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Context: Initial treatments for patients with differentiated thyroid cancer are supported primarily
by single-institution, retrospective studies, with limited follow-up and low event rates. We report
updated analyses of long-term outcomes after treatment in patients with differentiated thyroid
cancer.

Objective: The objective was to examine effects of initial therapies on outcomes.

Design/Setting: This was a prospective multi-institutional registry.

Patients: A total of 4941 patients, median follow-up, 6 years, participated.

Intervention: Interventions included total/near-total thyroidectomy (T/NTT), postoperative radio-
iodine (RAI), and thyroid hormone suppression therapy (THST).

Main Outcome Measure: Main outcome measures were overall survival (OS) and disease-free
survival using product limit and proportional hazards analyses.

Results: Improved OS was noted in NTCTCS stage III patients who received RAI (risk ratio [RR], 0.66;
P � .04) and stage IV patients who received both T/NTT and RAI (RR, 0.66 and 0.70; combined P �

.049). In all stages, moderate THST (TSH maintained subnormal-normal) was associated with sig-
nificantly improved OS (RR stages I-IV: 0.13, 0.09, 0.13, 0.33) and disease-free survival (RR stages I-III:
0.52, 0.40, 0.18); no additional survival benefit was achieved with more aggressive THST (TSH
maintained undetectable-subnormal). This remained true, even when distant metastatic disease
was diagnosed during follow-up. Lower initial stage and moderate THST were independent pre-
dictors of improved OS during follow-up years 1–3.

Conclusions: We confirm previous findings that T/NTT followed by RAI is associated with benefit
in high-risk patients, but not in low-risk patients. In contrast with earlier reports, moderate THST
is associated with better outcomes across all stages, and aggressive THST may not be warranted
even in patients diagnosed with distant metastatic disease during follow-up. Moderate THST
continued at least 3 years after diagnosis may be indicated in high-risk patients. (J Clin Endocrinol
Metab 100: 3270–3279, 2015)

Differentiated thyroid carcinoma (DTC) arising from
thyroid follicular cells includes both papillary and

follicular histological types, which account for more than
90% of all thyroid cancers. Although most patients diag-
nosed with DTC have excellent long-term survival, a sig-

nificant proportion may have persistent/recurrent disease,
and some eventually die from their thyroid malignancy.
Accurate prognostication is necessary to identify which
patients may benefit from more or less aggressive therapy,
but current staging systems still fail to account for much of
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the variance in disease outcomes (1–4). As death related to
thyroid cancer is uncommon and often occurs years after
diagnosis, randomized trials of primary treatment for
DTC have been considered impractical. Nonetheless, in-
cidence rates are escalating, and the need for accurate risk
stratification and long-term outcome data to support
treatment decisions is increasingly relevant both for those
with early stage, very low risk tumors, and for those with
advanced and metastatic disease.

Standard of care treatments include surgery, radioac-
tive iodine-131 (RAI), and thyroid hormone suppression
therapy (THST). In the absence of prospective trials, con-
siderable debate remains as to the appropriate extent of
surgery, benefit and dosing of postoperative RAI, and op-
timal level and duration of THST. Consequently, there has
been extensive dependence upon retrospective studies
with low event rates and/or expert opinion (5). For exam-
ple, balancing the potential benefits and risk of more ag-
gressive total or near-total thyroidectomy (T/NTT) re-
mains challenging, especially for patients at very low risk
for cancer-specific mortality (6–11). Despite guidelines
from professional societies that describe indications for
the use of postoperative RAI (5, 12), application in general
practice differs widely (13), underscoring the need for
stronger evidence. Although the use of THST has been
reported to decrease recurrence rates and cancer-related
mortality (14, 15), the optimal degree of suppression re-
quired to achieve these goals is not clear. The reduction of
TSH levels to � 0.1 mU/L has been associated with better
clinical outcomes in high-risk thyroid cancer patients (16),
but the possibility that milder reductions in TSH might
offer the same benefits has not been convincingly defined.
Earlier registry data from the National Thyroid Cancer
Treatment Cooperative Study Group (NTCTCS) (7, 17)
suggested that reduced disease-specific mortality rates are
seen in high-risk patients whose TSH is suppressed to very
low/undetectable concentrations, but low-risk patients
had equivalent outcomes whether the serum TSH is com-
pletely suppressed or maintained in the low/normal range.

The NTCTCS, formed in 1987, maintains a multicenter
registry, currently contributed to by 11 North American
institutions with expertise in the treatment of patients with
thyroid carcinoma. The registry follows a large cohort of
patients with DTC with the primary endpoint of assessing
the effects of initial treatment strategies and management
on long-term outcomes. The most recent overall analysis

from this registry reported on outcomes through 2001
from nearly 3000 patients with a median follow-up of only
3 years (6). With more than a decade of further observa-
tions and nearly 5000 patients with DTC enrolled, we
present an updated analysis of outcomes after primary
therapy and long-term THST.

Patients and Methods

Patients and data collection
The data collection, data management, and analysis methods

of the registry have been described in previous publications (3, 7,
17–21). Institutional review boards of participating centers ap-
proved the study, and ongoing oversight of the registry occurs
through The University of Texas MD Anderson Cancer Center,
where the central database is currently managed and maintained.

Demographic, clinical, histological, and radiological data
were collected and entered into a PC-based clinical data man-
agement system locally (Medlog, version 2012–5; Incline Vil-
lage, NV) and transmitted to the managing site. Patient care was
determined by the individual physician independent of registry
participation. All treatments administered within 6 months of
the first surgery were considered “initial therapies,” and fol-
low-up data were reported annually. Disease stage was assigned
according to the previously described registry staging system (3)
(see Supplemental Appendix 1); central pathology review was
not performed. Clinical status at entry was assigned by the treat-
ing physician (at completion of initial therapies) as either disease-
free or not disease-free, with remaining tumor extent and/or me-
tastases detailed. Disease monitoring and identification of
structural disease recurrence were determined by the treating
physicians per local standard of care. Where possible, mortality
events were confirmed through the Social Security Death Index
for non-Canadian sites and the Office of the Registrar General of
Ontario through Cancer Care Ontario for Canadian patients.

Cohort definitions
The overall cohort contains 4941 patients diagnosed with

DTC and registered between January 1987 and November 2012.
Within the overall cohort, the THST cohort comprises 3268
patients and only includes those with TSH values recorded at
least 50% or more of their follow-up time (7, 17). TSH scores
generated for the THST cohort as previously described represent
an assessment of therapy throughout the follow-up period (7,
17). Second- or third-generation TSH assays were in use at each
institution’s clinical laboratory, with functional sensitivities of at
least 0.1 mU/L. An undetectable serum TSH was defined by the
clinical laboratory at each participating institution. At each fol-
low-up visit, serum TSH levels were categorized into one of four
groups and assigned a score: TSH undetectable (TSH score � 1),
TSH subnormal but detectable (TSH score � 2), TSH normal
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(TSH score � 3), and TSH elevated (TSH score � 4). To account
for the variations in serum TSH levels over time, a mean TSH
score was then calculated from all recorded TSH scores through-
out the course of treatment and follow-up. Patients were grouped
for analysis according to their mean TSH score and categorized
as follows: patients with a mean TSH score of 1.0–1.99, which
corresponded to aggressive THST (undetectable to subnormal
TSH levels); patients with a mean TSH score of 2.0–2.99, which
corresponded to moderate THST (subnormal to normal TSH
levels); and patients with a mean TSH score of 3.0–4, which
corresponded to nonsuppressed THST (normal to elevated TSH
levels) throughout the course of follow-up. To examine the effect
of THST on outcomes after diagnosis of distant metastatic dis-
ease, whether at initial staging or during subsequent follow-up,
mean TSH scores were also calculated, starting from the date of
metastatic disease detection through the remaining course of
their follow-up.

Statistical analysis
In descriptive analyses, DTC histologies included papillary

thyroid cancer (PTC), follicular thyroid cancer (FTC), or Hürthle
cell variant (HCC). All DTC patients were aggregated for out-
comes analysis. Endpoints examined were overall survival (OS)
and disease-free survival (DFS). In our analysis of DFS, recurrent
disease and death from any cause were considered events. Re-
current disease was defined as structural evidence of disease de-
termined either radiographically or by pathology. Recurrence
was analyzed only among patients who were considered disease-
free at entry based on local clinical practice patterns. Of note, in
no analysis of outcome after primary treatment was a significant
benefit seen in disease-specific survival that was not also seen in
OS. Therefore, only OS analyses are presented. Therapies ex-
amined as potential predictors of outcomes were a lesser surgical
resection vs T/NTT, no RAI vs RAI within 6 months postoper-
atively, and increasing degrees of THST during follow-up as
reflected in TSH scores. All patients with follow-up were in-
cluded in OS analysis, whereas only those patients reported as
having no residual disease after initial therapy were included in
DFS analysis. Nominal data were examined using �2 analyses.
Univariate predictors of OS and DFS were determined using
product-limit survival analysis and the log-rank statistic. The
relative contribution of each univariate predictor, represented
with a relative risk ratio (RR) and corresponding 95% confi-
dence interval (CI), was determined using proportional hazards
multivariate regression modeling. Throughout this report, a
RR � 1 indicates an improved outcome associated with the more
extensive initial therapy (ie, greater surgical extent, RAI admin-
istration) and/or higher degree of THST.

Potential selection bias in the use of therapies was examined
using propensity analysis (22, 23). Covariates applied to the re-
gression model as potential contributors to discrepant therapy
application were sex, age, histology, tumor size, extraglandular
invasion, neck metastases, surgical extent, reporting institution,
and year of diagnosis. P values of .05 or less were considered
statistically significant. All analyses were performed using the
SAS JMP 10 statistical software package (version 10.0.0).

Results

Description of cohorts
Among the 4941 DTC patients in the overall cohort,

88% had PTC, 8% had FTC, and 4% had HCC. Median

follow-up duration was 6 years (range, 0–25 y) with a
total of 34 631 person-years of documented follow-up.
Only 94 patients, 1.9% of the cohort, lacked any fol-
low-up information. The overall cohort characteristics are
summarized in Table 1. The median follow-up time in
years (range) by stage was as follows: stage I, 6.6 (0–25.0);
stage II, 6.0 (0–24.3); stage III, 6.5 (0–23.0); and stage IV,
4.2 (0.1–24.0). Among the 3649 patients considered dis-
ease-free after initial therapy, 933 (26%) were diagnosed
with structural recurrent disease occurring a median of 1.2
years (range, 0.2–21) after diagnosis, either detected by
imaging or confirmed by pathology report. Local or re-
gional recurrence accounted for 74% of recurrences (60%
regional, 14%local), anddistantmetastases accounted for
11% of recurrences. In 16% of patients reported to have
recurrence, the site was not specified. Five-year OS after
recurrence was 91% for either local or regional recurrent
disease, as compared with 81% after recurrence as distant
metastases.

Characteristics of the THST cohort are summarized in
Table 1. Among the 3238 patients in this cohort, the mean
number of TSH values per patient was 6.2 (range, 1–24;
median, 6.0). The clinical characteristics of this THST co-
hort were compared with a remaining cohort in which
sufficient TSH data were not reported (Table 1). Among
those patients examined in OS analysis, the “remaining
cohort” had more FTC/HCC patients than the THST co-
hort and more stage IV patients, was less likely to have
received RAI, and had more deaths. Among those exam-
ined in DFS analysis, the “remaining cohort” had fewer
patients over 45 years of age, had more FTC/HCC pa-
tients, was less likely to have received RAI, and had fewer
deaths than the THST cohort. Of the remaining cohort,
40% had no TSH values recorded.

Initial disease stage was a significant predictor of OS as
well as DFS (Figure 1, A and B). No significant difference
was observed in analysis of treatment outcomes among the
histological subtypes. Therefore, all three histological sub-
types were combined for subsequent analyses, as in pre-
vious NTCTCS reports.

Effect of surgical extent and RAI in the overall
cohort by stage

In univariate analyses in stage I patients (Supplemental
Appendices 2 and 3), T/NTT and RAI were each associ-
ated with decreased DFS but without change in OS. Pro-
pensity analysis was subsequently performed to under-
stand the impact of variations of clinicopathological
presentation within the stage I group. No difference was
demonstrated in DFS among the strata according to sur-
gical extent (Supplemental Appendix 4); a similar lack of
difference was seen in propensity analysis for RAI treat-
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ment application (Supplemental Appendix 5). In the lo-
gistic regression models that were the bases for the pro-
pensity analyses, significant covariates associated with
T/NTT were histology, tumor size, neck metastases, re-
porting institution, and diagnosis year. Significant cova-
riates associated with administration of RAI were age,

tumor size, extraglandular invasion, neck metastases, sur-
gical extent, reporting institution, and diagnosis year.

By univariate analysis, T/NTT was significantly asso-
ciated with improved OS in stage III patients, with similar
RRs in stages II and IV that did not meet significance
(Supplemental Appendix 2). RAI was also associated with

improved OS in stage III patients,
with similar but nonsignificant RRs
in stages II and IV (Supplemental Ap-
pendix 3). Additionally, RAI was as-
sociated with improved DFS in stage
II and with similar RR, although not
significantly different, in stage III.

Table 2 summarizes subsequent
multivariate analysis of T/NTT and
RAI in the overall cohort. Although
T/NTT no longer remained indepen-
dently predictive of improved OS
among stage III patients, RAI re-

Figure 1. A, Product limit estimates (with log-rank statistic) of OS after diagnosis of DTC by
registry at entry (P � .0001). B, Product limit estimates (with log-rank statistic) of DFS after
diagnosis of DTC by registry at entry (P � .0001).

Table 1. Comparison of Clinical Characteristics of Analyzed Cohorts

Parameter

OS DFS

Overall
Cohort

THST
Cohort

Remaining
Cohort

P
Value

Overall
Cohort

THST
Cohort

Remaining
Cohort

P
Value

n 4941 3238 1703 3649 2472 1177
Sex

Male 27 27 29 25 75 74
Female 73 73 71 .10 75 25 26 .66

Age at diagnosis
�45 y 52 52 53 53 52 56
�45 y 48 48 47 .38 47 48 44 .05

Histology
PTC 88 89 86 89 89 87
FTC 8 8 9 7 7 8
HCC 4 4 5 .007 4 4 5 .024

NTCTCS stage
I 43 44 43 49 48 51
II 27 27 26 30 31 29
III 24 25 24 .004 20 21 20 .38
IV 5 4 7 0 0 0

Surgical treatment
NTT 86 86 85 86 86 86
Other 14 14 15 .17 14 14 14 .75

RAI administered
activity, mCi

Yes 74 75 71 72 73 69
�30 8 8 9 9 8
31–75 7 8 9 10 4 .0055
�75 58 58 54 53 56
No 26 25 29 .0017 28 27 31

TSH score category
1.0–1.9 32 30
2.0–2.9 59 61
3.0–3.9 9 9

Deaths, n 426 210 216 �.0001 214 115 99 �.0001
Recurrences, n 933 668 265 .003
Follow-up time, y

median (range)
6.2 (0–25.0) 6.9 (0.-25.0) 4.6 (0–24.6) 5.5 (0–25.0) 6.1 (0.2–25.0) 4.2 (0–24.6)

Data are expressed as percentage of patients unless specified otherwise. All parameter comparisons used Pearson’s �2 test.
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mained a significant predictor. Among stage IV patients,
the model that combined T/NTT and RAI was associated
with improvement in OS, although neither parameter was
independently significant. Neither treatment demon-
strated an improvement in DFS.

Effect of surgical extent, RAI, and THST in the
THST cohort

In the smaller THST cohort (Supplemental Appendices
6 and 7), the association of RAI with reduced DFS did not
reach statistical significance among stage II patients.
T/NTT and RAI were associated with significantly im-
proved OS among stage III patients, and RAI was associ-
ated with improved OS in stage IV. DFS appeared to be
worse in stage I patients treated with more extensive sur-
gery and/or RAI.

THST was associated with improved OS and DFS
across all stages for mean TSH scores in the moderate
range. However, no further improvement in OS or DFS in
any stage was demonstrated by TSH levels averaging in the
aggressive range (Supplemental Appendix 8 and Figure 2,
A–D).

To examine further the predictive value of THST and
stage as independent covariates, these parameters were
entered into a proportional hazards regression model (Ta-
ble 3). Each stage had a significantly higher risk of death
and recurrent disease than the prior stage, demonstrating
the independent as well as combined association of stage
and THST with OS and DFS.

To assess the role of longitudinal THST in treating pa-
tients with distant metastases, mean TSH scores were sep-
arately calculated beginning from the first report of met-
astatic disease. Mean TSH scores after diagnosis of
metastatic disease in the moderate range were associated
with a significant survival benefit (Supplemental Appen-

dix 9). No further improvement in OS was observed with
TSH levels more aggressively suppressed to the undetect-
able to subnormal range (Figure 2E).

Treatments significantly associated with outcomes by
univariate analyses were examined in multivariate models
to identify independent predictors and provide adjusted
RRs (Table 4). Across all stages, only moderate THST was
an independent predictor of both improved OS and DFS.
No additional benefit in OS or DFS was noted from more
aggressive THST.

Outcomes associated with continued THST during
follow-up

To evaluate the optimal duration of THST, we exam-
ined the effect of continuing THST beyond 1, 3, and 5
years of follow-up by calculating mean TSH scores over
the course of each patient’s remaining follow-up (Supple-
mental Appendices 10–12). In multivariate analysis in-
cluding initial disease stage, continued moderate THST
was associated with better OS and DFS for at least 3 years.
After 5 years of follow-up, our analysis did not show im-
proved outcomes with continued moderate THST, but
considering both the smaller number of patients and fewer
events in this group, continued surveillance would be nec-
essary to draw meaningful conclusions regarding duration
of THST beyond 5 years.

To identify the contribution of initial disease stage and
THST as independent predictors, both parameters were
entered into a proportional hazards regression model
(Supplemental Appendices 13–15). After 1 year, initial
stage and moderate THST were both independent predic-
tors of OS. After 3 years, initial stage and moderate THST
remained independent predictors of OS, and after 5 years
of follow-up, although initial stage remained a predictor

Table 2. Multivariate Analyses of Outcomes After Initial Treatment Therapies, Overall Cohort

OS DFS

RR 95% CI P RRa P Modelb RR 95% CI P RRa P Modelb

Stage I
Any RAI vs none 0.79 0.35–1.89 .58 .50 1.79 1.28–2.56 .0005 �.0001
T/NTT vs other 2.04 0.65–9.09 .24 1.52 0.96–2.50 .07

Stage II
Any RAI vs none 0.67 0.36–1.28 .22 .13 0.70 0.49–1.01 .053 .11
T/NTT vs other 0.64 0.32–1.41 .25 0.92 0.58–1.52 .72

Stage III
Any RAI vs none 0.66 0.46–0.98 .04 .01 0.84 0.57–1.28 .40 .36
T/NTT vs other 0.70 0.47–1.08 .10 0.79 0.53–1.25 .31

Stage IV
Any RAI vs none 0.70 0.46–1.10 .12 .049
T/NTT vs other 0.66 0.41–1.11 .11

a P value of the RR related to the parameter tested.
b P value for the proportional hazards model that tested RAI vs none and T/NTT vs other.
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of OS, no benefit was observed with any particular sub-
sequent degree of TSH suppression.

Discussion

This analysis of a large multicenter registry examines de-
mographics, initial therapy, and outcomes of 4941 pa-
tients with DTC. As compared with the previous registry
report (7), more than 2000 additional patients have been
included, median duration of follow-up has been extended
from 3 to 6 years, and total documented follow-up has
increased from 10 994 to 34 631 patient-years. The THST
cohort now comprises two-thirds of the overall cohort,
with twice as many patients and average number of TSH

values per patient. However, the cohort is otherwise com-
parable with previous reports, with similar characteristics
of gender, age of diagnosis, histological subgroups, stage
at entry, initial surgical treatment, or RAI-administered
activity (Table 1). Of note, fewer patients received aggres-
sive THST and more patients received moderate THST
than in the previous reports, suggesting a trend to more
conservative therapy. Outcomes analyses are strength-
ened by recording more than twice the number of deaths
and nearly four times the number of recurrences.

Our current analyses support previously reported find-
ings of improved outcomes with T/NTT and RAI in stage
III and IV patients. For lower-risk groups, we previously
reported a benefit in OS in stage II patients who underwent

Figure 2. A, Product limit estimates (with log-rank statistic) of OS according to mean TSH category among stage I patients (P � .002). B, Product
limit estimates (with log-rank statistic) of OS according to mean TSH category among stage II patients (P � .0001). C, Product limit estimates (with
log-rank statistic) of OS according to mean TSH category among stage III patients (P � .0001). D, Product limit estimates (with log-rank statistic) of
OS according to mean TSH category among stage IV patients (P � .003). E, Product limit estimates (with log-rank statistic) of OS according to
mean TSH category after diagnosis of distant metastases (P � .0003).
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T/NTT (RR � 0.57). In our current analysis, the effect size
did not appreciably change (RR � 0.56), but the survival
advantage did not reach statistical significance. Despite
the addition of many more patients and events (now to-
taling 51 deaths among 1104 patients in this stage), the CI
is wider, suggesting that other factors may account for this
increased variability. Consistent with our previous report,
RAI is associated with OS benefit in stage III patients, with
a tendency toward benefit in stage IV patients; this effect
persists, independent of the extent of surgery. In the
smaller THST cohort, postoperative treatment with RAI
also conferred significant OS benefit among stage III and
IV patients in univariate analysis. However, in contrast
with our previous report, further analysis of the THST
cohort demonstrated that RAI is not an independent pre-

dictor of OS in high-risk patients; in fact, when examined
in a regression model, only THST remained a significant
and independent predictor of OS among patients in stages
II, III, and IV. Given that the reporting institution was one
of the most significant covariates associated with both
RAI and surgery, it is likely that considerable local selec-
tion bias contributed to the choice of both surgical extent
and RAI use in stage I patients.

In agreement with previous reported registry findings,
RAI was not associated with OS benefit in low-risk pa-
tients, and as we have previously noted (7), RAI appeared
to be associated with worse DFS in stage I patients. Other
large studies have also demonstrated that postoperative
RAI therapy has no significant effect on long-term out-
comes in most low-risk DTC patients (24–27). One pos-

Table 3. Outcomes Associated With Mean TSH Scores: Multivariate Analysis of Stage and THST

OS DFS

Events � 202,

n � 3234

RR 95% CI P RRa P Covariateb P Modelc

Events � 332,

n � 2096

RR 95% CI P RRa P Covariateb P Modelc

Stage �.0001 �.0001 �.0001 �.0001
II/I 4.38 2.17–9.57 �.0001 1.50 1.14–1.95 .0034
III/II 5.30 3.48–8.38 �.0001 2.06 1.58–2.71 �.0001
IV/III 3.30 2.36–4.56 �.0001

Mean TSH score �.0001 �.0001
2.0–2.9 vs 3.0–4.0 0.17 0.12–0.27 �.0001 0.32 0.24–0.44 �.0001
1.0–1.9 vs 2.0–2.9 0.95 0.70–1.30 .77 1.25 0.98–1.59 .07

a P value of the RR of the level of the parameter tested.
b P value of the parameter within the proportional hazards model.
c P value for the proportional hazards model that tested stage and mean TSH score.

Table 4. Multivariate Analyses of Outcomes After Initial Treatment Therapies, THST cohort

OS DFS

RR 95%CI P RRa P Modelb RR 95%CI P RRa P Modelb

Stage I
RAI vs none 0.53 0.12–2.38 .41 .10 1.79 1.14–2.86 .01 �.0001
T/NTT vs other 1.28 0.29–9.09 .76 2.17 1.16–4.55 .01
1.0–1.9 vs 2.0–2.9 2.08 0.38–11.1 .37 1.28 0.82–2.00 .27
2.0–2.9 vs 3.0–4.0 0.10 0.02–0.60 .01 0.35 0.21–0.61 .0004

Stage II
RAI vs none 1.92 0.65–6.67 .24 �.0001 0.94 0.58–1.59 .82 .07
T/NTT vs other 1.33 0.40–6.25 .66 1.92 0.88–5.00 .10
1.0–1.9 vs 2.0–2.9 1.20 0.36–3.57 .75 1.18 0.71–1.85 .52
2.0–2.9 vs 3.0–4.0 0.05 0.02–0.15 �.0001 0.37 0.19–0.76 .009

Stage III
RAI vs none 0.87 0.50–1.61 .65 �.0001 1.02 0.60–1.85 .96 �.0001
T/NTT vs other 0.57 0.34–1.00 .05 0.76 0.44–1.41 .36
1.0–1.9 vs 2.0–2.9 0.90 0.56–1.41 .66 1.19 0.73–1.89 .48
2.0–2.9 vs 3.0–4.0 0.15 0.08–0.29 �.0001 0.19 0.11–0.34 �.0001

Stage IV
RAI vs none 0.63 0.33–1.30 .20 .032
T/NTT vs other 1.03 0.48–2.56 .93
1.0–1.9 vs 2.0–2.9 0.94 0.51–1.72 .84
2.0–2.9 vs 3.0–4.0 0.30 0.14–0.73 .01

a P value of the RR of the parameter tested.
b P value for the proportional hazards model that tested RAI vs none, T/NTT vs other, and mean TSH score category.
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sible explanation may be selection bias influenced by a
number of factors the treating physician takes into ac-
count when making the decision to administer RAI, as
suggested in recent survey data (13). Given the apparent
worse outcomes in stage I with RAI, we performed pro-
pensity analysis attempting to account for potential cova-
riates; we found, with the exception of sex and histology,
all covariates examined influenced the likelihood of a pa-
tient receiving RAI, including the individual reporting in-
stitution. Thus, the worse DFS seen in stage I patients
treated with RAI appears to be a function of the underlying
criteria used by treating physicians to select patients for
RAI. Importantly, however, no stage I subgroup is iden-
tified that demonstrates any improved outcome after RAI,
providing further support for limited RAI adjuvant ther-
apy in stage I patients, tailoring to individual risk levels (5).

Despite the potential for risk associated with THST
(28–37), we report for the first time, in multivariate anal-
ysis of primary treatments for DTC across all stages, that
only THST was associated with both improved stage-ad-
justed OS and DFS, and when further examining the de-
gree of THST, aggressive THST conferred no additional
survival advantage as compared with moderate THST.
Previous analysis noted only OS benefit with moderate
THST, whereas current analysis also demonstrates a DFS
advantage. In contrast with our previous report, aggres-
sive suppression conferred no additional survival advan-
tage in the high-risk stages as compared with moderate
THST. Even limiting the analysis to patients with distant
metastatic disease, maintaining mean TSH levels in the
moderate range rather than aggressive is still associated
with the best outcomes.

These observations greatly strengthen recent reports
that suggest a lack of benefit from more aggressive THST.
One retrospective analysis of patients with advanced thy-
roid cancer with serum TSH concentrations that were
above 0.1 mIU/L showed decreased disease-specific sur-
vival compared with those with a serum TSH concentra-
tion less than 0.1 mIU/L (16). However, a recent obser-
vational study demonstrated decreased survival of DTC
patients when their serum TSH was undetectable as com-
pared with those who had less suppressed TSH levels, not-
ing that the risk of cardiovascular and all-cause mortality
was increased independent of age, sex, and cardiovascular
risk factors (38). Furthermore, a retrospective analysis of
several hundred patients followed for 9 years reported
extremely low mortality and recurrence rates if median
serum TSH was maintained moderately suppressed with
concentrations of less than 2 mIU/L as compared with
more aggressive levels of suppression (39). In a small pro-
spective randomized trial of THST in DTC (40), patients
were randomized to suppressed TSH or normal reference

range TSH, and after a mean follow-up of nearly 7 years,
no differences in DFS were observed between the treat-
ment groups. However, most patients in this study under-
went lobectomy without RAI ablation.

There are limitations in analysis of the registry database
that have been previously noted. We acknowledge that the
nature of a multicenter longitudinal registry has limita-
tions such as incomplete data collection, under- or over-
representation of certain sociodemographic groups, and
limited geographical/population coverage. There exists
the potential for institutional bias related to the treating
physician’s characterization of disease status at entry or
selection of treatment, which may have resulted in over-
characterization of disease-free status after initial treat-
ment leading to higher classification of recurrent disease.
However, we feel this potential bias has been minimized
due to the number of participating institutions. Further-
more, primary conclusions drawn from the registry anal-
ysis depend on OS rather than DFS, negating the potential
bias in assessing disease-free status. Another possible lim-
itation of our analysis may be that all histological classi-
fications of PTC and FTC have been merged together be-
cause we were unable to identify differences in treatment
effects between the histological groups. However, given
changing patterns of histo- and cytopathological diagno-
ses over the past several decades, documented inter-insti-
tutional variations in distinguishing PTC from FTC, and
commonalities in management of both PTC and FTC,
combining all DTC tumors was performed for this registry
analysis to provide the strongest power to detect treatment
effects. Lastly, there may have been selection bias due to
the fact that the “remaining cohort” differed from the
THST cohort; however, we were limited to the data avail-
able for analysis of TSH suppression. Overall, despite the
aforementioned limitations, we feel our registry results
remain relevant and generalizable to a global population,
and unique from other larger cancer registries in the in-
clusion of detailed long-term data that allow examination
of DFS in addition to OS.

This analysis of the larger, more mature registry data-
base extends and refines earlier observations regarding the
impact of initial therapies on patient outcomes and further
justifies the need for prospective, long-term, controlled
studies. Our data confirm prior observations regarding
survival benefit in high-risk groups treated with T/NTT
and RAI as well as a lack of benefit of postoperative RAI
therapy in low-risk patients. Importantly, we demonstrate
that aggressive THST confers no additional improvement
in OS and DFS compared with moderate THST, in con-
trast with our earlier support for aggressive THST in high-
er-risk patients. This observation is extended to support
only moderate THST even in patients with distant meta-
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static disease, regardless of whether diagnosed initially or
subsequently during longitudinal follow-up. Addition-
ally, we report for the first time that continued moderate
THST is associated with improved OS and DFS for at least
3 years after diagnosis. Finally, we have demonstrated that
the initial NTCTCS stage remains predictive of both OS
and DFS throughout at least the first 5 years of follow-up.

Appendices

1. Registry staging classification.
2. Outcomes following T/NTT: univariate analysis,

overall cohort.
3. Outcomes following RAI: univariate analysis,

overall cohort.
4. Propensity score analysis of surgical extent for

stage I patients, overall cohort.
5. Propensity score analysis of (any) RAI therapy for

stage I patients, overall cohort.
6. Outcomes following T/NTT: univariate analysis,

THST cohort.
7. Outcomes following RAI: univariate analysis,

THST cohort.
8. Outcomes associated with mean TSH scores: uni-

variate analysis.
9. Outcomes (in patients with distant metastases) as-

sociated with mean TSH scores: univariate
analysis.

10. Outcomes associated with mean TSH scores: uni-
variate analysis following 1 year follow-up.

11. Outcomes associated with mean TSH scores: uni-
variate analysis following 3 years follow-up.

12. Outcomes associated with mean TSH scores: uni-
variate analysis following 5 years follow-up.

13. Multivariate analysis of mean TSH score catego-
ries and stage following 1-year follow-up.

14. Multivariate analysis of mean TSH score catego-
ries and stage following 3-year follow-up.

15. Multivariate analysis of mean TSH score catego-
ries and stage following 5-year follow-up.
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