Leonard Wartofsky

In the past two decades, significant improvements in the
assays for serum thyroglobulin (Tg) have revolutionized the
standard follow-up and surveillance for recurrence in patients
with thyroid carcinoma [1-6]. Not infrequently, we are faced
with the management dilemma presented by patients with
differentiated thyroid cancer (DTC) in whom measurable or
high serum Tg levels suggest residual or metastatic disease,
but their radioiodine diagnostic survey scans are negative [7].

Some workers have advocated empiric high-dose radioio-
dine therapy in these patients, based on the Tg levels indicat-
ing disease, even when the negative scan suggests there will
be little to no uptake. However, this approach has been some-
what controversial [8-14]. The National Comprehensive
Cancer Network guidelines [15] are far from definitive on this
issue but point out that no studies have yet demonstrated sig-
nificantly reduced morbidity and mortality from radioiodine
therapy given strictly for elevated serum Tg levels. The British
Thyroid Association guidelines [16] are completely silent on
the dilemma. Pacini and Schlumberger [17] were the first
investigators to advocate this empiric high-dose 1311 therapy
for patients who are “scan-negative, Tg-positive,” whereas
Sherman and Gopal [18] advised caution in the absence of
data confirming efficacy and an acceptable risk/benefit ratio.
It is not likely that Pacini and Schlumberger would have the
same opinion today, as members of the American Thyroid
Association Cancer Guidelines Committee that recommends
that radioiodine not be given for radioiodine refractory
tumors, i.e., in the absence of radioiodine uptake [19].

When initially faced with this perplexing pairing of diag-
nostic data—positive Tg and negative scan—it is essential to
first attempt to uncover a cause for a possibly false-negative
scan or a false-positive elevation of serum Tg before even con-
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sidering empiric radioiodine therapy. For example, a falsely
positive serum Tg level could occur because of interfering
anti-Tg antibodies [20-23]. Explanations for a false-negative
radioiodine scan include inadequate thyrotropin (TSH) eleva-
tion, stable iodine contamination (e.g., history of recent iodine
contrast radiography), dispersed microscopic metastases too
small to visualize, or dedifferentiation of the tumor such that
it can still produce Tg but has lost its iodide-trapping ability. It
has even been speculated that there could be radioiodine-
resistant remnants of normal thyroid tissue or Tg secretion
from thymus gland that might account for the measurable Tg
[24]. On the other hand, the failure to visualize foci of uptake
on a radionuclide scan could be due to iodine excess. To rule
out iodine contamination, serum or urinary iodide can be mea-
sured, and if found to be moderately elevated, a repeat total-
body scan (TBS) 4—-6 weeks after an iodide depletion regimen
can be considered [25]. It is also possible, as has been seen in
some series of patients, that patients with residual tumor may
have both undetectable serum Tg and a negative scan, presum-
ably representing dedifferentiation of these tumors [26].

In managing the patient who presents with a negative scan
and measurable Tg, patient-specific clinical aspects should be
taken into account before definitive action is taken to prescribe
empiric radioiodine therapy. Important matters to consider
include risk factors, evidence of prior metastatic or aggressive
disease, and the options for employing other imaging tools,
such as magnetic resonance imaging (MRI) or ultrasound to
visualize potential occult disease. How the clinical context can
alter the approach is illustrated by two hypothetical cases.
First, in a 60-year-old man with a history of a stage III 4-cm
papillary or a 2-cm invasive follicular carcinoma, the author
would consider application of the earlier Pacini-Schlumberger
approach of empiric treatment with high-dose radioiodine.
Alternatively, in a 25-year-old woman with a history of a 2-cm
stage I papillary cancer with negative nodes and only margin-
ally measurable or slightly elevated Tg (e.g., <4 ng/mL), the
author might favor a more conservative approach, at least for
a period of time with continued monitoring of the patient. One
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argument for simply continuing to monitor is that serum Tg
levels are known to fall spontaneously with time over the
course of 1-5 years post-ablation [27, 28, 28a].

Whether serum Tg levels are stable or rising is very useful
in the decision-making process regarding radioiodine ther-
apy. Of course, the patient must be brought into the decision-
making process and informed fully of the extent of collective
knowledge, experience, and biases pertaining to that patient’s
specific situation. We would like to avoid treatment with
aggressive high-dose radioiodine for uncertain indications
and treatment that might result in harmful sequelae, such as
neutropenia, xerostomia, and/or azoospermia.

As pointed out by Sherman and Gopal [18], the risks of
aggressive radioiodine therapy may not be warranted given
the ill-defined goals, unless there is evidence of progressive
disease. Pacini et al. [17] and Schlumberger et al. [29] are not
the only investigators to describe a salutary result from empiric
treatment of the Tg-positive/scan-negative patient. Pineda
et al. [30] reported their results in 17 Tg-positive/scan-nega-
tive patients who all had prior total thyroidectomy and radio-
iodine ablation. After empiric treatment with 150-300 mCi of
1311, 16 of 17 had visualization of metastases on their post-
treatment scan. Tg levels decreased in 81 % of patients after
their first treatment dose and decreased in 90 % and 100 % of
those who received second and third doses, respectively.
Although these results sound impressive [30, 31], examina-
tion of the individual patient’s Tg level response is less so.
Mean Tg decreased from 74-62 to 32 over 1-2 years of fol-
low-up, and only 6 of 29 positive scans became negative.

A definite tilt toward empiric radioiodine therapy in 16
scan-negative/Tg-positive patients was evident in the report
by de Keizer et al. [32] who described a decreased Tg level
in 88 % of patients. The period of follow-up was too short to
indicate any improvement in survival or disease-free inter-
val; however, the authors proposed treatment of such patients
with at least one dose when scans were negative. As with the
Pineda and Robbins studies [30, 31], serum Tg did decline in
the majority of patients but not dramatically so.

The cogent issues raised by Sherman and Gopal, and pre-
viously by McDougall [33] and Mazzaferri [34], reflect the
fact that many patients treated by Schlumberger et al. and
Pineda and Robbins had minimal, if any, disease that would
affect their life expectancy. The empiric therapy would
expose them to unwarranted doses of radiation exposure,
unwarranted at least until sufficient data is obtained from
well-controlled studies that confirm efficacy of therapy.
Based on their own experience in 24 patients [35] and their
analysis of the literature [36], Fatourechi and Hay suggested
two general patient categories. The first group has a higher
risk of demonstrating uptake on the scan after high-dose
therapy, representing younger patients with diffuse micro-
metastases and negative whole-body scan and conventional
imaging but moderately elevated Tg levels. Patients in the
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second group are likely to be older, higher risk patients with
known metastases that release Tg and do not take up radioio-
dine but are identified by other imaging. In their experience,
this latter group will not demonstrate uptake on a posttreat-
ment scan and therefore does not warrant therapy.

Arguably, the most useful experience reported to date is
that of Pacini et al. [28] who compared the outcomes in 42
scan-negative/Tg-positive patients (group 1) treated with
radioiodine to 28 patients (group 2) followed without treat-
ment, where the average follow-up was 6.7 and 11.9 years,
respectively. The first posttherapy scan was positive in 30 of
42 treated patients, negative in 12, and only the patients with
positive scans were given additional 1311 therapy. Complete
remission was seen in 10 of 30 (normalized Tg levels), par-
tial remission (still detectable Tg) in 9 of 30, and evidence of
persistent disease in 11 of 30 (measurable Tg and scans
became positive). Among these 30 patients with positive
posttherapy scans, when radioiodine uptake was seen in the
lungs (metastatic disease) on the posttherapy scan, it resolved
in 8 0of 9 (89 %) cases but in only 11 of 18 cases with cervical
lymph node involvement. In the remaining 12 of the 42
group 1 patients who did not have positive scans after treat-
ment doses, 2 entered remission, 7 had persistent Tg eleva-
tions, 2 had mediastinal lymph node involvement, and only 1
died of disease during the follow-up period. The changes in
Tg were not directly compared to the changes in the no-
treatment group. Significantly, of these 28 patients (group 2)
who were followed with no treatment, 19 of 28 (68 %)
became Tg-negative, another 6 of 28 (21.4 %) were
unchanged, and only 3 (11 %) had an increase in Tg levels.
Pacini et al. concluded that there may be a role for empiric
1311 therapy in patients with pulmonary metastases but that
their data supporting empiric therapy in patients with cervi-
cal lymph nodes was far from compelling. In view of the
remarkable stability in those who were not treated, they did
not advocate further radioiodine therapy in those patients
whose first posttherapy scan remains negative —an approach
that seems to be quite balanced.

Serum Tg levels drawn soon after ablation have prognos-
tic value in regard to future recurrence [37]. It was possible
to compare the change in Tg levels in 28 treated vs 32
nonradioiodine-treated patients in the study by Koh et al.
[38]. Significantly greater reductions in Tg were seen with
131-1I therapy, with four patients actually becoming unde-
tectable. Posttherapy scans became positive in 12 of 28
(43 %) of the scan-negative/Tg-positive patients. Like
deKeizer et al. [32], the authors encouraged consideration of
empiric radioiodine therapy, both for palliation and potential
localization of lesions on the posttreatment scan.

In their review of the literature, Ma et al. [39] concluded
that the decision to treat should be individualized on the basis
of the extent of disease as indicated by serum Tg levels. Thus,
individuals with Tg levels >10 ng/mL or patients stratified at
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high risk for recurrence should be treated with radioiodine
with the expectation that approximately two thirds will show
both a fall in Tg and a positive posttreatment scan.

It may seem easy to recommend empiric therapy based on
these data indicating declines in serum Tg after treatment,
but it should be noted that improvement in survival is yet to
be shown. In addition to the potential untoward complica-
tions of high-dose radioiodine therapy mentioned above (and
enumerated in Chap. 50), another important aspect of empiric
therapy is the cost to the patient regarding either the morbid-
ity of hypothyroidism or the dollar cost of thTSH and the
negative impact on productivity when hypothyroid, as well
as the cost in health care related to hospitalization and the
associated expensive technological procedures.

In the author’s approach to the scan-negative/Tg-positive
patient, it is important to turn at an early stage in evaluation to
alternative imaging procedures. Although radioiodine therapy
may not be feasible because of the lack of visible uptake on
diagnostic scanning, alternative therapeutic approaches to
metastatic deposits of thyroid cancer may be available. These
might include surgical excision, localized ablation by ethanol
instillation or radiofrequency ablation (see Chap. 54), or
localized external-radiation therapy ([40, 41]; see Chap. 51),
but the location of the metastases should first be identified and
assessed before one of these approaches is taken. Imaging
with computed tomography (CT), MRI, and ultrasound have
been employed for this purpose, and alternative scanning
agents may have a role in identifying lesions that are not visu-
alized with traditional 1311 whole-body scan (see Chap. 35).

Alternative Scanning Agents

Two early scanning agents used as alternatives to radioiodine
were 201TI1 [42] and 99mTc sestamibi [43]. In one study of
patients with bone metastases documented with positive 1311
scans, 201Tl was compared to the bone agent, 99mTc
hydroxymethylene diphosphonate (99mTc-HMDP; [42]).
The two agents had a combined sensitivity of 93.5 %. In a
group of 14 patients with negative 1311 scans and other evi-
dence of thyroid malignancy, 201T1 was positive in 10 of 14,
and 9mMTcHMDP was positive in all 14. Carril et al. [44]
found that 201T] showed a sensitivity and specificity higher
than that associated with 1311 for recurrent or persistent dis-
ease. Lesions were detected in 31 of 116 patients by 201Tl
but not by 1311 TBS. In patients who have been ablated and
show no further 1311 uptake, the authors proposed continuing
management with no additional 1311 scans. Because 201Tl
scanning does not require levothyroxine withdrawal, follow-
up would be guided only by 201T1 scanning and monitoring
serum Tg. Dadparvar et al. [45] compared 201T] and scan-
ning with 99mTc-methoxyisobutyl isonitrile (99mTc-MIBI).
They found that a 1311 TBS alone was satisfactory as a preab-

lation diagnostic study, but the addition of either alternative
agent increased the diagnostic yield postablation, particularly
when the 1311 TBS was negative. However, these results have
not been universal because Lorberboym et al. [46] found 1311
TBS to be more sensitive and specific than 201TI1, with the
latter giving several false-positive scans. Ugur et al. [47]
noted a 70 % overall concordance between 201Tl, 99mTc-
MIBI, and 1311 TBS but observed false-negatives with both
alternative agents, concluding that they should not be used in
lieu of 1311 TBS. In one reported case, 201T1 scanning was
positive and useful in a patient with metastatic disease with
both negative 1311 TBS and negative serum Tg levels [48].

Employing 99m-Tc-depreotide, Rodriques et al. [49]
were able to visualize lesions in 9/10 radioiodine scan-
negative patients with suspected residual disease. In studies
with the agent, 9mTc sestamibi, Elser et al. [50] noted a
94 % sensitivity for the detection of positive lymph nodes
and local recurrence; they detected 32 of 40 metastases with
sestamibi vs only 18 of 40 with an 1311 TBS. Another cat-
ionic scanning agent, 99mTc tetrafosmin, which has been
used previously for myocardial perfusion imaging, was
assessed for the detection of thyroid cancer [51-53]. For 12
patients with elevated serum Tg (4 with negative 1311 TBS),
tetrafosmin was slightly superior to 201T] and 99mTec-
MIBI. This same group of workers [53] reported that tetra-
fosmin successfully identified all of 21 lesions that were
positive by 1311 TBS, as well as an additional 17 of 23
lesions that were negative by 1311 TBS. The agent had 86 %
sensitivity for distant metastases and was positive in four
patients with 131I-negative proven pulmonary metastases.
The findings correlated with other imaging modalities for
tumor identification, e.g., CT or ultrasound.

It is also significant that these alternative agents are logis-
tically both more convenient and expedient than scanning
with 1311. Along with the ability to scan patients while
euthyroid and still on TSH-suppressive levothyroxine ther-
apy, the time required for evaluation is much reduced. Instead
of scanning 48—72 h after a dose of 1311, the 99mTc tetrafos-
min planar scan is performed 20 min after injection of the
isotope, with additional images taken by single-photon
emission computed tomography of any suspicious lesions.
99mTc tetrafosmin scans were negative in all 68 patients
studied by Lind et al. [53], who were free of disease on the
basis of 1311 TBS and serum Tg.

Fluorodeoxyglucose-Positron Emission
Tomography (Chaps.34 and 61)

Some insight into the minimal value of the above-described
imaging agents is apparent from the fact that they have not
been widely adopted for this group of patients over the past
several years. Rather, another agent, 18-fluorine fluorodeox-
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yglucose (FDG), has shown the most promise and has been
employed with positron emission tomography (PET) for
detection of thyroid cancer with uptake of the agent related
to glucose utilization by tumor tissue [54-57]. Indeed, FDG-
PET scanning is rapidly becoming a part of the routine arma-
mentarium of diagnostic imaging procedures for thyroid
cancer, especially metastatic disease [58, 59], and may be the
optimal imaging modality for medullary thyroid cancer [60].
Notwithstanding that several workers have recommended its
routine use [61], its more widespread adoption has been lim-
ited by its relatively high cost and the reluctance of insurers
to provide coverage for all but selected patient populations.
One of the populations in which PET scanning has been
found useful is the scan-negative/Tg-positive patients.
Numerous publications testify to its utility in both individual
patient case reports and small patient series [62—68].

The greatest uptake sensitivity for FDG-PET scanning
has been noted with the fastest growing undifferentiated
tumors. Grunwald et al. [69] compared FDG-PET to 99mTc
sestamibi and 1311 TBS. Of 29 studies, 11 of 29 had disease
detected only with FDG-PET, 8 of 29 were detected only
with 1311 TBS, and 10 of 29 were detected by both. Five
sites were found by FDG-PET and not by 99mTc sestamibi.
FDG-PET may be useful in patients in whom 1311 TBS is
not feasible owing to a history of iodine exposure; similarly,
its use would not preclude CT scanning (with contrast if
desired) as an additional means to image tumors.

A larger study by Schluter et al. [70] described 118 PET
scans in 64 scan-negative/Tg-positive patients. Of 64 patients,
44 had positive PET studies, 34 of whom were proven to be
true positives, leading to an altered therapeutic approach in
19 of 34 (surgery and/or external irradiation), whereas 20
patients had negative scans. Their results indicated a positive
predictive value (PPV) for PET of 83 % but a negative pre-
dictive value (NPV) of only 25 %. In seven patients, there
was so much metastatic disease identified that a palliative,
rather than curative, approach was taken. Yet, for the most
part, they found PET to be a valuable adjunct to identify
patients who could benefit from further therapy. Wang and
coworkers [71] reported good results with PET scanning in
37 patients with negative 1311 scans. PET identified occult
lesions in 71 %, with a 92 % PPV in patients with high serum
Tg and a 93 % NPV in patients with lower Tg levels. Chung
et al. [72] reported excellent utility of FDG-PET scanning in
54 patients with negative 1311 scans after thyroxine with-
drawal, and they demonstrated a 94 % PPV and a 93 %
NPV. FDG-PET may be particularly useful when both the
iodine scan and serum Tg are false-negatives, and this often
applies when the low-serum Tg is a result of interfering anti-
thyroglobulin antibodies. Chung et al. noted that this often
implied regional lymph node involvement. Although Wang
et al. [71] found that FDG-PET was not that useful in detect-
ing small degrees of residual papillary tumor in the neck,
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Chung et al. showed PET to be positive more often with neck
disease and conventional scanning than in detecting pulmo-
nary metastases, and Ozkan et al. found that the best success
with PET imaging occurred in the patients with the highest
Tg antibody levels [73]. Comparably encouraging results
have been reported by Helal et al. [74] in a series of 37 scan-
negative/Tg-positive patients with DTC. In a group of ten
patients with known metastases via conventional imaging,
PET confirmed tumor at 17 of 18 sites and identified tumors
at 11 additional sites. PET was positive in 19 of 27 patients in
a second group with negative imaging by other methods.
These findings led to a change in treatment management in
29 of 37 patients, with 23 receiving further surgery and 14 of
23 achieving disease-free status. These authors proposed
PET as the “first-line investigation” in scan-negative/
Tg-positive patients. A more pessimistic view was expounded
by van Tol and colleagues in a letter to the editor [75] in
which they described an extraordinary high rate of false-pos-
itives (64 %) with PET and that the findings led to a signifi-
cant change in management in only 1 of 11 (9 %) patients. A
drawback is the lack of widespread availability of PET scan-
ners because of their high cost, and, most importantly, these
scans are currently not reimbursed by most insurers in the
United States except for specific indications. (This situation
has been improving steadily over the past few years.)
Fridrich et al. [76] compared FDG-PET to 99mTc-MIBI
and 1311 TBS and found both to be more sensitive than 1311
TBS, with a slight edge in favor of 99mTc-MIBI. In addition
to the benefit of good uptake, independent of the patients’
serum TSH level, FDG-PET or MIBI did not have the pro-
pensity for high background in the neck, mediastinum, and
chest as with 1311 and could be used more effectively to
detect small metastases in these areas. In contrast, the liver
and brain demonstrate high FDG uptake, and the ability to
detect metastases in these areas is limited with this agent.
Indeed, Feine et al. [77] were able to localize and identify
positive neck metastases with FDG-PET in six patients with
elevated serum Tg levels. Dietlein et al. proposed a more
conservative perspective regarding the utility of FDG-PET
scanning [78]. They observed positive FDG-PET images in 7
of 21 patients with positive lymph node metastases but nega-
tive 1311 TBS; sensitivity was 82 % in patients with high
serum Tg but negative TBS. They concluded that FDG-PET
should not be used in lieu of 131I-TBS but would serve as a
useful adjunct or complement to evaluation, particularly
when the 1311 TBS was negative in conflict with a rising or
elevated level of serum Tg. Altenvoerde et al. [79] performed
PET studies in 12 of 32 patients with scan-negative/
Tg-positive findings, and the PET scans were positive in 6 of
12. Interestingly, the mean Tg level in the six positive patients
was 147+90, whereas the PET-negative patients had a mean
Tg of only 9+7.6, suggesting that PET is most useful in
those patients with more aggressive and/or larger metastases.
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Similar conclusions were reached by Grunwald et al. [80]
and Wang et al. [81]. In this regard, PET-positive patients
with larger volume disease have a worse prognosis [71, 82].
The association of PET positivity with dedifferentiation was
commented upon by Caobelli et al. in a communication [83]
that discussed a report by Vural et al. [84] linking prognosis
to PET findings. The latter workers described their experi-
ence with 105 scan-negative/Tg-positive patients and noted
that the best prognosis was associated with Tg levels that
were suppressible by levothyroxine in PET-negative patients
whereas PET positivity correlated with recurrence and extra-
thyroidal spread. A correlation of better prognosis with nega-
tive FDG-PET was also noted by Pachon-Garrudo et al. [85].

Clearly, PET scanning may miss some types of metasta-
ses. In the report of Hung et al. [86], 20 scan-negative/
Tg-positive patients underwent FDG-PET scanning with
lesions detected in 17 of 20, but PET scans were negative in
2 patients proven to have miliary distribution of pulmonary
micrometastases. The authors suggest imaging with chest
CT scans in such cases. Most valuable has been the newest
technology that combines PET scanning with CT or MRI by
either fusion software or preferably within one dedicated
PET/CT scanner [58, 59]. An overlay of high SUV on a CT
or MR image provides much greater specificity that the
imaged finding is cancer. As with many diagnostic modali-
ties, negative findings would not preclude disease, but posi-
tive findings on PET/CT would dictate CT-guided or
ultrasound-guided FNA cytology and then surgery if tumor
is confirmed. As mentioned, the utility of FDG-PET scan-
ning in this group of patients tends to correlate with the mag-
nitude of the serum Tg level. For example, Na et al. [64]
noted a sensitivity of PET of 28.6 % with Tg levels between
2 and 5, 57.1 % with levels between 5 and 10 and 86 % when
Tg was equal to or greater than 20 ng/mL.

TSH Stimulation of FDG-PET

Whether FDG uptake and imaging might be enhanced by
either endogenous TSH after levothyroxine withdrawal or by
recombinant human TSH (rhTSH) remains somewhat con-
troversial. It appears that the effect of TSH stimulation was
best seen in patients with the highest levels of Tg suggesting
greater tumor mass, and it has been proposed that FDG-PET
may be most useful above a threshold Tg level of 10 ng/mL
[87]. Some workers relate the basis for TSH stimulation to
in vitro thyroid cell culture studies in which TSH will
increase uptake of both FDG [88] and 201TI [89]; however,
that does not prove that thyroid cancer cells will respond in
the same way in vivo. TSH could probably improve imaging
because TSH stimulates glucose transport into the cells and
cellular metabolism.
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The best proof of this concept is derived from several
clinical studies. For example, Chin et al. [90] evaluated seven
patients who were scan-negative/Tg-positive and compared
PET scans of those patients on thyroxine suppression to PET
scans after rhTSH. The scans after thTSH disclosed more
lesions, and the average tumor-to-background (T:B) ratio
values were higher. Similar results were seen by Petrich et al.
[91] in 30 patients with largely negative radioiodine scans.
rhTSH stimulation provided higher T:B ratios and uncovered
more lesions in more patients. Comparing PET scans after
thyroxine withdrawal (not thTSH) to PET scans of patients
on suppressive therapy, both Moog et al. [92] and van Tol
et al. [93] concluded that TSH stimulation detected more
lesions. Rational patient selection is needed, and clinicians
and payors have to determine whether the additional cost
burden of rhTSH to an already expensive PET scan will con-
stitute a favorable cost-benefit ratio. After an analysis of
seven prospective controlled clinical trials that included a
total of 168 patients, Ma et al. [94] concluded that TSH stim-
ulation was beneficial in demonstrating more PET-positive
lesions but that the findings were associated with altered
clinical management in less than 10 % of the patients.
Notwithstanding the results of these studies indicating
improved imaging with TSH stimulation, Bertagna et al. [66]
found no difference in the utility of FDG-PET in patients on
levothyroxine vs those with an elevated TSH level. Unrelated
to PET scanning but relevant to rhTSH, there is a case report
of a scan-negative/Tg-positive patient in whom radioiodine
trapping was restored after a period of levothyroxine with-
drawal and rhTSH stimulation [95]. Occasionally, radioio-
dine trapping may also be restored after chemotherapy [96],
and the matter of redifferentiation is discussed in Chap. 86.

Somatostatin Imaging

Because some thyroid cancers—especially medullary thy-
roid cancer [97]—contain somatostatin receptors, soma-
tostatin receptor scintigraphy (SRS) with octreotide or
octreotide derivatives has been studied and reported [98, 99].
These agents have also been employed for therapy [100,
101]. Of 25 patients with DTC and elevated serum Tg levels
studied by Baudin [98], 16 of 25 had negative 1311 TBS, and
SRS was positive in 12 of these patients as well as in 8 of 9
patients with positive 1311 TBS. Stokkel et al. [102] studied
ten Tg-positive/1311 scan-negative patients with octreotide
scanning and described multiple metastases in nine of ten.
Based on octreotide uptake, the authors speculate that
111-In-labeled octreotide or its analogues might be useful
for therapy of such patients as it has been shown to be for
medullary thyroid carcinoma [97]. Sarlis et al. [103] com-
pared octreotide scanning to PET and conventional imaging
in 21 patients with aggressive disease, finding that octreotide
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had only moderate sensitivity yet detected disease in 5
patients who were negative by PET and other imaging.
In preliminary studies, Sager et al. [104] examined a group
of radioiodine scan-negative patients employing technetium-
labeled octreotide analogues 99mTc-HYNIC-TOC and
HYNIC-TATE and proposed that these agents could be used
routinely in patients who are somatostatin receptor positive.
In a comparison to FDG-PET scanning, Middendorp et al.
[105] employed [(68)Ga]DOTATOC and found comparable
diagnostic utility although FDG-PET did exhibit a slightly
higher rate of lesion detection. Confirmatory studies are
required, but SRS with labeled octreotide or one of these
newer derivatives may represent another useful alternative to
131-1 TBS or FDG-PET, with the advantage of lacking the
need to withdraw TSH-suppressive levothyroxine therapy.

Surgery

As mentioned above, ultrasonography of the neck is extremely
useful to identify occult metastases of papillary thyroid can-
cer [106, 107] and deserves to be an almost routine imaging
tool for this purpose (see Chaps. 21 and 37), particularly if
used in conjunction with thTSH-stimulated thyroglobulin lev-
els [108]. Another approach has been to proceed with cervical
exploration and node dissection in the case of papillary carci-
noma, even when all additional imaging studies are unreveal-
ing. In one such series of 21 patients, Alzahrani et al. [109]
performed neck dissections after confirming the presence of
tumor by ultrasound-guided fine-needle aspiration cytology.
Postoperatively, serum Tg fell from a mean of 185+79 to
127£59, with 4 patients who achieved remission, 13 who had
persistent disease, and 4 who showed progression. They con-
cluded that the additional surgery offered benefit in a minority
of patients and that most remained stable during follow-up. In
addition, the intraoperative use of ultrasound can readily
improve the detection of residual or recurrent thyroid cancer
[110], and there has been greater success with positive node
dissections since its use by surgeons at our institution. In
some hands the combined use of (18)F-FDG PET/CT imag-
ing and gamma probe radio-guided surgery has proved suc-
cessful for the localization and confirmation of metastatic
lesions in the radioiodine scan-negative patient [111].

The opposite Scenario: Undetectable TG
and Positive 131-1 Scan

In recent years, the opposite even more puzzling scenario has
been noted, that of finding patients with positive uptake seen
on follow-up radionuclide scans indicating the likelihood of
residual disease but having undetectable levels of serum Tg
[112—-114]. While this situation is relatively infrequent in our

L. Wartofsky

experience, it has been reported more frequently by others,
with undetectable Tg levels observed in 20 % of patients
who were thought to have residual benign thyroid remnants
and in 8 % who were identified as having residual thyroid
carcinoma [112]. Significant metastatic disease has been
found in some of these patients, typically to regional lymph
nodes, leading some investigators to advocate for more rou-
tine performance of survey radioiodine scans [114], perhaps
as part of periodic rhTSH stimulation testing with both Tg
levels and scan post-stimulation [112]. On the other hand, in
a retrospective review of 389 patients of whom 44 (11.3 %)
had positive scans and undetectable Tg levels, Lim et al.
[115] found that long-term clinical outcomes did not differ in
these patients and suggested that repetitive radioiodine scans
were not necessary and that conservative monitoring would
suffice for long-term follow-up.

We believe that the explanation for this clinical situation in
most cases is related to false-negative results for serum Tg. In
recent years, we have begun to understand better the reasons
for differences in results between various ICMA or RIA
methodologies for both serum Tg and anti-Tg antibodies, on
the basis of differences in assay reagents or assay ‘“hook
effects,” and the presence of different idiotypic antithyroglob-
ulin antibodies in the patient’s serum [116]. Both interfering
anti-Tg antibodies and heterophile antibodies have been
incriminated [113, 117]. Our suggestion to clinicians facing
this dilemma is to obtain Tg and Tg antibody measurements
in several different laboratories, by both ICMA and RIA
methodology. Doing so is likely to discover the presence of
antibodies detected in one system that were not detected in the
original assay, thereby accounting for the discordant results.

Conclusions

In conclusion, how should the scan-negative/Tg-positive
patient be managed with no underlying reason to suspect
either false-negative scan or false-positive serum Tg level?
Schlumberger [118, 119] has advocated empiric administra-
tion of 100 mCi 1311 to any patient with a Tg level more than
10 ng/mL while off levothyroxine and would only repeat the
1311 whole-body scan every 2—5 years when the Tg level is
in the range of 1-10 ng/mL. As mentioned above, no studies
show improved survival with this approach. On the contrary,
the follow-up study of van Tol et al. [120] indicates little sup-
port for empiric therapy based on an average follow-up
period of 4.2 years. Of 56 patients given a “blind” dose of
150 mCi of 1311, uptake was revealed on the posttreatment
scan in 28 of 56 (50 %) of the patients with no difference in
serum Tg levels. They concluded that therapy had no salu-
tary effect on survival or reduction of tumor burden. There
may be many factors that could differentiate those patients
who seem to respond to empiric therapy from those who do
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not. One factor could be the size of the lesions as microme-
tastases may be more readily ablated than macrometastases
[121]. At this point in our knowledge, I am attracted to the
concept of individualization of empiric therapy as proposed
by Ma et al. [39] based upon the height of the Tg levels and
whether or not they are seen to be increasing during follow-
up. Indeed, although controversial as discussed above and
elsewhere [14], empiric radioiodine therapy can be attempted
at least one more time in selected patients with Tg levels
>10 ng/mL or rising. Posttherapy Tg levels and the postther-
apy scan should be examined to assess potential benefit. In
an attempt to maximize the efficacy of the radioiodine, I
employ a low-iodine diet for 3 weeks prior to therapy supple-
mented by low-dose diuretic (20 mg/day furoseamide) and
confirm the patient’s adherence to the diet by measurement
of urinary iodine 1 week prior to the planned therapy. We
proceed with therapy if the urinary iodide is less than
50 pg/L, and most patients can achieve levels of less than
20 pg/L. In addition, radioiodine retention and presumed
therapeutic benefit can be augmented by lithium carbonate
therapy as discussed in Chap. 49. The growing number of
reports [32, 37-39, 121, 122] indicating benefit of empiric
therapy appears to justify this approach.

If radioiodine therapy is not to be given in the face of
clearly measurable Tg levels, alternative imaging procedures
should be encouraged. For papillary thyroid carcinoma with
a propensity to regional recurrence, that could include ultra-
sound, CT, MRI, 99mTc-MIBI, or FDG-PET, with fine-
needle aspiration cytology when feasible to confirm the
diagnosis. For follicular thyroid cancer with its propensity
for distant metastases (especially to bone and lung), imaging
with PET/CT, 99mTc tetrafosmin, 99mTc-HMDP, or 201TI
could be attempted. Identification of isolated distant lesions
by these methods would allow earlier intervention by surgi-
cal excision, a local ablative technique, or external radiother-
apy instead of delaying further treatment until a subsequent
131-1 TBS might become positive or serum Tg levels might
increase further because of further tumor growth. In patients
with higher risk disease following early total thyroidectomy
and high-dose radioiodine ablation, this approach should
permit effective management until more target-specific
tumoricidal therapies become available.
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