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Abstract
Thyroid-stimulating hormone (TSH) is a growth factor affecting the initiation or progression of papillary thyroid cancer
(PTC). However, the relationship between preoperative serum TSH and papillary thyroid microcarcinoma (PTMC) remains
controversial. To investigate the relationship between preoperative serum TSH and tumor status of PTMC, a multicentered
retrospective study was performed from January 2014 to December 2016. The cohort of this study consisted of 1997 patients
who underwent thyroid surgery. Serum TSH concentrations were measured and PTMC was diagnosed based on the post-
operation pathological report. Results showed that the preoperative serum TSH concentration was not related to age and
gender but was positively associated with tumor size. Furthermore, higher TSH level was associated with extra-thyroidal
extension and lymph node metastasis (LNM). These results indicated that TSH might not be involved in the development of
PTMC but may be associated with PTMC progression. Preoperative serum TSH concentration should be considered as risk
predictor for tumor progression in patients with PTMC.
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Introduction

Thyroid cancer is one of the most common malignancies of
the endocrine system, which accounts for 1% of all human
neoplasms [1]. Its annual incidence is estimated to be 0.5–10
per 100,000 persons worldwide [2]. However, in Chinese
population, the incidence is 14.7 per 100,000 persons, well
above the world average estimate. In 2015, a total of 201,000
new cases were diagnosed and around 75% (151,000) were

women [3]. In recent years, the incidence of thyroid cancer
continues to rise [4, 5] because of the increased use of ima-
ging methods and early detection of tumors less than 1 cm,
especially the increased detection of papillary thyroid micro-
carcinoma (PTMC) [6, 7]. Fortunately, the prognosis of
PTMC is generally good because of its nature of being
indolent and easily being monitored by neck ultrasonography
[8]. Patients with PTMC are believed to have a low risk of
recurrence (2.4%), and less than 1% of risk for distant
metastasis. Although PTMC-associated recurrence and
metastasis is low, the negative psychosocial and economic
impact caused by this disease could be substantial and the
quality of life for patients with PTMC would be compro-
mised. Thus, accurate risk stratification is important to
determine the patients who need more aggressive therapy.

Thyroid stimulating hormone (TSH) is a well-known
growth factor for thyroid follicular cells, potentially
affecting the initiation or progression of follicular-cell
derived thyroid cancer [9]. Serum TSH also regulates
thyroid cell differentiation and represents thyroid function
sensitively [10]. Thus, it is used for evaluation of thyroid
nodules. TSH suppression with levothyroxine is suggested
as a therapeutic intervention for patients with thyroid cancer
on the assumption that it can prevent the growth and spread
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of thyroid cancer cells [11]. Maintaining serum TSH in the
subnormal-normal range was associated with better out-
comes across all stages in patients with differentiated
thyroid carcinoma (DTC) [12–14]. However, more aggres-
sive TSH-suppressive treatment (TSH maintained below the
lower limit of the reference range) is of little or no benefit to
the vast majority of patients with DTC [9, 15]. In addition,
several studies have reported that there is significant asso-
ciation between preoperative serum TSH levels and thyroid
carcinoma status [1, 16, 17]. Even a slightly elevated pre-
operative TSH concentration increases the risk of thyroid
cancers. For PMTC, an earlier investigation found no sig-
nificant association between TSH levels and the progression
of PTMC [18]. However, a recent study of 127 PTMCs
found that tumor progression was significantly higher in the
subgroup with the highest serum TSH levels (HR 3.55; 95%
CI, 1.22–10.28) [6]. The true value of TSH in PTMC
management is still debated. Furthermore, so far, the value
of TSH in the prediction of malignancy of small thyroid
nodules, which are commonly detected incidentally during
ultrasound examinations, is still unclear. More evidence is
required to illustrate the possible effect of TSH for PTMC.

In this study, we focus on the association between pre-
operative serum TSH levels and PTMC and investigate
whether a relationship exists between preoperative serum
TSH concentration and tumor size, extra-thyroidal exten-
sion, lymph node metastasis (LNM), and distant metastasis.

Materials and methods

Patients

This study was conducted at three medical centers, includ-
ing Fudan University Shanghai Cancer center, Gansu Pro-
vincial Cancer Hospital, and the First Hospital of China
Medical University, from January 2014 to December 2016.
A total of 1997 patients who received thyroidectomy and
had a histopathological diagnosis of PTMC were enrolled
and reviewed retrospectively. Exclusion criteria were as
follows: patients (i) with benign thyroid nodules detected by
ultrasound scan before surgery but were accidently identi-
fied as PTMC by histopathology, (ii) with a history of
thyroid surgery, (iii) with other malignant tumor simulta-
neously, (iv) aged less than 14 years, (v) without serum
TSH concentration measures before surgery. This retro-
spective cohort study was approved by the local ethical
committees. They are the Institutional Ethics Committee of
Fudan University Shanghai Cancer Center (1706173–9), the
Ethics Committee of Gansu Provincial Cancer Hospital
(A201708020011), and the Institutional Ethics Committee
of the first Affiliated Hospital of China Medical University
(AF-SOP-07–1.1–01). The study was registered in Chinese

Clinical Trial Registry (https://www.chictr.org.cn) (Regis-
tration Number: ChiCTR1800018108).

PTMC clinicopathological characteristics

Papillary thyroid carcinoma with the greatest tumor diameter
of 10mm or less was classified as PTMC. Information of all
the patients with PTMC, including primary tumor size, the
number of tumor foci, extrathyroidal extension, LNM, cap-
sular and vascular invasion, and histological variants were
recorded. The 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 primary tumor. Staging was performed according to the
eighth edition of TNM classification by the AJCC (American
Joint Committee on Cancer 8th, 2018).

TSH detection

Serum TSH concentration was measured in all enrolled
patients before surgery by immunochemiluminescent
methods (IMMULITE 2500, Diagnostic Products Corp.,
Los Angeles, CA, USA and UniCel DXI800, Beckman
Coulter, Brea, CA). The normal range was defined as
0.4–4 mU/L.

Statistical analysis

All variables (including baseline characteristics) are presented
as numbers with percentages for categorical variables, mean ±
SD for continuous variables. The Student’s t-test was used for
comparing numerical variables. The chi-square test was used
for comparing categorical variables. Kruskal-Wallis test was
used to analyze the difference of tumor size across different
preoperative serum TSH concentration groups. Spearman
bivariate correlation analysis were used to identify the cor-
relation between TSH and tumor size. Multivariable linear
regression analysis was further performed to adjust for effect
of TSH on tumor size (age, gender, hypothyroidism, hyper-
thyroidism, and Levothyroxine treatment). ROC curve was
constructed to show the predictive value of preoperative
serum TSH for extra-thyroidal extension, LNM, and distant
metastasis in patients with PTMC. Statistical analyses were
performed in SAS® 9.4. A P-value < 0.05 was accepted as
statistical significance.

Results

Patient Characteristics

The baseline characteristics for all the PTMC patients (n=
1997) are presented in Table 1. Average age of patients was
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44.6 ± 11.1 years and the median age at surgery was 44.4
years (range: 14.9–80.1, Q1–Q3: 36.2–52.4 years). Most
patients were female (n= 1548, 77.5%) and the female to
male ratio was 3.45: 1. The median baseline body mass index
(BMI) was 23.4 Kg/m2. Among the 1997 patients, 12 (0.6%)
with thyroiditis, 37 (1.9%) with hyperthyroidism and 8 (0.4%)
with hypothyroidism. All patients had thyroid nodules diag-
nosed by ultrasound scan before surgery. Median size of
thyroid nodules was 6mm (Q1–Q3: 5.0–8.0mm). Around
87.3% patients (1734) had normal preoperative serum TSH
levels. The average levels of serum TSH was 2.55 ± 2.05 mU/
L and the median value was 2.07 mU/L (range: 0–43.4 mU/L,
Q1–Q3: 1.36–3.20 mU/L). Ten patients did not have TSH
concentration measured before surgery and were thus excluded
from further analysis, leaving a total of 1987 individuals (447
male and 1540 female patients) as the study population.

Figure 1 shows the demographics and PTMC prevalence
by serum TSH level groups. The prevalence of PTMC was
similar across different preoperative serum TSH levels (Fig.
1A). In addition, there was no significant difference in
gender (Fig. 1B) and age (Fig. 1C) distribution across the
serum TSH levels.

Table 1 Patient Characteristics before Surger

Variable PTMC Patients (n= 1997)

Age (years) (IQR) 44.4 (36.2~52.4)

Sex (%)

Male 449 (22.5)

Female 1548 (77.5)

BMI (Kg/m2)
(IQR)

23.4
21.3~25.6

Thyroiditis, n (%)

No 1985 (99.4)

Yes 12 (0.6)

Hyperthyroidism, n (%)

No 1960 (98.1)

Yes 37 (1.9)

Hypothyroidism, n (%)

No 1989 (99.6)

Yes 8 (0.4)

Levothyroxine treatment, n (%)

No 1985 (99.4)

Yes 12 (0.6)

Nodule size (mm) (IQR) 6.0 (5.0–8.0)

Nodule volume(mm3) (IQR) 153.94 (78.5–268.1)

Serum TSH concentration
(mU/L) (IQR)

2.07 (1.36–3.20)

Data are presented as Median or percent. Nodule volume= π/6 ×
length × width × height. BMI Body mass index, IQR Interquartile range

Fig. 1 Prevalence of PTMC according to patients’ serum TSH con-
centration. A Serum TSH concentration was not associated with the
prevalence of PTMC. B, C There were no significant differences in
gender and age distribution according to serum TSH concentration
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TNM stage in different preoperative serum TSH
levels

As shown in Table 2, there is no significant difference in
TNM stage according to preoperative serum TSH con-
centration (p= 0.6039). In detail, when the serum TSH
concentration was in the normal range (0.5 < TSH < 4 mIU/
L), 1584(98.1%) patients were in T1, 12(0.7%) in T3, and
18 (1.1%) in T4 stage. Similarly, in the lowest TSH con-
centration (<0.5 mU/L) group, 72 (98.6%) patients were in
T1, and one (1.4%) patient was in T3. And in the highest
TSH concentration (≥4 mU/L) group, 295 (98.3%) patients
were in T1, three patients (1%) were in T3, and two patients
(0.7%) were in T4 stage. Meanwhile, most patients were in
N0 stage. At the lowest, normal and highest TSH levels,
there were 53 (72.6%), 1073 (66.5%), 216 (72.0%) patients
in N0, and 20 (27.4%), 541(33.5%), 84 (28.0%) patients in
N1 stage, respectively. Furthermore, 16 patients with stage

T3b had extra-thyroidal extension invading only strap
muscles. And in the patients with T4a, 14 patients had
recurrent laryngeal nerve invasion, 4 patients had trachea
invasion and two patients had esophagus invasion. Two
patients with stage M1 had pulmonary metastasis.

Association between preoperative serum TSH
concentration and tumor size

There was a significant difference in tumor size according to
the serum TSH concentration (p= 0.0028). In the lowest
TSH concentration, the mean tumor size was 6.1 ± 2.54 mm
(range: 1–10 mm, Q1–Q3: 4.5–8.0 mm), while in the
highest TSH groups, mean tumor size was 6.6 ± 2.22 mm
(range: 1–10 mm, Q1–Q3: 5.0–8.0 mm). The average and
median tumor size was the largest in the highest TSH
concentration group (Table 3). In addition, the results of
Spearman correlation analysis illustrated that preoperative

Table 2 TNM stage and the Preoperative Serum TSH Concentration (mIU/L)

TSH ≤ 0.5 n= 73 0.5 < TSH < 2 n= 867 2 ≤ TSH < 4 n= 747 TSH ≥ 4 n= 300 P value

T (%) 0.8264

TX 0 0 0 0

T0 0 0 0 0

T1 72 (98.6) 854 (98.5) 730 (97.7) 295 (98.3)

T1a 69 (94.5) 807 (93.1) 707 (94.7) 289 (96.3)

T1b 3 (4.1) 47 (5.4) 23 (3.1) 6 (2.0)

T2 0 0 0 0

T3 1 (1.4) 4 (0.5) 8 (1.1) 3 (1.0)

T3a 0 0 0 0

T3b 1 (1.4) 4 (0.5) 8 (1.1) 3 (1.0)

T4 0 9 (1.0) 9 (1.2) 2 (0.7)

T4a 0 9 (1.0) 9 (1.2) 2 (0.7)

T4b 0 0 0 0

N (%) 0.1047

NX 0 0 0 0

N0 53 (72.6) 564 (65.1) 509 (68.14) 216 (72.0)

N1 20 (27.4) 303 (35.0) 238 (31.86) 84 (28.0)

N1a 17 (23.3) 256 (29.5) 184 (24.63) 65 (21.7)

N1b 3 (4.1) 47 (5.4) 54 (7.23) 19 (6.3)

M (%) 0.6457

MX 0 0 0 0

M0 73 (100.00) 867 (100.0) 746 (99.9) 299 (99.7)

M1 0 0 1 (0.1) 1 (0.3)

TNM (%) 0.6039

I 72 (98.6) 835 (96.3) 724 (96.9) 290 (96.7)

II 1 (1.4) 30 (3.5) 19 (2.6) 9 (3.0)

III 0 2 (0.2) 4 (0.5) 0

IV 0 0 0 1 (0.3)

Staging was performed according to the eighth edition of TNM classification by the AJCC (American Joint Committee on Cancer 8th, 2018)
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serum TSH levels correlated with tumor size (R= 0.0674,
P= 0.0030). After adjusting for age, gender, thyroid dys-
function and Levothyroxine treatment, this association was
close to and significant (B= 0.0848, SE= 0.0251, 95%
CI= 0.0355, 0.134, p= 0.0007).

The effect of TSH on extrathyroidal extension, LNM,
and distant metastasis

After surgery, 146 patients with extra-thyroidal extension
were diagnosed by histopathology: 5 patients (6.9%) in the
lowest TSH group, 98 patients (6.1%) in the normal TSH
group, and 43 patients (14.3%) were in the highest TSH
group. The proportion of extrathyroidal extension in
patients with the highest TSH concentration was sig-
nificantly higher than that in those with normal or lowest
TSH concentration (p < 0.0001) (Fig. 2A). A total of 258
patients with LNM were verified by histopathology: 53
patients (17.7%) were in the highest TSH group and the
proportion of LNM was significantly higher than that in
patients with normal (197, 12.2%) and the lowest (8,
11.0%) TSH levels (p= 0.0402) (Fig. 2B). Two patients
developed distant metastasis, and one (0.3%) in the highest
TSH level group. However, the difference in distant
metastasis prevalence across TSH levels was not statisti-
cally significant (p= 0.4498) (Fig. 2C).

Furthermore, the predictive value of TSH to discriminate
PTMC invasion and metastasis was determined by ROC
analysis. The area under the curve (AUC) was 0.5814
(Youden index: 0.14) (Fig. 3D). A cut-off value of 2.22
mU/L for TSH had a sensitivity of 57% and a specificity of
57%. When only considering the extrathyroidal extension,
the AUC was 0.6427 and Youden index was 0.24, and a
cut-off value of 2.25 mU/L for TSH had a sensitivity of
66% and a specificity of 57% (Fig. 3A). And for distant
metastasis, the AUC was 0.8372 and Youden index was

0.76, and a cut-off value of 3.28 mU/L for TSH had a
sensitivity of 100% and a specificity of 76% (Fig. 3C).
However, the results were not significant due to the small
sample size.

Discussion

TSH was once considered as an independent risk factor for
different thyroid cancer regardless of the presence of thyr-
oid nodules [19]. Previous clinical studies have demon-
strated that elevated preoperative serum TSH concentrations
are related to an increased risk of thyroid malignancy
[16, 20]. Recently, Tam et al. also identified a positive
association between preoperative serum TSH and patholo-
gical and aggressive features of PTC [1]. In the study, the
authors found that serum TSH was higher in patients with
malignant nodules compared to those with benign ones.
And patients with aggressive variant PTC had higher serum
TSH levels than those with nonaggressive PTC, which
confirmed the association between serum TSH and thyroid
cancer.

Over the past years, the incidence of thyroid cancer has
been rising worldwide because of the increased detection of
PTMC [4–6]. PTMCs exhibit significant differences in the
mode of presentation from papillary tumors of larger size
[21]. When compared with larger PTC, PTMC commonly
exhibits a more benign behavior and has a more favorable
prognosis [22]. However, the risk for extrathyroidal exten-
sion (31.9%), lymphatic invasion (19.2%), and lymph node
metastasis (17.8%) should not be neglected [23]. Some
authors suggested that there exists a subgroup of PTMCs
that can be aggressive, requiring therapeutic management
similar to that for larger tumors [17]. However, the selection
of appropriate patients who need more aggressive therapy is
difficult, due to lack of accurate risk stratification.

Table 3 Tumor Size and the
Preoperative Serum TSH
Concentration (mIU/L)

TSH ≤ 0.5
n= 73

0.5<TSH < 2
n= 867

2≤TSH < 4
n= 747

TSH ≥ 4
n= 300

P value

Number of
tumors, n (%)

0.0320a

unifocal 44 (60.3) 657 (75.8) 547 (73.2) 221 (73.7)

multifocal 29 (39.7) 210 (24.2) 20 (26.8) 79 (26.3)

Tumor size (mm) 0.0028b

Mean (SD) 6.1 (2.32) 6.1 (2.16) 6.3 (2.28) 6.6 (2.22)

Median 6.0 6.0 6.0 6.5

Q1–Q3 4.5–8.0 5.0–8.0 5.0–8.0 5.0–8.0

Min–Max 1–10 1–10 1–10 1–10

Tumor size was only recorded as the maximum diameter
aChi-square test
bKruskal-Wallis test
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Although the association between the higher serum TSH
and malignancy risk of thyroid nodules has been well
established, the relationship of serum TSH concentration
and the initiation and progression of PTMC has not been
extensively analyzed. Haymart et al. has observed that
an increased risk of cancer persisted with a higher TSH in
patients with PTMCs until the TSH was ≥ 5.00 mU/L [16].

Similarly, Zafon et al. found that TSH level was the lowest
among patients with benign lesions, intermediate among
those with PTMC and the highest among those with DTC
[17]. There seemingly exists an increment in tumor size as a
function of increment in the TSH level in patients with
PTMC [24]. However, some limitations should be noted
when interpreting the results of these studies. For example,
the sample sizes were very small in some studies, or patients
with medullary thyroid carcinoma which is known to be
unresponsive to TSH were chosen as a control group, or the
diagnosis was based on cytological results in a considerable
number of patients. Recently, Tam et al. observed patients
with benign nodules (n= 969) had significantly lower TSH
concentration compared to patients with PTMC (n= 384)
and PTC (n= 279). Meanwhile, patients with PTMC and
PTC had similar TSH levels [1]. In this study, we found that
the average concentration of preoperative serum TSH was
2.55 ± 2.05 mU/L and the median value was 2.07mU/L in
patients with PTMC, higher than that of patients with
benign pathology reported in other studies (for example,
1.6 ± 0.1 mU/L in the study by Haymart et al. [16],
1.08 mU/L in the study by Shi et al. [21], and 0.98 mU/L in
the study by Tam et al. [1]). But there was no significant
difference in the prevalence of PTMC according to serum
TSH concentration groups.

In addition, there was an association between pre-
operative serum TSH and more advanced cancer stage at
diagnosis [16]. In a meta-analysis of 28 studies and
42032 subjects, the authors systematically assessed the
association between serum TSH and thyroid cancer and
found a correlation of TSH with higher disease grade even
at normal TSH levels [25]. Similarly, Shi et al. showed that
higher TSH was also associated with lymph node metastasis
and advanced stage (III and IV). Serum TSH could be used
as a predictive risk indicator for DTC. However, the use of
serum TSH for risk prediction of DTC did not apply to
microcarcinomas [21]. Likewise, Kim et al. did not find
higher TSH levels in the advanced tumor stage in patients
with PTMC during active surveillance [19]. In this study, no
significant difference in TNM stage according to pre-
operative serum TSH concentration was observed.

Although serum TSH did not correlate with the prevalence
and TNM stage in PTMC patients, the positive association
between serum TSH and tumor size was significant.

Consistently, previous observations by Haymart et al.
[16] and Gerschpacher et al. [24] showed a similar positive
correlation between the mean serum TSH concentration and
tumor size. These findings supported the hypothesis that
TSH might be involved in the progression of PTMC.

Furthermore, TSH may play a key role in extra-thyroidal
extension and TNM. In a meta-analysis of 56 studies, Zheng
et al. showed that higher serum TSH was significantly asso-
ciated with tumor size and LNM [26]. Recently, Tam et al.,

Fig. 2 Association of serum TSH concentration with PTMC metas-
tasis. A Prevalence of lymph nodes metastasis increased in the higher
TSH groups (P < 0.0001). B Prevalence of extrathyroidal invasion
increased in the higher TSH groups (P= 0.0402). C Prevalence of
distant metastasis increased in the higher TSH groups (P= 0.4498)
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showed that preoperative serum TSH was significantly higher
in patients with LNM [1]. And Kim et al. further found that
sustained increase in serum TSH levels was associated with
progression of PTMC during active surveillance, and a cut-off
point of serum TSH concentration for PTMC progression was
2.50 mU/L [6]. In this study, we also identified a significantly
higher proportion of extra-thyroidal extension and LNM in
patients with the highest preoperative serum TSH concentration
compared with those with normal or the lowest TSH levels,
which indicated an association between preoperative serum
TSH levels and extra-thyroidal invasion, diffusion, and LNM
in PTMC patients. Our analysis also identified the predictive
value of TSH in discriminating PTMC invasion and metastasis,
which suggested that serum TSH concentration before surgery
may be useful for the prediction of PTMC progression.

Despite the association between serum TSH and PTMC
development and progression is still controversial, this mul-
ticenter retrospective study with relatively larger sample size
(n= 1987) identified a positive trend between preoperative
serum TSH and tumor status. A higher serum TSH level
might imply more aggressive process in patients with PTMC,
including extra-thyroidal invasion, diffusion, and LNM.
Therefore, maintaining a low-normal TSH concentration with
levothyroxine treatment might be considered for patients with
PTMC who received active surveillance.
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