








withdrawal scan, whereas 14%
had superior withdrawal scans.

The question of why the with­
drawal scans were superior in a
significant minority of the patients
naturally arises. There were no dif­
ferences between concordant- and
discordant-scan patients in their
age, gender, weight, tumor type
or stage, previous radioiodine ther­
apy, time since surgery or last
radioiodine treatment, activity of
1311 administered, serum TSH con­
centrations achieved, or urinary
iodine excretion. The confidence
with which multivariate analysis
excluded some of these factors, how­
ever, was relatively low. One possi­
ble explanation was the briefer
duration ofTSH stimulation after
rTSH, which was estimated to
maintain the serum TSH concentra­
tion at greater than 20 mUlL for
only 4 to 5 days-a considerably
shorter period than the duration of
TSH stimulation occurring during
hormone withdrawal. Another
possible explanation is that, as

shown by the fractional uptake
measurements, radioiodine
concentration and retention by
cervical thyroid tissue was lower
during the rTSH phase than during
the withdrawal phase of the trial.34

Mean thyroid-bed activity after
rTSH was only 75% of that after
withdrawal by thyroid-probe analy­
sis (47 patients) and only 60% as
high by region-of-interest analysis
with a digital gamma camera
(30 patients). This lesser radio­
iodine activity after rTSH was
due to more rapid clearance of
the administered 1311 when the
patients were euthyroid. As a conse­
quence of the diminished cardiac
output and renal plasma flow in
the hypothyroid state following
withdrawal of thyroid hormone,
iodine clearance is diminished. In
effect, the specific activity of avail­
able radioiodine is lower in the
euthyroid state during which
rTSH was given than it was in
the hypothyroid state after thyroid
hormone was withdrawn.

There were, of course, more
symptoms and signs of hypothy­
roidism after thyroid hormone
withdrawal than after rTSH
administration. Weight gain,
constipation, cold intolerance, slow
movement, paresthesias, deafness,
hoarseness, dry skin, and puffiness
all occurred much more commonly
after withdrawal. Furthermore, all
6 elements of the Profile of Mood
States short-form evaluation indi­
cated significantly more mood dys­
phoria after withdrawal of thyroid
hormone than after rTSH adminis­
tration, with patients experiencing
more fatigue, depression, anger,
tenseness, and confusion. Nausea
was the only adverse event com­
monly associated with rTSH, occur­
ring in 16% of patients, but this
was generally mild and short-lived.
In no patient in this or other rTSH
trials have anti-TSH antibodies
been detected, despite the fact that
several patients have received mul­
tiple rTSH doses over a period of
several years.
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'''Gold Standard" based on positive withdrawal scan orTg > 2 ng/dL.
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Metastases

withdrawal scan and/or thyroglob­
ulin testing to have residual
thyroid tissue or cancer, only
43% had a serum thyroglobulin
level greater than 2 nglmL when
tested on TSH-suppressive thyroid
hormone therapy. Even among
patients with metastatic disease,
TSH-suppressed thyroglobulin val­
ues were falsely negative in 23%.
In contrast, among all patients
in whom there was ultimately
withdrawal-testing evidence of
residual thyroid cancer or normal
tissue, 74% of patients had rTSH­
stimulated thyroglobulin values
above 2 ng/mL. Furthermore,
among patients later shown to
have metastatic disease on with­
drawal testing, 100% had positive
rTSH-stimulated test findings.
Therefore, this study confirmed
the complementary sensitivities of
1311 scans and serum thyroglobulin
assays, especially in the detection
of patients with minimal thyroid­
bed uptake. Finally, we observed
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Comparison of the sensitivities of serum thyroglobulin (Tg) measurement while on
thyroid hormone-suppressive therapy, rTSH-stimulated thyroglobulin, and
rTSH-stimulated thyroglobulin and 1311 scanning in detection of patients who sub­
sequently had a positive thyroglobulin and/or 1311 scan finding after withdrawal of
thyroid hormone therapy. Data from Haugen BR et al.l5

The results ofrTSH and with­
drawal radioiodine scanning for
all patients, those with positive
scans, and those with findings
indicating metastatic disease are
summarized in Table 2. Unlike
the first phase 3 study, there was
no significant difference between
the number of superior rTSH
versus withdrawal scans in any
subset of the patients. Further­
more, there was no difference in
the rTSH scans performed with
the 2-dose versus the 3-dose regi­
men. Among the 108 patients with
positive scans, 93% had an rTSH
scan that was equivalent or supe­
rior to the scan after thyroid hor­
mone withdrawal.

This trial underlined the limita­
tion of measuring solely thyroglob­
ulin in patients who are in the
TSH-suppressed state, as well as
the enhanced sensitivity of measur­
ing TSH-stimulated thyroglobulin
levels (Figure 4). Among study
patients subsequently found by

The second phase 3 clini­
cal trial. 15 Based on experience
in the first clinical trial, a larger
phase 3 study was designed
to address 2 questions. First,
would a longer period of rTSH
stimulation yield more sensitive
1311 whole-body scans in compar­
ison with the original 2-dose
2-clay regimen and with with­
drawal of thyroid hormone? Sec­
ond, would the combination
of serum thyroglobulin measure­
ment and 1311 scanning after
rTSH stimulation improve the
relative sensitivities of rTSH
versus withdrawal testing? In
this study, 220 patients were
randomized to receive rTSH as
either the 2-dose 2-day or 3-dose
every-3-day regimen. The latter
dosing schedule was chosen
to maintain the serum TSH con­
centration above 25 mUlL for
approximately 10 days. In addi­
tion, all patients had a serum
thyroglobulin concentration
measured while on thyroid hor­
mone-suppression therapy; 24,
48, and 72 hours after recombi­
nant TSH; and after withdrawal
of thyroid hormone therapy. All
sera were screened for interfer­
ing antithyroglobulin antibodies,
which were present in approxi­
mately 20% of patients. In addi­
tion, to avoid "count poor" scans,
such as those encountered in the
first phase 3 trial, patients
received 4 mCi 1311 and were
imaged for 20 minutes or until
140,000 counts were obtained.
Finally, the classification scheme
defining the concordance of scans
was revised to distinguish only
clinically important differences
in scan findings.

Among the 220 study patients,
58% had a positive radioiodine
scan by one or both techniques.
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that serum thyroglobulin measure­
ments obtained 2 or 3 days after
rTSH administration were more
sensitive than those obtained the
day after rTSH.

Practical Implementation
of rTSH Testing

Candidates for rTSH testing
(Table 3). rTSH-stimulated test­
ing is an option for patients who
have had all normal thyroid tis­
sue ablated by total or near-total
thyroidectomy followed by
radioiodine ablation or by a
radioiodine scan confirming com­
plete excision of thyroid tissue.
Patients who have residual nor­
mal thyroid tissue will obviously
have a positive 1311 scan and, in
most cases, a detectable serum
thyroglobulin concentration. Con­
sequently in such patients, posi­
tive scan and/or thyroglobulin
findings do not distinguish nor­
mal thyroid tissue from cancer
unless there is a nonphysiologic
focus of activity outside of the

thyroid bed. rTSH is also not gen­
erally appropriate for patients
already known to have residual
thyroid cancer on the basis of
other clinical, thyroglobulin,
radioiodine-scan, biopsy, or
anatomic-imaging findings. Par­
ticularly if subsequent radioiodine
therapy is likely, withdrawal of
thyroid hormone therapy is the
preferred approach in most of
these circumstances.

In the course of patients' post­
operative follow-up, several factors
should be considered to decide
when it is appropriate to begin
employing rTSH rather than
thyroid hormone withdrawal test­
ing. First, there should be a rea­
sonable expectation that all
normal thyroid tissue has been
ablated. Second, the patient's ini­
tial tumor stage and risk of recur­
rent disease should be considered.
In a patient with low risk of tumor
recurrence (eg, age less than
40 years; a small, encapsulated,
and well-differentiated tumor; and
no earlier evidence of local or

distant spread), it may be reason­
able to employ rTSH-stimulated
testing 6 to 12 months after post­
operative 1311 ablation for the first
cycle of subsequent scanning and
thyroglobulin measurement. In a
patient with moderate to high risk
of having residual thyroid cancer
(eg, an older patient with a tumor
that was greater than 4 cm, locally
invasive, incompletely resected, or
with an aggressive histology, such
as the insular or columnar vari­
ants), it is prudent to obtain at
least 1 negative 1311 scan and
serum thyroglobulin test results
after thyroid hormone withdrawal
before employing rTSH-stimulated
testing for long-term follow-up.
This is recommended because of
the possibly greater sensitivity of
131I whole-body scans after with­
drawal and because rTSH is not
currently FDA-approved for the
1311 therapy that is often subse­
quently indicated for these patients.
Even in low-risk patients, the
presence of circulating antithy­
roglobulin antibodies would favor
at least 1 cycle of negative with­
drawal scanning since the added
sensitivity of rTSH-stimulated
thyroglobulin measurement can­
not be relied upon.

Before being committed to
rTSH-stimulated testing, patients
must be evaluated clinically
(Table 1) and with serum thy­
roglobulin measurement. In
our center, all patients must have
been seen and had a serum thy­
roglobulin measure within
6 months prior to testing. Clinical
findings suggesting recurrent dis­
ease or an elevated serum thy­
roglobulin concentration while on
thyroid hormone-suppression
therapy usually requires a differ­
ent approach, for example, cervical
sonography or biopsy. When the
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A. Annual tumor recurrence rate in patients with well-differentiated thyroid
cancer over 40 years after primary surgery. Data from Mazzaferri EL, Jhiang SM.!
B. Estimated cumulative incidences of false-positive (---) and true-positive (-)
TSH-stimulated test findings in hypothetical patients with thyroid cancer tested
every year for 10 years.
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roglobulin measurement without
radioiodine scanning may be ade­
quate for some patients in some
cycles of testing remains an unan­
swered question.

Schedule for rTSH testing.
Since the 2-dose 2-day rTSH
regimen is as effective as and more
convenient than the 3-dose regi­
men, it should be employed to facil­
itate diagnostic testing. The only
schedule currently validated for
radioiodine scanning requires
administration of 1311 24 hours
after the last rTSH dose and imag­
ing 48 hours later. In most set­
tings, this requires a Monday­
through-Friday schedule with
rTSH administration on Monday
and Tuesday, 1311 dosing on
Wednesday, and whole-body imag­
ing and blood sampling for thy­
roglobulin measurement on
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• Figure 5

treatment. Thus, frequent and
repeated testing of patients at
low risk of disease soon yields
many more false-positive than
true-positive findings (Figure 5B).
This can obviously engender new
forms of morbidity and cost
related to patient anxiety and
the need for further testing.

In the absence ofhard data,
it seems reasonable in low-risk
patients to recommend 2 cycles
ofrTSH-stimulated testing 1 to
2 years apart, followed by testing
every 3 to 5 years. For moderate-
to high-risk patients who have
undergone 1 set of negative with­
drawal testing, 2 cycles of rTSH­
stimulated testing at 6- to 12-month
intervals, followed by testing every
1 to 3 years for at least the first
decade offollow-up, is appropriate.
Whether rTSH-stimulated thy-

preliminary clinical assessment
and TSH-suppressed thyroglobulin
concentration are both reassuring,
consideration can be given to peri­
odic TSH-stimulated testing in
appropriate patients.

Optimal frequency of rTSH
testing. The frequency with
which any diagnostic test should
be used depends on its accuracy
and the patient's pretest probabil­
ity of having detectable disease,
that is, a true-positive test result.
Before rTSH became available,
clinicians were restrained in their
TSH-stimulated monitoring of
thyroid cancer patients by the
morbidity of hypothyroidism.
Simply because rTSH testing is
relatively side effect free, how­
ever, is not sufficient reason to
test too frequently. There can be
false-positive 1311 scans as the
result of skin contamination with
radioactive urine or saliva, inci­
dental pulmonary disease, and
unusual patterns of pharyngeal,
esophageal, breast, mediastinal
blood pool, gastrointestinal, or
urinary tract radioactivity. There
are also occasional unexpectedly
positive serum thyroglobulin con­
centrations, which are not then
corroborated by imaging findings
or even repeat thyroglobulin mea­
surements. The frequency with
which such false-positive tests
occur is not well defined. Hypo­
thetically, it seems reasonable
to assume that 1% of TSH­
stimulated testing cycles­
whether performed with rTSH or
hormone withdrawal-may yield
a false-positive test result. When
published cumulative recurrence
datal are converted to an annual
rate of recurrence (Figure 5A), it
is obvious that the annual recur­
rence rate is only 0.25% to 0.5%
5 years or more after primary
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Friday. Other schedules for 1311
administration and/or imaging
may prove equivalent or superior
in the future, as may 1231 imaging,
but the accuracy of these alterna­
tives has not yet been established.
It is advisable to obtain a serum
TSH concentration 24 hours after
the first or second rTSH dose
to document that subsequent
results reflect testing in the TSH­
stimulated state. Mter rTSH has
been administered, it is obviously
not possible to assess the adequacy
of thyroid hormone therapy for
TSH suppression. Therefore, a
blood sample for this purpose
should be obtained before adminis­
tration of the first rTSH dose.

rTSH-stimulated thyroglobu­
lin testing alone. It has been con­
jectured that rTSH-stimulated
serum thyroglobulin testing without
an accompanying 1311 scan may be
a reasonable alternative approach
in some patients. In the second
phase 3 trial, rTSH-stimulated
serum thyroglobulin measurement
alone was as sensitive as combined
thyroglobulin and scan testing in
detection of metastatic disease
(Figure 4). Thyroglobulin-only test­
ing would obviously be more conve­
nient and less costly. However, there
are also reasons for clinicians to
remain cautious about this alterna­
tive. First, it is obviously inappropri­
ate for any patient with interfering
antithyroglobulin antibodies, a fact
that must be excluded in advance on
each occasion. Furthermore, in the
second phase 3 trial, thyroglobulin­
only testing detected only half of
patients with residual uptake lim­
ited to the thyroid bed. Conse­
quently, our center currently
employs thyroglobulin-only testing
solely in carefully selected patients:
those at low risk of disease recur­
rence with at least 1 previous

negative 1311 scan and those for
whom some other special circum­
stance (eg, logistical difficulties, pre­
vious adverse effect of radioiodine,
strong aversion to radioiodine
administration) would otherwise
prevent rTSH-stimulated testing.
With further clinical investigation,
it is likely that thyroglobulin-only
testing will prove to be an accept­
able alternative for a larger group
of patients in the future.

Other Potential Uses for
rTSH

There are several circumstances
in which clinicians may want to
consider rTSH as an innovative
approach to prepare patients for
1311 therapy, although this applica­
tion has not been approved by the
Food and Drug Administration
(Table 3). The first group of candi­
dates includes patients in whom
prolonged TSH stimulation might
provoke growth of tumor in a criti­
cal location, usually in or around
the central nervous system. It is
important to be aware, however,
that even short-term rTSH stimu­
lation has been associated with
acute hemorrhage into a brain
metastasis from thyroid cancer.35

Consequently, some experts recom­
mend glucocorticoid coverage
during rTSH administration to
such patients. The second group
of patients for whom rTSH­
stimulated therapy may be appro­
priate is those who have previously
suffered a serious medical or psy­
chiatric complication of hypothy­
roidism during thyroid hormone
withdrawal, such as heart failure
or psychotic depression, respec­
tively. Finally, patients in whom
it is not possible to produce an
endogenous TSH rise may require

rTSH preparation for therapy. This
can include patients with coexist­
ing hypopituitarism,19,36 patients
with widespread functioning
metastases, and some elderly
patients. The optimal protocol for
rTSH-stimulated radioiodine ther­
apy has not been rigorously deter­
mined. In some centers, 2 doses of
rTSH are given 24 hours apart fol­
lowed by the therapeutic 1311 dose
8 to 24 hours later. A posttreat­
ment scan is obviously essential to
ascertain the therapeutic efficacy
ofrTSH-stimulated therapy.

Whether rTSH will be effective
in other settings is currently
unclear. It may be possible to
ablate small thyroid-bed remnants
effectively with rTSH in the early
postoperative period, but this has
not yet been established. Some
have suggested that rTSH might
increase the efficacy of radioiodine
treatment for nontoxic nodular goi­
ter and certain forms ofthyrotoxi­
cosis with a low radioactive-iodine
uptake, for instance, amiodarone­
induced hyperthyroidism. It must
be remembered, however, that
rTSH will predictably stimulate
thyroid function,37 causing or exac­
erbating thyrotoxicosis. The very
patients with these conditions in
whom one might want to avoid
surgery-for example, the elderly
and those with intrinsic heart dis­
ease-could prove to be the most
vulnerable to transient rTSH­
induced hyperthyroidism.

Conclusion

For patients with treated thyroid
cancer, who remain at risk of
recurrent disease for decades,
rTSH-stimulated monitoring with
radioiodine scanning and serum
thyroglobulin measurement

9
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represents a valuable new manage­
ment option.38 To use rTSH effec­
tively, clinicians must carefully
select the patients for whom it is
appropriate and adopt new proto­
cols that optimize the accuracy of
this new diagnostic technique.
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