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The purpose of this study was to search for predictors of 131Ifirst

ablative treatment efficacy in patients with postsurgical remnants
after total thyroidectomy for nonmedullary differentiated thyroid
carcinoma with no known metastasis. Methods: Thirty-seven pa
tients were retrospectively studied. None presented antithyroglobu-
lin antibodies. All patients received 111 MBq of 131Ifor diagnostic
purpose and, 9 days later, 3.7 GBq of 131Ifor ablative therapy (IAT).

To assess the efficacy of treatment, all patients were studied with
1311and with thyroglobulin (Tg) plasma assays 6-15 mo later.

Treatment was considered successful if no abnormal uptake was
seen on whole-body scan and if the Tg plasma level was lower than
1 ng/ml. Results: Ablative treatment was found to be successful in
17 patients [IAT(+)] and unsuccessful in 20 [IAT(-)]. There was no
significant difference between the two groups for clinical and histo-
logical data, size of thyroid remnants on a 1:1 dot scan and TSH
level just before treatment. Although Tg levels were not different in
the two groups before scanning dose administration (DO),Tg levels
were higher in IAT(-) group 9 days later, just before radioiodine

treatment administration (D9) and, in contrast, Tg levels were higher
in the IAT(+) group 5 days after treatment administration (D14). Tg
percentage change between D9 and D14 was significantly higher in
the IAT(+) group and, with an optimal cutoff value of 750%, this
parameter would have been able to predict successful treatment in
9 of 10 cases and unsuccessful treatment in 18 of 21 cases.
Conversely, Tg percentage change between DOand D9 was signif
icantly higher in the IAT(-) group and of 11 patients with more than

100% change, 10 belonged to this group. Conclusion: The increase
in Tg during the first 131Iablative treatment could be a good predictor

of treatment efficacy for patients with nonmetastatic differentiated
thyroid carcinoma. Conversely, the increase in Tg observed after the
administration of the scanning dose of 131I just before ablative

therapy is associated with a more frequent incomplete ablation,
perhaps reflecting a stunning effect on the thyroid remnants.
Key Words: iodine-131 treatment; thyroid cancer; thyroglobulin

J NucÃMed 1997; 38:1362-1368

-Ihe presence of remaining tissue after total or near-total
thyroidectomy for nonmedullary differentiated thyroid carci
noma (DTC) is very common, as seen on postsurgical I3ll

whole-body scans. Even if focal accumulation of radioiodine is
frequently limited to the thyroid bed and not specific for tumor,
surgery is often followed by I3ll ablative therapy (IAT)

because, despite some controversies, the combination of sur
gery and ml treatment seems to be associated with a decreased

recurrence rate of DTC and probably improved survival (1-7).
The assessment of the efficacy of the treatment, which is to
know if it will be sufficient to remove all remaining thyroid
tissues detected on I31I whole-body scans and to obtain a low

level of thyroglobulin (Tg), is impossible at the moment of
ablative therapy. It requires further withdrawal of thyroid
hormone, several months later, to perform I3II whole-body scan

control and Tg measurement, which is more sensitive under
TSH stimulation (8-13). In this retrospective study, we have
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reviewed clinical, biological and histological characteristics
available at the time of the first radioiodine treatment in patients
operated on for DTC to find out if one or more characteristics
could be used as good predictors of therapeutic response.

MATERIALS AND METHODS

Subjects
Fifty-six consecutive patients referred for first radioiodine ther

apy were reviewed. All patients had undergone a total thyroidec
tomy for DTC with lymph node dissection. Nineteen patients were
not included in this retrospective study: 6 with anti-Tg antibodies
because of possible disturbances in Tg measurements, 3 with known
distant mÃ©tastasesnot sufficiently numerous to constitute a sepa
rate group (2 of these also had anti-Tg antibodies) and 10 patients
for whom some data were not available. The other 37 patients (34
women and 3 men, ranging in age from 12-77 yr) were included.

For each patient, the following data were recorded: age and sex,
histological type and size of primary tumor, thyroid capsule involve
ment and lymph node status. Moreover, associated histological abnor
malities were classified as follows: lymphocytic thyroiditis (LT),
nodular goiter (NG) or Graves' disease (GD). NG diagnosis was

retained only when one or more benign nodules (S:10 mm) had
been found on histological examination. At the moment of IAT,
TSH level, Tg levels, size of thyroid remnants on a 1:1 dot scan and
radioiodine percentage uptake in the neck were also recorded.

First Iodine-131 Treatment
Patients were referred for IAT 6 weeks to 22 months (median,

3.6 mo) after surgery. On the first day (DO), patients received 111
MBq of I31I. Rectilinear scans of the neck and diagnostic whole-

body scans were performed 3 days later (D3). Spot images were
obtained for 10 min with a high-energy parallel-hole collimator on
a circular analogic or computerized gamma camera. No quantita
tive dosimetrie study was performed, nevertheless, cross-sectional
areas corresponding to thyroid remnants on a 1:1 dot scan were
measured, and radioiodine cervical uptake on D3 was noted.
Radioiodine treatments (3.7 GBq of 131I)were given 6 days later

(D9). Post-therapeutic whole-body scans were performed 5 days
after treatment administration (D14). Exogenous thyroxine replace
ment was discontinued 5 wk before diagnostic whole-body scan
and was replaced by triiodothyronine for 3 wk. Triiodothyronine
was stopped 2 wk before the diagnostic whole-body scan.

TSH and Tg Measurements
Blood samples for serum TSH and Tg assays were drawn on DO

before any radioiodine administration. In 17 of the 37 patients for
TSH, and in all patients for Tg, additional samples were obtained
on D9 before I31Itreatment, and on D14. TSH measurements were

performed using a radioimmunoassay on diluted samples (1:10) to
take into account high values of TSH (above 50 /LtUI/ml),except
for 13 patients on DO, which were measured without dilution. Tg
measurements were performed using a double-antibody radioim
munoassay (ELSA-HTG, Cis Bio International, France), the sen
sitivity of which is 0.5 ng/ml. This Tg assay measures concentra
tions up to 500 ng/ml, although with the dilution of the serum
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TABLE 1
Patient Data, Histological Characteristics and First lodine-131 Treatment Results

Patient
no.12345678910111213141516171819202122232425262728293031323334353637SexFFFFFMFFFFFFFFFFFFFFFFFFFFFFFFMFMFFFFAge(yr)34534534363524333759403557426522306143393745522671602746543612352665625877HistologicaldiagnosisFPPPPFPPPPPPPPFPPPPPPPPPPPPPPPPPPPPPPOtherhistolÃ³gica!abnormalitiesNGNGNGLTNGLTNGNGLTNGNGNQNGGDLTLTNGNGNGNGSize

of
primary tumor

(mm)30650142315105810301520102523202010451020102020g3013502520302020101413Thyroid
capsule

involvementNoYesNoNoNoNoNoYesNoNoYesYesNoNoNoNoNoNoNoNoNoNoNoYesYesNoNoYesYesNoYesNoYesNoYesYesNoLymph
node

statusNANegativePositiveNegativeNegativeNANegativeNANANegativeNegativePositivePositivePositiveNegativePositiveNegativeNegativeNegativeNegativeNegativeNegativeNegativePositivePositiveNegativeNegativePositiveNegativeNegativeNegativeNegativePositivePositivePositiveNegativeNegative131|treatmentresult++-+-+-+--+--+-+---+++-â€”â€”++-+--++-+--

P = papillary carcinoma; F = follicular carcinoma; NG = nodular goiter; LT = lymphocyte thyroiditis; GD = Graves' disease; + = successful treatment;

- = unsuccessful treatment; NA = not available.

samples, concentrations of the Tg higher than 500 ng/ml have been lodine-131 and Tg Control
measured. Prior screenings of serum for Tg antibody were per- To assess the efficacy of treatment, all patients were studied with
formed with another radioimmunoassay (ELSA-AB-HTG, Cis Bio I3II 6-15 mo (median, 9 mo) after first IAT. Patients were taken

International, France). off their thyroid hormone therapy according to the protocol
described above. Blood samples for serum TSH and Tg assays

Tg Variations were drawn before radioiodine administration for diagnostic
Tg variations were expressed as the percentage change in Tg levels whole-body scans. Whole-body scans were performed 3 days after

between DO and D9, DO and D14 and D9 and D14. Taking into administration of a scanning dose of 111 MBq of I and were
account the assay sensitivity of 0.5 ng/ml, percentage changes were classified positive if they showed focal abnormal uptake in a
calculated only when TgDx and TgDy were >0.5 ng/ml. To eliminate Pattem of residual or metastatic disease. IAT was considered
artefactual increased counts during the measurement of serum Tg successful if the I whole-body scan was negative and if Tg level
levels on D9 (9 days after scanning dose) or on D14 (5 days after was <1 nS/ml Consequently, patients were classified in two
therapeutic dose) due to scattered 131Iphotons inside 125Iphotopic, we irouPs according to the result of the first radioiodine treatment:
compared two series of Tg measurements: the first series of results IAT<+ ) in the case of successful first IAT, IAT(-) in case of
was obtained from 12 samples drawn on D14 and measured some PÂ°sltlvescan and/or Tg level >1 ng/ml.

hours later; the second series of results was obtained from the same 12
samples measured 3 months later (that is after ' '' I decay). The results Statistical Analysis

were not significantly different, with a mean variation of <5%. We To determine if there were any significant differences between
concluded that there was no significant influence of 131Iserum groups IAT(+) and IAT( â€”),quantitative data were compared by
activity on D14 measurement and consequently on D9 measurement. Student's t-test or by the Mann-Whitney U-test. The chi-square

PREDICTINGIooiNE-131 TREATMENTEFFICACYâ€¢Muratet et al. 1363



TABLE 2
Biological Characteristics and First lodine-131 Treatment Results

Patient
no.12345678910111213141516171819202122232425262728293031323334353637TSH(/Â¿Ill/ml)113103>50189108112340>506013990>50>508962162>5079>5060>5029>50>50>501521111488793184112>5012713728160DO25.5<0.510.9<0.54.113.2<0.50.99.39.216.02.51.22.43.33.51.63.09.40.8<0.5<0.51.6<0.53.5<0.54.6<0.5<0.510.68.6323.9<0.5<0.50.79.5Tg

(ng/ml)D920.60.78.91.056.719.00.51.36.311.5423.71.217.17.44.21.820.628.50.5<0.5<0.516.72.914.2<0.55.90.7<0.529.421.03.7520.5<0.53.174.4D14626.07.46.634.132.5517.1<0.538.3163.588.0515.610.05.7329.48.19.55.846.727.748.0<0.57.172.82.213.627.633.80.8<0.5174.029.712.8444.02.0393.870.4DO-D9-19â€”-18â€”128344â€”44-3225-744806131242013587203-38â€”â€”944â€”306â€”28â€”â€”1771441633â€”â€”343683%changeDO-D142355â€”-39â€”6933817â€”41561658857312330037513,62514517126314571955900â€”â€”4450â€”289â€”635â€”â€”154224530011,285â€”â€”443641D9-D142939957-263310-422622â€”2846249566512,17617037518269126222127-39500â€”â€”336-24-4â€”47314â€”492412468438300â€”23-5Tgat
control
(ng/ml)0.8<0.50.5<0.5<0.5<0.5<0.5<0.50.6<0.5<0.51.5<0.5<0.5<0.5<0.5<0.5<0.5<0.5<0.5<0.5<0.5<0.5<0.51.0<0.5<0.532<0.5<0.51.8<0.5<0.5<0.5<0.5<0.5<0.5131

1treatment

result++-+-+-+--+--+-+---+++---++â€”+--++â€”+â€”-

TSH = thyroidstimulatinghormone;Tg = thyroglobulin;+ = successfultreatment;- = unsuccessfultreatment.

test was used for qualitative data. In case of significant differences
between the two groups, the sensitivity and specificity of the
concerned characteristic in predicting complete efficacy of IAT
were calculated and, for quantitative data, the negative predictive
value (NPV) and the positive predictive value (PPV) were opti
mized by searching for the best cutoff value. The Wilcoxon test for
paired data was used to compare Tg and TSH levels between DO
and D9, DO and D14 and D9 and D14 in each group.

RESULTS
Clinical, histological and biological data of all the subjects

are summarized in Tables 1 and 2. All patients presented
accumulation of radioiodine in the neck on whole-body scan
before treatment as well as 5 days after therapeutic doses with
no evidence of cervical lymph node or distant metastasis. First
13'l treatment was found to be successful in 17 of 37 patients
[IAT(+ )]: 15 women and 2 men ranging in age from 22-62 yr.
The IAT(â€”)group consisted of 20 of 37 patients: 19 women
and 1 man ranging in age from 12-77 yr. All patients in this
group demonstrated focal uptake of radioiodine within the
thyroid bed on 131Iwhole-body scan control 6-15 mo after

treatment. In addition, two patients demonstrated focal accu

mulation of radioiodine in the neck consistent with cervical
lymph nodes, which were not confirmed by clinical examina
tion, echography or computed tomography. Scintigraphic ab
normalities disappeared in these two patients after a second
treatment with 3.7 GBq of 131I.None of the 20 patients IAT(-)
had an extracervical I31Iuptake consistent with distant metas

tasis. Despite radioiodine accumulation in the neck on control,
Tg was ^ 1 ng/ml in only 4 of 20 patients. None of the patients
had negative whole-body scan control with Tg > 1 ng/ml.

Comparison between the IAT(+) and the IAT(-) groups

showed no significant difference with respect to age, sex,
histological type, size of primary tumor and frequency of
thyroid capsule involvement. Papillary cancer was much more
frequent than the follicular type in the two groups, 15 of 17
patients in the IAT(+) group and 19 of 20 patients in the
IAT(â€”)group. Lymph node sampling, obtained in 33 of 37

patients, was positive in 29% of the patients in the IAT(+)
group and in 37% of the patients in the IAT(â€”)group, showing

no significant difference. Many associated histological abnor
malities were present, and their frequencies were not quite the
same between the two groups: NG were more frequent in the
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TABLE 3
Comparison of Thyroglobulin Levels and Percent of Changes between Groups IAT(+) and IAT(-)

IAT(-) p value

Tgl(ng/mliter)DOD9D14Percent

changeDO-D9DO-D14D9-D140.9

(<0.5-25.5)1.3(<0.5-20.6)34.1

(0-626)*20

(-74-61 3)[10]3123(171-13,625)[10]2622

(126-1 2,176) [12]3.0(<0.5-10.9)7.4

(0.5-74.4)t10.0(0.2-174)Â«144

<-32-1283)[16]375
(-39-4450)[16]41

(-42-2495) [19]ns<0.02ns<0.05<0.020.0001

*p < 0.001 from TgDO and TgD9 values of the same group.

fp < 0.005 from TgDO value of the same group.
*p < 0.0005 from TgDO value of the same group.
Â§p< 0.05 from TgD9 value of the same group.
Results are expressed as median (range). Results are obtained from 17 patients for the IAT(+) group and 20 patients for the IAT(-) group except for

percentage change in Tg values for which the numbers in brackets indicate the patient number. All percentage changes reflect an increase between first and
second Tg determinations. Tg = thyroglobulin; ns = not significant.

IAT(+) group (9 of 17 patients versus 5 of 20 patients), and LT
were more frequent in IAT(-) group (4 of 20 patients versus 1

of 17 patients), but the differences were not significant at a
confidence limit of 95%. GD was found in one IAT( â€”)case

(Patient 23).
The measurement of thyroid remnants on 1:1 dot scans

showed no significant difference between the two groups [4.35
cm2 for the IAT( + ) group versus 4.06 cm2 for the IAT(â€”)

group]. Radioiodine uptakes on D3 were nearly the same
[3.11% for IAT(+) group versus 3.30% for IAT(-) group].

TSH and Tg values on DO were not significantly different
between the two groups even if median Tg value was higher in
the IAT(-) group (see Tables 2 and 3 for Tg values). Addi

tional Tg measurements on D9 and D14 showed significant
increase in the IAT(-) group between DO and D9 and D9 and

D14. In the IAT( + ) group, Tg was only slightly increased on
D9 (the difference was not significant in relation to Tg on DO)
but increased dramatically between D9 and D14 (Table 3).
Distributions of Tg values on DO, D9 and D14 in each IAT(+)
and IAT(â€”) patient are shown in Figure 1. Tg levels on D9
were significantly higher in the IAT(-) group compared with

the IAT(+) group and, in contrast, Tg levels on D14 were
higher in the IAT(+) group compared with the IAT( â€”)group,

but here the difference was not significant at a confidence limit
of 95% (Table 3). Similarly, percentage change between DO and
D9 (calculated for 26 patients) was significantly higher in the
IAT(-) group, percentage changes between DO and D14 and

D9 and D14 (calculated for 26 and 31 patients, respectively)
were significantly higher in the IAT( + ) group (Table 3).
Variations in patients with undetectable Tg on DO, D9 or D14
(percentage change not calculated) are summarized in Table 4.
Among seven IAT( + ) patients with undetectable Tg on DO,
only two showed a slight increase on D9, but five showed a
marked increase on D14 (from 7.1-39 ng/ml). Conversely, all
IAT(-) patients with undetectable Tg on DO (four patients)

presented a mild increase on D9; three of them also presented
an increase on D14 but the Tg levels were much less elevated
than in IAT( + ) patients (from 0.8-2.2 ng/ml).

Influence of TSH Variation
We searched for a possible correlation between TSH and Tg

variations between DO and D9 to D14. TSH was measured on
DO, D9 and D14 in 17 patients. TSH levels increased signifi
cantly between DO and D9, DO and D14 and D9 and D14 (Table
5), but no correlation was found between TSH and Tg variations

(DO-D9: r = 0.12, p = 0.64; DO-D14: r = 0.22, p = 0.39;
D9-D14: r = 0.29, p = 0.27).

Searching for the Best Predictive Parameters)
Parameters that showed significant differences between the

two groups (TgD9, percentage change between DO and D9,
between DO and D14 and between D9 and D14) were investi
gated to determine the best cutoff value for an accurate
classification of patients according to first IAT efficacy. The
distributions of the percent of changes between DO and D9, DO
and D14 and D9 and D14 in each group are shown in Figures
2, 3 and 4. The best cutoff values for each parameter are listed
in Table 6 with corresponding PPV and NPV. According to this
method, the best predictor was the percentage change between
D9 and D14 calculated in 31 of 37 patients, with a cutoff value
of 750%, which permitted a good classification of 27 of 31
patients. From 10 patients with a percentage change between
D9 and D14 > 750%, the first IAT proved successful in 9;

conversely, from 21 patients with a percentage change between
D9 and D14 < 750%, 18 showed positive whole-body scan on
control. With this cutoff value, the sensitivity of the percentage
change between D9 and D14 to predict successful treatment
was 75%, the specificity was 95%, the PPV was 90% and the
NPV was 86%. Four patients were incorrectly classified: one of
the IAT( â€”)group (Patient 9: whole-body scan positive and Tg

on control at 0.6 ng/ml) with percentage change between D9
and D14 at 2495% and three of the IAT( + ) group (Patients 16,
27 and 32) with percentage changes between D9 and D14 at

TABLE 4
Changes in Thyroglobulin Levels for Patients with Thyroglobulin

below Detection Limit on DO

TgD9 a: 0.5 ng/ml
(Tg levels in ng/ml)
TgD14a0.5ng/ml
(Tg levels in ng/ml)IAT(+)(n

7)2

(0.7 and 1.0)
5*

(7.1,7.4,27.6,34.1,39)IATH

(n =4)4

(0.5, 0.5, 0.7 and 2.9)
3f

(0.8, 2 and 2.2)

The two IAT(+) patients with Tg a 0.5 ng/ml on D9 have also Tg > 0.5

ng/ml on D14.
tOne IAT(-) patient with Tg = 0.5 ng/ml on D9 has Tg < 0.5 ng/ml on

D14.
Tg = thyroglobulin.
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TABLE 5
TSH Variations

TSH (julll/ml)
(n = 17)

DO D9 D14

105.06 Â±41.3
(28-184)

153.41 Â±41* Â±63.42

(46-319)

176.29n Â±73.99
(73-322)

Results are expressed as mean Â±s.d.
*p < 0.0005 from TSH DO value,

t p < 0.0005 from TSH DO value.
*p < 0.01 from TSH D9 value.

126%, 473% and 246%. The IAT(-) patient with percentage

change between D9 and D14 at 2495% (Patient 9) was one of
the four with LT in this group.

Percentage change between DO and D9 was not the best
predictive parameter according to our method; nevertheless, it
had a good NPV (91%). Among 11 patients with percentage
change between DO and D9 > 100%, 10 patients belonged to
the IAT( - ) group; conversely, among 15 patients with percent

age change between DO and D9 < 100%, only 6 belonged to the
IAT(-) group.

DISCUSSION
The analysis of characteristics available in 37 patients re

ferred for first IAT after total thyroidectomy for nonmetastatic
DTC has permitted us to highlight a frequent increase in the Tg
level 5 days after administration of radioiodine treatment. Tg
increase was more frequent and often higher in the case of
successful ablation as demonstrated through whole-body scan
control and Tg determination 6-15 mo later. A strong correla
tion was observed between ablative treatment efficacy and the
percentage change in Tg level calculated between the value
obtained just before administration of radioiodine treatment and

T
9

I
n

n

1000,-

100

10

m
L

1
0.5

TgDO TgD9 TgD14

FIGURE 1. Tg variations between DO, D9 and D14 in IAT(-) (dashed lines)
and IAT(+) (solid lines) patients. Eleven patients with Tg < 0.5 ng/ml on DO
and/or D9 are not represented between DO and D9. Six patients with Tg <
0.5 ng/ml on D9 and/or D14 are not represented between D9 and D14.
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e
h
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D
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FIGURE 2. Percentage change in Tg in IAT(-) and IAT(+) patients between
DO and D9. Eleven patients with Tg < 0.5 ng/ml on DO and/or D9 are not
represented. Dashed line denotes the best cutoff value (100%, see text for
definition).

the value obtained 5 days later. An optimal cutoff value of
750% has been determined, and successful ablation was ob
served for 90% of the patients above this cutoff value and, in
contrast, for only 14% of patients below it.

Furthermore, we observed an inconstant Tg increase between
the value obtained just before scanning dose administration and
the value obtained 9 days later, just before ablative dose
administration. An important result of our study is that a
significant relationship was demonstrated to exist between this
increase and the likelihood of unsuccessful ablation: the abla-
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FIGURE 3. Percentage change in Tg in IAT(-) and IAT(+) patients between
DOand D14. Eleven patients with Tg < 0.5 ng/ml on DO and/or D14 are not
represented. Dashed line denotes the best cutoff value (2000%, see text for
definition).
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FIGURE 4. Percentage change in Tg in IAT(-) and IAT(+) patients between
D9 and D14. Six patients with Tg < 0.5 ng/ml on 09 and/or D14 are not
represented. Dashed line denotes the best cutoff value (750%, see text for
definition).

tive treatment was found to be successful in only 1 of 11
patients with percentage change between DO and D9 > 100%.

Even if I3II ablative therapy is controversial, many authors

suggest that this treatment be performed after thyroid surgery
for nonmedullary DTC to ablate residual thyroid tissue even if
the uptake of I31I is limited to the thyroid bed (1-7). In our

study, all the patients have preliminarily undergone a total
thyroidectomy. This kind of surgery is recommended for
eradicating multicentric disease and creating a suitable environ
ment for I ablative therapy, aiding in avoiding complications
and enhancing treatment efficacy (14-19).

In our study, age, sex, histolÃ³gica! type of primary tumor,
serum TSH levels and serum Tg levels on DO did not correlate
with the outcome of 131Itreatment. This is in agreement with

other published reports (19-21). It has been reported previously

that the success of the ablative treatment was related to the mass
of the remnant tissues (16,21-23). In a recent study, complete

ablation was obtained in 87.5% of the patients when the mass of

the remnant tissue was less than 5 g and in 52.2% of the patients
when it was more than 5 g. This discrepancy seems to be
essentially due to a difference in initial absorbed dose (21). On
the other hand, in our study, the response to the treatment seems
to be independent of the size of the remnant tissue estimated by
planimetry of residual thyroid areas. This might be due to the
fact that most of the remnants in our population are relatively
small, probably less than 5 g, as suggested by the average
uptake of I3II at 72 hr (3.2%), which is compared with the

average uptake of about 20% obtained in the above study for the
population with more than 5 g of remnant tissue.

To the best of our knowledge, variations of Tg levels after
radioiodine scanning or ablative dose administration have never
been correlated with the outcome of 131Iablative treatment. Our

study indicates that these variations are independent of the TSH
variations and are not related to the presence of scattered 13II
photons inside photopic I25I during the Tg measurements. We

have not been able to correlate the Tg variations with dosimetrie
data after radioiodine scanning or ablative dose administration
because this was not a prospective study. Quantitative dosimet
rie measurements are not routinely performed in our depart
ment, especially due to the low reliability of the results when
remnants are small and when special or dedicated facilities are
not available (24,25). However, the hypothesis can be made that
the increase in plasma Tg level after I3II administration is

related to the uptake of radioiodine in residual thyroid tissue
and is explained by radiation-induced cellular effects such as
cytolysis and membrane damage, as previously described with
external radiotherapy (26,27). Our results indicate that this
phenomenon is present after ablative dose administration as
well as after scanning dose administration, although it is less
frequent and of lesser importance in this case. Previous studies
have shown that the outcome of I3II treatment is related to the

radiation dose to the thyroid remnants. It has been reported that
successful ablation was obtained in about 75% of patients when
a cumulative absorbed dose of at least 300-400 Gy was

delivered (25,28,29). A more recent study (21) has indicated
that the initial absorbed dose is perhaps more important than the
cumulated absorbed dose, particularly for remnants having a
mass of more than 5 g. This report indicates that a good
response is observed when the initial dose rate is above 3 Gy/hr
irrespective of the cumulative absorbed dose rate. We can
assume that the Tg increase is dependent of the cumulative
absorbed dose, or even of the initial dose rate, delivered to the
residual thyroid tissue. We believe that this is the reason why

TABLE 6
Quality of Prediction of Successful First IAT with Best Cutoff Value for TgD9, Percent Change between DOand D9, DOand D14 and D9

and D14

ParameterTgD9*

(n =37)Percent

changebetweenDO
and D9* (n =26)Percent

changebetweenDO
and D14T (n =26)Percent

changebetweenD9
and D14T (n = 31)Best

cutoff
value0.5

ng/ml100%2000%750%PPV10.600.880.90NPV0.630.910.830.86No.

of patients
well classified25192227No.

of patients
badly classified12744

*Patients are classified in a successful IAT group if TgD9 or percent change between DO and D9 are lower than cutoff value (0.5 ng/ml and 100%,

respectively).
tPatients are classified in successful IAT group if percent changes between DOand D14 or D9 and D14 are superior or equal to cutoff values (2000% and

750%, respectively).
See text for definition of best cutoff values and percent changes.
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percentage change after ablative dose administration is a good
predictor of treatment efficacy. The only patient with an
elevated percentage change after 131Iablative dose administra

tion and unsuccessful treatment (Patient 9) presented an LT; the
lower efficacy of treatment in this case could be due to a less
homogeneous uptake and to a shorter biologic half-life of m I as

previously described (30).
An important finding of our study is that, after a scanning

dose of 131I, a percentage change in Tg level s 100% is

associated with a poor therapeutic response. Moreover, we
observed that the Tg increase 9 days after a scanning dose is
significant only in the IAT( â€”)group, whereas the Tg values are

nearly the same before and after scanning dose administration
in the IAT( + ) group. These findings suggest that radiation-
induced disturbances could be present even with low doses of
3' I and could have an opposite effect on subsequent uptake of

radioiodine for ablative therapy. This is in accordance with
previous reports that described a "stunning" effect of 131I

scanning doses on remnant tissues (31,32). In a recent study
(32), the uptake of thyroablative doses by postoperative rem
nants was visually compared after a diagnostic whole-body scan
with I31I (111-370 MBq) and I23I (11 MBq), a pure gamma

emitter that delivers a significantly lower absorbed dose than
131I,a ÃŸemitter. The uptake was impaired in 20 of 26 patients
in the 131Igroup and in none of 14 patients in the I23I group. In

another recent report (33), an opposite effect after 370 MBq of
131I has been described compared with doses of 185 and 37
MBq. Our findings suggest that the rise in Tg level after 13II

scanning dose administration increases the likelihood of a
stunning effect during subsequent I31I treatment. We are not

aware of the length of this effect, but our results suggest that it
still could be present 9 days after diagnostic 1311administration.

CONCLUSION
We must stress the fact that the use of our results in another

laboratory, and especially of the cutoff values of 100% and
750% for percentage changes between DO and D9 and D9 and
D14, would require some precautions because our findings
probably depend on the scanning dose (111 MBq of '3 ' I) and on

the method used for measuring Tg. Indeed, it is well known that
there are many differences between Tg assays in terms of
calibration and sensitivity (34-37). Another limitation is that
predicting efficacy of the ablative treatment on thyroid rem
nants that are mainly constituted of normal thyroid tissue
probably does not eliminate the necessity for performing
whole-body scan control and Tg measurement some months
later to search for recurrent or metastatic disease.

Tg variation seems to be a good indicator of radiation-
induced disturbances in thyroid tissue after scanning or thera
peutic dose of I31I. The increase in Tg after 13II therapeutic
dose during first I31I ablative therapy for nonmedullary DTC

appears to be a reliable predictor of ablative treatment efficacy
in patients with no distant metastasis, whereas the increase in
Tg after I31I scanning dose seems to be associated with the

previously described stunning effect.
Further studies are required to confirm these results and to

indicate if Tg variations (a) can predict not only the disappear
ance of thyroid remnants but also the absence of recurrent
disease, (b) can predict the efficacy of 131I treatment in
recurrent or metastatic disease and (c) can help us to adapt 131I

scan and therapy to avoid the stunning effect.

REFERENCES
1. Beierwalles WH. The treatment of thyroid carcinoma with radioactive iodine. Semin

NucÃMed l978;8:79-84.

2. Krishnamurthy GT. Blahd WH. Radioiodine iodine-131 therapy in the management of
thyroid cancer: a prospective study. Cancer 1978:40:195-202.

3. Beierwaltes WH. Rabbani R. Dmuchowski C, et al. An analysis of ablation of thyroid
remnants with iodine-131 in 511 patients from 1947-1984: experience at University of
Michigan. J NucÃMed 1984:25:1287-1293.

4. Simpson WJ. Panzarella T. Carruthers JS. Gospodarowicz MK, Sutcliffe SB. Papillary
and follicular thyroid cancer: impact of treatment in 1578 patients. Int J RadiÃ¢tOncol
Biol Phys 1988:14:1063-1075.

5. DeGroot LJ. Kaplan EL. McCormick M, Straus FH. Natural history, treatment and
course of papillary thyroid carcinoma. J Clin Endocrinol Meiah 1990:71:414-424.

6. Samaan NA. Schuttz PN. Hickey RC. et al. The results of various modalities of
treatment of well-differentiated thyroid carcinomas: a retrospective review of 1599
patients. J Clin Endocrinol Meiah 1992:75:714-720.

7. Mazzaferri EL. Jhiang SM. Long-term impact of initial surgical and medical therapy
on papillary and folticular thyroid cancer. Am J Med 1994:97:418-428.

8. Schlumberger M. Charbord P. Fragu P. Lumbroso J, Parmenticr C. Tubiana M.
Circulating thyroglobulin and thyroid hormones in patients with mÃ©tastases of
differentiated thyroid carcinoma: relationship to serum thyroglobulin levels. J Clin
Endocrinol Meiah 1980:51:513-519.

9. Schneider AB, Line BR. Goldman JM, et al. Sequential serum thyroglobulin
determinations, iodine-131 scans and iodine-131 uptakes after triiodothyronine with
drawal in patients with thyroid cancer. J Clin Endocrino! Melab 1981:53:1199-1206.

10. Blahd WH. Drickman MV. Porter CW, Hill VA. Baumgartner WA. Serum thyroglob
ulin, a monitor of differentiated thyroid carcinoma in patients receiving thyroid
hormone suppression therapy: concise communication. J NucÃMed 1984:25:673-676.

11. Aiello DP, Manni A. Thyroglobulin measurement versus iodine-131 total-body scan
for follow-up of well-differentiated thyroid cancer. Arch Ini Med 1990:150:437-439.

12. Ronga G. Fiorentino A. Paserio E. et al. Can iodine-131 whole-body scan be replaced
by thyroglobulin measurement in the post-surgical follow-up of differentiated thyroid
carcinoma? J NucÃMed 1990:31:1766-1771.

13. Clarke SEM. Radionuclide therapy of the thyroid. Ear J NucÃMed 1991:18:984-991.

14. Block MA, Dailey GE III. Muchmore D. Avoiding reoperation for indeterminate
thyroid nodules identified as malignant after surgery. Arch Surg 1991:126:598-602.

15. Burmeister LA. du Crei RP, Mariash CN. Local reactions to radioiodine in the
treatment of thyroid cancer. Am J Med 1991:90:217-222.

16. Arad E. O'Mara RE. Wilson GA. Ablation of remaining functioning thyroid lobe with

radioiodine after hemithyroidectomy for carcinoma. Clin NucÃMed 1993:18:662-663.

17. Ley PB. Roberts JW. Symmonds RE Jr. et al. Safety and efficacy of total thyroidectomy
for well-differentiated thyroid carcinoma: a 20-year review. Am Surg 1993:59:110-114.

18. DiRusso G. Kem KA. Comparative analysis of complications from iodine-131
radioablation for well-differentiated thyroid cancer. Surgen' 1994:116:1024-1030.

19. Logue JP, Tsang RW. Brierley JD. Simpson WJ. Radioiodine ablation of residual
tissue in thyroid cancer: relationship between administered activity, neck uptake and
outcome. Br J Radial 1994:67:1127-1131.

20. Matsushita T. Toyota S. Katoh N, Nakagawa T. Iodine-131 treatment of thyroid
cancer: relation between effective half-life and efficacy of treatment. RadiÃ¢t Med
1994:12:167-170.

21. Samuel AM, Rajashekharrao B. Radioiodine therapy for well-differentiated thyroid
cancer: a quantitative dosimetrie evaluation for remnant thyroid ablation after surgery.
J NucÃMed 1994:35:1944-1950.

22. Leung SF, Law MW. Ho SK. Efficacy of low-dose iodine-131 ablation of postoper
ative thyroid remnants: a study of 69 patients. Br J Radial 1992:65:905-909.

23. Comtois R, Theriault C, Dei-Vecchio P. Assessment of the efficacy of iodine-131 for
thyroid ablation. J NucÃMed 1993:34:1927-1930.

24. Flower MA. Schlesinger T, Hinton PJ, et al. Radialion dose assessment in radioiodine
therapy: 2. practical implementation using quantitative scanning and PET. with initial
results on thyroid carcinoma. Radio/her Oncol 1989:15:345-357.

25. O'Connell ME, Flower MA. Hinton PJ, Harmcr CL, McCready VR. Radiation dose

assessment in radioiodine therapy: dose-response relationships in differentiated thyroid
carcinoma using quantitative scanning and PET. Radiother Oncol 1993:28:16-26.

26. Ramakrishnan N. McCIain DE, Catravas GN. Membranes as sensitive targets in
thymocyte apoptosis. Int J Radial Biol 1993:63:693-701.

27. Cramp WA. Yatvin MB, Harms-Ringdahl M. Recent developments in the radiobiology
of cellular membranes. Acta Oncol 1994:33:945-952.

28. Maxon HR. Thomas SR. Hertzbcrg VS, et al. Relation between effective radiation dose
and outcome of radioiodine therapy for thyroid cancer. N Engl J Med 1983:309:937-
941.

29. Maxon HR, Englaro EE, Thomas SR. et al. Iodine-131 therapy for well-differentiated
thyroid cancerâ€”a quantitative radiation dosimetrie approach: outcome and validation
in 85 patients. J NucÃMed 1992:33:1132-1136.

30. Wolf JI. The active transport system. In: Leclere J. Orgiazzi J. Roussel B, Schlicnger JL.
Wemeau JL. eds. La thyroÃ¯de.Paris: Expansion Scientifique FranÃ§aise;1992:17-24.

31. Jeevanram RK. Shah DH, Sharma SM, Ganatra RD. Influence of initial large dose on
subsequent uptake of therapeutic radioiodine in thyroid cancer patients. NucÃMed Biol
1986:13:277-279.

32. Park HM. Perkins OW, Edmondson JW, Schnute RB, Manatunga A. Influence of
diagnostic radioiodines on the uptake of ablative dose of iodine-131. Thrroid
1994;4:49_54.

33. Kim CK, Tse K, San Pedro E, Alavi A. Influence of various scanning doses on subsequent
iodine-131 ablation of thyroid remnants [Abstract]. J NucÃMed 1994:35:14P.

34. Van Herle AJ, Van Herle IS. Greipel MA. An international cooperating study
evaluating serum thyroglobulin standards. J Clin Endocrinol Melab 1985:60:338 -343.

35. Feldt-Rasmussen U, Schlumberger M. European interlaboratory comparison of serum
thyroglobulin measurement. J Endocrinol Invest 1988:11:175-181.

36. Blahd WH. Serum thyroglobulin in thyroid cancer management. J NucÃ Med
1990:31:1771-1773.

37. Marque! PY, Daver A, Sapin R, et al. Highly sensitive immunoradiometric assay for
serum thyroglobulin with minimal interference from auloantibodies. Clin Chem
1996:42:258-262.

1368 THEJOURNALOFNUCLEARMEDICINEâ€¢Vol. 38 â€¢No. 9 â€¢September 1997




