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Most thyroid carcinomas originating from follicular cells
are differentiated carcinomas (DTC) that generally have an
indolent character and show a favorable prognosis if treated
appropriately. However, cases with certain clinicopatholog-
ical characteristics are progressive and life threatening. In
this special issue, scientific papers and reviews regarding
the prognosis and prognostic factors of thyroid carcinoma
patients were collated.

The first paper is a review of prognostic factors of
DTC based on data from the Kuma Hospital, a hospital
specializing in thyroid care. Prominent prognostic factors
of DTC are indicated here in an orthodox fashion. The
second one demonstrated the difference in preoperative
thyrotropin serum concentrations according to the patho-
logical diagnosis: benign nodule, papillary microcarcinoma,
and clinical papillary carcinoma. It is well known that
clinical node metastasis detected on preoperative imaging
studies affects the prognosis of papillary carcinoma patients,
as indicated in the first paper. In the third paper, the
prognosis of patients showing clinical lateral node metastasis
on the side contralateral but not ipsilateral to the primary
lesions was investigated. Such cases generally show indolent
behavior. For surgery of papillary carcinoma, it remains
debatable whether central node dissection is important. The
fourth paper indicates frequent metastasis to the central
compartment as well as risk factors of central node metastasis
and concludes that total central node dissection is preferable
for papillary carcinoma.

Most prominent prognostic factors of papillary carci-
noma can be evaluated based on pre- and intraoperative

findings. However, pathological examination is also impor-
tant because there are some aggressive variants such as the
tall cell variant of papillary carcinoma. Furthermore, small
foci of anaplastic carcinoma or squamous cell carcinoma
may be detected, which significantly predict a dire prognosis.
However, the fifth paper demonstrated a comparatively
favorable prognosis of papillary thyroid carcinoma patients
with squamous cell carcinoma compartments if they can
successfully undergo locally curative surgery. Papillary carci-
noma shows locoregional recurrence much more frequently
than distant recurrence, and the organ in which papillary
carcinoma is most likely to recur is the regional lymph node.
However, papillary carcinoma recurrence can lead to various
other locoregional lesions. The sixth paper investigated the
clinical significance of subcutaneous or intrastrap muscular
recurrence and showed that it is not fatal but is a predictor of
distant recurrence and that careful follow-up is required for
such patients.

The three papers from the seventh to ninth focused
on up-to-date topics. The seventh one demonstrated that
recombinant human thyrotropin-aided radioiodine therapy
is beneficial for patients with metastatic DTC. The authors
showed that this strategy yielded a therapeutic benefit in 39%
of patients who otherwise could not be efficiently treated
with 131I therapy. The eighth paper reviewed the role of
18FDG-PET for the diagnosis, prognosis, and management
of thyroid carcinoma. The ninth paper is also a review
of the RET rearrangement in Chernobyl-related thyroid
carcinoma. This theme is quite timely because of the Tohoku
disaster in Japan in March 2011.
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As indicated above, this special issue includes papers
investigating the prognosis of DTC patients from various
standpoints. I hope that this special issue significantly con-
tributes to the advancement of thyroid carcinoma therapy.

Yasuhiro Ito
Bryan McIver

Nicola Besic
Amit Agarwal
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There are some important prognostic factors for papillary thyroid carcinoma (PTC) and follicular thyroid carcinoma (FTC). In
this paper, clinicopathological features significantly affecting patient prognosis are described based on our data as well as others.
Distant metastasis at diagnosis is the most important prognostic factor for both PTC and FTC. Other than that, preoperative
and intraoperative findings are important to evaluate the biological behavior of PTC. Extrathyroid extension, large lymph-node
metastasis, and extranodal tumor extension that can be evaluated preoperatively or intraoperatively are significant prognostic
factors for PTC patients. In contrast, pathological findings are important not only for diagnosis of FTC, but also for the evaluation
of its biological character. Grade of invasiveness (minimally or widely invasive) and degree of differentiation (well differentiated or
including a poorly differentiated component) greatly affect the prognosis of FTC patients.

1. Introduction

There are two histological types of thyroid carcinoma arising
from follicular cells, which are papillary carcinoma (PTC)
and follicular carcinoma (FTC). These two histological types
are also called differentiated carcinoma (DTC) and analyzed
as a single group for clinical studies investigating prognos-
tic factors and prognosis of patients. However, biological
behaviors of these two carcinomas significantly differ. PTC
frequently metastasizes to the regional lymph nodes and can
show a high incidence of significant extrathyroid extension to
adjacent organs. In contrast, it is comparably rare for FTC to
show these events, but FTC more frequently metastasizes to
distant organs such as the lung, bone, and brain than PTC.
Therefore, analyses of prognostic factors and prognosis of
patients should be performed separately for PTC and FTC.
Generally, PTC and FTC are indolent diseases and show
good prognoses of patients, but when the lesion dediffer-
entiates, becoming undifferentiated carcinoma (anaplastic
carcinoma), the prognosis of patients turned to be extremely
poor. The mechanism of dedifferentiation remains unknown
although the p53 gene mutation is frequently observed in UC
[1].

In the 1980s, a pathological entity of poorly differentiated
carcinoma (PDC) was proposed by Sakamoto et al. [2] and
Carcangiu et al. [3]. PDC implies thyroid carcinoma of
intermediate type between DTC and UC. It was adopted as
an independent histopathological category from PTC and
FTC in the WHO classification [4]. However, as described
below, there are three kinds of diagnostic criteria for PDC
defined in General Rules for the Description of Thyroid
Cancer established by Japanese Society of Thyroid Surgeons
(JSTS) [5], in WHO classification [4], and in the Turin
proposal [6], which generates confusion among pathologists
and clinical physicians.

In this paper, we present the prognosis and prognostic
value of PTC and FTC together with PDC based on data
from Kuma Hospital as well as search results of studies from
other institutes. Since the traditional Japanese diet is iodine-
rich, the results may somewhat differ from those in Western
countries.

2. Prognostic Factors of PTC

To date, several prognostic factors have been identified
for PTC. These factors can be divided into 4 categories,
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backgrounds of patients, factors based on preoperative, and
intraoperative and postoperative evaluations. Backgrounds
of patients include age, gender, and family history. Preop-
erative evaluation is mainly performed by imaging studies.
Of these, ultrasonography is the most useful tool to detect
and evaluate primary lesions [7] and regional lymph node
metastasis except for metastasis to the mediastinal and
retropharyngeal nodes. In order to diagnose metastasis
to the upper mediastinal node and retropharyngeal node,
other imaging studies such as CT scan, MRI, and PET-
CT are useful. Ultrasonography cannot only detect thy-
roid nodules, but also qualitatively diagnose these nodes
based on the findings. Our institution diagnoses whether
thyroid nodules are malignant or benign based on our
own ultrasonographic grading system [7]. In association
with ultrasonography-guided fine-needle aspiration biopsy
(FNAB), minute thyroid carcinoma, especially PTC, can
be diagnosed. Furthermore, size, location, and multiplicity
of primary lesions can be evaluated on ultrasonography.
Lymph node metastasis can also be diagnosed based on
ultrasonographic criteria. Among the systems available, the
criteria proposed by Antonelli et al. [8] are representative:
maximal diameter >1 cm, clear hypoechoic pattern, and
rounded (shorter/longer diameter ratio > 0.7) or bulging
shape with increased anteroposterior diameter. These criteria
are almost the same as those used in our institution except for
maximal diameter >1 cm. Ultrasonography-guided FNAB
and thyroglobulin measurement on wash-out of needles used
for FNAB [9] could be a great help to diagnose whether
the node is metastatic or reactive. Especially, it is useful
to diagnose whether clinical node metastasis in the lateral
compartment (level II–IV) is present and to decide whether
therapeutic modified radical neck dissection (MND) should
be performed.

Intraoperative evaluation is based on findings during
surgery, including extrathyroid extension and extranodal
tumor extension to adjacent organs. The degree of extension,
that is, to where and how the tumor extends, significantly
affects the prognosis of patients as described later.

Postoperative evaluation includes findings based on
pathological and molecular examinations. There are various
histological types in PTC, most of which are diagnosed on
pathological examination. Molecular examination includes,
for example, BRAF mutation analysis.

2.1. Prognostic Factors Related to Patient Backgrounds

2.1.1. Patient Age. Patient age is an important background
factor for predicting prognoses. Several classification systems
have adopted age as a prominent factor in deciding whether
carcinoma should be considered high risk. For example,
AMES set the cutoff age at 41 for males and 51 for females
to discriminate between high-risk and low-risk patients [10].
UICC TNM classification [11] and CIH classification [12]
set the cutoff age at 45 years and 50 years, respectively.
MACIS is a scoring system that also includes patient age as
a very significant factor [13]. In our setting series, the cutoff
age at 45 years affected the cause-specific survival (CSS) of

patients to some extent, but its prognostic impact for disease-
free survival (DFS) was weak [14] (Figures 1(a) and 1(b)).
Currently, we set the cutoff age at 55 years, because this
most significantly reflected patient DFS and CSS in our series
(Figures 1(c) and 1(d)). On multivariate study, age at 55 years
or older was the most significant prognostic factor for CSS,
except for distant metastasis at surgery [15].

2.1.2. Gender. Previous studies showed discrepant findings
regarding the prognostic value of gender [16–18]. In our
analysis of 6015 PTC patients, male gender was an indepen-
dent but moderate prognostic factor for DFS and CSS [15].

As indicated above, age and gender each independently
affect patient prognosis. However, our recent data indicate
that the significance of other prognostic factors varied
according to patient age and gender when analyzed in four
subsets of patients; older female, older male, younger female
and younger male. This issue will later be described briefly as
an addendum.

2.1.3. Family History. PTC and FTC are generally considered
sporadic with the exception that these are lesions also
associated with rare inherited diseases such as familial adeno-
matous polyposis, Gardner syndrome, and Cowden disease
[19, 20]. However, case reports of DTC in monozygotic
twins and in a mother and son were published in 1955 and
1975, respectively, [21, 22]. More recently, population studies
showed that the risk of DTC was elevated in individuals
with a first-degree relative having DTC [23, 24]. Although
the genes that cause these lesions have not been identified,
a definition of familial nonmedullary thyroid carcinoma
(FNMTC) has been established as patients with DTC having
one or more affected persons among their first-degree of
relatives [25]. It remains controversial whether FNMTC
shows a different prognosis from sporadic DTC [26–30]. In
Japan, there are two studies investigating this issue in a large
series of patients [31, 32]. One study showed that FNMTC
was more likely to recur, but its CSS did not differ from
that of sporadic DTC [31]. The other study demonstrated
that DFS and CSS of familial PTC did not differ from
sporadic PTC [32] (Figures 2(a) and 2(b)). Interestingly,
the incidences of FNMTC in the two studies were similar
at about 5%. Currently, we have no evidence that familial
PTC shows a significantly worse DFS than sporadic PTC or
that the therapeutic strategy should be changed. However,
familial PTC is more likely to be multiple, and recurrence
rate to the remnant thyroid, if total thyroidectomy is not
performed, is higher than that in patients with sporadic
lesions (5% versus 1%) [32]. Therefore, total thyroidectomy
is recommended for familial PTC patients regardless of
carcinoma stage.

2.2. Prognostic Factors Predominantly Based on

Preoperative Evaluation

2.2.1. Tumor Size. Tumor size was adopted as a factor
discriminating high-risk patients from others in various
classification systems such as UICC classification [11],
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Figure 1: (a) Carcinoma recurrence (CR) rate of PTC patients aged 45 years or older and those younger than 45 years. (b) Carcinoma death
(CD) rates of PTC patients aged 45 years or older and those younger than 45 years. (c) CR rates of PTC patients aged 55 years or older and
those younger than 45 years. (d) CD rates of PTC patients aged 55 years or older and those younger than 45 years.

MACIS scoring system [13], and AMES [10]. In UICC TNM
classification, there are two cutoffs, 2 cm and 4 cm (T1 for
2 cm or less, T2 for 2.1–4 cm, and T3 for larger than 4 cm)
[11]. In AMES, 5 cm is a cutoff between high-risk and low-
risk patients [10].

Recently, an observation trial for PTC measuring 1 cm or
less (microcarcinoma) without any high-risk features such
as clinical lymph node and/or distant metastasis has been
performed in some institutions in Japan [33–37]. In our
data, only about 7% of low-risk microcarcinoma significantly
enlarged during followup once or twice per year for 5 years,
and none of these patients showed recurrence or died of
carcinoma after surgery at the appearance of progression
signs such as tumor enlargement and newly detected lymph

node metastasis. In Japan, therefore, cutoff at 1 cm was con-
sidered important and General Rules for the Description of
Thyroid Cancer established by JSTS further divided T1 into
two categories, T1a (1 cm or less) and T1b (1.1–2 cm) [5].
Previous autopsy studies demonstrated that small thyroid
carcinoma was detected with a significantly high incidence
[38–40]. Furthermore, thyroid carcinomas were detected
in 3.5% of otherwise healthy Japanese women aged 30
years or older using ultrasonography and ultrasonography-
guided FNAB [41]. Thus, it is suggested that most small
thyroid carcinomas remain latent and do not or only very
slowly grow. The successful results of an observation trial of
microcarcinoma indicated that the above should, therefore,
be reasonable.
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Figure 2: (a) CR rates of familial and sporadic PTC patients.
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Figure 3: Lymph-node recurrence rates of PTC patients having
tumors larger than 3 cm and those having tumors measuring 3 cm
or less.

In contrast, in our data based on a series of patients
treated in our institution, tumor size larger than 4 cm
significantly affected DFS and CSS of PTC patients on
multivariate analysis [15]. Therefore, careful and extensive
surgery and postoperative followup are recommended for
PTC patients larger than 4 cm even though there are no
other high-risk features. Furthermore, 10-year lymph-node
recurrence rates of N0 or N1a PTC patients having tumors
larger than 3 cm were higher at 13% than that of those
measuring 3 cm or less, which was 3% even though patients
underwent central node dissection and prophylactic MND
[42] (Figure 3). If prophylactic MND were not performed,
lymph-node recurrence rate would be even higher for N0
or N1a PTC larger than 3 cm. Based on these data, our
institution performs prophylactic MND for N0 or N1a PTC
with a tumor larger than 3 cm. Sugitani et al. also showed that
PTC larger than 4 cm should be indicated for prophylactic
MND [43].

2.2.2. Multiplicity of Primary Lesions. PTC is frequently mul-
tiple. We previously showed that lateral node metastasis is
more frequently detected in multiple microcarcinomas than
in solitary microcarcinomas [34]. It is, therefore, suggested
that multiplicity reflects the aggressive behavior of PTC to
some extent. However, in our study analyzing over 6000
patients with PTC, multiplicity was not an independent
prognostic factor on multivariate analysis [14].

There is a limitation in diagnosing multiplicity of PTC on
ultrasonography. Our data on microcarcinoma demonstrat-
ed that the diagnostic accuracies of ultrasonography for
multiplicity were 53% for sensitivity and 85% for specificity
[14]. This indicates that preoperative evaluation on ultra-
sonography often overlooks multiplicity of carcinoma, which
is one of the reasons for almost routine recommendation
of total thyroidectomy for PTC patients. However, our in-
stitution generally performs hemithyroidectomy for patients
with PTC measuring 2 cm or smaller (T1 in UICC TNM cl-
assification) diagnosed as solitary on ultrasonography, unless
they have clinical lymph node or distant metastasis or family
histories. The 10-year carcinoma recurrence rate was only
5% for these patients (Figure 4(a)). The risk of recurrence
to the remnant thyroid was only 1% for patients who un-
derwent limited thyroidectomy, and, if this risk is ignored,
the extent of thyroidectomy did not affect patient prognosis
(Figure 4(b)) [44]. Even though tiny PTC lesions remain un-
dissected, these lesions are generally harmless for such low-
risk patients. Therefore, we currently conclude that total thy-
roidectomy is not mandatory for solitary T1N0M0 patients.

2.2.3. Clinical Lymph Node Metastasis (N). Lymph node
metastasis is a very common event and recognized as one of
the most important prognostic factors. However, prominent
classification systems such as AMES [10] and MACIS [13] do
not adopt lymph-node metastasis as a prognostic factor. This
may be possibly because these systems were based on a series
of patients who underwent surgery before the establishment
of routine ultrasonography as a preoperative imaging study
for accurate evaluation of lymph-node metastasis.
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Figure 5: CR rates of N0, N1a, and N1b PTC patients without extrathyroid extension.

At present, lymph-node metastasis can be preoperatively
evaluated on imaging studies, and, as indicated above,
ultrasonography is the most useful tool for this purpose.
Node metastasis detected on preoperative imaging studies is
called clinical lymph node metastasis (N), which is discussed
in this section. Similar to multiplicity, ultrasonography
often overlooks lymph-node metastasis, which can only be
diagnosed on postoperative pathological examination in a
large number of cases, as described later.

Evaluation of clinical node metastasis is very important,
and it was divided into two categories in UICC TNM classifi-
cation [11]: N1a, central node metastasis and N1b, metastasis
to the lateral or mediastinal compartment. In this classifica-
tion, N1b is upgraded compared to N1a and N1b patients are
further upstaged if they are aged 45 years or older.

Indeed, N has an important prognostic impact. We
previously showed that N1b was an independent prognostic
factor affecting both DFS and CSS [33, 45–49]. However,
more recently, we also demonstrated that in the subset of
patients without significant extrathyroid extension, progno-
sis of patients with N1b did not much differ from that of
N1a patients although it was significantly worse than N0
patients [50] (Figures 5(a) and 5(b)). Therefore, it remains
unclear whether it is appropriate to upgrade N1b compared
with N1a. Importantly, CIH classification adopted lymph-
node metastasis measuring 3 cm or larger as a factor of high
risk [11]. We analyzed this issue in our series and obtained
similar results [50]. In the same series, we also found that
extranodal tumor extension to adjacent organs requiring the
dissection of these organs that was predominantly evaluated
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Figure 6: CR rates of PTC patients with low risk, intermediate risk, and high risk for lymph-node metastasis.

on intraoperative findings had a significant prognostic value
especially for CSS as indicated below [14, 50, 51].

Taken together, it is currently considered that the prog-
nostic impact of clinical node metastasis can be divided
into three categories: (1) clinical node metastasis measuring
3 cm or larger or showing extranodal tumor extension on
intraoperative findings (high risk), (2) clinical node metas-
tasis smaller than 3 cm without extranodal tumor extension
(intermediate risk), and (3) no clinical node metastasis (low-
risk). Figures 6(a) and 6(b) indicate carcinoma recurrence
rate and carcinoma death rate of three categories for
carcinoma recurrence rate and carcinoma death rate.

2.2.4. Distant Metastasis at Surgery (M1). Although rarer
than FTC, PTC can metastasize not only to regional lymph
nodes, but also to distant organs such as the lung, bone,
and brain. Distant metastasis at surgery can be detected on
imaging studies such as CT scan and PET-CT and also on
postoperative radioactive iodine (RAI) ablation or whole
body scan.

There are no doubts that distant metastasis at surgery
is one of the most important prognostic factors for CSS
of patients [14]. However, prognosis of M1 patients differs
according to other clinicopathological features of the patient.
Many previous studies analyzed M1 patients and patients
showing distant recurrence during postoperative followup
as a single group and/or analyzed PTC and FTC as DTC
in a single group [52–55]. In our opinion, these should be
separately analyzed as described in the Introduction. In the
subset of M1 patients with PTC in our series, M1 is directly
linked to other clinicopathological features such as gender,
tumor size, extrathyroid extension, and N factor, indicating
that distant metastasis at diagnosis will more likely be found
in PTC showing aggressive behavior [56]. Tumor larger than
4 cm, aged 55 years or older (at the time of initial surgery)
and extrathyroid extension were independent prognostic

factors for CSS of M1 PTC patients (Figures 7(a), 7(b),
and 7(c)). Distant metastasis to organs other than the lung
also reflected worse CSS of patients on univariate analysis.
Furthermore, although there was no significant difference,
CSS of M1 patients whose distant metastases were refractory
to RAI therapy was also adverse.

Taken together, the prognosis of M1 patients depends on
clinicopathological features of the primary lesion.

2.3. Prognostic Factors Predominantly Based on

Intraoperative Findings

2.3.1. Extrathyroid Extension. Extrathyroid extension has
been adopted in various classification systems [10–13]. In
the UICC TNM classification system, there are two grades of
extrathyroid extension [11]. Extension to perithyroid tissue
and sternothyroid muscle was graded as T3 (minimal exten-
sion), and extension to other adjacent organs such as the
recurrent laryngeal nerve, esophagus, trachea, sternohyoid
muscle, and jugular vein was graded as T4 (massive or
significant extension). However, this classification has some
limitations. Firstly, this classification system is established
for preoperative evaluation. However, it is significantly
difficult to accurately evaluate extrathyroid extension based
on preoperative evaluation unless recurrent laryngeal nerve
paralysis due to carcinoma invasion and apparent intratra-
cheal extension on CT scan or MRI can be detected. Most
extrathyroid extensions are found on intraoperative find-
ings, indicating that T classification based on preoperative
findings is not appropriate. It is almost impossible to detect
T3 based on preoperative findings and evaluation of T4 on
preoperative findings is also much more inaccurate than that
on intraoperative findings. Secondly, our previous studies
showed that T3 did not affect patient prognosis either on
intraoperative or pathological evaluation [57, 58]. In UICC
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Figure 7: (a) CD rates of M1 patients with PTC aged 55 years or older and those aged younger than 55 years. (b) CD rates of M1 patients with
PTC having tumor 4 cm or smaller and those having tumor larger than 4 cm. (c) CD rates of M1 PTC patients with and without extrathyroid
extension. ∗Except for recurrent laryngeal nerve and cricothyroid or inferior constrictor muscle.

TNM classification, tumors measuring 4 cm or less are
upgraded to T3 if they showed minimal extension, but we
proposed that such an upgrade should be abolished based
on our data. In our institution, only significant extrathyroid
extension on intraoperative findings is adopted as a factor
indicating aggressive behavior.

Our recent study showed that the significance of extra-
thyroid extension is not uniform but rather size-dependent.
Prognostic significance of extrathyroid extension was less
than clinical lateral node metastasis (N1b) for PTC measur-
ing 3 cm or less, it was reversed in PTC larger than 3 cm
[59]. In the intraoperative staging system that we established
by revising the UICC TNM staging system, extrathyroid ex-
tension of tumor larger than 2 cm was regarded as a sign of
high risk and that of a tumor 2 cm or smaller was a sign of
intermediate risk [14].

We currently conclude that extrathyroid extension
should be evaluated on intraoperative findings and that

minimal extension to perithyroid tissue and the sternothy-
roid muscle should not be considered significant. Significant
extension on intraoperative evaluation is an important
factor predicting a worse prognosis for patients with PTC,
especially those with a large tumor.

2.3.2. Extranodal Tumor Extension. Prognostic significance
of extranodal tumor extension has been investigated by
several groups including ours [14, 50, 51, 60–62]. Yamashita
et al. showed that patients with pathological extranodal
tumor extension were more likely to show distant recurrence
[61]. In our series, as indicated above, extranodal tumor
extension requiring resection of adjacent organs showed a
worse prognosis, especially for CSS as indicated above [14,
50, 51]. It is strongly suggested that PTC with extranodal
tumor extension is high risk and has a high potential to show
a dire prognosis.
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2.4. Prognostic Factors Based on Postoperative Findings

2.4.1. Pathological Lymph-Node Metastasis. PTC frequently
metastasizes to the regional lymph nodes [63–65]. As
indicated above, clinical lymph-node metastasis detected
on preoperative imaging studies is a significant prognostic
factor, and especially, large metastatic node has a very
strong prognostic impact on both DFS and CSS of PTC
patients. However, diagnostic accuracy of ultrasonography
for lymph-node metastasis is actually not very high. Our
previous study showed that the positive predictive value
(PPV) and specificity of ultrasonography for central node
metastasis were 92% and 98%, respectively, but the negative
predictive value (NPV) and sensitivity were only 37% and
12%, respectively, [15]. For lateral node metastasis, PPV and
specificity were 95% and 97%, respectively, and NPV and
sensitivity were 43% and 29%, respectively, [15]. Diagnostic
accuracy of ultrasonography for lateral node metastasis is
a little better than that for central node metastasis, but
these findings indicate that small and latent metastasis
to the regional lymph nodes is frequently overlooked on
ultrasonography. However, according to our data, such
latent metastases do not markedly affect patient prognosis.
Pathological and latent node metastases increase the rate of
carcinoma recurrence to some extent but do not affect CSS
of patients [32, 45]. In conclusion, lymph-node metastasis
that can be diagnosed only on pathological examination is a
moderate factor only for PTC recurrence.

2.4.2. Histological Variants. Many histological variants of
PTC have been adopted in the WHO classification [4].
Table 1 summarizes the prevalence of histological variants
in our series of 1521 PTC patients [66]. Follicular variant
was the most common variant, which accounted for 7%.
Follicular variant was reported to show aggressive behavior
[67–69], but in our series of Japanese patients, prognosis
did not differ from that of conventional PTC [66]. Tall cell
variant is a typical variant showing an aggressive behavior
[70–72] (Figures 8(a) and 8(b)). This accounted for 4% of
our series of PTC patients [73]. Interestingly, the incidence
of clinicopathological features reflecting poor prognosis such
as gender, clinical lymph-node metastasis, and extrathyroid
extension did not differ between tall cell variant and others
although the average age of patients with tall cell variant
was slightly higher than that of other patients. However,
this histology independently affected DFS and CSS of PTC
patients on multivariate analysis [73]. Oncocytic variant
accounted for 2% of PTC and most of them were diagnosed
as having Warthin-like tumor showing abundant chronic
inflammatory cells that are associated with chronic thyroidi-
tis. Previous studies showed that this variant generally had a
mild character [74–76], which was identical to our findings,
because none of the patients with this oncocytic variant died
of carcinoma in our study [66].

There are some more important variants of which pre-
valence is lower than those indicated above. Columnar
cell variant is now classified as an independent entity as
columnar cell carcinoma [4]. This carcinoma accounted
only for 0.4%, but as much as 60% of patients showed

Table 1: Prevalence of conventional and various histologic variants
in 1521 papillary carcinomas.

Conventional 86%

Follicular variant 7%

Tall cell variant 4%

Oncocytic variant 2%

Columnar cell variant 0.4%

Macrofollicular variant 0.3%

Diffuse sclerosing variant 0.3%

Cribriform morular variant 0.1%

Others 0.1%

carcinoma recurrence, indicating that this histologic type is
a sign of significantly aggressive behavior [66]. Regarding the
biological behavior and prognosis of the diffuse sclerosing
variant, previous studies showed discrepant findings [77–
79]. In our study, the diffuse sclerosing variant frequently
showed multiple clinical node metastases and was more likely
to show PTC recurrence, but the CSS of patients did not
differ from that of conventional PTC [80]. Macrofollicular
variant could be diagnosed as multinodular goiter in the past
in high incidences [81, 82]. In our study, it shows an indolent
character, similar to reports from Western countries [83].
Cribriform morular variant is mostly a hereditary disease
caused by the APC gene mutations associated with colonic
polyposis or colon carcinoma [84]. This variant is multi-
centric and total thyroidectomy is mandatory regardless of
carcinoma size and lymph-node status, but the prognosis of
patients is generally excellent [85].

Although not adopted in the WHO classification, encap-
sulated, PTC generally shows a better prognosis than con-
ventional PTC. This type is encapsulated and there is no
extrathyroid extension, which may be the reason for excellent
prognosis. The incidence of lymph-node metastasis is also
lower than that in conventional PTC [86, 87].

2.4.3. Involvement of PDC Components. As indicated in
Section 1, three criteria for PDC have been proposed. There
are three growth patterns of PDC, solid, trabecular, and
insular growth patterns, which are designated as PDC
components. In order to diagnose PDC using the WHO
classification, PDC components should occupy in the major-
ity of the tumor [4]. However, in the JSTS criteria [5],
carcinoma with only a small portion of PDC components is
diagnosed as PDC and discriminated from PTC or FTC. In
the criteria for PDC in the Turin proposal [6], the absence
of nuclear features of PTC and the presence of convoluted
nuclei, mitotic activity (3× 10 HPF), or tumor necrosis were
adopted in addition to the presence of a PDC component.

At present, PDC is considered as an independent entity
from PTC and FTC in WHO classification [4] and JSTS [5],
and it may be better to describe PDC in an independent
chapter. However, the diagnostic criteria for PDC have not
yet been consolidated. Thus, in this paper, the involvement
of PDC components is regarded as one of the pathological
features of both PTC and FTC.
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Figure 8: CR rates of tall cell variant and conventional PTC.

Actually, few studies have been published regarding
the prevalence of PDC based on all three criteria in one
series of patients. In our series, the prevalences of PDC
based on JSTS guidelines, the WHO classification, and the
Turin proposal were 11%, 0.8%, and 0.3%, respectively,
in our PTC series [73]. This suggests that, in most cases,
PDC components are present only in a small portion of
carcinoma lesions. In our series, the 10-year DFS rates of
PTC with and without PDC components were 88.8% and
77.0%, respectively, and the CSS rates were 94.2% and
98.4%, respectively. On multivariate analysis, the presence
of PDC components independently reflected DFS but not
CSS of patients. Based on these findings, it does not seem
appropriate for PTC with limited PDC components (PDC
on JSTS) to be classified as an independent entity. A recent
study from Japan, however, demonstrated that DTC having a
PDC component comprising 10% or more of the carcinoma
lesion had a dire prognosis [88] and publications from
other institutions are expected to elucidate this issue. In
our series, the 10-year DFS and CSS rates of patients with
PDC according to the WHO classification were 54% and
80%, respectively, and it is considered reasonable to regard
this carcinoma as an independent entity. Patient with PDC
according to the Turin proposal accounted for only 0.3%
in this series, and the 10-year DFS and CSS were 25% and
60%, respectively. This carcinoma has a significantly more
aggressive character, but in Japan, the incidence is very small
compared with that in Europe and the United States [89, 90].

2.4.4. Cell Proliferating Activity. Cell proliferating activity
is regarded as an important biological behavior of human
carcinoma. There are some markers for evaluation of cell
proliferating activity, mitotic figure count (MFC), prolif-
erating cell nuclear antigen (PCNA), and Ki-67. In PTC,
however, cell proliferating activity is generally low. MFC
that is evaluated on hematoxylin and eosin-stained tissue
sections reflects only the index of mitotic cells, indicating

that it is difficult to evaluate in PTC [91]. PCNA and Ki-
67 can be evaluated by immunohistochemistry. The former
is a cell cycle-related protein showing an elevated expression
level in cells exclusively in the G1-S phase [92]. Ki-67 is a
protein expressed in the cell nuclei in all cells except those
in the G0 phase [93]. Therefore, labeling index (LI) of PCNA
should be smaller than Ki-67 LI, but previous studies showed
that PCNA LI was generally higher than Ki-67 LI [94, 95].
Furthermore, PCNA LI were reported not to correlate with
Ki-67 LI or MFC [94], indicating that PCNA is an unreliable
marker for evaluation of cell proliferating activity.

Therefore, it is concluded that Ki-67 LI is the most useful
marker for evaluation of cell proliferating activity for PTC.
Interpretation of Ki-67 LI data varies according to the origin
of carcinoma, but counting Ki-67 LI in hot spots is generally
accepted for PTC, because Ki-67 LI in PTC is mostly low.
Previous reports examined Ki-67 LI in specimens obtained
from FNAB and found that Ki-67 LI ≥ 4% predicted a
worse CSS [96]. However, FNAB specimens are not always
collected from hot spots, indicating that FNAB specimens
with low Ki-67 LI do not always reflect low proliferating
activity of PTC tissue. In our previous study, Ki-67 LI directly
related to extrathyroid extension, patient age, and distant
metastasis at surgery [97]. Furthermore, Ki-67 LI > 1% and
>3% were independent prognostic factors for DFS and CSS,
respectively, (Figures 9(a) and 9(b)). The optimal cutoff of LI
should be determined in each institution, but PTC with high
Ki-67 LI should be carefully followed.

2.4.5. BRAF Gene Mutation. BRAF is a Raf kinase and
a potent activator of the MAPK pathway contributing
largely to cell proliferation, apoptosis, survival, and tumori-
genesis [98–100]. BRAF mutation has been detected in
various human malignancies and the hot-spot mutation
is a thymine-to-adenine transversion at nucleotide 1799
(T1799A) on exon 15, resulting in a valine-to-glutamate sub-
stitution at residue 600 (V600E) [101]. In thyroid carcinoma,
studies for BRAF mutation have been actively performed.



10 Journal of Thyroid Research

0

20

40

60

80

100

0 5 10 15

Years after surgery

C
R

ra
te

s
(%

)

P < 0.0001
(Ki-67 LI ≤ 1% versus others)

Ki-67 LI 3.1–5% (20 patients)
Ki-67 LI > 5% (10 patients)

Ki-67 LI ≤ 1% (211 patients)
Ki-67 LI 1.1–3% (122 patients)

(a)

0

20

40

60

80

100

0 5 10 15

Years after surgery

C
D

ra
te

s
(%

)

P < 0.0001
(Ki-67 LI ≤ 3% versus others)

Ki-67 LI 3.1–5% (23 patients)
Ki-67 LI > 5% (12 patients)

Ki-67 LI ≤ 1% (213 patients)
Ki-67 LI 1.1–3% (123 patients)

(b)

Figure 9: CR rates of PTC patients with Ki-67 1% or less, 1.1–3%, 3.1–5%, and greater than 5%.

This event was exclusively detected in PTC and its prevalence
ranged from 28% to 83% [102–109]. Reports from Western
countries and some Asian countries demonstrated that the
prognosis of PTC with BRAF mutation was significantly
worse than that with no mutation [102, 103, 105–109].

In our data analyzing 631 patients, however, BRAF
mutation was not linked to any clinicopathological features
of PTC patients or affected prognosis of patients even on
univariate analysis [110]. Its prevalence varies according to
histology, and it was higher in tall cell variant and lower in
follicular variant than in conventional PTC, which was not
discrepant with previous studies [111, 112].

Although there seems to be a consensus that BRAF
mutation significantly reflects an aggressive character in PTC
in Western countries and some Asian countries, its role
remains unclear in Japan, because there have not been any
other studies in a large number of patients with long-term
followup, to date.

2.5. Discussion and Summary. Due to the prevalence of
ultrasonography-guided FNAB, most PTC can be diagnosed
before surgery. There are several important prognostic
factors for PTC based on patient backgrounds and findings
on preoperative imaging studies. Furthermore, some prog-
nostic factors are evaluated based on intraoperative findings.
Therefore, the biological behavior, including prognosis of
patients, of PTC can generally be evaluated before the end
of surgery. Pathological evaluation is less significant than
preoperative and intraoperative evaluations, but it is still
important to diagnose certain variants and the involvement
of PDC components, both of which affect patient prognoses.

Based on the series in our study, the important prog-
nostic factors of PTC patients are age 55 years or older,
distant metastasis at surgery, clinical lymph-node metastasis
measuring 3 cm or larger, extranodal tumor extension, and
significant extrathyroid extension (especially for large PTC,

e.g., larger than 2 cm). Tumor larger than 4 cm, clinical
node metastasis smaller than 3 cm with no extranodal
tumor extension, and male gender are moderate prognostic
factors. Latent node metastasis detected only on pathological
examination and multicentricity can be prognostic factors
but the impact of these is low.

Apart from the above, there are some important patho-
logical findings affecting prognosis. Tall cell variant, colum-
nar cell variant, and involvement of PDC components in the
majority of the carcinoma lesion are significant prognostic
factors on pathological examination. High Ki-67 LI might
be a predictor of a dire prognosis. Presence of limited
PDC components is also a moderate to weak prognostic
factor, because it predicts a worse DFS but not CSS. Table 2
summarizes the risk factors of PTC based on preoperative,
intraoperative and pathological evaluations.

3. Prognostic Factors of FTC

FTC is only occasionally diagnosed on preoperative cytology,
which is in sharp contrast to PTC. Most patients with
FTC undergo hemithyroidectomy based on the preoperative
diagnosis as follicular tumor or adenomatous nodules. Gen-
erally, patients are diagnosed as having FTC on postoperative
pathological examination. FTC is less likely to metastasize
to the regional lymph node and lymph-node dissection
is rarely performed in surgery for patients suspected of
FTC. Extrathyroid extension is also a rare event and in our
series, only 2% of patients showed an extension to adjacent
organs [113]. Therefore, prognostic factors of FTC based on
preoperative findings were less significant than those of PTC.

3.1. Prognostic Factors Based on Patient Backgrounds

3.1.1. Patient Age. Patient age has been adopted as a sig-
nificant prognostic factor for FTC [114–119]. In our series of
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Table 2: Risk classification of TPC based on preoperative, intraoperative, and pathological findings.

High risk

(a) Patients having distant metastasis at presentation.

(b) Patients including PDC components in majority of carcinoma lesions.

(c) Patients diagnosed as tall cell variant.

(d) Patients 55 yrs or older and having one of the following three:

(1) tumor size >2 cm with extension to adjacent organs, (corresponding to T4),

(2) lymph-node metastasis >3 cm,

(3) lymph-node metastasis extending to adjacent organs

Intermediate risk

(a) Patients including PDC component in small portion of carcinoma lesions.

(b) Patients 55 yrs or older and having one of the following three:

(1) tumor size >4 cm (excluding T4 cases),

(2) tumor size ≤2 cm with extension to adjacent organs (corresponding to T4),

(3) lymph-node metastasis detectable on preoperative imaging studies ≤3 cm and without extension to adjacent organs

Low risk

(a) Patients under 55 yrs without distant metastasis at diagnosis.

(b) Patients 55 yrs or older who are not classified as high risk or intermediate risk

334 patients, age 45 years or older had a prognostic impact
for CSS on univariate analysis but was not an independent
prognostic factor [113]. Interestingly, in contrast to PTC, age
cutoff at 45 years had the strongest prognostic impact in our
series.

3.1.2. Gender. Some previous studies demonstrated the pro-
gnostic impact of gender of FTC patients [16, 119, 120]. In
our series, male patients tended to show recurrence only on
univariate analysis (Figure 10). However, male gender did
not show any prognostic impact on CSS of patients.

3.2. Prognostic Factors Based on Preoperative Evaluation

3.2.1. Clinical Lymph-Node Metastasis. Since it is rare for
FTC to show clinically apparent node metastasis, it is difficult
to evaluate its prognostic value. However, as indicated below,
we demonstrated that 10 of 11 patients showing pathological
node metastasis showed an aggressive pathology such as PDC
or widely invasive carcinoma [113], indicating that FTC with
clinically apparent node metastasis is progressive and shows
an aggressive behavior.

3.2.2. Distant Metastasis at Surgery. Undoubtedly, this is an
important prognostic factor as shown in previous studies
including ours [16, 113–122]. Five-year CSS of patients with
distant metastasis at surgery was around 55% in our series
[113]. Distant metastasis at surgery was directly linked to
age 45 years or older, lymph-node metastasis, invasive grade,
and poor differentiation in our series. For CSS, distant
metastasis at surgery or locally palliative surgery was the
most important prognostic factor on multivariate analysis.

3.2.3. Tumor Size. Relationship between tumor size and
prognosis has been reported [120, 121]. We previously
demonstrated that tumor larger than 4 cm affected both DFS
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Figure 10: CR rates of female and male FTC patients.

and CSS patients on univariate analysis. On multivariate
analysis, tumor size had a marginal significance for DFS, but
not for CSS.

3.2.4. Family History. Familial FTC accounted for 1.4% of
FTC in Japan, but prognosis of these cases did not differ from
that of FTC with no family history [123]. To date, there have
not been any other reports regarding this issue.

3.3. Prognostic Factors Based on Intraoperative Findings

3.3.1. Extrathyroid Extension. As indicated above, extrathy-
roid extension is a rare event for FTC in Japan. In our
series, all patients who showed extrathyroid extension were
diagnosed as having PDC components [113]. It is, there-
fore,suggested that extrathyroid extension is an unusual
event for FTC but predicts an adverse prognosis.
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Figure 11: CR rates of minimally and widely invasive FTC.
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Figure 12: CR rates of FTC patients with and without PDC components.

3.4. Prognostic Factors Based on Pathological Examination

3.4.1. Degree of Invasiveness. FTC is pathologically diagnosed
when it shows capsular and/or vascular invasion of tumor
cells. FTC is divided into two categories: (1) minimally
invasive FTC, small number of invasive sites can be only
histologically detected and (2) widely invasive FTC, invasive
sites, and/or vascular invasion are extensively present and
even grossly detected. Previous studies demonstrated that
widely invasive FTC was more likely to show recurrence and
had a poorer prognosis than minimally invasive FTC [113,
124, 125]. Especially, extensive vascular invasion significantly
affects prognosis of FTC. Therefore, it is very important to
diagnose whether an FTC is widely or minimally invasive
on pathological examination to predict patient prognosis
and select the subsequent therapy. In our series, carcinoma
recurrence rates and carcinoma death rates of patients with
widely invasive FTC were significantly greater than those of
patients with minimally invasive FTC [113] (Figures 11(a)
and 11(b)). Since most FTC patients underwent hemithy-
roidectomy in initial surgery, we recommend completion

total thyroidectomy followed by RAI ablation for widely
invasive FTC patients but not for minimally invasive FTC
patients unless no distant metastases were detected.

3.4.2. Poor Differentiation. Involvement of PDC component
is a more significant prognostic factor for FTC than that for
PTC. In our experience, PDC arising from FTC is generally
diagnosed as PDC on WHO classification, because of the
presence of PDC component in the majority of the tumor.
In our series, 5-year and 10-year carcinoma recurrence rates
of FTC having PDC component were 37% and 57%, and its
carcinoma death rates were 21% and 29%, respectively [113]
(Figures 12(a) and 12(b)). On multivariate analysis, this is
the strongest prognostic factor for DFS. For CSS, this had the
second strongest prognostic impact after distant metastasis
at surgery.

3.4.3. Oxyphilic Cell Variant. Oxyphilic cell variant is a
particular type of FTC on WHO classification. Wide cyto-
plasms with eosinophilic granules and clear nuclear bodies
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Table 3: Risk classification of FTC based on preoperative, intraoperative, and pathological findings.

High risk

Patients having one of the following three:

(1) patients having PDC components in the majority of carcinoma lesions,

(2) patients diagnosed with widely invasive carcinoma (extensive capsular or vascular invasion),

(3) patients having distant metastasis at diagnosis.

Intermediate risk

Patients without high-risk characteristics and having one of the following two:

(1) patients 45 yrs or older,

(2) patients having tumor >4 cm.

Low risk

Patients who are not classified as high-risk or intermediate risk

Patients with extrathyroid extension and lymph-node metastasis may be classified into high and intermediate risk, respectively.

are typical findings on hematoxylin and eosin-stained tissue
sections. One study showed that most cases of oxyphilic
cell variant were RAI refractory [126]. In Europe and the
United States, many researchers have demonstrated a worse
prognosis of oxyphilic cell variant than conventional FTC
[116, 126, 127]. However, there are studies demonstrating
that prognosis of oxyphilic cell variant does not differ from
[128, 129] or was even better than that of conventional
FTC [130]. In Japan, there are two studies investigating the
prognosis of oxyphilic cell variant and both demonstrated
that the prognosis of oxyphilic cell variant was similar to that
of conventional FTC [113, 131]. It is, therefore, not evident
that oxyphilic cell variant shows an aggressive behavior in
Japan. The prevalence of oxyphilic cell variant was 13% in
our series [113], which is similar to that in the United States
[116].

3.4.4. Pathological Lymph-Node Metastasis. Lymph-node
dissection is not performed for surgery for patients unless
metastatic nodes are clinically detected or cytological exam-
ination suggests high-grade malignancy such as PDC. In
our series, 11 of 334 patients (3%) had pathologically
diagnosed lymph-node metastasis and 10 of these patients
were diagnosed as having widely invasive FTC or PDC as
indicated above [113]. During postoperative followup, 10
patients (3%) showed recurrence to the regional lymph
nodes after surgery and 8 of these were widely invasive
carcinoma or included PDC components in specimens in
initial surgery. Therefore, although rare, the presence of
lymph-node metastasis reflects aggressive behavior of FTC.
A report form Germany also demonstrated the prognostic
impact of lymph-node metastasis of FTC and recommended
extensive lymph-node dissection, including MND, for FTC
demonstrating a large tumor and/or extrathyroid extension
[120].

3.5. Discussion and Summary. In contrast to PTC, FTC can
rarely be diagnosed on preoperative examinations, includ-
ing ultrasonography and cytology. The most significant
prognostic factor was the presence of distant metastasis at

surgery. Apart from that, pathological findings such as the
involvement of PDC components and widely invasive lesions
were significant prognostic factors. Although oxyphilic cell
variant did not affect prognosis in studies from Japan,
many studies from Western countries indicated that this
variant is a sign of aggressive behavior. Taken together,
pathological evaluation of FTC is very important to predict
patient prognosis and select the therapeutic strategy such
as whether completion total thyroidectomy should be per-
formed. Patient age, gender, and tumor size have a moderate
prognostic impact. Table 3 summarizes the risk classification
of FTC. In addition, extrathyroid extension and pathological
lymph node metastasis are rare events in FTC, but these
findings are much more likely detected in patients showing
an aggressive histology. Although these findings can be signs
of aggressive behavior, it remains unclear whether they are
independent prognostic factors.

4. Conclusions

The significance of preoperative evaluation and patho-
logical examination differs between PTC and FTC. For
PTC, preoperative findings on imaging studies and intraop-
erative findings are quite important to evaluate biological
behavior, including prognosis, and therapeutic strategies
can be established for most patients at that time. Distant
metastasis at surgery, extrathyroid extension, large lymph-
node metastasis, and extranodal tumor extension are signifi-
cant prognostic factors and extensive surgery and adjuvant
therapy with careful followup are mandatory for patients
with such characteristics.

In contrast, postoperative pathological examination has
a significant value not only for diagnosis of FTC but also
for evaluating biological characteristics. Similar to PTC,
distant metastasis at surgery is the strongest prognostic
factor, but pathological findings such as grade of invasiveness
and carcinoma differentiation are also very important to
evaluate its biological behavior. Such pathological findings
are essential to decide whether to perform further therapies
such as completion total thyroidectomy with RAI therapy for
FTC.
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We evaluated the preoperative serum thyrotropin (TSH) levels in 386 patients operated on for nodular thyroid disease (NTD).
TSH levels for cases with final benign disease and differentiated thyroid carcinoma (DTC) were compared. No evidence of cancer
was detected in 310 patients (80.3%), whereas malignancy was present in 76 cases (19.7%). Mean TSH concentration was 1.36 ±
1.62 mU/L in benign patients and 2.08±2.1 in cases with malignant lesions (P = 0.0013). The group of malignancy was subdivided
in papillary thyroid carcinoma (PTMC) versus thyroid cancer of larger size (TCLS). Mean TSH was 1.71 ± 1.52 in PTMC and
2.42 ± 2.5 in TCLS. Significant differences were found when all groups (benign, PTMC and TCLS) were compared (P < 0.001).
However, pairwise comparisons between them showed that differences were only significant between benign and TCLS groups
(P < 0.01). In conclusion, TSH levels were higher in patients with a final diagnosis of DTC. Moreover, it appears that there exists
an increment in tumor size as a function of increment in the TSH level.

1. Introduction

Treatment of differentiated thyroid carcinomas (DTCs)
includes total thyroidectomy, followed by removing affected
(and nonaffected) lymph nodes in the central compartment
of the neck, radioiodine for ablation of thyroid remnants
or metastases, and suppressive treatment with L-thyroxine
[1]. A supraphysiologic dose of thyroid hormone to suppress
the secretion of endogenous thyroid-stimulating hormone
(TSH) is associated with a longer relapse-free survival, over-
all survival, and carcinoma-related death [2]. The rationale
for this approach is that TSH is the main regulator of
thyrocyte differentiation and growth, and this capacity is
retained in cancer cells of DTCs [3].

Furthermore, in recent years it has been shown that
serum TSH concentration is an independent predictor of
thyroid malignancy [4]. Several clinical studies have reported

that higher levels of TSH are associated with an increased
incidence of thyroid cancer in patients with nodular thyroid
disease (NTD). It is currently not clear whether TSH is
involved in the development of thyroid cancer, in the
progression of thyroid cancer, or both [5]. Two reports have
demonstrated that higher preoperative serum TSH levels are
associated with more advanced cancer stages at the time of
diagnosis [6, 7]. Moreover, Gerschpacher et al. [8] found
that the TSH level is not elevated in subjects with papillary
thyroid carcinoma (PTC) measuring ≤1 cm in size, a subset
of tumors referred to as papillary thyroid microcarcinomas
(PTMCs). Together, these findings support the notion that
TSH may contribute to tumor progression.

The present study was conducted to determine the
preoperative serum TSH levels in a group of patients who
underwent surgery for NTD. TSH concentrations were
correlated with the final histological diagnosis, defined
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Figure 1: TSH concentrations in the different study groups. PTMC:
papillary thyroid microcarcinoma and TCLS: thyroid carcinoma of
larger size).

as the presence or absence of malignancy. Moreover, the
group of malignancies was subdivided between patients with
PTMCs and patients with thyroid cancers of larger size
(TCLS).

2. Material and Methods

From January 2006 to December 2009, 438 patients under-
went thyroid surgery for NTD. Patients (i) with known thy-
roid cancer, (ii) without an available serum TSH concentra-
tion within 1 year before surgery, (iii) with a final histological
diagnosis other than DTC (e.g., medullary thyroid cancer or
anaplastic thyroid cancer), and (iv) hyperthyroidism due to
the Graves disease were not included. Three hundred eighty-
six patients were eligible for the study.

All patients had a solitary thyroid nodule or a multin-
odular goiter detected by clinical examination, ultrasound
scan (US), or both. Preoperatively, thyroid USs confirmed
NTD in all cases. A fineneedle aspiration biopsy (FNAB)
was performed for thyroid nodules > 1 cm, or nodules
< 1 cm with suspicious US features. Thyroidectomy was
prescribed for patients with malignant, suspicious, or repet-
itive indeterminate nodules according to FNAB results.
Moreover, surgery was indicated for benign disease when
local symptoms were present or for esthetic reasons.

All patients had a serum TSH level within 1 year before
surgery measured by an automated immunochemilumines-
cent assay (Immulite 2500; Siemens, Los Angeles, Calif,
USA). The normal range was 0.4–4.0 mU/L.

Statistical analysis was performed to determinate wheth-
er or not there were differences in age and TSH levels between
patients diagnosed with benign lesions, compared with those
diagnosed with thyroid cancer. Furthermore, the group of

patients with malignancies was subdivided into PTMCs and
TCLS. Age was evaluated as a continuous variable. The TSH
concentration was evaluated as a continuous variable and
categorically within the following 3 ranges: <0.4 mU/L (sub-
clinical hyperthyroidism); 0.4–4.0 mU/L (euthyroidism);
>4.0 mU/L (subclinical hypothyroidism). The Student’s t-
test was used for numerical variables. The Fisher’s exact
test was used for categorical variables. The nonparametric
Kruskall-Wallis test was used to determinate whether there
were significant differences between patients with benign,
PTMCs, and TCLS. Afterwards, Bonferroni’s adjustment for
multiple comparisons was applied to the pairwise compar-
isons of groups. Values were reported as the mean ± SEM.
A P value < 0.05 was considered statistically significant.

3. Results

There were 386 patients who met the inclusion criteria.
The final pathology data showed no evidence of malignancy
in 310 patients (80.3%), whereas malignant lesions were
present in 76 cases (19.7%).

The benign group included 250 females (80.6%) and 60
males (19.4%). The mean age at the time of diagnosis was
54.4 ± 14.2 years. There were 247 (79.7%) patients with
multinodular goiter and 63 (20.3%) patients with thyroid
nodule. Histological features of chronic thyroiditis were
present in 75 (24.2%) patients.

DTC was diagnosed in 60 females (78.9%) and 16 males
(21.1%). The mean age at the time of diagnosis was 49.3 ±
14.4 years. There was a significant difference in age between
both groups (P = 0.005). There were 45 (59.2%) patients
with multinodular goiter and 31 (28.2%) patients with
thyroid nodule. Histological features of chronic thyroiditis
were present in 18 (23.7%) patients. In the cohort of patients
with malignancies, PTMCs were demonstrated in 36 patients
(47.3%) and TCLS in the remaining 40 patients (PTC, n =
37; follicular thyroid carcinoma, n = 3; mean tumor size
25.21±11.8 mm). The mean age in the patients with PTMCs
was 52.1 ± 14.7 years, and 46.8 ± 13.8 years in the patients
with TCLS.

Figure 1 shows the TSH concentrations in the different
study groups. The preoperative mean TSH level in the
310 patients with no evidence of malignancy was 1.36 ±
1.62 mU/L, whereas the mean TSH concentration in the
group of 76 patients with malignancies was 2.08 + 2.1 mU/L
(P = 0.0013). Thus, the TSH levels were higher in patients
with a final diagnosis of DTC. Among the set of patients
with malignant nodules, mean TSH was 1.71 ± 1.52 mU/L
in patients with PTMCs and 2.42 ± 2.5 mU/L in patients
with TCLS. Statistical significance was found when the
three groups (benign, PTMCs, and TCLS) were compared
(P < 0.001). However, pairwise comparisons between them
showed that differences in TSH were only significant between
benign and TCLS groups (P < 0.01).

Seventy-four (23.9%) patients with benign nodules were
classified as subclinical hyperthyroidism (TSH < 0.4 mU/L).
This diagnosis was only detected in 10 patients (13.1%)
with malignancies (P = 0.027). In contrast, 8 patients
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Table 1: Distribution of patients according to TSH categories:
<0.4 mU/L (subclinical hyperthyroidism); 0.4–4.0 mU/L (euthy-
roidism); >4.0 mU/L (subclinical hypothyroidism). PTMC: papil-
lary thyroid microcarcinoma and TCLS: thyroid carcinoma of larger
size.

TSH levels
(mU/L)

Benign PTMC TCLS
Total

malignant
All cases

<0.4 74 6 4 10 84

0.4–4.0 225 28 30 58 283

>4.0 11 2 6 8 19

(10.6%) with thyroid cancer were diagnosed with subclinical
hypothyroidism (TSH > 4 mU/L), whereas this profile
existed in 11 patients (3.5%) with benign lesions (P = 0.01).
In summary, in patients with subclinical hyperthyroidism,
normal TSH concentration and subclinical hypothyroidism
malignancy rate were 12%, 20.5%, and 42%, respectively,
(Table 1).

When we excluded all patients with TSH out of the
normal range, the association between the TSH level and
the final histology remained significant. The mean TSH
level in the 225 patients with no evidence of malignancy
and a normal TSH was 1.47 ± 0.8 mU/L, whereas the
mean TSH level in the 58 patients with malignancies was
1.8 ± 0.8 mU/L (P = 0.009). Among this last group, mean
TSH level was 1.75 ± 0.8 mU/L in patients with PTMCs
and 1.84 ± 0.9 mU/L in patients with TCLS. Again, these
differences were not significant. However, the TSH levels
were significantly different between the group with benign
lesions and a normal TSH level and patients with TCLS and
a normal TSH level (P = 0.026). Finally, there were not
significant differences among groups related to the presence
of chronic thyroiditis.

4. Discussion

Several epidemiologic studies have confirmed that during
the last decade, the incidence of DTC, and especially PTC,
has increased worldwide [9, 10]. Furthermore, this highest
incidence has been observed in tumors <1 cm in size, that
is, PTMCs [11]. PTMCs exhibit significant differences in the
mode of presentation from papillary tumors of larger size.
Although PTMCs exhibit a more benign behavior [12], some
authors suggest that there exists a subgroup of PTMCs that
can be aggressive, requiring therapeutic management similar
to larger tumors.

Boelaert et al. [4] reported, for the first time, that the
TSH serum concentration could be an independent predictor
of thyroid malignancy. The authors found that the risk of
diagnosis of DTC rises in parallel with TSH serum levels.
Moreover, they derived a formula for risk of malignancy
based on the TSH level. Thereafter, these findings were
subsequently confirmed by others. Haymart et al. [7] found
that the preoperative mean TSH level is significantly higher
in patients with a final diagnosis of thyroid cancer. The
same group has shown that this relationship is independent
from age [13]. Jonklaas et al. [14] reported that this

association remained in a strictly euthyroid population (after
subclinical hypo- and hyperthyroidism cases were excluded)
who underwent thyroid surgery for NTD. In this regard,
Polyzos et al. [15] confirmed that TSH levels are predictive
of malignancy only within a normal range because they
did not find this association in patients with subclinical
hypothyroidism. Jin et al. [16] have found that in patients
with NTD, a serum TSH level < 0.9 has a probability of
malignancy of approximately 10%, whereas in those patients
with a serum TSH > 5.5, the rate of cancer is 65%. Recently,
in a large series, Fiore et al. [17] reported that patients with
nodular goiter treated with L-thyroxine had a significantly
lower prevalence of PTC diagnosed by cytology. Moreover,
the same authors reported that TSH levels were higher in
patients with PTC than in benign NTD [6].

Two reports have demonstrated that a higher preop-
erative serum TSH was not only associated with the risk
of DTC, but also associated with a more advanced stage
of cancer at the time of diagnosis [6, 7]. In contrast, the
association between TSH levels and PTMCs has not been
extensively analyzed. In the series by Haymart et al. [7], the
authors performed an analysis of the subset of tumors <
1 cm in size. Although the number of cases was very low,
an increased risk of cancer persisted with a higher TSH
in patients with PTMCs until the TSH was ≥ 5.00 mU/L.
Recently, Gerschpacher et al. [8] compared the preoperative
serum TSH concentrations between a cohort of 33 patients
with PTMCs and a control group of 54 patients in which the
thyroid gland was removed for medullary thyroid carcinoma
or C-cell hyperplasia. The authors found no significant
differences and concluded that the TSH level is not elevated
in patients with PTMCs.

To our knowledge, the present paper is the first study
that has not only compared TSH concentrations in patients
with benign and malignant lesions, but also in PTMCs
and TCLS. We have confirmed that the TSH level is
significantly different between benign nodules and DTCs.
These differences have persisted when comparing benign
lesions and carcinomas > 1 cm in size, and when comparing
all three groups. It appears that there exists an increment
in tumor size as a function of increment in the TSH level.
Thus, benign lesions have the lowest TSH levels, PTMCs
have intermediate concentrations, and DTCs of larger size are
associated with the highest levels of TSH. However, though
the escalatory increment of TSH between the three groups of
patients is evident, statistical analysis shows that differences
are not significant, probably due to the small number of
cases with cancer. According to these results, we suggest
that TSH participates in the carcinogenesis of PTC, it is
possibly that it acts as a growth factor and could be one
of the parameters that determines the size of DTCs. In this
regard, recently, Franco et al. [18] have found that TSH
signaling pathway may predispose thyroid cells to BRAF-
induced transformation, in mice with a thyroid-specific
knockin of oncogenic Braf (LSL-Braf V600E/TPO-Cre).

It is interesting to note that in our cohort, all patients
underwent thyroid surgery. Thus, diagnoses of DTCs or
benign thyroid disease were based on surgical pathologic
results in all of the cases analyzed. In contrast, the diagnosis
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was established with FNAB results in other series without
confirmatory histological results. For example, in the study
by Boelaert et al. [4], only 37% of patients had definitive
pathologic results. The final histological results were avail-
able in 21.6% of the patients in the series of Polyzos et
al. [15]. Thus, in those series, it is possible that all of the
microcarcinomas were not detected.

Unfortunately, information about thyroid antibodies was
not analysed because there were no data in approximately
one quarter of patients. However, histological preparations
were examined, in order to verify the presence or not of
autoimmune chronic thyroiditis. In this regard, we did not
observe any differences between groups.

Finally, it is well known the predominantly benign nature
of thyroid autonomous nodules. Moreover, in patients with
autonomous nodules, TSH concentrations were decreased or
suppressed. In our study, the association between TSH level
and final histology remained significant after patients with
subclinical hypo- and hyperthyroidism were excluded.

In summary, we have shown that TSH levels were higher
in patients with a final diagnosis of DTC. Moreover, it
appears that there exists an increment in tumor size as a
function of increment in the TSH level. Although the role
of the TSH level in the development and/or progression of
thyroid cancer remains controversial, our results support
the hypothesis that the TSH level might be involved in the
progression, that is, the size, of an existing DTC.
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[3] C. Garcı́a-Jiménez and P. Santisteban, “TSH Signalling and
Cancer,” Arquivos Brasileiros de Endocrinologia e Metabologia,
vol. 51, no. 5, pp. 654–671, 2007.

[4] K. Boelaert, J. Horacek, R. L. Holder, J. C. Watkinson,
M. C. Sheppard, and J. A. Franklyn, “Serum thyrotropin
concentration as a novel predictor of malignancy in thyroid
nodules investigated by fine-needle aspiration,” Journal of
Clinical Endocrinology and Metabolism, vol. 91, no. 11, pp.
4295–4301, 2006.

[5] K. Boelaert, “The association between serum TSH concentra-
tion and thyroid cancer,” Endocrine-Related Cancer, vol. 16,
no. 4, pp. 1065–1072, 2009.

[6] E. Fiore, T. Rago, M. A. Provenzale et al., “Lower levels of TSH
are associated with a lower risk of papillary thyroid cancer in
patients with thyroid nodular disease: thyroid autonomy may
play a protective role,” Endocrine-Related Cancer, vol. 16, no.
4, pp. 1251–1260, 2009.

[7] M. R. Haymart, D. J. Repplinger, G. E. Leverson et al.,
“Higher serum thyroid stimulating hormone level in thyroid

nodule patients is associated with greater risks of differentiated
thyroid cancer and advanced tumor stage,” Journal of Clinical
Endocrinology and Metabolism, vol. 93, no. 3, pp. 809–814,
2008.
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Papillary thyroid carcinoma (PTC) frequently metastasizes to the lymph node in lateral compartment, which can often be detected
on preoperative ultrasonography (N1b). However, PTC located in one lobe showing contralateral but not ipsilateral N1b is
not common. We analyzed the clinicopathological features and prognosis of 13 patients with PTC limited in one lobe showing
contralateral but not ipsilateral N1b. Sizes of the primary lesions ranged from 0.8 cm to 3.0 cm and only 2 tumors showed
extrathyroid extension. Metastatic lateral node measured from 0.6 to 3.1 cm. Ten patients showed pathological central node
metastasis and 5 had minute PTC lesions in the contralateral lobe. However, 3 patients did not show either of these. None of
the patients have developed carcinoma recurrence or died of carcinoma to date. Taken together, PTC located in one lobe with
contralateral but not ipsilateral N1b is rare and generally shows an indolent behavior. Although most patients had central node
metastasis and/or minute PTC lesions in the contralateral lobe, it is also possible for carcinoma cells to metastasize directly from
primary lesions to the contralateral lateral node. Total thyroidectomy with central node dissection and therapeutic MND of the
contralateral compartment may be an acceptable surgical design and bilateral MND might not be mandatory.

1. Introduction

Papillary thyroid carcinoma (PTC) generally shows an in-
dolent character. However, it is also well known that PTC
frequently metastasizes or recurs to regional lymph node.
There are two compartments vulnerable to PTC, central and
lateral compartments. The central compartment was located
adjacent to the thyroid and can be dissected through the same
wound as that for thyroidectomy. Therefore, routine central
node dissection for PTC has been performed in many institu-
tions, including ours, in Japan. It is also recommended in the
Japanese guidelines [1, 2], although not in various Western
guidelines [3–6]. Dissection of the lateral compartment
(modified radical neck dissection (MND)) is mandatory for
PTC with clinical lateral node metastasis (N1b) detected on
palpation or on imaging studies (therapeutic MND). How-
ever, the indication for prophylactic MND for PTC patients
who are not classified as N1b remains debatable.

We previously demonstrated that N1b was a predictor of
poor prognosis in PTC patients [7]. Especially, N1b mea-
suring 3 cm or larger or having extranodal tumor extension
are signs of high-risk (poor disease-free survival (DFS) and
cause-specific survival [CSS]), while other N1b patients were
classified as intermediate risk (poorDFS but not CSS) [8, 9].
For PTC located in one lobe, lateral node metastasis firstly
occurs ipsilateral to the primary lesion, although bilateral
lateral node metastasis can be detected in advanced cases.
However, surgeons can encounter PTC located in one lobe
with contralateral but not ipsilateral N1b on preoperative
imaging studies, and the appropriate extent of lymph node
dissection in such cases remains uncertain. In this study, we
investigated the details of 13 patients with PTC located in one
lobe with contralateral but not ipsilateral N1b in order to
elucidate its biological characteristics and behavior of such
lesions.
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2. Patients and Methods

We reviewed the records of patients who underwent initial
surgery for PTC between 1995 and 2011 and found 13 pa-
tients with PTC located in one lobe while lateral node
metastases contralateral, but not ipsilateral, to primary le-
sions were detected on preoperative imaging studies. We
excluded patients who had other thyroid malignancies such
as follicular carcinoma, anaplastic carcinoma, medullary car-
cinoma, and thyroid malignant lymphoma. Patients having
nodules suspected of malignancy in the contralateral lobe
were also excluded. Primary lesions of these patients were
diagnosed as PTC on fine needle aspiration biopsy (FNAB).
Lateral node metastasis was preoperatively diagnosed on
ul-trasonographic findings and, although not in all cases,
FNAB for nodes with thyroglobulin measurement of wash-
out of needles [10]. On pathological examination, these
patients were diagnosed as having PTC with metastasis. After
surgery, two patients underwent whole body scan using
13 mCi of radioactive iodine (RAI), but no abnormal uptake
was detected. All patients were followed postoperatively by
ultrasonography and chest CT or roentgenography at least
once per year.

3. Results

Table 1 summarizes the background data and findings on
preoperative imaging studies of 13 patients with PTC located
in one lobe and contralateral but not ipsilateral N1b. Seven
of 13 patients (53%) were males and patients ages ranged
from 24 to 71 years (average 52 years). Three patients (23%)
had multiplicity of PTC, although all tumors were limited
to one lobe. Four patients (31%) showed nodules in the
contralateral lobe, which were diagnosed as benign nodules
on ultrasonography or cytology. Sizes of the contralateral
metastatic nodes ranged from 0.6 to 3.1 cm and only 1
patient (7%) had metastasis larger than 3 cm. Central node
metastasis was preoperatively detected in 5 patients (38%) in
imaging studies.

All patients underwent total thyroidectomy and entire
central node dissection (Table 2). Five patients (38%) un-
derwent unilateral (contralateral to primary lesions) and the
remaining 8 (62%) underwent bilateral MND. One patient
(number 12) showed extension of primary lesion to the
recurrent laryngeal nerve, which was dissected and recon-
structed. Metastatic lateral node invaded to the phrenic nerve
in case number 6. In 3 patients (numbers 6, 11, and 13),
findings in the central compartment were negative. Seven of
8 patients who underwent bilateral MND were positive for
metastasis to the ipsilateral lateral compartment. Although
there were no carcinoma lesions in the contralateral lobe on
preoperative ultrasonography, 5 patients (38%) had minute
PTC lesions in the contralateral lobe on pathological exami-
nation. Three patients (numbers 6, 11, and 13) were negative
for central node metastasis and did not have PTC in the
contralateral lobe.

The postoperative follow-up period ranged from 1 to 154
months (average 69 months). None of these patients have
shown carcinoma recurrence or died of carcinoma to date.

Although none of these patients underwent RAI ablation,
thyroglobulin levels of all patients except number 13, who
only recently underwent surgery, were kept at undetectable
levels under TSH suppression and have not shown elevation
during followup.

4. Discussion

Of the two compartments of regional lymph nodes, the cen-
tral compartment, is more adjacent to the thyroid than the
lateral compartment. Therefore, it is apt to be considered that
lateral node metastasis occurs via central node metastasis.
However, we have previously shown that the incidence of
central-positive and lateral-negative patients did not much
differ from that of central-negative and lateral-positive pa-
tients, who underwent central node dissection and MND,
indicating that lateral node metastasis can occur directly
from the thyroid [6, 11]. Generally, however, lateral node
metastasis occurs ipsilateral to the primary lesion, although
advanced cases can show lateral node metastasis bilaterally.

In this study, we investigated rare PTC cases having pri-
mary lesions in one lobe with contralateral but not ipsilateral
N1b. In this series, 2 patients showed extrathyroid extension
(numbers 3 and 12), but case number 3 extended only to the
recurrent laryngeal nerve and number 12 extended only
to the sternohyoid muscle. Furthermore, only one patient
(number 12) showed node metastasis 3 cm or larger. There-
fore, the number of high-risk patients included in our series
was limited and most cases showed a mild and indolent
character.

On pathological examination, 10 patients and 5 patients
had central node metastasis and minute PTC lesions in the
contralateral lobe, respectively. It is therefore suggested that
PTC of these patients metastasized to the lateral compart-
ment of the contralateral side from central compartment or
from small PTC lesions in the contralateral lobe. However,
3 patients did not show central node metastasis or minute
PTC lesions in the contralateral side, indicating that PTC can
metastasize directly to the contralateral lateral compartment
and that there are various pathways for metastasis from
primary lesions to regional lymph nodes.

Extent of lymph node dissection for patients with only
contralateral N1b seems controversial. Seven of 8 patients
who underwent bilateral MND were positive for metastasis
in the ipsilaterallateral compartment, although there was no
metastasis detected on preoperative imaging studies. Indeed,
ultrasonography is the most useful tool to preoperatively
evaluate node metastasis, but the negative predictive value
of lateral node metastasis was as low as 43% in our previous
study of over 3000 patients, indicating that more than half
of the patients with PTC had latent lateral node metastasis
undetectable on ultrasonography [6]. The incidence of latent
lateral node metastasis increases with tumor size, and around
90% of patients with PTC larger than 4 cm had latent ip-
silateral lateral node metastasis, while the incidence of mi-
crocarcinoma was around 40% [12]. However, such a latent
metastasis is not immediately life threatening and second
surgery after the metastasis becomes overt is generally
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Table 1: Backgrounds and preoperative evaluation of 13 patients with contralateral but not ipsilateral N1b.

Case
number

Gender Age Tumor size (cm)
Tumor

multicentricity
Benign nodules at
contralateral side

Central node
metastasis

N1b size (cm)

1 Female 26 3.0 No No No 0.7

2 Female 54 1.1 No Yes No 0.8

3 Male 55 3.3 No No Yes 1.5

4 Male 24 4.5 No No Yes 0.9

5 Female 46 1.6 Yes No Yes 1.9

6 Female 69 0.7 No No No 1.6

7 Male 53 1.4 Yes No No 2.2

8 Male 57 1.9 No No No 0.6

9 Male 45 2.0 No No No 1.0

10 Male 50 3.0 No Yes Yes 0.8

11 Female 60 0.8 Yes Yes No 1.6

12 Female 67 1.9 Yes Yes Yes 3.1

13 Male 71 0.9 No No No 1.9

Table 2: Intraoperative and pathological findings of 13 patients with contralateral but not ipsilateral N1b.

Case
number

Lymph
node

dissection

Extrathyroid
extension

Extranodal
extension

Pathological
central

metastasis

Pathological
ipsilateral metastasis

Presence of carcino a
in the contralateral

lobe

Follow-up
period (mos)

1 Bilateral No No Yes Yes Yes 154

2 Unilateral No No Yes ? No 142

3 Bilateral Yes No Yes Yes No 130

4 Bilateral No No Yes Yes Yes 116

5 Unilateral No No Yes ? Yes 89

6 Unilateral No Yes No ? No 56

7 Bilateral No No Yes Yes Yes 47

8 Bilateral No No Yes no no 44

9 Bilateral No No Yes Yes No 42

10 Bilateral No No Yes Yes Yes 37

11 Unilateral No No No ? No 26

12 Bilateral Yes No Yes Yes No 17

13 Unilateral No No No ? No 1

adequate, which is the reason that prophylactic MND is
not recommended in various guidelines [2–5]. In our series,
none of 5 patients who underwent unilateral MND showed
recurrence to lateral lymph nodes ipsilateral to the primary
lesionsduring followup ranging from 26 to 142 months. It is
therefore suggested that prophylactic MND ipsilateral to the
primary lesion is not mandatory for such patients. Decision
whether bilateral MND is performed for individual patient
should depend on other patients’ characteristics such as pa-
tient age, gender, tumor size, and extrathyroid extension.

In summary, PTC located in one lobe with contralateral
but not ipsilateral N1b is rare and generally, such cases show
a comparably mild behavior. Although most patients had
central node metastasis and/or minute PTC lesions in the
contralateral lobe, it is possible for carcinoma cells to me-
tastasize directly from primary lesions to the contralateral
lateral node. Total thyroidectomy with central node dissec-

tion and therapeutic MND of contralateral side is an accept-
able surgical design and bilateral MND may not be manda-
tory.
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Lymphatic metastasis in papillary thyroid cancer (PTC) is eminent; however, the extent of central compartment lymph nodes
dissection (CCD) is controversial and requires the knowledge of pattern and risk factors for central compartment lymph nodes
metastasis (CCM). We did a prospective study of 47 cases with PTC who underwent total thyroidectomy (TT) with CCD
with/without lateral lymph nodes dissection (LND). Clinicopathological profile including CCM as ipsilateral and contralateral was
documented. On histopathology, the mean tumour size was 3.57 ± 2.42 cm 59.6% had CCM, which was bilateral in the majority
(60.72%). The tumour-size was the most important predictor for lymph nodes metastasis-(P = 0.018) whereas multicentricity-
(P = 0.002) and ipsilateral CCM-(P = 0.001) were the predictors for contralateral CCM. The long-term morbidity of CCD done
in primary setting is comparable with TT-alone. Bilateral CCD should be done with thyroidectomy in PTC, otherwise the risk of
residual diseases and subsequent recurrence is high. The long-term morbidity is comparable in experienced hands.

1. Introduction

Papillary thyroid cancer (PTC) is the most common thyroid
malignancy with the predilection for lymphatic spread [1].
Like any other head and neck malignancy, the lymphatic
spread of PTC is supposed to follow a sequential pattern
with the central compartment or level VI lymph nodes being
first to involve [2–4], which besides containing the pre-
and paratracheal lymph nodes, also contains the parathyroid
glands and recurrent laryngeal nerves on either side, which
are prone to injury while dissecting the central compartment
lymph nodes [4]. The central compartment lymph nodes
dissection (CCD) in PTC has the advantages of complete
clearance of the disease, thereby reducing the chances of
recurrence and the subsequent morbidity of reoperation,
also it provides the nodes for exact nodal staging to plan
further adjuvant therapy and prognosticate the patient [5, 6].
However, it is associated with increased risk of hypoparathy-
roidism and recurrent laryngeal nerve palsy [7]. Therefore
for high-risk with clinically involved nodes the routine

CCD is acceptable; however, it is controversial for low-risk,
clinically uninvolved nodes [8], with some advocating for [9,
10] and some against [11] routine bilateral clearance while a
third group of surgeons adopted a midway, by dissecting the
ipsilateral side only, thus sparing the contralateral parathy-
roid glands and recurrent laryngeal nerve [12–14]. The
extent of lymphadenectomy in PTC is still controversial and
requires the knowledge of pattern of central compartment
lymph nodes metastasis. Therefore, we aim our study to
find out the pattern and risk factors of central compartment
lymph node metastasis (CCM), and the morbidity of CCD.

2. Material and Method

We did a prospective study of all patients with papillary
thyroid cancer, who underwent total thyroidectomy (TT)
with CCD as a primary surgery from September 2008 till
November 2010 at Department of Endocrine Surgery, Sanjay
Gandhi Postgraduate Institute of Medical Sciences, Lucknow,
India. The study was approved by department review board,
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Table 1: Demographic profile of the patients; n = 47 (% age).

Mean age ± SD (range) years
35.79 ± 12.65

(9–69)

Age group

(i) ≤45 years 40 (85.1)

(ii) >45 years 7 (14.9)

Sex (male : female) 31 : 16

Clinical presentation

(i) Solitary thyroid nodule 42 (89.4)

(ii) Multinodular goiter (MNG) 2 (4.3)

(iii) MNG with dominant nodule 3 (6.4)

Occult papillary thyroid cancer 4 (8.5

Functional status

(i) Euthyroid 41 (87.2)

(ii) Hypothyroid 6 (12.8)

Clinical nodal staging (TNM-classification)

(i) cN0 29 (61.7)

(ii) cN1b 18 (38.3)

Surgical procedure

(i) TT + B/L CCD 28 (59.6)

(ii) TT + B/L CCD + U/L MRND 13 (27.7)

(iii) TT + B/L CCD + B/L MRND 4 (8.5)

(iv) TT + U/L CCD + U/L MRND 2 (4.3)

written and informed consent was taken from the patients,
as per the department protocol. Preoperatively, besides a
detailed history and examination, we did the ultrasound neck
and fine-needle aspiration cytology of the thyroid nodules
and any suspicious cervical lymph nodes, and a preoperative
clinical staging based on 6th AJCC [15] was done. Final
staging was done after the histopathology report (p-TNM).
We excluded patients with missed initial diagnosis of PTC
who did not undergo CCD, reoperative surgeries (like com-
pletion thyroidectomy and locoregional recurrence), and
concomitant hyperparathyroidism. “Central compartment”
is defined as an area that is bounded superiorly by the hypoid
bone, inferiorly by the innominate vein, and on either side
by the carotid sheaths [16]. We did the thyroidectomy with
standard technique of capsular dissection. The thyroid along
with the central compartment lymph nodes was removed en
bloc in all the cases and the fibrofatty tissue was divided in
midline and sampled as right and left paratracheal lymph
nodes [9]. Formal lateral lymph nodes dissection involving
the level II, III, and IV were done in patients with proven
lateral lymph nodes metastasis. We routinely identified
all the parathyroid glands, external branch of superior
laryngeal nerves and recurrent laryngeal nerves and tried to
save them in situ. Any at-risk gland was autotransplanted
in sternocleidomastoid muscle. We grossed the specimen
in operation theatre and in pathology department under
supervision of a single pathologist (SJ) involved in the
study. Along with detailed grossing of thyroid, the individual
lymph nodes from lymph nodes basins were also separated,
counted, and embedded. Following processing 3 µm thick

sections were examined under microscope. For the purpose
of description, the term “ipsilateral” was designated to the
side with largest tumor size [9]. The complications were
assessed in immediate postoperative period and 6 months
following surgery and compared with a group of benign
thyroid disorders, who underwent total thyroidectomy alone
in primary setting during the same period. “Hypocalcemia”
was defined as corrected serum calcium ≤8 mg/dL with or
without clinical features of hypocalcemia. Any patient with
significant postoperative hoarseness underwent vocal cord
examination by indirect laryngoscopy to document recurrent
laryngeal nerve (RLN) palsy. Hypocalcemia and RLN palsy
are termed as temporary when it is resolved within 6 months
of surgery. Patients with hypocalcemia were managed with
oral/parenteral calcium and vitamin D, as per department
protocol [17–19]. Following 6 months after surgery we did
the serum parathyroid hormone analysis in any patient
with persistently low serum calcium and requiring calcium
and vitamin D support, thereby documenting permanent
hypoparathyroidism. Similarly in all the patients with RLN
palsy, vocal cord assessment was done at 6 months following
surgery to document permanent RLN paralysis.

2.1. Statistical Analysis. Analysis was done by the SPSS 17.
We used frequency, percentages, mean ± standard deviation,
range, Student’s t-test, chi-square test, and Fischer exact test,
wherever applicable. Univariate and multivariate analysis is
done using logistic regression.

3. Results

As shown in Table 1 at the end of study 47 cases were
included. The mean age was 35.79 ± 12.65 years with female
preponderance (31 : 16). Majority were presented with soli-
tary thyroid nodule (42/47). 4/47 cases presented with lateral
lymph node metastasis with occult PTC. Majority were
node negative (29/47) on clinical examination and imaging.
CCD was done in all cases. 19/47 patients underwent lateral
lymph nodes dissection also Table 2. Histopathology of
thyroid showed, mean tumor size 3.57 ± 2.42. Classical
variant was present in 35/47, other variants being follicular,
oncocytic variant [20], and tall cell. Tumor was bilateral in
9/47 cases, multicentric in 18/47, and with extra thyroidal
extension in 13/47 cases. Overall lymph node metastasis
was present in 30/47. Out of which 28/47 cases had CCM.
Majority had bilateral central compartment lymph nodes
metastasis (17/47), with isolated ipsilateral CCM in 9/47
and isolated contralateral CCM in 2/47. All patients with
lateral lymph nodes dissection (19/47) had metastatic lateral
lymph nodes on histopathology. Isolated ipsilateral LLNM
was present in 15/19, bilateral LLNM in 3/19, and isolated
contralateral LLNM in 1/19 cases. Skip lateral metastasis,
skipping the central compartment was present in 2/19 and
skip contralateral CCM, skipping the ipsilateral CCLN was
present in 2/45 cases. At the end of study, 3 cases were
upstaged from clinically node negative to histopathologically
proven node positive (2 cases with CCM and one patient with
CCM and lateral LNM). The univariate analysis was done to
find out the association of various known risk factors like age,
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Table 2: Histopathological features; n = 47 (% age).

Thyroid

Mean tumor size (cm) ± SD (range)
3.57 ± 2.42

(0.3–12)

Tumor staging

(i) T1 4 (8.5)

(ii) T2 19 (40.4)

(iii) T3 11 (23.4)

(iv) T4 13 (27.7)

Papillary microcarcinoma 8 (17)

PTC subtypes

(i) Classical variant (CV) 35 (74.5)

(ii) Follicular variant (FV) 8 (17)

(iii) Oncocytic variant (OV) [20] 1 (2.1)

(iv) Tall cell variant (TCV) 3 (6.4)

Laterality

(i) Right side 29 (61.7)

(ii) Left side 18 (38.3)

Multicentricity 18 (38.3)

Bilaterality 9 (19.1)

Extrathyroidal extension 13 (27.7)

Lymph nodes

Overall lymph nodes metastasis 30 (63.8)

Overall central compartment lymph nodes
metastasis (CCM)

28 (59.6)

(i) Bilateral CCM 17 (60.72)

(ii) Isolated ipsilateral CCM 9 (32.14)

(iii) Isolated contralateral CCM 2 (7.14)

Overall lateral compartment lymph nodes
metastasis (LLNM; n = 19)

19 (100)

(i) Ipsilateral LLNM 15 (78.95)

(ii) Bilateral LLNM 3 (15.8)

(iii) Contralateral LLNM 1 (5.3)

Final pathological nodal staging
(TNM-classification)

(i) pN0 25 (53.2)

(ii) pN1a 3 (6.4)

(iii) pN1b 19 (40.4)

Skip lateral metastasis (n = 19) 2 (10.5)

Skip contralateral central lymph node metastasis
(n = 47)

2 (4.3)

age group (≤45 years), sex, tumor size, pathological tumor
staging, tumor subtypes, multicentricity, bilaterality, and
extrathyroidal extension (Table 3). We did find a significant
association of tumor size with the CCM (4.2 ± 2.45 versus
2.58 ± 2.02; P = 0.018). Similarly, ipsilateral CCM was
significantly associated with primary tumor size (4.4 ± 2.4
versus 2.5 ± 2.0; P = 0.013), and contralateral CCM was
significantly associated with multicentricity (36.8% versus
18.5%; P = 0.003) and ipsilateral CCM (89.5% versus 33.3%;
P = 0.000). Multivariate analysis showed ipsilateral CCM

metastasis as a significant risk factor for contralateral CCM
(P = 0.02). In our series, 42 patients initially presented
with solitary thyroid nodule confined to one lobe only, but
on final histopathology, 8/42 were found to have tumor
foci in both the lobes (bilateral tumors) and 16/42 was
multicentric. Two patients in our series had skip metastasis
to contralateral CCM, skipping the ipsilateral CCM, one
of them was a 40-year-old male, who presented with right
lateral lymph nodes metastasis with occult PTC, underwent
TT with CCD with right MRND, and on final histopathology
was detected to have 0.5 cm tumor in right lobe thyroid
with multicentricity and bilaterality; second patient, was
a 44-year-old male with clinically evident solitary thyroid
nodule with absent nodes, underwent TT with CCD, and
on histopathology was found to have 4 cm tumor with
no evidence of multicentricity and normal opposite lobe.
Similarly, for skip lateral metastasis that is skipping the CCM,
out of two patients, one was a 33-year-old male with lateral
lymph nodes metastasis with occult PTC, histopathology
showed a 0.4 cm tumor, with multicentricity with normal
opposite lobe; the second patient was a 62-year-old lady, who
presented with solitary thyroid nodule with lateral lymph
nodes metastasis, the histopathology again revealed a 0.3 cm
tumor with no multicentricity and normal opposite lobe;
however, the extrathyroidal extension was present. All the
above-mentioned cases had classical variant of PTC. All
47 cases underwent whole-body radioactive iodine scan 4
to 6 weeks following thyroxin withdrawal, and radioactive
remnant ablation was done in 41/47 patients. All patients
received suppressive L-thyroxin therapy. The morbidity was
compared with age- and sex-matched group of benign
thyroid disorders operated during the same period that
underwent total thyroidectomy alone (Table 4). In our
series, though the rate of inadvertent parathyroidectomy,
temporary hypocalcaemia, and temporary RLN palsy was
significantly high in group with CCD (P < 0.05), the
long-term morbidity, that is, rate of permanent RLN palsy
and hypoparathyroidism was comparable to those with total
thyroidectomy alone.

4. Discussion

PTC has propensity for lymphatic spread [1]. The metas-
tasis is found in 20–50% of lymph nodes examined by
conventional pathologic examination whereas the rate of
micrometastasis has been found to be much higher in
clinically node negative-cases [21]. The lymph node metas-
tasis in papillary thyroid cancer has been found to have
significant impact on disease-free and overall survival of
patients [22, 23]. Giles et al. [24] in their retrospective
series of 343 patients with thyroidectomy but without CCD
found a locoregional recurrence rate of 6% with a median
followup of 9 ± 4 years, where central compartment lymph
nodes were involved in 6 recurrent cases. Similarly, Moo
et al. [5], in their series, during a mean followup of
3.1 years, reported increased locoregional recurrences in
the group undergoing total thyroidectomy alone (16.7%)
compared to those with prophylactic central lymph nodes
dissection (4.4%). Similarly, Ito et al. [25] reported 10-year
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Table 3: Univariate analysis of central compartment lymph nodes metastasis (CCM), ipsilateral CCM and contralateral CCM with known
risk factors.

CCM Ipsilateral CCM Contralateral CCM

Present
n = 28

Absent
n = 19

P value
Present
n = 26

Absent
n = 21

P value
Present
n = 19

Absent
n = 28

P value

Age (years) 34.96 ± 14.41 37 ± 9.74 0.594 34.42 ± 14.83 37.48 ± 9.38 0.410 34.68 ± 15.77 36.67 ± 11.03 0.602

Age group

≤45 years 24 16 1.000 22 18 1.000 16 23 0.928

>45 years 4 3 4 3 3 4

Sex

Male 9 7 0.763 76 9 0.355 7 8 0.608

Female 19 12 19 12 12 19

Tumor size (cm) 4.2 ± 2.45 2.58 ± 2.02 0.018∗ 4.4 ± 2.4 2.5 ± 2.0 0.013∗ 4.02 ± 2.23 3.38 ± 2.5 0.378

Tumor staging

T1 2 2 1 3 2 1

T2 8 11 0.326 8 11 0.760 5 14 0.324

T3 8 3 8 3 5 6

T4 10 3 9 4 7 6

Tumor subtype

Classical
variant

22 13 20 15 14 20

Follicular
variant

3 5 0.580 3 5 0.619 2 6 0.434

Oncocytic
variant

1 0 1 0 1 0

Tall cell variant 2 1 2 1 2 1

Multicentricity 13 5 0.169 12 6 0.245 12 5 0.002∗

Bilaterality 6 3 0.631 5 4 1.000 6 3 0.085

Extrathyroidal
extension

10 3 0.144 10 3 0.102 7 5 0.170

Ipsilateral CCM — — — — — — 17 9 0.001∗

Table 4: Comparison of morbidity following total thyroidectomy
with CCD (n = 47); with total thyroidectomy alone (benign thyroid
disorders; n = 130).

Total
thyroidectomy

with CCD;
n = 47
(% age)

Total
thyroidectomy
alone; n = 130

(% age)

P value

Inadvertent
parathyroidectomy

13 (27.7) 0

Temporary
hypocalcemia

41 (87.2) 67 (51.5) 0.000∗

Temporary RLN palsy 8 (17) 9 (6.9) 0.044∗

Permanent
hypoparathyroidism

1 (2.1) 3 (2.3) 0.458

Permanent RLN palsy 1 (2.1) 1 (0.8) 0.419

disease-free survival (DFS) of 97% with elective lymph
nodes dissection in low- risk PTC even without radio-iodine
treatment. On the other hand Rosenbaum and McHenry

[7], reported, no significantly reduced recurrence rate with
central neck dissection, but an increased risk of temporary
hypocalcemia, compared with no central cervical lymph
nodes dissection group. The rationale behind the routine
dissection of central compartment lymph nodes in preop-
eratively diagnosed cases of PTC with clinically uninvolved
lymph nodes is manifold; first, the PTC has the tendency
for lymphatic spread, which tends to follow a sequential
pattern with ipsilateral paratracheal followed by contralateral
paratracheal and ipsilateral lateral cervical lymph nodes [3,
4]; secondly, it provides accurate tumor staging to facilitate
accurate prognosis and adjuvant therapy [6]; lastly, the long-
term morbidity of CCD in primary setting in experienced
hands is comparable with total thyroidectomy alone [5, 9]
and even though if it is higher [10, 26], it is still lower
than the morbidity of central compartment lymph nodes
dissection (CCD) done in reoperative setting [27]. Roh et al.
[28], in their prospective series of 45 patients with recurrent
PTC detected 86.7% recurrences in central compartment,
with high rates of temporary and permanent complications
with reoperation. There are few reports documenting no
increased risk of complications following reoperative surgery
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compared to CCD done in primary setting [29–31]; however,
there was also no benefit of reoperative surgery as well. The
concern, whether we should remove the ipsilateral central
compartment lymph nodes based on obvious tumor location
is also being studied by many investigators, [9, 12–14] and is
also controversial. Sadowski et al. [9] in their study reported
a mean tumor size of 1.26 cm, 25.5% rate of contralateral
CCM. Similarly Roh et al. [32], in their prospective series of
52 cases with lateral LNM, had 8.9% of contralateral CCM.
Likewise, Ito et al. [33], reported 27.3% of contralateral
paratracheal lymph node metastasis, the frequency of which
was low for tumors ≤1 cm (9.8%), but increased with tumor
size. They also reported significantly decreased DFS due to
contralateral paratracheal LNM on univariate analysis. Koo
et al. [34] reported 6.7% contralateral CCM with unilateral
PTC, the rate of which was significantly increased with
maximum tumor diameter >1 cm, lymphovascular invasion
and ipsilateral lymph nodes metastasis. In their other
study [35], they found 34.3% of occult contralateral lymph
nodes involvement with unilateral lymph nodes metastasis
in lateral neck, which on multivariate analysis was found
to be significantly associated with multifocality, ipsilateral
CCM, and lateral LNM. The rate of micrometastasis to
ipsilateral lateral lymph nodes also increases with tumor
size, and its prophylactic dissection has been recommended
by some along with ipsilateral CCD [16]; however, it is
still not recommended [8] because those compartments
are not violated during thyroidectomy, and, therefore, their
surgery at a later date will not pose for increased risk of
complications.

The sensitivity of preoperative ultrasound (US) in detect-
ing pathological cervical lymph nodes is 62% with the
sensitivity lower for cervical lymph nodes than for lateral
lymph nodes (55% versus 65%) [36], and is higher for central
compartment lymph nodes following thyroidectomy than
with thyroid (90.4% versus 83.5%) [37]. Therefore, it is not
a reliable indicator of node negativity and treatment decision
cannot be based solely on it.

In our study, for a mean primary tumor size of 3.57 ±
2.42 cm, 59.6% of the patients had central cervical lymph
nodes metastasis, which agrees with other studies. Unlike
Gimm et al. [3], in our series, the majority of the metastasis
(60.72%) involved bilateral central cervical lymphnodes
followed by isolated ipsilateral central cervical lymph nodes
(32.14%). 3/29 (10.34%) cases with apparently node negative
disease were found to have central compartment lymph
nodes metastasis was present on final histopathology. Sim-
ilarly for the thyroid, out of 42 cases with apparently solitary
thyroid nodule confined to one lobe, 8 (19.5%) were found to
be bilateral and 16 (38.1%) were multicentric. Koo et al. [38],
found 16.7% cases with occult contralateral PTC with appar-
ently unilateral papillary microcarcinoma; those cases were
missed on preoperative imaging due to their small size. Vari-
ous risk factors for central compartment lymph node metas-
tasis were analyzed by investigators with variable results [39–
41]. Majority found a significant association of lymph nodes
metastasis with tumour size and multicentricity [33–35],
other factors being age, gender, extracapsular invasion vas-
cular invasion, and lymphovascular invasion. We did find the

tumour size a significant predictor of central cervical lymph
nodes metastasis, and ipsilateral central cervical lymph
nodes metastasis, whereas multicentricity and ipsilateral
central lymph nodes metastasis were significant predictors of
contralateral central cervical lymph nodes metastasis. Koo et
al. [34, 35] also had similar observations, which imply that,
for a primary tumor, apparently confined to one lobe, but
with ipsilateral central or lateral metastatic lymph nodes, the
risk of contralateral central lymph nodes metastasis is pro-
portionately high and their removal is required for complete
disease clearance. Regarding size of the tumour, though the
risk of lymph node metastasis increases with tumour size, the
papillary microcarcinoma (PMC) was not exempt of lymph
nodal metastasis in our series. We had 5 out of 8 (62.5%)
cases with PMC, presented with lateral LNM, in which 3 had
associated CCM and 2 cases had skip metastasis, which is
contrary to the studies which consider PMC as an indolent
disease with low risk for nodal metastasis [42]. It may
probably be answered by molecular mutations analysis [43].

Many investigators advocate the use of adjuvant radioac-
tive iodine ablation as an option to take care of residual
microscopic disease; however, it has drawbacks of compli-
cations and patient’s discomfort, and also it may not be
readily available at many centres like in India, or may be
contraindicated, like in children [44], or may be legally
restricted like in Japan. Also the literature does not support
its role to decrease the locoregional recurrence, compared to
surgery [44, 45]. Excellent prognosis has been reported by Ito
et al. [25], in low-risk PTC who underwent thyroidectomy
with elective bilateral clearance of central lymph nodes
without radioactive iodine therapy.

Like other studies [9, 21], though we had higher rate
of inadvertent parathyroidectomy, temporary hypocalcemia,
and RLN palsy (P = 0.000) in patients who underwent
central lymph nodes dissection compared to total thyroidec-
tomy alone, the long-term complications were comparable in
both the groups. The risk of reoperative surgery is technically
always challenging and associated with higher morbidity
[29–31], with no benefit over surgery done in primary
setting. In countries like India, where the resources are scarce,
patients are not medically insured, radioactive iodine is not
readily available, and the regular followups are difficult, it
is hard to motivate the patients for redo surgeries, rather
patients are more inclined for complete disease removal in
primary setting itself.

The strong factors with our study is its prospective
well-controlled design, which eliminates as much biases as
possible; however, like any studies, it has limitations due to its
small sample size, shorter followups and the nonrandomized
nature for comparing the morbidity. But on comparing with
other prospective studies, we have included considerably
more number of patients per year, and we hope to bring more
robust data in coming years.

5. Conclusion

The rate of central compartment lymph node metastasis is
high in PTC. Tumour size is an important risk factor for
CCM. Multicentricity and ipsilateral lymph node metastasis
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are risk factors for contralateral CCM. Bilateral CCM is
most frequent rather than ipsilateral CCM. The long-term
morbidity of bilateral CCD done in primary setting is
comparable with total thyroidectomy alone, and is safe in the
hands of experienced endocrine surgeons.
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Thyroid carcinoma showing squamous differentiation throughout the entire lesion is diagnosed as squamous cell carcinoma of
the thyroid (SCCT) in the WHO classification. This entity is a rare disease and shows a dire prognosis; however, squamous
differentiation is more frequently detected in only a portion of papillary thyroid carcinoma. In this paper, we present our experience
of 10 patients (8 primary lesions and 2 with recurrence in the lymph nodes) with papillary thyroid carcinoma having an SCC
component (PTC-SCC). Only 3 of 8 primary lesions (38%) and none of the 2 recurrent nodes were preoperatively diagnosed
as or suspected of having SCC components. All 10 patients underwent locally curative surgery. To date, 3 patients have died of
carcinoma, and 2 had distant metastasis at diagnosis or had an undifferentiated carcinoma component. The other 7 are currently
alive 5 to 43 months after diagnosis. Systemic adjuvant therapy after the detection of recurrence was effective for 2 patients. It is
possible that some PTC-SCC patients without distant metastasis who undergo locally curative surgery can survive for a prolonged
period and adjuvant therapies can be effective for local and distant recurrences.

1. Introduction

Squamous cell carcinoma of the thyroid (SCCT) is known to
show very aggressive characteristics and a dire prognosis. In
the WHO classification [1], SCCT is defined as “squamous
cell carcinoma of the thyroid should be composed entirely
of tumour cells with squamous differentiation.” According
to this definition, SCCT is an extremely rare disease [2–5].
However, squamous differentiation can be more frequently
observed as a SCC component in a portion of the papillary
carcinoma (PTC) lesion, especially in the tall cell variant
[6]. Most previous studies investigating a comparably large
number of patients investigated SCCT and PTC with an SCC
component (PTC-SCC) as a single group, and our knowledge
regarding the biological characteristics of PTC-SCC remains
poor because of its rarity. To date, we have encountered
10 patients who were diagnosed as having PTC-SCC on

postoperative pathological examination. In this study, we
present their clinicopathological features, therapies, and
clinical outcomes to elucidate the biological behavior of this
disease.

2. Patients and Methods

We reviewed the surgical and pathological records of patients
who underwent surgery for thyroid carcinoma between 2006
and 2010. In this period, 5749 patients underwent surgery
for primary or recurred PTC. Of these, 10 patients (0.2%)
were diagnosed as PTC-SCC and were enrolled in this
study. In this period, no patients were diagnosed as SCCT.
These diagnoses were rereviewed by a thyroid pathologist
(M.H.) based on the WHO classification [1]. PTC-SCC was
diagnosed in 8 primary lesions obtained at initial surgery and
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2 recurrent lymph nodes obtained at second surgery. Patients
who had SCC sites other than the thyroid were excluded
from the series. Patients who were diagnosed as having PTC
with squamous cell metaplasia (squamous lesions appear
benign) or squamoid subtype in undifferentiated carcinoma
(UC) were excluded from the study. In this period, 3 patients
were suspected as having PTC-SCC (1 primary lesion and 2
recurring lesions) but underwent biopsy only. One patient
died of carcinoma one month after detection, and two
patients were referred to other hospitals, and their prognoses
are unknown. These patients were also excluded from the
study. In our department, all patients with PTC undergo
thyroid ultrasonography, and neck CT scan is also performed
for those who have clinical lymph node metastasis and whose
primary lesions are suspected of having extension to adjacent
organs. All patients in our series also underwent ultrasonog-
raphy. Neck CT scan (plain and enhanced) was performed
for 9 patients. Furthermore, all patients underwent chest CT
scan to screen for lung metastasis and 3 patients who were
cytologically suspected of having SCC or UC also underwent
abdominal CT scan also. None of these patients underwent
PET-CT preoperatively, although two underwent PET-CT
after surgery. All patients underwent ultrasound-guided fine
needle aspiration biopsy (FNAB) for diagnosis. Furthermore,
3 patients who were suspected of SCC or UC on cytology
underwent also ultrasound-guided core needle biopsy (CNB)
to confirm the diagnosis. None of these patients showed
any complications of CNB, such as hemorrhage, hematoma,
and recurrent laryngeal nerve paralysis. On pathological
examination, UC lesion was also detected in 2 patients (one
primary lesion and one recurrent lymph node). One patient
also had primary lung carcinoma, which was detected on
CT scan before thyroid surgery. After thyroid surgery, this
patient was referred to another hospital and underwent
surgery and chemotherapy for lung carcinoma. The histology
of lung carcinoma was adenocarcinoma.

3. Results

We analyzed the backgrounds and preoperative findings on
imaging studies of 10 PTC-SCC (Table 1). Patients consisted
of 7 females and 3 males, and patient ages ranged from 68
to 83 years. Of 8 patients who underwent initial surgery,
only 3 (38%) (patient nos. 1, 4, and 8) were preoperatively
diagnosed as or suspected of having an SCC component on
FNAB or CNB. Tumors of these 3 patients were suspected
to significantly extend to adjacent organs. Therefore, these
patients underwent chemotherapy using paclitaxel [7] before
surgery, considering the possibility of UC with Stage IVB
[8], to promote tumor shrinkage and make locally curative
surgery easier. There was no evidence of carcinoma progres-
sion during preoperative chemotherapy, although no patients
were judged as complete response (manuscript in preparation).
The remaining 5 primary lesions were diagnosed as PTC on
cytology. Tumor size ranged from 3.5 to 5.6 cm, and 7 of
these patients also had lymph node metastasis detected on
preoperative imaging studies. Three patients (patient nos. 6,
7, and 8) also underwent FNAB for metastatic nodes and

were diagnosed as or suspected of having PTC. Two patients
(patients nos. 2 and 3) had previously undergone initial
surgery for PTC, and recurrence was detected in the lymph
nodes, which measured 0.9 cm and 3.9 cm, respectively. The
cytological results of these nodes were PTC and UC, respec-
tively. Two patients (patient nos. 1 and 3) had lung metastasis
at surgery, and one (patient no. 10) had primary lung
carcinoma that was treated after surgery for thyroid carci-
noma at another hospital, as indicated above.

Table 2 summarizes the intraoperative and postoperative
findings and clinical courses of these 10 patients. All 8
primary lesions showed significant extrathyroid extension
corresponding to T4a in the UICC TNM classification [8],
but all these patients could undergo locally curative surgery.
Of 8 patients, 2 (patient nos. 4 and 5) were SCC dominant,
and the remaining 6 (patient nos. 1, 6–10) were PTC dom-
inant on pathological examination for primary lesions. PTC
lesion was dominant in 2 patients who underwent surgery
for lymph node recurrence (patient nos. 2 and 3). The range
of the portion of SCC component was less than 10% in 2
patients (patient nos. 2 and 6), 10–20% in 5 patients (patient
nos. 1, 7–10), and 40% or more in 3 patients (patient nos. 3–
5). The PTC lesions of 4 patients (50%) were tall cell variant.
Two patients (patient nos. 3 and 4) also demonstrated UC
lesion.

None of these 10 patients underwent radioactive iodine
(RAI) therapy after surgery. The 3 patients who underwent
preoperative chemotherapy continued to receive it after
surgery. Chemotherapy was initiated after surgery for patient
nos. 3 and 5. Patient no. 3 underwent chemotherapy
immediately after initial surgery because of lung metastasis
and involvement of a UC component and patient no. 5
underwent chemotherapy after the detection of local recur-
rence. Patient no. 9 showed recurrence in the lung 3 months
after surgery and underwent immunotherapy using dendritic
cells pulsed with WT1 peptide at the patient’s request [9].
Three patients (patients nos. 5, 7, and 8) underwent external
beam radiotherapy (EBRT) of the whole neck at 50–60 Gy
immediately after surgery. However, 2 local recurrences were
detected during EBRT in patient no. 5. One was located
in front of the common carotid artery and was diagnosed
as SCC on CNB, and another was found in the skin, for
which neither FNAB nor CNB was performed. The former
disappeared by postoperative chemotherapy, and the latter
was resected by second surgery. The histology of the second
surgical specimen was SCC.

During followup, patient no. 1, who had lung metastasis
at surgery, developed recurrence in the bone and died of
carcinoma 18 months after diagnosis because of the enlarge-
ment of lung metastasis. Patient no. 3 is currently alive
despite the development of lung metastasis that had been
present before surgery. Patient no. 4, who had a UC com-
ponent, developed recurrence in the larynx and underwent
a second surgery at another hospital. The recurrent tumor
was pathologically diagnosed as UC, and this patient died
of UC progression 23 months after diagnosis. In patient
no. 5, there has been no further evidence of carcinoma
recurrence to date after chemotherapy and second surgery.
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Table 1: Backgrounds and preoperative evaluation of 10 patients with PTC-SCC.

Patient
no.

Gender Age
Initial

surgery?
Rapid

growth

∗Preoperative
diagnosis
(primary)

∗Preoperative
diagnosis (LN

meta)

Tumor size
(cm)

LN meta
size (cm)

Distant
metastasis
at surgery

1 Female 71 Yes Yes? SCC x 5.6 1.6 Lung

2 Female 71 No No x PTC x 0.9 No

3 Female 69 No Yes x UC x 3.9 Lung

4 Female 67 Yes No UC or SCC x 4.9 x No

5 Female 83 Yes No PTC or PDC x 5.2 1.7 No

6 Male 76 Yes No PTC PTC 4.0 1.4 No

7 Male 71 Yes No PTC PTC 3.5 0.9 No

8 Female 68 Yes No PTC or SCC PTC? 4.4 2.7 No

9 Male 70 Yes No PTC x 4.4 3.6 No
∧10 Female 71 Yes No PTC x 4.7 2.7 No

PTC: papillary thyroid carcinoma, UC: undifferentiated carcinoma; PDC: poorly differentiated carcinoma, SCC: squamous cell carcinoma.
∗Based on FNAB or CNB.
∧Also had lung carcinoma.

Table 2: Intraoperative and pathological findings and prognosis of 10 patients with PTC-SCC.

Patient
no.

Surgical
designs

Resection
Extrathyroid

extension
Pathology
(primary)

Pathology
(LN meta)

Adjuvant
therapies

Carcinoma
recurrence

Outcome
after

diagnosis

1 TT + MND R0? Yes
∗∗PTC > SCC

(10%)
PTC ∗chemo Bone 18 m DOC

2 CT + MND R0 x x
PTC > SCC

(<10%)
x x

43 m
ANEC

3 MND R0 x x
PTC > SCC
(40%) > UC

Chemo x 33 m AWC

4 TT + CND R0 Yes
SCC (40%) >

UC > PTC
PTC ∗chemo

∧Laryn,
Bone

23 m DOC

5 TT + MND R0 Yes
SCC (80%) >

PTC (tall)
PTC Chemo + EBRT Skin, local

18 m
ANEC

6 TT + MND R0? Yes
PTC > SCC

(<10%)
PTC x x

14 m
ANEC

7 TT + MND R0 Yes
PTC (tall) >
SCC (40%)

PTC EBRT x
13 m

ANEC

8 LI + MND R0 Yes
PTC (tall) >
SCC (10%)

PTC ∗chemo + EBRT x 9 m ANEC

9 TT + MND R0 Yes
PTC (tall) >
SCC (20%)

PTC Immunotherapy Lung 9 m DOC

10 TT + MMD R1 Yes
PTC > SCC

(20%)
PTC

Chemo for lung
carcinoma

x 5 m ANEC

∗
Preoperative chemotherapy was also performed. ∧Recurrence of UC. ∗∗A > B indicates A occupied a larger portion than B.

TT: total thyroidectomy, CT: completion total thyroidectomy, LI: lobectomy with is thymectomy, CND: central node dissection, MND: modified radical neck
dissection, EBRT; external beam radiotherapy.
DOC; Died of carcinoma.
ANEC: Alive with no evidence of Carcinoma.
AWC: Alive with carcinoma.

Lung metastasis was stable in patient no. 9 for 6 months
after the initiation of immunotherapy, but he died of sudden
respiratory tract hemorrhage 9 months after surgery. The
remaining 5 (patients nos. 2, 6–8, 10) are currently alive with
no evidence of carcinoma recurrence, although patient no. 10
is currently undergoing chemotherapy for lung carcinoma.

4. Discussion

In this study, we demonstrated that it is difficult to diagnose
PTC-SCC on preoperative FNAB or CNB. Only 3 of 8
patients (38%) having primary lesions were preoperatively
diagnosed as or suspected of having SCC components. This
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is partially because of the difficulty in differential diagnosis
between SCC and UC on cytology. Furthermore, SCC cells
may not be aspirated or biopsied if the needle does not
appropriately hit SCC components. In our series, all patients
were older, 7 patients had carcinoma larger than 4 cm,
clinical node metastasis was detected in 7 patients, all had
significant extrathyroid extension, and the PTC lesions of
4 patients were diagnosed as tall cell variant. These clini-
copathological features were recognized as predicting poor
prognosis, indicating that squamous differentiation occurs
in PTC with biologically aggressive behavior [10–13].

Previous studies investigated SCCT and PTC-SCC as a
single group and demonstrated that most of these patients
showed a poor prognosis. Booya et al. showed that the
median survival period was only 8.6 months for 10 patients
[2]. According to a review by Syed et al. in 2010 [14], median
survival periods in reports published between 1985 and 2009
ranged from 3 to 24 months but mostly 12 months or
even shorter. Furthermore, Cook et al. demonstrated that all
patients with SCCT or PTC-SCC who underwent incomplete
resection or biopsy died within a short period despite
adjuvant therapies [3], which was similar to the results of UC,
as we previously demonstrated [15].

In this study, we investigated 10 patients with PTC-SCC
who underwent locally curative resection, indicating that
they were potential long-term survivors. In our series, 7
patients have survived for 8 months to 43 months to date.
Two patients (patients nos. 2 and 6) with only focal SCC
lesions who did not show distant metastasis at diagnosis
have survived without any further recurrence for 14 and
43 months after diagnosis, respectively, although they
underwent no adjuvant therapies. The remaining 5 with
larger lesions of SCC components, who underwent either
or both chemotherapy and EBRT, have also survived with
or without recurrence. Of the 3 patients who died of
carcinoma, 2 had distant metastasis at diagnosis or had a UC
component. These findings suggest that long-term survival
can be expected for some PTC-SCC patients if they undergo
locally curative surgery and do not have distant metastasis at
diagnosis or a UC component.

Previous studies demonstrated controversial results of
adjuvant chemotherapy [16–18]. In our series, 3 patients
who were cytologically diagnosed as or suspected of having
SCC underwent preoperative adjuvant chemotherapy. These
tumors were large and were suspected of extending to
adjacent organs. In order to make locally curative surgery
easier, we performed preoperative chemotherapy based on
the protocol for UC [7]. If a tumor is small without the
suspicion of extrathyroid extension and locally curative
surgery is expected to be easy, immediate surgery may be
preferred to avoid losing time. Postoperative chemotherapy
should be performed for patients having distant metastasis at
surgery or those who have undergone only palliative surgery.
It remains unclear whether chemotherapy immediately
after locally curative surgery for patients without distant
metastasis is effective to prolong the survival of PTC-SCC
patients, because we did not perform a comparative study.
However, it may be an alternative in order to control minute
carcinoma lesions that remained unresected in local lesions

and micrometastases in distant organs. Another strategy is to
initiate chemotherapy when recurrence is clinically detected.
Since one of the local recurrences disappeared in patient no.
5, this may also promise a certain level of effect.

EBRT is another adjuvant therapy for local control.
However, previous studies of SCCT and PTC-SCC showed
controversial findings of its effectiveness [2, 3, 18, 19]. In our
series, 3 patients underwent EBRT immediately after surgery.
Two patients showed no evidence of local recurrence, but in
1 patient, local recurrences became apparent during EBRT.
Therefore, we cannot conclude that EBRT has a significant
effect on the local control of PTC-SCC. However, it may
be better to perform postoperative EBRT, especially for
cases with significant extension to adjacent organs, because
multimodality therapy should be considered for aggressive
diseases such as PTC-SCC.

In summary, we have presented our experience of treat-
ing 10 patients with PTC-SCC, which is difficult to diagnose
preoperatively. Long-term survival can be expected for PTC-
SCC patients if locally curative resection can be performed
and distant metastasis at surgery is not detected. Adjuvant
chemotherapy and EBRT may contribute to the control of
carcinoma recurrence, but further studies of a large number
of patients are necessary to establish therapeutic protocols for
PTC-SCC patients.
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Subcutaneous or intrastrap muscular (SIM) recurrence is rare in papillary thyroid carcinoma (PTC) patients, and its clinical
significance remains unclear. We analyzed 29 patients with PTC who showed SIM recurrence in order to elucidate this issue.
The incidence of patient age 55 years or older at initial surgery, extrathyroid extension, and clinically detected lymph node
metastasis was 83%, 35%, and 46%, respectively. After surgical dissection, 17% of patients showed repeated SIM recurrence.
Distant recurrence was detected in 45% of patients and was more likely to occur in patients with high-risk clinicopathological
features. In all but one patient in this series, distant recurrence was detected at the same time or after the detection of SIM
recurrence. Three patients died of PTC, but none of these patients died of the development of recurrent SIM lesions. These findings
suggest that although SIM recurrence is a rare event and is not fatal, it is a predictor of distant recurrence especially in patients
with high-risk clinicopathological features. Careful followup is recommended for such patients.

1. Introduction

Papillary thyroid carcinoma (PTC) is usually an indolent dis-
ease showing an excellent prognosis if competently resected.
However, it is also well known that PTC can recur to various
organs after surgery. The organ to which PTC will most likely
recur is the regional lymph node [1], and such recurrence
is not immediately life threatening with a few exceptions.
However, PTC can also recur in distant organs such as the
lung, bone, and brain. Although distant recurrence is less
frequent, it can be fatal if recurrent lesions are progressive
and refractory to radioactive iodine (RAI) therapy.

Subcutaneous or intrastrap muscular (SIM) recurrence
is a rare site for PTC recurrence. The most common cause
of SIM recurrence is needle tract implantation during
fine needle aspiration biopsy (FNAB) for the diagnosis of
PTC. We previously showed that needle tract implantation
occurred in 0.14% of patients who underwent FNAB for
PTC [2]. Other potential etiologies of SIM recurrence are
attachment and proliferation of carcinoma cells transported
in the bloodstream to subcutaneous tissue or intrastrap

muscle, lymphatic metastasis to subcutaneous lymph node,
and intraoperative dissemination of carcinoma cells.

Little is known about the clinical significance of SIM
recurrence possibly because of its rarity. To date, we encoun-
tered 29 patients with PTC who showed SIM recurrence, and
in this study, we investigated the impact of this event on the
clinical course of PTC patients.

2. Patients and Methods

Between 1987 and 2008, 8976 patients underwent initial
surgery for PTC. These patients underwent fine needle aspi-
ration biopsy (FNAB) before surgery and were diagnosed as
having PTC. After surgery, surveillance for local recurrence
was performed at least once per year by ultrasonography. To
date, 29 patients (0.29%) have shown SIM recurrence during
followup. All these lesions were diagnosed as PTC recurrence
on FNAB or thyroglobulin measurement of the washout
of needles [3]. Similarly, 3 patients who underwent initial
surgery at other hospitals, and then received postoperative
followup in our hospital showed SIM recurrence. These 29
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patients were enrolled in this study. They consisted of 24
females and 5 males, and patient ages at the initial surgery
ranged from 30 to 79 years (average 61 years). The extent of
thyroidectomy at initial surgery was total thyroidectomy in
14 patients and limited thyroidectomy in the remaining 15
patients. The extent of lymph node dissection included both
the central and lateral compartments in 24 patients and only
central node dissection in 2 patients. Lymph node dissection
was not performed in one patient. The extent of node
dissection was unknown in the remaining 2 patients. None
of these patients showed distant metastasis at initial surgery.
Patients who showed other accompanying thyroid malignan-
cies in the primary lesions or in lymph node metastases such
as anaplastic carcinoma, poorly differentiated carcinoma
on WHO classification or Turin proposal [4, 5], follicular
carcinoma, medullary carcinoma, and malignant lymphoma
were excluded from the series. Patients whose regional lymph
node metastasis directly invaded the subcutaneous tissue and
whose other recurrent lesions were diagnosed as anaplastic
carcinoma before the detection of SIM recurrence were also
excluded. To date, 28 of 29 patients underwent surgical
dissection of recurrent lesions that were diagnosed as PTC
on pathological examination. The intervals between initial
surgery and appearance of SIM recurrence ranged from 10 to
172 months, and the average interval was 79 months. Distant
recurrence was evaluated on chest CT scan, roentgenography,
or PET-CT scan. The entire follow-up period from initial
surgery ranged from 28 to 234 months (average 137 months).

3. Results

To date, 29 patients with PTC showed SIM recurrence.
Backgrounds and preoperative clinical features of these
patients at initial surgery are summarized in Table 1. Twenty-
four patients (83%) were aged 55 years or older at the initial
surgery, and 20 (76%) had primary lesions larger than 2 cm.
Twelve patients (46%) were classified as N1a or N1b on the
UICC TNM classification [6], because they showed lymph
node metastasis detectable on preoperative imaging studies,
and 4 (15%) had node metastasis measuring 3 cm or larger.
Ten patients (38%) were classified as Stage IVA [6], while
only 4 (15%) were classified as Stage I.

Table 2 indicates intraoperative and pathological findings
at initial surgery for these 29 patients. Extrathyroid extension
corresponding to T4 on TNM classification [6] was detected
in 9 patients (35%). Similarly, node metastasis of 3 patients
(12%) extended to adjacent organs requiring at least partial
resection of these organs. On pathological examination,
lymph node metastasis was detected in 24 patients (92%),
and 20 (77%) were graded as pStage IVA.

Clinical courses for these patients are demonstrated in
Table 3. All but one patient, who rejected further therapy,
underwent surgery for SIM recurrence, and all were path-
ologically diagnosed as having PTC. The remaining one
was diagnosed as having PTC on cytology. Subcutaneous or
intrastrap muscular tissue was the first organ showing PTC
recurrence in 19 patients (66%), and 12 (41%) have shown
no further recurrence to date. However, 5 patients (17%)
developed repeated SIM recurrence. Four of these 5 patients

Table 1: Backgrounds and clinical features at initial surgery that
were preoperatively evaluated for 29 PTC patients showing SIM
recurrence.

Gender

Male 5 (17%)

Female 24 (832)

Age (yrs)

≥55 24 (83%)

<55 5 (17%)

Family history of
PTC

Yes 0

No 29 (100%)

Size of primary
lesions (cm)

>4 3 (11%)

2.1−4 17 (65%)

1.1−2 5 (20%)

≤1 1 (4%) (3 unknown)

Clinical node
metastasis (N)

N1b 11 (42%)

N1a 1 (4%)

N0 14 (54%) (3 unknown)

Lymph node
metastasis ≥3 cm

Yes 4 (15%)

No 22 (85%) (3 unknown)

Stage

IVA 10 (38%)

III 1 (4%)

II 11 (42%)

I 4 (15%) (3 unknown)

Multiplicity on
imaging studies

Multiple 6 (23%)

Solitary 20 (77%) (3 unknown)

showed recurrence twice, and the remaining one showed
recurrence three times. Two patients underwent external
beam radiotherapy to the neck after surgical dissection of
SIM recurrence. One of these patients has shown no further
recurrence to the neck to date, but another showed further
SIM recurrence even after external beam radiotherapy. Sev-
enteen patients (59%), including the remaining 7 (19 minus
12), showed recurrence to other organs. Fifteen patients
(52%) showed local recurrence, and 13 (45%) showed distant
recurrence. Eleven patients showed both local and distant
recurrences. Local organs to which PTC recurred were the
lymph node in 13 patients and the remnant thyroid in 2
patients. Distant organs showing recurrence were the lung
in 11 patients, bone in 2 patients, and brain in 1 patient. The
patient showing recurrence to the brain also had recurrence
to the lung.
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Table 2: Intraoperative and pathological findings at initial surgery
for 29 PTC patients showing SIM recurrence.

Extrathyroid extension

Yes 9 (35%)

No 17 (65%) (3 unknown)

Extranodal tumor
extension

Yes 3 (12%)

No 23 (88%) (3 unknown)

Pathological node
metastasis

Yes 24 (92%)

No 2 (8%) (3 unknown)

Pathological multiplicity

Yes 10 (38%)

No 16 (62%) (3 unknown)

p Stage

IVA 20 (77%)

III 0

II 2 (8%)

I 4 (15%) (3 unknown)

Of 13 patients showing distant recurrence, only 1
showed SIM recurrence after distant recurrence. The interval
between two recurrences was 46 months. Distant recurrence
and SIM recurrence were simultaneously observed in 4
patients. The remaining 8 showed distant recurrence after the
detection of SIM recurrence, and the intervals between these
recurrences ranged from 10 to 77 months.

To date, 3 of 13 patients who showed distant recurrences
have died of PTC 17, 52, and 69 months after the detection of
SIM recurrence, respectively (Table 3). Two patients showed
preoperatively detectable node metastasis, and the primary
lesions in two patients showed extrathyroid extension. None
of the patients in our series died of uncontrollable growth,
including anaplastic transformation, of SIM recurrence.

Table 4 summarizes the relationship between distant
recurrence and clinicopathological features of 29 patients
with SIM recurrence. All patients who showed distant re-
currence were aged 55 years or older. Patients showing
clinical node metastasis were significantly more likely to
show distant recurrence than those without clinical node me-
tastasis. Especially, all 3 patients who had extranodal tumor
extension showed distant recurrence after the detection of
SIM recurrence. Although there was no significant difference,
patients with extrathyroid extension tended to show distant
recurrence more frequently than those without extrathyroid
extension.

4. Discussion

In this study, we reviewed the records of patients with SIM
recurrence in order to elucidate the clinical significance

Table 3: Clinical courses for 29 PTC patients showing SIM
recurrence.

∗Was this the initial recurrence?

Yes
No

19 (66%)
10 (34%)

Repeated SIM recurrence

Yes
No

5 (17%)
24 (83%)

Recurrence at other sites

Yes
No

17 (59%)
12 (41%)

Other local recurrences

Yes
No

15 (52%)
14 (48%)

Distant recurrences

Yes
No

13 (45%)
16 (55%)

Clinical outcomes

Death of PTC
Alive with PTC
Alive without PTC

3 (10%)
10 (34%)
16 (56%)

∗
Including patients whose other recurrenceswere detected at the same time.

of this rare event. There were some notable characteristics
of patients who showed SIM recurrence. We previously
showed that age 55 years or older, clinical node metastasis
(especially large node metastasis), extrathyroid extension,
and extranodal tumor extension were important signs of
biological aggressiveness of PTC [1, 7]. In the series of
patients with SIM recurrence, the incidences of patients aged
55 years or older, clinical node metastasis, node metastasis
larger than 3 cm, extrathyroid extension, and extranodal
tumor extension were 83%, 46%, 15%, 35% and 12%, re-
spectively. We analyzed 5911 patients with PTC who under-
went surgery between 1987 and 2006, and these incidences in
this series were much lower at 40%, 20%, 3%, 13%, and 2%,
respectively [7]. It is therefore suggested that SIM recurrence
is likely to occur in PTC patients displaying high-risk
features.

We have to note that 13 patients in our series also had
distant recurrence, accounting for as much as 45%. All
patients except one showed distant recurrence after or at the
same time as detection of SIM recurrence. These findings
strongly suggest that SIM recurrence is a strong predictor
of distant recurrence. This is possibly because PTC showing
such an unusual lesion, whatever its mechanism, shows high
metastatic activity and proliferating activity in metastatic
lesions. It is also noteworthy that 66% of patients showed
SIM recurrence as the initial sign of recurrence. There-
fore, when we encounter SIM recurrence, an immediate
search for other metastases is recommended. Even when no
other recurrences could be detected, these patients should
thereafter undergo more careful followup than previously.
We also showed that patients with high-risk features such
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Table 4: Relationship between clinicopathological features at initial surgery and distant recurrence.

Distant recurrence Yes (n = 13) No (n = 16) P values

Gender

Male 1 (20%) 4 (80%)

female 12 (50%) 12 (50%) 0.2198

Age (yrs)

≥55 13 (54%) 11 (46%)

<55 0 (0%) 5 (100%) 0.0267

Tumor size (cm) 3.0± 1.2 2.8± 1.2 0.6805 (3 unknown)

Extrathyroid extension

Yes 5 (56%) 4 (44%)

No 6 (35%) 11 (65%) 0.3198 (3 unknown)

Clinical node metastasis (N)

Yes 8 (73%) 3 (27%)

No 3 (21%) 11 (79%) 0.0199 (3 unknown)

Repeated SIM recurrence

Yes 2 (40%) 3 (60%)

No 11 (46%) 13 (54%) 0.8114

as advanced age, extrathyroid extension, and clinical node
metastasis were more likely to show distant recurrence.
Therefore, we must prepare for a high incidence of distant
recurrence, especially in patients with high-risk features,
when SIM recurrence is detected.

To date, 3 patients have died of PTC but none of these
died of SIM recurrence, indicating that SIM recurrence is
generally not fatal at least in our series. This may be because
all patients except one underwent surgery immediately after
the detection of SIM recurrence. However, 17% of patients
showed repeated SIM recurrence. We performed external
beam radiotherapy to the neck for two patients. One patient
did not develop further recurrence thereafter, but the other
showed further recurrence. Therefore, it remains unknown
whether external beam radiotherapy is effective for SIM
recurrence, but it may be a therapy option after surgical
dissection.

For patients whose SIM recurrence is detected as an
initial recurrence of PTC and other recurrent lesions were
simultaneously detected, surgery should be performed not
only for SIM recurrence but also for other lesions. Further-
more, if patients underwent limited thyroidectomy at the
initial surgery, completion total thyroidectomy should be
performed because such patients will show high incidences
of distant recurrence requiring RAI therapy, and followup of
thyroglobulin level will not be necessary.

In summary, SIM recurrence in PTC patients is a rare
event and is not fatal. However, SIM recurrence is a predictor
of distant recurrence especially for patients with high-
risk factors, regardless of the mechanism underlying SIM
recurrence. Careful investigation of other recurrences at the
time SIM recurrence is detected and careful followup after
surgical dissection are highly necessary for such patients.
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Our aim was to test the efficacy of 131-I therapy (RIT) using recombinant human TSH (rhTSH) in patients with differentiated
thyroid carcinoma (DTC) in whom endogenous TSH stimulation was not an option due to the poor patient’s physical condition or
due to the disease progression during L-thyroxin withdrawal. The study comprised 18 patients, who already have undergone total
or near-total thyroidectomy and radioiodine ablation and 0–12 (median 5) RITs after L-thyroxin withdrawal. Our patients received
altogether 44 RITs using rhTSH while on L-thyroxin. Six to 12 months after the first rhTSH-aided RIT, PR and SD was achieved in
3/18 (17%) and 4/18 patients (22%), respectively. In most patients (n = 12; 61%) disease progressed despite rhTSH-aided RITs. As
a conclusion, rhTSH-aided RIT proved to add some therapeutic benefit in 39% our patients with metastatic DTC, who otherwise
could not be efficiently treated with RIT.

1. Introduction

In thyroidectomized patients with differentiated thyroid car-
cinoma (DTC), it is believed that serum TSH>30 mU/L opti-
mizes radioiodine trapping and retention and thyroglobulin
(Tg) synthesis by neoplastic cells and is therefore necessary
for reliable serum Tg testing and efficacious radioiodine
therapy [1–4]. Such TSH elevation traditionally has been
achieved by a 4–6-week withdrawal of L-thyroxin (LT4) sup-
pression therapy.

Thyroid hormone withdrawal (THW), however, gener-
ally causes clinical hypothyroidism which is associated with
physical and emotional discomfort, cognitive dysfunction,
and impaired quality of life and ability to work in most
patients. Clinical hypothyroidism is especially poorly toler-
ated by elderly patients with serious concomitant diseases,
to whom it may pose an important health risk [5–8]. In
addition, given its weeks-long duration and the additional
time required for thyroid hormone concentrations to return
to suppressive levels after LT4 therapy is restarted [9, 10],
THW entails a protracted period of serum TSH elevation. In
patients with metastases in confined spaces such as the brain,

spine, or airways or with a high tumor burden, protracted
TSH elevation sometimes has been documented to stimulate
tumor expansion or growth, causing compressive or obstruc-
tive symptoms or worsening DTC prognosis [11].

Recombinant human TSH (rhTSH) was developed to
provide TSH stimulation without THW and the morbidity
secondary to clinical hypothyroidism [6, 7]. Because rhTSH
is administered in a course of two consecutive daily injections
and because of the relatively short half-life of TSH, rhTSH
use results in TSH elevation lasting only days. In theory,
rhTSH use therefore could decrease the risk of tumor stimu-
lation and its sequelae.

RhTSH has been approved since 1998 in the United States
and 2000 in Europe as an adjunct to diagnostic and follow-up
procedures in patients with DTC [11–15]. In 2005, the drug
was approved in Europe to aid in the administration of large
activities of 131-iodine (131-I) for postsurgical remnant ab-
lation in patients with DTC [16].

RhTSH-aided radioiodine treatment (RIT) of patients
with inoperable locally aggressive or distant metastatic DTC,
is, however, still considered experimental [14, 17]. Although
as of August, 2004 some 216 cases of such RIT had been
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published [14], these reports varied greatly in their level
of detail, particularly with respect to outcome, and only
one published series [18] numbered more than 15 patients.
Moreover, only a single case of rhTSH-aided RIT of Hürthle
cell carcinoma appears to have been published [19].

We sought to test the safety and efficacy of rhTSH as an
alternative to THW in stimulating RIT of patients with ad-
vanced DTC. Therefore, from 2002–2007, we gave 44 rhTSH-
aided RITs to 18 such patients. These patients predominantly
were elderly and had concomitant disease(s), history of
severe hypothyroid or compressive symptoms or evidence of
tumor progression during THW, or both, which precluded
THW. Of note, based upon our data suggesting that RIT may
be effective in patients with histologically confirmed Hürthle
cell carcinoma [20, 21], our series included six such patients.
We now report on our initial experience with rhTSH-aided
RIT.

2. Patients and Methods

2.1. Patients and Ethical Considerations. The present series
comprises 18 patients (12 females, 6 males) who received
rhTSH-aided RIT for histologically confirmed, advanced
recurrent or residual DTC at our tertiary referral clinic, the
Institute of Oncology, Ljubljana, Slovenia from January 2002
through September 2007. The patients were followed for a
median, 50 months (range, 15–99 months) after rhTSH-
aided RIT. Earlier, more limited data on patients number 2,
3, 4 and 6 have been published elsewhere [20].

Table 1 includes patient characteristics for the series. The
median age was 72 years (range, 37–83 years) and 13 (72%)
patients were over 65. Five (28%) patients had papillary
carcinoma, of whom two had the follicular variant and one
had poorly differentiated tumor, seven (39%) had follicular
carcinoma, of whom one had the insular variant, and one
poorly differentiated tumor, and six (33%) patients had
Hürthle cell carcinoma.

The primary diagnosis was established from 1993–2003.
At the initial presentation at our clinic (“presentation”), pT
stage [22] according to the tumor node metastasis classifica-
tion [16] was pT4 in 12 patients (67%), pT3 in five patients
(28%) and pT2 in one patient (5%). N stage was N0 in 14
(83%) patients, and N1 in three patients (17%). Distant
metastases were evident at presentation in eight (44%)
patients. At the time of the first rhTSH-aided RIT, the
metastatic site was lungs in five patients (27.5%), bone +
lungs in four patients (22%), only bone in three patients
(16.5%), mediastinum in two patients (11%), bone + brain,
bone + liver, bone + mediastinum, and lung + kidney were
metastatic sites in one patient (5.5%). In two patients (11%)
distant metastases were found as well as regional recurrent
tumor which was not surgically treated (one was inoperable,
while in the other patient numerous metastatic sites were
present).

All patients had total or near-total thyroidectomy, and all
but one had previous RIT (median: 5 treatments, range: 1–
12 treatments after THW, with cumulative activities ranging
from 3.6 to 68.33 GBq (median 27.89 GBq) as shown on
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Figure 1: Cumulative radioiodine activity per patient by TSH stim-
ulation method.

Figure 1. The time from the most recent prior THW-aided
RIT to referral for rhTSH-aided RIT ranged from 2.5 to 84
months (median: 12 months). Twelve (67%) patients had
undergone external beam radiotherapy (EBR) within 1–120
months (median: 6.5 months) before referral (another three
patients after the first rhTSH-aided RIT), while eight (44%)
had chemotherapy with either adriamycin or vinblastine
from within one week to 120 months (median: 6 months)
before referral.

Specific indications for rhTSH were generally multiple,
including one or more of (A) concomitant disease (n = 5)
or (B) metastasis-related neurological symptomatology (n =
9) that posed a danger of important exacerbation under
hypothyroid conditions or (C) a history of severe symptoms,
evidence of tumor progression, for example, an immense
increase in serum Tg, or both during hypothyroidism (n = 4)
or (D) frailty due to advanced age (n = 10). Our main aim
in giving rhTSH, however, was to avoid the risk of tumor
progression with concomitant symptoms, related to that.

The study was approved by our center’s Institutional Re-
view Board and Ethics Committee and performed in accor-
dance with the ethical standards of the World medical asso-
ciation declaration of Helsinki. Written informed consent
was obtained from every patient before each rhTSH-aided
RIT.

2.2. RhTSH-Aided RIT and Follow-Up Protocol. Figure 2
illustrates our rhTSH-aided RIT and follow-up protocol.
For each RIT, patients received an intramuscular injection
of 0.9 mg rhTSH (Thyrogen, Genzyme Corporation, Cam-
bridge, Mass, USA) on two consecutive days, followed on
the third day by the oral administration of a capsule of 5.5–
7.4 GBq of 131-I. RIT activities were determined empirically,
according to the same standard institutional criteria as for
activities after THW. No adjustment was made in the RIT
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Figure 2: Protocol for rhTSH-aided radioiodine treatment and fol-
low-up.

activity to offset the faster renal clearance when patients
are euthyroid [23]. Dosimetry of metastases was not done
because it is not routinely performed at our department.

Decision when to give multiple rhTSH-aided RITs was
tailored individually. We stopped with rhTSH-aided RITs at
cumulative dose of approximately 37 GBq, although some of
the patients were heavily pretreated or when rhTSH-aided
RITs proved ineffective.

In all patients, a low-iodine diet was prescribed for ap-
proximately two weeks preceding the radioiodine adminis-
tration, and at the time of that administration, dietary or
therapeutic iodine contamination was ruled out based on
thorough history. Urinary iodine testing was not performed.

Patients with clinically suspected or documented brain,
skull, or vertebral metastases (n = 10) received steroid
prophylaxis against peritumor edema and related neurolog-
ical symptoms. The steroid regimen was oral methylpred-
nisolone, from 16 to 48 mg/day, for at least 5 days, starting
the day of the first rhTSH injection. This regimen was based
on our Institute’s routine scheme for patients with brain or
spinal cord metastases or both undergoing EBR, and was
tailored to each patient’s clinical situation [17, 24].

All patients received suppressive L-thyroxin (LT4), that
is, the individualized dose, ranging from 1.5–2.5 mcg/kg of
body weight, necessary to achieve serum TSH < 0.1 mU/L,
throughout the study. In conformity with the Slovenian
Radiation Protection Law, patients were hospitalized in the
radionuclide therapy ward with full radiation protection
from the day of radioiodine administration to the day the
radiation dose rate at one meter reached <32 microSv/h.
Adverse effects were evaluated through careful observa-
tion by specially trained radiation ward medical personnel,

physical examination, thorough history and spontaneous
patient report.

2.3. Assessment of Radioiodine Uptake and Outcome of rhTSH-
Aided RIT. Radioiodine uptake was assessed by postthera-
peutic WBS (rxWBS) and when indicated, by “spot imaging”
of regions of interest, performed on the 3rd to 6th day after
radioiodine administration, using a dual-headed gamma
camera (Elscint, Haifa, Israel) equipped with parallel-hole,
high-energy collimators. rxWBS was taken over approxi-
mately 15 minutes, with a camera velocity of 18–20 cm/min.
At least 600 KCnts were acquired per “spot image”.

In this patient group, follow-up visits were scheduled
every 6–12 months, in some cases less, taking into account
the clinical status and progression risk and always comprised
measurement of serum Tg, TSH, thyroid hormone and anti-
Tg antibody levels. Two patients also received rhTSH-aided
follow-up diagnostic WBS (dxWBS), which was acquired
over at least 35 minutes, with a camera velocity of 6–
8 cm/min. All WBS were interpreted by experienced nuclear
medicine physicians.

The efficacy and outcome of initial rhTSH-aided RIT
were assessed via a within-patient comparison of the num-
ber, location, and extent of 131-I-avid lesions on the rhTSH-
aided rxWBS versus on the most recent available THW-aided
rxWBS. For the second and subsequent rhTSH-aided RITs,
the rhTSH-aided rxWBS was compared with the most recent
prior rhTSH-aided rxWBS. At each follow-up visit a detailed
history, clinical status, laboratory tests, neck ultrasonography
and chest and/or bone radiography were obtained. Whenever
because of tumor progression or suspicion of complications
other treatment options (surgery or radiotherapy) were
considered, also computed tomography, magnetic resonance
imaging (MRI), or both were performed. In none of our
patients PET-CT was performed. The overall outcome of the
rhTSH-aided RIT(s) was assessed based on the comparison
of clinical and radiological findings and serum Tg levels
before the first rhTSH-aided RIT versus after the most recent
rhTSH-aided RIT. All comparisons were unblinded.

Outcome categories were defined as defined by Jarzab
et al. [18].

(i) Complete response (CR): no pathologic uptake on WBS
and full tumor remission on radiological examination, serum
Tg level <1 mcg/L on LT4 therapy or <2 microg/L after
rhTSH stimulation or THW;

(ii) Partial response (PR): >25% decrease in tumor size and/
or in serum Tg level if there was no increase in tumor size;

(iii) Stable disease (SD): ≤25% decrease to 25% increase in
tumor size and/or serum Tg level;

(iv) Progressive disease (PD): >25% increase in tumor size
and/or in serum Tg level and/or new 131-I-avid foci on WBS.

2.4. Biochemical Evaluation. To confirm adequate TSH
suppression and rule out LT4 over dosage and to permit
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(a) (b) (c)

Figure 3: Treatment of a 73-year-old patient with Hürthle cell carcinoma. (a) rxWBS taken 48 hrs after the first application of 5.5 GBq of
131-I THW-aided RIT in 1997: pathologic uptake is visible in the thyroid bed, in the 4th thoracic vertebra (Th4), and in the lungs bilaterally.
(b) An rxWBS (following a fifth RIT after hormone withdrawal with 7.4 GBq of 131-I in 2001) shows regression of metastatic disease:
pathologic uptake in the lungs is no longer visible; the foci of uptake in Th4 appear to be smaller and less intense; cumulative uptake of RAI
is 2%. (c) An rxWBS (following a second rhTSH-aided RIT with 7.4 GBq of 131-I in 2002) shows regression of metastatic disease: the foci of
uptake in Th4 appear to be smaller and less intense; cumulative uptake of RAI is 0.05%.

the accurate use of serum Tg as a tumor marker, TSH, free
LT4, free triiodothyronine (FT3), Tg, and anti-Tg-antibody
(TgAb) values were determined before the first rhTSH
injection, before the first injection in each subsequent rhTSH
course, and 24 hr after the second injection in each rhTSH
course. Effect of rhTSH RIT on Tg concentration was deter-
mined by comparison of Tg concentration before the first
rhTSH injection of each RIT and two months thereafter.
Serum TSH, FT3, free LT4, and Tg were measured using
commercially available kits (LIAISON, DiaSorin, Saluggia,
Italy). The serum TSH and Tg measurements were carried
out by two-site immunoluminometric assay.

2.5. Statistical Methods. For this observational, open-label,
nonrandomized study, only descriptive statistics were gener-
ated, with one exception. We used the Student’s t-test, per-
formed on Microsoft Office Excell 2003 to compare serum
TSH levels after the first rhTSH course versus after the most
recent THW for which data were available.

3. Results

3.1. Treatments. Our 18 patients received a total of 44
rhTSH-aided RITs: five patients received one, six had 2, two
patients had 3, four had 4, and one patient had 5 rhTSH-
aided RITs. The median time between rhTSH-aided RITs
was 10 months (range from 6 to 22).The average cumu-
lative rhTSH-aided RIT activity was 15.77 GBq (median:
13.75 GBq, range, 5.22 to 34.52 GBq).

3.2. Radioiodine Uptake. At referral for the 1st rhTSH-
aided RIT all patients had proven functional cancer foci,
confirmed by visible radioiodine uptake on the most recent
THW-aided rxWBS (n = 18) or dxWBS (n = 2). In all

patients, every rxWBS was positive, showing at least one 131-
I-avid lesion; altogether 60 iodine-avid foci were detected in
the 44 rxWBS.

3.3. Tg Response, Outcome of RhTSH-Aided RIT, and Survival.
The most prominent change from basal Tg value to the 2nd
month check-up Tg value was seen in patient 1 (91%), The
highest rise from baseline Tg value was seen in patient 4
(3593%). Changes of Tg levels from up to at least 6 months in
all patients were consistent with the results of post-RIT WBS
and the other follow-up imaging modalities.

No CR was observed. A PR was achieved in three (17%)
patients (nos. 1, 2, 9), in whom serum Tg after initial pro-
gressive rise in Tg level at first rhTSH-aided RIT decreased
24% (minimally) and 87% (maximally) from pre-rh TSH-
aided RIT level at last checkup after 2 and 6 months after
last rhTSH-aided RIT. One of these three patients (patient
#2) had a long-lasting response to RIT after hormone
withdrawal and rhTSH-aided RIT. In this individual, a 73-
year-old female with Hürthle cell carcinoma, serum Tg
decreased by 35% at the first checkup at two months after
the first rhTSH-aided RIT and by another 24% at the
check-up at two months after the second rhTSH-aided RIT.
Thyroid carcinoma remained stable for 81 months and she
died because of causes not related to thyroid carcinoma.
Scintigraphically and radiographically, this patient showed
a complete regression of the 131-I-avid metastases in both
lungs and a stabilization of the metastatic disease in the
thoracic vertebra (Figure 3).

A SD was achieved in four (22%) patients (nos. 13, 14,
17 and 18), in whom serum Tg values changed from 24%
decrease to 23% increase. The smallest change was observed
in patient 17, where after 13% increase after first rh TSH-
aided RIT steady plateau of approximately 10% decrease was
observed.
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(a) (b) (c)

Figure 4: A 58-year-old patient with papillary thyroid carcinoma and poorly differentiated carcinoma. (a) An rxWBS taken 48 hrs after
application of 5.5 GBq of 131-I under THW, in 2004: pathologic uptake is seen in the mid-thoracic vertebrae, throughout the right
hemithorax, in 2 foci in the anterior left hemithorax, and in the lower lumbar vertebrae. (b) One year later: an rxWBS taken 48 hours
after an rhTSH-aided RIT with 5.5 GBq of 131-I in the same patient, demonstrates progressive disease despite a total 9 of RITs (3 rhTSH-
aided) with a cumulative activity of 49.6 GBq, EBR, and chemotherapy: pathologic uptake in the thoracic and lumbar vertebrae, as well as
the bilateral pathologic accumulation in the thorax are larger and more intense, new foci of pathological uptake are seen in the right side
of the neck, in the third lumbar vertebra, and faintly in the left pelvis. (c) A bone scan of the same patient, performed 4 months after the
last rhTSH-aided 131-I treatment: osteolytic lesions are clearly visible in the left sacroiliac joint, and in the Th6–Th8 and L3–L5 vertebral
segments. Additionally, faint osteolytic lesions may be suspected in the 5th right rib anteriorly and in the L1 and S1 vertebra.

In most patients (n = 11, 61%) disease progressed (DP)
despite rhTSH-aided RITs. The highest increase in Tg values
was seen in patient 4, where the last Tg value at the last 6
month checkup after the last rhTSH-aided RIT increased for
approximately 3500% compared to the value at the 2 month
checkup after the last rhTSH-aided RIT despite occasional
drop in Tg values at preceding rhTSH-aided RITs.

With a median 50 months of follow-up, six (33%)
patients were alive. Nine (50%) patients died during follow-
up because of distant metastasis 15, 16, 24, 27, 28, 33, 46,
54 and 65 (median 28) months after the first rhTSH-aided
RIT. Three patients died of causes not related to thyroid
cancer.

3.4. Other Biochemical Effects of RhTSH. Serum TSH levels
after the second rhTSH injection were 58–>10000 mU/L
(median, 135 mU/L). Following the rhTSH injections most
patients had stable normal serum FT3 and normal to slightly
elevated free FT4.

3.5. Side Effects of RhTSH-Aided RIT. RhTSH was in all but
one patient generally well tolerated, with transient (up to
five days) and mostly mild side effects: nausea in nine (50%)
patients, headache in six (33%) patients, slight to moderate
escalation in bone metastasis pain that was manageable
with nonopioid medication in three patients, a “flu-like
syndrome” or muscle cramps in two patients, and sweating
in one individual.

Only one patient (no. 16) experienced serious side effects
of rhTSH. This 58-year-old male with poorly differenti-
ated papillary histology and metastases in the lungs, ribs,
thoracic, and lumbar vertebrae and pelvis (Figure 4), had

been heav-ily pretreated (6 THW-aided RITs with a cumu-
lative 131-I activity of 32.93 GBq, EBR, and chemotherapy).
The patient received steroid prophylaxis with methylpred-
nisolone 56 mg/day. After the first injection of his 2nd course
of rhTSH, he developed severe vomiting, which subsided
after a larger dose of methylprednisolone (120 mg/day). He
also suffered severe pain in his known bone metastatic
sites, that despite high-dose steroid therapy escalated after
the second rhTSH injection to become manageable only
by opioid medication. Three days after the second rhTSH
injection (i.e., 2 days after administration of 7.2 GBq of
radioiodine), a spastic paraparesis occurred. Despite anti-
edematous therapy with 10% mannitol, furosemide, and
continued high-dose steroids, the paraparesis progressed
within hours to a complete spastic paraplegia due to a
pathological 7th thoracic vertebra fracture and spinal cord
compression that were confirmed by an MRI. The para-
plegia required immediate surgical decompression, which
was feasible, since the patient’s radiation dose rate was
already below the regulatory limit. At the time of surgical
procedure the radiation dose rate of this patient was below
32 microSv/hour. None of the surgical team personnel or
nursing staff which took care of this patient during or after
surgical procedure reached the monthly or annual receivable
dose (regulatory limit in Slovenia is 20 mSV/year). We did
not expect such a detrimental course, especially for the first
rhTSH-aided RIT ended well. It is possible that neurological
symptoms were triggered by rhTSH-aided RIT.

In another patient with a previously known supraven-
tricular tachycardia, an episode of atrial fibrillation with
rapid ventricular response was noted after the second rhTSH
injection of the third course of rhTSH, most likely caused
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by accompanying fever due to rhTSH injection and was not
accompanied by thyrotoxicosis. The patient in question also
suffered a flu-like syndrome due to rhTSH injection and
a headache, for laboratory parametra excluded infectious
cause of a fever. Fibrillation lasted for a day and came to
an end after antipyretic therapy was started. This adverse
effect of moderate grade was observed before the radioiodine
administration on day three, which caused no change in the
intensity of the adverse events.

4. Discussion

Our group of patients given rhTSH-aided RIT for metastatic
DTC represents, to our knowledge, the second largest such
published series for whom outcomes of this modality have
been reported. Our patients had a variety of unfavorable
prognostic characteristics—72% were over 65 and 61%, over
70 years old, all had distant metastases, 56% in the bone,
half of whom also had soft tissue metastases, and 50% had
Hürthle cell or poorly differentiated papillary or follicular
histology. Explaining the general frailty of our series, our
most important inclusion criterion was inability to undergo
THW, because of one or more of advanced age, serious
concomitant illness, late-stage DTC, or history of severe
hypothyroid symptoms or of tumor progression during
THW. Beyond this, our patients were heavily pretreated,
94% having received THW-aided RIT (median, 5 treatments,
mean cumulative activity, 27.89 GBq), 67%, EBR, and 44%,
chemotherapy.

Despite the “unfavorable profile” of our patient popula-
tion, seven (39%) of our 18 patients had results suggesting
some therapeutic benefit of rhTSH-aided RIT, ranging from
transient disease stabilization during rhTSH-aided RITs,
disease progression after first few rhTSH-aided RITs with
a sudden drop to a PR, and improvement after each
rhTSH-aided RITs with disease progression between them,
that included regression of lung and reduction of bone
metastases. In a period of PR and SD, most of the patients
had less problems related to DTC compared to period of
PD. However, unsurprisingly given the characteristics of our
series, 61% of our patients had PD despite one or more
rhTSH-aided RITs, and 66% died during the follow-up, nine
(50%) because of progression of distant metastases.

Compared to other published series [8, 17–19, 25–27],
our clinical benefit rate (39%) falls into the low end (40%–
73%), and our mortality rate probably because of long
follow-up period, into the high end of the spectrum (0%–
33%). However, our patient population appears to have
been older, to have included a higher proportion of patients
with bone metastases, unfavorable histology, or both, and
to have been more heavily pretreated than most of the
other published series. Moreover, comparisons must be made
with caution because of the small numbers of most series
and disparate response criteria and length of follow-up in
different studies.

Notwithstanding the advanced age, frailty, and heavy
tumor burden of our patients, rhTSH was well tolerated, but
one of our patients had serios side effects (no. 16). Despite

steroid prophylaxis, very shortly after his rhTSH injections,
he suffered severe bone pain escalation and vomiting and a
pathological fracture of the 7th thoracic vertebra with spinal
cord compression resulting in spastic paraplegia requiring
immediate surgical decompression. This case was similar to
isolated cases reported elsewhere [12–19]. The patient’s lack
of response to high-dose steroid prophylaxis and treatment
and documented rapid tumor growth after previous THW-
aided RIT suggest that this adverse event might have been
the consequence not just of tumor edema, but growth after
rhTSH. However, another patient in our series (no. 13) with
similar disease characteristics and premedication had no
clinical evidence of tumor expansion after three courses of
rhTSH and achieved at least transient disease stabilization.
Moreover, none of our patients with neck, mediastinal, or
pulmonary metastases experienced dyspnea or a choking
feeling that could be associated with tumor edema, and six
of ten patients with bone metastases reported no, and three
of ten only mild escalation of skeletal pain after rhTSH, less
intensity and duration than experienced with previous THW.
Therefore we share the opinion [25] that even in patients
with known or suspected metastases in confined spaces,
rhTSH application for RIT usually does not present a notable
risk if special caution and steroid coverage are employed.

The present study confirms and extends our earlier
findings [20, 28] that patients with histologically confirmed
Hürthle cell carcinoma frequently exhibit uptake and some-
times derive clinical benefit, from large radioiodine activities.
Numerous 131-I-avid lesions were detected in five of six of
our patients with such histology, and our patient with the
longest and most radiologically extensive response belonged
to this subgroup. The only other previously published
Hürthle cell carcinoma patient given rhTSH-aided RIT also
had radioiodine uptake on his posttherapy scan, but appears
not to have responded to this treatment [19].

Our study had several important limitations. First, its
design was observational and prospective only for the
rhTSH-aided RIT component of the patients’ overall therapy,
and follow-up was relatively short. In addition, all compar-
isons and observations were unblinded. Second, since we did
not conduct dosimetry or empirically adjust the radioiodine
activity for the faster 131-I clearance under euthyroid
conditions [23] we may have used a suboptimal radioiodine
activity. Our reasons for omitting dosimetry included the
well-known limitations of this maneuver [11, 29], the wish
to spare frail patients an additional procedure, and the
additional cost of rhTSH for this procedure. Moreover, we
note that to our knowledge only one published study [20]
adjusted the radioiodine activity for rhTSH versus THW.

Another limitation is that the heterogeneity in the
number of courses and cumulative activities of rhTSH-aided
RIT, and particularly in the amount and recent prior THW-
aided RIT, EBR, and chemotherapy, make it difficult to gauge
the degree to which the PRs or disease stabilizations are
attributable solely to rhTSH-aided RIT. For example, all but
two of the six patients with clinical benefit from rhTSH-
aided RIT had EBR with or without chemotherapy within
1–3 months before the first rhTSH-aided RIT. However,
the clinical benefit would appear to be attributable mainly
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or solely to rhTSH-aided RIT in our long-standing partial
responder (patient 2) and in one patient with SD (no. 17),
who had long intervals (27 and 9 months, respectively, since
prior therapy.

An open issue is whether to continue RIT in heavily
treated patients with aggressive but functional metastases,
in whom the modality achieves only transient disease stabi-
lization. In our institution we present each such patient to a
team of doctors, who take part in treating thyroid carcinoma
patients (including surgeons, who are pro-rhTSH-aided RIT,
mostly because they believe it is last possible treatment),
and the decision whether to continue with rhTSH-aided
RITs depend on the decision of the team mentioned. Mostly
we try to continue with rhTSH-aided RITS as long as
posible, despite the pretreatment with RIT, as long as
there is the smallest possibility of success. Sometimes the
disease stabilization means important clinical palliation.
Consideration should be given to enrolling such patients in
clinical trials of molecular approaches, when feasible.

Recently, additional outcome data from the Institute
Goustave-Roussy (IGR), Villjuif, France, suggests that in
the distant metastatic DTC setting, RIT is most effective in
younger patients with small, functional soft tissue lesions
[30]. These data also suggest that >95% of CRs to RIT can be
attained by fractionated administration of up to 27 GBq of
131-I. Data of our and other studies [7, 17, 19, 20, 25, 27, 29,
30] prove that rhTSH-aided RIT in the late-stage metastatic
DTC is safe and may be effective. RhTSH-aided RIT improve
patient quality of life and ability to work [4–6, 14] and
decrease radiation exposure in extrathyroidal compartments
[16]. A comparative trial of rhTSH versus THW as an adjunct
to RIT may be highly clinically relevant, and feasible, in these
earlier-stage patients.

In conclusion, use of rhTSH offers the possibility of high-
dose RIT to patients with metastatic DTC who otherwise
would be unable to receive such treatment due to the risk
of intolerable or serious adverse reactions to the clinical
hypothyroidism of THW. RhTSH-aided RIT has minimal
side effects in most patients and offers therapeutic benefit
even in some patients with late-stage DTC.
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18F-fluorodeoxyglucose positron emission tomography (FDG-PET) plays an increasingly important role in the prognostication,
diagnosis, and management of thyroid carcinoma. For patients diagnosed with primary or persistent/recurrent thyroid carcinoma,
a finding of FDG-PET positivity implies a more aggressive tumor biology and a distinct mutational profile, both of which carry
prognostic significance. Therefore, FDG-PET positivity may be a useful potential risk factor for preoperative risk stratification in
primary thyroid carcinoma. This information may help in the planning of subsequent treatment strategy such as the extent of
thyroidectomy, prophylactic central neck dissection, and radioiodine ablation. FDG-PET scan has also been found to be a useful
adjunct in characterizing indeterminate thyroid nodules on fine needle aspiration cytology. However, larger-sized prospective
studies are required to validate this finding. FDG-PET or FDG-PET/CT scan has become the imaging of choice in patients with a
negative whole-body radioiodine scan, but with an abnormally raised thyroglobulin level after total thyroidectomy and radioiodine
ablation.

1. Introduction

18F-fluoro-2-deoxy-D-glucose-positron emission tomogra-
phy (FDG-PET) scan is increasingly being used not only in
oncology but also in some nononcological specialties, such as
neurology, cardiology, and infectious diseases [1]. The fun-
damental principle of FDG-PET scan is that the nuclide, 18F-
FDG has two parts, namely, the vector part (i.e., 2-deoxy-D-
glucose) and the positron emitting nuclide part (i.e., 18F),
and when it gets preferentially taken up by rapidly dividing
cells (i.e., malignant cells), it gets “trapped” within the cells
and emits positron radiation which is then detected by the
scintigraphy [2]. This is called metabolic trapping and this
forms the basis for FDG-PET scanning. In oncology, FDG-
PET has many important clinical applications including
initial cancer staging as well as monitoring tumor response
to anticancer therapy in lung, colon, lymphoma, melanoma,
esophageal cancer, and head and neck and breast cancer [3].

In neurology and cardiology, FDG-PET is a useful tool for
localization of epileptogenic zones inside the brain and is a
“gold standard” tool for the detection of myocardial viability,
respectively [4, 5].

Since the first observation of FDG uptake in metastatic
thyroid cancer over 20 years ago [6], there have been growing
interests in evaluating the role of FDG-PET scanning in the
management of thyroid neoplasms [7]. Also with an in-
creased number of FDG-PET scans now being performed, an
increasing number of incidental thyroid lesions (or the so-
called thyroid incidentalomas) have been found and this
itself poses a diagnostic challenge to clinicians. Given that
FDG-PET imaging could provide potentially relevant infor-
mation on tumor biology and the scan results may enable
to prognostically stratify thyroid carcinoma patients, the
author believes that it would be both timely and important to
examine the prognostic significance of FDG-PET positivity
in thyroid carcinoma and the role of FDG-PET in diagnosis
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Figure 1: A 70-year-old lady underwent 18F-FDG PET for staging
of a rectal carcinoma. A focal right thyroid hypermetabolic uptake
(with a SUVmax of 5.9) was detected. This was later confirmed as
papillary thyroid carcinoma (PTC) on cytology. A total thyroidec-
tomy was performed revealing a 1.3 cm tall cell variant of PTC with
central compartment lymph nodes metastases (pT1N1a).

and management of thyroid carcinoma by a review of the
current literature.

2. Prognostic Significance of
FDG-PET Positivity or FDG Avidity in
Thyroid Carcinoma

It has been well recognized that thyroid carcinoma metas-
tases which are shown up on FDG-PET scan do not take
up radioactive iodine (RAI) [7]. In fact, it was noted that
there was a reciprocal or “flip-flop” relationship between RAI
and FDG uptake [6]. Numerous reports have confirmed this
important relationship [8]. At the same time, it was noted
that those metastases which did not take up RAI were gen-
erally less differentiated on histology and behaved clinically
more aggressively. Therefore, FDG-PET positivity in thyroid
carcinoma could imply clinically more aggressive tumors
and poorer overall prognosis. However, before discussing
the implications of FDG positivity in thyroid carcinoma, it
should be realized that there are fundamental differences in
the management of FDG-PET positivity between primary
and persistent/recurrent thyroid carcinoma. As a result, the
following discussion was subdivided into primary and per-
sistent/recurrent thyroid carcinoma.

3. Prognostic Significance of FDG-PET
Positivity in Primary Thyroid Carcinoma

Unlike persistent/recurrent carcinoma, the number of stud-
ies examining the relationship between FDG-PET positivity
and tumor behavior or prognosis for primary thyroid car-
cinoma remained relatively few. As the role of FDG-PET in
preoperative thyroid carcinoma staging remains undefined,
the majority of these primary thyroid carcinomas exhibiting
FDG-PET positivity are incidentally found cancers or inci-
dentalomas (see Figure 1). Reasons for the lack of enthusiasm
for FDG-PET as a staging tool include that FDG-PET scan
remains a relatively expensive preoperative imaging modality

when compared to ultrasound (USG) which is the recom-
mended imaging modality before surgery, and relative to the
other imaging modalities, FDG-PET does not seem to pro-
vide any additional staging information (such as the status of
the cervical lymph nodes) to an extent of altering the surgical
management [9]. As a result, FDG-PET scan has not been
routinely advocated as a preoperative staging tool, although
there might be a role in selected, more aggressive pathologies,
such as Hurthle cell or anaplastic thyroid carcinoma [10–
12]. Nevertheless, one of the first studies examining the rela-
tionship between tumor behavior and FDG-PET positivity
in primary thyroid carcinoma was reported by Jeong et al.
[13]. In this study, they reported 44 consecutive patients
with papillary thyroid microcarcinoma (PTMC) confirmed
by USG and fine needle aspiration cytology (FNAC) who
subsequently underwent FDG-PET scans before surgery.
The clinicopathological characteristics of these 44 PTMC
were correlated with the activity of the FDG-PET scan or
FDG standardized uptakes values (SUVs). Although there
was a strong correlation between SUVs and extrathyroidal
extension of PTMC in the univariate analysis, the study did
not find any association between the degree of SUV and
extrathyroidal extension or other aggressive tumor features
in the multivariate analysis [13]. Only age > 45 and tumor
site turned out to be the two significant factors for determin-
ing extrathyroidal extension in primary PTMC [13]. SUVs
were correlated with tumor size, but this was not unexpected
because there is the partial volume effect between small-
and large-sized lesions. Therefore, based on this initial study,
FDG-PET positivity was not associated with more aggressive
tumor behavior or worse tumor characteristics [13]. How-
ever, a more recent study found that for PTMCs which were
FDG nonavid, they were not only significantly smaller sized
tumors but also less frequent perithyroidal tumor invasion
and lymphovascular invasion when compared to the PTMCs
which were FDG avid [14]. This implies that FDG-PET
positivity might be associated with a more aggressive tumor
behavior in primary thyroid carcinoma [14]. However, since
tumor size is an important factor for FDG-PET positivity as
it relates to the partial volume effect, it would be more appro-
priate to adjust for tumor size in these clinicopathological
studies. Yun et al. reported their retrospective study involving
87 patients with a unifocal PTMC who underwent preoper-
ative FDG-PET before total thyroidectomy and central neck
dissection [15]. They defined positive FDG uptake in PTMCs
as a discernible focal FDG uptake whereas negative FDG as
no discernible FDG uptake. All scans were assessed by two
experienced nuclear medicine specialists blinded for patients’
clinical and pathological variables. In their multivariate anal-
yses, among other factors such as gender, age, and tumor size,
FDG-PET positivity was the only significant factor which
strongly correlated with extrathyroidal extension (OR = 5.95;
95% CI: 2.13–16.6) and central lymph node metastases in
primary PTMC [15]. This result indicates that visual FDG-
PET positivity in PTMCs is a potential risk factor which
could be useful in preoperative risk stratification. One of the
potential clinical applications would be to use the preopera-
tive finding of FDG-PET positivity to select patients for more
extensive thyroid resection (i.e., hemithyroidectomy versus
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total thyroidectomy in PTMC) or for prophylactic central
neck dissection at the time of total thyroidectomy as it is
currently only indicated for high-risk tumors [10]. Our pre-
vious studies examining the behavior of FDG-avid primary
thyroid carcinoma (mostly incidental thyroid carcinoma)
also suggested that these tumors are not only larger in size,
more likely to be clinically significant (42.9% versus 2.9%,
P = 0.001) but also more aggressive in terms of having
higher frequency of tumor bilaterality (45% versus 0%, P =
0.040) when compared to non-FDG-avid tumors [16, 17].
In fact, we advocated a total thyroidectomy even for FDG-
avid thyroid carcinoma <1 cm in diameter because of the
high incidence of tumor bilaterality [16]. Therefore, our
data would support the fact that FDG-PET positivity implies
more aggressive tumor biology and poorer prognosis in
primary thyroid carcinoma.

4. Prognostic Significance of FDG-PET
Positivity in Persistent or Recurrent
Thyroid Carcinoma

Numerous studies have found that metastases from thyroid
carcinoma which do not concentrate RAI but take up FDG
are clinically more aggressive and have poorer tumor differ-
entiation [7]. Esteva et al. studied 50 differentiated thyroid
carcinoma (DTC) patients with elevated thyroglobulin (Tg)
and negative whole-body scan (WBS) after total thyroidec-
tomy and RAI ablation. All patients underwent a FDG-PET
scan one week after the WBS [18]. The authors correlated
the postoperative FDG-PET finding and clinicopathological
variables of the primary tumor and found that FDG-PET
was positive in 32/39 patients with confirmed persistent or
recurrent thyroid carcinoma. When compared to the FDG-
PET-negative group, the FDG-PET-positive group had sig-
nificantly larger primary tumor size (2.82 cm versus 1,72 cm,
P < 0.05) and these primary tumors were more likely to have
capsular invasion (62.5% versus 16.7%, P < 0.05) suggesting
that more advanced primary tumors were more likely to have
FDG-PET-positive recurrences [18]. Rivera et al. studied
the histology of the metastases from 70 patients with RAI
refractory but FDG-PET-positive recurrences [19]. Of these
70 patients, 33 (47.1%) had poorly DTC, 16 (22.9%) had well
DTC, 6 (8.6%) had Hurthle cell carcinoma, and 1 (1.4%)
had anaplastic carcinoma. Based on these findings, the
majority of RAI refractory and FDG-PET positive metastases
are of a histological aggressive subtype. Interestingly, when
the histology of the primary tumor and its subsequent
metastases was matched, in most instances, there was a
gradual transformation from well-differentiated histology to
less-differentiated histology over time, and this might be the
reason why even if the primary tumor might not be FDG avid
initially, its metastases become FDG avid over time [19]. This
phenomenon was somewhat supported by a recent study
which found that BRAF mutations represented early events
in thyroid carcinogenesis, whereas mutations of PIK3CA and
AKT1 were latter events not found in the primary cancers,
but in metastases or recurrent cancers [20].

Apart from the direct relationship between FDG-PET
positivity and poorer histological differentiation in persis-
tent or recurrent thyroid carcinoma, it was observed that
patients with RAI-refractory but FDG-avid metastases were
significantly more likely to die from thyroid carcinoma than
those with RAI-refractory and non-FDG-avid metastases.
This remained true when tumors were matched for TNM
stages. Using a Cox proportional hazard model, Robbins et
al. found that age (RR = 1.33; 95% CI: 1.08–1.52), FDG
status (RR = 7.69; 95% CI: 2.17–24.4), and number of FDG
lesions (RR = 1.1; 95% CI: 1.08–1.15) significantly correlated
with cancer-specific survivals [21]. Therefore, one could
conclude that FDG-PET positivity in persistent/recurrent
thyroid carcinoma and the number of FDG lesions are highly
prognostic for survival [21, 22].

5. Molecular Basis of FDG-PET
Positivity in Thyroid Carcinoma

Given the fact that mutations in significant oncogenes such
as BRAF, TP53 (all of which are able to activate the mitogen-
activated protein kinase pathway) are often present in aggres-
sive histological subtypes, it is reasonable to assume that both
primary tumors and their metastases which are FDG-PET
positive would have a unique mutational profile. Ricarte-
Filho et al. found that 100% of FDG-PET positive and
RAI refractory tumors carried BRAF mutations, whereas
in general only 45% of DTC would carry such mutations
[20]. This led to the postulation that perhaps there is a
causal relationship between BRAF mutations and FDG-PET
positivity. For the lack of RAI uptake in FDG-avid tumors,
it was shown for the first time that in a DTC cell line, the
conditional activation of BRAFV600E tended to downregulate
the expression of the sodium iodide symporter (NIS) which
is an important ion pump for the transport of iodine across
basolateral membrane [23]. This finding was later confirmed
in several studies showing that BRAFV600E was associated
with reduced NIS and NIS mRNA expression [24]. One of
the proposed mechanisms through which BRAF represses
NIS is by the induction of robust transforming growth factor
(TGF) β secretion and subsequent activation of TGFβ/Smad
signaling [25]. However, these findings would only explain
why these FDG-avid tumors do not take up RAI. To establish
the possible association between BRAF mutations and FDG-
PET positivity, Durante et al. examined the expression of
several key markers of thyrocyte differentiation including
NIS, Tg, thyroperoxidase, TSH receptor, transcription factor
PAX8, and glucose transporter type I (GLUT1) in 56
papillary thyroid carcinoma (PTC) with BRAF mutations
(i.e., BRAF-positive), 37 with no BRAF mutations (i.e.,
BRAF-negative), and 8 normal thyroid tissue [26]. Relative to
normal thyroid tissue, all markers including GLUT1 in PTCs
were reduced, but more importantly, there were additional
increases in GLUT1 mRNA when only the BRAF-positive
tumors were selected [26]. It is now believed that among the
four GLUT isoforms, GLUT1 is the most prevalent isoform
responsible for FDG-PET positivity in less-differentiated
thyroid carcinomas [27].
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Table 1: A comparison of studies examining the utility of FDG-PET in detecting malignancy in cytologically indeterminate thyroid nodules.

First author (year) No. of patients No. of carcinoma (%) Definition of FDG-PET positivity Sensitivity (%) Specificity (%)

Kresnik (2003) [28] 24 9 (37.5) Focal uptake with SUV > 2 100 100

Mitchell (2005) [29] 24 11 (45.8) Focal uptake 60 91

de Geus-Oei (2006) [30] 44 6 (13.6) Focal uptake 100 66

Sebastianes (2007) [31] 42 11 (26.2) Focal uptake 100 39

Hales (2008) [32] 15 7 (46.7) Focal uptake with SUV > 2 57 50

Smith (2008) [33] 23 5 (21.7) Area under SUV curve > 175.5 100 44

Traugott (2010) [34] 51∗ 8 (15.6) Focal uptake 100 59

Vriens (2011) [35] 225# 58 (25.8) Varied 94.8 47.9

FDG-PET: fluorodeoxyglucose positron emission tomography; SUV: standardized uptake value.
∗An ongoing prospective trial; #a meta-analysis.

6. Role of FDG-PET in the Diagnosis of
Thyroid Carcinoma

Since histologically benign and malignant thyroid lesions do
exhibit some differences in SUV, FDG-PET may have an
important role in the characterization of thyroid nodules
and more specifically in the diagnosis of thyroid carcinoma.
However, currently the most cost-effective and accurate
way of making the diagnosis of thyroid carcinoma relies
on clinical examination, the use of USG, and USG-guided
FNAC. Therefore, FDG-PET has not been widely accepted
as a diagnostic tool in thyroid carcinoma, but this may
change with time as technology improves [36]. One aspect of
diagnosis in which FDG-PET scan has shown some promises
is in patients with an indeterminate thyroid lesion on FNAC.
By definition, an indeterminate FNAC usually includes
follicular lesions, Hurthle cell (oncocytic) lesions, atypical
cytology, abnormal cytology, or suspicious cytology. This
group remains a diagnostic dilemma to clinicians because
approximately 20–30% of these will be malignant, whereas
the rest will be benign by pathological examination [37,
38]. However, nearly all patients with indeterminate FNAC
would be required to undergo thyroid lobectomy to establish
the diagnosis. In other words, surgical resection will prove
unnecessary in over 60–70% of cases. At present, there is no
alternative algorithm for a more conservative management
for patients with indeterminate FNAC. Convectional USG,
computed tomography (CT), and magnetic resonance imag-
ing (MRI) have been previously shown to be of some value,
but FDG-PET is yet to be assessed in a large prospective
study [34]. Table 1 shows a comparison of series examining
the utility of FDG-PET in detecting malignancy in thyroid
nodule with indeterminate FNAC. Study size ranged from
15 to 51 patients, but the inclusion criteria varied between
studies. One of the larger series was reported by de Geus-Oei
et al. [30]. There were 44 patients with inconclusive FNAC
(i.e., follicular neoplasm, Hurthle cell neoplasm, atypical
cells, or inadequate) and of these, 6 were malignant and the
other 38 were benign. In their experience, FDG-PET did
not lead any false negatives implying a negative predictive
value (NPV) of 100%. All carcinomas demonstrated FDG
uptake, but 13 of 38 benign nodules also had FDG uptake.
They showed that using routine FDG-PET in their patient

cohort could potentially reduce the number of unnecessary
lobectomies by 66% (95% CI: 49–80%) if surgery was not
advised for those with no uptake in the thyroid gland on
FDG-PET imaging [30]. Importantly, no malignancies were
missed (i.e., no false negatives), but still there were 13/38
(34.2%) who underwent unnecessary lobectomies (i.e., false
positives). It was interesting to note in their series that
the mean SUV was similar between benign and malignant
lesions and one of the PTCs actually had SUV as low as 0.9.
To improve the false-positive rate, some studies proposed
using focal uptake SUV > 2.0 as the criterion for FDG-PET
positivity [28, 32]. However, for whatever cut-off in SUV,
there is always going to be a trade-off between false positives
and false negatives. Smith et al. evaluated the association
between SUV uptake over time and malignancy in follicular
neoplasm by performing serial FDG-PET scans over a 2-
hour period and measuring the area under the SUV curve
(AUC) [33]. They demonstrated no significant difference
in AUC, but found a difference in the dynamics of SUV
change over time between benign and malignant lesions [32].
Due to the significant overlap in AUC, they concluded that
FDG-PET was not able to predict malignancy in a follicular
neoplasm [32]. However, since most of these reported series
were retrospective in design and the patient selection was
not formally standardized, there is a need for a large, well-
designed prospective study. Recently, Traugott et al. reported
the results of 51 patients with indeterminate FNAC as an
interim analysis of their prospective trial which began in 2004
[34]. Their data suggested that FDG-PET was an accurate
diagnostic modality for identifying malignancy in thyroid
nodules at least 1 cm in diameter and with indeterminate
FNAC, with 100% sensitivity and NPV. They concluded
that FDG-PET was of value in excluding malignancy in
thyroid nodules with indeterminate FNAC. To overcome the
spatial resolution limitation of the FDG-PET, their study
only included solitary or dominant nodule that measured
≥1 cm on USG. To achieve adequate power, they aimed to
recruit 125 patients and results would be available within
the next few years. A recent systematic review and meta-
analysis evaluated the role of FDG-PET in patients with
indeterminate thyroid FNAC [35]. In this meta-analysis,
they analyzed over 200 patients and found that the pooled
sensitivity, specificity, PPV, and NPV were 95%, 39%, 96%,
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Figure 2: 18F-FDG-PET of a 73-year-old man with an 8-year history of papillary thyroid carcinoma. The serum thyroglobulin was elevated
at 66 ug/L (normal < 55 ug/L), but both diagnostic whole-body 131I scan and ultrasound were negative for recurrence. (a) FDG-PET revealed
hypermetabolic uptakes in left cervical lymph node, right thyroid bed, and right sternoclavicular joint area. (b) An operative picture
confirming the presence of tumor recurrence at the right thyroid bed (as pointed by the tip of the forceps).

and 60%, respectively. The authors concluded that a negative
FDG-PET scan in patients who had thyroid nodules> 15 mm
with indeterminate FNAB results excluded thyroid cancer
[35]. Conversely, a positive FDG-PET result did not identify
cancer because approximately 50% of these patients had
benign nodules [35]. They concluded that the incorporation
of FDG-PET into the initial workup of such patients before
surgery deserves further investigation [35]. However, there
are some concerns using FDG-PET in this group of patients.
Firstly, follicular thyroid carcinoma (FTC), which accounts
for 10–20% of malignancy in the indeterminate group,
is known to be associated with a lower SUV than other
histological types of thyroid carcinoma [39]. It is also known
that Hurthle cell adenoma, a benign lesion, tends to have
very high SUVs [28]. Both entities could possibly lessen
the usefulness of FDG-PET in discriminating benign from
malignant lesions in this indeterminate group. Furthermore,
a confirmatory diagnosis in this group of FNAC is often
difficult to make by experienced pathologists. It is known
that considerable interobserver and intraobserver variability
in the histopathological diagnosis of thyroid follicular lesions
has been reported [40, 41]. In one recent study, among 15
cases of suspected follicular variant of PTC (FVPTC), only
2 cases (13.3%) had unanimous agreement among 6 expert
pathologists [41]. Given these concerns, the role of FDG-
PET in thyroid nodules with indeterminate FNAC remains
uncertain, but the interim results in one of the possibly
largest prospective trials on FDG-PET in cytologically inde-
terminate nodules looked promising [34]. Hopefully, this
prospective trial which is due to complete in the next few
years will provide us with more information.

7. Role of FDG-PET in the Management of
Thyroid Carcinoma

Routine RAI diagnostic scanning or WBS for thyroid carci-
noma surveillance is becoming less frequently used because

of its relatively low sensitivity and has been supplanted by
serum Tg level and neck USG. Nowadays, one of the com-
monest clinical scenarios would be for a patient with negative
or normal USG but raised unstimulated Tg (i.e., >10 ng/mL
or 10 ug/L) [10]. FDG-PET is recommended in patients with
suspected recurrence or metastases in the setting of raised
Tg levels and scan-negative metastases (see Figures 2(a)
and 2(b)) [10]. Earlier studies found that FDG-PET was a
useful diagnostic tool in the followup of postsurgical patients
with DTC, negative WBS, and abnormal Tg levels [42]. FDG-
PET was able to detect metastatic disease over 90% of cases
and more importantly, it was able to change the surgical tac-
tic in a 20–30% of cases [42]. Similarly, Wang et al. reported
their experience of 37 DTC patients with negative WBS and
elevated Tg, found that FDG-PET was able to locate occult
disease in 71%, and reported a positive predictive value
(PPV) of 92%. More importantly, FDG-PET was able to
change the clinical management in over 50% of patients [43].
In the presence of low Tg levels, FDG-PET had the NPV
of 93% [43]. Esteva et al. reported the FDG-PET findings
in 50 patients with elevated Tg and negative WBS and
found that FDG-PET was positive in 32/39 (82.1%) patients
with confirmed recurrence and negative in 7/11 (63.6%)
with no confirmed recurrence. The sensitivity and specificity
were 82% and 64%, respectively [18]. Tumor size and
capsular tumor invasion were factors significantly associated
with a positive FDG-PET study [18]. They also concluded
that FDG-PET was an extremely useful imaging tool in
patients with negative WBS and raised Tg [18]. However, the
added value of FDG-PET/CT over good-quality conventional
imaging modalities such as USG, CT, MRI, and diagnostic
WBS in locating recurrent or persistent DTC has recently
been questioned mainly of the extra cost with FDG-PET/CT
and the associated radiation. Lal et al. recently evaluated
the added value of FDG-PET/CT over conventional imaging
studies in 20 DTC patients with elevated Tg and negative
diagnostic WBS [44]. They found FDG-PET/CT provided
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Figure 3: 18F-FDG-PET/CT of a 57-year-old woman with a 10-year history of widely invasive follicular thyroid carcinoma. Serum thy-
roglobulin was elevated to 121 ug/L (normal < 55 ug/L), but both diagnostic whole-body 131I scan and ultrasound were negative. The FDG-
PET/CT revealed hypermetabolic FDG uptakes in the rib cage.

additional information in only 2/20 (10.0%) patients, both
of whom required no additional intervention, but under-
estimated the extent of disease in 3/30 (15.0%) patients
and led to unnecessary interventions (including surgery,
RAI, and antibiotics) in 3/30 (15.0%) additional patients.
They concluded that FDG-PET/CT has a good sensitivity
in detecting recurrent or persistent DTC, but the added
value over good-quality conventional imaging is very limited
[44]. Furthermore, it may lead to unnecessary interventions
[44]. Perhaps, future large prospective studies are required to
resolve some of the controversies.

Some studies evaluated the relationship between TSH
level and FDG uptake intensity [45–47]. To date, the evidence
seems to suggest that a higher SUVmax could be obtained
in TSH-stimulated condition by recombinant human TSH
(or rhTSH) stimulation, and as a result of high level of TSH,
greater number of FDG-avid metastases could be detected
on scanning [45–47]. Some authors evaluated the diagnostic
accuracy of integrated FDG-PET/CT as it was believed
that fusion of the two modalities may further enhance the
sensitivity, specificity, and tumor localization (see Figure 3).
For other types of head and neck tumors, combined FDG-
PET/CT has been shown to have improved diagnostic accu-
racy than FDG-PET or CT alone [48]. Razfar et al. evalu-
ated the diagnostic accuracy of integrity of FDG-PET/CT in

detecting recurrent/persistent DTC. They reported the sensi-
tivity, specificity, PPV, and NPV to be 80.7%, 88.9%, 94.7%,
and 65.3%, respectively. From their analysis, they demon-
strated there was an alteration in the treatment strategy in
28.2% as a result of adding the FDG-PET/CT information,
and 21% required additional surgery [49]. Therefore, it
would seem that FDG-PET/CT scan might be superior to
FDG-PET as the imaging of choice in patients with a negative
whole-body radioiodine scan and an abnormally raised
thyroglobulin level after total thyroidectomy and radioiodine
ablation.

8. Conclusion

In patients with either primary or persistent/recurrent thy-
roid carcinoma, the finding of FDG-PET positivity or FDG-
avidity usually implies poorer tumor differentiation, more
aggressive tumor biology, and worse prognostic outcomes.
These observations are supported by the unique mutational
profile of FDG-avid tumors or metastases, namely, increased
frequency of BRAF mutations leading to decreased NIS
and increased GLUT1. FDG-PET positivity may be a useful
potential risk factor for preoperative risk stratification in
primary thyroid carcinoma and this information may help
in the planning of subsequent treatment strategy such as
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the extent of thyroidectomy, prophylactic central neck dis-
section, and RAI ablation. FDG-PET scan has the potential
in characterizing indeterminate thyroid nodules on FNAC.
However, larger-sized prospective studies are required to
validate this finding. FDG-PET or FDG-PET/CT scan has
become the imaging of choice in patients with a negative
WBS, but with an abnormally raised Tg level after total
thyroidectomy and RAI ablation.
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There is a consensus that Chernobyl accident has induced thyroid cancer increase in children and adolescents. The UNSCEAR
report concluded that no somatic disorders other than thyroid cancer were caused by radiation exposure due to the accident except
for acute radiation sickness occurred to the people within the Power Plant at the time of the accident. A hypothesis is discussed
in this paper that the increase of thyroid cancer was caused predominantly by the screening, overdiagnosis, and registration of
nonirradiated persons as Chernobyl victims. A mechanism of thyroid cancer overdiagnosis is described that can be active even
today, causing hypertherapy. Older neglected tumors found by the screening shortly after the Chernobyl accident or brought from
noncontaminated areas were misclassified as aggressive radiation-induced cancers. Therefore, supposed markers of the radiation-
induced thyroid cancer, such as the RET rearrangements, are probably associated with disease duration and tumor progression.
The screening effect is obviously dependent on the basis level of medical surveillance: the higher the level, the smaller the screening
effect. Absence of any significant increase of thyroid cancer after the Fukushima accident in spite of the vigorous screening would
certify the high level of health care in Japan especially for children.

In some publications [1, 2], cause-effect relationships
between radiation, certain genetic abnormalities, and inci-
dence increase of the post-Chernobyl thyroid cancer (TC)
are treated as proven facts. It was even assumed that elevated
radiation background and medical exposures could have
contributed to the TC incidence increase in some countries
[3]. The possibility that the post-Chernobyl TC increase
was largely caused by factors irrelevant to ionizing radiation
was discussed previously [4–9]. Outdated equipment of
laboratories in the early 1990s and insufficient quality of
histological specimens hindered reliable histopathological
examination. Access to foreign professional literature has
been limited in the former Soviet Union. High tumor
expectancy after the accident contributed to overdiagnosis
of cancer. Appearance of advanced tumors shortly after
the accident can be explained by a screening effect with
detection of old undiagnosed cancers, and by the fact that
patients from noncontaminated areas were registered as
Chernobyl victims. Some of such cases were classified as
aggressive radiogenic cancers developing after a short latency.

Accordingly, some features of supposedly radiogenic TC
must characterize, on average, a later stage of the tumor
progression. For example, chromosomal rearrangements of
the tyrosine kinase proto-oncogenes RET, the RET/PTC3
in particular, found in high proportion in papillary TC
(PTC) of patients exposed during childhood and adolescence
[10, 11], were discussed as possible markers of radiogenic
cancer [2, 12]. Over time, percentage of tumors with RET
rearrangements declined, while among RET-positive tumors
the percentage with RET/PTC1 increased and RET/PTC3
decreased [10, 11]. The RET/PTC3 rearrangements were the
most frequent ones during the “first wave” of PTC after the
Chernobyl accident, while RET/PTC1 seems to have pre-
dominated in cases with longer latency [13]. Old neglected
cancers must have been particularly frequent among the
early cases, when the pool of undiagnosed tumors was still
untapped, equipment of histopathological laboratories not
yet modernized, and post-Chernobyl radiophobia was at
its apogee. The first wave PTC must have been on average
“older” than those detected later [9]; accordingly, the former
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tumors were generally larger than the latter ones [14].
Furthermore, it was pointed out that RET rearrangements
in the post-Chernobyl papillary PTC were associated with
“increased aggressiveness in terms of pathological stage”
(pT4 in particular) at the disease onset [15]. Considering
uncertainties in regard to the disease onset, from this
statement remains a quintessence: RET rearrangements in
PTC were associated with increased aggressiveness in terms
of pathological stage, the latter, in its turn, being naturally
associated with disease duration. Moreover, it would be
logical to assume that increased aggressiveness in terms of
pathological stage would be associated with that in terms
of histologic grade. It is therefore not surprising that the
cancers developing after short latency were found to be
“significantly less structurally differentiated” than later ones
[14].

It is sometimes objected that screening cannot account
for the age-related differences; there has been no clearly
demonstrated increase in the incidence of cancers due to
radiation from Chernobyl accident, except for the TC among
patients exposed at a young age [16, 17]. In fact, there
is an explanation: children at schools and kindergartens
are easily available for screening; mass examinations of
children and adolescents were performed by not always
perfectly trained teams, under the conditions of high tumor
expectancy. The following citations from a Russian-language
professional publication provide some insight (verbatim
from Russian): “Practically all nodular thyroid lesions,
independently of their size, were regarded at that time
in children as potentially malignant tumors, requiring an
urgent surgical operation” or “Aggressiveness of surgeons
contributed to the shortening of the minimal latency period”
[18]. Although there was some overdiagnosis [5], many
therapy-demanding cancers were successfully detected, so
that the benefit from screening certainly prevailed. The role
of screening (its ability to enhance registered TC incidence
many times), of latent and dormant carcinomas [19] and
tumors of uncertain malignant potential in overestimation of
the post-Chernobyl TC incidence were discussed previously
[5]. One of the mechanisms leading to overdiagnosis is as
follows. If a thyroid nodule is found by screening, a fine-
needle aspiration is usually performed. Aspiration cytology
of the thyroid is accompanied by relatively high percentage of
uncertain conclusions (so-called grey zone), when histologi-
cal verification is indicated. Hemithyroidectomy or subtotal
thyroidectomy was usually performed in such cases, and the
surgical specimen was forwarded to a pathologist, who could
be sometimes prone, after the in toto removal of the nodule,
to confirm malignancy even in case of some uncertainty
[6]. Our article describing this mechanism, possibly causing
overdiagnosis and hypertherapy of TC even today, was
rejected by the journal Arkhiv Patologii. Peculiarities of
pediatric material added their share to uncertainty. The
Head pediatric oncologist of Russian Federation professor
Vladimir Poliakov pointed out shortage of cytologists,
especially those having experience with pediatric material
(personal communication, 2009). Foreign handbooks and
atlases of cytology were seldom at working places. Note that
indications for thyroidectomy on the basis of cytology alone

should always be carefully considered, taking into account
quality of cytological examination.

It was demonstrated that RET rearrangements can be
induced by radiation in animal experiments and in vitro
[20–22], but the doses were considerably higher than those
in the setting of the Chernobyl accident. Correlations of
RET/PTC rearrangements with radiation doses were found
retrospectively among atomic bomb survivors in Japan [23,
24]. It is perfectly possible that RET/PTC rearrangements
can be induced by ionizing radiation; however, in case
of Chernobyl, as discussed above, the molecular-genetic
features of the PTC were probably determined, in the first
place, by factors other than radiation. Furthermore, high
prevalence of RET/PTC rearrangements and reciprocally low
prevalence of BRAF mutations were described as hallmarks
of sporadic childhood PTC, unrelated to radiation [13].
Accordingly, it was assumed that the “waves” of PTC after
the Chernobyl accident (first RET/PTC3, then RET/PTC1,
and the third wave of BRAF-mutated PTC) represent
a recapitulation of the age-related sequence observed in
sporadic PTC [13]. The matter could be further clarified by
correlation of RET rearrangements with disease duration,
tumor size, histologic grade, and certain tumor phenotypes.
An association of RET-PTC3 with the less differentiated
solid phenotype of PTC, which prevailed shortly after the
accident, has already been demonstrated [11, 14]. It is in
accordance with the hypothesis that the “first wave” tumors
had on average higher histological grade because they were
generally older and more advanced than those detected
at a later date. In conclusion, the RET rearrangements,
the RET/PTC3 in particular, were probably related to
the disease duration and a corresponding stage of tumor
progression, and the “successive waves of tumors in those
exposed to high levels of fallout as children, each with
different molecular, morphological, and clinical findings”
[10] after the Chernobyl accident were largely determined
by changing approach to screening and diagnostics, their
improvement with time, and exhaustion by screening of the
pool of undiagnosed cancers. Finally, a short comment with
regard to the nuclear plant accident in Fukushima after the
greatest earthquake in the Japanese history is presented. The
screening effect is obviously dependent on the basis level of
medical surveillance: the higher the level, the smaller the
screening effect. I am not well informed about conditions
in Japan, but probably the basis level of medical checkups
has been high and there will be no false registration of
nonirradiated persons as victims of the Fukushima accident.
There can be some increase of the registered TC after the
accident due to the health examinations vigorously initiated
in the Fukushima area, but it will be much less prominent
than that after the Chernobyl accident. Absence of any
significant increase of TC after the Fukushima accident in
spite of the screening would certify the high level of health
care in Japan especially among children and adolescents.
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