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Abstract

Purpose We aimed to investigate the relation between preoperative serum thyrotrophin (TSH) and clinicopathological
features in patients with papillary thyroid carcinoma (PTC) and microcarcinoma (PTMC).

Methods Patients who underwent thyroidectomy and diagnosed to have benign nodular disease or PTC/PTMC in our clinic
were evaluated retrospectively. Patients with a previous history of thyroid surgery, patients using antithyroid medications or
thyroid hormone and patients with tumors known to be unresponsive to TSH were excluded.

Results Data of 1632 patients were analyzed. Histopathological diagnosis was benign in 969 (59.4%) and malignant in 663
(40.6%) patients. Preoperative median serum TSH was significantly higher in malignant compared to benign group (1.41 IU/
dL vs. 0.98 IU/dL, p <0.001). Malignancy risk increased gradually as going from hyperthyroidism to euthyroidism and
hypothyroidism (20, 40.6, and 59.1%, respectively, p < 0.05). Serum TSH was lowest in benign nodular disease, higher in
PTMC and highest in PTC (p <0.001). This was also true when patients with positive antithyroid peroxidase/antithyr-
oglobulin and with lymphocytic thyroiditis were excluded from the analysis (p < 0.001). Serum TSH was higher in patients
with bilateral tumor, capsular invasion and lymph node metastasis (LNM) compared to patients with unilateral tumor,
without capsule invasion and without LNM, respectively (p =0.036, p = 0.002, and p = 0.001, respectively). Patients with
aggressive variant PTC had higher serum TSH than nonaggressive ones (p < 0.05).

Conclusion Preoperative serum TSH is associated with PTMC, PTC and LNM. Serum TSH seems to be related with thyroid
cancer regardless of autoimmunity. With the present study, for the first time, we showed an association between serum TSH
and aggressive variants of PTC.
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Introduction system. The incidence is gradually increasing in both men
and women owing to various reasons such as increased
Thyroid cancer which accounts for about 1% of all neo-  use of imaging methods and early detection of tumors < 1

plasms is the most common malignancy of the endocrine ~ cm which are called microcarcinomas [1]. The prognosis
of differentiated thyroid cancer (DTC) is generally good,
while a small ratio of patients might have persistent or
recurrent disease, and a minority die from thyroid cancer
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In many previous studies, serum TSH was presented as
an independent predictor for the diagnosis of thyroid
malignancy [4]. Higher TSH values, even within normal
ranges, were reported to be associated with a higher risk of
thyroid cancer and more advanced disease [7]. However,
the role of TSH in the development and/or the progression
of thyroid cancer is not clear, yet [1, 8]. More evidence is
required to display the possible effects of serum TSH as a
risk factor for thyroid carcinoma.

In this study, we firstly aimed to determine the associa-
tion between preoperative serum TSH and papillary thyroid
cancer (PTC) including microcarcinomas. Additionaly, we
tried to investigate whether a relation between serum TSH
and clinicopathological features and variants of PTC exists.

Materials and methods

Medical records of patients who underwent thyroidectomy
and had a histopathological diagnosis of benign thyroid
disease or PTC between December 2006 and September
2014 were reviewed retrospectively. Patients with unilateral
resection, patients with TSH unresponsive thyroid neo-
plasms (medullary and anaplastic thyroid cancer and thyroid
lymphoma) and patients with a history of radiotherapy to
head and neck region were excluded as well as patients with
a history of antithyroid or thyroid hormone replacement
therapy. The data of 1632 patients with preoperative nod-
ular thyroid disease were analyzed. Local ethical committee
approval was obtained in accordance with the ethical stan-
dards of Helsinki declaration.

Sex, age, preoperative serum TSH, free triiodothyronine
(fT3), free thyroxine (fT4), anti-thyroglobulin antibody
(anti-TgAb), and antithyroid peroxidase antibody (anti-
TPOADb), presence of histopathologically confirmed lym-
phocytic thyroiditis were evaluated in each patient. Che-
miluminescence methods (Immulite 2000, Diagnostic
Products Corp., Los Angeles, CA, USA and UniCel DXI
800, Beckman Coulter, Brea, CA) were used for measure-
ment of serum TSH, fT3 and fT4, anti-TPOADb, and anti-
TGAD levels. The normal ranges for TSH, T3, fT4, anti-
TPOADb, and anti-TgAb were 0.4—4 pIU/mL, 1.57-4.71 pg/
mL, 0.85-1.78ng/dl, 0-35IU/mL, and 0-40IU/mL,
respectively. The thyroid antibody levels over the upper
range were accepted as positive.

Patients were classified as benign and malignant histo-
pathologically. In patients with PTC, primary tumor size,
bilaterality, the number of tumor foci, cervical lymph node
metastasis (LNM), extrathyroidal extension, capsular and
vascular invasion, and histological variants were recorded.
Central lymph node dissection is not routinely performed in
our center for patients undergoing thyroidectomy. However,
central and/or lateral lymph node dissection is performed
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when suspicous lymph nodes are detected during pre-
operative or intraoperative evaluation. Multifocality was
defined as two or more tumor foci within the thyroid gland.
Greatest tumor diameter in histopathological examination
was accepted as tumor size. For multifocal tumors, the
diameter of the greatest tumor focus was taken as the pri-
mary tumor. When there were tumor foci both in the right
and left lobes of the thyroid gland, the patient was defined
to have bilateral disease. PTC that is measuring 1 cm or less
in diameter was classified as papillary thyroid micro-
carcinoma (PTMC) and that is measuring higher than 1 cm
as PTC.

Histological variants of PTC were classified as non-
aggressive (classical/conventional and follicular variants),
aggressive (tall cell, diffuse sclerosing and columnar var-
iants) and other variants. In 13 patients, tumor had features
of more than one variant. In seven of these patients,
aggressive and nonaggressive variants were concomitant in
the same patient and excluded from the analysis, while
remaining six had two aggressive or two nonaggressive
variants and were not excluded.

Staging was performed according to the seventh edition
of TNM classification by the AJCC. In 215 patients with a
follow up period of at least 5 years, dynamic risk stratifi-
cation was made as defined by Momesso et al. in 2014 [9].
Accordingly, patients with excellent response, indetermi-
nate response, biochemical incomplete response, or struc-
tural incomplete response to therapy were determined.

Statistical analysis

Statistical analysis, calculations and ROC curve analysis
was made with IBM SPSS Statistics 21.0 (IBM Corp.
Released 2012. IBM SPSS Statistics for Windows, Ver-
sion21.0. Armonk, NY: IBM Corp.). Microsoft Office
Excel 2013 program was used to prepare graphics. Dis-
tribution of age, TSH, fT3 and fT4 were determined by
Shapiro-Wilk test and normality graphics. These variables
were defined as median (range) since they were not nor-
mally distributed. Categorical variables were presented as n
(%). Mann—Whitney U-test was used to compare age, TSH,
fT3 and fT4 in benign and malignant patients and to com-
pare TSH in subgroups of malignant patients. Serum TSH
in different variants was compared by Kruskal-Wallis
analysis. Pairwise comparisons were made by Bonferroni
correction. Sex, anti-TgAb and anti-TPOAb positivity,
histopathological results in euthyroid, hypothyroid, and
hyperthyroid patients were examined by Pearson chi-square
test. Logistic regression analysis was performed to analyze
effect of TSH on malignancy and LNM. Variable selection
criteria were p < 0.05 for inclusion and p > 0.10 for exclu-
sion. Since age has a clinical significance in malignant
patients, it was included in the model although not
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Table 1 Clinical features of patients with benign thyroid disease and papillary thyroid carcinoma
Benign (n =969) Papillary thyroid cancer (n = 663) P

Age (years)* 49 (19-83) 49 (19-84) 0.182
Sex (Male, %) 195 (20.1) 126 (19.0) 0.576
TSH (IU/dL) 0.98 (0.002-37) 1.41 (0.005-24) <0.001
T3 (pg/dL) 3.3 (0.90-66.00) 3.2 (1.03-5.10) <0.001
fT4%(mg/dL) 1.18 (0.48-17.76) 1.17 (0.4-4.1) 0.539
AntiTPOAD positivity® [1 (%)] 135 (15.6) 119 (22.0) 0.003
Anti TgAb positivity* [n (%)] 143 (16.9) 133 (24.9) <0.001
Lymphocytic thyroiditis® 232 (23.9) 230 (34.9) <0.001

TSH thyrotrophin, fT3 free triiodothyronine, fT4 free thyroxine, Anti TPOAb anti-thyroid peroxidase antibody, Anti TgAb anti-thyroglobulin

antibody

p <0.05 was accepted to indicate statistical significance
*median (range)

=968 for benign and n = 661 for papillary thyroid cancer
2 =965 for benign and n = 657 for papillary thyroid cancer
3 = 863 for benign and n = 542 for papillary thyroid cancer
47 = 848 for benign and n = 534 for papillary thyroid cancer
n =659 for papillary thyroid cancer

statisticallysignificant. G statistics was calculated to deter-
mine the importance of TSH compared to other factors.
ROC curve analysis was performed to examine the role of
TSH in predicting malignancy. Youden index was used to
determine cut-off value. A p-value < 0.05 was accepted to
indicate statistical significance.

Results

Among 1632 patients, histopathological diagnosis was
benign in 969 (59.4%) and PTC/PTMC in 663 (40.6%).
Median ages were 49 (range:19-83) in benign and 49
(range:19-84) in malignant groups (p =0.182). There
were 195 (20.1%) and 126 (19.0%) male patients in
benign and malignant groups, respectively (p =0.576)
(Table 1).

Median TSH was significantly lower in benign patients
compared to malignant ones [0.98 IU/dL (0.002-37) vs.
1.41 TU/dL (0.005-24), p < 0.001]. There was no significant
difference in serum fT4 between benign and PTC patients
(p =0.539), while fT3 was significantly higher in benign
patients (p <0.001). Both anti-TgAb and anti-TPOAb
positivity and histopathologically confirmed lympocytic
thyroiditis were higher in malignant patients (p = 0.003, p
<0.001, and p < 0.001, respectively) (Table 1).

Thyroid hormones were normal in 1553 patients (95.2%)
and there were 44 patients (2.7%) with newly diagnosed
subclinical or overt hypothyroidism and 35 patients (2.1%)
with newly diagnosed subclinical or overt hyperthyroidism.
7 (20.0%) of patients with hyperthyroidism, 630 (40.6%) of

Table 2 Comparison of preoperative serum thyrotrophin based on
histopathological diagnosis

Group n Median Range P
thyrotrophin

All patients

PTC (>1cm) 279  1.570 0.028-11

PTMC (slcm) 384  1.300 0.005-24 <0.001

Benign 969  0.980 0.002-37

Euthyroid patients with negative Anti TPOAb/Anti TgAb and no
lymphocytic thyroiditis

PTC (>1cm) 112 1.240 0.090-3.850
PTMC (£lem) 160  1.190 0.070-3.760  <0.001*
Benign 511 0.900 0.050-3.990

PTC papillary thyroid carcinoma, PTMC papillary thyroid micro-
carcinoma, Anti TPOAb anti-thyroid peroxidase antibody, Anti TgAb
anti-thyroglobulin antibody

p <0.05 was accepted to indicate statistical significance

*differences are significant for benign vs. PTC and benign vs. PTMC

patients with euthyroidism and 26 (59.1%) of patients with
hypothyroidism had malignancy (p < 0.05).

There were 279 (42.1%) patients with PTC and 384
(57.9%) with PTMC. Mean age of patients with PTMC was
significantly higher than patients with PTC (50.36 + 11.45
vs. 46.61 +12.84, p<0.001). Median serum TSH was
lowest in benign patients, higher in patients with PTMC and
highest in patients with PTC (p < 0.05 for all comparisons)
(Table 2). When only euthyroid patients with negative anti-
TPOAb and/or anti-TgAb and without lymphocytic thyr-
oiditis were analyzed, patients with benign histopathology
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Table 3 The effect of

preoperative serum thyrotrophin Models OR 95% Cl v G P’

levq on pap illary thyroid Multivariate model 1

carcinoma risk
Age 0.995 0.985-1.004 0.273 1.202 0.273
TSH 1.221 1.099-1.356 <0.001 16.323 <0.001
Anti TPOAD positivity 0.920 0.656-1.291 0.630 0.232 0.630
Anti TgAb positivity 1.381 1.005-1.897 0.047 3.932 0.047
Lymphocytic thyroiditis 1.497 1.134-1.976 0.004 8.042 0.005
Multivariate model 2
Age 0.994 0.985-1.004 0.249 1.334 0.248
TSH 1.247 1.123-1.385 <0.001 19.718 <0.001
Anti TPOAD positivity 1.037 0.748-1.438 0.828 0.047 0.828
Anti TgAb positivity 1.531 1.124-2.084 0.007 7.269 0.007
Multivariate model 3
Age 0.996 0.994-1.009 0.549 1.206 0.272
TSH 1.303 1.115-1.524 0.001 36.310 <0.001
Univariate model
TSH 1.299 1.185-1.424 <0.001 37.657 <0.001
Euthyroid patients with negative Anti TPOAb/Anti TgAb and no lymphocytic thyroiditis
Multivariate model
Age 0.999 0.986-1.011 0.832 0.045 0.832
TSH 1.534 1.273-1.850 <0.001 20.541 <0.001
Univariate model
TSH 1.539 1.279-1.852 <0.001 21.173 <0.001

TSH thyrotrophin, Anti TPOAb anti-thyroid peroxidase antibody, Anti TgAb anti-thyroglobulin antibody

p <0.05 was accepted to indicate statistical significance

*Wald test result

"Likelihood ratio test result

had significantly lower TSH compared to patients with
PTMC and PTC (p <0.05 for each), while patients with
PTMC and PTC had similar TSH (p > 0.05).

Age, anti-TPOADb and/or anti-TgAb positivity, lypm-
phocytic thyroiditis, and TSH were included in multivariate
analysis after univariate analysis (Table 3). Accordingly, 1
IU/dL increase in TSH was increasing malignancy risk by
1.221 (%95 GA:1.099-1.356) (p <0.001). When lympho-
cytic thyroiditis was excluded from the analysis, and age
and anti-TPOAD and/or anti-TgAb positivity were included,
malignancy risk increased by 1.247 with each 1IU/dL
increase in TSH (%95 GA:1.123-1.385) (p <0.001). In
model 3, anti-TPOAD and/or anti-TgAb positivity was also
excluded and malignancy risk increased by 1.303 as TSH
increased 1IU/AL (%95 GA:1.115-1.524) (p<0.001).
When the effect of variables in model were examined by G
statistics, the most important variable was serum TSH (p <
0.001).

Predictive value of TSH to discriminate benign and
malignant lesions was determined by ROC analysis and
area under the curve (AUC) was found as 0.633 (95% CI:
0.605-0.660) (p <0.001) (Fig. 1). Among 2 cut-off points,
the one with the higher value was chosen because the aim
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Fig. 1 ROC curve of preoperative serum thyrotrophin for the diagnosis
of papillary thyroid carcinoma

was to differentiate malignant patients. A cut off value of
1.245 TU/dL for TSH had a sensitivity of 57% and a spe-
cifity of 65%.

Among malignant patients, 549 (83.2%) had stage 1, 27
(4.1%) had stage 2, 75 (11.4%) had stage 3, and 9 (1.3%)
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Table 4 Comparison of preoperative serum thyrotrophin levels
according to the histopathological features in patients with papillary
thyroid carcinoma

Characteristic Median thyrotrophin )4
(range)

Stage 0.118

Stages 1-2 1.40 (0.005-24.0)

Stages 3—4 1.53 (0.028-7.17)

Variant 0.034

Nonaggressive (n = 623) 1.40 (0.005-24.0)*

Aggressive (n = 14) 2.15 (0.31-3.90)

Other (n=19) 1.81 (0.20-3.78)

Multifocality 0.855

Absent 1.42 (0.005-24.0)

Present 1.41 (0.010-8.23)

Bilaterality 0.036

Absent 1.37 (0.005-24.0)

Present 1.55 (0.010-8.23)

Capsular invasion 0.002

Absent 1.33 (0.005-24.0)

Present 1.64 (0.028-7.40)

Extrathyroidal extension 0.103

Absent 1.40 (0.005-24.0)

Present 1.54 (0.028—4.49)

Vascular invasion 0.132

Absent 1.40 (0.005-24)

Present 1.70 (0.34-3.81)

Lymph node metastasis 0.001

Absent 1.37 (0.005-24.0)

Present 1.93 (0.070-7.40)

Dynamic risk stratification 0.571

Excellent response 1.28 (0.01-24.0)

Biochemical or structural 1.49 (0.10-3.56)

incomplete response

p <0.05 was accepted to indicate statistical significance

*p < 0.05 for comparison of aggressive vs. nonaggressive variants

had stage 4 disease. 233 (35.1%) of malignant patients had
multifocal and 148 (22.3%) had bilateral disease. Capsular
invasion, vascular invasion, extrathyroidal extension, and
LNM were observed in 171 (25.8%), 25 (3.8%), 60 (9.0%),
and 60 (9.0%) patients, respectively.

Preoperative serum TSH was significantly higher in
patients with bilateral compared to unilateral tumor, patients
with capsular invasion compared to without capsular inva-
sion and patients with LNM compared to without LNM (p
=0.036, p =0.002, and p = 0.001, respectively) (Table 4).
There were 497 (75.0%) classical variant and 140 (21.1%)
follicular variant PTC. Tall cell, columnar and diffuse
sclerosing variants were observed in 11 (1.7%), 4 (0.65%),
and 3 (0.5%) of PTCs. 23 (3.5%) tumors were diagnosed as

other variants. In patients with aggressive variant PTC,
preoperative TSH was higher than patients with non-
aggressive variants (p < 0.05). There was not any difference
in serum TSH in patients with unifocal and multifocal
tumor. Patients with stages 1-2 tumor also had higher
preoperative TSH than patients with stages 3—4 tumor, and
patients with extrathyroidal extension and vascular invasion
had higher preoperative TSH compared to patients without
these features, but the differences were not significant
(Table 4).

Dynamic risk stratification in 215 patients revealed
excellent response in 201 (93.4%), biochemical incomplete
response in 7 (3.3%) and structural incomplete response in 7
(3.3%) patients. Although preoperative serum TSH was
higher in patients with biochemical and structural incom-
plete response compared to patients with excellent response,
the difference was not statistically significant.

In multivarite analysis model I, age, sex, preoperative
TSH, lymphocytic thyroiditis, tumor size, multifocality and
extrathyroidal extension were significant factors for LNM
(Table 5). When anti-TPO positivity was excluded from the
model, we observed that LNM risk increased by 1.529
(95% CI: 1.156-2.022) with each 1 U/mL increase in TSH.
Preoperative TSH was the second most important predictive
factor for LNM after tumor size (G =9.122, p = 0.003).

Discussion

Serum TSH concentration even within normal ranges was
shown to be related with increased malignancy risk in
patients with nodular thyroid disease [10]. In the study by
Boelaert et al. a serum TSH of 0.9 IU/L was determined as a
cut-off value that was predictive for malignancy [11]. TSH
was found to be an independent risk factor for DTC
regardless of the presence of thyroid nodules in another
study [12]. In the present study, we also found that pre-
operative serum TSH was higher in malignant patients
compared to benign ones. In contrary to these findings, Kim
et al. and Castro et al. did not find a significant relation
between serum TSH and thyroid malignancy [13, 14].
However in the study by Kim et al. there were only 249
(18.7%) patients with benign disease compared to 1080
(81.3%) patients with PTC. This imbalance between two
groups of patients might be responsible for the lack of
association between TSH and thyroid malignancy [13]. In
the study by Castro et al., a relatively small series of 462
patients operated with suspicious cytological diagnosis was
included [14].

In our study, optimal TSH value that can be used to
differentiate benign and malignant thyroid lesions was
1.245TU/dL with an AUC of 0.63. This cut-off value was
not very reliable for the detection of thyroid cancer since the
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Table 5 The risk factors for
lymph node metastasis in

patients with papillary thyroid
carcinoma

Factors OR 95% CI p G )4
Multivariate model 1

Age (545 vs. >45) 3.134 1.304-7.534 0.011 6.850 0.009
Sex (Male vs. female) 3.219 1.269-8.165 0.014 5.744 0.017
Lymphocytic thyroiditis 3.962 1.212-12.953 0.023 6.050 0.014
Multifocality 3.587 1.487-8.652 0.004 8.443 0.004
Extrathyroidal extension 4.425 1.606-12.193 0.004 7.522 0.006
Anti TPOAD positivity 0.904 0.243-3.363 0.880 0.023 0.880
Anti TgAb positivity 2.356 0.704-7.887 0.164 1.864 0.172
Tumor size (>1cm vs. <1 cm) 3913 1.468-10.428 0.006 8.518 0.004
Thyrotrophin 1.456 1.097-1.932 0.009 6.618 0.010
Multivariate model 2

Age (545 vs. >45) 2.633 1.151-6.022 0.022 5.444 0.020
Sex (Male vs. female) 2.542 1.044-6.189 0.040 3.390 0.046
Lymphocytic thyroiditis 5.078 1.578-16.338 0.006 9.107 0.003
Multifocality 2.781 1.228-6.302 0.014 6.138 0.013
Extrathyroidal extension 3.407 1.289-9.004 0.013 5.581 0.018
Anti TgAb positivity 2.402 0.891-6.475 0.083 2.882 0.090
Tumor size (>1 cm vs. <1 cm) 4.715 1.812-12.272 0.001 12.058 0.001
Thyrotrophin 1.529 1.156-2.022 0.003 9.122 0.003

Anti TPOAD anti-thyroid peroxidase antibody, Anti TgAb anti-thyroglobulin antibody

p <0.05 was accepted to indicate statistical significance

sensitivity was 57% and specificity was 65%. In accordance
with ours, the optimal TSH concentration for thyroid cancer
prediction was 1.59 mIU/L with an AUC of 0.58 (95% CI
0.53—0.62) and sensitivity of 74% and specificity of 57% in
the study by He et al. [1]. Similarly, low sensitivity and
specifity were also reported in other previous studies that
tried to determine a cut-off value of TSH that can dis-
criminate benign and malignant thyroid nodules [15, 16].
Another contradictory issue is whether TSH cause
development or progression or both development and pro-
gression of thyroid cancer. In a mouse model, BRAF
knock-in and TSH receptor knockout mice developed low-
grade, smaller, and less invasive PTC with a longer latency.
This was an important experimental study supporting the
relation between TSH and thyroid cancer [17]. Gerschpa-
cher et al. did not find any significant difference in TSH
concentration in patients with PTMC. However, there was a
positive trend in correlation between nodule size and TSH
levels in patients with PTMC. The authors concluded that
TSH might be involved in the progression rather than
development of existing thyroid cancer [18]. Some other
studies reported similar preoperative TSH levels in patients
with PTMC and patients with benign nodular diseases [19—
21]. However, some limitations should be pointed in these
studies. The sample sizes were very small in some, patients
with medullary thyroid carcinoma which is known to be
unresponsive to TSH were chosen as control group or the
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diagnosis was based on cytological results in a considerable
number of patients. In the study by Zafon et al. patients with
benign lesions had the lowest, PTMC (rn =36) had inter-
mediate, and DTC had the highest levels of TSH. However,
the differences in TSH were only significant between
benign and thyroid cancer of larger size groups and this was
partly explained by small number of cancer cases [8]. In a
recent metaanalysis of 9 studies and 6523 patients, high
TSH concentration was presented as an independent risk
factor for differentiated thyroid microcarcinoma (odds ratio
=1.23, 95% CI = 1.03-1.46, p =0.001) in patients with a
nodule. This led to a hypothesis that TSH might influence
the development of differentiated malignancy [22]. Another
metanalysis revealed an association between increased
serum TSH and thyroid cancer both in nodules > 1 and <1
cm [23]. This suggested that TSH had similar effect on
tumor pathogenesis regardless of tumor size. Association
between serum TSH and thyroid cancer was confirmed in
our study and we further showed lowest TSH in benign,
intermediate in PTMC and highest in PTC patients.

The relationship between thyroid autoimmunity and
thyroid cancer was suggested previously. It is not clear
whether increased serum TSH due to autoimmune disease
or autoimmunity itself cause an increase in PTC risk in
these patients. Thyroid antibody positivity and lymphocytic
thyroiditis were significantly higher in PTC patients in our
study. To avoid the possible effect of autoimmunity on
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serum TSH, we made further analysis after excluding
patients with positive thyroid autoantibodies, lymphocytic
thyroiditis and thyroid dsyfunctions. We observed that the
relation between TSH and malignancy was still present in
euthyroid patients without autoimmune thyroiditis. Addi-
tionaly, in this group of patients, serum TSH was sig-
nificantly higher in PTMC than benign group. Fiore et al.
reported significantly higher serum TSH in patients with
PTC compared to patients with benign disease whether
thyroid autoimmunity was present or not [24]. As a result,
although a possible association between autoimmunity and
thyroid cancer can not be excluded, some other different
mechanisms seem to play role in the association between
serum TSH and malignancy.

There are studies showing a relation between pre-
operative serum TSH and more advanced cancer stage at
diagnosis. A meta-analysis of 28 studies reported a corre-
lation of TSH with higher disease grade even at normal and
subnormal levels [25]. Zheng et al. included 56 studies in
another metaanalysis and showed that high TSH was sig-
nificantly related with tumor size and LNM [23]. All these
findings suggest a role of TSH on thyroid cancer promotion
and aggressiveness. In contrary, Kim et al. did not
demonstrate higher TSH levels in advanced tumor stage
[12]. Similarly, another study did not find association
between serum TSH concentration and the prevalence of
LNM, extrathyroidal invasion, diffusion, and advanced
stages in DTC patients [1]. Preoperative serum TSH was
significantly higher in patients with LNM in our study.
Although patients with advanced tumor stage and incom-
plete response had higher TSH than their counterparts, the
differences did not reach statistical significance. There may
be some explanations for these results. The number of
patients with microcarcinoma was high in our study and a
majority of patients were in low tumor stage group, with
only 9 patients in stage 4. In addition, 5 year follow-up
might be considered as a short period to evaluate
recurrence.

Several different histologic variants of PTC with differ-
ent prognosis have been described in the literature [26, 27].
To our knowledge, for the first time in the present study, we
showed higher preoperative TSH levels in aggressive var-
iants of PTC compared to nonaggressive ones. However,
number of patients with aggressive variants was small and
we think this result needs to be confirmed by further large
scale studies.

The relationship between TSH and PTC was demon-
strated in several studies with different methodologies and
conflicting results. These were generally retrospective,
cross-sectional studies open to bias associated with their
design. Some studies [11, 18] included TSH independent
tumors and some were based on small patient populations
[19, 28]. We had relatively larger sample size in our study.

Also, we have excluded TSH independent tumors and
incidental microcarcinomas to avoid bias. In addition, we
repeated the analysis in euthyroid patients without thyroid
autoimmunity.

The most important limitation of this study is that it was
retrospective and performed in a single center. Secondly,
only patients with nodular thyroid disease were included.

In conclusion, high TSH was associated with increased
risk of thyroid cancer and LNM regardless of autoimmune
thyroid disease. This study supports the hypothesis that
TSH has an important role in both the development and
progression of thyroid malignancy. In addition, for the first
time, we showed higher preoperative TSH in aggressive
variants of PTC compared to nonaggressive ones. It seems
that it is time to consider using TSH in the diagnosis and
follow up malignant thyroid lesions, however the main
concern is when and how. Further prospective studies might
help to find answers to these questions and clarify the
relation between TSH and aggressive cancer variants.
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