
Abstract. – Objective: Negative diagnos-
tic 131I whole body scans with elevated serum
thyroglobulin (Tg) levels are found in 20% of pa-
tients with differentiated thyroid cancer (DTC).
Empirical radioiodine treatment has been advo-
cated by some researchers, but has had with
controversial outcomes. This anterospective
study was performed to examine this dilemma
and also to determine the capability of thallium
(201Tl) scintigraphy in these patients.

Materials and Methods: A total of 21 pa-
tients who had a history of DTC and elevated
serum Tg levels, together with a negative diag-
nostic 131I whole body scans (WBS), were includ-
ed in the study. All patients underwent posttreat-
ment 131I WBS. Patients with negative posttreat-
ment 131I WBS then underwent 201Tl scintigraphy. 

Results: The 21 included patients (9 women
and 12 men) had a mean age of 53 ± 14.17 years.
The mean pretreatment and posttreatment Tg
levels were 227.23 ± 208.50 ng/ml and 163.43 ±
282.57 ng/ml, respectively (p value <0.05).
Eleven cases showed at least a 50 % decrease in
Tg value (remission group), 6 patients revealed
less than a 50 % decrease in Tg value (stable
group), while 4 subjects demonstrated an incre-
ment in posttreatment Tg relative to pretreat-
ment Tg value (progression group). The cumula-
tive and last 131I doses in the remission, stable,
and progression groups were not significantly
different (p value >0.05). In the posttreatment 131I
WBS, 10 patients showed abnormal findings in
their images. In a follow-up scan after 201Tl treat-
ment, 7 out of 11 patients had positive scans.

Conclusion: The study indicates a positive ef-
fect of RAI therapy in DTC patients with elevated
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Tg and negative 131I WBS. In addition, 201Tl
scintigraphy can be useful as an alternative
modality to improve tumoral detection in this sit-
uation and when access to a PET system is lim-
ited.
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Introduction

Differentiated thyroid carcinoma (DTC) gen-
erally is characterized by an indolent course with
low morbidity and mortality1-4. In most cases,
initial treatment for DTC is total or near-total
thyroidectomy together with radioiodine
ablation3,4. The follow-up of previously thy-
roidectomized patients consists of diagnostic
whole body 131I scans (WBS) with the aim of de-
tecting either local recurrence or distant metas-
tases3.

An excellent association is noted between the
persistence of disease and thyroglobulin (Tg)
levels (in the absence of thyroglobulin autoanti-
body)3. Conversely, discordant results between
131I WBS and serum thyroglobulin have been
found in 15-20% of patients, who show high
serum Tg but negative 131I WBS5,6. These phe-
nomena may be related to the low dose of iodine
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This study was approved by the institutional
Ethics Committee of Tehran University of Med-
ical Science and all patients gave written in-
formed consent.

Acquisition Protocols
For 131I scintigraphy, the patients were orally

administered 185 MBq 131I, and scintigraphy was
performed 48 h later. Planar images were ob-
tained by means of a gamma camera (Scintronix,
Livingston, UK) with a high energy parallel hole
collimator, where the energy setting was at
364keV± 10%. 

The 201Tl scintigraphy was performed using a
double head gamma camera (ADAC Genesys
Malpitas, CA, USA) fitted with a low-energy
parallel hole collimator. Planar images were ob-
tained 5 min after intravenous administration of
74 MBq of 201T1. Single photon emission com-
puted tomography (SPECT) images were then
obtained 20 min later. Data were obtained from
60 projections of 30 s each in the 70 KeV photo-
peak, over an 360° arc in a 64×64 matrix. The
data were reconstructed utilizing a Butterworth
prefilter and filtered backprojection with a Ramp
filter. Images were observed and interpreted by
two experienced nuclear medicine physicians. 

Measurement of Serum Thyroglobulin
Serum thyroglobulin (Tg) and anti-Tg anti-

body levels were determined by radioimmunoas-
say using commercial kits (Dynotest Tg-plus and
Dynotest anti-Tgn; Brahms Diagnostica, Berlin,
Germany respectively). In addition, serum TSH
was measured with a third-generation double an-
tibody assay. Because TSH was elevated in all
patients, Tg levels more than 10 μg/L were con-
siderated abnormal12.

Since circulating AbTg interferes with Tg as-
says, producing false results, we routinely
screened all patients for serum anti-Tg antibody
by passive hemagglutination. Patients with posi-
tive anti-Tg antibody and negative Tg were ex-
cluded from this analysis.

Statistical Methods
Serum thyroglobulin levels before and after

131I therapy were compared using a Wilcoxon
signed-rank test. When more than one post ther-
apy Tg was available, the lowest value was
used. In addition, a Chi-square test was used to
compare differences between categorical vari-
ables. A p value of 0.05 or less was considered

administered (diagnostic dose), the presence of
tumor deposits too small to be detected by a scin-
tillation camera, or the loss of iodine concentra-
tion as a result of tumor dedifferentiation.

Several recent reviews have discussed this
clinical predicament, and some experts advise
treatment with high doses of 131I to localize and
eradicate the metastatic lesions7. In contrast, a
number of recently published studies have shown
a lack of effect of radioiodine therapy in these
subjects8-10. Thus, radioiodine therapy has been
proposed as a therapeutic management, but with
controversial outcomes11.

The present study was performed with the aim
of providing an answer to this dilemma and also
to determine the potential benefit of 201Tl scintig-
raphy in patients with elevated serum thyroglob-
ulin (Tg) levels and negative WBS. 

Materials and Methods

Participants and Study Design
This anterospective study recruited 21 patients

over a period of two years, from August 2004 to
May 2006. All studied patients had a history of
DTC and elevated serum Tg levels, with a nega-
tive 131I diagnostic WBS. All patients had also
been treated at least once with radioiodine (RAI).
Serial monitoring was carried out using serum
Tg measurements and WBS. Patients were fol-
lowed for surgical and pathologic findings, status
of the DTC at the time of the initial surgery, ex-
tent of metastasis at the time of radioisotope
scanning, subsequent operations, clinical find-
ings, and serum Tg and TSH levels. The interval
between the previous ablative or therapeutic RAI
and the WBS was more than 6 months in all pa-
tients. Patients were carefully questioned about
any exposure to exogenous iodine before scan-
ning and all patients were advised to avoid med-
ication containing iodine during the preparation
time for diagnostic scan. The clothing of the par-
ticipants prior scanning was changed to prevent
contamination. Both the WBS and Tg level were
performed after stopping levothyroxine for one
month and liothyronine for 2 weeks. 

At the time of the diagnostic WBS, all patients
had a serum TSH levels above 30 mIU/l. The
post therapy scans were prepared just before the
patient was released following 131I therapy. The
11 patients who had a negative posttreatment 131I
WBS also underwent 201Tl scintigraphy.
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significant. Statistical analysis was performed
utilizing SPSS version 15 (SPSS Inc., Chicago,
IL, USA).

Results

A total of 21 patients (9 females and 12 males)
with a mean age of 53 ± 14.17 years were took
part in the study. Twenty patients had the papil-
lary type of differentiated thyroid cancer
(PCDTC) and 1 case had the follicular type of
differentiated thyroid cancer (FCDTC). At the
initial operation, 7 patients underwent total thy-
roidectomy and the remaining 14 patients had
near-total thyroidectomies.

The mean dose of the last radioiodine therapy
was 5.46 ± 0.87 GBq (3.7-7.4 GBq). The cumu-
lative doses of 131I dose were 12.23 ± 5.94 GBq,
ranged from 4.81 to 27.75 GBq. All patients had
a serum TSH levels above 30 mIU/l. After with-
drawal of T4 therapy, the mean pretreatment Tg
was 227.23 ± 208.50 ng/ml (range, 17-600
ng/ml), the mean posttreatment Tg was 163.43 ±
282.57 ng/ml (range, 0.10-910 ng/ml), and the
difference was statistically significant (p value
<0.05). According to the serum Tg assessment,
11 patients showed at least a 50% decrease in Tg
value (remission group), while 6 patients re-
vealed less than a 50% decrease in Tg value (sta-
ble group). Four subjects demonstrated an incre-
ment in posttreatment Tg relative to pretreatment
Tg values (progression group).

In the posttreatment WBS, 4 patients showed
increased activity in the cervical lymph node, 3
thyroid beds, and 3 lungs. The remaining 11 cas-
es were also negative in WBS in the posttreat-
ment survey.

The patients were also categorized according
to their surgical stage (TNM classification). Four
cases were in stage 1, 1 in stage 2, 15 in stage 3,
and 1 in stage 4. The highest frequency of tumor
recurrence occurred in stage 3 patients.

In the posttreatment follow-up, 5 out of 12
cases with cervical lymph node involvement in
pretreatment examination showed evidence of re-
currence. In contrast, 7 cases showed no evi-
dence for involvement of any part and 2 cases of
lung involvement revealed no recurrence in the
follow-up survey. In total, 5 of the 11 remission
patients, 3 of the 6 stable cases, and all 4 of the
progression cases were male. We compared the
cumulative and also the last 131I doses in the re-
mission, stable, and progression groups and
found no significant differences among the
groups (p value >0.05) (Figure 1).

In pretreatment chest X-rays, 3 out of 12 re-
mission cases, 2 out of 6 stable cases, and 1 out
of 3 progression patients revealed abnormal find-
ings. Posttreatment WBS showed abnormal find-
ings in 10 of 21 studied cases, while the remain-
ing 11 patients showed no abnormal lesions
throughout their bodies in the WBS. Details of
the posttreatment WBS for each group are shown
in Table I.

In follow-up scans with 201Tl, the number of
metastatic regions totaled 7 out of 11 cases and
included 4 regions in the neck, 2 regions in the
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Figure 1. The cumulative doses of the radioiodine accord-
ing to disease states.
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Disease states

Negative Cervical lymph node Thyroid bed Lung Total

Remission 7 3 1 1 12
Stable 3 1 1 1 6
Progression 1 0 1 1 3

Total 11 4 3 3 21

Table I. The detailed data of posttreatment whole body scan using 131I in three studied groups.
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lung, and 1 region in the iliac bone. The 4 re-
maining subjects showed no abnormal activity
throughout their bodies in the 201Tl scan. 

Discussion

The standard therapy for differentiated thyroid
cancer (DTC) is surgical resection followed by
radioiodine (131I) ablation8. However, even with
this treatment, the overall recurrence rate of thy-
roid cancer is 20%13. For follow-up, 131I WBS is
one of the most important tests for use in DTC
patients. However, a negative diagnostic 131I
WBS in the presence of known residual or
metastatic FCDTC is not uncommon14. A false
negative 131I WBS can be due to technical fac-
tors, such as an excessive iodine pool, poor in-
strumentation, and inadequate serum TSH eleva-
tion14. Because the patients in our study had
well-characterized cancers, our patients did not
represent false-negative 131I WBSs. There was
adequate TSH elevation, and all patients had un-
dergone at least one previous negative diagnostic
131I WBS despite elevated Tg.

From the diagnostic point of view, our results
show the high sensitivity of post therapy 131I
WBS in Tg+/WBS- patients and indicate that this
procedure allows the detection of neoplastic foci
not seen with diagnostic doses of 131I. Our find-
ings suggested that the administration of a high
131I dose to Tg+/WBS-patients is effective in
these subgroups of DTC patients. Similar find-
ings have been acquired in previous studies15.
For example, Pineda et al16 reported therapeutic
effectiveness of 131I treatment in 14 patients with
elevated Tg and negative 131I WBS, as assessed
by a significant reduction in serum Tg, to 5
ng/ml or less, and by normalization of previously
positive post therapy WBS. Fautorechi et al15

concluded that treatment with high doses of 131I
in Tg+/WBS- patients allows the detection of ab-
normal uptake in post therapy WBS, particularly
micrometastases. In their experience, aggressive
macrometastases with negative diagnostic WBS
did not show significant uptake after therapeutic
doses of 131I. In a study by Koh et al17, 60 DTC
patients with elevated serum Tg levels and nega-
tive 131I WBSs were divided into two groups:
those treated with RAI (28 patients) and untreat-
ed (32 patients). A meaningful reduction of Tg
was obtained and these Authors concluded that
RAI therapy has a therapeutic effect, at least for
short-term follow-up17.

In a meta-analysis of 10 observation studies
and 3 nonrandomized controlled trial investiga-
tions, a reduction in Tg levels was observed in
63% of DTC patients with elevated Tg and nega-
tive WBSs, and the researchers concluded that
131I therapy does have a therapeutic effect in this
condition14. In a study of 56 patients with a 4.2
years of follow-up, 18 of the 28 patients with a
positive posttreatment 131I WBS went into com-
plete remission, as compared with 10 of the 28
patients with a negative post-treatment WBS18.
In total, 9 patients in the negative posttreatment
131I WBS group died, but no patients died in the
positive posttreatment group. The Authors con-
cluded that RAI treatment can be used as a diag-
nostic tool and also as a therapeutic effect in in-
dividual cases18.

Some previous studies17,19,20 have extensively
supported the empiric therapy. These Authors
suggested that 131I uptake may be too small to be
visualized on diagnostic scans, either because the
ability of the neoplastic tissue to concentrate io-
dine is low or the mass of the metastasis is too
small. Therefore, a larger dose makes visualiza-
tion of uptake possible19. No conclusive evidence
exists that this approach changes patient out-
come, although it suggested that some parame-
ters of disease activity may get better. In one arti-
cle, Mazzaferri et al21 evaluated this issue in 10
diagnostic WBS-negative patients with serum Tg
levels more than 15 ng/ml (TSH more than 30
mIU/liter). Eight of these patients had evidence
of distant metastases on post therapy scans.
Three patients had subsequent negative post ther-
apy scans within 2-4 yr, with a reduction in
serum Tg to 5 ng/ml21. The report by Pacini et al7

compared the results of 28 untreated patients en-
countered before 1984 with those of 42 treated
patients seen after that date. The Authors found
positive post therapy WBS in 71%, which was
similar to our present results. They noted a re-
duction in Tg and disappearance of lung uptake
with repeated therapy and recommend treating
all Tg-positive, WBS-negative cases once with
3.7 GBq of 131I and continuing therapy until post
therapy WBS becomes negative7. 

Recently, Kim et al compared empiric RAI
therapy in 39 DTC patients with detectable
serum thyroglobulin, but negative cervical
sonography and 18F-FDG PET scans, and found
no significant results22. In our previous study of
32 patients, we observed reduction or normaliza-
tion of thyroglobulin in 9 of 10 partial and com-
plete responders in the first post-treatment year
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and we concluded that at least one course of ra-
dioiodine therapy should be applied in the Tg-
positive, WBS-negative subgroup patients20. In
the most recent meta-analysis of 18 investiga-
tions, empirical therapy was administered in 16
of the studies that included DTC patients with el-
evated Tg and negative scan results11. They RAI
treatment was suggested to have a therapeutic ef-
fect for this condition11.

Despite the above reports, the use of RAI thera-
py in Tg+/WBS- patients has been questioned by
some Authors, mostly because of the deficient
numbers of control studies9,10,23. In a study by
Kamel et al24, normalization of Tg levels in only 6
out of 38 Tg-positive, scan-negative patients was
acquired and the researchers concluded that the
overall effect of RAI treatment on long-term sur-
vival is obscure24. In the investigation by Fa-
tourechi et al, since only 4 out of 24 patients re-
vealed any evidence of 131I uptake on posttreat-
ment RAI scan, the widespread administration of
RAI therapy was not recommended. The main dif-
ference between that study and our findings is the
number of 10 positive posttreatment 131I WBS in
the current investigation8. In a study by Gutiérrez
Cardo et al in 130 patients showing elevated Tg
levels and negative findings for WBS and other
imaging modalities, empirical treatments were
considered not to be the only factor that con-
tributes to normalization without other therapy in-
terventions10. This study included patients without
positive results for any other imaging modalities10,
which is unlike the current study where 10 cases
had positive posttreatment 131I WBS and 7 of the
11 remaining cases had positive 201Tl scans.

New methods for detecting and localizing less
differentiated metastatic lesions are vitally impor-
tant for planning therapeutic measures with more
effectiveness at eradicating these potentially lethal
thyroid cancer variants. For example, 18F-FDG
PET/CT can improve diagnostic accuracy and can
be used to conduct therapeutic management in pa-
tients who are Tg positive but show negative 131I
WBS24. A recent meta-analysis reported 88.5 %
sensitivity and 84.7% specificity in these
patients25. The most important aspect of non-io-
dine isotope imaging is that it eliminates the need
to discontinue levothyroxine consumption for
preparation. Indeed, some 18F-FDG PET/CT
studies have demonstrated detection of more le-
sions during elevated TSH conditions as com-
pared with the suppressed TSH state26. However,
performing 18F-FDG PET/CT in patients with Tg
positive but negative 131I WBS under TSH sup-
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pression or TSH stimulation remains controversial
and needs further study27. When used as a tracer
for oncoscintigraphy, 201Tl accumulates in lung
cancer, malignant lymphoma, parathyroid tumors,
and DTC. As in myocardial scintigraphy, the dis-
tribution of perfusion tracer depends on blood
flow and NA-K ATPase activity28. 

In our study, the sensitivity of 201Tl was within
the ranges noted in previous studies, where sensi-
tivity of 201Tl was reported as 45-94%29-31. There-
fore, 201Tl scintigraphy can be used as an alterna-
tive modality in institutes that lack PET systems.
We believe that the available information and our
present report support the benefits of empiric
RAI therapy for diagnostic RAI scan-negative,
Tg positive DTC patients. For the management
of DTC patients who do not have RAI accumula-
tion and have elevated Tg, other imaging modali-
ties such as 201Tl scans are needed. 

The reasons for this discrepancy lie in study
population, imaging modality, post RAI follow
up time, Tg measurements while on or off thy-
roxin hormone treatment, the use of recombinant
TSH, the 131I doses received, the sample size, and
most important, the lack of well-designed stud-
ies. Lastly, these findings support the claim that
RAI treatment could be useful in patients with
Tg positive but negative 131I WBS, although fur-
ther evidence needs to be obtained.

Limitations of the Study
One of the most important limitations of this

study is its small sample size. Another limitation
is that we could not provide follow-up over a
prolonged time course. Thus, extended monitor-
ing is among the parameters that should be taken
into account in future studies. In addition, PET
was not available to acquire the sensitivity and
specificity, so we could not conclusively com-
ment about the utility of this examination. 

Conclusion

One of the most important findings of this
study was that at least 50% of the subjects
demonstrated a reduction or normalization of
serum Tg in the first post-treatment follow-up.
Therefore, for DTC patients with elevated Tg
and negative WBS, at least one course of RAI
therapy could be recommended. In 131I WBS,
201Tl scintigraphy, especially at institutions with-
out access to PET, may be useful.



1220

––––––––––––––––––––
Acknowledgements

This study was the postgraduate thesis of Dr Alireza
Zakani and was achieved with the sponsorship of
Tehran University of Medical Sciences (grant no.
753). We extend our thanks to colleagues at our insti-
tutes and also colleagues form Mashhad Nuclear Med-
icine Research Center, especially Dr Kamran Aryana,
for their technical help and assistance with data acqui-
sition.

References

1) RUGGIERI M, STRANIERO A, PACINI FM, MAIUOLO A,
MASCARO A, GENDERINI M. Video-assisted surgery
of the thyroid diseases. Eur Rev Med Pharmacol
Sci 2003; 7: 91-96.

2) EFTEKHARI M, ASADOLLAHI A, BEIKI D, IZADYAR S, GHO-
LAMREZANEZHAD A, ASSADI M, FARD-ESFAHANI A, FALLAHI

B, TAKAVAR A, SAGHARI M. The long term effect of
levothyroxine on bone mineral density in patients
with well differentiated thyroid carcinoma after
treatment. Hell J Nucl Med 2008; 11: 160-163.

3) MENENDEZ TORRE E, LOPEZ CARBALLO MT, RODRIGUEZ

ERDOZAIN RM, FORGA LLENAS L, GONI IRIARTE MJ, BAR-
BERIA LAYANA JJ. Prognostic value of thyroglobulin
serum levels and 131I whole-body scan after initial
treatment of low-risk differentiated thyroid cancer.
Thyroid 2004; 14: 301-306.

4) RUGGIERI M, GENDERINI M, GARGIULO P, DEL GRAMMAS-
TRO A, MASCARO A, LUONGO B, PAOLINI A. Surgical
treatment of differentiated microcarcinomas of the
thyroid. Eur Rev Med Pharmacol Sci 2001; 5: 85-
89.

5) BAUDIN E, DO CAO C, CAILLEUX AF, LEBOULLEUX S,
TRAVAGLI JP, SCHLUMBERGER M. Positive predictive
value of serum thyroglobulin levels, measured
during the first year of follow-up after thyroid hor-
mone withdrawal, in thyroid cancer patients. J
Clin Endocrinol Metab 2003; 88: 1107-1111.

6) WANG W, MACAPINLAC H, LARSON SM, YEH SD,
AKHURST T, FINN RD, ROSAI J, ROBBINS RJ. [18F]-2-flu-
oro-2-deoxy-D-glucose positron emission tomog-
raphy localizes residual thyroid cancer in patients
with negative diagnostic 131I whole body scans
and elevated serum thyroglobulin levels. J Clin
Endocrinol Metab 1999; 84: 2291-2302.

7) PACINI F, AGATE L, ELISEI R, CAPEZZONE M, CECCARELLI

C, LIPPI F, MOLINARO E, PINCHERA A. Outcome of dif-
ferentiated thyroid cancer with detectable serum
Tg and negative diagnostic 131I whole body scan:
comparison of patients treated with high 131I activ-
ities versus untreated patients. J Clin Endocrinol
Metab 2001; 86: 4092-4097.

8) FATOURECHI V, HAY ID, JAVEDAN H, WISEMAN GA, MUL-
LAN BP, GORMAN CA. Lack of impact of radioiodine
therapy in tg-positive, diagnostic whole-body
scan-negative patients with follicular cell-derived
thyroid cancer. J Clin Endocrinol Metab 2002; 87:
1521-1526.

9) CAPLAN RH, WICKUS GG, MANSKE BR. Long-term
follow-up of a patient with papillary thyroid car-
cinoma, elevated thyroglobulin levels, and neg-
ative imaging studies. Endocr Pract 2005; 11:
43-48.

10) GUTIERREZ CARDO AL, RODRIGUEZ RODRIGUEZ JR, BOR-
REGO DORADO I, NAVARRO GONZALEZ E, TIRADO HOSPI-
TAL JL, VAZQUEZ ALBERTINO R. [Patients treated for
differentiated thyroid cancer with negative 131I
whole-body scans and elevated thyroglobulin lev-
els: a possible course]. Rev Esp Med Nucl 2007;
26: 138-145.

11) CHAO M. Management of differentiated thyroid
cancer with rising thyroglobulin and negative di-
agnostic radioiodine whole body scan. Clin Oncol
(R Coll Radiol) 2010; 22: 438-447.

12) SHERMAN SI. Thyroid carcinoma. Lancet 2003;
361(9356): 501-511.

13) MACAPINLAC HA. Clinical usefulness of FDG PET in
differentiated thyroid cancer. J Nucl Med 2001;
42: 77-78.

14) MA C, XIE J, KUANG A. Is empiric 131I therapy justi-
fied for patients with positive thyroglobulin and
negative 131I whole-body scanning results? J Nucl
Med 2005; 46: 1164-1170.

15) FATOURECHI V, HAY ID. Treating the patient with dif-
ferentiated thyroid cancer with thyroglobulin-posi-
tive iodine-131 diagnostic scan-negative metas-
tases: including comments on the role of serum
thyroglobulin monitoring in tumor surveillance.
Semin Nucl Med 2000; 30: 107-114.

16) PINEDA JD, LEE T, AIN K, REYNOLDS JC, ROBBINS J. Io-
dine-131 therapy for thyroid cancer patients with
elevated thyroglobulin and negative diagnostic
scan. J Clin Endocrinol Metab 1995; 80: 1488-
1492.

17) KOH JM, KIM ES, RYU JS, HONG SJ, KIM WB, SHONG

YK. Effects of therapeutic doses of 131I in thyroid
papillary carcinoma patients with elevated thy-
roglobulin level and negative 131I whole-body
scan: comparative study. Clin Endocrinol (Oxf)
2003; 58: 421-427.

18) VAN TOL KM, JAGER PL, DE VRIES EG, PIERS DA,
BOEZEN HM, SLUITER WJ, DULLAART RP, LINKS TP. Out-
come in patients with differentiated thyroid cancer
with negative diagnostic whole-body scanning
and detectable stimulated thyroglobulin. Eur J
Endocrinol 2003; 148: 589-596.

19) PACINI F, LIPPI F, FORMICA N, ELISEI R, ANELLI S, CEC-
CARELLI C, PINCHERA A. Therapeutic doses of io-
dine-131 reveal undiagnosed metastases in thy-
roid cancer patients with detectable serum thy-
roglobulin levels. J Nucl Med 1987; 28: 1888-
1891.

20) SAGHARI M, GHOLAMREZANEZHAD A, MIRPOUR S,
EFTEKHARI M, TAKAVAR A, FARD-ESFAHANI A, FALLAHI B,
BEIKI D. Efficacy of radioiodine therapy in the
treatment of elevated serum thyroglobulin in pa-
tients with differentiated thyroid carcinoma and
negative whole-body iodine scan. Nucl Med Com-
mun 2006; 27: 567-572.

A. Zakani, M. Saghari, M. Eftekhari, A. Fard-Esfahani, B. Fallahi, J. Esmaili, M. Assadi



21) MAZZAFERRI EL, KLOOS RT. Clinical review 128: Cur-
rent approaches to primary therapy for papillary
and follicular thyroid cancer. J Clin Endocrinol
Metab 2001; 86: 1447-1463.

22) KIM WG, RYU JS, KIM EY, LEE JH, BAEK JH, YOON

JH, HONG SJ, KIM ES, KIM TY, KIM WB, SHONG YK.
Empiric high-dose 131-iodine therapy lacks effi-
cacy for treated papillary thyroid cancer patients
with detectable serum thyroglobulin, but nega-
t ive cervical  sonography and 18F-f luo-
rodeoxyglucose positron emission tomography
scan. J Clin Endocrinol Metab 2010; 95: 1169-
1173.

23) MCDOUGALL IR. 131I treatment of 131I negative whole
body scan, and positive thyroglobulin in differenti-
ated thyroid carcinoma: what is being treated?
Thyroid 1997; 7: 669-672.

24) ZOLLER M, KOHLFUERST S, IGERC I, KRESNIK E, GAL-
LOWITSCH HJ, GOMEZ I, LIND P. Combined PET/CT
in the follow-up of differentiated thyroid carcino-
ma: what is the impact of each modality? Eur J
Nucl Med Mol Imaging 2007; 34: 487-495.

25) DONG MJ, LIU ZF, ZHAO K, RUAN LX, WANG GL,
YANG SY, SUN F, LUO XG. Value of 18F-FDG-
PET/PET-CT in differentiated thyroid carcinoma
with radioiodine-negative whole-body scan: a
meta-analysis. Nucl Med Commun 2009; 30:
639-650.

26) CHIN BB, PATEL P, COHADE C, EWERTZ M, WAHL R,
LADENSON P. Recombinant human thyrotropin
stimulation of fluoro-D-glucose positron emis-

sion tomography uptake in well-differentiated
thyroid carcinoma. J Clin Endocrinol Metab
2004; 89: 91-95.

27) COOPER DS, DOHERTY GM, HAUGEN BR, KLOOS RT,
LEE SL, MANDEL SJ, MAZZAFERRI EL, MCIVER B, PACINI

F, SCHLUMBERGER M, SHERMAN SI, STEWARD DL, TUTTLE

RM. Revised American Thyroid Association man-
agement guidelines for patients with thyroid nod-
ules and differentiated thyroid cancer. Thyroid
2009; 19: 1167-1214.

28) BRENDEL AJ, GUYOT M, JEANDOT R, LEFORT G, MANCIET

G. Thallium-201 imaging in the follow-up of differ-
entiated thyroid carcinoma. J Nucl Med 1988; 29:
1515-1520.

29) DADPARVAR S, CHEVRES A, TULCHINSKY M, KRISHNA-
BADRINATH L, KHAN AS, SLIZOFSKI WJ. Clinical utility
of technetium-99m methoxisobutylisonitrile imag-
ing in differentiated thyroid carcinoma: compari-
son with thallium-201 and iodine-131 Na scintig-
raphy, and serum thyroglobulin quantitation. Eur J
Nucl Med 1995; 22: 1330-1338.

30) CARRIL JM, QUIRCE R, SERRANO J, BANZO I, JIMENEZ-
BONILLA JF, TABUENCA O, BARQUIN RG. Total-body
scintigraphy with thallium-201 and iodine-131 in
the follow-up of differentiated thyroid cancer. J
Nucl Med 1997; 38: 686-692.

31) FUJIE S, OKUMURA Y, SATO S, AKAKI S, KATSUI K, HIMEI K,
TAKEMOTO M, KANAZAWA S. Diagnostic capabilities of
131I, 201TI, and Tc-99m-MIBI scintigraphy for metastat-
ic differentiated thyroid carcinoma after total thy-
roidectomy. Acta Med Okayama 2005; 59: 99-107.

1221

RAI therapy in Tg+/WBS-patients


