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Respective Roles of Thyroglobulin,
Radioiodine Imaging, and Positron Emission

Tomography in the Assessment of Thyroid Cancer

Peter Lind, MD, and Susanne Kohlfiirst, MD

Depending on the iodine supply of an area, the incidence of thyroid cancer ranges between
4 and 12/100,000 per year. To detect thyroid cancer in an early stage, the assessment of
thyroid nodules includes ultrasonography, ultrasonography-guided fine-needle aspiration
biopsy, and conventional scintigraphic methods using °™Tc-pertechnetate, %™Tc-sesta-
mibi or -tetrofosmin, and '8F-fluorodeoxyglucose positron emission tomography (FDG-PET)
in selected cases. After treatment of thyroid cancer, a consequent follow-up is necessary
over a period of several years. For following up low-risk patients, recombinant thyroid-
stimulating hormone-stimulated thyroglobulin and ultrasonography is sufficient in most
cases. After total thyroidectomy and radioiodine ablation therapy, thyroid-stimulating hor-
mone-stimulated thyroglobulin should be below the detection limit (eg, <0.5 ng/mL, R:
70-130). An increase of thyroglobulin over time is suspicious for recurrent or metastatic
disease. Especially in high-risk patients, aside from the use of ultrasonography for the
detection of local recurrence and cervial lymph node metastases, nuclear medicine meth-
ods such as radioiodine imaging and FDG-PET are the methods of choice for localizing
metastatic disease. Radioiodine imaging detects well-differentiated recurrences and me-
tastases with a high specificity but only moderate sensitivity. The sensitivity of radioiodine
imaging depends on the activity administered. Therefore a low activity diagnostic '3'l
whole-body scan (74-185 MBq) has a lower detection rate than a high activity post-therapy
scan (3700-7400 MBq). In patients with low or dedifferentiated thyroid cancer and after
several courses of radioiodine therapy caused by metastatic disease, iodine negative
metastases may develop. In these cases, despite clearly elevated levels of thyroglobulin,
radioiodine imaging is negative or demonstrates only faint iodine uptake. The method of
choice to image these iodine negative metastases is FDG-PET. In recent years the com-
bination of PET and computed tomography has been introduced. The fusion of the meta-
bolic and morphologic information was able to increase the diagnostic accuracy, reduces
pitfalls and changes therapeutic strategies in a reasonable number of patients.
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hyroid cancer (TC) is a rare disease. Incidence within a

population increases with age and varies considerably in
different countries, with the highest incidence rates being
reported in areas with a normal or even an high iodine sup-
ply. Of interest, in former iodine-deficient countries that now
have iodine-sufficient areas, mainly because of salt iodina-
tion, the incidence of TC has increased.! In countries with

Department of Nuclear Medicine and Endocrinology, PET/CT Center Klag-
enfurt, Klagenfurt, Austria.

Address reprint requests to Peter Lind, MD, Professor of Nuclear Medicine,
Head, Department of Nuclear Medicine and Endocrinology, PET/CT
Center Klagenfurt, St. Veiterstr. 47, A-9020 Klagenfurt, Austria. E-mail:
peter.lind@lkh-klu.at

194 0001-2998/06/$-see front matter © 2006 Elsevier Inc. All rights reserved.

doi:10.1053/j.semnuclmed.2006.03.002

sufficient iodine supply or only moderate iodine deficiency,
papillary TC is the dominant histopathologic form and ac-
counts for more than 70%. In general, the prognosis of TC is
very good. However, it depends on histopathology and tu-
mor stage at first diagnosis. Therefore, it is important to di-
agnose TC at a very early stage. Clinical symptoms are rare,
especially in areas with sufficient iodine supply. In most
cases, TC is detected by chance via small ultrasonographi-
cally hypoechogenic thyroid nodules. For an early diagnosis
of TC, ultrasonography-guided fine-needle aspiration biopsy
(US-FNAB) of these small nodules is most important. Of
course, scintigraphy using *™Tc-pertechnetate or nonspe-
cific tumor-searching tracers such as °’™Tc-sestamibi or
mTc-tetrofosmin may be helpful in selected cases. The value
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of 18F-fluorodeoxyglucose positron emission tomography
(FDG-PET) currently is under consideration in the assess-
ment of thyroid nodules.

After total thyroidectomy and radioiodine remnant abla-
tion, the follow-up of TC includes an armamentarium of
various tests. Recombinant thyroid-stimulating hormone
(rhTSH)-stimulated thyroglobulin (Tg) is the basis of follow-
ing up TC. Several imaging methods are available today for
the localization of recurrences and metastases, eg, ultra-
sonography for the detection of local recurrences and cervical
lymph node metastases, >'T whole-body scintigraphy (131
WABS) for iodine-positive metastases, and FDG-PET or PET/
computed tomography (CT) for iodine-negative metastases.
In this article, after a short overview about the preoperative
assessment of thyroid nodules, the roles of Tg, radioiodine
imaging, and FDG-PET in the follow up of TC will be de-
scribed.

Preoperative
Assessment of Thyroid Nodules

TC is mostly diagnosed by chance. The most appropriate
method to differentiate between benign and malignant
changes of small thyroid nodules is US and US-FNAB, par-
ticularly for the diagnosis of papillary TC.>® In contrast, pre-
operative diagnosis of follicular TC remains difficult. In case
of unclear cytology or the cytological diagnosis of “follicular
proliferation,” multitracer imaging may play a role.” Because
of the low diagnostic specificity of functional imaging for TC,
such as ®™mTc-pertechnetate or 231 scintigraphy, other radio-
nuclides and radiotracers with affinity to malignant lesions
such as 29Tl chloride, %°™Tc-sestamibi, or 9™Tc-tetrofosmin
have been used to assess the probability of malignancy of
thyroid nodules.®1? Neither 2°IT] nor cationic complexes
such as ?°mTc-sestamibi or *™Tc-tetrofosmin are able to
clearly differentiate between benign and malignant sono-
graphically hypoechogenic, scintigraphically hypofunction-
ing thyroid nodules. Nevertheless, the results of such studies
can be important for therapy planning, especially in case of
nondiagnostic US-FNAB or multinodular goiter.

Recently, the value of FDG-PET was investigated not only
for the follow up of TC but also for the preoperative assess-
ment of hypoechogenic and/or hypofunctioning thyroid
nodules. 317 Joensuu and coworkers found clearly increased
FDG-PET uptake only in one patient with anaplastic thyroid
cancer and one with oxyphilic thyroid carcinoma of 5 pa-
tients investigated.!> Three patients with papillary TC dem-
onstrated only moderate FDG uptake. In contrast to this
study, Uematsu and coworkers!” demonstrated in 11 patients
that all malignant nodules could be separated from benign
ones using a standardized uptake value (SUV) cutoff of 5 and
time—activity curves.'> Mitchell and coworkers!® used FNAB
and FDG-PET/CT before surgery in 31 patients with 48 le-
sions. Fifteen of 48 lesions were malignant, and 33 were
benign. Nine of 15 malignant lesions demonstrated FDG up-
take (sensitivity, 60%). Thirty of 33 benign lesions were FDG
negative (specificity, 91%). The authors conclude that FDG-

Figure 1 FDG-PET/CT for preoperative assessment of a thyroid nod-
ule with undetermined cytology. The hypofunctioning nodule dem-
onstrated clear FDG uptake. Histology after thyroidectomy revealed
follicular TC.

PET/CT with a high negative predictive value (NPV) of 83%
for malignancy may be a useful tool in the evaluation of
thyroid nodules with indeterminate FNAB.!6 Our own expe-
rience in 43 patients with hypoechogenic and/or hypofunc-
tioning thyroid nodules (11 papillary TC, 3 follicular TC, 2
anaplastic carcinomas, 11 microfollicular adenomas, 10
oxiphillic adenomas and 2 macrofollicular adenomas, 4 re-
gressive goiters) demonstrated that all patients with TC and
oxyphilic adenomas had increased FDG uptake (Fig. 1).18
Using an SUV threshold of 2 for differentiating benign from
malignant nodules, sensitivity, specificity, and NPVs were
100%, 63%, and 100% respectively. In a subgroup of 24
patients with cytological diagnosis “follicular proliferation,”
FDG-PET was able to differentiate between follicular ade-
noma and carcinoma. From these studies it may be con-
cluded, that tumor-seeking agents, including FDG-PET, are
not able to 100% differentiate benign from malignant thyroid
nodules. However, in case of nondiagnostic cytology or a
cytological diagnosis “follicular proliferation,” FDG-PET
seems the method of choice to decide whether surgery or a
wait and watch strategy should be recommended.

Follow-Up
of TC After Treatment

With the exception of papillary microcarcinoma (pTla ac-
cording to TNM 2003 supplement) total thyroidectomy, fol-
lowed by radioiodine therapy and TSH suppressive thyroid
hormone therapy, is the standard treatment of differentiated
TC, at least in Europe. Radioiodine therapy is not only indi-
cated to destroy any microscopic cells remaining after sur-
gery, but also to increase the specificity of the tumor marker
Tg. TSH-stimulated Tg should be negative (<0.5 ng/mL)
after surgery and radioiodine therapy. In these cases each, the
increase of Tg over time means recurrent or metastatic dis-
ease. To localize recurrence and metastases us of the neck,
radioiodine imaging and FDG-PET (or better, PET/CT) as
whole-body modalities for distant metastases are the meth-
ods of choice.
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Tg as Tumor Marker for TC

Today, serum Tg as tumor marker for TC, measured by sen-
sitive immunoradiometric assays, is found to be extremely
valuable during follow-up of TC.19-22 After total thyroidec-
tomy and radioiodine remnant ablation, Tg should be unde-
tectable in case of complete remission. However, it has to be
mentioned that the value of Tg is only reliable if Tg antibodies
are undetectable and recovery of Tg is within the normal
range, ie, between 70% and 130%. In the presence of Tg
antibodies,?* serum Tg can be falsely lowered if determined
by an immunoradiometric assay. It has also to be mentioned
that if Tg antibodies are measurable more than 1 year after
surgery and radioiodine therapy, persistent thyroid tissue or
recurrence has to be suspected. In case of increasing Tg,
recurrence, lymph node metastases or distant metastases are
likely. The serum Tg level under TSH elevation (after with-
drawal of thyroid hormone over the course of 4-6 weeks or
after recombinant intramuscular injection of TSH) is thought
to be the most reliable indicator for persistent or recurrent
disease.?* However, there are some case reports with proven
recurrent or metastatic disease but negative Tg.?> Sometimes,
it may be the result of oxyphilic subtype of DTC, in which 3!
WAS also is negative and metastatic disease can only be de-
tected by nonspecific tracers.?® With the exception of these
rare cases, Tg is an excellent tumor marker for following up
TC. The sensitivity of Tg, however, depends on the TSH
serum level and is much greater under TSH elevation >30
mU/L (98%) than under TSH-suppressive thyroid hormone
therapy (80%). A negative TSH-stimulated Tg level is highly
predictive for absence of disease. In 2 retrospective studies it
could be demonstrated that, in case of negative TSH-stimu-
lated Tg, routine diagnostic 3! WBS does not add any fur-
ther information.?”-8 For the most sensitive (TSH stimulated)
measurement of Tg, withdrawal of thyroid hormone over a
period of 4 to 6 weeks and hypothyroidism is now substi-
tuted by intramuscular injection of recombinant TSH: 2
times 0.9 mg rhTSH intramuscularly on 2 subsequent days.?’
With the introduction of rhTSH, it has been shown that the
sensitivity of thTSH-stimulated Tg is as high as after with-
drawal of thyroid hormone after several weeks, although the
values are somewhat lower.?® Against this background, the
question arises whether thTSH-stimulated Tg alone is suffi-
cient for the follow up of patients with TC. In 2 studies, it was
concluded that, in general, TSH-stimulated Tg alone is not
sufficient by itself to screen unselected patients.?!3> How-
ever, a recently published consensus paper that differentiates
between high- and low-risk patients concludes that, for low-
risk patients in whom initial work up after treatment has
demonstrated complete remission (negative radioiodine
scanning, negative ultrasonography and TSH-stimulated Tg),
ultrasonography of the neck and rhTSH-stimulated Tg is suf-
ficient for further follow-up.3* Ultrasensitive Tg assays mea-
suring Tg levels as low as 0.07 ng/mL are now available.
Whether these “supersensitive assays” add clinical informa-
tion in the follow-up of TC or even substitute TSH stimula-
tion of Tg is not clear up to now but unlikely.
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Figure 2 Sonographically detected lymph node metastases after sur-
gery and radioiodine remnant ablation of papillary thyroid cancer
pI3N1Mx.

Ultrasonography

Because US is not the main topic of this article, only an
overview is given. Like Tg and bTSH, US should be per-
formed at any visit in the follow up of TC. It is the most
sensitive method to detect local recurrence and lymph node
metastases at an early stage, although it is not specific (Fig.
2).% In case of pathologic US findings in neck, US-FNAB
should be performed. For low-risk patients, a combination of
rhTSH-stimulated Tg and US may be sufficient in most cases,
as described previously.>* For high-risk patients or in case of
increasing TSH-simulated Tg, the whole armamentarium of
nuclear medicine has to be used to detect metastases as early
as possible, including especially radioiodine scanning and
FDG-PET (or better, PET/CT).

Radioiodine Scanning
in the Follow-up of DTC

Up to now, in most thyroid cancer centers an 3T or 23T WBS
was performed periodically over several years for following
up of TC, either under thyroid hormone withdrawal or under
rhTSH. However, it could be demonstrated that 2 negative
1311 WBS within 1 year in combination with negative TSH-
stimulated Tg have a very good predictive value for the ab-
sence of recurrent or metastatic disease.>5->° However, in a
study by Robbins and coworkers 3 13% of patients with
negative TSH-stimulated Tg (<2 ng/mL) had evidence of
disease. In this light, the question of a correct value for neg-
ative Tg arises. In our center after surgery and radioiodine
therapy, a TSH-stimulated Tg less than 0.5 ng/mL is manda-
tory to consider a patient free of disease.*® In a consensus
paper by Schlumberger and coworkers®* for low-risk pa-
tients, rhTSH-stimulated Tg and ultrasonography were de-
scribed to be sufficient for following up TC. This is not true
for high-risk patients, and many centers still perform radio-
iodine scanning in connection with TSH-stimulated serum
Tg. Radioiodine (*11/123]) is the most specific radionuclide to



Ty, radioiodine imaging, and PET in thyroid cancer

197

image recurrences or distant metastases of TC. However, sen-
sitivity is rather low and depends on the activity adminis-
tered. !

There are several preconditions that have to be fulfilled
before WBS using radioiodine can be performed.*? To image
patients with radioiodine in the follow-up of TC, TSH-sup-
pressive L-thyroxine therapy has to be withdrawn for several
weeks to achieve a TSH of at least 30 mU/L, and a low iodine
diet is recommended. Several authors claim that a TSH
greater than 50 mU/L is required before radioiodine should
be administered.*** This level, however leads to transient
hypothyroidism, which causes several complaints and may
stimulate the growth of tumor cells. Because of this fact,
today, many thyroid centers use thTSH (0.9 mg twice intra-
muscularly) instead of withdrawing L-thyroxine to achieve
elevated TSH. During this procedure, the patient remains in
euthyroidism, without symptoms of hypothyroidism. Before
the administration of radioiodine, contamination caused by
contrast media or iodine containing drugs has to be ex-
cluded. In this context, the determination of urinary iodine
excretion is recommended. If these preconditions are ful-
filled, 13T (mostly given orally) or '2°I (injected intrave-
nously) is administered. The advantage of 12°I includes a
favorable y-energy of 159 keV with good-quality gamma
camera imaging and the lack of B-energy and, therefore, the
lack of thyroid stunning.>® However, 1231 is expensive and not
available for everyday use. The short half life of 13 hours also
may be a disadvantage in imaging recurrent and metastatic
disease. Furthermore, the 1231 activity administered and the
time of acquisition are still a matter of debate. Concerning the
diagnostic accuracy, 23l is not superior to *!I scanning, and
post-therapy 31T WBS sometimes demonstrates more lesions
when compared with a diagnostic 231 WBS. Therefore, most
thyroid centers continue to use 3!I for diagnostic WBS.

After surgery and radioiodine remnant ablation therapy,
the first 13T WBS is performed as post-therapy 3'1 WBS 5 to
7 days after radioiodine therapy. In the majority of patients,
this post-therapy 3'1 WBS demonstrates some activity in the
remnants, depending on the completeness of surgery and
nonspecific uptake in the salivary glands, the stomach, intes-
tine, and urinary bladder (Fig. 3). Sometimes in this post-
therapeutic administration of 13'I WBS, additional metastases
are found that were not known before (Fig. 4). Four to six
months after radioiodine remnant ablation, the first diagnos-
tic BT’ WBS is performed to evaluate the success of treatment.
At this time M-staging of the disease is possible. Under en-
dogenous (4- to 6-week withdrawal of thyroid hormones) or
exogenous TSH elevation (0.9 mg rhTSH administered intra-
muscularly on 2 subsequent days), 'I is administered orally
and WBS is performed 48 to 72 hours later. In most studies
185 MBq !3'I are recommended. Because of the possibility of
thyroid stunning, in case of elevated Tg and planned radio-
iodine treatment, the administered activity for the diagnostic
scan should not exceed 74 MBq. The specificity of 13! WBS
ranges between 96% and 100%.%5-*" Beside physiological up-
take, some pitfalls of false-positive 13" WBS results have to be
considered.*® The sensitivity of 3'T WBS is low and depends
on the administered activity, and the type of histology. Ac-
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Figure 3 pt-1°11 WBS with remnant and lymph node metastases after
incomplete surgery; nonspecific >'I uptake in the salivary glands
(top), liver/stomach/gut (middle), and urinary bladder (bottom).

cording to the literature, the sensitivity of a diagnostic 3!1
WBS ranges between 45% and 75% and is somewhat lower
for papillary compared with follicular TC.##-6:49.50

Because of the low impact of diagnostic '*'I WBS in low-
risk patients with negative TSH-stimulated Tg and the low
sensitivity of a low-dose diagnostic 13! WBS, with the possi-
bility of stunning, in case of elevated Tg, some doubts regard-
ing the value of this procedure have surfaced in recent
years.’1>2 For the future, it may be recommended that, in
low-risk patients, thTSH-stimulated Tg is sufficient and in
patients with elevated Tg with evidence of disease high-dose
radioiodine therapy and a post-therapy scan should be per-
formed.>*>* The place for a low-dose diagnostic 31 WBS
may remain in the follow-up of high-risk patients. However,
the role of a low-dose radioiodine scan in this patients group
also is increasingly a matter of discussion. There are several
studies demonstrating that radioiodine therapy as the result
of increasing Tg has a therapeutic effect and that post-therapy
1311 WBS has a higher sensitivity compared with a low-activ-
ity diagnostic scan.*’->> Therefore, some centers prefer, in
case of elevated or increasing Tg, radioiodine therapy and
post-therapy 3! WBS only without a diagnostic scan (Fig. 5).
An additional problem arises if TSH-stimulated Tg is elevated
or increases over time (eg, >3 ng/mL) and the diagnostic 13!
is negative. The reason for this false-negative 1*'I WBS may be



198

P. Lind and S. Kohlfiirst

Figure 4 pt-'>'T WBS with remnant and lymph node metastases after
incomplete surgery (A) After additional surgery, a second pt-1'*!
WBS demonstrated iodine positive lung metastases not seen in the
first pt-13'1 WBS (B).

an insufficient TSH stimulation, iodine contamination, small
tumor volume, or iodine negative metastases.>*>% If the first
and second reason is excluded, the patient should be sched-
uled for FDG-PET (PET/CT without contrast media) and
should be treated with radioiodine followed by a post-ther-
apy 3T WBS.

FDG-PET in the Follow-Up of TC

FDG-PET is well established in diagnosis, follow-up, and
treatment monitoring of several malignancies. In less or de-
differentiated thyroid cancer, recurrences or metastases may
lose the ability to concentrate iodine. 3'T WBS may therefore
be negative or is not able to demonstrate the complete extent

of the disease. In previous years, 2°'Tl, ®™Tc-tetrofosmin,
and *"Tc-sestamibi were introduced to image iodine-nega-
tive metastases from TC. Because of the limited spatial reso-
lution of single-photon emitters, as many as 25% of recur-
rences and metastases were missed by these methods. To
overcome this problem, FDG-PET was introduced in the fol-
low-up of patients with TC.>” A comparative study in patients
with dedifferentiated TC between post-therapy 31 WBS,
99mTc-tetrofosmin WBS, and FDG-PET demonstrated the su-
periority of PET for detecting iodine-negative metastases.”®
Whereas the role of FDG-PET in the preoperative assessment
of thyroid nodules is not yet fully evaluated, the use in the
follow-up of TC belongs to the 1la indications for 8F-FDG-
PET in oncology.” In most centers, FDG-PET is performed
after the patient has fasted overnight and presents with a
blood glucose less than 140 mg/dL. Sixty to ninety minutes
after the intravenous injection of 200 to 500 MBq, FDG (de-
pending on the PET system, 2D, 3D acquisition) emission
scanning is started. Transmission scanning is performed ei-
ther before FDG injection (cold transmission) or after FDG
injection (hot transmission).

Recently, CT transmission is available in combined
PET/CT machines, where morphology and metabolism are
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Figure 5 Multiple ®!I-positive lesion in the post-therapy WBS per-
formed because of increasing serum Tg. Head/neck/thorax (top);
lung/abdomen (middle); abdomen/pelvis (bottom).
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Figure 6 FDG-PET in a patient with strongly elevated Tg but nega-
tive post-therapy >'T WBS. Multiple FDG-PET—positive metastases
are shown, without the possibility of an exact localization.

imaged during one investigation. Already, the first investiga-
tions using FDG-PET in the follow-up of patients with TC
demonstrated that FDG uptake represents less-differentiated
thyroid cancer cells or dedifferentiation of cells. Feine and
coworkers® investigated 41 patients, comparing FDG-PET
and 13'T WBS in the follow-up of differentiated TC. Com-
bined imaging resulted in a sensitivity of approximately 95%
in detecting recurrences and metastases. Alternating uptake
(13'-negative but FDG-positive or '3!I-positive and FDG-
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negative) was found in 90% of patients. The authors con-
cluded that, beside an increase of sensitivity using >'1 WBS
and FDG-PET, that the uptake of FDG seemed to be an indi-
cator for poor differentiation.

In a multicenter trial, Grunwald and coworkers®® com-
pared the sensitivity and specificity of FDG-PET, 3'T WBS,
and *’mTc-sestamibi/221T] WBS. The sensitivity of FDG-PET,
BITWBS, and %°™Tc-sestamibi/?' Tl was 75%, 50%, and 53%
and specificity 90%, 99%, and 92%, respectively. The sensi-
tivity of FDG-PET increased to 85% in a subgroup of patients
with 3I-negative WBS. Similar results were obtained by our
group comparing FDG-PET, *™Tc-tetrofosmin WBS, and
post-therapy 3'T WBS in the follow-up of TC in 35 pa-
tients.>®%2 In a retrospective study by Conti and coworkers,
30 patients with TC, 24 with rising or increased levels of Tg,
and 6 with elevated calcitonin underwent FDG-PET. In all 24
patients with papillary/follicular TC and in all 6 patients with
medullary cancer, the authors were able to detect recurrent
or metastatic diseases using FDG-PET, which was confirmed
directly by surgery or indirectly by changes or persistence of
laboratory findings in 17 of 24 patients with papillary/follic-
ular and 4 of 6 patients with medullary TC.

From a group of 32 TC patients with elevated thyroglob-
ulin but negative *'T WBS, Altenvoerde and coworkers®*
performed FDG-PET in 12 patients. In 6 of 12 patients, FDG-
PET was positive. The Tg level was much higher in FDG-
PET-positive patients (23-277 ng/mL) compared with FDG-
PET-negative patients (1.5-17 ng/mL). According to the
German consensus conference in 2000, the sensitivity and
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Figure 7 The use of SPECT/CT improves the localization of a thoracic iodine-positive lesion. From the T WBS, it was
not clear whether the lesion was located in the spine or in the posterior mediastinum. SPECT/CT clearly demonstrated
a mediastinal soft-tissue metastasis. (Courtesy of Prof. Dr. A. Kurtaran, AKH Vienna.)
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Figure 8 (A-F) Transaxial slices. PET/CT of the patient in Figure 5. Exact localization of the lesions as lymph node, lung,
bone, liver adrenal gland, and soft-tissue metastases as the result of image fusion.

specificity of FDG-PET in detecting 3!'I-negative metastases
in case of elevated thyroglobulin was 85% to 94% and 90% to
95%, respectively.” In a study by Schluter and coworkers,%
a total of 118 FDG-PET studies in 64 patients with increased
levels of TG but negative *!T WBS with respect to change of
therapy due to outcome of FDG-PET was performed. Forty-
four patients had a positive FDG-PET (34 true positive, 7
false positive, 2 with secondary malignancy, 1 nonevaluable),
and 20 patients had negative PET scans (5 true negative, 15
false negative). According to these results, the positive pre-
dictive value was 83%, the NPV only 25%. Treatment strat-
egy was changed in 19 of 34 patients with true-positive PET
scans. It has to be mentioned that the sensitivity of FDG-PET
is greater under endogenous or exogenous TSH stimula-

tion.%66” Moog and coworkers® investigated 10 TC patients
under TSH supressive L-thyroxine therapy and after with-
drawal of L-thyroxine (TSH > 22 mU/L). They could dem-
onstrate that the tumor-to-background ratio increased after
TSH stimulation from 3.85 to 5.84 (P < 0.001). Similar
preliminary results with an increase of the standardized up-
take value from 1.3 to 4.4 are reported by Petrich et al®” using
recombinant TSH before FDG-PET.

In our own series, we performed 221 FDG-PET studies in
161 patients with TC. From the 122 follow-up patients, 96
had differentiated (33 papillary and 63 follicular), 15 med-
ullary, and 11 anaplastic histology of thyroid cancer.5?
Within the 96 patients with differentiated histology, in Tg
was elevated in 81 patients and, in a group of 15 patients,



Ty, radioiodine imaging, and PET in thyroid cancer

201

PET WH [Transformed Object] 20050808

B

- PET WB [Transformed Object]

Coronal

Sagital

Transverse

Figure 8 FDG-PET (MIP and slices) demonstrates multiple lung and bone metastases and an additional activity in the
right cervical region (A). PET/CT demonstrated intaluminal tracheal metastases which was responsible for the clinical
symptom of hemoptysis. Palliative treatment: laser resection of the intraluminal tumor (B).

FDG-PET was performed because of positive Tg-polymerase
chain reaction but normal serum Tg. The sensitivity of FDG-
PET for the detection of metastases in case of elevated Tg for
all patients was 77%, in case of elevated Tg but negative 3!
WBS it increased to 88%. FDG-PET is a valuable tool to
detect recurrences and metastases of TC, especially in case of
elevated Tg and negative >'T WBS (Fig. 6).

Recent Developments

For imaging purposes, the future is directed toward better
anatomical localization of metabolic active tumor lesions us-
ing different radionuclides and tracers such as P1/1231/124],
FDG, or somatostatin receptor analogs.

131] SPECT/CT

Post-therapy '3'1 WBS combined with SPECT/CT will be the
imaging modality of choice after radioiodine therapy (Fig. 7).
In a study by Ruf and coworkers,% 25 patients with incon-
clusive findings in planar scanning after ablative radioiodine
therapy underwent SPECT/CT of the questionable region.
Forty-one lesions were observed in the 25 patients. In 17 of
41 lesions, uptake was caused by remnant tissue, 13 of 41
lesions were caused by metastases, and 11 of 41 lesions were
not malignant. In 44% of lesions, improved anatomical as-
signment was observed by using SPECT/CT. In patients with
strongly elevated Tg but only faint uptake in the >'1 WBS, a
combination with FDG-PET/CT is able to demonstrate the
complete extent of the disease with exact anatomical local-
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ization of iodine positive and iodine negative lesions.®® This is
not only important for exact staging and restaging of metas-
tasizing TC but also for an individual based multimodality
treatment of these patients, including radioiodine treatment,
surgery, external radiotherapy, retinoic acid, and somatosta-
tin receptor therapy (Fig. 8).

FDG-PET/CT

Although the introduction of PET has improved the fol-
low-up of TC, the localization of FDG-positive lesions is
sometimes difficult using PET alone. This difficulty is also
true for other malignancies, especially for head and neck
cancer. As early as 1998, Beyer et al’® developed a combina-
tion of a (partial ring) PET and CT machine and published
their first 100 clinical cases in the year 2000. This prototype
of PET/CT was followed by the development of second- and
third-generation machines, which ended up with a combina-
tion of high-end PET (LSO/GSO crystals) and high-end CT
(64 slices) scanners. PET/CT is available from all major com-
panies of PET imaging equipment. All these systems have in
common that a commercial CT scanner is in conjunction
with a commercial PET scanner. This construction creates the
possibility of gathering data from CT and PET and fusing
them without having manually to register the images. A stan-
dard acquisition protocol was created for daily routine in
clinical environment. First, a topogram is taken by CT. After
defining the region of interest to scan, a diagnostic or low-
dose CT is recorded. Finally, data from the PET are collected.
The whole procedure takes from 15 to 45 minutes depending
on the scanner, the activity injected, and the crystal. The CT
and PET images can be merged automatically. Because of the
time difference between CT and PET, movement artifacts can
occur and must be taken into consideration. The construc-
tion of the PET/CT device implies also the possibility of re-
construction errors caused by the low physical integration.
Nevertheless, the number of PET/CT devices ordered
worldwide is increasing compared with the number of stand-
alone PET. With the introduction of this new modality of
imaging in oncology, the question arises whether PET/CT is
superior to PET and CT alone and, if so, can PET/CT affect
patients management better than both modalities alone. PET
can assess, for example, metabolism, protein synthesis, gene
expression, and tissue hypoxia depending on the tracer used;
whereas CT mainly reflects anatomy and, to some degree,
perfusion.” In the combined modality, CT data are used for
calculation of attenuation correction as well as for anatomic
information. The question of whether CT should be per-
formed as contrast-enhanced diagnostic CT or only as “low-
dose CT” for anatomic correlation is not yet answered. There
is also some debate on the use of oral contrast media for
PET/CT imaging.” First clinical results of PET/CT in oncol-
ogy reveal that in general there is much better reliability of the
results and higher diagnostic confidence using PET/CT com-
pared with each modality alone.”!73™ Because of the fusion
of anatomy and metabolism, the exact localization of hyper-
metabolic spots (eg, osseous versus soft-tissue lesions) on the

Figure 10 After surgery and three administrations of high-dose ra-
dioiodine therapy, *!I-negative/FDG-PET—positive metastases are
present, caused by papillary thyroid cancer pT4N1M1 (the last pt-
BITWBS was completely negative despite elevated Tg). Local recur-
rence before and retrotracheal (A) and local recurrence infiltrating
the esophagus (B).

one hand and metabolic evaluation of anatomic lesions on
the other hand can be achieved.

The combination of PET and CT is most helpful in the
cervical and abdominal region. Our own experience in the
first 2000 patients using PET/CT for staging and restaging of
various tumors confirms that there is additional information
in about 45% of patients and change of management in 15%
of patients. In addition it could be demonstrated that pitfalls
of PET (eg, normal structures in the head and neck region
that are positive on FDG-PET, bowel activity, muscle activity,
excretion via the kidneys and subsequent sometimes-circum-
scribed ureter activity, brown fat tissue etc.) can be reduced
using PET/CT. An overview about the hardware, software,
and current clinical role of PET/CT was published from a
symposium “PET/CT: the holy grail of multi-modality imag-
ing?””7" Only few data are available about PET/CT in pa-
tients with TC. In a study by Ong and coworkers,”® 17 pa-
tients with elevated Tg but negative 31 WBS underwent
FDG-PET/CT. Fifteen of 17 PET/CT scans revealed lesions
consistent with metastases, giving a sensitivity of 88.2%. Un-
fortunately, this paper work little information on the addi-
tional value of PET/CT compared with PET alone. Nahas and
coworkers’™ investigated the impact of PET/CT on the man-
agement of 33 patients with recurrent papillary thyroid can-
cer. In 67% of patients PET/CT supplied additional informa-
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Figure 11 After surgery and eight administrations of high-dose ra-
dioiodine therapy, *'I-negative/FDG-PET—positive metastases are
present, caused by follicular thyroid cancer pT4NxM1 (the last pt-
31T WBs was completely negative despite elevated Tg). CT demon-
strates multiple lung metastases. Only the larger ones show a dis-
tinct FDG uptake.

tion that altered or confirmed the management plan. Twenty
of the 33 patients underwent surgery, with an accuracy for
PET/CT of 70% in comparing the results with histopathol-
ogy. The sensitivity of PET/CT in identifying recurrent dis-
eases was found to be 66% with a specificity of 100% and a
positive predictive value of 100%. When PET/CT is positive,
it is a powerful tool for predicting exact location of recurrent
papillary TC. The authors conclude that PET/CT is most
useful in the detection and management of recurrent papil-
lary TC in patients with average Tg levels greater than 10
ng/mlL.

In our own first series, 33 FDG-PET/CT investigations in
27 patients with TC were performed (follicular TC: 14; pap-
illary TC: 10; medullary TC: 2, anaplastic TC: 1). In 6 of the
27 patients, a second investigation was performed after treat-
ment (eg, surgery, external radiotherapy). Most of them had
shown iodine-negative metastases or increased Tg levels but
negative post-therapy 31 WBS. In 67% of patients, PET/CT
was more accurate than PET or CT alone, and in 17% PET/CT
results led to change of treatment (eg, change of radiation
field, radiation instead of surgery, surgery because of exact
localization of recurrence, heparin treatment in stead of sur-
gery because of tumor thrombosis) (Figs. 9-12).9 First re-
sults of PET/CT in patients with TC provide increased diag-
nostic confidence, reduction of equivocal results in PET and
CT alone, additional information in approximately 45%, and
a change of therapeutic management in approximately 10%
to 15% of patients.

Dosimetry Using '24l PET or PET/CT

Because dosimetry is very cumbersome for radioiodine ther-
apy, especially in metastatic disease, new ways to adapt the
administered activity to the individual patients need are de-
sirable. One possibility is the use of 121 PET in combination
with a 3-dimensional-internal dosimetry software. Sgouros
and coworkers® performed 3 to 4 12*1 PET imaging studies

over a period of 7 days to calculate the individual dose for
patients with metastatic thyroid cancer. Mean absorbed dose
values and absorbed dose for individual tumors ranged from
1.2 to 540 Gy and 0.3 to 4000 Gy, respectively. In a report by
Freudenberg and coworkers®! about the value of 21 PET/CT
in staging patients with TC, the authors concluded that >
PET/CT imaging is a promising technique to improve treat-
ment planning in thyroid cancer. In the future, 124! PET/CT
may play an important role for individual dosimetry in pa-
tients with metastatic thyroid cancer.

In conclusion, thTSH-stimulated Tg and US are the basis
for following up patients with TC and are probably sufficient
for use in low-risk patients. For all other patients, additional

Figure 12 After surgery and seven administrations of high-dose ra-
dioiodine therapy, PET/CT shows '*'I-negative/FDG-PET—positive
metastases caused by follicular thyroid cancer insular variant
pT2NxMx (the last pt-''1 WBS was completely negative despite
elevated Tg). Local recurrence and multiple bone and soft tissue
metastases are shown in images A-C.
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BIT WBS (SPECT/CT), mostly in the form of post-therapy
scan, and FDG-PET/CT are necessary to demonstrate the real
extent of the disease. '**I PET/CT may play a major role in the
future for treatment planning with radioiodine. This whole
armamentarium of modern nuclear medicine investigations
may be necessary for individual treatment planning of high-
risk patients with elevated serum Tg.8?
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