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ABSTRACT

To evaluate the effect of preoperative thyroid functional parameters and
thyroid autoantibodies on aggressive clinicopathologic features and lymph node
metastasis (LNM) of differentiated thyroid cancer patients. Four hundred twenty
consecutive patients with initial surgery were enrolled from July 2010 to July 2015.
The associations between aggressive clinicopathologic and LNM factors and thyroid
functional & autoantibodies parameters were analyzed. Higher levels of TSH, TGAb
or TMAb were found in patients with tumor size=1 cm (all P<0.05), especially when
TSH=2.5 ulUu/ml (P=0.03) and TGAb=1 (P=0.01). Higher levels of TSH and TGAb and
lower levels of T3 and T4 were found in patients with capsular invasion (all P<0.05),
particularly when TSH=2.5ulU/ml (P=0.03) and TGAb=1 (P=0.005). The patients
with multifocality had higher TAbs level (TAbs>1). Higher level of TSH was also found
in patients with central LNM (P=0.001) and lateral LNM (P=0.002), especially with
TSH=2.5ulU/ml (P=0.003 and P=0.03). TGADb level was also found higher in patients
with central LNM (P=0.02) and lateral LNM (P=0.01), especially with TGAb=1 (P<0.05
and P=0.01). Higher level of TMAb was found in patients with lateral LNM (P<0.05).
Moreover, multivariable analysis revealed that only TGAb was an independently
predictive factor for primary tumor size=1cm (P=0.01); and TSH level (P=0.01) and
TGAb=1 (P<0.05) were associated independently with central LNM. Thus, TSH level
and TGAb=1 were significantly independent predictors for central LNM, and might
help make the decision of central neck dissection.

INTRODUCTION

Differentiated thyroid cancer (DTC) is the most
common malignancy in head and neck and endocrine
system. The incidence of DTC continues to increase
rapidly. DTC is usually considered to be an indolent tumor
with low mortality and good prognosis. While a significant
percentage of patients have persistent or recurrent disease,

better prognosis mainly depends on appropriate treatments
which rely not only on TNM staging but also on a risk
stratification system.

Accurate risk stratification is needed to determine
which patient would benefit from aggressive therapies.
Clinicopathologic characteristics, including gender, age,
radiation history, distant metastasis, bilateral nodularity,
extrathyroidal extension, tumor size, tumor location,
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aggressive variants, are considered to be risk factors in
the risk stratification system of DTC [1]. Some studies
[2, 3] have suggested that these clinical factors were
correlated with recurrence and metastasis of DTC, which
directly affected patient’s prognosis. The risk stratification
system has been constantly improved recently, which has
included more clinicopathologic characteristics, including
molecular factors. More evidences [4, 5] suggested that
a more aggressive clinical course could be expected
in tumors which carried oncogenic mutations, such as
BRAF V600E, TERT, or TP53 mutations. These somatic
mutations have been included in the recently revised
ATA guideline [6]. However, there have been fewer
studies evaluating the associations between serum-based
parameters and prognosis of DTC.

Serological parameters for DTC include thyroid
functional parameters and correlative autoantibodies.
Recently, it has been reported that the risk of thyroid
malignancy was associated with some thyroid functional
parameters, such as serum thyroid stimulating hormone
(TSH) level [7]. However, there have been conflicting
results regarding the roles of these thyroid functional
parameters [8]. Serum thyroid autoantibodies (TAD),
including thyroglobulin antibody (TgAb) and thyroid
microsomal antibody (TMADb), are common in
autoimmune thyroid disease (AIT). Some studies
suggested that the presence of TAb increased 2-fold risk
of DTC in patients with presence of TAb than in the
general population [9]. However, this marker still has two
drawbacks in clinical application. Firstly, the specificity
of TAD is not satisfied. Secondly, the association between
thyroid autoimmunity and prognosis of DTC remains
controversial [10].

To assess the prognostic significance of preoperative
thyroid functional parameters and thyroid autoantibodies
on the treatment of DTC, in the present study, we analyzed
prospectively collected data on preoperative TSH, thyroid
hormones (T3 and T4), serum thyroglobulin (Tg) and
correlative autoantibodies (TgAb and TMAb) among DTC
patients before treatment. We evaluated the associations
between these preoperative serological characteristics and
postoperative aggressive clinicopathologic characteristics
which might predict the prognosis of DTC. Additionally,
the potential associations of these preoperative parameters
with cervical lymph node metastasis (LNM) in DTC were
assessed in this study.

RESULTS

Patient characteristics

The cohort of 420 patients consisted of 312 (74.3%)
females and 108 (25.7%) males. The mean age of the
patients was 42.8+13.5 (range 7-76) years. Among 420
patients, 93.6% (393/420) patients had papillary cancer,
and 6.4% (27/420) had follicular tumors. The mean tumor
size was 1.88 = 1.34 cm. Of the 420 cases, pathological

capsular invasion, multifocality, and bilateral affected
lobes were found in 46.7% (196 of 420), 47.9% (201 of
420) and 32.6% (137 of 420) patients respectively. LNM
were found in 276 (65.7%) patients, 247 (58.8%) patients
in central compartment, and 185 (44.1%) in lateral neck.
Twenty nine (6.9%) cases were confirmed to have lateral
LNM, but not central nodes. The details of demographics,
clinicopathologic characteristics, and mean levels of
preoperative thyroid function, as well as autoantibodies of
study patients were summarized in Table 1.

Comparison of preoperative thyroid function
and autoantibody levels according to tumor
aggressive clinicopathologic features

We evaluated the tumor aggressive clinicopathologic
prognostic features including primary tumor size, affected
Lobes, capsular invasion and multifocality and the thyroid
function parameters (T3, T4, TSH, and Tg). As shown in
Table 2 and Table 3, the TSH level was significantly higher
in patients with tumor size >1 cm or capsular invasion than
in patients with microcarcinoma or no capsular invasion
(2.3 ulU/ml vs. 1.4 ulU/ml, P=0.016 and 2.6ulU/ml vs.
1.7 ulU/ml, P=0.01). When the patients were divided into
2 groups according to TSH level (<2.5 ulU/ml and >2.5
ulU/ml), In the group of TSH>2.5 ulU/ml, the percentages
of patients with tumor size >1 cm (81%) and capsular
invasion (58.2%) were significantly higher than those of
patients with TSH<2.5 ulU/ml (68.3% for tumor size >1
and 44.0% for capsular invasion) (P=0.03 and P=0.03).
The mean levels of T3 (1.4ng/ml) and T4 (81.4ng/ml) in
patients with capsular invasion were lower than those of
patients without capsular invasion (T3:1.6ng/ml and T4:
86.5ng/ml) (P=0.02). The percentages of patients with
capsular invasion were significantly different among the
3 categories of T3 level (<0.9 ng/ml; >0.9 and <2.2 ng/ml;
and >2.2 ng/ml, respectively) and these three groups had
significant percentages of patients with capsular invasion
(T3<0.9: 75%, 0.9<T3<2.2: 45.6% and T3>2.2: 28.6%
respectively, P=0.003). However, other thyroid function
parameters showed no significant differences in primary
tumor size and capsular invasion (all P > 0.05). There
were also no significant differences among the thyroid
function parameters and affected lobes and multifocality
(all P> 0.05).

Our analysis demonstrated that compared with
the patients with corresponding categorizes the patients
with tumor size >1 cm (Table 2), capsular invasion and
multifocality (Table 3) had higher level of TGAb (1.8
vs. 1.2, P<0.05; 1.8 vs. 1.4, P =0.02; and 1.8 vs.1.4, P
=0.02, respectively). Additionally, the patients with tumor
size >1 cm and multifocality had higher values of TMADb
(1.4 vs. 1.1, P=0.02 and 1.5 vs. 1.2, P=0.01, respectively)
compared with the patients with tumor size <1 cm. After
the patients were subdivided into 2 categories according
to their TGAb and TMADb values, the group with TGAb>1
comprised 148 (76.7%), 105 (54.4%) and 104 (53.9%)
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Table 1: Demographic and Clinicopathologic Characteristics of 420 Patients with DTC

Variables No. of patients % Variables No. of patients %
Gender Affected lobes
Male 108 25.7 Unilateral 283 67.4
Female 312 74.3 Bilateral 137 32.6
Age(mean+SD,y) 42.8+13.5 Central LNM
>15 and <45 238 56.7 Yes 247 58.8
<15 or >45 182 433 No 173 41.2
Pathology Lateral LNM
Papillary 393 93.6 Yes 185 441
Follicular 27 6.4 No 235 55.9
Primary tumor size 1.9£1.3
(mean+SD, cm)
<l 123 29.3 | T3(mean+SD, ng/ml) 1.6+0.8
>1 297 70.7
Tumor location T4(mean+SD, ng/ml) 84.1+£22.9
Upper pole 164 39.0
Middle 134 31.9 | TSH(mean=SD, ulU/ml) 2.1%1.5
Lower pole 122 29.1
Multifocality Tg(mean+SD, ng/ml) 21.34£24.6
Yes 201 479
No 219 52.1 TGAb(mean+SD, ng/ml) 1.6x1.5
Capsular invasion
Yes 196 46.7 | TMAb(mean+SD, ng/ml) 1.3£1.2
No 224 533

patients with tumor size >lcm, capsular invasion or
multifocality respectively, compared with 149 (65.6%), 91
(40.1%) and 97 (42.7%) patients with TgAb <1 (P=0.01;
P=0.005; and P=0.03 respectively). The group of patients
with TMAb > 1 more frequently presented (n=89, 54.6%)
multifocality comparing the group of patients with TMAb
<1 (=112, 43.6%).

Comparison of preoperative thyroid function
and autoantibody levels according to lymph node
metastasis

Table 4 lists the associations of preoperative thyroid
function and autoantibody levels with LNM. Central
LNM was significantly associated with higher level of
TSH (2.4 ulU/ml vs. 1.4 ulU/ml, P =0.001) and TGADb
(1.8 vs. 1.4, P =0.02) in univariate analysis. Lateral LNM
was significantly associated with higher level of TSH
(2.7 ulU/ml vs. 1.6 ulU/ml, P =0.002) and TMAD (1.6 vs.
1.1, P<0.05). We also subdivided all the patients into 2

categories according to TSH (<2.5 ulU/ml and >2.5 ulU/
ml), TGAb (TGAb>1 and TGAb<1) and TMADb (TMAb>1
and TMADb<I) and examined the differences of these
parameters in LNM. In patients with TSH >2.5 ulU/ml,
a higher prevalence of central LNM was found than those
with TSH<2.5 ulU/ml (73.4% vs. 55.4%, P = 0.003).
Moreover, there was a significant increase in the presence
of lateral LNM in patients with TSH>2.5 ulU/ml compared
with TSH<2.5 ulU/ml (57.0% vs. 41.1%, P =0.01). In the
groups TGAb>1 and TGADb<I, the presences of central
LNM (68.9% vs. 50.2%, P<0.05) and lateral LNM (51.8%
vs. 37.4%, P =0.003) also significantly increased. Finally,
only a significant difference in TMAb was found for
lateral LNM (55.2% vs. 37.0%, P<0.05).

Multivariable analysis

Multivariable logistic regression analysis was
performed to examine the preoperative thyroid function
and autoantibody variables independently associated
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Table 2: Univariate analysis on thyroid function parameters and correlative autoantibodies by primary tumor size

and affected lobes of DTC

Characteristic Primary tumor size P Affected lobes P
<lcm >lcm Unilateral Bilateral

T3(mean+SD, ng/ml ) 1.6+0.9 1.5+0.8 0.41 1.5+0.7 1.6+1.1 0.42
<0.9 7+£25.0 21+75.0 0.59 19+67.9 9+32.1 0.92
>0.9 and< 2.2 108+29.0 263+70.9 249+67.1 122+32.9
>2.2 8+38.1 13+61.9 15+71.4 6+28.6

T4 (mean+SD, ng/ml ) 86.9+20.9 82.9+23.5 0.11 84.1+£23.2 84.2+22.5 0.95
<45 3£15.8 16+84.2 0.39 15+78.9 4+21.1 0.48
>45 and <135 118+30.0 275+70.0 262+66.7 131433.3
>135 2425.0 6+75.0 6+75.0 2425.0

TSH(mean+SD, ulU/ml ) 1.4+1.6 2.3%1.0 0.02 1.9+£3.3 2.5+3.9 0.12
<2.5 108+31.7 233+68.3 0.03 237+69.5 104+30.5 0.07
>2.5 15+19.0 64+81.0 46+58.2 33+41.8

Tg(mean+SD, ng/ml ) 18.8+14.1 22.3+27.9 0.19 21.9+27.9 19.9+16.1 0.43
<20 93+31.7 200+68.3 0.12 198+67.6 95+32.4 0.98
>20 30+23.6 97+76.4 854+66.9 42433.1

TGAb(mean+SD, ng/ml ) 1.2+1.1 1. 8+1.6 <0.05 1.6+1.4 1.7£1.7 0.63
<1 78+34.4 1494+65.6 0.01 150+66.1 77+33.9 0.61
>1 45+23.3 148+76.7 133+68.9 60+31.1

TMAb(mean+SD, ng/ml ) 1.1£1.0 1.4+1.2 0.02 1.3£1.1 1.4+1.3 0.52
<1 82+31.9 17+68.1 0.17 175+68.1 82+31.9 0.78
=1 41 252 122+74.8 108+66.3 55+33.7

Total 123 297 283 137

with a higher level or an increased frequency of tumor
aggressive clinicopathologic features and LNM. The
results of multivariable logistic regression showed that
TGADb (P=0.01) was an independent predictive factor
for primary tumor size >1 cm (Table 5). Furthermore,
increased TSH level (P=0.01) and TGAb>1 (P < 0.05)
were associated independently with central LNM (Table
6). However, capsular invasion, multifocality and lateral
LNM were not significantly associated with other
preoperative thyroid function and autoantibody variables
(all P> 0.05).

DISCUSSION

Identifying the DTC patients who need aggressive
surgical treatment is a great challenge for the surgeons [11,
12]. Clinicians have been attempting to find more factors
and markers to predict the prognosis of DTC patients
after treatment. Thus, we evaluated four clinicopathologic
features (primary tumor size, affected lobes, capsular

invasion and multifocality) which significantly reflected
aggressive tumor or advanced stages. Simultaneously,
lymph node status was also assessed in patients with
either central LNM or lateral LNM in this study. Then,
we compared the preoperative thyroid function parameters
(T3, T4, TSH and Tg) and TAbs (TGAb and TMADb)
as they have been widely applied together with the
aforementioned factors.

Serum TSH could stimulate the development of
thyroid malignancy [13]. A slightly elevated preoperative
TSH level was reported to be a potential predictor for
the risk of thyroid carcinoma and advanced stages [ 14,
15], while some others still considered that the elevated
TSH was not to be an independent predictor for tumor
aggressiveness and poor prognosis in DTC patients [16].
In the present study, higher TSH levels were found in
patients with tumor size >1 cm, capsular invasion, and
LNM. Serum TSH level was found to be an independent
risk factor for patients with central LNM. These results
support the putative role of TSH in DTC development, and

www.impactjournals.com/oncotarget

49933

Oncotarget



Table 3: Univariate analysis of thyroid function parameters and correlative autoantibodies by capsular invasion and

multifocality of DTC
Characteristic Capsular invasion, n (%) P Multifocality, n (%) P
Yes No Yes No

T3(mean+SD, ng/ml ) 1.4+0.6 1.6+0.97 0.02 1.6+0.9 1.5+0.7 0.31
<0.9 21+75.0 7+25.0 0.00 14+0.0 14+50.0 0.97
>0.9 and< 2.2 169+45.6 202+54.4 177+47.7 194+52.3
>2.2 6+28.6 15+71.4 10+47.6 11+£52.4

T4 (mean+SD, ng/ml ) 81.4+24.3 86.5+21.5 0.02 84.5+£22.9 83.8+£23.0 0.76
<45 12+63.2 7+36.8 0.32 7+£36.8 12+63.2 0.51
>45 and <135 180+45.8 213+54.2 191+48.6 202+51.4
>135 4+50.0 4+50.0 3+£37.5 5+62.5

TSH(mean+SD, ulU/ml ) 2.6+1.1 1.7£2.9 0.01 2.4+1.2 1.8+£2.7 0.11
<2.5 150+44.0 191+56.0 0.03 159+46.6 182+53.4 0.35
>2.5 46+58.2 33+41.8 42+453.2 37+46.8

Tg(mean+SD, ng/ml ) 21.3422.5 21.2426.5 0.96 21.3+23.2 21.2426.0 0.95
<20 133+45.4 160+54.6 0.49 139+47.4 154+52.6 0.87
>20 63+49.6 64+50.4 62+48.8 65+51.2

TGAb(mean+SD, ng/ml ) 1.8+1.6 1.4+1.4 0.02 1.8+1.7 1.4+1.4 0.02
<l 914+40.1 136+59.9 0.01 97+42.7 130+57.3 0.03
>1 105+54.4 88+45.6 104+53.9 89+46.1

TMAb(mean+SD, ng/ml ) 1.4+1.2 1.2+1.1 0.11 1.5£1.3 1.2£1.0 0.01
<1 111+43.2 146+56.8 0.09 112+43.6 145+56.4 0.035
=1 85+52.1 78+47.9 89+54.6 74+45.4

Total 196 224 201 219

are in consistence with some previously published studies
[17]. TSH was included in the well-characterized ATA
risk stratification system as the same as using sub-analysis
between TSH>2.5 ulU/ml and TSH<2.5 ulU/ml patients.
While there were no significant differences in affected
lobes and multifocality, we still think that the preoperative
examination of TSH has important clinical significance.
Thyroid hormones (T3 and T4) are obviously
affected by TSH, and elevated TSH may usually denote to
decreased thyroid function. Although some studies focused
on the role of TSH, they did not take T3 and T4 levels into
consideration for patients with varying thyroid function
(hyperthyroidism, hypothyroidism, and euthyroidism).
Recently, some researchers suggested that patients with
subclinical hypothyroidism had a considerably lower
rate of LNM than those with euthyroid patients (8.6% vs.
21.8%). However, further study found that T3 and T4 were
not independently associated with tumor aggressiveness
or prognosis in DTC in spite of reduced TSH levels and
increased TSH receptor antibody values as compared

with euthyroid patients [18]. Tg has been proven to be the
most common tumor marker in DTC. The suitability of
Tg determination for the detection of malignant thyroid
remnant tissue has also improved the clinical management
of DTC [19], while some false-negative Tg results have
still occasionally been reported. Our results found that
lower levels of T3 and T4 were only associated with
capsular invasion, while no differences were found in the
multivariable analysis. There were no differences between
Tg and any clinicopathologic factors or LNM. According
to the present findings, we might conclude that routine
preoperative measurement of serum T3 and T4 is useful
in determining which patients should receive operation.
However, it might not helpful for predicting prognosis
of DTC. The routine preoperative measurement of serum
Tg is not recommended, which is the same as the ATA
guideline.

Some researchers might speculate that TAb could
arise independently in response to autoreceptors and
release from thyrocytes damaged by cytotoxic T cells
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Table 4: Univariate analysis of thyroid function parameters and correlative autoantibodies by central and lateral

LNM of DTC
Characteristic Central LNM, n (%) P Lateral LNM, n (%) P
+ - + -

T3(mean+SD, ng/ml ) 1.540.5 1.6+0.09 0.23 1.5+0.7 1.6+0.9 0.13
<0.9 17+£60.7 114£39.3 0.97 15453.6 13+46.4 0.22
>0.9 and< 2.2 218+58.8 153+41.2 164+44.2 207+55.8
>2.2 124£7.1 9+42.9 6+28.6 15£71.4

T4 (mean+SD, ng/ml ) 85.2+23.5 82.6+22.2 0.26 84.6+23.6 83.8422.5 0.72
<45 10+52.6 9+47.4 0.74 94+47.4 10£52.6 0.18
>45 and <135 233+59.3 160+£40.7 175+44.5 218+55.5
>135 4+50.0 4+50.0 1+£12.5 7+87.5

TSH(mean+SD, ulU/ml ) 2.5+1.4 1.4+1.4 0.00 2.7+1.8 1.6+0.8 0.00
<2.5 189+55.4 152+44.6 0.00 140+41.1 201+58.9 0.01
>2.5 58+73.4 21+£26.6 45+57.0 34+43.0

Tg(mean+SD, ng/ml ) 21.84£21.8 20.4428.3 0.56 22.9+23.0 19.9+25.9 0.22
<20 167+57.0 126+43.0 0.25 122441.6 171+58.4 0.13
>20 80+63.0 47£37.0 63+49.6 64+50.4

TGAb(mean+SD, ng/ml ) 1.8+1.5 1.41£1.5 0.02 1.7£1.5 1.5+1.5 0.14
<1 114+50.2 113+49.8 <0.05 85+37.4 142+62.6 0.00
>1 133+68.9 60+31.1 100£51.8 93+8.2

TMAb(mean+SD, ng/ml ) 1.4+1.2 1.2+1.0 0.17 1.6+1.3 1.1£1.0 <0.05
<1 143+£55.6 114+44.4 0.10 95+37.0 162+63.0 <0.05
>1 104+63.8 59+36.2 90+55.2 73+44.8

Total 247 173 185 235

or perhaps Fas/Fas-Ligand interactions, which may
cause chronic inflammation. Chronic inflammation is
characterized as having a key role in the development of
malignant tumors, and leads to poor prognosis [20]. On
the contrary, results from multivariable analysis study
suggested that intratumoral lymphocytic infiltration
may be associated with better prognosis, which does not
support this theory [21]. It is possible that pre-existing
diffuse thyroid autoimmunity, as opposed to a specific
immune response to tumor cells, could have different
prognostic implications. Because of the controversial
issues mentioned above, previous findings in clinical
research were inconsistent. Several results have shown that
TAbs was not an independent predictor of DTC prognosis
[22]. Even so, most relevant studies have demonstrated
that DTC may indeed lead to an autoimmune reaction
characterized by circulating TAbs [23, 24]. However,
whether these TAbs could be potential predictive factors
of LNM in DTC has not been proved before. In agreement
with many previous reports, our results demonstrated that

TGAb and TMAD were higher in DTC with tumor size >1
cm and multifocality. The frequency of capsular invasion
and central LNM was significantly related to higher
TGAD, and was not associated with TMAD level.
However, the results show that lateral LNM
was only affected by elevated TMAb. No significant
differences were observed between the number of affected
lobes and TAbs (TGAb and TMAb). Based on these
results, we may conclude that TAbs may be correlated
with tumor aggressiveness and prognosis in DTC, and
TAbs measurement could give additional information for
predicting aggressiveness and LNM. Nevertheless, it is
regrettable that all these significant differences were found
in univariate analysis, but not in the multivariable analysis
except tumor size >1cm. One of the reasons could be that
the renewed ATA guideline deems that it is the low-quality
evidence to encourage routine preoperative measurement
of TGAb. However, we still consider that TAbs may be
coefficient or coexistent factors for the development
of DTC, although they were not predictors for most

www.impactjournals.com/oncotarget

49935

Oncotarget



Table 5: Multivariable analysis on thyroid function parameters and correlative Autoantibodies by clinicopathologic
characteristics

Variables Primary tumor size Capsular invasion Multifocality
P Exp (B) (95%CI) P Exp (B) (95%CI)* P Exp (B) (95%CI)
TSH (ulU/ml) P=0.06 1.3 (1.0-1.7) 0.24 0.9 (0.9-1.0)
TSH (<2.5/>2.5) P=0.48 1.5 (0.5-4.4) 0.77 1.1 (0.6-2.2)
TGAb P=0.01 1.5(1.1-2.1) 0.56 0.9 (0.8-1.2) 0.67 1.1 (0.8-1.3)
TGAD (<1/>1) P=0.36 1.4 (0.7-2.7) 0.06 1.8 (1.0-3.2) 0.68 0.9 (0.4-1.8)
TMAD P=0.62 0.9 (0.7-1.3) 0.37 1.2 (0.8-1.6)
TMAb (<1/>1) 0.99 1.0 (0.5-2.2)
T3 (ng/ml) 0.48 1.2 (0.8-1.8)
T3 (<0.9/>2.2) 0.11 0.2 (0.0-1.4)
T4 (ng/ml) 0.51 0.6 (0.2-2.5)
T4 (45-135/>135) 0.27 1.0 (1.0-1.0)

*adjusted by age, sex, stage, treatment, pathology, and tumor location.

Table 6: Multivariate logistic regression analysis thyroid function parameters and correlative autoantibodies for
central and lateral LNM

Variables Central LNM Lateral LNM
P Exp (B) (95%CI)* P Exp (B) (95%CI)

TSH (ulU/ml) P=0.01 1.4 (1.1-1.8) 0.10 1.1 (1.0-1.3)

TSH (<2.5/>2.5) P=0.38 1.6 (0.6-4.2) 0.96 1.0 (0.5-2.2)
TGAb P=0.39 0.9(0.7-1.1)

TGADb (<1/>1) P<0.05 0.4 (0.2-0.8) 0.84 0.9 (0.5-1.7)
TMAb 0.13 1.2 (0.9-1.6)

TMAbD (<1/>1) 0.41 0.7 (0.4-1.5)

*adjusted by age, sex, stage, treatment, pathology, tumor size, tumor location.

aggressive clinicopathologic characteristics and LNM.
However such findings need to be confirmed in future
studies. Interestingly, when TAbs levels were divided into
two groups, we found that TGAb (<1/>1) could be an
independent predictor for central LNM. While there may
be some shortcomings in our study, it is worth noting that
our data showed an association between TAbs and LNM
in patients and DTC. Therefore, we suggest that surgeons
should pay attention to the levels of TAbs, which may
have potential predictive value for DTC stages.

Our study inevitably has potential limitations,
which include: 1) this is a single-center study with a
relatively small sample size; 2) we could not elucidate the
association with serological parameters and aggressive
tumor features or LNM sufficiently, such as TSH>2.5
ulU/ml with primary tumor size <1 cm due to a very low
number of cases (n=15) in our current study; and 3) It
is also possible that unmeasured confounding variables

and potential selection bias may have influenced present
results. In conclusion, TSH level and TGAb>1 were
significantly independent predictors for central LNM, and
might help make the decision of central neck dissection.
However, the results from this study may be regarded
as reference which can help clinicians make appropriate
decisions for DTC patients.

MATERIALS AND METHODS

Study population

A cohort 0f 420 DTC patients who underwent initial
surgery at Sichuan Cancer Hospital from July 2010 to July
2015 were enrolled into this study. A total of 393 papillary
cases and 27 follicular cases were included. Approval
from the ethics committee of the Sichuan Cancer Hospital
Institutional Ethics Committee was obtained. Patients
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with a history of prior treatment for head and neck cancer
or other thyroid malignancies were excluded from this
study. Patients with highly aggressive subtypes, distant
metastasis, lack of preoperative imaging studies and
incomplete data were also excluded.

Treatment protocol

All patients underwent total, subtotal or limited
thyroidectomy (lobectomy with isthmusectomy) and
selective central and lateral neck dissection. The central
compartment (level VI) includes the pretracheal,
paratracheal, and prelaryngeal lymph nodes. Elective
lateral neck dissection was performed if suspicious lymph
nodes were detected by imaging or clinical examinations.
The thymus, the parathyroid and the recurrent laryngeal
nerves were identified and preserved. Parathyroid
glands which could not be preserved in situ were auto-
transplanted into the ipsilateral sternocleidomastoid
muscle.

Thyroid function assay

Blood tests were obtained 1-3 days before surgery
between 6:30 and 9:00 AM. Serum T4, T3, TSH and Tg
were measured by a chemiluminescence immunoassay.
The normal ranges for thyroid function were defined by
the laboratory of the Sichuan Cancer Hospital (TSH:
0.3-5.0 ulU/mL; T3: 0.9-2.2 ng/mL; T4: 45-135 ng/mL;
Tg: 0-20ng/mL). The serum TSH level was categorized
into 2 levels: < 2.5 mIU/L and >2.5mIU/L. Because more
than 95% of normal individuals have TSH levels below
2.5mlIU/L, TSH value greater than 2.5mIU/L was defined
as high TSH level. Tg stage was classified as < 20ng/mL
and >20ng/mL. We also divided the patients into 3 groups
at the cut-off values of 0.9ng/mL and 2.2ng/mL for the
T3 level (<0.9 ng/mL, 0.9-2.2ng/mL, and > 2.2ng/mL,
respectively) as well as 45ng/mL and 135ng/mL for the
T4 level (<45 ng/mL, 45-135ng/mL, and > 135ng/mL,
respectively).

Measurement of thyroid autoantibodies

Preoperative levels of TgAb and TMAb were
measured by a chemiluminescence immunoassay using
the automated immunochemiluminescent assay. Reference
ranges of variation were established by the laboratory of
the Sichuan Cancer Hospital (TgAb: 0-2.1; TMAb: 0-2.1).
Serum TgAb and TMADb exceeding a level of 1 were
considered high serum autoantibody values. Thus, TgAb
and TMAD status were further recorded as either <1 (low
level) or >1 (high level).

Prognostic variables of DTC

The following clinicopathologic features were
analyzed for prognostic factors including aggressive

tumor stage, maximal tumor size (<1 cm and >1 cm),
extrathyroidal invasion, multifocal (multifocal lesions
were defined as having two or more tumors within the
thyroid) and unilateral or bilateral lesions (lesions in both
lobes). Associations between central and lateral LNM and
these prognostic factors were also analyzed. For quality
control, analysis was performed on a randomly selected
subset of 5% of the samples for all above assays. The
results of the re-run samples achieved a more than 95%
concordance with the original results for all assays.

Statistical analysis

SPSS statistical package (version 17.0; Chicago,
IL) was used for all statistical analysis. Risk factors
according to thyroid function status and thyroid
autoantibodies were evaluated using both univariate and
multivariable analysis. Continuous data was represented
as mean = SD. Continuous variables were compared
using the independent two-sample t-test. Chi-square test
or Fisher’s exact test was done to analyze categorical
data as appropriate. The significant risk factors related to
prognosis and LNM in univariate analysis were further
included in a multivariable logistic regression analysis.
Results with P<0.05 were regarded as having a statistical
significance.

Abbreviations

DTC, differentiated thyroid cancer; TSH, thyroid-
stimulating hormone; Tab, thyroid autoantibodies; TgAb,
thyroglobulin antibody; TMAD, thyroid microsomal
antibody; AIT, autoimmune thyroid disease; T3 and T4,
thyroid hormones; Tg, thyroglobulin; LNM, lymph node
metastasis; LND, lymph node dissection.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

REFERENCES

1. Tto Y, Kudo T, Takamura Y, Kobayashi K, Miya A,
Miyauchi A. Prognostic factors of papillary thyroid
carcinoma vary according to sex and patient age. World j
Sur. 2011; 35:2684-2690.

Wang Q, Chu B, Zhu J, Zhang S, Liu Y, Zhuang M, Yang
Y. Clinical analysis of prophylactic central neck dissection
for papillary thyroid carcinoma. Clinical & translational
oncology. 2014; 16:44-48.

3. Eun YG, Lee YC, Kwon KH. Predictive factors of
contralateral paratracheal lymph node metastasis in

papillary thyroid cancer: prospective multicenter
study. Otolaryngology-head and neck surgery. 2014;
150:210-215.

www.impactjournals.com/oncotarget

49937

Oncotarget



11.

12.

14.

Li F, Chen G, Sheng C, Gusdon AM, Huang Y, Lv Z, Xu H,
Xing M, Qu S. BRAFV600E mutation in papillary thyroid
microcarcinoma: a meta-analysis. Endoc related Cancer.
2015;22:159-168.

Liu S, Zhang B, Zhao Y, Chen P, Ji M, Hou P,
Shi B. Association of BRAFV600E mutation with
clinicopathological features of papillary thyroid carcinoma:
a study on a Chinese population. Int J Clin Exp Patholog.
2014; 7:6922-6928.

Haugen BRM, Alexander EK, Bible KC, Doherty G,
Mandel SJ, Nikiforov YE, Pacini F, Randolph G, Sawka
A, Schlumberger M, Schuff KG, Sherman SI, Sosa JA,
et al. 2015 American Thyroid Association Management
Guidelines for Adult Patients with Thyroid Nodules and
Differentiated Thyroid Cancer. Thyroid. 2016; 26:1-133.
doi: 10.1089/thy.2015.0020.

Zafon C, Obiols G, Baena JA, Castellvi J, Dalama B, Mesa
J. Preoperative thyrotropin serum concentrations gradually
increase from benign thyroid nodules to papillary thyroid
microcarcinomas then to papillary thyroid cancers of larger
size. ] Thyroid Res. 2012:530721.

Vadiveloo T, Donnan PT, Cochrane L, Leese GP. The
Thyroid Epidemiology, Audit, and Research Study
(TEARS): morbidity in patients with endogenous
subclinical hyperthyroidism. J Clin Endocr Met. 2011;
96:1344-1351.

CA. Clinical
thyroglobulin antibody (TgAb) measurements for patients
with differentiated thyroid cancers (DTC). J Clin Endocr
Met. 2011; 96:3615-3627.

Boi F, Minerba L, Lai ML, Marziani B, Figus B, Spanu
F, Borghero A, Mariotti S. Both thyroid autoimmunity

Spencer review: Clinical utility of

and increased serum TSH are independent risk factors for
malignancy in patients with thyroid nodules. J Endocri
Invest. 2013; 36:313-320.

Hay ID, Bergstralh EJ, Goellner JR, Ebersold JR, Grant
CS. Predicting outcome in papillary thyroid carcinoma:
development of a reliable prognostic scoring system in a
cohort of 1779 patients surgically treated at one institution
during 1940 through 1989. Sur. 1993; 114:1050-1057.

Podnos YD, Smith D, Wagman LD, Ellenhorn JD. The
implication of lymph node metastasis on survival in patients

with well-differentiated thyroid cancer. Am Surgeon. 2005;
71:731-734.

. Jonklaas J, Nsouli-Maktabi H, Soldin SJ. Endogenous

thyrotropin and triiodothyronine concentrations in
individuals with thyroid cancer. Thyroid. 2008; 18:943-952.
Kim SS, Lee BJ, Lee JC, Song SH, Kim BH, Son SM,
Kim 1J, Kim YK, Kang YH. Preoperative serum thyroid
stimulating hormone levels in well-differentiated thyroid
carcinoma is a predictive factor for lateral lymph node

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

metastasis as well as extrathyroidal extension in Korean
patients: a single-center experience. 2011;
39:259-265.

Fiore E, Rago T, Provenzale MA, Scutari M, Ugolini C,
Basolo F, Di Coscio G, Berti P, Grasso L, Elisei R, Pinchera
A, Vitti P. 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. Endocri Related Cancer. 2009; 16:1251-1260.

Ahn D, Sohn JH, Kim JH, Shin CM, Jeon JH, Park JY.
Preoperative subclinical hypothyroidism in patients with

Endocr.

papillary thyroid carcinoma. Am J Otolaryngol. 2013;
34:312-319.

Fiore E, Rago T, Latrofa F, Provenzale MA, Piaggi P,
Delitala A, Scutari M, Basolo F, Di Coscio G, Grasso L,
Pinchera A, Vitti P. Hashimoto's thyroiditis is associated
with papillary thyroid carcinoma: role of TSH and of
treatment with L-thyroxine. Endocri Related Cancer. 2011;
18:429-437.

Ahn D, Sohn JH, Jeon JH, Park J. Preoperative subclinical
hyperthyroidism in patients with papillary thyroid
carcinoma. Clin Exp Otorhinolaryngol. 2014; 7:312-318.
David A, Blotta A, Rossi R, Zatelli MC, Bondanelli M,
Roti E, Braverman LE, Busutti L, degli Uberti EC. Clinical
value of different responses of serum thyroglobulin to
recombinant human thyrotropin in the follow-up of patients
with differentiated thyroid carcinoma. Thyroid. 2005;
15:267-273.

Coussens LM, Werb Z. Inflammation and cancer. Nature.
2002; 420:860-867.

Loh KC, Greenspan FS, Dong F, Miller TR, Yeo PP.
Influence of lymphocytic thyroiditis on the prognostic
outcome of patients with papillary thyroid carcinoma. J Clin
Endocri Metab. 1999; 84:458-463.

McLeod DS, Cooper DS, Ladenson PW, Ain KB, Brierley
JD, Fein HG, Haugen BR, Jonklaas J, Magner J, Ross DS,
Skarulis MC, Steward DL, Maxon HR et al. Prognosis of
differentiated thyroid cancer in relation to serum thyrotropin
and thyroglobulin antibody status at time of diagnosis.
Thyroid. 2014; 24:35-42.

Fiore E, Rago T, Scutari M, Ugolini C, Proietti A, Di Coscio
G, Provenzale MA, Berti P, Grasso L, Mariotti S, Pinchera
A, Vitti P. Papillary thyroid cancer, although strongly
associated with lymphocytic infiltration on histology, is
only weakly predicted by serum thyroid auto-antibodies in
patients with nodular thyroid diseases. J Endocri Investi.
2009; 32:344-351.

Kim ES, Lim DJ, Baek KH, Lee JM, Kim MK, Kwon
HS, Song KH, Kang MI, Cha BY, Lee KW, Son HY.
Thyroglobulin antibody is associated with increased cancer
risk in thyroid nodules. Thyroid. 2010; 20:885-891.

www.impactjournals.com/oncotarget

49938

Oncotarget



