
Empirically Treating High Serum Thyroglobulin
Levels

For few tumors are there such accu-
rate and specific tools for diagnosis
and treatment as those routinely used
in the management of differentiated
thyroid carcinoma (DTC). Highly spe-
cific serum thyroglobulin (Tg) mea-
surements signal the presence of resid-
ual tumor well before it is manifested
by routine imaging studies, and the
application of 131I provides the unique
opportunity both to visualize and to
irradiate metastases even when their
exact location is unknown; this strat-
egy often is referred to as empiric 131I
therapy. However, this strategy also
creates the darker prospect of over-
treating patients, a situation that has
produced controversy (1,2). This is the
latest in a long series of debates con-
cerning virtually every aspect of the
management of DTC, a group of tu-
mors comprising papillary, follicular,
and Hürthle cell thyroid cancers.

MEASURING OUTCOME

Death and Tumor Relapse Rates
Few patients die from DTC, but up

to 30% experience tumor relapse (3),
sometimes decades after initial therapy.
One third of the recurrences in that study
were in distant sites (usually the lungs),
and many of the recurrences were de-
tected 20–40 y after initial therapy (3).
Most were found by diagnostic whole-
body scanning (DxWBS) performed
48–72 h after the administration of 131I,
the main test then available to identify
metastases; this test is not a sensitive
means of revealing occult tumor foci (4–
6), many, if not all, of which probably
were present at the time of the initial

surgery. Indeed, given recent follow-up
observations with more sensitive tools, it
is highly likely that most of these so-
called recurrences were cases of persis-
tent tumor that had fallen below the de-
tection limits of older surveillance tests,
causing a delay in treatment that was
associated with an increase in cancer-
specific mortality rates (3). Observations
such as these account for the current
recommendation that patients with thy-
roid cancer undergo lifelong follow-up
(5,7). Whether such follow-up will be
necessary in the future, when surveil-
lance paradigms become even more ac-
curate, is uncertain. However, it is im-
portant to settle this question because
there are about 330,000 patients in the
United States (8) and 200,000 patients in
Europe (7) living with thyroid cancer,
and any change in follow-up recommen-
dations likely will affect large numbers
of patients.

On pages 1164–1170 of this issue of
The Journal of Nuclear Medicine,
Kuang (9) reports the results of a lit-
erature review designed to evaluate the
efficacy of empiric 131I treatment of
patients with high serum Tg levels and
negative whole-body 131I scan results.
To place the findings in perspective, it
is useful to review briefly the basis of
the current management of DTC and to
remember the differences between
posttreatment whole-body scanning
(RxWBS) done 5–7 d after the admin-
istration of 100 mCi or more of 131I and
DxWBS—an insensitive test that has
vanished from the follow-up para-
digms now proposed in the United
States and Europe (5,7).

DxWBS
Although 123I has better imaging

characteristics than and may be equiv-
alent or superior to 131I for DxWBS
imaging (10), DxWBS results nonethe-
less often are negative in low-risk pa-
tients who have residual tumor but no

clinical evidence of tumor and who
have low or undetectable baseline se-
rum Tg levels during thyroid-stimulat-
ing hormone (TSH) suppression that
rise with TSH stimulation. The sensi-
tivity of DxWBS for detecting thyroid
cancer recurrence is improved when
the amount of 131I is increased, but this
increase may interfere with the subse-
quent uptake of 131I on RxWBS (11);
this effect, referred to as thyroid stun-
ning, is not always seen (11) but oc-
curs with as little as 3 mCi of 131I and
becomes increasingly greater with
larger amounts of 131I. Studies show
that performing DxWBS during fol-
low-up of low-risk patients usually
fails (�80%) to identify persistent tu-
mor (4,5,7,12–15); many researchers,
including myself, believe that it is not
necessary to perform DxWBS even be-
fore the first postoperative 131I treat-
ment in low-risk patients who have no
clinical evidence of tumor after sur-
gery (3,5,7,11,16).

RxWBS
RxWBS may detect new foci of tu-

mor not seen on DxWBS in up to 50%
of patients (17), with a substantial
number of the newly found lesions be-
ing distant metastases (3,18). RxWBS
is most likely to yield important new
diagnostic information in young pa-
tients with high serum Tg concentra-
tions and negative DxWBS results, es-
pecially if they were treated previously
with 131I (19). Older patients with bulky
tumor visualized on radiographs or CT
or with previous negative RxWBS re-
sults rarely show 131I uptake on subse-
quent RxWBS (19) and should not be
retreated with 131I unless they were not
properly prepared for therapy.

INITIAL THERAPY FOR DTC

Total Thyroidectomy
Long-term retrospective cohort stud-

ies have provided most of the informa-
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tion about the key clinical and patho-
logic features that determine outcome in
patients with DTC (3). Initial debates
that centered on the efficacy of total thy-
roidectomy and 131I remnant ablation fo-
cused mainly on concerns about the
complications of therapy. At present,
American (20,21) and European (22)
surgeons perform total or nearly total
thyroidectomy with few complications
on almost all patients with DTC. There
are several reasons to do this, but the
main ones are to lower recurrence rates
and to set the stage for thyroid 131I rem-
nant ablation.

Remnant Ablation
There are many analogies between

performing routine 131I remnant abla-
tion and empirically treating high se-
rum Tg levels with 131I. Thyroid 131I
remnant ablation, which is done to en-
hance follow-up with Tg and to de-
stroy microscopic residual tumor (23),
can be performed with relatively small
amounts of 131I—in the range of 30–50
mCi (24). It is an integral part of the
initial management of DTC (3,25),
even for young patients with low-risk
tumors, including children (26,27). A
major benefit of remnant ablation is
that RxWBS often reveals metastases
not seen on DxWBS (3).

A recent meta-analysis by Sawka et
al. (28) revealed a trend for a statisti-
cally significant treatment effect of
remnant ablation on local–regional re-
currences and distant metastases but
indicated that the results were incon-
sistent among centers for some out-
comes and that the incremental benefit
of remnant ablation in low-risk patients
treated with bilateral thyroidectomy and
thyroid hormone suppression of TSH
was unclear (28). The authors called for
a randomized trial, but there are almost
insurmountable barriers to performing
such a study (29). Moreover, low-risk
patients are those most likely to benefit
from remnant ablation. Hundahl et al.
(20) found that in almost 54,000 thy-
roid carcinoma patients treated in the
United States between 1985 and 1995,
papillary carcinoma—the tumor with
the lowest 10-y cancer-specific mortal-
ity rate (7%)—accounted for the ma-

jority (�53%) of the deaths, because it
comprised about 80% of all thyroid
carcinomas. About two thirds of the
thyroid cancer deaths occurred in pa-
tients considered to be at low risk by a
classification based on age, metastases,
extension, and size (20,30).

One reason for inconsistent results
of remnant ablation (28) is the short
duration of follow-up in most studies.
After a median follow-up of 16.6 y,
131I remnant ablation was found to re-
duce significantly the rates of local–
regional recurrences, distant metasta-
ses, and cancer-specific mortality (3).
Likewise, Chow et al. (31) found that
131I remnant ablation reduced the rates
of both local–regional failure and dis-
tant metastases, but cause-specific sur-
vival was not affected, probably be-
cause the mean follow-up was only
9.2 y. In another study, Chow et al.
(32) found that 131I remnant ablation
for patients with papillary microcarci-
noma (tumors of �1 cm) significantly
reduced the lymph node recurrence
rate and also found that the presence of
lymph node metastases increased the
rate of distant metastases over 11-fold.
Even Hürthle cell carcinoma, a tumor
that tends to be resistant to 131I therapy,
may respond to 131I remnant ablation
(33). These studies support the notion
that empiric 131I treatment of high se-
rum Tg levels is beneficial, especially
when the tumor burden is minimal, but
the benefit of therapy measured in
terms of a decrease in cause-specific
survival may not be apparent for de-
cades after treatment.

CURRENT FOLLOW-UP
PARADIGMS

Classification of Tumor Status After
Initial Therapy

After total thyroidectomy and 131I
remnant ablation, low-risk patients are
classified as being free of disease when
the following criteria are fulfilled
(5,7): all identifiable tumor has been
resected; there is no clinical evidence
of tumor; postablation RxWBS shows
no uptake outside the thyroid bed; neck
ultrasonography (US) results are neg-
ative; serum anti-Tg antibodies (TgAb)
are undetectable; and Tg is undetect-

able (�1 �g/L) during TSH suppres-
sion and stimulation, achieved either
by administration of recombinant hu-
man TSH (rhTSH) (12) or by with-
drawal of thyroid hormone to raise the
level of TSH (5,7), producing symp-
tomatic hypothyroidism (7,12).

Goal of Follow-up
The main goal of surveillance is to

identify tumor at the earliest possible
stage while concurrently distinguish-
ing patients who are free of disease. It
is important to differentiate the 2
groups because therapy has the great-
est potential to extend survival in the
first group while sparing the others
from unnecessary 131I therapy and thy-
roid hormone suppression of TSH,
with its potential for producing adverse
cardiac events and loss of bone mineral
density.

Surveillance Paradigms
Follow-up has changed substantially

in the past 5 y. Sparked mainly by the
introduction of rhTSH into clinical
practice (12), it is now recognized that
measurement of serum Tg levels dur-
ing thyroid hormone suppression of
TSH often fails to identify persistent
tumor (4,13,15,34). As a result, mea-
surement of TSH-stimulated serum Tg
levels, RxWBS, and neck US now play
central roles in follow-up, whereas
DxWBS, which has a sensitivity as
low as 20% in detecting recurrences, has
become less important (7,13,34–36).
Pacini et al. (37) found that the combi-
nation of measurement of rhTSH-
stimulated serum Tg levels and neck US
has the highest sensitivity (96%) and
negative predictive value (�99%) for
monitoring patients with DTC.

SERUM TG

Measuring Tg Concentrations over
Time

When the TSH level is stable during
thyroid hormone therapy, any change
in serum Tg usually reflects a change
in tumor mass (38), provided that the
measurements are made in the same
laboratory (39). Recurrent DTC thus is
marked by a gradual rise in Tg levels,
a pattern that is more useful and has a
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higher positive predictive value (�80%)
(14) than an isolated Tg measurement
(�50%) (4,13). Still, it is possible to
interpret a very high isolated Tg level
(12,39), which tends to suggest exten-
sive disease that requires aggressive di-
agnostic testing and therapy.

TgAb
TgAb interfere with Tg measure-

ments made by immunometric assay
(IMA) or radioimmunoassay (RIA)
methods (39–41). TgAb currently
compromise the use of serum Tg as a
tumor marker in about 25% of patients
with DTC; this rate is much higher
than the 11% rate of TgAb found in the
general population (39,42). Because
even low TgAb levels have the poten-
tial to interfere with Tg measurements,
all sera should be tested for TgAb by a
sensitive IMA method. The magnitude
and direction of TgAb interference de-
pend on the type of assay used to mea-
sure Tg (41). In the presence of TgAb,
serum Tg levels are consistently unde-
tectable when measured by IMA,
which is the type of assay used by most
commercial laboratories (41). RIA
methods for measuring Tg levels gen-
erally are less prone to TgAb interfer-
ence, but the direction and magnitude
of interference are less predictable and
TgAb may elevate Tg levels (41).
TgAb levels can be used as a surrogate
marker for Tg levels. All major anti-
thyroid antibodies, including TgAb,
may disappear over time; TgAb have
been shown to disappear 2–4 y after
complete ablation of thyroid tissue,
supporting the notion that TgAb pro-
duction depends on persistent tumor
antigen (43).

Serum Heterophile Antibodies
(HAB)

HAB, which are often found in hu-
man sera, can form a bridge between
capture and detection antibodies in
IMA systems, leading to a false eleva-
tion in serum Tg levels. Preissner et al.
(44) found that HAB interference
caused false Tg elevations in up to 3%
of their patients; this finding was seri-
ous because the Tg levels often were in
the range commonly recommended for
empiric 131I therapy (44). HAB inter-

ference should be suspected when Tg
levels do not match the clinical find-
ings, especially when Tg levels fail to
rise and fall with TSH stimulation and
suppression or when Tg levels fail to
follow a straight line with serial dilu-
tion of the serum specimen. The sim-
plest thing to do is to remeasure Tg
levels in another laboratory that takes
explicit steps to block HAB interfer-
ence; this procedure should be carried
out before empiric treatment of a high
serum Tg level if there is any question
about HAB interference (41). HAB in-
terference also can be transient (44);
therefore, falling serum Tg levels after
131I therapy may not necessarily be ev-
idence of successful 131I treatment but
may simply reflect a spontaneous de-
crease in HAB levels rather than a true
decline in Tg levels as a result of treat-
ment. In a study (45) of 131I therapy of
Tg-positive, scan-negative patients, se-
rum Tg levels fell in a historical con-
trol group that had not received 131I
therapy.

IMAGING STUDIES IN PATIENTS
WITH HIGH SERUM TG
CONCENTRATIONS

Although many different types of
imaging studies are available for pa-
tients thought to have a thyroid cancer
recurrence, most are neither cost-effec-
tive nor necessary early in the patient’s
evaluation.

Neck US
For patients with high serum Tg lev-

els, US is the first imaging study per-
formed in my clinic. The central and
lateral cervical compartments often re-
veal small (�1-cm) malignant lymph
nodes, even in patients with undetect-
able serum Tg after TSH stimulation
(46–48). Size alone is not a good cri-
terion for malignancy. The use of a
1-cm cutoff value for differentiating
benign and malignant lymph nodes of-
ten fails to identify smaller malignant
lymph nodes, which are more reliably
recognized by their shape and other
characteristics (49). Neck US com-
bined with measurement of TSH-stim-
ulated serum Tg levels has the highest
diagnostic accuracy for detecting per-

sistent neck tumors. Pacini et al. (37)
found that US and measurement of
rhTSH-stimulated serum Tg levels
used together had the highest sensitiv-
ity (96%) and negative predictive
value (99.5%) compared with mea-
surement of rhTSH-stimulated serum
Tg levels, DxWBS, and US used
alone. Others reported similarly good
results with US, even in children
(47,48). Torlontano et al. (34) found
that neck US identified lymph node
metastases in 67% of patients with
rhTSH-stimulated Tg levels of �5 ng/
mL, in 13% with Tg levels of 1–�5
ng/mL, and in only 3% with Tg levels
of �1 ng/mL.

18F-FDG PET
A variety of imaging studies have

been useful for studying patients with
high serum Tg levels and negative
RxWBS results. TSH-stimulated 18F-
FDG PET/CT fusion seems to have the
highest sensitivity and is the preferred
imaging method, although cost re-
mains high (50). An elevated serum Tg
level (�10 �g/L) with negative
RxWBS results currently is the main
indication for 18F-FDG PET (51–54),
which often identifies tumor that is
amenable to surgery (55,56). For ex-
ample, in 1 study (54), 18F-FDG PET
results were found to be positive in
70% of 27 patients. Of these patients,
14 had tumors in cervical lymph
nodes, 2 had mediastinal lymph node
metastases, 3 had lung metastases, and
2 had bone metastases that resulted in
surgical intervention for 17 of the pa-
tients, 82% of whom achieved a dis-
ease-free status. The sensitivities of
18F-FDG PET for detecting metastases
in 1 study (57) were 11%, 50%, and
93% in patients with Tg levels of �10,
10–20, and �100 ng/mL, respectively.
Sensitivity is enhanced by raising se-
rum TSH levels either by thyroid hor-
mone withdrawal (52) or by rhTSH
administration (58).

18F-FDG PET also provides prog-
nostic information. 18F-FDG-avid met-
astatic DTC lesions are resistant to 131I
treatment (59), a situation that portends a
poor prognosis. Wang et al. (59) found
that the 3-y survival rates were 96% and
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18% for patients with 18F-FDG PET vol-
umes of �125 and �125 mL, respec-
tively. No cancer deaths occurred in 66
patients with 18F-FDG PET–negative re-
sults, including 10 patients who had dis-
tant metastases but who were alive and
well at the end of the follow-up period;
however, almost 70% of 59 patients with
18F-FDG PET–positive results died dur-
ing the same period.

DIFFERENTIAL DIAGNOSIS OF
HIGH TG LEVELS AND NEGATIVE
RXWBS RESULTS

In the past, the most common sce-
nario for high serum Tg levels and
negative imaging study results oc-
curred when DxWBS had been done to
identify a tumor. Now the most com-
mon problem is that the patient has
received empiric 131I therapy for an
elevated serum Tg level and the
RxWBS results are negative.

Before empiric 131I treatment is en-
tertained, certain clinical situations
other than persistent tumor should be
considered; these include false-posi-
tive serum Tg levels from HAB and
thyroid injury caused by 131I therapy or
surgery, which may elevate serum Tg
levels for 4–6 wk (39). When the se-
rum Tg level during TSH suppression
is detectable or rises above a certain
cutoff value with rhTSH stimulation or
thyroid hormone withdrawal and
RxWBS results are negative, the usual
presumption is that the tumor does not
concentrate 131I. However, one must be
certain that there were no technical
problems in the preparation for the ad-
ministration of 131I and that thyroid
stunning did not occur during recent
preceding DxWBS (11). Technical
problems are a common cause of a
false-negative RxWBS, particularly
when physicians are unfamiliar with
the routines used in preparing patients
for 131I treatment. I almost never per-
form DxWBS in this situation to avoid
stunning. Otherwise, the main differ-
ential diagnoses for negative RxWBS
results include the following: a TSH
level that is too low after thyroid hor-
mone withdrawal to stimulate 131I up-
take; an excess iodine pool from radio-
graphic contrast material or drugs or

failure to adhere to a low-iodine diet;
metastases that are too small to visual-
ize on RxWBS (i.e., the Tg level is too
low for treatment); a very short bio-
logic half-life of 131I (retention time) in
the tumor; and reduced or absent sodi-
um–iodine symporter function in the
tumor.

According to a study carried out by
Maxon et al. (60), a short effective
half-life of 131I (which includes both
the biologic turnover of iodine and iso-
tope decay) is the major cause of fail-
ure of 131I therapy. This property may
be a more important cause of negative
RxWBS results than reduced or absent
sodium–iodide symporter function.

EMPIRICALLY TREATING HIGH
SERUM TG LEVELS

The current diagnostic paradigm
used to identify residual tumor during
follow-up is so sensitive that it sets the
stage for one of the more difficult man-
agement problems that clinicians en-
counter during the follow-up of pa-
tients with DTC: unexplained high
serum Tg levels. Unless one opts to
completely forgo 131I therapy until a
randomized prospective trial is done—
the prospect of which is even more
foreboding than a randomized trial of
131I remnant ablation (29)—there are
several important therapeutic questions
that must be answered. Perhaps the
most important are as follows: What
are the frequency and location of tu-
mors treated only on the basis of high
serum Tg levels? Why and how should
patients be treated? What is the evi-
dence that treatment is efficacious?
The answers are elusive and have led
to wide differences in opinion concern-
ing the treatment of this group of pa-
tients (1,13,61).

Frequency and Location of Tumors
In some studies (6,62,63), RxWBS

performed after the administration of
100 mCi of 131I revealed uptake in tu-
mor foci in the neck or at distant sites
in up to 80% of patients with high
serum Tg levels and no other evidence
of tumor, including negative results of
DxWBS with 2–5 mCi of 131I. How-
ever, the frequency of metastases de-

pends on patient selection and the Tg
level used to trigger 131I therapy. An
analysis of 8 studies found that rhTSH-
stimulated Tg levels increased �2
�g/L in 21% of 784 patients who were
found to be clinically free of tumor and
had baseline serum Tg levels of �1
�g/L (5). About one third of those with
Tg levels of �2 �g/L (�7% of 784
patients) had metastases, one third of
which (�2%) were in the lungs; the
other tumors were in the neck and me-
diastinum (5). DxWBS failed to iden-
tify 80% of the tumors.

Evidence of Therapeutic Efficacy of
Empiric 131I Therapy

Kuang (9) summarizes the literature
on this issue and reaches the conclu-
sion that 131I therapy should be indi-
vidualized according to the clinical
characteristics of the patient. For 310
patients reported in the literature who
were empirically treated with 131I,
Kuang found that slightly more than
59% had positive RxWBS results after
131I therapy and that serum Tg levels
decreased in about 72% of the treated
patients. Kuang concluded that empiric
131I therapy may be justified for a Tg
cutoff value of 10 �g/L. These obser-
vations relate more to negative
DxWBS results. Most of the studies
did not have a control arm, and al-
though Tg levels fell, most patients did
not achieve complete remission. When
the RxWBS results were positive, foci
of 131I uptake were found in a variety
of locations, including the thyroid bed,
regional lymph nodes, and distant me-
tastases. These findings make it diffi-
cult to sort out when empiric 131I may
be most efficacious.

There are no prospective controlled
studies to show that cancer-specific
survival is enhanced by empiric 131I
therapy based on high serum Tg levels
alone, without imaging evidence of tu-
mor, compared with waiting until the
tumor becomes evident. Still, several
benchmark studies strongly support the
idea of empirically treating patients
with 131I for high serum Tg levels with-
out imaging evidence of tumor. In
1988, Schlumberger et al. (62) were
the first to report that empiric 131I ther-
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apy was effective in some patients with
DTC. They reported finding lung me-
tastases on whole-body 131I scans as
late as 24 y after initial therapy in 23
patients with normal chest radio-
graphs, almost one half of whom also
had lung micronodules identified by
CT. Lung metastases were docu-
mented by DxWBS with 2 mCi of 131I
in 11 patients and by RxWBS with 100
mCi of 131I in 12 patients. After all of
the patients were treated with 131I, no
uptake was found on the last RxWBS
with 100 mCi of 131I in 20 patients
(87%). The serum Tg levels became
undetectable during thyroid hormone
treatment in 8 patients (35%), and CT
scans showed that the lung micronod-
ules had disappeared in 7 patients
(30%). Lung biopsy specimens did not
show evidence of disease in 2 patients,

and no patient developed radiation
lung fibrosis. In a more recent publica-
tion, Schlumberger (64) reported com-
plete remission and 10-y survival rates,
respectively, of 96% and 100% in 19
patients with tumors found only on
RxWBS, 83% and 91% in 55 patients
with metastases found only on DxWBS,
53% and 63% in 64 patients with mi-
cronodules seen on chest radiographs,
and 14% and 11% in 77 patients with
macronodules seen on chest radiographs.

Bal et al. (65) reported outcomes for
28 children and adolescents with lung
metastases from DTC; these patients
comprised 23% of the children and
adolescents with DTC in their cohort.
Chest radiographs were normal in 21
(75%) of the children with lung metas-
tases, all of which were identified by
whole-body 131I scanning. The metas-

tases were seen in only about half
(54%) of the children on the first post-
surgery 2- to 3-mCi DxWBS, with the
rest being discovered on the first post-
ablation RxWBS (14%), or the second
or third RxWBS study (35%). The
mean � SD first 131I and cumulative
131I doses were 75.4 � 39.5 and 352 �
263 mCi, respectively. Children with
positive initial radiographs required
significantly more 131I for their first
and cumulative 131I therapies and re-
quired more 131I treatments than did
children with negative radiographs.
Micronodular pulmonary metastases
were seen in 5 of 18 children who
underwent CT. After an average of 3.3
131I treatments and a mean � SD du-
ration of 33.2 � 28.5 mo, lung lesions
disappeared and Tg became undetect-
able (�10 ng/mL after thyroid hor-

FIGURE 1. Algorithm for initial follow-up
of patients with differentiated thyroid car-
cinoma, about 1–3 mo after surgical abla-
tion of remnant. See Appendix for foot-
notes.
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mone withdrawal) in 70% (14) of the
patients. Four other children had no ra-
diologic or scintigraphic evidence of
pulmonary metastases after treatment,
but Tg levels were high, and 2 had per-
sistent disease.

Negative Aspects of Empiric 131I
Therapy

Kuang (9) summarizes some of the
important immediate and long-term
complications of 131I therapy that must
be balanced against the potential advan-
tages of 131I treatment. Although long-
term complications, such as leukemia
and bladder cancer, tend to be related to
large cumulative 131I radiation doses
(66), acute complications, especially pa-
rotid gland injury (67), xerostomia, and

injury to lacrimal ducts (68), can occur
with relatively small amounts of 131I,
such as those used for empiric treatment
of high serum Tg levels. On the other
hand, smaller tumors require less 131I to
ablate. The question here is whether one
must visualize tumors to tip the balance
toward treating them with 131I. I believe
that there is enough evidence that wait-
ing to treat tumors may not be in a pa-
tient’s best interests.

MY APPROACH TO TREATING
PATIENTS WITH HIGH SERUM TG
LEVELS AND NEGATIVE IMAGING
STUDIES

The most common scenario for re-
ferral to my clinic is an rhTSH-stimu-

lated Tg level of �2 �g/L with nega-
tive findings for tumor. For such
patients, I first perform a US examina-
tion of the neck, where about two
thirds of tumors causing the problem
reside. If the neck US examination is
positive, a lymph node sample is ob-
tained by fine-needle aspiration biopsy
for cytologic evaluation, and the nee-
dle washing is analyzed for Tg levels
(69). If either is diagnostic, surgery
and 131I therapy are considered. If the
US examination is negative and the Tg
levels are high enough, I consider 131I
therapy if the evidence for the lack of
131I uptake is based on negative
DxWBS results or if there is uncer-
tainty that the negative RxWBS results

FIGURE 2. Algorithm for follow-up at
6–12 mo after surgical ablation of remnant.
See Appendix for footnotes.
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were the result of the patient not hav-
ing been prepared properly for 131I
therapy or having been contaminated
with iodine.

The exact Tg level that should
prompt empiric 131I treatment remains
a matter of debate, but the higher the
Tg level is at the time of treatment, the
more likely that RxWBS will show 131I
uptake (3). Rising Tg levels—a rea-
sonable guideline is a doubling of Tg
levels over 12 mo—is a considerably
more reliable indicator of tumor than is
a single Tg measurement. I usually ad-
vise 131I therapy when the Tg levels are
rising and reach 5 �g/L after rhTSH
stimulation or 10 �g/L after thyroid
hormone withdrawal, or one can sim-
ply repeat the rhTSH testing annu-

ally—most patients in my clinic refuse
annual thyroid hormone withdrawal—
until the serum Tg reaches a level that
the physician and patient feel comfort-
able treating. Although a Tg level of 2
�g/L was established as the best cutoff
value for detecting metastases in a
large multicenter study with rhTSH
(12) and was verified by a subsequent
study (5) with rhTSH, there is enough
variation in Tg testing that the cutoff
value should be established for each
clinic. Empiric 131I therapy with 100
mCi should be considered especially
for young adults and children who
have had previous therapy for metas-
tases that concentrate 131I. For chil-
dren, 131I activity should be adjusted to
give the equivalent of about 100–150

mCi according to body size (square
meters) (70). Children and young
adults have the highest potential for
having diffuse lung metastases seen
only on RxWBS; such metastases
show the best response to 131I.

If a patient opts for 131I therapy, I
measure 24-h urine iodine levels, give
instructions to the patient regarding a
2-wk low-iodine diet, prepare the pa-
tient with lithium for 1 wk to enhance
131I retention (71), and use rhTSH to
stimulate the uptake of 100 mCi of 131I.
Thyroid hormone is stopped for 4 d
before and 1 d after 131I treatment (72)
to shrink the total-body iodine pool. If
there is any question about HAB be-
fore therapy, I measure Tg levels in a
laboratory that explicitly checks for the

FIGURE 3. Algorithm for follow-up at 12
mo or more after surgical ablation of rem-
nant, when empiric 131I therapy is being
considered. See Appendix for footnotes.
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presence of these antibodies. If
RxWBS results are negative after the
administration of 100 mCi of 131I in a
patient prepared in this way, no further
131I is administered, and rhTSH-stimu-
lated 18F-FDG PET/CT is performed to
identify non-131I-avid tumor and to
provide an estimate of prognosis.

If a patient’s status is uncertain after
the initial evaluation, careful observa-
tion over time with neck US and mea-
surement of TSH-stimulated serum Tg
levels is a good strategy because high
serum Tg levels may decline spontane-
ously over several years after initial
131I ablation therapy or may rise to
prompt empiric 131I therapy. If they
remain high but stable over time, HAB
interference should be excluded.

There is no doubt that this paradigm
(summarized in Figs. 1–3) will change
as more is learned about how to treat
these patients, but a therapeutic ap-
proach with 131I seems reasonable for
some patients on the basis of present
knowledge of therapy for DTC. The
notion of treating patients with high
serum Tg levels but negative whole-
body 131I scan results probably is out-
moded, because in most studies such
treatment has been used for patients
with negative DxWBS results, which
are now known often to be negative in
the presence of tumor. The current
most common problem is a negative
RxWBS with high serum Tg levels,
about which the above discussion ap-
plies. It is better to consider these find-
ings simply to be the natural early ex-
pression of persistent tumor observed
during the early follow-up of patients
with DTC measured in terms of serum
Tg levels.

Ernest L. Mazzaferri, MD
University of Florida
Gainesville, Florida

APPENDIX

Footnotes to Figures
aNeck US is usually not performed

until 6–8 wk after surgery.
bVascular invasion; thyroid capsular

invasion; and tall cell, columnar cell,
diffuse sclerosing, insular variant, in-

vasive follicular, or Hürthle cell carci-
noma.

cSerum Tg is falsely elevated for
4–6 wk by injury from surgery.

dDxWBS is not necessary (73,74).
erhTSH is not approved by the U.S.

Food and Drug Administration for pre-
paring patients for remnant ablation
but was approved for this indication in
2005 in Europe and is administered as
follows: 0.9 mg rhTSH intramuscu-
larly on 2 consecutive days, followed
by 131I therapy on the third day and
RxWBS 4–7 d after 131I administra-
tion.

fThyroid hormone withdrawal.
gRxWBS is done 5–7 d after thera-

peutic 131I administration.
hTg is usually measured by IMA

(see text).
iTg RIA undergoes less interference

than does Tg measured by IMA.
jDo not stimulate with TSH, because

after TSH stimulation with rhTSH or
THW, the results for Tg are invali-
dated by TgAb in the serum even when
Tg is measured by RIA (see text).

kSee text for levels of Tg at which
therapy should be considered; for fine-
needle–positive identification of large
(�1-cm) or multiple tumors, modified
neck dissection is usually advised for
lateral neck compartments, or com-
plete compartment dissection for cen-
tral compartment.

lRemeasure Tg in another laboratory
or a laboratory that explicitly checks
for heterophile antibodies.

mFor fine-needle–positive identifica-
tion of large (�1-cm) or multiple tu-
mors, modified neck dissection is
usually advised for lateral neck com-
partments, or complete compartment
dissection for central compartment.

nThis is especially important if PET
scan shows extensive uptake of 18F-
FDG. Exceptions occur if patient had
inadequate preparation before previous
RxWBS with negative findings.

oA target of 100 �g/24 h is accept-
able; the ideal target is 50 �g/24 h after
a 2-wk low-iodine diet.

pKoong et al. (71).
qRxWBS should first be done at 2–5

d after 131I if rhTSH is used for prep-

aration and can be repeated in 24 h if
uptake is too intense.

rMeasurement of TSH levels after
rhTSH administration is not necessary.
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