense in 2, moderate in 2, faint
in 5 and absent in 3. The average scores were 3.00 + 0.00 in the
early image and 3.00 * 0.00 and 2.67 * 0.47 in the late images
for Hiirthle cell tumor nodules; 3.00 *+ 0.00 in the early image
and 1.75 * 0.83 and 1.25 = 1.01 in the late images for benign
nodules. The differences proved to be statistically insignificant
in Hiirthle cell tumor nodules and statistically significant in
benign nodules (p < 0.01). The differences between groups
were found to be statistically insignificant for the early images
and statistically significant for the late images.

Scintigraphic Data

Uptake Ratio. The early N/T ratios were 2.81 * 0.52 and
294 * 131 (p = ns); the late ones were 5.53 = 1.06 and
1.62 = 0.50 (p < 0.01) for Hiirthle cell tumor and benign
nodules, respectively. No statistically significant difference was
found in Hiirthle cell tumor nodules due to the small number of
patients in the group, although the ratio increases. In contrast,
the ratio statistically decreases (p < 0.01) the benign nodules.

Washout Rate. WO from the nodule was 12.33 * 0.47 and
20.25 * 292 (p < 0.01); WO from the thyroid tissue was
22.00 * 3.56 and 20.33 * 2.92 (p = ns) for Hiirthle cell tumor
and benign nodules, respectively. Although the WO from the
nodule was lower than WO from the thyroid tissue in Hiirthle
cell tumor nodules, the difference was not statistically signifi-
cant. In contrast, benign nodules had the same value (p = ns).

Figure 1 shows scintigraphic patterns in four representative
patients. Table 1 shows the individual data of each patient.
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DISCUSSION
It is generally accepted that thyroid nodules found to be hot
99mT¢ scan, and especially those of the autonomous variety,
are almost never malignant. In case of malignancy, such
nodules appear cold on a radioiodine scan, so that some authors
(3-6) suggest routine reimaging as an appropriate diagnostic
approach However, others believe that reimaging is not neces-
sary since the risk of cancer is neghglble and a discrepancy
between “™Tc/radioiodine uptakes is far more likely to be
caused by benign lesions than by malignancy (/3). However,
the risk of cancer still remains. In a series of 31 surgical patients
with AFTN, David et al. (/4) found hyperplasia in 19 nodules,
associated carcinoma in 5 (4 papillary and 1 follicular), 1
Hiirthle cell tumor and 1 case of thyroiditis. The follicular
cancer was minimally invasive, while the cases of papillary
cancer were small and occult. They arose in cold areas in
proximity with the major hot nodule and were viewed as
coincidental and associated with the nodule, rather than as
arising or causing the hot nodule. Siddiqui et al. (/5) reported
on a Hiirthle cell tumor in a euthyroid adolescent with AFTN.
Moreover, Caplan et al. (/6), from their observations and from
a literature survey dating from 1950 through 1993 (17-23),
identified 631 patients with Hiirthle cell tumor: there were 561
adenomas and 70 carcinomas; thyroid scintigraphy with “™Tc
or radioiodine performed on 317 patients revealed 267 cold
nodules, 28 warm nodules, 14 hot nodules and 8 nodules with
other scintigraphic aspects. These data demonstrate that Hiirthle
cell tumor may ongmate from thyroid nodules with variable
capacity to concentrate **™Tc or radioiodine. Although the rate
of Hiirthle cell tumor was found to be high in cold nodules, a
small percentage (13% about) was found in functioning nod-
ules. The Hiirthle cell tumor is a neoplasm composed predom-
inantly or exclusively of follicular cells exhibiting oxyphilic
features due to presence of abundant granular acidophilic
cytoplasm, which is represented by crowded mitochondria and
is responsible for **"Tc-MIBI uptake and retention (24-26).
Since these cells have variable metabolic activity (27-31), the
scintigraphic appearance displayed by c can vary, reveal-
ing cold, warm and hot nodules. However, the scintigraphic
appearance with *™Tc-MIBI typically shows intense and per-
sistent tracer uptake in contrast to other thyroid tumors (32,33).
Technetium-99m-MIBI uptake by thyroid nodules is related to
vascularity and cellularity (34), but its retention is mainly
related to mithocondrial concentration (24) and secondarily to
initial uptake. Since reactive oxyphilic cells are present in
benign goiters and in chronic thyroiditis (35-37), their presence
is unable to cause significant “™Tc-MIBI retention, as we
found in two patients. In these patients, the retention of
99mTc-MIBI was found to be faint or moderate, the N/T ratio
decreased and the WO from the nodule and thyroid tissue were
of similar value (apparent retention), in contrast with Hiirthle
cell tumors, which exhibited an increase of N/T ratio and WO
from the nodule lower than WO from the thyroid tissue (true
retention). In these patients, histology revealed that oxyphilic
cells were arranged in papillary or follicular patterns. Contro-
versy arises from the view that all Hiirthle cell tumors are
malignant (carcinoma) or potentially malignant (adenoma)
(35,36) and that the adenoma undergoes malignant transforma-
tion (38); thus, total thyroidectomy is suggested as the treat-
ment of choice. Moreover, the carcinoma form has a high
morbidity and mortality and, usually, does not concentrate
radioiodine (35,39-45), except in a minority of local recur-
rences or metastases (46—48), which, in our opinion, could
arise from hot nodules due to oxyphilic cells and benefit from
radioiodine therapy. As such, a correct diagnosis of such tumors
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is of paramount importance and our data are promising in this
regard.

CONCLUSION

Since *™Tc-MIBI was introduced to visualize extranodular
inhibited thyroid tissue due to AFTN as an alternative to exogen-
ous TSH stimulation (34,49), it has become possible reimage the
thyroid 3—4 hr postinjection to assess the uptake and retention of
99™Tc-MIBI in nodular tissue. Particular care must be taken in the
visual evaluation of retention since apparent retention could be
falsely interpreted, the increase in N/T ratio and WO from the
nodule lower than WO from the thyroid tissue represent the
indices of true retention. This approach allows nuclear medicine
physicians to identify nodules caused by Hiirthle cell tumors
and enables surgeons to schedule total thyroidectomy. Finally,
since this tumor maintains the ability to concentrate radioio-
dine, radiometabolic therapy could be considered after surgery
and, especially, in recurrences.
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Biologic Dosimetry in Thyroid Cancer Patients
After Repeated Treatments with Iodine-131

Radhia M’Kacher, Martin Schlumberger, Jean-Denis Légal, Dominique Violot, Nadine Béron-Gaillard, Anthony Gaussen and

Claude Parmentier

Laboratoire de Radioprotection-Médecine Nucléaire, Institut Gustave Roussy, Villejuif, France

To estimate a cumulative dosimetric index that reflects the dose to
the circulating lymphocytes after repeated treatments with 3],
biologic dosimetry was applied to 18 patients with differentiated
thyroid carcinoma and neck relapse or lung metastases. Methods:
Chromosomal aberrations were scored in peripheral blood samples
that were obtained before and 4 days after each administration of
3.7 GBq '*"l according to two methods, conventional cytogenetics
and chromosome 4 painting. Results: The mean dosimetric index
was equal to 0.5 Gy by both methods after the administration of 3.7
GBq '*'I. Repeated administrations of '3'I delivered the same dose
each time, resulting in a cumulative dose from 1-3.5 Gy in the
patients who had two to seven treatments. However, the estimated
dose, based on the number of chromosomal aberrations on Day 4
and, above all, from the third treatment on, was considerably lower
than the real dose absorbed by the lymphocytes. This may be linked
to the phenomenon of apoptosis, which results in a loss of informa-
tion during the course of repeated irradiation. Conclusion: Both
chromosomal painting and conventional cytogenetics underesti-
mate the cumulative dose after repeated '3'l treatments. A comple-
mentary test measuring apoptosis may improve the dose estimates.
Key Words: biologic dosimetry; repeated iodine-131 treatments;
thyroid cancer
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Biologic monitoring of the total-body dose in patients receiv-
ing radiation treatment and, in particular, in patients treated
with '3'I for differentiated thyroid carcinoma is important
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because its results can guide the subsequent treatment modali-
ties (31 ). Dosimetry is also necessary to establish risk factors due
to ">'I exposure in these patients and in subjects exposed
accidentally to ''I, such as those exposed during the nuclear
power plant explosion at Chernobyl (2).

Until now, cumulative doses have been derived from numer-
ical estimates based on an approximated geometric model (3,4).
However, patients treated for differentiated thyroid carcinoma
are hypothyroid, and iodine-concentrating metastases may con-
siderably modify the dose to certain organs.

When patients are rendered hypothyroid before treatment,
their renal iodine clearance is reduced, which increases the dose
to the blood and bone marrow. Until now, no direct measure-
ments have been performed in these patients, nor has there been
a follow-up concerning the accumulated dose after repeated
treatments with '*'L.

Biologic dosimetry seems to be a valuable tool to address this
question, even if it supplies only a dosimetric index that reflects
the irradiation dose to peripheral lymphocytes (5).

The dicentric chromosome is the aberration of choice of
biologic dosimetry because its production is almost specific for
ionizing radiation and its natural occurrence is low. However,
its unsuitability for measuring a dose received some years
before the blood sampling is a major drawback (6,7). This
drawback may now be overcome by scoring stable transloca-
tions by fluorescence in situ hybridization (FISH) with whole
chromosome probe libraries (8,9). The persistence of these
radiation-induced translocations may be used for retrospective
biologic dosimetry (10,11).

In our previous reports (12,13), we estimated the dosimetric
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