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Background: Measurement of the serum thyroglobulin (Tg) level with TSH stimulation (sTg) is the cornerstone
of monitoring for the recurrence or persistence of differentiated thyroid cancer (DTC) in patients who have
undergone surgery and remnant ablation. However, there have been several reports that an undetectable sTg
could not predict the absence of future recurrence. The aim of this study was to evaluate the long-term outcome
of DTC patients who achieved biochemical remission (BR, defined as sTg < 1 ng/mL) after initial treatment, and
to determine the role of repeated sTg measurement in detecting a clinical recurrence.
Methods: This is a retrospective observational cohort study in a tertiary referral hospital. There were 1010 DTC
patients who achieved BR at 12 months after the initial treatment (surgery and ablation), and they were eligible
for analysis. Among them, 787 patients had values of repeated sTg.
Results: Thirteen out of 1010 (1.3%) patients had clinical recurrences during a median 84 months of follow-up.
All of the clinical recurrences were limited to the cervical lymph nodes without clinical evidence of distant
metastasis. Among 787 patients with available repeated sTg, 10 had clinical recurrences (5 out of 750 patients
with repeated sTg < 1 ng/mL and 5 out of 37 patients with repeated sTg ‡ 1 ng/mL). Patients with repeated sTg
‡ 1 ng/mL had a much greater chance of disease recurrence (log-rank statistics = 43.7, df = 1, p < 0.001).
Conclusions: About 1% of DTC patients who had sTg < 1 ng/mL 12 months after initial treatment had a clinical
recurrence. All of clinical recurrences were loco-regional recurrences. Although repeated sTg measurement can
be helpful to predict recurrence, we could not recommend it for surveillance in patients with BR due to its very
low yield.

Introduction

Serum thyroglobulin (Tg) is a very useful tumor marker
for differentiated thyroid cancer (DTC), after all noncan-

cerous thyroid tissue has been eliminated by the initial
surgery and radioiodine remnant ablation. Serum Tg mea-
surement during TSH stimulation (sTg) is recommended to
monitor for the recurrence or persistence of DTC. Especially,
undetectable or very low sTg obtained at 12 months after
treatment (defined as biochemical remission, BR) can predict
complete and persistent remission of disease and a very low
recurrence rate (0.6%–1.0%) (1–4).

There have been debates on the issue of follow-up mo-
dalities in DTC patients. The early detection of persistent or

recurrent disease is important because a 40-year disease re-
currence rate has been reported up to 35% (5), despite of the
low risk of disease-related mortality. In the American
Thyroid Association (ATA) guidelines, neck ultrasonogra-
phy (US) was recommended within the first year after
treatment and then periodically (6). Neck US is useful for
detecting recurrence, because most of clinical recurrences are
limited to the neck area (7,8). For another surveillance mo-
dality, recent reports suggested that the second sTg during
TSH stimulation was informative in patients who have had a
positive first sTg, but not in those who had a negative first
sTg (9–12). There was a study that a negative second sTg
with a negative neck US finding provided a negative pre-
dictive value of 100% and sensitivity of 100% (13). As yet,
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the utility of repeated sTg measurement is uncertain in pa-
tients who achieved BR.

This study was used to evaluate the long-term outcome of
DTC patients who achieved BR after initial treatment, and to
determine the role of repeated sTg measurement in early de-
tection of recurrence or persistent disease.

Methods

Definitions

BR was defined as sTg < 1 ng/mL and negative thyro-
globulin autoantibody (TgAb). sTg1 and TgAb1 were serum
Tg and TgAb values measured at 12 months after ablation
during thyroid hormone withdrawal. sTg2 and TgAb2 were
serum Tg and TgAb values measured 1–3 years after sTg1
measurement under the same condition. Clinical recurrence/
persistence was defined as the detection of pathologically
proven malignant tissue or of distant metastatic lesions such
as lung, bone, and brain metastasis. No clinical evidence of
disease (NCED) was defined, as no evidence of disease based
on physical examination, neck US, and any other imaging
modalities (usually neck/chest computed tomography [CT]
and F-18-fluorodeoxyglucose positron emission tomography
[FDG-PET]) performed as a part of the clinical evaluation,
performed at the end of follow-up, regardless of the level of Tg.

Patients

This was a retrospective observational cohort study from
1995 to 2004 in the Asan Medical Center (a tertiary referral
hospital in Seoul, Korea). During that period, there were 1726
consecutive patients with DTC who underwent total thyroid-
ectomy with or without neck dissection followed by immediate
131I remnant ablation. Patients with clinical evidence of distant
metastasis or those without available sTg1 and TgAb1 were
excluded. Among them, 1010 patients achieved BR at 12
months after ablation and were eligible for analysis. Of the 1010
patients, 787 had values of sTg2 and TgAb2, and were included
for the subgroup analysis. A flow diagram for description of
eligible patients is shown in Figure 1. The local ethics com-
mittee approved the retrospective review protocol.

Institutional initial treatment and follow-up strategy

Patients who underwent total thyroidectomy received ab-
lative doses of 131I (1.11–5.55 GBq) according to their tumor
stage, 5–6 weeks after the initial surgery. Suppressive treat-
ment with the thyroid hormone was initiated just after the
remnant ablation. Thyroid hormone levels were titrated every
3–6 months with measurement of serum-free T4 and TSH
levels, and all patients had physical examinations, including
neck palpation, by experts at each visits. The diagnostic
whole-body scan with 148 MBq 131I and serum sTg1 and
TgAb1 were usually obtained at 12 months after the remnant
ablation. Neck US was checked in about 30% of enrolled pa-
tients simultaneously with sTg1 measurement. Stimulated
Tg was defined as a Tg value measured when TSH was
> 30 mU/L. Among patients who achieved BR, sTg2 and
TgAb2 were checked 1–3 years thereafter. Neck US was also
performed at the time of sTg2 measurement and followed up
annually or biannually after that, regardless of sTg2 values.
When there was clinical suspicion of recurrence, FDG-PET
and neck/chest CT were performed. Fine-needle aspiration

(FNA) cytology was done in patients with abnormal neck US
finding. Recently, we also measured Tg concentrations in
FNA washout fluid in some patients.

Tg, TgAb, and TSH measurement

All Tg, TgAb, and TSH measurements were performed by
the same laboratory using the same kits until 2007. Serum Tg
levels were measured by an immunoradiometric assay (ELSA-
hTG kit; Schering-CIS Bio-International, Gif-sur-Yvette,
France) with a functional sensitivity of 1 ng/mL. We were
unable to standardize the serum Tg against the CRM-457
protocol, but instead developed our own Tg-reference interval
according to the laboratory medicine practice guidelines sug-
gested by the National Academy of Clinical Biochemistry
(available at www.nacb.org/Impg/main.stm). Our generated
Tg-reference interval was *1.0–27.4 lg/L (mean 5.2 lg/L).
Serum TgAb levels were determined by a radioligand assay
(HENNING test anti-Tg kit; BRAHMS Diagnostica, Berlin,
Germany), and TgAb values > 100 U/mL were considered
positive. The functional sensitivity (20% interassay variation
coefficient) was *31 U/mL, whereas the analytical sensitivity
from the optimal curve was 20 U/mL. Intraassay and inter-
assay coefficients of variation were 3.1% and 4.5%, respec-
tively. Serum TSH was measured by a radioimmunometric
assay (SPAC-S TSH kit; Daiichi, Tokyo, Japan), with a normal
range of 0.5–5.0 mU/L, an intraassay coefficient of variation of
2.1%, and an interassay coefficient of variation of 2.5%.

After 2008, there were changes in assay kits for measure-
ment of Tg, TgAb, and TSH. Tg levels were measured with the
Tg-pluS RIA kit (BRAHMS AG, Henningsdorf, Germany)
having a functional sensitivity (20% interassay variation co-
efficient) of 0.2 ng/mL. Serum TgAb levels were measured
with the anti-Tg RIA kit (BRAHMS AG) with a functional
sensitivity (20% interassay variation coefficient) of 20 U/mL.
Serum TSH was measured by the TSH-CTK-3 kit (DiaSorin

FIG. 1. Description of the study cohort. sTg1 and TgAb1,
serum Tg and TgAb measured 12 months after ablation
during thyroid hormone withdrawal; sTg2 and TgAb2, se-
rum Tg and TgAb measured 1–3 years after sTg1 during
thyroid hormone withdrawal; sTg, serum Tg measurement
during TSH stimulation; Tg, thyroglobulin; TgAb, thyro-
globulin autoantibody.
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S.p.A., Saluggia, Italy) with a functional sensitivity (20% in-
terassay variation coefficient) of 0.07 mU/mL.

Comparability between the ELSA-hTG kit (Schering-CIS
Bio-International) and the Tg-pluS RIA kit (BRAHMS AG)
was verified through a regression analysis of values of sam-
ples measured by both kits (regression coefficient 0.97, data
not shown).

Statistical analysis

Categorical variables are presented as numbers and per-
centages. Continuous variables are expressed as medians
with range. We used R version 2.12 and R libraries survival (R
Foundation for Statistical Computing, Vienna, Austria;
www.R-project.org) to analyze the data. For the univariate
analysis, survival curves were plotted by the Kaplan–Meier
methods with the log-rank statistics. For the multivariate
survival analysis, a Cox-proportional hazards model was
developed by forward, stepwise regression for all indepen-
dent variables. The relative importance of prognostic factors is
presented as a hazard ratio (HR) with a 95% confidence in-
terval (CI) calculated using a binominal distribution. p < 0.05
was considered statistically significant.

Results

Baseline clinicopathological characteristics (Table 1)

There were 1010 patients (107 male and 903 female) who
achieved BR at 12 months after ablation and were included in
the study (Fig. 1). The median age of patients was 46.3 years
(range 13.0–76.4 years), and the median size of tumor was
1.5 cm (range 0.1–8.5 cm). The frequencies of the following
characteristics were calculated: tumor size > 4 cm (5.6%); ex-
trathyroidal extension (51.6%); central neck lymph node me-
tastasis (N1a) (38.2%); lateral neck lymph node metastasis
(N1b) (7.3%). According to the TNM staging (tumor, lymph
node, metastasis—a classification system of the International
Union Against Cancer and the American Joint Committee
on Cancer, revised in 2002), 573 patients had stage I, 35 had
stage II, 375 had stage III, and 27 had stage IV.

Long-term clinical outcome in patients who achieved
BR after initial treatment (Table 2)

Thirteen out of 1010 (1.3%) patients had a clinical recur-
rence during the median follow-up of 83.7 months (range 7.5–
185.0) as shown in Table 2. All of the clinical recurrences were
limited to the cervical lymph nodes and were detected by
routine neck US. None of them had distant metastasis at the
time of recurrence. Cytologic evaluation of cervical lymph
node by FNA was done, and malignancy was confirmed in all
patients. Of those 13 patients, eight patients received a second
surgery alone, four received a second surgery with adjuvant
radioactive iodine therapy, and one patient was treated with
radiofrequency ablation. After the second treatment, seven
patients had no residual disease on the follow-up neck US,
two relapsed in the neck or mediastinal lymph nodes, and the
others are waiting for the next evaluation.

Result of follow-up of patients according to sTg2 value:
subgroup analysis

We performed a subgroup analysis in 787 (out of 1010)
patients who had sTg2 and TgAb2 data (Fig. 1). sTg2 and

TgAb2 were not checked in 223 patients according to at-
tending physicians’ decision or to patients’ condition, and 3
patients (patients no. 11–13 in Table 2) among them had a
clinical recurrence. There was no significant difference in
clinical characteristics (data not shown) and in the recurrence
rate (10/787 [1.3%] vs. 3/223 [1.3%]) between patients with
sTg2 information and those without information.

Of the 787 patients, 750 (95.3%) had a negative sTg2 value.
Interestingly, five patients (patients no. 1–5 in Table 2 and
Fig. 2) had persistently undetectable or very low sTg2 (and
negative TgAb2) in spite of recurrent disease. TgAb2 chan-
ged to positive in 10 patients, but none showed a clinical
recurrence during the follow-up.

Of the 787 patients, 37 (4.7%) converted to positive sTg (sTg2
‡ 1 ng/mL) during the follow-up. The median value of the sTg2
was 1.3 ng/mL (range 1.0–12.8 ng/mL), and clinical recurrences
were detected in five patients (patients no. 6–10 in Table 2. and
Fig. 2). Two (patients no. 6 and 7 in Table 2) had sTg2 > 1 ng/
mL, but < 2 ng/mL. The other three (patients no. 8–10 in Table 2)
had sTg2 > 2 ng/mL. The remaining 32 patients with NCED had
a relatively low value of sTg2 ( < 5 ng/mL) and average 3.1 times
of neck US were performed after sTg2 measurement during the
follow-up. Some of those patients (26/32) were checked for one

Table 1. Baseline Clinicopathological

Characteristics of Patients

Initial characteristics No. of patients (%)

Sex
Male/female 107 (10.6%)/903 (89.4%)

Pathology
PTC 888 (87.9%)
PTC c follicular variant 60 (5.9%)
PTC c oncocytic variant 1 (0.1%)
FTC 37 (3.7%)
WDCa-NOS 14 (1.4%)
Hurthle cell thyroid cancer 10 (1.0%)

Tumor size (cm)
£ 4 953 (94.4%)
> 4 57 (5.6%)

Extrathyroidal extension
Absent 489 (48.4%)

Present
Microscopic invasion 518 (51.3%)
Macroscopic invasion 3 (0.3%)

Lymph node dissection
Not done 151 (15.0%)
Central neck dissection 775 (76.7%)
Central + lateral neck dissection 84 (8.3%)

Lymph node metastasis
pN0/Nx 550 (54.5%)
pN1a (central neck node) 386 (38.2%)
pN1b (lateral neck node) 74 (7.3%)

AJCC TNM stage (2002)
Stage I 573 (56.7%)
Stage II 35 (3.5%)
Stage III 375 (37.1%)
Stage IV 27 (2.7%)

WDCa-NOS (well-differentiated carcinoma, not otherwise speci-
fied): tumors with features intermediate between PTC and FTC. PTC,
papillary thyroid cancer; FTC, follicular thyroid cancer; AJCC TNM,
American Joint Committee on Cancer tumor–node–metastasis.
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or more additional sTg during thyroid hormone withdrawal at
1- to 5-year intervals. The value of sTg decreased to < 1 ng/mL
in 23 patients and remained > 1 ng/mL (similar to their sTg2
level or a little more) in 3 patients during a median 70.5 months
(range 2.0–142.0) of further follow-up. Patients with positive sTg
conversion were more likely to have recurrent disease by uni-
variate analysis (log-rank statistics = 43.7, df = 1, p < 0.001) and in
a multivariate analysis (HR, 18.44; 95% CI, 5.24–64.94; p < 0.001).

We also performed a subgroup analysis based on risk
stratification of the 2009-revised ATA guidelines (low-risk
group vs. intermediate- to high-risk group) (6). Of the 787
patients, 215 (27.3%) belonged to the low-risk group and 572
(72.7%) belonged to the intermediate- to high-risk group
(Fig. 3). In 215 patients in the low-risk group, 8 patients had
positive sTg conversion and none had a clinical recurrence or
positive TgAb2 value during the follow-up. In 572 patients of
the intermediate- to high-risk group, 29 patients had sTg2 >
1 ng/mL, and among them, clinical recurrences were detected
in 5 patients. Of the 543 patients with persistently undetect-
able or very low sTg2 value, 10 patients had positive sTg2Ab
conversion, and 5 patients had clinical recurrences. Patients
with positive sTg conversion of the intermediate- to high-risk
group were more likely to have recurrent disease (log-rank
statistics = 37.8, df = 1, p < 0.001).

Discussion

Of the 1010 patients, 787 patients had information for sTg2,
and these patients could be divided into two groups according

to the sTg2 value: 750 patients with sTg2 < 1 ng/mL; 37 pa-
tients with sTg2 ‡ 1 ng/mL (Fig. 2). In the group of sTg2
< 1 ng/mL, 0.7% (5/750, patients no. 1–5 in Table 2) relapsed
even though they had achieved BR after curative treatment and
a persistently negative sTg value. After total thyroidectomy
and remnant ablation, previous studies have been reported
that the sensitivity of sTg was 80%–100%, and the negative
predictive value during the first year of follow-up was up to
99% (3,14,15). Conversely, some studies have suggested that
the undetectable sTg level did not totally exclude the persis-
tence of small neoplastic foci or recurrent disease (8,16–19). In
the present study, 5/13 patients had recurrent disease with
persistently undetectable or very low ( < 1 ng/mL) sTg2 and
negative TgAb2. The value of the serum Tg principally reflects
the tumor burden or the ability of the tumor to synthesize and
secrete Tg (20). Therefore, these negative sTg2 results in our
study may indicate that Tg was produced, but confined within
the intra-nodal space, and Tg was not secreted into the systemic
circulation. This hypothesis is supported by the fact that

FIG. 2. Result of follow-up of patients with biochemical
remission according to the sTg2 value. In total, 10 patients
(1.3%) showed clinical evidence of disease during the follow-
up. Of the 750 patients who had sTg2 < 1 ng/mL, 5 (5/750,
0.7%) showed a clinical recurrence. Of the 37 patients with
sTg2 ‡ 1 ng/mL, clinical recurrence was detected in 5 pa-
tients (5/37, 13.5%). There were no recurred patients with
positive TgAb2. sTg2 and TgAb2, Tg and TgAb measured 1–
3 years after sTg1 (stimulated Tg measured 12 months after
ablation) during thyroid hormone withdrawal; NCED, no
clincial evidence of disease (based on physical examination,
neck ultrasonography, and any other imaging performed as
part of the clinical evaluation, performed at the end of fol-
low-up, regardless of the level of Tg); clinical recurrence/
persistence, reappearance of pathologically proven malig-
nant tissue or metastatic lesion such as lung, bone, and brain
metastasis.

FIG. 3. Clinical outcome of patients with biochemical re-
mission according to recurrence risk stratification. (A) 215
patients belonged to the low-risk group. Of the 215 patients,
none showed clinical recurrence. (B) 572 patients belonged to
the intermediate- to high-risk group. Ten out of 572 patients
showed clinical recurrence, and among them, 5 patients had
sTg2 ‡ 1 ng/mL.
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washout Tg measured in FNA fluid was detected and much
higher than serum Tg value. Washout Tg was 133 ng/mL in
patient no. 3 and 20.1 ng/mL in patient no. 5 (in Table 2), even
though serum sTg was undetectable. Alternatively, the current
Tg measurement that was based on monoclonal antibodies
may not detect Tg in serum because the quantity of Tg pro-
duced by cervical lymph node metastasis was too small, or the
Tg was immunologically inactive relating to a change in tumor
properties and the nature of the Tg produced, such as might
occur with dedifferentiation. Also, low titers of TgAb might
have existed, which interfered with measurement of Tg, but
could not be detected by current methods. Spencer et al. (21)
recently reported that the use of manufacturer-recommended
cutoffs to determine the presence of TgAb often led to false-
negative misclassifications, which caused significant underes-
timation of Tg values in DTC patients.

In our study, 37 patients showed rise of sTg2 ‡ 1 ng/mL
during the follow-up (Fig. 2), and they had a much greater
chance of disease recurrence. Among them, 13.5% (5/37, pa-
tients no. 6–10 in Table 2) had clinical evidence of recurrent
disease. The reason for positive sTg conversion might be that
Tg production of malignant thyroid tissue decreased after
treatment and increased as the relapsed or persistent tumor
grew. Previously studies have shown that the sTg level
measured 6–12 months after therapy was the most important
predictive factor. Furthermore, age, tumor size, extra-
thyroidal invasion, lymph node invasion, presence of dis-
tant metastasis, presence of TgAb at 6–12 months, and
ablation Tg levels have all been reported to be associated with
the recurrence-free survival (22–25).

We found that sTg2 could be a possible marker for pre-
dicting recurrence in patients who achieved BR at one year
after the initial therapy. However, the clinical utility of sTg2 to
predict a clinical recurrence is questionable, even if there is
statistical significance. The number of patients who had
sTg2 > 1 ng/mL and recurrence was only 5 (0.5% of total 1010
patients), and patients had to use recombinant human TSH
with high cost or undergo thyroid hormone withdrawal with
significant morbidity to obtain sTg2. Therefore, measurement
of sTg2 is not practically useful considering its high cost and
inconvenience. Of the 37 patients with sTg2 ‡ 1 ng/mL, 32
have had NCED during the median 70.5 months (range 2.0–
124.0) of follow-up. Among them, 23 had a decreased sTg
value < 1 ng/mL and 3 had a similar or slightly increased value.

Clinical recurrence in our study cohort was limited to loco-
regional disease, and all of them were detected by routine
neck US, which was demonstrated in other studies (7,8,19).
Even though only negative FDG-PET and neck/chest CT re-
sults could not warrant NCED, we considered all of relapsed
cases as local recurrence, because at least these imaging
studies were negative. All cases were detected by neck US
regardless of FDG-PET results. Thus, neck US appeared to be
the most sensitive and practical modality for the detection of
recurrent disease rather than the costly and cumbersome
measurement of sTg2.

The present study had several limitations due to its retro-
spective nature. First, the time of sTg2 follow-up was not
standardized, because the interval between sTg1 and sTg2
varied according to attending physicians. Second, before the
year 2000, the quality of US was poor, and some patients were
not checked by neck US in their early follow-up period. Third,
the serum Tg assay kit was changed from the ELSA-hTG kit

(functional sensitivity of 1 ng/mL) to the Tg-pluS RIA kit
(functional sensitivity of 0.2 ng/mL) in 2008. In the present
study, the cutoff value of sTg was 1 ng/mL because the initial
Tg assay did not measure a Tg value below 1 ng/mL. We
verified comparability between two kits by a regression
analysis (regression coefficient 0.97). Castagna et al. reported
the usefulness of ultrasensitive Tg assays recently. When the
basal serum Tg was < 0.1 ng/mL and neck US was unre-
markable, patients might be considered free of disease and
could avoid an TSH stimulation (26). Although conventional
Tg assays and 1 ng/mL of cutoff value of Tg are used in
current clinical guidelines, the ultrasensitive Tg assay could
help risk stratification instead of repeated sTg measurement,
and further studies using it are needed.

Despite of these limitations, this is one of the largest studies
of the clinical outcome of DTC patients who had a BR after
treatment, to determine if sTg2 measurements are needed for
surveillance during their follow-up. In summary, 99% of pa-
tients with DTC who had sTg1 < 1 ng/mL 12 months after
their initial treatment showed NCED during long-term
follow-up, and only 1% had a clinical recurrence. All of the
clinical recurrences were limited to the cervical lymph nodes
without clinical evidence of distant metastasis. Although re-
peated sTg measurement (sTg2) may be helpful to predict
recurrence, we can not recommend it for surveillance due to
its very low yield in patients with BR.
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