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Influence of Scanning Doses of Iodine-131 on
Subsequent First Ablative Treatment Outcome
in Patients Operated on for Differentiated

Thyroid Carcinoma

Jean-Pierre Muratet, Alain Daver, Jean-Francqis Minier and Francis Larra

Médecine Nucléaire, Centre Paul Papin, Cedex, France

The therapeutic outcome after '3l first ablative treatment in patients
operated on for nonmedullary differentiated thyroid carcinoma was
compared after both the currently used scanning dose of 111 MBq
31| and a scanning dose of 37 MBq '3'l. Methods: Two-hundred
twenty-nine consecutive patients with no known metastases were
retrospectively studied. They were divided in two populations ac-
cording to the scanning dose (127 patients with 111 MBq and 102
patients with 37 MBq). All patients received 111 or 37 MBq 3"l for
diagnostic purposes and 3.7 GBq "I for ablative therapy 9 days
later. To assess the efficacy of the treatment, all patients were
studied with '3l and with thyroglobulin plasma assays 6-17 mo
later. Results: Successful outcome was significantly more frequent
after a scanning dose of 37 MBq '3'l than after a scanning dose of
111 MBq (76% versus 50%, p < 0.001). The treatment efficacy was
particularly enhanced after 37 MBq in patients with associated
lymphocytic thyroiditis. Conclusion: In patients with no known
metastases, our data suggest that the impairment of the treatment
efficacy observed after a scanning dose of 111 MBq "'l is related to
a stunning effect on the thyroid remnants. The threshold amount
above which this effect begins to occur in thyroid remnants could be
between 37 and 111 MBq '3'I. Consequently, a scanning dose of
only 37 MBq '3'l could be recommended before first ablative
treatment. The absence of metastatic patients in our study prevents
any conclusion about the possible stunning of the neoplastic tissue.
Nevertheless, we must suspect such an effect and try to avoid it,
especially during follow-up after first radioiodine therapy. For in-
stance, one may consider postponing radioiodine treatment several
weeks or even months after scanning dose administration or using
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only thyroglobulin measurement for patients who are likely to receive
a subsequent radioiodine treatment.
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stunning effect
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Despite some controversies, radioiodine treatment is fre-
quently performed after total or subtotal thyroidectomy for
nonmedullary differentiated thyroid cancer even if radioiodine
accumulation is limited to the thyroid bed and is not specific for
tumor (/-7). The success of the 1311 ablative treatment depends
on different factors (such as size of the remnants, thyroid-
stimulating hormone (TSH) stimulation, iodine diet, etc.), and
currently accepted guidelines have recently been published on
this issue (§—70). One of these guidelines concerns the scanning
dose to use before possible '*'I treatment. A dose of no more
than 74-185 MBq is advocated because higher doses have been
shown to impair the ability of the remnant tissue to take up the
subsequent therapeutic dose of '*'I (11,12). The purpose of this
study is to know if this impairment, the so-called stunning
effect, could appear with the currently used scanning dose of
111 MBq "'I and could reduce the efficacy of subsequent
radioiodine treatment. This is a retrospective study on two
consecutive populations, the first treated after a scanning dose

of 111 MBq '*'I, the second after a scanning dose of 37 MBq
131
L
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MATERIALS AND METHODS
Patients

Two-hundred twenty-nine consecutive patients referred for first
13'] ablative treatment were included. All patients had undergone a
total thyroidectomy for thyroid carcinoma with lymph-node dis-
section when indicated. All patients received a scanning dose of
111 or 37 MBq '*'l 9 days before the administration of a
therapeutic dose of 3.7 GBq '*'I. To assess treatment efficacy, all
patients were studied with '*'1 6.0~16.8 mo later. Patients referred
for surgery for local or distant spread after first radioiodine
treatment and before follow-up were not included. Patients with
known distant metastases were also not included because there
were not enough to constitute a separate group. The 229 patients
were divided in two populations according to the scanning dose.
The first population (P1) was composed of the first 127 patients
(110 females, 17 males; age range 17-79 yr) who received a
scanning dose of 111 MBq before treatment. The second popula-
tion (P2) was composed of the other 102 patients (76 females, 26
males; age range 14-75 yr) who were treated after a scanning dose
of 37 MBgq. The following data were recorded for each patient: age
and sex, histological type and size of primary tumor, lymph-node
status, American Joint Committee on Cancer (AJCC) stages, TSH
and thyroglobulin (Tg) levels just before scanning dose adminis-
tration and presence of anti-Tg autoantibodies (aAbs). Primary
tumors were classified as papillary carcinoma with or without
follicular pattern and follicular carcinoma. Associated histological
abnormalities as lymphocytic thyroiditis and nodular goiters were
also noted. Nodular goiter diagnosis was retained only when one or
more benign nodules (=10 mm) had been found on histological
examination.

First lodine-131 Treatment

Patients were referred for treatment 4 wk to 21.8 mo (mean 3.7
mo) after surgery. On the first day, patients received 111 or 37
MBgq '*'I. Rectilinear scan of the neck and diagnostic whole-body
scan were performed 3 days later. Spot images were obtained for
10 min with a high-energy, parallel-hole collimator on an analogic
or computerized gamma camera. No quantitative dosimetric study
was performed, nevertheless, radioiodine cervical uptake at 72 hr
was measured using a probe system. Radioiodine treatment (3.7
GBq "*'I) was given 6 days later. Post-therapeutic whole-body scan
was performed 5 days after treatment administration. Exogenous
thyroxine replacement was discontinued 5 wk before diagnostic
whole-body scan and replaced by triiodothyronine for 3 wk.
Triiodothyronine was stopped 2 wk before the diagnostic whole-
body scan.

Thyroid-Stimulating Hormone, Thyroglobulin and
Thyroglobulin Autoantibody Measurements

Blood samples for serum TSH, Tg and Tg aAbs assays were
drawn just before any radioiodine administration. TSH measure-
ment was performed using a radioimmunoassay (CT Ultra-sensible
Riagnost; Behring, Frankfort, Germany) on diluted samples (1:10)
to take into account high values of TSH (above 50 nlU/ml). For Tg
measurement, we used consecutively two commercialized radio-
immunoassays [ELSA-HTG; CIS Bio International, Gif-sur-
Yvette, France (A) and TG IRMA; ERIA Diagnostics Pasteur,
Marnes la Coquette, France (B)]. These Tg assays are different in
terms of calibration and also of sensitivity [0.5 ng/ml (A) and 0.2
ng/ml (B)]. We have found a strong correlation between them
(correlation coefficient of 0.96, linear regression curve: B = 1.84
A + 3.55; p = 0.0001). However, in the range 0.5-1.5 ng/ml (A),
the relationship was different (B = 2.58 A + 0.59; r = 0.82;p =
0.006). Consequently, we have considered that the concentration of
1 ng/ml with A, chosen as a threshold, was equivalent to 3 ng/ml
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with B. Tg aAbs measurement was performed with two other
radioimmunoassays (ELSA-AB-HTG; CIS Bio International or
TGAB IRMA; ERIA Diagnostics Pasteur).

lodine-131 and Thyroglobulin Follow-Up

All patients were studied with '*'1 6.0-16.8 mo (mean 8.0 mo)
after radioiodine ablative treatment. Patients were taken off their
thyroid hormone therapy according to the protocol above. Blood
samples for serum TSH, Tg and Tg aAbs assays were drawn before
radioiodine administration for diagnostic whole-body scan. Whole-
body scans were obtained 3 days after administration of a scanning
dose of 111 MBq '"*'l and were classified as positive if they
showed focal abnormal uptake in a pattern of residual or metastatic
disease. Radioiodine treatment was considered successful if the '*'I
whole-body scan was negative, with no detectable uptake in the
regions where it was observed on the preablation scan nor
anywhere else, and if Tg level was < | ng/ml (A) or < 3 ng/ml (B).

Statistical Analysis

To determine if there were any significant differences between
populations P1 and P2, quantitative data were compared by
Student’s t-test or the Mann-Witney U-test. The chi-square test
was used for qualitative data.

RESULTS

All 229 patients had accumulation of '*'I in the thyroid bed
alone with no evidence of lymph node or distant metastasis.
They were divided into two populations, P1 and P2, according
to the scanning dose (111 MBq and 37 MBq '*'l, respectively).
Characteristics of P1 and P2 are summarized in Table 1. There
was no significant difference between the two populations
regarding age, histological type and size of primary tumor,
lymph node involvement, TSH and Tg before treatment, inci-
dence of Tg aAbs before treatment and follow-up, time between
surgery and radioiodine treatment, and time between radioio-
dine treatment and follow-up. The distribution of Pl and P2
according to the AJCC classification was nearly the same. The
cervical uptake 72 hr after scanning dose administration was
comparable. More than 60% of the patients presented a lym-
phocytic thyroiditis or a nodular goiter associated with the
carcinoma. The prevalence of these associated histological
abnormalities was not different in the two populations. Con-
versely, there was a significant difference for male-to-female
ratio with 17:110 in P1 and 26:76 in P2 (p < 0.02).

Results of first radioiodine treatment in P1 and P2 are
summarized in Table 2. Successful treatment was observed for
64 of 127 patients in P1 and for 78 of 102 patients in P2 (50%
versus 76%). The difference was significant at p < 0.001. The
difference remains significant for subgroups composed of only
females or males. Significant differences between P1 and P2
with better results in P2 were also found regarding the three
histopathologic subgroups of carcinoma (follicular, papillary
without and with follicular pattern). When P1 and P2 were
compared regarding associated histological abnormalities, dif-
ference was significant only for patients with lymphocytic
thyroiditis (p < 0.001) but not for patients without associated
abnormalities (p = 0.09) nor for patients with nodular goiter
(p = 0.13). When patients were divided into subgroups accord-
ing to AJCC staging, differences remain significant for Stages
I and III (p < 0.01) but not for Stage 1I (p = 0.14).
Additionally, it was observed in PI that the efficacy of the
treatment was significantly impaired in patients with lympho-
cytic thyroiditis. Radioiodine treatment was successful in only
33% of P1 patients with lymphocytic thyroiditis (9 of 27 P1
patients) compared with 56% of patients with nodular goiter (24
of 43 P1 patients) and 55% of patients without associated
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TABLE 1

Characteristics of Populations P1 and P2

P1 P2

Variable (h=127) (n = 102) p value
Age (y) 43.7 + 14.1 (17-79) 443 + 13.3 (14-75) ns
Sex (male) (%) 13 25 <0.02
Size of primary tumor (mm) 19.4 + 11.3 (1-70) 20.1 = 13.6 (2-70) ns
Histological type (F/P/PF) (%) 73/1710 65/23/12 ns
Lymph-node status (N+) (%) 35 42 ns
AJCC Stage (INII) (%) 64/19/17 64/17/19 ns
Other abnormalities (No/LT/NG) (%) 38/22/40 36/22/42 ns
Thyroglobulin before treatment (ng/ml)* 3.7 (0-307) 3.1(0-228) ns
TSH (mwiiter) 82.0 (32-170) 86.4 (11.7-405) ns
Cervical radioiodine uptake at 72 hr (%) 1.66 (0.1-10.4) 2.05(0.1-12.5)
aAbs ratio before treatment (aAbs+) (%) 13 16
aAbs ratio on follow-up (aAbs+) (%) 5 8
Time between surgery and treatment (mo) 42 *+ 27 (1.5-21.8) 3.0+ 1.4(0.8-7.5) ns
Time between treatment and follow-up (mo) 8.3 = 1.5(6.0-16.8) 7.6 +0.8(6.0-12.2) ns

*Calculated after transformation of the thyroglobulin values obtained with the A assay in the B assay equivalent values.
Quantitative results are given as mean * s.d. (range) or as median (range); other results are given as percentages.
F = follicular; P = papillary; PF = papillary with a follicular pattern; No = no associated abnormallity; LT = lymphocytic thyroiditis; NG = nodular goiter;

AJCC = American Joint Committee on Cancer; ns = not significant.

abnormality (22 of 40 P1 patients) (p < 0.05). This impairment
was not found in P2, in which results in patients with lympho-
cytic thyroiditis were even slightly better than in other sub-
groups (not significant). No other significant difference was
found among subgroups inside each population Pl and P2
according to the success of the treatment.

DISCUSSION

The study of two series of postoperative patients with
nonmetastatic differentiated thyroid carcinoma indicates that
the success rate of radioiodine ablative therapy is enhanced by
using a scanning dose of 37 MBq '*'I compared with a scanning
dose of 111 MBq "*'I. Consequently, the relatively low dose of
111 MBq "*'I seems to be sufficient to cause an impairment of
the treatment efficacy probably related to the stunning of the
thyroid remnants.

In low-risk cancer patients, ablative therapy has not been
shown to enhance survival and its effect on recurrence rate is

controversial (/-7). Nevertheless, many experts recommend
one radioiodine treatment for the ablation of thyroid remnants
for almost all patients after total or near-total thyroidectomy for
nonmedullary differentiated thyroid carcinoma (9,10). Further
131 treatments in low-risk cancer patients with persistent uptake
limited to the thyroid bed on diagnostic scan is more debatable.
Therefore, conditions must be optimal before first treatment to
try to obtain complete ablation of remaining thyroid tissue after
only one therapeutic dose of '*'I. Guidelines have recently been
published about optimal preparation for radioiodine treatment
in thyroid carcinoma (8—10). The mass of the remaining tissue
is a critical factor, consequently total or subtotal thyroidectomy
is recommended. Levothyroxine and triiodothyronine must be
withdrawn 4—6 wk and 2 wk before therapy, respectively. A
low-iodine diet is indicated for at least 2 wk. For all our
patients, extent of surgery, iodine diet and TSH stimulation
followed these guidelines. Lastly, these guidelines suggest a

TABLE 2
Percentage of Successful Radioiodine Treatment in P1 and P2
Variable P1 P2 p value

Whole population 50% (64 of 127) 76% (78 of 102) <0.001
Sex

Male 41% (7 of 17) 77% (20 of 26) <0.02

Female 52% (57 of 110) 76% (58 of 76) <0.001
Histological type

Follicular 38% (5 of 13) 92% (11 0f 12) <0.01

Papillary without follicular pattern 51% (47 of 92) 73% (48 of 66) <0.01

Papillary with follicular pattem 55% (12 of 22) 79% (19 of 24) <0.05
Associated histological abnormalities”

No associated abnormalities 55% (22 of 40) 74% (23 of 31) 0.09

Lymphocytic thyroiditis 33% (9 of 27) 83% (24 of 29) <0.001

Nodular goiter 56% (24 of 43) 72% (26 of 36) 0.13
AJCC Stage'

Stage | 56% (45 of 80) 78% (51 of 65) <0.01

Stage Il 50% (12 of 24) 72% (13 of 18) 0.14

Stage Il 32% (7 of 22) 74% (14 of 19) <0.01

*Data not available for 17 patients in P1 and 6 patients in P2.
*Data not available for 1 patient in P1.
AJCC = American Joint Committee on Cancer.
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scanning dose of no more than 185 MBq (&) or even 74-111 MBq
1311 (10) because of the results of some previous reports, which
describe a stunning effect on remnant tissues when higher doses
are used. The first study compared 72 hr '*'I uptake by thyroid
remnants after scanning doses of 18.5-185 MBq '*'I and after
subsequent therapeutic doses in 52 patients (/7). Only patients
with an initial uptake of more than 5% were studied. The uptake
was much lower after therapeutic doses than after scanning doses.
This effect was significantly more frequent when remnants re-
ceived an absorbed dose of more than 17.5 Gy after scanning dose
administration. The corresponding amounts of '*'I were not
detailed. In the same study, the uptake was compared after two
consecutive scanning doses in seven patients with thyroid rem-
nants (148-185 MBq then 148-166 MBq '*'I). The mean initial
absorbed dose of 43 Gy was associated with an average 55%
reduction in uptake after the second scanning dose. This latter
result suggests that the impairment of the uptake after treatment is
not necessarily due to a specific response to the therapeutic dose
but may be related to the initial scanning dose. In another study, the
uptake of '*'I therapeutic dose by remnants was visually compared
after diagnostic whole-body scan with '*'I (111-370 MBq) and
123 (11 MBgq), a pure gamma emitter that delivers a significantly
lower absorbed dose than '*'1, a beta emitter (/2). The uptake was
impaired in 15 of 24 foci in the neck in the '*'I group and in none
of 16 foci in the neck in the '?*I group. The relationship with the
initial absorbed dose was supported by the finding that the higher
the scanning dose, the more reduced was the apparent uptake after
therapeutic dose.

It is likely that the reduction of the uptake after therapeutic
dose leads to an adverse effect on radioiodine treatment efficacy
even if uptake and therapeutic outcome may not be closely
related (/3,14). This hypothesis is supported by a study in
which a 370-MBq "*'I scanning dose increased the likelihood of
unsuccessful treatment compared with 185 and 37 MBq "'
(15). However, in the same study, treatment efficacy was not
statistically different after 185 MBq compared with 37 MBq. In
a more recent report, an im?airment of treatment efficacy is
described after 111-370 MBq '*'I scanning doses compared with
approximately 11 MBq '3 (16). Successful results are obtained in
60% of postoperative patients treated after '*'l and in 75% after
1231 (15 of 25 patients versus 30 of 40) but the difference is not
significant (p > 0.2).

These results show an improvement of first '*'I ablative
treatment efficacy after a 37 MBq '*'I scanning dose in patients
with no known metastases. The analysis of the characteristics
available in our two populations indicates no other significant
difference except for sex ratio. This difference might be due to
a change in the detection mode of the thyroid cancer and
particularly, since a few years ago, to the more systematic
clinical examination of the thyroid of male patients. At any rate,
the improvement remains significant for male as well as for
female subgroups after 37 MBq. Thus, these data show that a
significant impairment of ''I ablative treatment efficacy can
occur even after a no more than 111 MBq '*'I scanning dose
compared with 37 MBq. There is evidence that this impairment
can be related to the stunning phenomenon even if we have not
observed a scintigraphically apparent reduction of the uptake.
The success rate of 76% after 37 MBq "'l scanning dose is
similar to the rate reported for patients treated after 11 MBq 2’
(16). This amount of '?*I probably has little effect on remnant
tissues because the absorbed dose is approximately one thou-
sand times less than that of 111 MBq ''I (/6). Series of
patients are perhaps not comparable between the two studies but
our results suggest that the threshold amount of '*'I above
which stunning phenomenon begins to occur, and to have an
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adverse effect on treatment efficacy, could be between 37 and
111 MBq "*'I. The duration of the stunning phenomenon is not
known: 1, 2 or 4 wk have been reported (//,12). This study
indicates that the stunning effect persists at least 9 days after
scanning dose administration. Regarding histological type of
primary tumor, the response to '*'I ablative treatment is
significantly better in P2 for follicular carcinoma as well as for
papillary carcinoma (with or without follicular pattern). The
success rate is also significantly higher in P2 for Stage I and
Stage 11l patients (AJCC classification). For Stage II patients,
successful treatments are also more frequent in P2 (72% versus
50%), but p value is not significant (p = 0.14), probably due to
the low number of patients in these subgroups (24 for P1, 18 for
P2). Nevertheless, we must point out that most of the thyroid
remnants in this study were probably constituted of nontu-
moral thyroid tissue. Consequently, the improvement after 37
MBq '*'I does not necessarily indicate that an improvement would
be found in patients with tumoral remnants and, consequently, that
this improvement would be identical regarding different stages and
histological types. Regarding associated histological abnormalities,
the use of a 37 MBq '3'I scanning dose improves the results of '3'l
ablative treatment in each subgroup. However, this improvement is
not significant at a confidence limit of 95% for patients with
nodular goiter, nor for patients with no associated abnormalities.
Conversely, it is very significant for patients with lymphocytic
thyroiditis (33% in P1 versus 83% in P2; p < 0.001). Additionally,
we found that unsuccessful treatments were significantly more
frequent in P1 in patients with lymphocytic thyroiditis compared
with other subgroups of P1. This lower efficacy of radioiodine
treatment in Pl patients with lymphocytic thyroiditis could be
related to a less homogeneous uptake and to a shorter biological
half-life of '3'I in thyroid tissue, as previously described (/7).
However this difference disappears in P2 in which treatment is
even slightly more frequently successful in patients with lympho-
cytic thyroiditis (83% versus 72% (nodular goiter) and 74% (no
abnormalities), not significant). These results suggest that thyroid
remnants with lymphocytic thyroiditis could be more sensitive to
the stunning phenomenon. Nevertheless, it appears that this ad-
verse effect could be avoided, or widely diminished, in this
particular case by reducing the scanning dose to 37 MBq '*'l. The
size of the thyroid remnants has not been included in these data
because we were unable to accurately assess it. Indeed, in our
populations, the uptake at 72 hr (median 1.66% for P1 and 2.05%
for P2) indicates that most of the remnants were small (i.e., <1 g),
as suggested by the comparison with the average uptake of 20%
found in another report of patients with >5 g remnant tissues (/4).
It is known that size measurements, and consequently dosimetric
calculations, have a poor reliability when the mass of the remnants
is small and especially when <1 g (/8). Consequently, we have
not routinely performed dosimetric studies and are unable to
establish a relationship between absorbed dose after scanning dose,
absorbed dose after therapeutic dose and subsequent treatment
efficacy. The uptake 72 hr after therapeutic dose has not been
routinely measured either. Previous studies have shown that the
stunning effect leads to an impairment of uptake. On the other
hand, it is known that '*' ablative treatment efficacy is related not
only to the uptake and to the total absorbed dose but also to the
inital absorbed dose after therapeutic dose administration (/4).
Consequently, further complete dosimetric studies are required to
determine the exact mechanism involved in the impairment of first
I ablative treatment efficacy observed after scanning dose
administration.

This study concerns only thyroid remnants. One report (/2)
mentions that the visual impairment of the uptake described
after 111-370 MBq '*'I in 15 of 24 cervical remnants was seen
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in only 1 of 11 distant metastases, suggesting a lesser sensitivity
to the stunning effect. Nevertheless, even if the sensitivity of the
neoplastic tissue to the stunning effect must be confirmed and
even if we have no evidence that it is comparable with that of
the normal tissue, we must keep in mind this possibility and
take it into account in choosing scanning doses before first
treatment and for follow-up studies.

How is the stunning effect avoided? The issue is rather
different if we consider first treatment or further radioiodine
studies and treatments. The main goal of the scanning dose
administration before first treatment is to detect extensive
remnants, lymph node involvement or even distant metastases,
leading to surgical treatment before radioiodine ablative therapy
(2% in our experience) or to the reduction of the therapeutic
dose to avoid neck pain and edema in patients with extensive
remnants (6% in our experience) (/9,20). In this particular use,
we think that a scanning dose of 37 MBgq is sufficient. Another
solution is to use 'l as suggested in a recent study (/6), in
which the accuracy of scans performed 24 hr after the admin-
istration of 11 MBq '2*I was similar to that of scans obtained 72
hr after administration of 111-370 MBq '*'I (89.5% versus
92.9%, respectively). Some false-negatives are described after
both of the isotopes, especially regarding detection of distant
metastases, but, because nearly all patients are treated at least
one time, we know that a more accurate detection will be
possible by performing a post-therapeutic scan.

For follow-up after radioiodine treatment, the minimum
amount of '*'I recommended for scanning doses is 74-111
MBq (/0) and, on the other hand, the accuracy of a 11 MBq '%’I
scanning dose seems to be insufficient [70% versus 93%
compared with 111-370 MBq '3'I (16)]. Higher doses of '*’I
might be considered but are too expensive for routine use. One
solution would be to use only Tg level under TSH stimulation
to decide if a new radioiodine treatment is necessary, but it is
known that this is a less sensitive method (2/). Another
possible solution is to postpone radiodiodine therapy some
weeks or months after scanning dose administration but, further
studies are warranted to know the duration of the stunning
effect.

CONCLUSION

The results of this study suggest that the stunning effect can
be present in postoperative patients with thyroid remnants after
the relatively low scanning dose of 111 MBq '*'I, leading to a
significant reduction of the efficacy of the first ablative treat-
ment. A scanning dose of 37 MBq "'l seems to avoid or to

widely diminish this effect and could be recommended before
the first treatment. Further studies are required to confirm the
existence of the stunning effect in tumoral tissue, especially
after the recommended follow-up scanning dose of 111 MBq
B! and to know its duration to establish guidelines for
follow-up scintigraphy.
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