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ABSTRACT

Objectives This study aims to summarise the features
and trends of thyroid carcinoma in the past two decades
in China.

Design, setting and participants Clinical data obtained
from 10798 patients treated by thyroidectomy from 1994
to 2015 at the Department of General Surgery of the
People’s Liberation Army General Hospital, Beijing, China
were retrospectively analysed.

Outcome measures Incidence and histopathological
features of thyroid cancer were compared and the risk
factors for local lymph node metastasis analysed.
Results Our data indicated a significant increase in

the detection of thyroid cancer (from 16.8% to 69.8%,
p<0.01). Among the 5235 thyroid cancer cases, papillary
thyroid carcinoma (PTC) was the most common histotype,
accounting for 95.1% of all malignancies over the 22-year
period. Among the 4979 PTCs, micro-PTCs (mPTC) with
the largest diameter <10 mm has gradually become the
dominant form, and its percentage in PTCs has increased
from 13.3% in the biennial period of 1994-1995 to 51.2%
in 2010-2011. Furthermore, the size of the tumour has
decreased significantly from 2.3+1.1cm in 1994 to
1.2+0.9cm in the largest diameter (p<0.01), while the
average age at diagnosis and female dominance remained
unchanged during the period. Logistic regression showed
that tumour nodules>1cm and male gender were the
main risk factors for local lymph node metastasis (LNM),
whereas patients over 45 years had lower risk.
Conclusions During the 22-year period, an increased
detection of thyroid cancer, particularly mPTC, was found
while the occurrence of LNM decreased. Our results
suggest that the current preoperative diagnosis and risk
stratification are adequate, supporting the published
guidelines for the diagnosis of thyroid cancer.

INTRODUCTION

Thyroid nodules occur in about 4%-7%
of the population, and 8%-16% of these
contain malignant elements.' Thyroid cancer
is the most common endocrine Cancer,1
and approximately 90% of these are differ-
entiated, including predominantly papil-
lary thyroid carcinoma (PTC) and, to a less

Strengths and limitations of this study

» The strength of this study lies in that >10000 cases
of thyroid cancer over a period of 22 years were ret-
rospectively studied to summarise the features and
trends of thyroid cancer in patients with thyroidecto-
mies in Beijing, China.

» The clinical practice was reviewed over this long
period of time to evaluate the performance of the
preoperative diagnosis and risk stratification in a
major hospital in Beijing.

» The retrospective nature of this study led to limited
survival data, which should have been included to
evaluate the improvement of clinical outcome during
the 22-year period.

extent, follicular thyroid carcinoma.” These
subtypes are generally associated with a more
favourable prognosis and higher cure rate,S
when compared with less common but more
aggressive forms of thyroid cancer, such as
medullary thyroid cancer, anaplastic thyroid
cancer and thyroid sarcoma or lymphoma.*
The past few decades have witnessed an
increase in the incidence of thyroid cancer,
while the associated mortality
unchanged.”” In addition, the number of
newly diagnosed thyroid cancer cases with
smaller tumours increased. Between 2008
and 2009, 39% of patients with thyroid cancer
were diagnosed with tumours smaller than
1cm, when compared with 25% of patients
diagnosed between 1988 and 1989."° This
was due to the proactive screening of thyroid
cancer, particularly through the application
of sensitive surveillance modalities in recent
years.""™"®  Advanced imaging techniques,
such as ultrasonography, CT, MRI and posi-
tron emission tomography, along with fine-
needle aspiration biopsy have dramatically
improved the detection of small thyroid
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nodules, and facilitated the early diagnosis of thyroid
cancer.'"®

However, the increased incidence of thyroid cancer
has also been considered to be associated with overdiag-
nosis'*** and environmental factors.®* The screening
of highly prevalent thyroid nodules for those with malig-
nant potential remains challenging, although a number
of guidelines have recently been proposed for the diag-
nosis and management of thyroid nodules.** Identifying
nodules with high risk of malignancy during thyroidec-
tomy represents a cost-effective approach.” * Therefore,
in this study, the features and trends of thyroid cancer
in patients with thyroidectomies in China were retro-
spectively analysed to examine whether the decrease in
diagnosable size of thyroid nodules is associated with
misdiagnosis, providing further insight into its diagnosis
and management.

MATERIALS AND METHODS
Written informed consent was obtained from all patients
for retrospective studies.

Data collection
The clinical database for patients undergoing thyroidec-
tomies from 1994 to 2015 at the Department of General
Surgery of PLA General Hospital (Beijing, China)
was revisited, and the thyroid pathology reports were
screened and reviewed to analyse the correlation of the
size of thyroid nodules with other pathological features.
The clinical parameters used in the analysis included
front neck discomfort or pain, dysphagia, dysphonia or
hoarseness, dyspnoea, sign of thyroid nodule and thyroid
gland enlargement, as well as ultrasound features. These
data were individually checked, and cases with inconsis-
tent data were excluded before the statistical analysis. As
a result, 10798 eligible cases with thyroidectomies from
1994 to 2015 were recruited.

Data analysis and statistics

Benign or malignant thyroid nodules were diag-
nosed based on pathological features, and malignant
nodules were reported as PTC, follicular (FTC), medul-
lary (MTC) or anaplastic thyroid carcinoma (ATC).
PTCs were further subclassified into clinically relevant
PTCs (crPTCs) >10mm in diameter and micro-PTCs
(mPTCs) <10mm in diameter (the largest diameter of a
nodule). These subgroups were compared, when appro-
priate, in the analysis.

Patients were treated by surgery, often with lymph node
dissection, depending on the clinical features and the
number, location and size of the involved lymph node,
which was assessed by preoperative imaging analysis
and intraoperative frozen section pathological analysis.
Tumours within 10mm in size and had no involvement
of lymph nodes were resected without the removal of
lymph nodes. When the preoperative imaging revealed
no abnormalities in the lymph nodes, but malignancy

was confirmed by intraoperative frozen section analysis,
ipsilateral central neck node dissection was performed. If
the preoperative sonography or intraoperative examina-
tion revealed abnormal lymph nodes, and frozen section
analysis confirmed the malignancy, improved lateral neck
lymph node dissection was performed.

Statistical analysis was performed using the Statis-
tical Package for the Social Sciences (SPSS, V.17.0;
IBM, Armonk, New York, USA). Data were presented as
mean+SD or mean+SE, when appropriate; X* test was
used to compare different categories and generate the
trend lines. Furthermore, t-test was used for comparisons
between groups, and logistic regression was performed
to calculate the risk factors for lymph node metastasis
(LNM). The data analysis was adjusted for confounders,
such as age, gender, nodule size and the presence of
Hashimoto thyroiditis. A two-tailed p<0.05 was consid-
ered to be statistically significant.

Patient and public involvement

This retrospective study did not involve patients or the
public in the development of research initiatives and
outcome measures, as well as the design and implemen-
tation of the study. The study covered a period of 22
years, which ranged between 1994 and 2015. Therefore,
there was no possibility or plan to disseminate the results
among the participants.

RESULTS

Malignancy rate increased from 1994 to 2015

The numbers of benign and malignant cases of thyroid
cancer detected during thyroidectomy from 1994 to 2015
are summarised in table 1. As the number of thyroidec-
tomy surgeries increased due to the improved diagnosis
of thyroid cancer, the number of benign and malignant
cases gradually increased. Noticeably, the malignancy rate
of thyroid nodules dramatically increased from 16.8%
during the biennial period of 1994-1995 to 69.8% during
the period of 2014-2015 (p<0.05), while the benign rate
decreased from 83.2% to 30.2% (p<0.05).

The diagnosis rate of PTC increased from 1994 to 2015
Among the 10798 cases recruited, 5235 cases were found
to be malignant (table 2). Furthermore, a majority of
patients (63.6%) were found with multiple cancers.
Moreover, 48.1% of patients had unilateral cancer, and
the remaining 51.9% of patients had bilateral cancer
(table 2). In addition, most of the malignant cases were
recorded as PTCs, which exhibited a significant increase
from 65.3% during the period of 1994-1995 to 98.2%
during the period of 2014-2015 (p<0.05, figure 1), while
the diagnosis rates of other histotypes concurrently
decreased (table 2 and figure 1).

Detection size of thyroid nodules decreased from 1994 to 2015
The review of the clinicopathological information of
malignant cases suggested that most of these patients
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Figure 1 Trends in the diagnosis of various subtype thyroid
malignancies, presented as permillage (rate per thousand) of
thyroid cancer, from 1994 to 2015. ATC, anaplastic thyroid
carcinoma; FTC, follicular thyroid carcinoma; MTC, medullary
thyroid carcinoma; PTC, papillary thyroid carcinoma.

were free of clinically relevant symptoms and physical
signs (figure 2A and B), and only 9% of patients exhib-
ited different degrees of discomfort, such as pain and
dysphagia. The enlargement of thyroid glands were
often noticed, but not necessarily by health profes-
sionals, during routine physical examination. However,
34% of tumours were impalpable, which was likely due
to the depth of the intrathyroidal microcarcinoma. By
ultrasonography, 37% of patients were detected with
single thyroid tumours, while the remaining patients had
multiple lesions (figure 2C).

From 1994 to 2015, the size of thyroid nodules has been
reported to significantly decrease, with the mean diam-
eter reduced from 2.6+1.4cm to 1.2+0.9cm (figure 2D).
This trend roughly correlates with the increase in the
rate of preoperative fine-needle aspiration (FNA), which
ranged from 15% in 2004 to 74% in 2013, although this
rate regressed to 57% between 2014 and 2015 (figure 2E).
In addition, during the same period, the total thyroidec-
tomy rate remained unchanged from 1994 to 2007, but
gradually increased from 2008 to 2013, and decreased
sharply to 3% from 2014 to 2015 (figure 2F).

The size of the thyroid cancer at diagnosis and metastasis
rate decreased from 1994 to 2015

Considering the high prevalence of PTCs, 4980 cases
were compared with 255 cases of other subtypes all-to-
gether, and further data analysis was restricted to this
type of thyroid cancer. As shown in table 3, the mean
age of patients at diagnosis was 43.7+11.3 years, with no

significant variation from 1994 to 2015. Furthermore, the
incidence of PTC was considerably higher in women than
inmen, in which approximately two-thirds of these patients
were female. It is noteworthy that the average diameter of
PTCs at diagnosis decreased from 2.3+1.1cm in 1994 to
1.240.9 cm in 2015 (p<0.05, table 3). Correlating with this
trend was the increase in the percentage of mPTCs from
13.3% between 1994 and 1995 to 51.2% between 2010
and 2011 (p<0.05, table 3). This likely resulted from a
more meticulous pathological examination. Interestingly,
the detection rate of mPTCs decreased to 26.5 between
2014 and 2015.

Among the PTC cases studied, 1212 patients were found
with LNM, but its occurrence significantly decreased
with the reduction in tumour size (p<0.05, table 3).
This was associated with the increased diagnosis rate of
mPTCs, which shows an apparently lower LNM potential
in comparison with crPTCs (table 4). Before 2007, the
difference between the LNM rates of mPTC and crPTC
were appreciable, but this not statistically significant most
of time due to the limited size of the cohort. With the
increase in PTC diagnosis after 2008, a significantly lower
LNM occurrence was found for mPTCs, when compared
with crPTCs (table 4).

Determinant factors of local lymph node metastasis in PTC,
mPTC and crPTC

To identify the risk factors for local LNM in PTC, mPTC
and crPTC, a logistic regression analysis was performed.
The results support the correlation of LNM with
nodules >1 cm (OR 2.480,95% CI 0.428 to 0.613; p<0.001)
and male gender (OR 1.627, 95% CI 1.376 to 1.923;
p<0.001), and its inverse correlation with the age of 245
years (OR 0.512, 95% CI 2.040 to 2.902; p<0.001) after
adjustment for other covariates in all PTCs (figure 3A,
table 2). Hashimoto’s thyroiditis presented no risk for
LNM (figure 3A). Consistent data were also obtained
from patients with mPTC and crPTC (figure 3B and C;
tables 3 and 4).

DISCUSSION

Thyroid cancer is diagnosed in nearly 300000 people
annually all over the world.?” Although these malignan-
cies are mostly differentiated and generally associated
with a good prognosis, the involvement of local lymph
nodes is frequently observed. Proactive screening for
malignancies from a substantial population of thyroid
nodes and accurate histopathological stratification are
crucial for the clinical decision and improvement of
patient outcome. The present study reviewed 10798
cases of thyroidectomy undertaken in a major hospital
located in one of the most populated city in the world for
a period of over 22 years, summarised the clinical features
of 5235 cases of thyroid cancer, and analysed the trend of
PTCs and risk factors for predicting LNM. Among these
patients, about 20% were from Beijing, while the rest 80%
were from other regions in China where the disease could
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Figure 2 Clinical, surgical and ultrasound features during the evolvement of thyroidectomy and the diagnosis of thyroid cancer
from 1994 to 2015. Data on the symptoms (A), physical signs (B), nodule multiplicity (C), ultrasonographic sizes of nodules (D),
fine-needle aspiration ratio (E) and thyroidectomy types (F) were summarised.

not be diagnosed definitely in local hospitals. Therefore,
our patient cohort generally represented all China even
though bias towards the difficult cases might exist.

The present analysis unveiled a gradual but significant
increase in thyroid malignancy detection rate between
the period of 1994 and 2015, which ranged from 16.8%
to 69.8%. These percentages are generally within the
wide-range detection rate (6.7%-56%) of thyroid cancer
worldwide,% 2829 although data between 2014 and 2015

was relatively higher than earlier periods. Furthermore,
the detection rates varied across different centres, which
were likely caused by the different guidelines and algo-
rithms followed by physicians and surgeons. The increase
in detection rate from 1994 to 2015 reflects the improve-
ment in diagnosis, through the advances in imaging
technology and the increasing use of FNA, together with
the shift of routine node dissection towards therapeutic
dissection in the treatment. In addition, the appropriate
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Figure 3 Determinant factors of the lymph node metastasis
of papillary thyroid carcinoma (PTC) (A), micropapillary
thyroid carcinoma (mPTC) (B) and clinically relevant papillary
thyroid carcinoma (crPTC) (C). Logistic regression was
performed to define factors associated with local lymph node
metastasis (LNM).

preoperative risk stratification of thyroid nodules, which
was a result of improved clinical evaluation, thyroid func-
tion test, ultrasonography and molecular diagnosis in
recent years, has diverted a lot of patients from thyroidec-
tomy, contributing to the increased diagnosis of thyroid
cancer. These data support published guidelines™ *' and
highlights the importance of combining imaging, FNA,
cytology and molecular diagnosis. However, the contri-
bution of social and environmental stresses could not
be ruled out, which is beyond the scope of the present
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retrospective study. It is noteworthy that the present study
covered a period during which China was undergoing
the largest scale of industrialisation in modern history.
This inevitably led to dramatic social and environmental
changes.

Papillary carcinoma accounts for 95.1% of malignan-
cies in the whole cohort, and reached as high as 98.2%
among patients diagnosed between 2014 and 2015. These
rates were comparable to the findings of another study
performed in Nanjing, China,” but were higher than those
in other reports,” which was likely due to the increase in
PTCs, as previously suggested.” The high detection rate
for PTC was attributable to the increasing use of head and
neck imaging, which detects subpalpable (yet potentially
malignant) thyroid nodules, and ultrasound-guided FNA,
which improves the preoperative detection of malig-
nancy. With the use of neck ultrasonography and other
diagnostic approaches, the average size of PTCs at diag-
nosis has significantly reduced from 2.3+1.1cm in 1994
to 1.2+0.9cm in 2015, and this was similar to the trends
reported in previous studies.'’ *® This progress allows for
the early detection of thyroid cancer, which leads to the
increasing trend of hemithyroidectomy, when compared
with total thyroidectomy, and the intensified follow-up of
patients with thyroid cancer in recent years in our prac-
tice following the American Thyroid Association (ATA)
guidelines.” *' ** However, the overdiagnosis and over-
treatment of indolent diseases have been increasingly
recognised. The most recent ATA guidelines suggest a
more parsimonious evaluation of thyroid nodules and a
more judicious use of thyroid cancer treatment, in order
to minimise risk and maximise benefits to patients.”

The present data suggest that nodules >1 cm and the
male gender predict a high risk of LNM, while the age
of >45 years is associated with low LNM potentials, and
this is consistent with a previous finding.* Therefore,
more attention is needed for these patients in future
practice. However, in this single-centre study, factors
taken into account for the logistic regression analysis
were limited due to the retrospective nature of the study.
Future studies are needed to characterise the association
of other clinical and biochemical parameters with thyroid
cancer metastasis and patient outcome. Characterising
the contribution of social and environmental stresses to
the occurrence of thyroid cancer would also be of signifi-
cant social economical value.

In the present study, the clinical data of 10798 patients
treated by thyroidectomy was retrospectively analysed to
determine the features and trends of thyroid cancer in
the past 22 years. The present data suggested a significant
increase in the detection rate of thyroid cancer, partic-
ularly mPTC, which has become the dominant form of
thyroid cancer. As a result, the occurrence of LNM has
been decreasing with time. The present results suggest
the adequacy of present preoperative diagnosis and risk
stratification, although overdiagnosis and overtreatment
require future attention of physicians and surgeons in view
of the rapid increase in the number of thyroidectomies.
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