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Background: In patients with differentiated thyroid cancer (DTC) and raising serum

thyroglobulin (Tg) after total or near-total thyroidectomy and 131I remnant ablation an

empiric 131I therapy may be considered. However, outcome data after empiric therapy

in did not show a clear evidence of improved survival. We assessed the efficacy of such

empiric 131I therapy in patients with DTC and evaluated the long-term outcome.

Methods: A total of 100 patients with DTC showing raised Tg level during follow-up after

thyroidectomy and 131I ablation were treated with a further 131I therapy (6.1 ± 1.7 GBq).

Whole-body scan (WBS) was performed 5–7 days after therapy. Tg value at 12 months

after 131I therapy was considered as an indicator of treatment response: ≤1.5 ng/ml

complete remission (CR), >50% decrease partial remission (PR), higher than pre-therapy

progression disease (PD), all other cases stable disease (SD). Patients were followed-up

for 96 ± 75 months.

Results: After 12months, 62% of patients were in CR, 16% in PR, 8% in SD, and 14% in

PD. WBS was positive in 41% of patients and negative in 59% (P = NS). Among patients

with local recurrences at WBS 89% showed either CR or PR, while 71% of patients with

distant metastases were in SD or PD (P< 0.001). Distant metastases at WBS (P< 0.05),

CR (P < 0.0001), and CR + PR (P < 0.0001) were predictors of both progression free

survival and overall survival.

Conclusion: There is a beneficial effect of 131I therapy on outcome of patients with

DTC treated on the basis of elevated Tg value. In these patients, survival is affected by

achievement of CR or PR at 12 months evaluation after 131I therapy and by the presence

of distant metastases at WBS.
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INTRODUCTION

Follow-up of patients with differentiated thyroid cancer (DTC)
after total or near-total thyroidectomy and 131I remnant
ablation is performed by assessment of thyroglobulin (Tg)
levels, ultrasonography, and 131I diagnostic whole-body scan (d-
WBS). The most reliable parameter for the detection of tumor
recurrence is a raised Tg level, which suggests persistence or
recurrence of viable tumor tissue (1–5). In these patients an
empiric 131I therapy may be considered (6), although there is
still no agreement on the cutoff value of serum Tg above which
a patient should be treated with an empiric 131I dose. It has been
reported that patients with stimulated serum Tg ≥ 5 ng/ml are
unlikely to have a decline without therapy, while a high rate
of subsequent structural recurrence has been reported (7, 8). In
these patients, administration of high activity of 131I would have
both a diagnostic and therapeutic intent. Actually, a decrease in
Tg levels after empiric 131I therapy has been demonstrated in 56–
63% of such patients and in 61% of them post-therapy 131I whole-
body scan (t-WBS) was positive (9, 10). Yet, data on outcome
after empiric therapy in this setting did not show a clear evidence
of improved survival (11–13).

Therefore, the aims of this study were to assess the efficacy of a
high-dose 131I therapy administered only on the basis of a raised
serum Tg level in patients with DTC after initial treatment and to
evaluate the long-term outcome.

MATERIALS AND METHODS

Study Population and Design
Among 1,115 patients with DTC treated with total or near-
total thyroidectomy followed by 131I ablation between 1998 and
2006, those (n = 100) showing raised (i.e., >5 ng/ml) serum
Tg level during follow-up were included in this retrospective
study. The study protocol is outlined in Figure 1. After
131I ablation, L-thyroxine therapy for TSH suppression was
performed in all patients according to the American Thyroid
Association (ATA) guidelines (6). Results of 131I ablation were
evaluated after 12 months by Tg assessment off L-thyroxine
therapy, d-WBS and neck ultrasound. All patients underwent
d-WBS while off L-thyroxine therapy for 3 weeks. Imaging
was performed 48 h after administration of 250 MBq of 131I
using a dual-head gamma camera (E.CAM, Siemens Medical
Systems, Hoffman Estates, IL, USA) equipped with a high-
energy, general purpose collimator and connected with a
dedicated computer system. Exclusion criteria were: positive
serum anti-Tg antibody and a d-WBS scan 12 months after 131I
ablation demonstrating thyroid remnant or secondary lesions.
Hence, all patients showed an excellent response after ablation
(6). For empiric 131I therapy, L-thyroxine was discontinued
for 20-30 days until the TSH augmented (≥25–30 mIU/l).
At that time, Tg concentration was measured and 131I was
administered (6.1 ± 1.7 GBq). Five to seven days later, t-WBS
was performed.

Since all patients had a negative d-WBS 12 months after 131I
ablation, the presence of tracer uptake in the cervical region at
t-WBS performed after empiric 131I therapy was considered as

FIGURE 1 | Outline of the study protocol.

local recurrence, while uptake in other regions was considered as
distant metastases. The presence of local recurrence and distant
metastases was confirmed by additional imaging procedures such
us ultrasound, computed tomography, and/or bone scintigraphy,
as appropriate.

Response to 131I empiric therapy was evaluated by assessing
the serum Tg level 12 months after empiric therapy. In particular,
a Tg value ≤1.5 ng/ml was considered as complete remission
(CR), a decrease >50% as partial remission (PR), a level higher
than the pre-therapy value as progression disease (PD), while all
other cases were considered to be in stable disease (SD) (14).
Thereafter, patients were followed by Tg level determinations (on
L-thyroxine and off L-thyroxine therapy, as requested) every 6–
12 months and imaging procedures as appropriate, with a mean
follow-up of 96 ± 75 months (range 12–276 months). Disease
status was recorded at each evaluation time point. Progression
free survival (PFS) was measured from the date of empiric 131I
therapy to the first observation of progressive disease, relapse,
need for additional therapy (i.e., 131I therapy or surgery), or
death. Relapse of disease was defined as evidence of disease
during follow-up after empiric 131I therapy by histological or
imaging procedures, as appropriate, in patients with proven DTC
and stimulated Tg levels> 2 ng/ml (15). Patients last known to be
alive and progression free were censored at date of last contact.
Overall survival (OS) was measured from the date of registration
to the date of death.
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Statistical Analysis
MedCalc Statistical Software version 13.1.2 was used for
statistical analysis (MedCalc Software bvba, Ostend, Belgium;
http://www.medcalc.org; 2014). Continuous data were tested for
normal distribution by the D’Agostino-Pearson test. Data were
expressed as mean ± standard deviation, median and range or
as proportions, as appropriate. Differences among groups were
analyzed by analysis of variance, Kruskal-Wallis test, or by chi
square analysis, as appropriated. Univariate and multivariate
logistic analyses were used to evaluate significant determinants of
response to 131-I therapy. Univariate and multivariate analyses
of clinical and imaging variables were performed using Cox
proportional hazards regression. Only significant variables at
univariate analysis were included in the multivariate model.
Survival analysis was performed using Kaplan-Meier method and
log-rank test. Survivors were censored at the time of last clinical
control. A P < 0.05 was considered statistically significant.

RESULTS

Among 100 patients (68 women and 32 men; mean age 46
± 16 years, range 20–82 years) enrolled, 16 had follicular
cancer, and 84 papillary cancer. At initial staging, after surgery
and 131I ablation, 60 patients were in stage I, 10 in stage
II, 23 in stage III, and 7 in stage IVa. According to the
ATA risk stratification system, 43 patients were in low, 41 in
intermediate, and 16 in high-risk group. t-WBS performed at

131I ablation was negative in 5 patients and showed tracer uptake
in the cervical region (i.e., thyroid remnant) in 95 patients.
Differently, d-WBS performed 12 months after 131I ablation was
negative in all patients. t-WBS performed after empiric 131I
therapy was negative in 59 patients and positive in 41. Among
patients with positive scan, 27 presented local recurrence and 14
distant metastases (7 lung metastases, 4 bone metastases, and 3
both). Table 1 shows the characteristics of patients according to
response to empiric 131I therapy after 12 months of treatment. Of
all patients, 62 were in CR, 16 in PR, 8 in SD, and 14 showed PD.
CR was evident in 67% of papillary DTC and in 37% of follicular
DTC, PR in 17% of papillary DTC and in 13% of follicular
DTC, SD in 7% of papillary DTC and in 13% of follicular
DTC, PD in 10% of papillary DTC, and in 37% of follicular
DTC (P < 0.01). A significant association (P < 0.001) between
initial staging and response to empiric therapy was found, with
the majority (83%) of patients in earlier stage (i.e., I and II)
showing either CR of PR. Similarly, the response to empiric
therapy was significantly (P < 0.01) associated with the initial
ATA patients risk classification: 81% (35/43) of patients in low
risk class showed either CR or PR. Pre-therapy Tg was higher
in PD than in CR patients (Table 1). There was no statistical
difference in the percentage of patients showing CR, PR, SD, and
PD between negative and positive t-WBS (69, 15, 3, and 12%
vs. 51, 17, 15, and 17%, respectively). However, when positive
t-WBS were subdivided according to site of uptake, 89% of
those with local recurrences showed either CR or PR, while
71% of patients with distant metastases at t-WBS were in SD

TABLE 1 | Characteristics of patients according to 131-I therapy response.

CR (n = 62) PR (n = 16) SD (n = 8) PD (n = 14) p-value

Age (years) 42 ± 16 53 ± 16 46 ± 19 52 ± 15 0.06

Female gender (n) 41 10 6 11 0.7

HISTOLOGY

Papillary (n) 56 14 6 8 <0.01

Follicular (n) 6 2 2 6

STAGE

I 45 6 3 6 <0.001

II 1 6 1 2

III 12 3 2 6

IV 4 1 2 0

ATA RISK GROUP

Low 24 11 2 6 <0.01

Intermediate 28 3 2 8

High 10 2 4 0

Time interval between therapy (months) 24 (12–240) 24 (12–96) 27 (12–96) 25 (12–96) 0.5

Pre-therapy Tg level (ng/ml) offa 13.5 (5–6,000) 56.8 (8–2,107) 60.5 (12–1,000) 62.2 (5–500) <0.001

Administered 131-I activity (GBq) 3.7 (3.7–7.4) 5.2 (3.7–7.4) 5.5 (3.7–7.4) 5.2 (3.7–7.4) 0.09

POST-THERAPY WBS

Negative 41 9 2 7 <0.001

Local disease 18 6 2 1

Distant metastases 3 1 4 6

Data are presented as mean ± SD or median (range).
aoff L-thyroxine therapy.
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or PD (Table 1), and this difference was statistically significant
(P < 0.001). At multivariate logistic analysis, only these results
of t-WBS were significant determinants of 131I therapy response,
either CR or PR (odds ratio 0.32, 95% confidence interval 0.17–
0.62, P < 0.001) (Table 2).

During subsequent follow-up (mean 96 ± 75 months, range
12–276) 38 patients showed progressive disease or relapse and
6 died of thyroid cancer (Figure 2). Of the 38 patients with
progressive disease or relapse, 13 (34%) were in CR, 10 (26%) in
PR, 4 (11%) in SD, and 11 (29%) had PD at 12 months evaluation
after empiric 131-I therapy (P< 0.0001). Four of these 38 patients
underwent surgery for lymph node recurrence and 34 further
therapies with 131I (one additional therapy in 18 patients, two
additional therapies in 11 patients, and three or more therapies in
9 patients). Of these latter 34 patients, 18 were retreated for PD

TABLE 2 | Univariate and multivariate analysis of predictors of complete and

partial remission after empiric 131-I therapy.

Univariate Multivariate

Odds ratio

(95% CI)

p-value Odds ratio

(95% CI)

p-value

Age 0.39 (0.14 – 1.06) 0.06

Female gender 0.56 (0.18 – 1.67) 0.06

Histology (papillary) 0.18 (0.06 – 0.58) 0.005

Tg pre-therapy off

L-thyroxine therapy

1.0 (0.99 – 1.01) 0.8

Stage (I and II vs. III

and IV)

0.41 (0.16 – 1.10) 0.08

ATA risk class (low vs.

intermediate and high)

0.70 (0.26 – 1.18) 0.5

Time interval between

therapy

1.0 (0.99 – 1.01) 0.7

Administered activity 1.0 (0.99 – 1.01) 0.8

t-WBS (positive) 0.39 (0.15 – 1.02) 0.06

t-WBS (distant

metastases)

0.32 (0.17 – 0.62) <0.001 0.32 (0.17 – 0.62) <0.001

CI, confidence interval.

(positive t-WBS after empiric 131I therapy) and 16 for persistent
high Tg levels. Of the 38 patients with progressive disease or
relapse 17 (45%) were in stage I, 9 (24%) in stage II, 8 (21%) in
stage III, and 4 (10%) in stage IVa (p < 0.05). Moreover, of the
same 38 patients 7 (18%) were in the ATA high risk group, 12
(32%) in the intermediate risk group, and 19 (50%) in the low
risk group (P = 0.06). Of the 6 patients who died, 1 showed PR,
2 showed PD, and 3 were in SD at 12 months evaluation after
empiric therapy (P = 0.6). Of the same 6 patients, 2 (33%) were
in stage I, 3 (50%) in stage III, and 1(17%) in stage IV (P = 0.6).
Also, 5 (83%) patients were in the ATA intermediate risk group
and 1 (17%) in the high-risk group (P = 0.2).

Fifty percent of patients with a positive t-WBS and 32%
of those with a negative t-WBS showed progressive disease or
relapse (P < 0.05). In particular, 46% of patients with regional
uptake at t-WBS and 73% of those showing distant metastases
had progressive disease or relapse. Of the 6 patients who died
during follow-up, none was in CR at 12 months evaluation
after empiric therapy and 4 had a positive t-WBS (3 with
distant metastases). At univariate analysis, distant metastases
(P < 0.05), CR (P < 0.0001) and CR + PR (P < 0.0001) were
predictors of PFS (Table 3). Figure 3 shows the PFS at Kaplan-
Meier analysis according to presence of distant metastases, CR
and CR + PR. At multivariate analysis, only CR was retained in
the model (P < 0.0001). At univariate analysis, distant metastases
(P < 0.05), CR (P < 0.0001), and CR + PR (P < 0.0001)
were significant predictors of OS (Table 3). Figure 4 shows the
OS at Kaplan-Meier analysis according to presence of distant
metastases, CR and CR + PR. At multivariate analysis, only CR
or PR was retained in the model (P < 0.0001).

DISCUSSION

In this retrospective follow-up study of patients treated with 131I
empiric therapy on the basis of elevated Tg, post-therapy WBS
was positive in 41% of the patients and complete biochemical
remission 12 month after 131I empiric therapy was observed
in 62% of the entire population. Results of therapy were not

FIGURE 2 | Response to empiric 131 I therapy: assessment at 12 months and subsequent follow-up. CR, complete remission; PR, partial remission; SD, stable

disease; PD, progression disease.
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related to age and gender, while patients with lower values of pre-
therapy Tg achieved more frequently CR. Moreover, remission
was more probable in patients in earlier stage of disease at
presentation and in those in low-risk class as well as in patients
not showing distant metastases at t-WBS performed after empiric
131I therapy. Both PFS and OS were better in patients showing
remission at 12 months evaluation after empiric therapy as in
those not showing distant metastases at t-WBS performed after
empiric therapy.

According to ATA guidelines, 131I therapy is suggested in
patients with elevated serum Tg levels when imaging did not
show a tumor source amenable to directed therapy (6). While
more than 50% of patients treated do have a reduction in Tg
values (10, 16–18), improved survival has not been demonstrated
(11–13). A large variability in percentage of patients showing
positive t-WBS (ranging from 43 to 94%) has been reported, with
a mean value of 61% (10, 19). On the other hand, the percentage
of patients treated with 131I showing Tg values significantly
decreased or undetectable Tg ranges from 20 to 72%, with a mean

TABLE 3 | Univariate predictors of progression free survival and overall survival

based on clinical and imaging data.

Progression free survival Overall survival

χ
2 p-value χ

2 p-value

Age 1.0 0.3 0.1 0.9

Female gender 0.9 0.3 0.2 0.7

Histology (papillary) 1.5 0.2 0.7 0.5

Tg pre-therapy off

L-thyroxine therapy

0.1 0.9 0.1 0.8

Stage (I and II vs. III and IV) 1.9 0.2 3.8 0.5

ATA risk class (low vs.

intermediate and high)

0.2 0.6 8.1 <0.01

Time interval between

therapy

0.9 0.7 0.4 0.5

Administered activity 1.9 0.2 0.4 0.5

t-WBS (positive) 3.3 0.06 2.3 0.1

t-WBS (distant metastases) 4.9 <0.05 5.1 <0.05

Complete remission 48.9 <0.0001 15.8 <0.0001

Complete remission +

partial remission

32.0 <0.0001 15.5 <0.0001

of 56% (10). No statistically significant difference in CR between
patients with positive and negative t-WBS has been previously
reported (11, 13, 16).

The results of our study confirm that 131-I therapy
administered on the basis of elevated Tg is effective
independently from the results of t-WBS. However, it should be
noted that while 67% of patients with loco-regional uptake had
CR, only 21% of those showing distant metastases achieved CR.
It has been reported that in patients with structurally identifiable
metastatic DTC 131I therapy failed to cause disease regression
or conversion from progressive to SD in any patient (20).
Moreover, serum Tg levels after 131I therapy decreased more
frequently in patients with micro-metastases than in those with
macro-metastases (12, 17), and CR has been observed only in
24.2% of patients with lung metastases (21).

The rationale of empiric 131I therapy is both diagnostic and
therapeutic. However, it has been reported a relatively low rate of
detection of pathological uptake mainly in patients with negative
WBS at ablation (22, 23). The percentage of patients with positive
t-WBS in our study is 41%, in the range reported in the literature
(9, 10), and it should be noted that in our study the results of t-
WBS at ablation have not been considered among the inclusion
criteria, while a negative d-WBS after 131I ablation was one of the
inclusion criteria.

No definite data on outcome of patients treated with
131I therapy on the basis of elevated Tg are present in the
literature (11–13). In 42 patients with negative WBS and elevated
Tg treated with a therapeutic dose of 131I and followed-up
for 6.7 ± 3.8 years, Pacini et al. (11) found resolution of
131I uptake in 88.8% of lung metastases and in 61.1% of
cervical node metastases. In the subgroup of patients with
negative t-WBS (n = 12) one patient died (11). Fatourechi
et al. (12) showed in 24 consecutive patients treated with
131I therapy (follow-up 6–33 months) that progression was
evident in 13 patients with macro-metastases and 5 died of
thyroid cancer, while the disease remained stable in 7 patients
with micro-metastases. However, no statistical survival analysis
was performed in these studies (11, 12). In 56 patients with
DTC with negative WBS and increased serum Tg, van Tol
et al. (13) found a 5-year survival of 100% in the group
with positive t-WBS and of 76% in the group with negative
t-WBS (P < 0.001). It should be noted that in that study
a higher percentage of patients with positive t-WBS reached

FIGURE 3 | Progression-free survival (PFS) by Kaplan-Meier analysis and log-rank test based on the presence of distant metastases at therapeutic 131 I whole body

scan (WBS) (A) complete response at 12 months evaluation after 131 I therapy (B) complete response + partial response at 12 months evaluation after 131 I therapy

(C). t-WBS, therapeutic 131 I WBS; DM, distant metastases; CR, complete remission; PR, partial remission.
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FIGURE 4 | Overall survival (OS) by Kaplan-Meier analysis and log-rank test based on the presence of distant metastases at therapeutic 131 I whole body scan WBS

(A) complete response at 12 months evaluation after 131 I therapy (B) complete response + partial response at 12 months evaluation after 131 I therapy (C). t-WBS,

therapeutic 131-Iodine WBS; DM, distant metastases; CR, complete remission; PR, partial remission.

remission as compared to those with negative t-WBS (64 vs. 36%,
P = 0.06) (13).

In our study we evaluated long-term follow-up in a group
of 100 patients. Our results show a better PFS in patients
without distant metastases at t-WBS and in patients showing
CR or PR at 12 months evaluations after 131I therapy; moreover,
OS was better in patients without distant metastases at t-
WBS and in patients showing CR or PR at 12 months
evaluations after 131I empiric therapy. Since the need for
additional therapy was one of the end points for PFS, it
is not surprising to find the presence of distant metastases
at t-WBS to be a significant predictor. On the other hand,
also OS is predicted by the presence of distant metastases
at t-WBS.

Besides its retrospective observational nature, our study
had other limitations. A similar control cohort in which 131I
therapy was not performed is not available. Moreover, in a
retrospective analysis the ability to discern certain treatment
effects is limited by small sample size and limited number
of events. Therefore, a randomized controlled study, with a
larger cohort of patients, is needed to assess the prognostic
impact of the empiric 131I therapy in patients with raised
Tg values.

CONCLUSIONS

The findings of this study suggest a beneficial effect
of 131I therapy on the outcome of patients treated

on the basis of elevated Tg value. However, survival
is strongly affected by the achievement of remission,
either complete or partial, at 12 months evaluation
after 131I therapy and by the presence of distant
metastases at t-WBS.
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