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Abstract. Purpose: The aim of this study was to assess the
prognostic factors for treatment efficacy, and in particular
the increase in serum thyroglobulin (Tg) level at the time
of the first ablative radioiodine treatment, in patients with
differentiated thyroid carcinoma (DTC).

Methods: A retrospective chart review was performed on
407 patients treated for DTC by total thyroidectomy and
31 ablation between 1995 and 2002, and examined 5—
12 months later with diagnostic '*'T whole-body scan and
serum Tg measurement after thyroid hormone treatment
withdrawal. At the time of the ablative radioiodine treat-
ment, serum Tg level was determined just before ' ad-
ministration (TgDO0) and 5 days later (TgD5); Tg variation
was expressed as the ratio TgD5/TgDO0. At the first post-
ablation follow-up examination, unsuccessful ablation was
defined by a Tg level >2 ng/ml and/or abnormal '*'I
uptake.

Results: Ablation was unsuccessful in 51 patients. Uni-
variate analysis showed high TgDO level, low TgD5/TgD0
ratio extrathyroidal invasion, '*'I uptake in the neck
(excluding the thyroid bed) during the ablative treatment
and distant metastases to be significantly associated with
unsuccessful ablation. On logistic multivariate analysis,
TgDO0 level <5 ng/ml and TgD5/TgD0 ratio >20 were
independently associated with successful ablation. A re-
ceiver operating characteristic curve analysis determined
that a TgD5/TgDO ratio greater than 20 had a 97% positive
predictive value for successful ablation. When both TgDO0
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and TgD5/TgDO0 ratio were considered, that is, TgDO
< 5 ng/ml or TgDO >5 ng/ml but TgD5/TgDO ratio >20,
ablation was unsuccessful in only 12/301 patients.
Conclusion: Our data show that the TgD5/TgDO0 ratio
may be used as a new prognostic indicator of '3'I
treatment efficacy in patients with DTC.
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Introduction

The long-term prognosis (in terms of survival) of papillary
and follicular differentiated thyroid cancer (DTC) is known
to be very good [1, 2]. The value of serum thyroglobulin
(Tg) measurement in the follow-up of DTC is well re-
cognized [3-9]. In particular, after near-total or total thy-
roidectomy and just before ablative radioiodine treatment,
an elevated serum Tg level after thyroid hormone treatment
withdrawal has been shown to have a high predictive value
for persistent cervical disease or distant metastases [10, 11].
In a previous study, conducted in a small population of
patients, we reported that an increase in serum Tg level
during ablative radioiodine treatment (3.7 GBq) appeared
to be a good predictor of treatment efficacy [12].

The aim of this study was to evaluate, in a large cohort
of consecutive patients treated for DTC, the initial prog-
nostic factors for treatment efficacy, and in particular the
relevant cut-off value for the increase in serum Tg level at
the time of ablative radioiodine treatment.
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Materials and methods

Subjects

Between January 1995 and September 2002, 540 patients with DTC
were referred to our institution for ablative radioiodine treatment. All
?atients had undergone near-total or total thyroidectomy. Diagnostic

31T whole-body scan (*'I-WBS) and serum Tg measurement after
thyroid hormone treatment withdrawal were usually performed 6—12
months after '*'T ablation. For various reasons, 133 patients were not
included in the study: 62 with anti-Tg antibodies, 17 with a TSH
below 25 mlIU/1 at the time of the ablative radioiodine treatment, 44
in whom diagnostic '*'I-WBS and serum Tg measurement 6—12
months after the ablative radioiodine treatment were either not
performed (#=18) or were performed after thTSH stimulation (n=26),
3 with missing Tg measurements and 7 in whom lymph node dis-
section (n=6) or bone metastasis surgery (n=1) was performed
between '*'I therapy and follow-up examination.

The study population comprised 302 females and 105 males,
aged 9-81 years (mean 46) at the time of thyroidectomy. The
histological DTC subtype was papillary in 329 cases (81%) and
follicular in 78 cases (19%). Fourteen patients were found to have
distant metastases at the time of the first radioiodine treatment (bone
in four cases, lung in eight cases and both lung and bone in two
cases).

Ablative radioiodine treatment

Patients were referred for radioiodine therapy 1-16 months (median
3.4 months) after thyroidectomy. L-Thyroxine treatment was dis-
continued 6 weeks before ablative radioiodine treatment and replaced
by triiodothyronine for 4 weeks. Triiodothyronine was stopped 2
weeks before radioiodine therapy. On day 0 (D0), an ablative dose of
31 (3.7 GBq) was administered. On day 5 (D5), '*'I-WBS was
performed, using a dual-head gamma camera (DST-XL, Sopha
Medical Vision, France) equipped with high-energy collimators.
Spot views were obtained for 10 min and radioiodine cervical uptake
was quantified.

TSH and Tg measurements

Blood samples were drawn on day 0 (immediately before the ad-
ministration of an ablative dose of '*'T) and on day 5. Serum TSH
measurement was performed on day 0. Serum Tg was measured on
day 0 and day 5 in a radioimmunoassay (Cis Bio International, France)
with a lower detection limit of 0.2 ng/ml. Serum anti-Tg auto-
antibodies were measured on day 0 by an immunoradiometric assay
method (Cis Bio International, France; normal range <70 IU/ml).
Variation between pre- (DO Tg level) and post-therapeutic (D5 Tg
level) serum Tg levels was expressed as the ratio TgD5/TgD0. Given
the assay sensitivity of 0.2 ng/ml, the ratio was calculated only when
TgD5 and TgDO were both greater than 0.2 ng/ml.

Follow-up examination

The first post-ablation follow-up examination was performed 5-12
months (mean 7.3 months) after '*'I thyroid ablation. This follow-up
examination consisted of a diagnostic '*'I-WBS and serum Tg
measurement after thyroid hormone withdrawal. Blood samples for
serum TSH and Tg assays were drawn before '*'I administration
(111 MBq). *'I-WBS was performed 3 days later. Patients were
classified into two groups :
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1. Unsuccessful ablation: Tg level >2 ng/ml and/or abnormal 'l
uptake in a pattern evocative of residual or metastatic disease
2. Successful ablation: Tg level <2 ng/ml

Statistical analysis

Using logistic regression, 11 variables were tested for their as-
sociation with unsuccessful ablation by univariate analysis: sex, age
at diagnosis, TgDO0 level, TgD5/TgD0 ratio, histological subtype
(follicular or papillary), tumour size, number of tumour foci (one,
two or more), extrathyroidal extension, abnormal uptake evocative of
cervical lymph node metastases on the '*'I-WBS performed 5 days
after the ablative dose, and presence and location of distant me-
tastases. Variables with 0.05<p<0.20 were further analysed by
multiple logistic regression with backward elimination of variables
so as to identify a small set of variables with independent prognostic
significance. A p value <0.05 was considered statistically significant.
Statistical analysis was performed using SPSS statistical software
(SPSS, Inc., Chicago, IL).

Results

At the time of ablative radioiodine treatment, TgDO ranged
from 0 to 9,663 ng/ml (median 3.8) and the TgD5/TgD0
ratio, calculated in 364 cases, ranged from 0.3 to 301.6
(median 14.8). At the follow-up examination, successful
ablation was observed in 356/407 (87.5%) patients. In 51
patients with unsuccessful ablation, the serum Tg level
ranged from 2.1 to 4,286 ng/ml (median 5.1), with ab-
normal diagnostic '*'I-WBS in 18 cases.

Variables significantly associated with unsuccessful ab-
lation by univariate analysis are reported in Table 1. The
results of the logistic multivariate regression analysis are
summarised in Table 2. We observed that both a TgD5/
TgDO0 ratio >20 and a TgDO level <5 ng/ml were inde-
pendently associated with successful ablation even after
testing a term of interaction between these two variables. A
receiver operating characteristic curve analysis determined

Table 1. Variables significantly associated with unsuccessful abla-
tion after the first radioiodine treatment (univariate analysis)

Variable No. of p Relative risk
patients value (95%
(%) confidence
interval)
TgDO0 level 2 <0.01
TgD5/TgDO ratio bs¢ <1074
Extrathyroidal invasion 89 (22%) <1074 3.1 (1.7-5.8)
131 [ uptake in the neck, 16 (4%) <1074 7.9 (2.8-22.1)
excluding the thyroid
bed, during the ablative
treatment
Distant metastases 14 3%) <1074  20.8 (6.3-69.4)

4 TgDO level higher in case of unsuccessful ablation
b TgD5/TgDO ratio lower in case of unsuccessful ablation
€ Analysis restricted to the 364 patients with a Tg level >0.2 ng/ml
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Table 2. Factors identified as predictive of unsuccessful ablation by
the multivariate analysis model (n=364)

Variables p value Relative risk (95%
confidence interval)
TgD5/TgDO ratio <20 <1074 6.6 (2.5-20.0)
Extrathyroidal invasion <0.01 2.8 (1.3-5.7)
Distant metastases <0.01 104 (2.2-50.2)
Male sex 2 <0.02 2.5 (1.11-5.0)
TgDO level >5 ng/ml <0.05 1.02 (1.00-1.03)

4 Male sex variable presented a p value of 0.2 in univariate analysis

that a TgD5/TgDO ratio >20 had a 97% positive predictive
value for successful ablation (Table 3).

As in our experience ablation is successful in most
patients with a TgDO0 level <5 ng/ml, we defined a sub-
group of patients with an initial good prognosis, including
those with a TgDO level <5 ng/ml (n=238) and those with a
TgDO level >5 ng/ml but a TgD5/TgDO0 ratio >20 (n=63).
All in all, among the 301 patients of this subgroup, ablation
was unsuccessful in only 12 (4%) patients. Firstly, un-
successful ablation was observed in only 7 (2.9%) of the
238 patients with TgD0 <5 ng/ml (Table 3). All seven of
these patients had a TgD5/TgDO ratio <20, ranging from
0.851t09.11 (mean 3.22). In five of the seven, no recurrence
was observed during follow-up (mean follow-up 35.5
months, range 7-72). The two other patients had widely
invasive Hiirthle cell carcinomas and TgDO levels of 3.4
and 1.7 ng/ml, respectively. Their serum Tg levels re-
mained detectable (5.1 and 2.5 ng/ml, respectively) at the
follow-up examination and they received a second dose
of 3.7 GBq "', with no uptake observed on the post-
therapeutic '*'I-WBS. Complementary imaging by neck
ultrasonography and '®*F-FDG PET/CT demonstrated re-
sidual disease in the thyroid bed in one patient and the
presence of lung metastases in both patients. Secondly,
among the 63 patients who presented a TgDO level
>5 ng/ml but a TgD5/TgDO0 ratio >20, unsuccessful ab-
lation was observed in five patients. Their TgDO level
ranged from 5.5 to 24 ng/ml (mean 15.0) and was always

Table 3. Status at the follow-up examination according to TgDO
level and TgD5/TgDO ratio

Successful Unsuccessful
ablation ablation
TgD0 <5 ng/ml (n=238)
TgD5/TgD0 <20 108 7
TgD5/TgDO0 >20 80 0
TgD5/TgDO0 not calculated 2 43 0
TgDO0 >5 ng/ml (n=169)
TgD5/TgD0 <20 67 39
TgD5/TgDO0 >20 58 5
TgD5/TgDO0 not calculated 2 0 0
Total 356 51

aTgDO0 and/or TgD5 <0.2 ng/ml

lower at the follow-up examination, ranging from 4.3 to
9.8 ng/ml (mean 6.5). One patient presented bone me-
tastases on the initial post-therapeutic '*'I-WBS and af-
terwards received iterative '*'I therapy. The serum Tg
level of the four other patients progressively decreased
and they were considered free of disease after prolonged
follow-up (mean follow-up 50.7 months, range 25—
73 mo).

Discussion

Our data suggest that the magnitude of the increase in
serum Tg level during the "*'I ablative treatment is an
important and independent prognostic factor for successful
ablation. Four other prognostic factors were identified by
multivariate analysis: low TgDO level, no extrathyroidal
invasion on pathology, female gender and absence of dis-
tant metastases.

We hypothesised that the importance of the increase in
serum Tg after radioiodine therapy could be related to the
13! uptake in residual thyroid tissue and radiation-induced
cellular damage, as previously described with external
radiotherapy [13, 14]. We determined a threshold for the
TgD5/TgDO0 ratio which could distinguish patients with
successful ablation from those with unsuccessful ablation.
To avoid overlooking persistent disease, we favoured high
specificity (90%) and high predictive value for successful
ablation (97%), thus accepting a low sensitivity (44%).

Identification of patients with successful ablation was
improved by considering both the TgD5/TgDO0 ratio and
TgDO, as compared with the TgDO level alone. According
to different studies, TgD0O values ranging from 2.5 to
69.7 ng/ml can reflect the presence of metastases, although
it remains difficult to distinguish Tg production by thyroid
remnants from metastatic Tg production [8, 10, 15-18].
Thus a TgDO level <5 ng/ml or a TgDO level >5 ng/ml
associated with a TgD5/TgDO0 ratio >20 was noted in
301/407 patients (74%) of our population and predicted
patient outcome correctly in 289 cases (96%), while failing
to identify only 12 patients with unsuccessful ablation.
Moreover, long-term follow-up of these 12 patients showed
persistent disease in only three cases.

In the subgroup of 106 patients with an initial less fav-
ourable prognosis, as defined by our criteria (i.e. TgDO
>5 ng/ml and TgD5/TgD0 <20), clinical features and
evolution of serum Tg level during the follow-up were not
studied. Indeed, we considered that the relationship be-
tween TgDO level or TgD5/TgDO0 ratio and long-term
prognosis would be obscured by the bias introduced by the
heterogeneity of subsequent medical care, which included
at least another radioiodine treatment, external radiation
therapy and/or surgery in 50 cases.

The estimated amount of residual thyroid tissue was not
included in statistical analysis because our patients had
undergone total thyroidectomy and median cervical uptake
of 3'T was 1.7%, suggesting that residual tissue did not
usually exceed 5 g. Furthermore, serum TgDO level and
cervical uptake of '*'T did not correlate and precise as-
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sessment of remnant volume by ultrasonography is difficult
in the postoperative period.

In conclusion, an increase in the serum Tg level during
ablative radioiodine treatment in patients with DTC should
be considered to be a new independent prognostic factor
for '*'I treatment efficacy. By combining it with known
prognostic factors, it may be possible to predict successful
ablation in the majority of patients with DTC, with a rather
low risk of missing persistent disease.
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