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ABSTRACT

Clinical recurrences of differentiated thyroid carcinoma occur in
20% of patients after thyroid surgery. We performed a retrospective
analysis of a cohort of patients undergoing routine follow-up testing
to detect recurrent thyroid carcinoma over a 2-yr period. One group
was prepared for testing by thyroid hormone withdrawal (THW), and
the other group remained on thyroid hormone and received injections
of recombinant human TSH (rhTSH) before diagnostic whole-body
radioiodine scanning (DxWBS). We hypothesized that no differences
in the ability to detect residual disease would exist between these 2
groups. Two hundred and eighty-nine patients were examined by both
DxWBS and by measurement of the serum thyroglobulin (Tg) re-
sponse to elevated TSH levels. THW was used for 161 patients, and
rh'TSH preparation was used for 128 patients. Based on all available
testing results, we categorized patients as having metastatic disease,

thyroid bed uptake only, or no evidence of disease. We examined the
sensitivity, specificity, positive and negative predictive values of the
DxWBS, and the stimulated Tg after preparation by THW or rhTSH.
Patients with thyroid bed were not considered in accuracy testing.
The sensitivity and specificity of the 2 tests were comparable between
groups. No significant differences were present in the positive or
negative predictive values between groups. The highest negative pre-
dictive value (97%) was in patients who had both a negative DxWBS
and low stimulated Tg levels after thTSH. In summary, we were
unable to demonstrate a difference in the diagnostic accuracy of
DxWBS and/or Tg between patients prepared by either THW or
rhTSH. We conclude that preparing patients by rhTSH is diagnos-
tically equivalent to preparing them by THW. (J Clin Endocrinol
Metab 86: 619-625, 2001)

IFFERENTIATED THYROID CARCINOMA is a com-
mon malignancy that has a relatively high cure rate (1,
2). Depending on the extent of initial surgery, clinical recur-
rences will occur in as many as 20% of patients (3—6). Each
year in the United States alone, 1200 individuals die of thyroid
carcinoma, with papillary thyroid carcinoma accounting for
most of the deaths (7). The theory that early detection of residual
disease results in the best chance for a long-term cure is the basis
for careful monitoring of patients after thyroidectomy.
Standard monitoring for residual thyroid cancer includes
clinical examination, measurement of serum thyroglobulin
(Tg) levels, and diagnostic whole-body radioactive iodine
scanning (DxWBS) (2, 8-10). The serum Tg and the DxWBS
are most sensitive at detecting residual disease when patients
have elevated serum TSH levels after thyroid hormone with-
drawal (THW) (11). The recent availability of recombinant
human TSH (rhTSH) provides another means of elevating
the TSH level without the need for hypothyroidism (12, 13).
The first industry-sponsored prospective paired comparison
of THW ws. rthTSH found that the THW preparation was
statistically better when only the DxWBS was considered
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(14). A more recent report from the same group found no
statistical difference between THW and rhTSH when they
considered both the DxWBS and the stimulated Tg as pri-
mary end-points (15). One caveat regarding their conclusions
was the fact that few patients with distant metastases were
included in either study.

The decreased quality-of-life attendant with hypothyroid-
ism, which often follows THW, can be a significant burden
on many aspects of the patient’s life (16). It is not uncommon
for patients to delay or refuse routine evaluations simply to
avoid becoming hypothyroid. If the accuracy of testing done
after thTSH (on thyroxine) is the same or better than that after
THW, it would be much more acceptable to most patients.

We hypothesized that the ability to detect residual thyroid
carcinoma in patients who continued on thyroxine suppression
and received rhTSH would not be significantly different from
patients after THW. In a retrospective analysis, we compared
the diagnostic accuracy of DxWBS and stimulated Tg, alone or
in combination, in all thyroid cancer patients undergoing rou-
tine follow-up studies at one medical center over a 2-yr period.

Materials and Methods
Patients
The patients in this retrospective study included all individuals who

were referred to the Nuclear Medicine section of Memorial Hospital for
Cancer and Allied Diseases between January 1, 1998 and December 31,
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1999. Testing for residual thyroid carcinoma (DxWBS and Tg) was per-
formed on 373 occasions in 289 different patients. During 1998, patients
who could not produce sufficient endogenous TSH or those who could
not tolerate hypothyroidism were studied with thTSH under a com-
passionate need trial sponsored by the Genzyme Corp. (Cambridge,
MA) and the United States Food and Drug Administration. During 1999,
all patients had the choice of having the DxWBS performed after THW
or with rhTSH while remaining on thyroxine. At the time of the choice,
the published information on the accuracy of rhTSH-assisted diagnosis
(14) had concluded that scans obtained after THW were more sensitive
than those after rhTSH.

DxWBS

Formal dosimetric analysis was performed in each patient based on
the blood and whole-body clearance of a tracer dose of *'1 (17, 18). Mean
scanning doses of "*'I were 3.5 mCi (129.5 MBq) for the THW group and
4.2 mCi (155.4 MBq) for the thTSH group (P = 0.28). THW patients were
asked to stop their thyroid hormone, 4—-6 weeks before the start of
diagnostic studies. Some patients were also given triiodothyronine until
2 weeks before the start of testing. Patients in the rhTSH group remained
on suppressive doses of thyroxine and received im injections of 0.9 mg
rhTSH (Thyrogen, Genzyme Corp.), 24 and 48 h before the administra-
tion of "*'I. All patients were provided with a low-iodine diet to follow
for at least 1 week before dosimetry. For the DxWBS, a whole-body scan
in the anterior and posterior projection was obtained using a dual-
headed Genesys EPIC imaging system (ADAC Corporation, Malpitas,
CA). Both anterior and posterior heads had high-energy general-pur-
pose collimators, peak isotope energy of 364 kilo electron volts with a
20% energy window, a 256 X 256 X 16 matrix, and a scan speed of 8
cm/min. For all patients, a 10-min neck view was obtained at 24 and 72 h
after the oral dose of "*'I. The neck view was obtained with a 256 X 256 X
16 matrix, 38-cm CFOV with scatter window. Lateral neck views and
other spot views were obtained, as required, at the discretion of the
nuclear medicine physician.

Whole-body counts were obtained at 0, 2, 4, 24, 72, and 96 h after 1317
administration for the THW patients and at 0, 2, 4, 24, 48, 72, and 120 h
for the rhTSH patients. A standard fraction of the total dose adminis-
tered (normally about 1%) is also counted just before patient counting.
At each time interval, blood is drawn, and the fractional blood clearance
is determined. Total body clearance curves are generated, and the mCi
dose that will give a dose of 200 cGy to the blood is calculated using
standard techniques (19). After treatment with radioactive '*', a 1-week
posttherapy whole-body scan is performed using identical collimators,
with machine settings as described for the 72-h DxWBS, except that the
scan speed is increased to 10-15 cm/min, depending on the therapeutic
dose administered.

Tg

Serum Tg measurements were performed by the Optiquant IRMA
(immunoradiometric assay; Kronus, Boise, ID). This assay has a sensi-
tivity of 0.2 ug/L; however, all readings below 0.5 ug/L are reported to
clinicians as: less than 0.5 ug/L. Patients in whom Tg autoantibodies
were present were not assigned a specific value, because the reliability
of the reading was not assured. For the purposes of statistical analysis,
antibody-positive patients were eliminated from any analysis that con-
sidered serum Tg. Tg autoantibodies were present in 11 of the hypo-
thyroid patients and in 8 of the rhTSH patients included in the analysis.
For the rhTSH group, the baseline Tg was obtained before the first dose
of rhTSH, and the stimulated Tg was obtained approximately 72 h after
the second dose of rhTSH. In the THW group, the Tg was obtained 48 h
before the DxWBS. This was the standard of care during the 2 yr covered
by the study.

Other studies

When clinically indicated, the patients underwent standard radiog-
raphy, computed tomography scans, and magnetic resonance imaging
with or without contrast. All radioiodine scans were done no sooner than
6 months after scans with iodinated contrast. Fluorodeoxyglucose-
positron emission tomography (FDG-PET) scanning was performed
when clinically indicated according to our prior report (20, which
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showed that FDG could localize disease in patients with negative
DxWBS and elevated serum Tg. Cervical ultrasonography performed,
using a power Doppler instrument or plain films of any body region,
were obtained when clinically indicated (21, 22).

Assignment of clinical status

The final clinical assignment was made by considering all of the
clinical information. However, the results of the 1998-99 DxWBS and the
stimulated Tg were not considered in assigning the final clinical status
for accuracy testing. Eleven patients in whom a clinical status could not
be assigned, because of a lack of complementary studies, were not
considered in this analysis. Clinical status was judged as having met-
astatic disease based on the following criteria: 1) patients whose sup-
pressed Tg was more than 2 ug/L, associated with an abnormal radio-
graphic study (computed tomography, magnetic resonance imaging,
posttherapy scan, PET, and/or ultrasonography) done within 6 months
of the DxWBS, suggestive of a metastatic lesion (n = 108); 2) patients in
whom the baseline suppressed Tg was greater than 10 ug/L and who
had prior evidence of metastatic disease (n = 7); 3) patients with a low
Tg and a positive posttherapy scan (n = 16); or 4) patients who had no
other known malignancy and a positive FDG-PET scan (n = 8). Clinical
status was judged as no evidence of disease (NED) in patients who had:
baseline Tg levels less than or equal to 2 ug/L, NED on physical exam,
no positive radiographic studies, and no distant metastases found on the
last nuclear medicine evaluation. Finally, patients with no radiographic
evidence of distant metastases, in whom the only radioiodine uptake on
the most recent DxWBS was in the thyroid bed (TB), were assigned to
the TB-only group. For the diagnostic accuracy testing, TB patients were
not included in the statistical analyses.

Statistical analyses

The purpose of this study is to examine, retrospectively, whether 2
methods of preparation for diagnostic testing (rhTSH or THW) produce
significantly different accuracy in 2 forms of testing (DxWBS and stim-
ulated Tg), as well as in their combined diagnostic accuracy. Because
patients in the study were examined annually, repeat visits were com-
mon within the 1998-99 period. Out of 373 observed visits, a total of 289
unique patients were analyzed. Because disease is considered to recur
at random, patients with multiple visits had a single visit randomly
selected to remain in the study. Visits not selected were excluded from
analysis, to ensure independence of observations, both between and
within samples.

The study compared two preparation methods based on measures of
accuracy [sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV)] of the various diagnostic tests in ref-
erence to a clinical determination. Because patients categorized as TB
cannot be proven to either have or not have residual cancer, they were
deleted from the statistical comparisons of accuracy. We considered
adding the TB patients to the metastatic group or to the NED group for
accuracy testing, but there were equally unacceptable biases inherent in
those maneuvers (23, 24). For each diagnostic test, the four measures of
accuracy are computed for each group, and P-values resulting from
Fisher’s exact test (25) are presented for the difference between prepa-
ration methods in both PPV and NPV. In the case of the combined test
analysis, the overall test was considered positive if either of the indi-
vidual tests (DxWBS or stimulated Tg) were positive, and negative only
when both tests were negative. S-PLUS for Windows (26) is used for all
analyses.

Results
Patient and tumor characteristics

The mean ages, gender, median stimulated Tg levels, and
frequency of total thyroidectomy were comparable between
the 2 groups (Table 1). Patients in the thTSH group were
slightly older and less likely to be female, compared with the
THW group. The histological subtypes, the tumor (T) sizes,
nodal (N) status, presence of metastases (M), and American
Joint Commission on Cancer staging (27) at initial diagnosis

220z ¥snBny |z uo 1senb Aq Z660+82/619/2/98/3101e/Wa/L0d"dNo"oILePEOE//:SARY WOI) PAPEOIUMOQ



rhTSH DETECTS RESIDUAL THYROID CANCER 621

TABLE 1. Patient and tumor characteristics

TABLE 2. Diagnostic whole body radioiodine scans

rhTSH THW rhTSH THW
Sample size 128 161 Total scans 128 161
Mean age 45.6 44.2 Negative scans 66 (52%) 40 (25%)
Female 76 (59%) 103 (64%) Positive scans 43 (33%) 56 (35%)
Median stimulated Tg 1.0 4.0 Bone only 2 (2%) 3 (2%)
Total thyroidectomy 108 (85%) 151 (94%) Cervical only 17 (13%) 23 (15%)
Papillary 111 (87%) 128 (81%) Lung only 9 (7%) 8 (5%)
Follicular 10 (8%) 11 (7%) Mediastinal only 3 (2%) 2 (1%)
Hurthle 5 (4%) 11 (7%) Multiple DM 12 (9%) 20 (12%)
Tx 16 (12%) 10 (6%) Thyroid bed only 19 (15%) 65 (40%)
T1 19 (15%) 14 (9%) .
T2 30 (23%) 48 (30%) DM, Distant metastases.
T3 11 (9%) 21 (13%)
T4 52 (41%) 68 (42%) , ,
Nx 21 (16%) 39 (24%) Negative DxWBS (Fig. 1)
E(l) 32 ggg; gg EE;ZZ; Sixty-six of the rhTSH patients and 40 of the THW patients
MO 98 (77%) 131 (82%) had negative DxWBS scans (Table 2). Patient and tumor
M1 30 (23%) 30 (18%) characteristics between these groups were very similar (data
gtage %I El)g (‘ig?) ;g (‘igz) not shown). There were 2 false-positive results in the THW
Szzgz I 33 226‘72 ; 37 E23‘72 ; group. One had uptake in an inflamed gallbladder and the
Stage IV 20 (16%) 25 (15%) other had diffuse mediastinal uptake that was judged to be

Stages are AJCC, at initial diagnosis.

were comparable between groups. Patients were judged to be
M1 if any distant metastases were discovered by computed
tomography, magnetic resonance imaging, chest x-ray, or
DxWBS within the first 3 months of the cancer diagnosis.
Based on all available clinical information, 66 (51%) of the
rhTSH and 73 (45%) of the THW patients had evidence of
metastatic thyroid carcinoma. Forty-seven patients (37%) in
the rhTSH group and 28 patients (17%) in the THW group
were NED. Sixty (37%) patients in the THW group had TB
uptake only, compared with 15 patients (12%) in the rhTSH
group. The range of TSH levels in the THW group were 2-234
wIU/L for TB patients, 30-576 uIU/L for those judged to be
NED, and 0.5-359 uIU/L for patients with metastatic disease.
The mean TSH in the THW group, at the time of the DxWBS,
was 105.6 uIU/L. Only 5 (3%) of the 162 THW patients had
TSH levels below 25 wIU/L. Peak TSH levels were not mea-
sured in the rhTSH patients but are usually in the 130-150
wIU/L range, 24 h after the second dose of rhTSH (14, 15, 28).
There were only minor differences in tumor characteristics
between the groups (Table 1). The median stimulated Tg
levels for the rhTSH group were: 1 ug/L for NED, 7.7 ug/L
for metastatic disease, and 1 ug/L for TB. The median stim-
ulated Tg levels for the THW group were: 1 pug/L for NED,
38 ug/L for metastatic disease, and 3.2 pug/L for TB. Of the
patients judged to be positive for metastatic disease, 59% of
the rhTSH and 49% of the THW patients had received '*'I
treatments before enrollment in the study.

Positive DxWBS scans (Table 2)

Forty-eight percent of the rhTSH group had focal "*'I up-
take on the DxWBS, compared with 75% of the THW group.
The frequencies of bone, cervical, mediastinal, lung, and
multicentric uptake were comparable between groups. Up-
take in the TB only was present in 40% of the THW group,
compared with 15% of the rhTSH group (P = 0.02).

thymus uptake. Eleven patients (4 in thTSH and 7 in THW)
with evidence for metastatic disease had only TB uptake on
the DxWBS and were not included in the reduced tables
because the result was indeterminate (i.e. neither metastatic
nor NED). However, 19 (29%) of the rhTSH group and 13
(33%) of the THW group had evidence for metastatic disease.
The stimulated Tg levels in these false-negative DxWBS pa-
tients ranged from 1.0-5600 ug/L. Only 4 patients in this
category had stimulated Tg levels less than 2 ug/L. In the
rhTSH patients who had metastatic disease and a negative
DXxWBS (n = 19), 6 of 9 who were treated with high-dose "*'I
had uptake in metastatic sites, on posttherapy scans. Ten of
13 patients who had FDG-PET scans demonstrated positive
metastatic uptake. Of the 19 patients, 9 had disease in mul-
tiple sites, 8 had disease in cervical nodes, 8 had lung uptake,
and 3 had bone uptake. Of the THW patients who had neg-
ative DxWBS and metastatic disease (n = 13), 5 of 6 who
received high-dose "'l had positive posttherapy scans and
5 of 7 who had FDG-PET scans had focal metastatic uptake.
Overall, the metastatic lesions were localized in 8 of the 8
THW patients who had either a posttherapy scan or an FDG-
PET scan.

Patients with low stimulated Tg levels (Fig. 2)

Another indicator of residual thyroid tissue is a measur-
able serum Tg in the setting of an elevated TSH. Using a
cutoff less than or equal to 2 pug/L as defining a negative
stimulated Tg, 54 patients in the thTSH and 61 patients in the
THW group were negative. Of these, 9 in the thTSH group
and 22 in the THW group were TB. The clinical and tumor
characteristics of the patients in these cohorts were compa-
rable. Of the patients with low stimulated Tg, 9 (17%) in the
rhTSH group and 15 (25%) in the THW group had evidence
for metastases. Of the 9 thTSH patients with low Tg levels
and metastases, 8 had uptake in cervical nodes on either the
DxWBS or the posttherapy scan. Of the 15 THW patients with
low Tg and metastases, 10 had positive cervical nodes and 4
had lung uptake on either the DxWBS or the posttherapy

Ze0z isnbny |z uo isenb Aq 2660+82/619/2/98/9101KE/Wad(/Wwod dno-dlwapese//:sdpy




622 ROBBINS ET AL.

rhTSH Group THW Group
Dx |[MET TB NED Dx MET TB NED
“1 43 0 0 43 “+7 153 1 2 56
TB| 4 15 0 19 ™| 7 58 0 65
“119 0 47 | 66 “r 131 26 | 40
66 15 47 | 128 73 60 28 | 161
Reduced Tables (TB Removed):
rhTSH Group THW Group
Dx {MET NED Dx [MET NED
“+7 43 0 43 “’ | 53 2 55
“2 119 47 | 66 “” 113 26 | 39
62 47 | 109 66 28 | 94

Diagnostic Accuracy Measures (Based on Reduced Tables):

rhTSH Group THW Group
Sensitivity: 43/62=0.69
Specificity: 47/47=1.0
PPV: 43/43=1.0

NPV: 47/66=0.71

Sensitivity: 53/66=0.80
Specificity: 26/28=0.93
PPV: 53/55=0.96
NPV: 26/39=0.67

P-Values (Difference Between rhTSH and THW)

PPV: P=0.50

NPV: P=0.66
Fia. 1. Diagnostic accuracy of the DxWBS. MET, Metastatic disease;
+, RAI uptake outside the TB; —, no RAI uptake. Patients with
clinical rating of TB were not included in these analyses. ND, Not
done. Sensitivity is the ratio of positive DxWBS in MET patients to
total number of MET patients; sensitivity is the ratio of negative
DxWBS scans in NED patients to total number of NED patients; PPV
is the number of positive DxWBS scans in MET patients divided by
total number of positive scans; NPV is the number of negative scans
in NED patients divided by the total number of negative scans. P-
values are for Fisher’s exact test.

scan. FDG-PET scans were performed in 9 of 15, and these
scans localized disease in 5 cases. Disease was localized in all
15 by a combination of the posttherapy scan and the FDG-
PET scans.

Patients with negative DxWBS and low stimulated Tg
levels (Fig. 3)

Thirty-seven patients in the rhTSH group and 25 patients
in the THW group had double-negative test results. By def-
inition, no TB patients can be in the double-negative groups.
There were 8 false-positives in the thTSH group and 5 in the
THW group. Three patients in the THW group who had
metastases (based on other testing) had TB uptake only on
the DxWBS and were eliminated from the reduced tables as
indeterminate outcomes. One patient (2.7%) in the rhTSH
group and 3 patients (12%) in the THW group had metastatic
disease. The disease in all 4 patients was localized by either
the posttherapy scan or FDG-PET scanning. The 1 patient in
the rhTSH group had diffuse lung nodules only seen on
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rhTSH Group THW Group
Tgb IMET TB NED Tgb MET TB NED
“+7 1 54 4 8 66 “+7 1 56 30 3 89
“”1 9 9 36 | 54 “r 115 22 24 | el
63 13 44 | 120 71 52 27 | 150
Reduced Tables (TB Removed):
rhTSH Group THW Group
Tgb IMET NED Tgb IMET NED
“+” | 54 8 62 “+ 156 3 59
“” 19 36 | 45 “” 115 24 | 39
63 44 | 107 71 27 | 98

Diagnostic Accuracy Measures (Based on Reduced Tables):

rhTSH Group THW Group
Sensitivity: 54/63=0.86
Specificity: 36/44=0.82
PPV: 54/62=0.87
NPV: 36/45=0.80

Sensitivity: 56/71=0.79
Specificity: 24/27=0.89
PPV: 56/59=0.95
NPV: 24/39=0.62

P-Values (Difference Between rhTSH and THW)
PPV: P=0.21
NPV: P=0.09

Fia. 2. Diagnostic accuracy of stimulated Tg level.

FDG-PET scanning, confirmed to be Hurthle cell carcinoma
by biopsy. In the THW group, 2 patients had metastases in
cervical nodes, localized by ultrasonography and seen on the
posttherapy scans. One patient in the THW group had me-
diastinal and cervical uptake seen on FDG-PET scanning and
on the posttherapy scan.

Accuracy testing

Testing was done after eliminating the TB patients as an
indeterminate test result. We could not unequivocally con-
clude that they did or did not have residual cancer. For
analysis of the DxWBS testing, 19 of the 128 rhTSH, and 67
of the 161 THW patients were removed from the data, be-
cause they had TB status. For analysis of the stimulated Tg
testing, we eliminated 13 of the 120 rhTSH patients and 52
of the 152 THW patients who had a TB status. For analysis
of the combined test, we eliminated 13 of the 120 rhTSH
patients and 55 of the 150 THW patients who had a TB status.

We performed statistical analyses on the predictive values,
because these have the most clinical applicability (24). The
sensitivity of the DxWBS was slightly better after THW,
whereas the specificity was slightly better with rhTSH. The
PPV (P = 0.50) and NPV (P = 0.66) of the DxWBS were
comparable between groups (Fig. 1). Using a stimulated Tg
greater than 2 pug/L as the definition of a positive Tg re-
sponse, we found a higher sensitivity in the thTSH group,
whereas the specificity was higher in the THW group. The

220z ¥snBny |z uo 1senb Aq Z660+82/619/2/98/3101e/Wa/L0d"dNo"oILePEOE//:SARY WOI) PAPEOIUMOQ



rhTSH DETECTS RESIDUAL THYROID CANCER 623

rhTSH Group THW Group

Tgb/Dx [MET TB NED Tgb/Dx|MET TB NED

“Any+”| 62 4 8 74 “Any+”| 65 31 5 101
“/IB”| 0 9 0 9 “/IB”| 3 21 0 24
oy 1 0 36 | 37 “-f 3 0 22 | 25

63 13 44 ]120 71 52 27 | 150

Reduced Tables (TB Removed):

rhTSH Group THW Group
Tgb/Dx| MET NED Tgb/Dx | MET NED
“Any+”| 62 8 70 “Any+”| 65 5 70
il 1 36 37 e il 3 22 25
63 44 | 107 68 27 95

Diagnostic Accuracy Measures (Based on Reduced Tables):

rhTSH Group THW Group
Sensitivity: 62/63=0.98
Specificity: 36/44=0.82
PPV: 62/70=0.89
NPV: 36/37=0.97

Sensitivity: 65/68=0.96
Specificity: 22/27=0.81
PPV: 65/70=0.93
NPV: 22/25=0.88

P-Values (Difference Between rh'TSH and THW)
PPV: P=0.56
NPV: P=0.29

Fic. 3. Diagnostic accuracy of combined DxWBS and stimulated Tg
testing. Any+, Includes outcomes in which either the DxWBS was
positive or the stimulated Tg level was greater than 2 ng/mL; —/—,
outcomes in which the DxWBS was negative and the stimulated Tg
was equal to or less than 2 ng/mL.

PPV (P = 0.21) and the NPV (P = 0.09) of the stimulated Tg
test were not statistically different between groups, although
there was a trend for the NPV to be higher in the rhTSH
group (Fig. 2).

When both the DxWBS and the stimulated Tg were con-
sidered together as a combined test, the sensitivity and spec-
ificity between groups was comparable. The PPV (P = 0.38)
and the NPV (P = 0.14) of the combined test were not dif-
ferent between groups. However, when both the DxWBS and
stimulated Tg were negative, only one patient in the thTSH
group had metastatic disease, producing a NPV of 97%
(Fig. 3).

We also performed accuracy testing at 0.5 ug/L and at 5
ng/L. As expected, when stimulated Tg levels equal to or
above 0.5 ug/L are used to define residual disease, the sen-
sitivities increase (rhTSH = 0.98 and THW = 1.0) and the
specificities drop (rhTSH = 0.18 and THW = 0.04). When a
stimulated Tg level of 5 ug/L is used, the sensitivities drop
(rhTSH = 0.70 and THW = 0.70) and the specificities rise
(rhTSH = 0.98 and THW = 0.96). Of the three cutoff levels
analyzed, the best balance of specificity and sensitivity (and
PPV and NPV) is obtained with the 2-ug/L cutoff.

Discussion

The recent availability of thTSH is a tribute to the appli-
cation of molecular biology to human disease (13, 29, 30).
From the time of the successful generation of the dimeric
rhTSH in vitro (31), it took 10 yr for this biological agent to
be available in a Food and Drug Administration-approved
form. Phase III testing of thTSH by an international group of
thyroid experts revealed potent in vivo activity in thyroid
cancer patients (14, 15). Pair-wise comparisons of the sensi-
tivity of DxWBS alone in thyroid cancer patients demon-
strated a trend for better sensitivity at detecting residual
disease after THW, when compared with rhTSH (14). A
second industry-sponsored phase Ill study (15) convincingly
demonstrated that, when the DxWBS and the stimulated Tg,
after rhTSH, were both considered, 100% of lesions outside
the TB could be detected, using hypothyroid testing as the
gold standard. Because virtually all of the morbidity and
mortality associated with thyroid carcinoma is related to
metastatic lesions, this is the disease that patients and clini-
cians want to detect.

Unfortunately, patients in both phase III studies were gen-
erally low-risk, and only a small percentage had distant
metastases, raising questions about applicability to high-risk
patients. Nevertheless, based on the phase III data, we began
to offer all patients the option of having formal dosimetric
analysis in preparation for possible *'I therapy after either
THW or with rhTSH, while remaining on suppressive doses
of thyroxine. In this retrospective analysis, we found that the
combination of the DxWBS and the stimulated Tg level had
the same PPVs and NPVs whether the patients were pre-
pared by THW or rhTSH. In fact, if both the DxWBS was
negative and the stimulated Tg was equal to or less than 2
png/L after thTSH, there was only a 3% chance of having
metastatic disease, compared with a 12% chance for the THW
group. We conclude that the discomfort and reduced quality-
of-life that often follows THW are no longer generally nec-
essary, because rhTSH is an equally acceptable preparation.

A number of biases are likely present in our retrospective
study. The patients who enrolled in 1998 were only offered
the option of rhTSH if they qualified for a Food and Drug
Administration-sponsored compassionate-need trial. When
the1999 patients made their decision as to which preparation
to choose, it was widely believed that the hypothyroid prep-
aration, though more onerous, was more sensitive. It was
also known that the cost of the only commercially available
form of rhTSH (Thyrogen, Genzyme Corp.) might not be
covered by some medical insurance payers. In addition,
many patients were referred to us already withdrawn from
thyroid hormone, and many of those patients chose to pro-
ceed with that route, because they were already partially
prepared. Furthermore, individuals who had been through
the hypothyroid phase of THW may have been more likely
to choose the thTSH option if their quality of life was poor
when they were hypothyroid. Finally, in calculating the ac-
curacy of the testing outcomes, some bias could occur by
excluding the TB patients. However, we felt that forcing
these patients either into a metastatic or an NED category
would induce even greater bias, and we therefore eliminated
them from the statistical comparisons.
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With an awareness of these potential biases, we decided to
retrospectively analyze the ability to detect residual thyroid
carcinoma as a function of which type of preparation for the
DxWBS was used. Tables 1 and 2 demonstrate that the de-
mographic and tumor characteristics of the two groups were
remarkably similar. The main exception was that patients in
the hypothyroid group who did not have metastatic cancer
were much more likely to have a TB remnant only, and those
in the thTSH group were more likely to have no evidence of
residual disease. This again may have been a bias, because
patients who had been through hypothyroid testing in the
past and knew that they had a low likelihood of residual
disease may have been less likely to choose the reduced
quality of life of hypothyroidism.

We found metastatic disease in patients who had negative
DxWBS, patients with low stimulated Tg levels, and even in
a small number of patients who had both negative DxWBS
and low stimulated Tg. Although the percentage of such
patients was always higher in the THW group than in the
rhTSH group, no statistically significant differences were
present. We are not aware of any previous publications that
have addressed this issue, for comparison.

In our cohort, we found that the sensitivity of the DxWBS
was 69% with thTSH and 80% after THW. This compares to
reported THW sensitivities of 48% (32), 50% (33), 55% (34),
57% (35), 71% (36), 78% (37), 80% (38), and 84% (39).

The sensitivity of stimulated Tg to detect residual thyroid
carcinoma after thyroidectomy has been reported to be 83%
(40), 85% (36), 86% (41), 95% (42, 43), and 97% (35). In our
cohort, we found a sensitivity of 86% after rhTSH and 79%
after THW. The slightly lower sensitivity in the THW group
may be attributable to the spectrum of hypothyroidism that
occurs after THW. The wide range of TSH values between 0.5
and 576 pulU/L may reflect the variable presence of remnant
normal thyroid, the length of time off thyroxine, and the
functional state of the malignant thyroid cells. On the other
hand, there seems to be a relatively similar rise in TSH levels
after two doses of rhTSH, with peak level in the 130 nIU/L
range (14, 15).

We chose to statistically compare the predictive values of
the various tests because this seems to provide the clinician
with information that patients can use in decision making.
No significant differences in the predictive values of the tests
were found between groups. When both a negative DxWBS
and a stimulated Tg = 2 ug/L were found, a nonsignificant
trend toward a higher NPV was present in the thTSH group.
In that group, we found that 97% of our patients had no
evidence of distant metastases. The NPVs were comparable,
between groups, for the DxWBS alone and for the stimulated
Tg alone.

In a recent publication, Cailleux ef al. (44) recommended
that, after a remnant ablation, it may be best to first test the
Tg level after THW, before doing a DxWBS. For those with
levels below 1 ug/L, they recommend no scanning, because
significant disease is rare; whereas those with Tg levels above
10 pg/L should be scanned with 100 mCi (3.7 GBq), because
the scans with 2-5 mCi (74-185 MBq) are too insensitive. This
is an interesting proposal that will need independent
confirmation.

Our results indicate that the accuracy of detecting signif-
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icant residual or recurrent thyroid carcinoma is not signifi-
cantly different whether the patient is prepared by THW or
with thTSH. From a strictly diagnostic perspective, there was
no advantage, in our patients, of using the THW approach.
The only patients for whom the THW approach seems rea-
sonable, at present, are those for whom there is a high like-
lihood that a therapeutic dose of radioiodine would be given
within a short time after the results of the DxWBS and the
stimulated Tg. On the other hand, patients who have a low
or unknown likelihood of needing a therapeutic dose of
radioiodine could be offered the thTSH approach. The cost
of thTSH is also a significant factor to be weighed by the
patient and the attending physicians, with the cognizance
that several weeks of hypothyroidism may result in a re-
duced quality of life, including possible lost time at work or
at school. Based on our findings, the final choice between
rhTSH and THW preparation will not need to consider the
accuracy of diagnostic testing, which seems to be
comparable.
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IOF-Servier Young Investigator Fellowship

The International Osteoporosis Foundation is pleased to announce the joint winners of the first IOF-Servier
Young Investigator Fellowship: Dr. Freda Wynne of the University College of Cork and Dr. Luigi Gennari

of the University of Florence.

Call for applications: The next Fellowship will be awarded during the IOF-World Congress on Osteo-
porosis in Lisbon, May 2002. Financed by an unrestricted grant offered by Servier Research Group, the
IOF-Servier Young Investigator Research Fellowship is an award of 40,000 Euros to encourage young
scientists under the age of 40 to engage in high-quality research in the field of osteoporosis.

Deadline for submission of applications: January 15, 2002. For eligibility criteria and application forms
please see the IOF web site at www.osteofound.org or contact the IOF secretarial office (info@ioflyon.org)
at: International Osteoporosis Foundation, 71 cours Albert Thomas, 69447 Lyon Cedex 03 France. Phone: 33

472914177.
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