Recurrence of Papillary Thyroid Cancer Suspected by
High Anti-Thyroglobulin Antibody Levels and Detection of
Peripheral Blood Thyroglobulin mRNA

ABSTRACT

The amplification of thyroglobulin (TG) mRNA in peripheral blood of patients
with thyroid cancer has been studied for almost one decade, but its real con-
tribution for diagnosis of cancer relapse has not yet been established. In the
present paper we report the case of a patient with papillary thyroid cancer
with undetectable stimulated serum thyrogobulin levels after thyroid abla-
tion. Follow-up showed the presence of high titers of anti-thyroglobulin anti-
bodies and the presence of TG mRNA in a peripheral blood sample, while
cervical ultrasound and thorax and cervical computerized tomography were
negative. Reinvestigation confirmed lymph node metastases. Anti-TG anti-
bodies progressively decreased after surgery for metastatic lymph nodes re-
section followed by radioiodine therapy. Although our recent findings show
that patients with positive TG mRNA do not have increased risk of cancer re-
currence after 24 months of follow-up, the presence of TG mRNA along with
high anti-TG antibodies were important indicators that determined further
extensive investigation of tumour relapse in this patient, since positron emis-
sion tomography scan was not available at our Institution. A methodological
standardization that can distinguish specific from non-specific TG mRNA am-
plification might be of great interest for the follow-up of differentiated thyroid
cancer, especially in patients with high levels of anti-TG antibodies. (Arq Bras
Endocrinol Metab 2008; 52/8:1321-1325)
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RESUMO

Recorréncia de Carcinoma Papilifero de Tiredide Suspeitada Devido
a Presenca de Titulos Elevados de Anticorpo Antitireoglobulina e
Deteccao de mRNA de Tireoglobulina em Sangue Periférico.

A amplificacdo de mRNA de tireoglobulina (TG) no sangue periférico de pa-
cientes com cancer de tiredide tem sido estudada por quase uma década,
mas a sua real contribuigdo para o diagndstico do cancer ainda nao foi esta-
belecida. No presente trabalho, relatamos o caso de uma paciente com carci-
noma papilifero de tiredide com niveis séricos de TG indetectaveis apos
ablacao com radioiodo. No seguimento apresentou titulos elevados de anti-
corpos anti-TG e a presenga de mRNA TG em uma amostra de sangue peri-
férico, enquanto a ultra-sonografia e as tomografias computorizadas de torax
e cervical foram negativas. Os niveis de anticorpos anti-TG diminuiram pro-
gressivamente apods ressecgao cirurgica dos linfonodos seguida de terapia
com radioiodo. Embora nossos achados recentes mostrem que pacientes
com mRNA TG nao apresentam risco aumentado de recorréncia do cancer
apos 24 meses de seguimento, a presenca de mRNA TG associada a altos
titulos de anticorpos anti-TG foram importantes indicadores que determina-
ram o prosseguimento da investigacdo para recorréncia tumoral nesta pa-
ciente, uma vez que nao dispunhamos, na ocasido, e PET-Scan em nossa
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instituicdo. Uma padronizagao metodoldgica que permita distinguir entre
amplificagado de mRNA TG especifica e inespecifica podera ser de grande in-
teresse no seguimento do carcinoma diferenciado da tiredide, especialmente
naqueles com titulos elevados de anticorpos anti-TG. (Arq Bras Endocrinol
Metab 2008; 52/8:1321-1325)

Descritores: Cancer de tiredide; Recorréncia; mRNA tireoglobulina; Tireo-
globulina; Anticorpo antitireoglobulina

INTRODUCTION

apillary and follicular carcinomas correspond to the

majority of thyroid malignancies and are among
the most curable cancers. However, although papillary
cancer is indolent, it accounts for more than 50% of the
deaths because of its high incidence (1).

Almost 70% of patients who died of thyroid can-
cer were initially considered disease-free. After diag-
nosis of local relapse the mortality rate is 12% and
increases to 43% after distant metastases develop (1).
Traditionally, patients are evaluated for recurrence of
disease with whole-body '*!-1 scan (WBS), measure-
ment of basal and TSH-stimulated serum thyroglobu-
lin (TG), and cervical ultrasonography (USG) (2).
However, at least one-fourth of recurrences from
DTC do not concentrate iodine, and could benefit of
positron emission tomography scan (PET-scan). An-
other pitfall in the follow-up of thyroid cancer is the
fact that about 20% of patients with local recurrence
and 5% with distant metastases have undetectable se-
rum TG during TSH suppressive therapy (3). Also,
serum TG autoantibodie interfere with the measure-
ment and corresponds to another difficulty for diag-
nosis of cancer recurrence (4).

In order to increase the sensitivity of the diagnosis
of recurrent disease, amplification of TG mRNA by re-
verse transcription-polymerase chain reaction (RT-
PCR) was suggested as being able to detect circulating
thyroid cells, as first suggested (5).

We report herein the case of a patient with papillary
thyroid cancer, negative post-therapeutic whole body
scan, no suggestive images of local or distant metasta-
ses, undetectable stimulated serum TG with positive
anti-TG antibodies. The patient would benefit of PET-
scan for analysis of tumour recurrence, however this
diagnostic approach was not available at our Institu-
tion. The presence of TG mRNA in peripheral blood
was another indication of tumour recurrence.
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SUBJECTS AND METHODS

A 63-year-old man had undergone subtotal thyroidec-
tomy for a thyroid nodular lesion in August 1999, with
negative anti-TPO antibodies measured in 2000 and
2004. After the diagnosis of papillary thyroid carcino-
ma (T2N1MO), a total thyroidectomy was performed
in October 1999, followed by radioiodine ablation with
100 mCi 1¥!-1 in March 2000; a post-therapy whole
body scan showed only cervical uptake. Stimulated se-
rum TG obtained after thyroxine withdrawal (TSH =
73.9 pUI/mL) was 0.65 ng/mL. Serum TG measure-
ment was done using a commercial immunometric
(IMA) chemoluminescence assay with analytic sensitiv-
ity of 0.2 ng/mlL, functional of 0.9 ng/mL, inter- and
intrassay variability less then 8.8% and 6%, respectively,
and normal reference values of 1.60 — 60 ng/mL. The
normal range of TSH was 0.4 to 4.0 pUI/mL. Com-
mercial anti-TG autoantibody assay (chemolumines-
cence) had analytic sensitivity of 10 IU/mL, functional
of 20 UIl/mL, interassay and intrassay variability less
then 9.1% and 3.9%, respectively, and normal values <
40 UI/mL.

In June 2000 serum thyroglobulin was undetecta-
ble during suppressive TSH therapy, while serum anti-
thyroglobulin antibodies were elevated (681 U/mL).
From 2000 to 2004, extensive investigation was per-
formed by whole body scans, cervical USG, thorax and
cervical CT, but the site of tumor recurrence could not
be detected. We then investigated the presence of TG
mRNA in the patient’s peripheral blood, in order to
determine whether serum TG mRNA could be of value
as a marker of recurrence.

Blood sample for RNA extraction was collected
during TSH suppressive therapy. Total RNA was iso-
lated from 3 ml of whole blood. Blood sample was im-
mediately mixed with 9 ml of TRIzol in sterile tubes.
Total RNA was extracted according to the manufac-
ture’s recommendation and then was quantified by
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measuring absorbance at 260 UV light (Hitachi, U
3000). Four microgram of total RNA were reversely
transcribed to complementary DNA (cDNA) that was
precipitated with ethanol and ammonia acetate and
then ressuspended. 25% of the cDNA was used in the
subsequent qualitative PCR. The sample was assayed in
duplicate. Glyceraldehyde-3-phosphate-dehydrogenase
(GAPDH) expression was also determined in all sam-
ples to assess the integrity and quality of the RNA and
c¢DNA (internal positive control). RT-negative controls
tor RT-PCR was performed to evaluated possible con-
tamination. In order to prevent amplification of residual
genomic DNA, the TG primers corresponded to nucle-
otide sequences in exons 2 and 4, which are separated by
2 introns that together contain more than 2kb. PCR was
performed as described by Ringel and cols. (5).

Standardization of RNA extraction and RT-PCR
was done in a control group. Satisfactory amplification
of specific DNA fragments of GAPDH (internal posi-
tive control) and TG was obtained in all ten normal
subjects, as previously described (5).

Serum TG mRNA was positive and in January
2007, cervical US demonstrated 2 suspicious lymph
nodes, and cytopathology after fine needle aspiration
confirmed metastases. The patient was submitted to
surgery and radioiodine therapy (200 mci), and post-
therapeutic dose WBS demonstrated no residual radio-
iodine uptake.

DISCUSSION

The prognosis of patients with thyroid cancer relapse de-
pends, at least in part, on tumoral mass (6), so the earlier
the diagnosis the best is the therapeutic response (7).

Serum TG is considered an excellent marker of thy-
roid recurrence. After recombinant TSH stimulation, a
value less than 2 ng/mL has a high negative predictive
value (8,9). However, the principal limitation of serum
TG measurement is the interference by anti-TG anti-
bodies (anti-TGAb). A temporary rise in anti-TGAb
level may occur during the first 6 months after radioio-
dine therapy, which might be a sign of the effectiveness
of treatment, since anti-TGADb values return to original
value or below after 6 months. In the absence of dis-
ease, anti-TGADb will progressively decrease and disap-
pear within the first 2 years of follow-up (10). In
contrast, anti-TGADb remained elevated in our patient,
indicating tumor recurrence (Figure 1).
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Figure 1. Serum anti-TG antibody levels in a patient with neg-
ative post-therapeutic WBS, cervical USG, thorax CT, with
positive TG mRNA and cervical lymph nodes metastases, be-
fore and after their surgical removal followed by radioiodine
therapy.

The possibility of detecting tumoral cells in periphe-
ral blood using molecular biology techniques brought a
new perspective for patients with DTC. Preliminary stu-
dies suggested that detection of TG mRNA had high
sensitivity even during TSH suppressive therapy and
would be particularly useful in the subgroup of patients
with positive auto-antibodies. However, recent studies
have showed less favorable results.

The measurement of circulating mRNA from thy-
roid tumor cells as a potential indicator of recurrent or
persistent thyroid cancer was first introduced in the late
1990s (5,11). In the first published study analyzing the
TG mRNA in the peripheral blood as a tumor marker,
Ditkoft and cols. (11) found sensitivity of 100% and
specificity of 91%. Similar results were more recently
demonstrated (12,13) after adequate selection of prim-
ers (sensitivity of 83.3% to 100% and specificity of 85.7
to 91.7%). The majority of studies included patients
with papillary and follicular thyroid cancer and in some
patients with poorly differentiated tumours were also
evaluated, but Bellantone and cols. (14) observed that
TG mRNA was detected only in patients with papillary
thyroid cancer. No significant differences have been
found for TG mRNA detection in patients with differ-
ent tumour stages (14,15).

One of the most important questions about the
clinical applicability of TG mRNA detection in periph-
eral blood is the specificity of the method. In the ma-
jority of the studies, there are patients considered
disease free in which TG mRNA is found in peripheral
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blood, suggesting a false positive result (16-19). How-
ever, it can be speculated that TG mRNA is a more
sensitive test than traditional methods (serum TG, cer-
vical US and WBS) and the presence of this mRNA
might represent an increased risk of relapse, however
some prospective studies have shown that TG mRNA
does not predict the risk of relapse.

The method is based on several premises that must
be validated. The first is that a sufficient number of can-
cer cells are consistently present in the circulation, even
in the presence of minimal disease (sensitivity). The se-
cond major requirement for this test to be valid is that
normal thyroid cells are never present in the circulation
and that non-thyroid cells never express mRNA species
(specificity). Normal thyroid cells express TG and sig-
nificant amounts of its mRNA have been found in the
peripheral blood of normal healthy controls (20). This
suggests that the test may be valid only in patients with
no normal thyroid tissue. Another more critical point is
that TG mRNA may be expressed in very low concen-
trations by other cells in the body, including peripheral
lymphocytes, through a process known as illegitimate
transcription. Published studies suggest that neither of
these two basic premises has been met by the currently
available assays, given the low sensitivity and negative
predictive value (82% and 43% respectively) reported in
one study (16) and even lower specificity demonstrated
in another (20). In view of the proven and potential
pitfalls of measurement of circulating TG mRNA, and
the lack of standardized methodology and large-scale
well-controlled studies, these determinations must still
be considered experimental.

In addition to the above mentioned low specificity,
the use of TG mRNA test in the follow-up of patients
with DTC has several disadvantages compared to se-
rum TG, such as an elevated cost and large intra- and
interassay variations. Takano and cols. (21) reported
variation of 35 and 38%, respectively.

While serum TG mRNA could be of value in pa-
tients with positive anti-TG antibodies, the presence of
autoantibodies per se might suggest recurrence without
the need of any other molecular tests (4).

No potencial conflict of interest to this article was reported.
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