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Background: Serum thyroglobulin (Tg) is the most sensitive biomarker for recurrence of differentiated thyroid
cancer (DTC). We have assessed the changing pattern of stimulated Tg (sTg) and the clinical course of patients
with no structural evidence of disease (NSED), based on imaging studies such as neck ultrasonography (US),
fluorodeoxyglucose positron emission tomography, and/or chest computed tomogram (CT). We sought to
determine if, in patients with DTC who had been treated with bilateral thyroidectomy and remnant ablation
with radioactive iodine, sTg 1 year (sTg1) after initial treatment and repeated sTg measurements, 1–2 years after
sTg1, helped predict the long-term outcome with respect to structural recurrence and biochemical remission
(BR), which is defined as sTg <1 ng/mL.
Methods: We retrospectively assessed the records of patients with DTC who had been treated with bilateral
thyroidectomy and remnant ablation with radioactive iodine between 1995 and 2004. The study included 186
patients who had NSED with sTg1 ‡ 2 ng/mL and subsequent sTg measurements (sTg2) without additional
treatment. Patients were classified into three groups based on their sTg1 measurements: Group A, 2–4.9 ng/mL;
Group B, 5–19.9 ng/mL; and Group C, ‡ 20 ng/mL. Patients were also classified into two groups based on
whether sTg2, 1–2 years after sTg1, had decreased by ‡ 50% (Group 1) or had either decreased by < 50% or
increased (Group 2). sTg was measured every 1–2 years until structural recurrence or BR.
Results: Patients remaining in NSED showed a decrease in serial sTg. Of patients in Groups A, B, and C, 41%,
17%, and 1%, respectively, achieved BR, and there was a significant difference in the BR rate between Groups 1
and 2 ( p < 0.001). In patients with structural recurrence, serial sTg generally did not decrease from sTg1. There
was a significant difference in the recurrence rate among Groups A, B, and C ( p = 0.005) and between Groups 1
and 2 ( p < 0.001).
Conclusions: We found that 41% of patients with sTg1 in the range 2–5 ng/mL achieved BR, and that sTg1 and
percent change of subsequent sTg were predictive of BR. Repeated sTg measurements are useful for predicting
patient prognosis in patients with DTC.

Introduction

Differentiated thyroid cancer (DTC) is the most
common endocrine malignancy with a rapidly increas-

ing incidence worldwide. Although DTC is generally an in-
dolent tumor and cancer-specific mortality is low, persistent/
recurrent disease is common and is associated with significant
morbidity and long-term mortality. Therefore, evaluation of
strategies for the detection and monitoring of recurrent and/
or persistent disease are needed to reduce progression and

mortality, while minimizing unnecessary procedures for pa-
tients with low risk of recurrence.

Serum thyroglobulin (Tg) is the most sensitive and estab-
lished biomarker for DTC recurrence/persistence, especially
in patients who have undergone thyroid surgery and radio-
active iodine remnant ablation (RRA). This is because the only
possible source of Tg is thyroid tissue, which may be normal
or neoplastic (1,2).

Serum Tg concentrations after thyroid hormone with-
drawal during the first year after surgery and RRA is a highly
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sensitive and specific indicator of future recurrence (1,3). Re-
cently, new methods for serum Tg measurement with func-
tional sensitivities < 0.1 ng/mL have become available (4,5).
However, a recent article reported that these ultrasensitive
assays can decrease the need for thyrotropin (TSH) stimula-
tion, but cannot entirely replace it (6). The American Thyroid
Association guidelines recommend that patients with sTg
>2 ng/mL undergo diagnostic whole-body scans (DxWBSs)
and further testing to localize the source of Tg (7–10). Some
patients with detectable sTg have no structurally evident
disease. Empirical radioactive iodine (RAI) therapy in some
patients with elevated sTg and a negative DxWBS reduced the
serum Tg concentration (11–13), but did not improve survival
(12,14,15). However, other studies have found that sTg can
decrease even in the absence of further treatment (12,16–18).

About 30%–68% of patients with elevated sTg 1 year after
RRA have a subsequent decline in sTg concentration or an
undetectable sTg (11,12,16). Those studies, however, only
included small numbers of patients, and did not show natural
courses that change in clinical state and patterns of sponta-
neous reduction in the sTg level specifically in patients who
did not receive additional treatment. We therefore assessed
the changing pattern of stimulated Tg (sTg) and the clinical
course of patients with no structural evidence of disease
(NSED), based on imaging studies such as neck ultrasonog-
raphy (US), fluorodeoxyglucose positron emission tomogra-
phy (FDG-PET), and/or chest computed tomogram (CT). We
sought to determine if, in patients with DTC who had been
treated with bilateral thyroidectomy and remnant ablation
with RAI, sTg1 after initial treatment, and repeated sTg
measurements 1–2 years after sTg1, would help predict the
long-term outcome with respect to structural recurrence and
biochemical remission (BR), defined as sTg < 1 ng/mL.

Materials and Methods

Definition of BR and clinical evidence of disease

BR was defined as sTg < 1 ng/mL, and absence of BR as
sTg ‡ 1 ng/mL. Structural recurrence was defined as the ap-
pearance of pathologically proven malignant tissue and/or
the appearance of metastatic lesions in the lungs, bones, and/
or in the brain. NSED was defined as no evidence of disease,
based on physical examination, neck US or neck CT scan
and any other imaging performed as part of the clinical
evaluation, at the end of follow-up, regardless of serum Tg
concentrations.

Study population

We retrieved the medical records of a total of 1920 con-
secutive patients with DTC who underwent bilateral thy-
roidectomy and remnant ablation with RAI at the Asan
Medical Center (Seoul, Korea) between 1995 and 2004. A flow
diagram describing eligible patients is shown in Figure 1. We
excluded 66 patients who presented with clinical evidence of
distant metastases or who had radioactive iodine uptake
outside the thyroid bed on initial post-treatment whole-body
scan.

Of these remaining patients, 337 were found to have sTg
concentrations 1 year after remnant ablation (sTg1) of ‡ 2 ng/
mL. We excluded 20 patients with anti-Tg antibody (TgAb)
concentrations > 60 U/mL because this high titer may inter-

fere with reliable measurements of serum Tg, and also 28
patients with uptake on DxWBS 1 year after remnant ablation.
We also excluded 76 patients with structural disease detected
on neck US or CT scan and any other imaging performed
as part of the clinical evaluation 1 year after remnant abla-
tion, 6 who received empirical RAI therapy and 21 without
available follow-up sTg. Thus, our patient cohort consisted of
186 patients who had sTg1 ‡ 2 ng/mL, NSED at 1 year after
remnant ablation, and who subsequently had measurements
of Tg. The study protocol was approved by the local Ethics
Committee.

Measurements of Tg and anti-Tg antibody

TSH was stimulated in all patients by thyroid hormone
withdrawal; when TSH was > 30 mU/L, sTg, TgAb, and TSH
were measured, as described (19).

Follow-up protocol

Thyroid hormone treatment was initiated just after rem-
nant ablation to decrease serum TSH to subnormal levels
without producing clinical thyrotoxicosis. Physical examina-
tions were performed regularly, and serum Tg was measured
in all patients every 6–12 months.

The thyroid hormone dose was titrated every 6 months
according to serum-free T4 and TSH levels. One year af-
ter remnant ablation and thyroid hormone withdrawal,
DxWBS with 148 MBq RAI was performed and sTg1 was
measured. Patients with sTg1 >2 ng/mL underwent further

FIG. 1. Description of the study cohort. This algorithm
demonstrates how the final inclusion of patients was de-
termined. Seventy-six patients with structural recurrences
detected on neck US or CT scan and any other imaging per-
formed as part of the clinical evaluation 1 year after remnant
ablation, 6 who received empirical RAI therapy and 21 with-
out available follow-up sTg were excluded. Patients were
classified into three groups according to sTg1 concentrations:
(A) 2–4.9 ng/mL, (B) 5–19.9 ng/mL, (C) ‡ 20 ng/mL. RRA,
radioactive iodine remnant ablation; sTg, stimulated thyro-
globulin; RxWBs, post-treatment whole-body scan; TgAb,
anti-thyroglobulin antibody; sTg1, sTg measured 1 year after
total thyroidectomy and remnant ablation; sTg2, sTg mea-
sured 1–2 years after sTg1; US, ultrasonography; FDG-PET,
fluorodeoxyglucose positron emission tomography; CT,
computed tomogram; RAI, radioactive iodine; BR, biochemi-
cal remission; NSED, no structural evidence of disease.
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examinations, such as neck US, fluorodeoxyglucose positron
emission tomography (FDG-PET), and/or chest CT to eval-
uate the recurrent/persistent disease. The sTg measurement
1–2 years after sTg1 was defined as sTg2; sTg was measured
every 1 or 2 years until patients achieved BR or structural
recurrence. In patients lost to follow-up or administered em-
pirical RAI treatment, subsequent data were censored.

Categorization of patients according to sTg1
and sTg slope (Fig. 1)

Patients were classified into three groups according to their
sTg1 measurements: Group A, 2–4.9 ng/mL; Group B, 5–
19.9 ng/mL, and Group C, ‡ 20 ng/mL. Percent change in sTg
was defined as the relative change between sTg1 and sTg2.
Patients were also classified into two groups based on whe-
ther sTg2 had decreased by ‡ 50% from sTg1 (Group 1) or had
either decreased by < 50% or increased (Group 2).

Statistics

Categorical variables are presented as numbers and per-
centages. Continuous variables are expressed as mean – SD or
median with range. Associations between variables were
analyzed using contingency tables and chi-square tests.
Analysis of variance (ANOVA) models were used to evaluate
continuous data. When the data were not normally distrib-
uted, nonparametric tests were used. The Kaplan-Meier
method was used to construct survival curves for BR, which
were compared using the log-rank test. All p-values were two-
sided; p < 0.05 was considered statistically significant. R ver-
sion 2.13 and R libraries Survival, Car, and Cairo were used to
analyze data and to draw survival curves (20).

Results

Baseline characteristics

We identified 186 patients, 34 men (18%) and 152 women
(82%), with elevated sTg1 and with sTg2 measurements.
Mean patient age was 42 – 12 years; their baseline clinical
characteristics are shown in Table 1. Tumor size ( p = 0.002)
and the number of pathologically proven malignant lymph
nodes ( p = 0.004) were significantly greater in Group C than in
Groups A and B, and patients in Group C also underwent
more extensive neck dissection than those in the other two
groups ( p = 0.002). However, there were no significant dif-
ferences among the three groups in age, sex distribution, pa-
thology, AJCC Tumor/Node/Metastasis (TNM) stage (21),
and the number of removed lymph nodes.

Time trends of BR

During follow-up, 61 patients (76%) in Group A, 46 (70%) in
Group B, and 20 (50%) in Group C remained in NSED. Their
serial sTg concentrations generally decreased from sTg1 (Fig.
2A–C): 33 patients (41%) in Group A, 11 (17%) in Group B, and
1 (3%) in Group C achieved spontaneous BR (log-rank sta-
tistics = 28.5, df = 2, p < 0.001). The median times from sTg1 to
BR in Groups A, B, and C were 69 months, 106 months, and
undefined, respectively.

We observed a significant difference in BR rate between
Groups 1 and 2, classified by sTg slope (log-rank statis-
tics = 28.0, df = 1, p < 0.001), with median times from sTg1 to

BR in Groups 1 and 2 of 63 months and 117 months, respec-
tively (Fig. 2D).

Time trends of structural recurrence

During follow-up, 19 patients (24%) in Group A, 20 (30%) in
Group B, and 20 (50%) in Group C had recurrent/persistent
disease, despite having NSED 1 year after remnant ablation.
Their serial sTg concentrations generally did not decrease
compared with sTg1 (Fig. 3A–C). There was a significant
difference in the recurrence rate among Groups A, B, and C
(log-rank statistics = 10.8, df = 2, p = 0.005), with a median time
to recurrence in Group C of 84 months.

We also observed a significant difference in the recurrence
rate in Groups 1 and 2 (log-rank statistics = 18.7, df = 1,
p < 0.001), with a median time to recurrence from sTg1 of 111
months in Group 1 (Fig. 3D).

Discussion

We assessed the natural course of DTC in patients without
structural evidence of disease after total thyroidectomy and

Table 1. Initial Clinical Characteristics

Stimulated thyroglobulin (ng/mL)

2.0–4.9
(n = 80)

5.0–19.9
(n = 66)

‡ 20
(n = 40) p

Age (years) 41 – 11 42 – 13 42 – 13 0.830
Sex, male 14 (18%) 9 (14%) 11 (28%) 0.196
Tumor size (cm) 2.1 – 1.3 2.3 – 1.1 3.1 – 1.7 0.002
Pathology 0.749
PTC 79 (99%) 65 (99%) 40 (100%)
FTC 1 (1%) 1 (1%) 0

Initial operation
extent

0.002

Total
thyroidectomy

10 (13%) 3 (5%) 2 (5%)

Plus CND 56 (70%) 50 (76%) 19 (48%)
Plus MRND 14 (18%) 13 (20%) 19 (48%)

Remove LN 10 (0–75) 9 (0–63) 11 (0–105) 0.051
Malignant LN 4 (0–25) 4 (0–26) 7 (0–44) 0.004
T stage 0.013

T1 21 (26%) 8 (12%) 5 (13%)
T2 3 (4%) 9 (14%) 4 (10%)
T3 55 (69%) 46 (70%) 26 (65%)
T4 1 (1%) 3 (5%) 3 (13%)

N stage 0.002
N0 22 (28%) 7 (11%) 2 (5%)
N1a 43 (54%) 43 (65%) 21 (53%)
N1b 15 (19%) 16 (24%) 17 (43%)

AJCC TNM stage 0.278
I/II 54 (68%) 41 (62%) 21 (53%)
III/IV 26 (33%) 25 (38%) 19 (48%)

Ablation RAI dose 0.131
30 mCi 6 (8%) 1 (2%) 1 (3%)
75 mCi 10 (13%) 6 (9%) 1 (3%)
150 mCi 64 (80%) 59 (89%) 38 (95%)

The numbers in parentheses are percentages or ranges.
PTC, papillary thyroid cancer; FTC, follicular thyroid cancer;

CND, central neck dissection; MRND, modified radical neck dissec-
tion; LN, lymph node; RAI, radioactive iodine.
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remnant ablation. Patients who remained in NSED showed a
general decrease in sTg level concentrations from sTg1. Of
patients with sTg1 in the range 2–4.9 ng/mL, 41% achieved
spontaneous BR at a median 69 months. We also observed a
significant difference in the BR rate according to the sTg slope.
Patients with a ‡ 50% decrease in sTg achieved BR at a median
of 63 months, whereas those with a < 50% decrease or an
increase in sTg achieved BR at a median of *10 years. We also
found that 32% of our patients developed structural recur-
rences, despite having NSED 1 year after remnant ablation.

Our findings indicate that the Tg concentration > 2 ng/mL
1 year after thyroid hormone withdrawal following initial
surgery and RRA is a good marker for identifying patients
with recurrent/persistent disease. Previous consensus reports
have shown that this elevated sTg concentration occurs in
about 20% of low-risk patients, with one third developing
persistent/recurrent disease (1). These findings suggest that
patients with sTg > 2 ng/mL require further testing to localize
the source of the Tg. However, there is no established con-
sensus on follow-up of the two thirds who are free of clinical
disease 1 year after initial surgery and RRA due to the absence
of reliable studies of large numbers of patients with long-term
follow-up.

To our knowledge, this study is the first to show changing
patterns in serial sTg concentrations in patients with NSED

and elevated sTg. Previous studies have reported that sTg
concentrations decreased or were undetectable in some pa-
tients who were followed-up without treatment (12,16). That
study, however, included a small patient population and only
one follow-up sTg measurement, thus not determining the
pattern of change in sTg and the duration required to observe
BR. In contrast, we found that serial sTg concentrations gen-
erally decreased in patients with NSED, with 35% of patients
who remained NSED at the end of the study achieving
spontaneous BR. Specifically, we found that approximately
41% patients with sTg1 of 2–4.9 ng/mL achieved BR at a
median of 5 years, suggesting that watchful waiting with
periodic sTg measurements is a reasonable follow-up strategy
in these patients.

In contrast, we found that serial sTg concentrations
in patients who experienced tumor recurrence gener-
ally increased or remained constant, a finding made pos-
sible by the relatively long follow-up of our patients.
Repeated measurements of sTg are useful in determining
whether or not to perform meticulous local and systemic
evaluations.

BR rates in patients with NSED and elevated sTg1 after
total thyroidectomy and RRA have been found to differ. For
example, of 28 patients with NSED and detectable sTg, 19
(68%) had undetectable sTg (< 3 ng/mL) at the end of the

FIG. 2. (A–C) Patterns of change in sTg concentration in patients with NSED and sTg1 of (A) 2–4.9 ng/mL, (B) 5–19.9 ng/mL,
(C) ‡ 20 ng/mL. (D) Biochemical remission rate in patients with a ‡ 50% decrease in sTg and those with a < 50% decrease or an
increase in sTg. The open dotted lines represent the serial sTg concentrations of each patient, measured every one or two years
until biochemical or structural recurrence. Percent sTg change was defined as the relative change between sTg1 and sTg2.

FIG. 3. (A–C) Patterns of change in stimulated thyroglobulin (sTg) concentration in patients with structural recurrence and
sTg1 of (A) 2–4.9 ng/mL, (B) 5–19.9 ng/mL, (C) ‡ 20 ng/mL. (D) Structural recurrence rate in patients with a ‡ 50% decrease
in sTg and those with a < 50% decrease or an increase in sTg. The open dotted lines represent the serial sTg concentrations of
each patient, measured every 1 or 2 years until biochemical or structural recurrence. Percent sTg change was defined as the
relative change between sTg1 and sTg2.
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study (12). In contrast, an evaluation of 37 patients with sTg
>1 ng/mL found that 11 (30%) achieved spontaneous BR (16).
Among our patients with sTg ‡ 2 ng/mL 1 year after bilateral
thyroidectomy and RRA, 24% achieved spontaneous BR
(< 1 ng/mL sTg). These differences in cutoff values for unde-
tectable sTg and the enrollment of patients with various sTg
may explain the differences in spontaneous BR rates among
these studies.

In conclusion, we found that 41% of patients with an sTg1
of 2–4.9 ng/mL achieved spontaneous BR, at a median of 69
months. We also found that both sTg1 and percent change in
sTg may be good markers for predicting the clinical course of
these patients, suggesting that repeated measurements of sTg
are useful for predicting the prognosis of patients with ele-
vated sTg after initial treatment for DTC.
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