Babak Fallahi1, Armaghan Fard-Esfahani1, Alireza Emami-Ardekani1,
Somayeh Sahari1, Davood Beiki1, Arman Hassanzadeh-Rad1,
Seyed Mohammad Abedi2, Parham Geramifar1, Mohammad Eftekhari1
1

Research Center for Nuclear Medicine, Shariati Hospital, Tehran University of Medical Sciences, Tehran, Iran
2
Department of Radiology, Faculty of Medicine, Mazandaran University of Medical Sciences, Sari, Iran

(Received 21 May 2016, Revised 6 August 2016, Accepted 8 August 2016)

ABSTRACT
Introduction: Differentiated thyroid carcinoma (DTC) follow-up after thyroidectomy and radioiodine-ablation is performed mainly
by thyroglobulin (Tg), diagnostic iodine-131 whole body scan (DxWBS) and sonography. Some patients with undetectable Tg have
thyroid-bed uptake after ablation in whom decision making regarding the need for retreatment is still controversial.
Methods: In this study, we enrolled DTC patients with undetectable Tg but small thyroid residue in six-month-DxWBS following
first radioiodine-ablation. Patients with detectable Tg, high TgAb, suspicious neck lymphadenopathy in sonography and metastasis
were excluded. Ninety four patients were placed in two groups of cohort, i.e., radioiodine-retreatment group (n=36) versus
observation (untreated) group (n=58). After six months, the clinical outcome was compared by evaluating DxWBS, Tg, TgAb and
sonography.
Results: DxWBS showed sustained thyroid remnant in 47.2% of retreated patients while 34.5% of untreated group revealed
negative DxWBS over the next period of follow-up. Also, only 6 cases (16.7%) in retreatment group and 12 cases (20.7%) in
observation group revealed an additional finding other than local faint RAI uptake, including detectable serum Tg, rising TgAb or
suspicious ultrasound finding, favoring no significant difference of the outcome as well as relative risk of new finding incidence
between treated and untreated patients (CI 95% for relative risk: 0.58-2.41; p=0.630).
Conclusion: Regarding sonologic and laboratory follow-up evidences, RAI-retreatment shows no significant advantage over
observation in DTC patients with Tg negative, remnant positive DxWBS. In addition, residual thyroid tissue was completely
disappeared in about one third of patients without retreatment.
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Original Article

How to manage patients with undetectable thyroglobulin but thyroid residue
after radioiodine ablative therapy in differentiated thyroid carcinoma,
retreatment or observation?

Undetectable thyroglobulin with thyroid residue 131I-retreatment issue

METHODS
Patients and follow-up management
Ninety four patients, 14 male, 80 female, aged 18-73
years (mean age: 40.4±12.0) with DTC, who
underwent radioiodine ablation after thyroidectomy
and showed only small thyroid bed remnant on the 6month-post-ablation DxWBS with undetectable offT4 serum Tg level and normal sonographic results,
were enrolled in the study. Presence of I-131 uptake
only in the thyroid bed with activity less than
nasopharyngeal region, without any other abnormal
activity on DxWBS, was required to include the
patient in the study.

Radioiodine whole-body scan
I-131 DxWBS was performed after adequate
withdrawal of thyroid hormone (T4) suppressive
therapy in order to stimulate TSH to reach to a level
above 30 mIU/mL. For this purpose, T4 was
discontinued for one month and was replaced by
triiodothyronine (T3) for two weeks (25µg every 12
hours). Subsequently T3 was stopped for the next two
weeks and the patients were asked to follow a lowiodine diet for 2 weeks before the DxWBS. 48–72 h
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The goal of treatment in differentiated thyroid
carcinoma (DTC) is to eliminate any evidence of
disease, documented by absence of visible
radioactive iodine (RAI) uptake on subsequent
diagnostic whole body I-131 scan (DxWBS)
concomitant with undetectable serum thyroglobulin
(Tg) level [1, 2].
Thyroglobulin is a thyroid-specific glycoprotein
synthesized and secreted by differentiated thyroid
tissue. Following thyroidectomy and radioiodine
therapy, serum Tg levels provide a sensitive and
specific tumor
marker for residual and
recurrent/metastatic disease [3, 4]. The amount of Tg
elevation correlates with the magnitude of
residual/metastatic disease and with the tumor
subtype [5]. It is frequently proposed that stimulated
Tg levels are sufficient as the sole surveillance test
and when Tg is undetectable, the disease is usually
considered under control [3, 6-10]. It is shown that
thyroglobulin is a tumor marker that is valuable even
in patients with remnant thyroid tissue [11].
In the management of DTC, it is not unusual to
encounter patients with only residual thyroid tissue
on post- ablative DxWBS, while Tg is undetectable
[12, 13]. Considering that low Tg level is an indicator
of good prognosis, and only about 2% of patients
with undetectable stimulated Tg may have
recurrences over the next 3-5 years [14], delivering
unnecessary radiation by repeated I-131 therapy to
the patients with only remained thyroid bed uptake
despite undetectable Tg level is controversial. There
have been very limited studies to fully evaluate this
issue [15, 16]. As ablative effect of radioiodine can
be achieved over extended months, we designed a
cohort with two groups of patients with and without
RAI-retreatment scheduling an additional 6-month
follow-up to evaluate the efficacy of radioiodine
retreatment in patients demonstrating only remnant
uptake in the DxWBS with undetectable Tg (Tg<1
ng/ml) at the end of the first 6-month period of
follow-up.

The ablation I-131 dose was selected according to the
post-operative pathologic findings and risk criteria
(100-150 mCi/3700-5550 MBq).
Sonography results were considered normal, if there
was no evidence of residual thyroid tissue
accompanied by the absence of any lymph node or
just the presence of the small lymph nodes showing
reactive appearance. The presence of lymph nodes
with a number of certain sonographic features
(including microcalcifications, hilum infiltration and
hypervascularity) was considered suspicious and was
candidate for tissue sampling.
Patients with any evidence of active disease including
anti-Tg antibody (TgAb) higher than 100 mIU/mL,
suspicious neck mass, lymph node or thyroid residue
in sonography or evidence of local or distant
metastasis including the presence of any focus of
abnormal I-131 uptake in the locations other than
thyroid bed were excluded from the study. All
evaluations were performed while the patient was
off-T4 and frankly hypothyroid.
In this cohort study the patients were divided into two
groups according to the physician’s decision; the first
was the retreatment group with additional dose of
RAI, while the second group, assigned as observation
group, included cases undergoing observation
without any additional therapeutic intervention.
Retreatment radioiodine dose was 150 mCi (5550
MBq) in all patients.
The patients in both groups were reevaluated after
another six months follow-up and the clinical,
laboratory and imaging findings, i.e. I-131 DxWBS,
serum Tg, TgAb levels and sonography, were
compared by expert physicians.
Remission, on the basis of follow-up reevaluations,
was defined as an absence of visible RAI uptake on a
subsequent DxWBS concomitant with normal
sonography, undetectable stimulated serum Tg and
normal ranged TgAb.
Our study design was reviewed and approved by
Ethics Committee of Tehran University of Medical
Sciences. All study participants were briefed on the
purpose and methods of the study and were requested
to sign the informed consent form prior to
enrollment.
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following oral administration of approximately 148185 MBq (4-5 mCi/148-185 MBq) I-131, whole body
scans were obtained using a high-energy parallel-hole
collimator centered at 364 keV with a 20% energy
window using gamma camera (Dual Head Genesis,
ADAC company), and scan speed of 3 cm/min. If
required, spot images, 15 minutes per view were also
obtained. Interpretation was made by two expert
nuclear medicine physicians.

Statistical analyses
The statistical software package, SPSS (i.e. version
19.0, Chicago, Illinois, USA), was used for data
analyses. To compare quantitative data with normal
distribution student t-test was used. The chi-square
test was applied to determine an association between
qualitative variables in two groups. Also, risk ratio
(RR) of positive findings in observation group vs.
retreatment group was estimated with 95%
confidence interval (CI95%). For all statistical
analyses, a P-value of less than 0.05 was considered
as statistically significant.

Tg, anti-Tg antibody, and TSH measurement
Serum TSH and Tg levels were measured using an
immunoradiometric assay (IRMA) kit (IZOTOP,
Budapest, Hungary). Antithyroglobulin antibody
(Anti-Tg Ab) was measured by a competitive
radioimmunoassay (RIA) kit (IZOTOP, Budapest,
Hungary) with the functional sensitivity of about 30
IU/ml. The given normal range was less than 100
IU/mL. For the results to be comparable, all the Tg
and TgAb monitoring were made by the same
laboratory center via the same assays and serum
samples. Tg and TgAb values evaluated after first
ablative treatment were rechecked to reconfirm the
correctness of patients enrollment.

RESULTS
From 94 cases, 36 (38.3%) were located in
retreatment group including 6 males and 30 females;
mean age: 39.22±11.03, and 58 (61.7%) patients
including 8 males and 50 females; mean age:
41.19±12.56 were allocated in observation group.
Baseline variables including age, sex, tumor size,
first ablative RAI dose as well as pathologic type and
other characteristics (i.e. the presence of capsular,
vascular or lymphatic invasion) were not different in
two groups (Table 1).

Table 1: Baseline variables in two groups of studied patients.

Retreatment Group

Observation Group

36

58

39.22±11.03

41.19±12.56

Female

30 (83.3%)

50 (86.2%)

Male

6 (16.7%)

8(13.7%)

Papillary

31 (86.1%)

55 (94.8%)

Non-Papillary

5 (13.9%)

3 (5.2%)

Primary Tumor Size (Cm)

1.81±1.63

2.15±1.30

0.327 NS

Capsular Invasion

9 (25.0%)

17 (29.3%)

0.650 NS

Vascular Invasion

8 (22.2%)

6 (10.3%)

0.116 NS

Lymphatic Invasion

3 (8.3%)

13 (22.4%)

0.077 NS

Stage I

31 (86.1%)

49 (84.5%)

Stage II

4 (11.1%)

5 (8.6%)

Stage III

1 (2.8%)

4 (6.9%)

100 (3700 MBq)

21 (58.3%)

26 (41.4%)

125 (4625 MBq)

5 (13.9%)

5 (8.6%)

150 (5550 MBq)

10 (27.8%)

29 (50.0%)

Patients Number
Age (yr)

NS: Not significant

0.651 NS

0.101 NS
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0.132 NS

Pathology

First ablative I-131 Dose (mCi)

0.442 NS

0.704 NS

Sex

Stage

Statistical Significance
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Table 2: Imaging and laboratory findings in retreatment and observation groups of patients after 12 months follow-up.

Retreatment
Group (N= 36)

Observation
Group (N= 58)

Positive

17 (47.2%)

38 (65.5%)

Negative

19 (52.8%)

20 (34.5%)

≥ 1ng/ml

1 (2.8%)

2 (3.4%)

Follow-up findings

I-131 DxWBS

Serum thyroglobulin
< 1ng/ml

35 (97.2%)

56 (96.6%)

≥ 100ng/ml

2 (5.6%)

1 (1.7%)

< 100ng/ml

34 (94.4%)

57 (98.3%)

Suspicious

4 (11.1%)

9 (15.5%)

Normal

32 (88.9%)

49 (84.5%)

Serum TgAb

Sonography

RR of Positive Result (95% CI)

Significance

1.58 (0.95-2.62)

0.080 NS

1.15 (0.23-5.84)

0.857 NS

0.56 (0.24-1.30)

0.304 NS

1.28 (0.55-3.03)

0.547 NS

DISCUSSION
Differentiated thyroid cancer is the most common
endocrine cancer with increasing incidence.
Treatment consists of total thyroidectomy followed
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by adjuvant radioiodine ablative therapy of thyroid
remnants. Successful remnant ablation is usually
defined as an absence of visible RAI uptake on a
subsequent diagnostic RAI scan accompanied by an
undetectable stimulated serum Tg [1]. Thyroglobulin
serves as the sensitive and specific tumor marker for
detection of persistent or recurrent disease, as it is
produced exclusively by thyroid cells. Given the
cellular specificity of Tg, its detection provides proof
of the thyroid origin of the tissue [1, 17-19]. So the
TSH-stimulated Tg is considered a reliable marker to
evaluate the presence or absence of residual disease
[2, 17, 18]. However, in clinical practice, in patients
with DTC, there are occasional cases with
undetectable Tg level, but residual thyroid tissue after
ablative therapy. Regarding the highly sensitive and
specific nature of Tg in follow-up, these patients are
therefore a challenge to manage because of
uncertainty concerning their disease status. There is
some evidence that observation without repeating
radioiodine treatment in these patients shows no
remarkable difference in clinical outcomes [15, 16].
Evaluation of ablative therapy with Tg and WBS is
usually performed at 6 month. However, as
tumoricidal effect of I-131 in differentiated thyroid
tumors could be achieved over extended months, we
evaluated the efficacy of RAI ablative therapy over
longer time period (12 months), in patients with only
remnant uptake in the DxWBS and Tg<1 ng/ml. Even
in these patients with remnant thyroid tissue, Tg is
proved to be a valuable tumor marker [11].Two
groups of patients, retreatment and untreated
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Serum Tg, TgAb, DxWBS and neck ultrasonography
were reevaluated six-months following second
therapeutic-dose in the retreatment group and at the
same interval in the untreated observation group, in
TSH-stimulated state.
No significant difference was noted between groups
regarding laboratory or imaging findings (Table 2).
As noted in this table, 20 cases (34.5%) showing faint
uptake on DxWBS after the first RAI ablative
therapy in observation group, finally revealed
negative DxWBS, with no further treatment, over an
additional six-month follow-up period. By the end
of the second 6-month period of follow-up, 15 cases
in retreatment group (41.7%) and 16 individuals in
observation group (27.6%) were finally met the full
criteria of remission including negative DxWBS
concomitant with normal sonographic and laboratory
findings (p=0.158). Also, only 6 cases (16.7%) in
retreatment group and 12 cases (20.7%) in
observation group revealed an additional finding,
other than local faint RAI uptake, including
detectable serum Tg, rising TgAb or suspicious
ultrasound finding over an extra- follow up period,
favoring no significant difference of the outcome, as
well as relative risk of new finding incidence
between treated and untreated patients (RR=1.18;
CI95%: 0.58-2.41; p=0.630).
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thyroid hormone suppression of TSH might fail to
identify patients with relatively small amounts of
residual tumor [3, 21]. Tg level increases more
notably after discontinuation of thyroid hormone
[22], as is the case in our study. Our Tg assays were
performed by IRMA method which offers practical
advantage of a shorter incubation time, an extended
dynamic range for the assay and a more stable
labeled antibody reagent that is less prone to labeling
damage than RIA [23].The patients enrolled in our
study had undetectable Tg levels after first ablation
therapy. However, elevation in Tg level was seen in
only one from 36 patients after the second treatment
(2.8%) and two from 58 patients (3.4%) in
observation group without treatment, representing no
significant difference (p=0. 857). It is mentioned in
the literature that only about 2% of patients with
undetectable stimulated Tg will have recurrences
over the next 3-5 years [14], supporting our finding
that undetectable stimulated Tg is a reliable indicator
of disease control. Other studies also proposed that
low Tg level might warrant a less rigorous
management [6-8]. It is shown that in low risk
patients who do not undergo postoperative RAI
remnant ablation, Tg values drop spontaneously,
making it a valuable tool for follow-up even in this
category of patients [3, 11, 24].

Fig 1. Two cases of I-131 WBS of the observation group (thyroid remnant without radioiodine retreatment) with and without remnant
disappearance after observation: The baseline scan on the left side shows thyroid remnant tissue which is still present on the follow-up scan
on the right side (above). The baseline scan on the left side shows thyroid remnant tissue, which has disappeared on the follow-up scan on
the right side (below).
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observation groups were evaluated. DxWBS, Tg,
TgAb and sonographic studies six months afterwards,
were used for this evaluation.
Our results showed that in 52.8% of the patients who
received the second therapeutic dose, the scan
became negative, while this rate in the patients who
were only followed-up without retreatment was
34.5%. Although rate of negative scan result was
apparently higher in patients who were retreated with
RAI, the difference was not statistically significant. It
should be noted that more than one-third of patients
without further RAI dose can achieve complete
treatment response (Figure 1). This is especially
important in younger patients in whom long survival
is expected and delivering lower possible radioiodine
dose is crucial. The study by Lim et al also showed
no remarkable differences in clinical outcomes
between observation and treatment groups of
DxWBS positive Tg negative patients [15]. Another
study by Kim et al showed that a second ablation was
not necessary in patients with very low Tg
concentration and radioiodine uptake in DxWBS
when neck US showed no evidence of disease [16].
Evidence of continued clinical response after
radioiodine therapy is also demonstrated by a decline
in Tg levels after cessation of RAI therapy in children
with pulmonary metastases [20].
In our study off-T4 assessment of Tg (stimulated Tg)
was performed. Tg measurements obtained during
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CONCLUSION
Regarding sonographic findings and serum Tg/TgAb
levels during follow-up, no significant advantage was
evident for RAI-retreatment in patients with
undetectable Tg and positive remnant in DxWBS on
the first post-ablation evaluation. Also, more than
one-third of Tg negative faintly positive DxWBS
demonstrated negative follow-up scan without
additional I-131 retreatment. Therefore, avoiding
additional radioiodine retreatment might be advisable
in certain settings of undetectable Tg level and only
small thyroid remnants. This result could be
attributed to continued ablative effect of I-131,
exerting its maximal effect in a longer period of time.
Avoiding extra dose of I-131 is of exceptional value
in preventing unnecessary radiation burden to the
patient and society, needless to mention the economic
significance of this treatment approach.
Acknowledgments
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specialty thesis and supported by Tehran University
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difference in ablation rate between low and high
doses [33]. Although some studies suggest that
higher ablation doses are associated with more
successful treatment rate [34-36], others show no
beneficial effect from higher doses of radioiodine
[37-41].
Rees study also suggested in low risk DTC patients
one dose of radioiodine ablation is recommended to
avoid over-treatment. Only those with unfavorable
localized disease might benefit from an elective
second dose [42]. Considering the short as well as
long-term side effects and complications associated
with exposure to therapeutic I-131, the minimum
appropriate activity should be administered only
when benefits are expected [43-49].
Our study had several limitations, the most important
one being lack of proper patient randomization.
Another shortcoming being the limited time of
follow-up (6 months after second ablative dose),
which is too short to fully evaluate possible tumor
recurrence. Phan et al showed some patients with
initially negative Tg/ TgAb had shown detectable Tg/
TgAb
during
follow-up
indicative
of
persistent/recurrent disease [50], emphasizing the
value of long-term follow-ups. This is because the
risk of recurrence and disease specific mortality can
change over time as a function of the clinical course
of the disease and the response to therapy [51]. Lack
of quantitative assessment of RAI uptake in the
thyroid bed was other weakness of our study which
may have had deteriorating effect on the accuracy of
whole body scan interpretations.
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Even though most patients can be followed by Tg
assessments, some thyroid cancer patients (≤25%)
have antithyroglobulin antibodies in serum, at the
time of diagnosis or after treatment. These antibodies
interfere technically in the immunological methods
for measuring Tg [25].
Any measurement of the serum thyroglobulin must
be accompanied by an assay for TgAb, which usually
interferes with and might invalidate the serum
thyroglobulin assay [17]. IRMA method is especially
prone to this interference commonly causing falsely
low serum Tg measurements, while interference with
RIA has the potential to cause either under- or
overestimation of Tg, depending on the
characteristics of the patient-specific TgAb and the
RIA reagents [1, 26, 27].
For this reason we included only patients with low
TgAb levels in our study to prevent the effect of such
interference.
As it mentioned in the literature [28] the possibility
of falsely undetectable Tg in patients with residual
thyroid tissue should be taken into consideration. To
avoid such pitfall, in addition to excluding patients
with elevated TgAb from our study, Tg and TgAb
levels were concomitantly rechecked in follow-up
assessment.
The other reasons for false-negative Tg, in addition to
TgAb interference, are defective or absent production
and secretion of immunoreactive Tg by tumor cells
and limited sensitivity of Tg methods to detect small
amounts of thyroid tissue [12, 21, 29]. Tg levels
should be interpreted in light of the pretest
probability of clinically significant residual tumor [1,
12].
It should be noted that elevated TgAb level, apart
from its importance in devaluating the Tg assays, is
considered as surrogate marker of DTC recurrence or
persistence, and has an
essential role in disease
follow-up as a tumor marker [30-32]. The patients
who received repeated treatment in our study showed
TgAb tumor marker elevation in only two patients
(5.6%) 6 months after second therapeutic dose. This
rate was 1.7% in observation group and the
difference was statistically insignificant (p=0.304).
Comparison of sonographic results also showed no
significant difference between RAI retreatment and
untreated groups (p=0.55).
The first ablative administered dose in our study was
empiric fixed dose (100, 125, 150 mCi/3700, 4625,
5550 MBq). The results showed that the dose was not
significantly different between retreatment and
follow-up groups, hence not affecting the treatment
results. A study assessed the ablation outcome after a
second ablation dose and compared the low and high
doses concluded that there was no significant
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