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ABSTRACT

Recombinant human TSH has been developed to facilitate monitoring
for thyroid carcinoma recurrence or persistence without the attendant
morbidity of hypothyroidism seen after thyroid hormone withdrawal.
The objectives of this study were to compare the effect of administered
recombinant human TSH with thyroid hormone withdrawal on the re-
sults of radioiodine whole body scanning (WBS) and serum thyroglobulin
(Tg) levels. Two hundred and twenty-nine adult patients with differen-
tiated thyroid cancer requiring radioiodine WBS were studied. Radio-
iodine WBS and serum Tg measurements were performed after admin-
istration of recombinant human TSH and again after thyroid hormone
withdrawal in each patient. Radioiodine whole body scans were concor-
dant between the recombinant TSH-stimulated and thyroid hormone
withdrawal phases in 195 of 220 (89%) patients. Of the discordant scans,
8 (4%) had superior scans after recombinant human TSH administra-

tion, and 17 (8%) had superior scans after thyroid hormone withdrawal
(P =0.108). Based on a serum Tg level of 2 ng/mL or more, thyroid tissue
or cancer was detected during thyroid hormone therapy in 22%, after
recombinant human TSH stimulation in 52%, and after thyroid hormone
withdrawal in 56% of patients with disease or tissue limited to the
thyroid bed and in 80%, 100%, and 100% of patients, respectively, with
metastatic disease. A combination of radioiodine WBS and serum Tg
after recombinant human TSH stimulation detected thyroid tissue or
cancer in 93% of patients with disease or tissue limited to the thyroid bed
and 100% of patients with metastatic disease. In conclusion, recombi-
nant human TSH administration is a safe and effective means of stim-
ulating radioiodine uptake and serum Tg levels in patients undergoing
evaluation for thyroid cancer persistence and recurrence. (J Clin En-
docrinol Metab 84: 3877-3885, 1999)
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APPROXIMATELY 17,000 cases of thyroid carcinoma are
diagnosed in the U.S. each year, and a majority of
these are papillary and follicular carcinomas (1). Although
most recurrences occur within the first 10 yr, life-long mon-
itoring is required because cancer recurrence may occur
many decades after initial diagnosis and treatment (2—4). The
most sensitive indicators of thyroid cancer recurrence are
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radioiodine whole body scanning (WBS) and serum thyro-
globulin (Tg) measurement, particularly when used in com-
bination. Furthermore, Tg levels after withdrawal of thyroid
hormone accurately predict the results of radioiodine scan-
ning (5). Periodic withdrawal of thyroid hormone therapy is
required to raise endogenous serum TSH levels for radioio-
dine scanning and enhance serum Tg sensitivity, but causes
a wide range of hypothyroid symptoms and signs, and oc-
casional tumor growth (6).

Recombinant human TSH (rhTSH) has been developed to
facilitate monitoring for persistent or recurrent thyroid can-
cer without the attendant morbidity of hypothyroidism (7-
9). Recent studies have shown that patients given rhTSH
avoid the hypothyroid symptoms and signs seen with with-
drawal of L-T, therapy (10, 11). These studies also demon-
strated that rhTSH stimulates radioiodine uptake in thyroid
remnant tissue and metastatic disease. However, in the most
recent study, radioiodine WBS after conventional thyroid
hormone withdrawal generated superior scans compared
with rhTSH scans in 29% of patients with positive scans (11).
The superior scans observed with conventional L-T, with-
drawal were thought to be due in part to lower whole body
radioiodine retention and shorter length of TSH elevation
observed during rhTSH administration while patients were
taking 1-T,. The current study was designed to compare the
effects of two different dosing regimens of rhTSH with con-
ventional (levothyroxine) L-T, withdrawal on radioiodine
WBS. In addition, the likelihood of scans with suboptimal
counts for adequate imaging was minimized by requiring
uniform dosing of radioiodine and the acquisition of a min-
imum number of counts for scanning. Finally, serum Tg
measurements after thTSH stimulation were evaluated for
disease detection when used alone and in combination with
WBS.

Subjects and Methods
Study patients

Two hundred and twenty-nine adult patients with differentiated
thyroid cancer requiring radioiodine WBS received rhTSH, and 226
patients completed the study. Written informed consent was obtained
from each patient, and the protocol was approved by the institutional
review board at each site. All but 1 patient had undergone a total or
near-total thyroidectomy, and 83% had received prior radioiodine ther-
apy. Patients who had received previous radioiodine therapy were en-
rolled at least 4 months after the last treatment. Within 7 days of entry
into the study, a serum TSH level of 0.5 mU/L or less during thyroid
hormone therapy (THT) was confirmed in each patient. None of the
patients had a concurrent major medical disorder or received radio-
graphic contrast agents that could interfere with radioiodine uptake. The
use of a low iodine diet was specifically recommended, and a majority
of investigators followed a low iodine protocol. Patients received the
same diet instructions for both scans.

rhTSH

rhTSH (Thyrogen, Genzyme Corp., Cambridge, MA) was produced
as previously described (7, 12). The biological potency was 4 IU/mg
protein (Second WHO International Reference Preparation of human
TSH for Bioassay 84/703).

Study design (Fig. 1)

To evaluate dosing regimens of rhTSH, patients were randomized
into two study arms (Fig. 1). Patients in arm I received 0.9 mg rhTSH,

HAUGEN ET AL.

JCE & M » 1999
Vol 84 « No 11

im, every 24 h for two doses (Fig. 1A). Twenty-four hours after the
second dose of thTSH, 4 * 0.4 mCi (148 * 14.8 megabecquerels) ra-
dioiodine were administered orally, and a whole body scan was ob-
tained 48 h later. Whole body images were acquired with a y-camera
after scanning for a minimum of 30 min or a minimum of 140,000 counts.
Single (spot) images of body regions were acquired after scanning a
minimum of 10-15 min or after obtaining 60,000 counts for a large field
of view camera or 35,000 counts for a small field of view camera. These
specified conditions were required to account for the differences in
iodine retention between the euthyroid (rhTSH) and hypothyroid (with-
drawal) phases of the study (10). At least 2 weeks after the second dose
of thTSH, patients were withdrawn from THT and followed until ad-
equate hypothyroidism (TSH, =25 mU/L) was achieved. A repeat dos-
age of 4 = 0.4 mCi radioiodine was administered, and WBS was again
performed 48 h later. Patients in arm II of the study received 0.9 mg
rhTSH IM every 72 h for three doses (Fig. 1B). Twenty-four hours after
the third dose of rhTSH, 4 *= 0.4 mCi radioiodine were administered
orally, followed by a whole body scan 48 h later. At least 2 weeks after
the third dose of thTSH, patients were withdrawn from THT, and a
repeat radioiodine WBS was performed in the same manner as in arm I.

Interpretation of radiotodine scans

Whole body **'I scans were independently evaluated by three re-
viewers who were unaware of the order of the scans. Scans were eval-
uated for technical quality (acceptable, suboptimal, or inadequate) and
were classified according to site of uptake and number of lesions (Table
1). The suboptimal or inadequate scans were further classified as poor
scan quality, count poor scans, blurred images, missing or unlabeled
markers, or other to better define why these scans were not acceptable.
The scan classification used for all analyses was the consensus of at least
two of the three independent reviewers. Sixty-five percent of scans were
given the same classification by all three reviewers, and 31% of scans
were given the same classification by two of the three reviewers. Four
percent of scans were given different classifications by all three review-
ers. If the classification (e.g. 1, 2, or 3) or subclassification (e.g. 2A or 2B)
assigned to each scan for a patient was equivalent, the scans were
considered concordant. Scans were considered discordant if one scan
was given a higher classification or subclassification, and the higher
rated scan was considered superior. Furthermore, for concordant scans,
the reviewers were also asked if a difference in the number and distri-
bution of lesions between these concordant scans could potentially
change the clinical management of the patient. Scans were performed
with and without labeled markers (chin, thyroid cartilage, sternal notch,
xiphoid process, and iliac crest).

Serum measurements

Baseline serum Tg was measured during THT (TSH, =0.5 mU/L).
Serum was obtained on the final day of rhTSH administration in each
arm, as well as 24 h, 48 h, 72 h, and 7 days after the final dose of rhTSH
(Fig. 1). During the withdrawal phase, serum was obtained on the day
of radioiodine administration. All serum Tg assays were performed in
duplicate at one institution (University of Southern California, Endo-
crine Services, Los Angeles, CA) using a RIA employing CRM-457 stan-
dardization. The RIA had an analytical sensitivity of 0.2 ng/mL, a
functional sensitivity of 0.5 ng/mL, and a reference range for euthyroid
subjects of 3-40 ng/mL (13). All samples collected from an individual
patient were tested in a single assay run. The basal serum specimen for
each patient was screened for the presence of Tg antibodies using a
quantitative RIA method with a detection limit of 1.0 IU/mL which was
calibrated against the WHO First International Reference Preparation
65/93 (Kronus, San Clemente, CA). Measurements for rhTSH antibodies
were performed in each patient at baseline and during the hypothyroid
phase before the administration of radioiodine. Samples were analyzed
by a validated enzyme-linked immunoassay. Abnormal results were
confirmed for antibodies by Western blot analysis.

Hypothyroid symptoms and quality of life measurements

Hypothyroid symptoms and signs were assessed in each patient by
the Billewicz scale (14), which is an observer-rated evaluation for 14
symptoms and signs of hypothyroidism. The SF-36 quality of life in-
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TABLE 1. Classification of radioiodine scans

Class 0 No uptake
Class 1 Thyroid bed uptake
Class 2 Uptake limited to neck (outside thyroid bed)
A Solitary focus
B Multiple foci
Class 3 Uptake in chest
A Mediastinum
B Nodular lung uptake
C Diffuse lung uptake
D Combination of A, B and/or C
Class 4 Uptake outside neck and chest
A Solitary skeletal focus
B Multiple skeletal foci
C Liver uptake
D Brain uptake
E Combination of above

strument is a validated self-administered scale (15). The Billewicz scale
and SF-36 instrument were tested in each patient at three points in the
study: at baseline on THT, after administration of thTSH, and after
withdrawal of thyroid hormone therapy on the day of radioiodine
administration.

Statistical analysis

All statistical tests were two sided, and the significance level («) used was
0.050. Comparisons between the thTSH- and withdrawal-mediated scan-

(24 hr) (48 hr) (72hr) (7 day)

ning techniques were made using the sign test and the continuously ad-
justed 95% confidence interval. Treatment arm comparisons were made
using the Fisher’s exact test. Comparisons of serum Tg levels between
groups (THT and rhTSH) were performed using the Wilcoxon signed rank
test. Comparisons of hypothyroid symptoms and signs on the Billewicz
scale and the SF-36 quality of life measures between treatment groups were
made using the Wilcoxon signed rank test within each arm.

Results
Study patients

The characteristics of the 229 patients who received rhTSH
are shown in Table 2. With the exception of a difference in
mean ages (44 vs. 50 yr, between arms I and II, respectively;
P = 0.020), there were no significant differences between
patients receiving the two-dose and three-dose regimens.
Disease staging at initial therapy is also shown in Table 2,
which is different from radioiodine scan classification at the
time of the study (Table 1).

Serum TSH concentrations

Baseline serum TSH concentrations during THT were
0.08 = 0.17 and 0.10 * 0.13 mU/L in patients in arms I and
II, respectively. Maximal serum TSH concentrations were
observed 24 h after the final dose of rhTSH in both arm I
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(124 £ 59 mU/L) and arm II (102 = 44 mU/L). By compar-
ison, mean serum TSH levels during the withdrawal phase
were 71 * 40 and 69 * 38 mU/L at the time of radioiodine
administration in arms I and II, respectively. Patients in the
rhTSH phase of arm I had elevated serum TSH levels (=25
mU/L) for approximately 4 days, whereas patients in arm II
had elevated levels for approximately 9 days.

TABLE 2. Demographics of patients entered into the two study
arms

No. of patients (%)

Patients Arm [ Arm II
(n = 117) (n = 112)
Female 74 (63) 74 (66)
Mean age (yr + SD)* 44 + 15 50 = 16
Cancer histology
Papillary 78 (67) 64 (57)
Follicular variant of papillary 19 (16) 21 (19)
Follicular 17 (14) 22 (20)
Hurthle 3(3) 5(5)
Metastatic disease (outside thyroid bed) 19 (16) 30 (27)
Neck 5 (4) 6 (5)
Thoracic 3(3) 10 (9)
Skeletal 4(3.5) 11 (10)
Withdrawal scan (—)/Tg =10 ng/mL 7(6) 3@3)
Thyroidectomy only 18 (15) 21 (19)
Previous radioiodine therapy 99 (85) 91 (81)
Disease stage (AJCC/TNM)
I 70 (61) 54 (50)
1I 22 (19) 22 (20)
II1 16 (14) 22 (20)
v 6 (5) 10 (9)

¢ P = 0.02, significant difference in the mean age of the patients
entered into the two treatment arms.
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Comparison of whole body radioiodine imaging after
rhTSH administration and after thyroid hormone
withdrawal

Of the 229 patients who received rhTSH, 226 completed the
study, and 220 had evaluable scans as determined by the
independent reviewers. Among these 220 patients, 195 (89%)
had concordant scans, 8 (4%) had superior rhTSH scans, and
17 (8%) had superior withdrawal scans (Table 3A). There was
no significant difference in the number of superior rhTSH or
withdrawal scans within either study arm (arm I, P = 0.146;
arm II, P = 0.581; all patients, P = 0.108) or between arms I
and II (P = 0.76).

One hundred and eight patients (49%) had a positive ra-
dioiodine whole body scan (class =1) after 1 or both prepa-
ratory techniques. Eighty-three patients (77%) had concor-
dant scans, 8 (7%) had superior rhTSH scans, and 17 (16%)
had superior withdrawal scans (Table 3B). There was no
significant difference in the number of superior rhTSH or
withdrawal scans within either study arm (arm I, P = 0.146;
arm II, P = 0.581; all patients, P = 0.108) or between arms I
and II (P = 0.78).

Metastatic disease was defined as disease outside the thy-
roid bed on a diagnostic or posttherapy scan, and/or an
elevated serum Tg (=10 ng/mL) during thyroid hormone
withdrawal in the absence of a positive diagnostic scan at the
time of the study. Based on this definition, 49 patients (22%)
had metastatic disease. Ten of these patients had an elevated
serum Tg as the only evidence of disease (16-18). Thirty-nine
patients (80%) had concordant scans, 2 (5%) had superior
rhTSH scans, and 8 (16%) had superior withdrawal scans
(Table 3C). There was no significant difference in the number
of superior thTSH or withdrawal scans within either study
arm (arm I, P = 0.375;arm II, P = 0.375; all patients, P = 0.109)

TABLE 3. Radioiodine scan comparison between rhTSH administration and thyroid hormone withdrawal

Number (%)

‘Whole body radioiodine scan

Arm I (n = 113)

Arm II (n = 107) All patients

A
Concordant 101 (89)
Discordant 12 (11)
rhTSH scan superior 3(3)
Withdrawal scan superior 9(8)
P 0.146
Arm I (n = 48)
B
Concordant 36 (75)
Discordant 12 (25)
rhTSH scan superior 3(6)
Withdrawal scan superior 9(19)
P 0.146
Arm I (n = 19)
C
Concordant 14 (74)
Discordant 5(26)
rhTSH scan superior 1(5)
Withdrawal scan superior 4 (21)
P 0.375

94 (88) 195 (89)
13 (12) 15 (11)
5(5) 8(4)
8(7) 17(8)
0.581 0.108
Arm II (n = 60) All
47 (78) 83 (77)
13 (22) 25 (23)
5(8) 8(7)
8 (13) 17 (16)
0.581 0.108
Arm II (n = 30) All
25 (83) 39 (80)
5@17) 10 (20)
1) 2 (5)
4(13) 8 (16)
0.375 0.109

Scans were considered concordant when independently assigned the same classification (Table 1). Scans were considered superior when given
a higher classification. A, All evaluable patients (n = 220); B, patients with positive scans (n = 108); C, patients with metastatic disease (n =
49). Metastatic disease was defined as disease outside the thyroid bed on diagnostic or posttherapy scan or a serum Tg level of 10 ng/mL or

more on THT.
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or between arms I and II (P = 0.85). Scan results for the 10
individual patients with disease outside the thyroid bed and
discordant scans are shown in Table 4. Of the 8 patients with
superior withdrawal scans, 5 had negative rhTSH scans (Ta-
ble 4A). Three of these patients with negative rhTSH scans
had thyroid bed uptake (class 1) after withdrawal scanning
(patients 1, 5, and 6). Neither of the rhTSH and withdrawal
diagnostic scans detected disease in the neck outside the
thyroid bed in 1 patient (patient 1) or pulmonary uptake
(patients 5 and 6) seen on posttherapy scanning. One of these
patients (no. 5) had discordant scans at 48 h, but concordant
scans when repeated at 72 h. One patient in each arm of the
study had markedly discordant diagnostic scan results (pa-
tients 2 and 7), with no uptake after thTSH and mediastinal
or pulmonary uptake after withdrawal, both of which were
confirmed at posttherapy scanning. Both patients had ele-
vated serum Tg levels after rhTSH stimulation (38.0 and 13.1
ng/mL, respectively).

Serum Tg after rhTSH administration and after thyroid
hormone withdrawal

Maximum serum Tg levels were observed 3 days after the
final rhTSH injection in arm I and between 1-3 days after the
final rhTSH injection in arm II. Of the 229 patients enrolled
in the study, 35 (15%) had detectable serum Tg antibodies.
Patients who had undergone previous ablation of thyroid
tissue (<1% uptake in thyroid bed) and had negative serum
Tg antibodies were further studied. One hundred and five
patients had a serum Tg levels of 2 ng/mL or more after
thyroid hormone withdrawal. This serum Tg value was cho-
sen because of the assay sensitivity (0.5 ng/mL) and evidence
that any detectable serum Tg indicates the presence of thy-
roid tissue (19). Of these 105 patients, 91 (87%) had a serum
Tg of 2ng/mL or more after rhTSH stimulation, and 52 (50%)
had a serum Tg of 2 ng/mL or more during THT. Figure 2
shows a comparison of serum Tg levels during THT, after

TABLE 4. Details of 10 patients with metastatic disease and
discordant scans

Whole body scan Thyroglobulin (ng/mL)

Patient no.
rhTSH W/D  Posttherapy THT rhTSH W/D
A
Arm I
1 0 1 2B 2.7 9.5 27.3
2 0 3B 3B 8.7 38.0 69.8
3 1 2B 2B 1.5 16.5 9.0
4 4A 4B 4B 2302 5993 8412
Arm II
5% 0 1 3B 535 945 1644
6 0 1 3D 882 2225 6692
7 0 3A 3A 2.1 13.1 67.0
8 1 2B 2B 2.0 88.0 34.0
B
Arm I
9 1 0 3A 91 2097 1585
Arm II
10 2A 1 2A 0.5 6.6 7.9

A, Patients with superior withdrawal scans; B, patients with su-
perior rhTSH scans. Definitions of scan classification are given in
Table 1.

¢ Seventy-two-hour WBS for both rhTSH and W/D was classified
as 3B.
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stimulation with rhTSH, and after thyroid hormone with-
drawal in 58 patients in arm I (Fig. 2A) and 50 patients in arm
1T (Fig. 2B) with a baseline Tg of less than 2 ng/mL. Median
serum Tg levels were less than 0.5, 1.1, and 1.8 ng/mL during
THT, after thTSH, and after hormone withdrawal, respec-
tively, in arm I, and were less than 0.5, 1.2, and 1.8 ng/mL,
respectively, in arm IL

To evaluate the ability of rhTSH-stimulated serum Tg
levels to detect thyroid remnant or cancer, 46 patients with
withdrawal or posttherapy radioiodine uptake in the thy-
roid bed (class 1) and 30 patients with metastatic disease
defined as posttherapy scans with uptake outside the thy-
roid bed (class =2) had Tg measurements during THT,
after rhTSH stimulation, and after thyroid hormone with-
drawal. Tg levels of 2 ng/mL or more and 5 ng/mL or
more were used as cut-off values for disease detection.
Figure 3A shows the percentage of positive Tg measure-
ments at each cut-off level for the 46 patients with radio-
iodine uptake in the thyroid bed. An elevated Tg was
detected on THT in 22% and 20% of patients at the 2 and
5ng/mL cut-off levels, respectively, whereas 52% and 35%
had elevated Tg levels after thTSH stimulation using these
cut-off values. In comparison, an elevated Tg was detected
after thyroid hormone withdrawal in 56% and 43% at the
2 and 5 ng/mL cut-off levels, respectively. For patients
with cancer outside the thyroid bed, an elevated Tg level
was detected during THT in 80% and 67% of patients at the
2 and 5 ng/mL cut-off levels, respectively (Fig. 3B). In
comparison, an elevated Tg was detected after rhTSH
stimulation in 100% and 97% of these patients with met-
astatic disease at these cut-off values. An elevated Tg level
was detected in all 30 patients after thyroid hormone with-
drawal at both cut-off values. The use of rhTSH to stim-
ulate Tg production from thyroid tumor cells increased
detection of radioiodine-concentrating disease over Tg
levels measured during THT alone.

Thirty-two patients with rhTSH stimulated Tg levels of 2
ng/mL or more had negative rhTSH and withdrawal diag-
nostic WBS. This group comprised 23% (32 of 141) of the
patients with evaluable Tg measurements (previous radio-
iodine ablation, Tg antibody negative). All of these patients
had a withdrawal Tg of 2 ng/mL or more, and 75% had a
withdrawal Tg of 10 ng/mL or more.

Combined use of rhTSH-stimulated Tg and WBS to detect
thyroid remnant or cancer

The same 2 groups of patients described above were an-
alyzed for disease detection using the combination of serum
Tg and WBS after rhTSH stimulation (Fig. 4). The disease
detection rates in the 46 patients with thyroid bed uptake
(class 1) after thyroid hormone withdrawal or posttherapy
scanning were 93% (43 of 46) and 91% (42 of 46) of patients
after rhTSH using the 2 and 5 ng/mL Tg cut-off values,
respectively. The disease detection rates in the 30 patients
with metastatic disease identified after thyroid hormone
withdrawal or posttherapy scanning were 100% after thTSH
at both Tg cut-off values.
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Clinical changes after rhTSH administration and after
thyroid hormone withdrawal

Patients had essentially no symptoms or signs of hypo-
thyroidism after thTSH administration compared with thy-
roid hormone withdrawal. There were statistically signifi-
cant differences between rhTSH administration and thyroid
hormone withdrawal in both study arms for all 14 symptoms
and signs of hypothyroidism on the Billewicz scale (P < 0.01).
Patients reported significantly better quality of life scores

(SF-36 instrument) after thTSH administration compared
with those after thyroid hormone withdrawal in areas in-
cluding performance of physical activities, problems with
daily activities as a result of physical health, bodily pain, and
emotional problems (P < 0.01).

Aduverse events

There were no significant differences in the rate of adverse
events after thTSH administration between the 2 study arms
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(P = 0.08). Headache was the most common event (9.2%)
followed by nausea (6.1%) and asthenia (3.5%), which
were usually mild and transient. No serious adverse
events (life-threatening or requiring hospitalization) were
related to rhTSH administration. Four patients had unre-
lated serious adverse events. Two patients in arm I had
chest pain and palpitations 26 and 30 days after thTSH
administration, during the withdrawal phase. One patient
in arm I had syncope 52 days after thTSH administration
on the eighth day of thyroid hormone withdrawal. One
patient in arm II was hospitalized for nausea and vomit-
ing, uncontrolled diabetes mellitus, and fever 26 days after
rhTSH administration during the withdrawal phase. None

of the patients developed antibodies to rhTSH, including
17 patients who had received multiple courses of treat-
ment in previous studies.

Discussion

In this study, we found that rhTSH was a safe and effective
means of stimulating radioiodine uptake and serum Tg levels
in patients undergoing monitoring for thyroid cancer while
remaining on thyroid hormone therapy. rhTSH was well
tolerated, with only mild to moderate headache, nausea, or
asthenia noted in a minority of patients. None of the patients
in this study developed antibodies to thTSH, including 17
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after thyroid hormone withdrawal. The
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ulation, and after thyroid hormone
withdrawal are show.n.. Detf-:‘ctable.dis- 05 | 05 |
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1); B, patients with disease outside the cutoff
thyroid bed (class =2).
] THT rhTSH Hl \Withdrawal
100 in the present study, we standardized the dosage of radio-
iodine to 4 * 0.4 mCi. Using these methods, we found that
75 — 84% of patients with a positive diagnostic scan had an equiv-
Detection alent or superior scan with rthTSH, whereas 93% of the pa-
Rate (%) 50 tients had an equivalent or superior scan after thyroid hor-
TTSH WBS + Tg mone withdrawal. The differences between the rhTSH and
25 — withdrawal scans were not statistically significant in either
arm of the study, although more discordant scans were su-
, perior after thyroid hormone withdrawal. Moreover, we
Thyroglobulin > 2 ng/mi > 5ng/mi found no significant difference between the two dosing reg-

cutoff

[ 1 withdrawal/post-therapy scan upfake in thyroid bed

Wl \ithdrawal/post-therapy scan uptake outside thyroid bed

Fia. 4. Disease detection using a combination of WBS and serum Tg
after rhTSH stimulation. The percentages of patients with serum Tg
levels above cut-off values of 2 and 5 ng/mL in combination with WBS
after rhTSH stimulation are shown. Detectable disease is defined as
positive diagnostic or posttherapeutic WBS after thyroid hormone
withdrawal. Open bars represent uptake limited to the thyroid bed,
and closed bars represent uptake outside the thyroid bed (metastatic
disease).

patients who had received previous doses of rhTSH, sug-
gesting that rhTSH can be used for multiple administrations.

In a previous study (11), 71% of patients with positive
diagnostic scans had an equivalent or superior scan with
rhTSH, whereas 95% had equivalent or superior scans using
the conventional withdrawal method. This difference was
statistically significant in favor of the withdrawal method.
The present study was designed to address a number of
shortcomings in the previous study, most notably a signif-
icantly lower whole body retention of radioiodine after
rhTSH stimulation compared with thyroid hormone with-
drawal (10). Clearance of radioiodine is decreased by about
one third during the hypothyroid withdrawal phase com-
pared with the euthyroid rhTSH phase, leading to a 2-fold
increase in whole body retention of radioiodine at 48 h after
the radioiodine dose (20). To compensate for this difference,
the present study used a slower scanning speed and mini-
mum total count number for each image rather than scanning
for a defined period of time, thereby minimizing potential
count-poor scans after thTSH administration. Furthermore,

imens of thTSH, suggesting that the two-dose regimen is
preferable due to the convenience of administration. Follow-
ing these guidelines for patient preparation, radioiodine dos-
age, and scanning technique is important to obtain good
quality whole body scans.

It has been suggested that even with the availability of
rhTSH, conventional thyroid hormone withdrawal is still
preferable for detection of residual tissue and cancer in most
patients (21). This commentary accurately noted that in the
previous study (11), 21 patients had discordant scans, and 18
of these scans were superior after thyroid hormone with-
drawal. In the current study, using standardized radioiodine
scanning dosage and scanning techniques, we found discor-
dant scans in only 12 patients receiving 2 doses of thTSH
(arm I). Nine of these scans were superior after thyroid hor-
mone withdrawal, and 3 were superior after thTSH stimu-
lation. Although this difference was not statistically signif-
icant, the trend still favored thyroid hormone withdrawal.
However, measurement of serum Tg together with WBS after
rhTSH greatly improved the detection of remnant tissue or
cancer. Specifically, the combination of measuring serum Tg
and WBS after rhTSH accurately identified 100% of patients
with metastatic disease and 93% of patients with uptake
limited to the thyroid bed. In fact, measurement of a serum
Tg level alone after rhTSH stimulation predicted thyroid bed
uptake in 52% of patients and metastatic disease in 100% of
patients using a cut-off level of 2 ng/mL. These results are
superior to those obtained while patients were taking THT
alone, in which a serum Tg measurement predicted thyroid
bed uptake in 22% of patients and metastatic disease in 80%
of patients using a cut-off level of 2 ng/mL. Prediction of
remnant thyroid tissue or thyroid cancer using serum Tg
requires a sensitive and consistent Tg assay and the absence
of serum antibodies to Tg. The specific Tg values used in this



RECOMBINANT HUMAN TSH IN THYROID CANCER

study may not be the same in other assays, and these values
must be interpreted carefully.

As in the initial phase III study, the thTSH scan was per-
formed first in each patient, followed by the withdrawal
scan. Recent studies have shown that scanning dosages of '*'1
can cause “stunning” of thyroid tissue, resulting in dimin-
ished uptake of a subsequent therapeutic dosage of radio-
iodine (22, 23). This effect is more pronounced with higher
administered activities of '*'I. In the present study, 96% of
scans were either equivalent or superior after thyroid hor-
mone withdrawal, suggesting that any contribution of stun-
ning may have been small. The potential effect of stunning,
however, cannot be excluded in the 4% of scans that were
superior using rthTSH. Although the order of scans was not
randomized, it was believed inappropriate to perform a
withdrawal scan first, resume thyroid hormone therapy for
4-6 weeks, perform the rhTSH scan, and possibly withdraw
thyroid hormone therapy again for 4—6 weeks in patients for
whom a therapeutic dose of radioiodine was indicated.

In conclusion, rhTSH administration is a safe and effective
means of stimulating radioiodine uptake and serum Tg levels
in patients undergoing evaluation for thyroid cancer recur-
rence. No significant differences were seen between the two
and three dose thTSH arms of the study, suggesting that the
two-dose rhTSH regimen may be preferable due to ease of
administration. As whole body retention of radioiodine is
reduced by half in euthyroid patients receiving rhTSH, care
must be taken to obtain adequate scans for interpretation,
using a minimum number of total counts as a threshold.
Patients in this study had essentially no hypothyroid symp-
toms during administration of rhTSH compared to thyroid
hormone withdrawal, and concomitantly fewer effects on job
performance, mood state, and general sense of well-being.
The use of rhTSH provides an alternative to thyroid hormone
withdrawal for patients undergoing evaluation for thyroid
cancer persistence and recurrence.
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