
Endocrine
https://doi.org/10.1007/s12020-020-02230-7

ORIGINAL ARTICLE

Time trend analysis of thyroid cancer surgery in China: single
institutional database analysis of 15,000 patients

Chengqiu Sui1 ● Nan Liang1
● Rui Du1

● Qiao He1 ● Daqi Zhang1
● Fang Li1 ● Yantao Fu1

● Gianlorenzo Dionigi2 ●

Hui Sun 1

Received: 9 October 2019 / Accepted: 13 February 2020
© The Author(s) 2020

Abstract
Purpose The institutional database of the Thyroid Surgery Division in China–Japan Union Hospital of Jilin University was
queried to audit time trend patterns in thyroid cancer (TC) management between 2008 and 2017.
Methods Retrospective longitudinal analysis. Clinicopathological features and treatment strategies were analyzed. Fre-
quencies and multivariate tests were used to detect correlations.
Results Clinical data were obtained from 15,000 TC patients (i.e., 71.3% of 21,044 operations). Papillary was the most
common histological subtype (n= 14,916, 99%), and 76% were microcarcinomas. Stage I (95%) and low-risk patients
(58%) were prevalent throughout the 10-year period. The trend for total thyroidectomy increased from 29.1% (2008–2012)
to 67.9% (2013–2015), and then dropped to 48.6% (2016–2017). A total of 8827 (52%) patients received central lymph node
dissection (CLND). The tendency for CLND increased from 15.7 to 86.4% during the 10-year period. While the trend of
lateral lymph node dissection decreased from 71.3 to 13.3%. Radioactive iodine therapy was offered to 10% of patients
(2008–2012), except for a low value (5.4%) in 2009, and then increased from 12.3% (2012) to 41.3% (2015), while
decreased to 32.4% (2017).
Conclusion The surgical management of TC patients has undergone continuous changes over the past 10 years. The
evolution from aggressive treatment to a more conservative approach has been constant. Our results suggest that the current
surgical management approach for TC is adequate and in support of the published guidelines. Our findings warrant further
investigation to determine the clinical implications of decision making for TC.

Keywords Thyroid cancer ● Incidence ● Surgery ● Cancer registration ● China ● Guidelines

Introduction

An increase in thyroid cancer (TC) incidence has been
reported by studies conducted in the People’s Republic of
China [1–19]. In 2013, China had an overall age-
standardized TC incidence rate of 7.56/100,000, according
to the Chinese National Cancer Registry, which ranked
seventh in overall cancers [1–19]. Analysis showed that the
most commonly diagnosed group are females in their 30s
and 40s. The crude mortality of TC in China is 0.52/
100,000. The incidence and mortality rates of TC are higher
in females than in males and higher in urban areas than in
rural areas. Eastern areas had the highest incidence, fol-
lowed by central and western areas [1].

Endocrinologists and surgeons have consistently
focused on improving treatment, perioperative manage-
ment, and radioactive iodine (RAI) therapy to enhance the
outcomes of TC in China [20–24]. TC management
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guidelines have been translated, updated, and transferred
into Chinese clinical practice (Table 1) [20–24]. Today,
TC, which includes mostly papillary thyroid cancer (PTC),
is a treatable disease with a good prognosis [16–19]. The
core of TC management includes removal of the tumor
either by thyroidectomy or thyroid-conserving surgery (i.e.,
lobectomy) [19]. However, no research has reported TC

surgical trends or the influential factors of these trends in
China [1–19]. This retrospective study aimed to investigate
the rates of different thyroidectomies and related factors in
TC patients to determine whether they played a role in the
modalities of surgery performed at Thyroid Surgery Divi-
sion in China–Japan Union Hospital of Jilin University
over a 10-year period (2008–2017).

Table 1 Domestic and foreign DTC management guidelines over the 10-year period

Institution Features Recommendations Recommendation rating Referencesa

2009 ATA
guidelines

MTD > 1 cm, there are contralateral thyroid nodules, or
regional or distant metastases, with personal history of
radiation therapy to the head and neck, or first-degree
family history of DTC, older age (>45 years)

Near-total or total
thyroidectomy

A 112, 116, 122,
123, 156, 157,
161, 162

Small (<1 cm), low risk, unifocal, intrathyroidal
papillary carcinomas in the absence of prior head and
neck irradiation or radiologically or clinically involved
cervical nodal metastases (cN1a)

Lobectomy A –

Clinically involved central or lateral neck lymph
nodes (cN1)

Therapeutic CLND B 56, 139, 181

Advanced primary tumors (T3 or T4) Prophylactic CLND C 174, 175

Small (T1 or T2), noninvasive, clinically node-negative
PTCs and most FTC

Near-total or total
thyroidectomy without
prophylactic CLND

C –

Biopsy-proven metastatic lateral cervical
lymphadenopathy.

Therapeutic LLND B –

2012 Chinese
guidelines

MTD > 4 cm, or with gross extrathyroidal extension
(cT4), or cN1, or distant sites (cM1)

Near-total or total
thyroidectomy

C 46

MTD > 1 cm and <4 cm without extrathyroidal
extension (ETE), and cN0

Near-total or total
thyroidectomy or
lobectomy

C 45

MTD < 1 cm without ETE and cN0 in the absence of
prior head and neck irradiation, and no nodules in the
contralateral lobe

Lobectomy C –

Differentiated thyroid cancer CLND B 47, 48, 49

Biopsy-proven metastatic lateral cervical
lymphadenopathy

Therapeutic LLND B 52, 53

2015 ATA
guidelines

MTD > 4 cm, or with cT4, or cN1, or distant sites (cM1) Near-total or total
thyroidectomy

Strong 318, 319,
320, 321

MTD > 1 cm and <4 cm without ETE, and cN0 Near-total or total
thyroidectomy or
lobectomy

Strong 318, 322, 323,
324, 325,
326, 327

MTD < 1 cm without ETE and cN0 (unless there are
clear indications to remove the contralateral lobe)

Lobectomy Strong –

cN1a Therapeutic CLND Strong 334, 346, 347,
349, 359–366

PTC with cN0 who have advanced primary tumors (T3
or T4), cN1b, or if the information will be used to plan
further steps in therapy

Prophylactic CLND Weak 344, 345,
353–356

Small (T1 or T2), noninvasive, clinically node-negative
PTC and for most follicular cancers

Thyroidectomy without
prophylactic CLND

Strong –

Biopsy-proven metastatic lateral cervical
lymphadenopathy

Therapeutic LLND Strong 379–381

aReferences are numbered as in the original guideline
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Materials and methods

Study design

A retrospective longitudinal study was conducted in line
with STROCSS criteria [25].

Setting

The Thyroid Surgery Division in China–Japan Union
Hospital of Jilin University is the largest referral and aca-
demic thyroid surgery center in the northeastern region of
China. The number of outpatients exceeds 100,000 per year,
and the number of inpatients exceeds 3500 per year.
Patients are mainly from three northeastern provinces in
China. The division is a training center for endocrine sur-
gery in China with international cooperation with surgeons
from Europe and Asia.

Participants

All TC patients in the period between 2008 and 2017 who
underwent thyroidectomy in the hospital were included in
our study. Surgeries were performed by general surgeons
with special training in TC surgery. TC diagnosis was based
on histopathology reports from surgical specimens [26].
The exclusion criteria were as follows: occult cancer,
patients who had surgery outside our hospital, recurrent TC
or history of TC, incomplete follow-up, TC and parathyroid
disease. Preoperative thyroid stimulating hormone, free
thyroxine-4, and free thyroxine-3 measurements and neck
ultrasonography were performed for all patients who qua-
lified for surgical treatment [26]. Fine-needle aspiration
biopsy (FNAB) and preoperative computer tomography
were not routinely employed. All patients required
L-tyrosine supplementation after surgical treatment [26].
The follow‐up period was from the date of surgery to the
date of the last clinical follow‐up.

Data source, collection, and variables

The Institutional Electronic Database of the Thyroid Sur-
gery Division in China–Japan Union Hospital of Jilin
University was queried to audit time trend patterns in TC
management between 2008 and 2017. Information on
patients treated in the unit is prospectively collected for
continuous monitoring of quality indicators. Data include
deidentified patient information on histology, preoperative
work-up, surgery, multidisciplinary management, and
follow-up. The local database was reviewed to identify
patients who underwent surgery for primary TC. Data were
collected through completion of a three-part patient data
sheet. The first part included demographic data. The second

part included information regarding the operation, such as
the type of surgery, year of operation, and administration of
RAI. The third part included information regarding the
histopathological nature of the tumors. The institutional
database represents 100% of the admissions in the Thyroid
Surgery Division. Data can be weighted such that the results
can be extrapolated. Procedure and diagnostic codes are
recorded using the International Classification of Diseases,
Clinical Modification.

Surgery

Patients in this study underwent open or endoscopic sur-
geries. The primary lesion was excised at the same time that
the cervical lymph nodes were dissected. According to the
results of intraoperative frozen sections, ipsilateral lobe and
isthmus resection was performed for unilateral primary
lesions, total thyroidectomy (TT) was performed for uni-
lateral primary lesions requiring iodine 131 treatment. We
generally performed the lymph node dissection (LND) of
ipsilateral cervical central VI, which was recommended in
China [23]. For all bilateral primary lesions, TT and bilat-
eral cervical central VI LND were performed. Additional
lateral compartment neck dissections, including levels
II–IV, were performed if metastases were present in the
lateral compartment, and no level I or V LND was per-
formed unless lymph node metastasis to level I or V.

Definitions

Tumor stages were defined according to the American Joint
Committee on Cancer Manual, 8th Edition [27]. The risk of
recurrence was defined according to the risk stratification
system of differentiated thyroid cancer (DTC) of American
Thyroid Association (ATA) management guidelines pub-
lished in 2015 [26].

Outcomes analysis

The measured outcomes were newly treated TC, demo-
graphic data, pathological characteristics [maximum tumor
diameter (MTD), location, multifocality, extrathyroid
extension (ETE) (identified as “the invasion of the cancer
penetrated through the capsule and even reached the outside
of the thyroid gland: perithyroidal soft tissues or strap
muscles”), thyroiditis, coexisting nodular goiter, histologi-
cal subtype, lymph node metastasis (LNM)] and treatment
strategies [thyroidectomy, lobectomy, LNDs, and RAI].

Stratification

To obtain the time trend study population, TC patients were
stratified into subgroups for subsequent analyses.
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Age

An age-stratified analysis was performed for the following
groups: children (<18 years); youth (19–44 years); middle
age (45–59 years); elderly (60+ years).

Thyroid gland surgery

The patients were stratified by the extent of the primary
surgical procedure: TT; near TT; sub-TT; lobectomy+
isthmusectomy; <lobectomy (i.e., nodulectomy).

Lymph node dissection

Solely thyroidectomy (without LND); central LND
(CLND); CLND+ lateral LND (LLND); and LLND
without CLND.

The decision to perform a different type of surgery was
made jointly by the patient and surgeon. Technical aspects
of the procedures have been described previously [26, 28].

TC guidelines

Temporal trends were evaluated over three time intervals to
evaluate the distribution of surgical methods in each period,
depending on the published time management guidelines
for adult patients with TC [20–24, 26, 29]. Period I, before
2012 Chinese guidelines published (i.e., 2008–2012); Per-
iod II, after 2012 Chinese guidelines published (i.e.,
2013–2015); and Period III, after 2015 ATA guidelines
published (i.e., 2016–2017).

Pathology

Group I included patients with DTC < 1 cm, without ETE,
without clinical evidence of any LNM (N0). Group II
included patients with DTC > 1 cm and <4 cm or with
microscopic ETE and N0. Group III included patients with
DTC > 4 cm or with gross ETE (T4), multifocality, or
clinically apparent metastatic disease to nodes (N1) or dis-
tant sites (M1). Papillary thyroid microcarcinoma (PTMC)
had MTD < 1 cm.

Dominant vs. contralateral thyroid lobe features

To analyze possible causes of changes in surgical man-
agement during the study period, we evaluated the US
characteristics of the dominant and contralateral thyroid
nodules. By definition, the dominant lobe is the larger
thyroid lobe, the lobe affected by a suspected or proven
tumor, the side with a hyperfunctioning hot nodule, and in a
multinodular goiter, the lobe with larger and/or the greater
number of nodules or the lobe causing compression

symptoms [30]. Thyroid nodules were defined according to
thyroid imaging reporting and data system (TI-RADS)
classification [20, 31–33].

Bias

Selection bias was reduced by including all the TC patients.
In addition, given to the observational design of this study,
the indication bias could not be excluded.

Statistical analysis

Continuous variables were summarized by arithmetic means,
standard deviations, and medians, and categorical values by
weighted frequency and percentage (%). Data were analyzed
using Student’s t test and Kruskal–Wallis H test for con-
tinuous variables and chi-square test for categorical
variables. A p value < 0.05 was considered statistically sig-
nificant. All hypothesis tests were two sided. All the data
were analyzed retrospectively by a statistician. Statistical
analyses were performed using IBM SPSS version 19.0, and
charts were generated using Origin version 8.0.

Results

Population

During the 10-year study period, 21,044 patients underwent
surgery for various thyroid diseases. A total of 15,915
(75.6%) patients had a diagnosis of TC, and 915 (5.7%)
were excluded from the analysis. Among them, 903 (5.6%)
subjects underwent reoperation, 5 (0.03%) had incomplete
information, and 7 (0.04%) had nonprimary TC. Finally, the
analysis included 15,000 patients who underwent primary
surgery with TCs and complete information for this study
(Fig. 1).

Fig. 1 Flowchart of the inclusion and exclusion criteria. TC
thyroid cancer
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Surgical volume

Of the 15,000 TC patients selected, 214 (1.4%) underwent
endoscopic surgery, and previous studies published by the
center have compared the safety of endoscopic surgery and
open surgery [34]. Preoperative FNA use increased from 0
to 92% over the 10-year period (Fig. S1).

Demographics

A total of 11,805 patients were females (78.7%), with a
male to female ratio of 1:3.69. There were significant dif-
ferences in the sex ratio during the study period. The mean
age was 42.88 ± 9.56 years. TC was most common in
female youth (19–44 years). The highest TC incidence was
observed in youth (56.5%), followed by the middle-aged
group (39%). Elderly patients and children constituted 4%
and 0.3% of the total, respectively. During the 10-year
period, the age group distribution was significantly different
(p < 0.05) (Table 2).

Histopathology

Of 15,000 TCs, 14,916 were PTCs (99.4%), 73 were
medullary (0.5%), 6 were follicular (0.04%), and 5 were
anaplastic (0.03%) (Table 2). The median MTD was 0.6
(0.01–6.5) cm. Coexistence of goiter or thyroiditis
occurred in 11,642 (77.6%) or 3285 (21.9%) histological
specimens, severally, and remained stable throughout the
study period. Incidence of ETE increased from 2.6 to
19.3% over time. TC multifocality increased from 26.4 to
40.1%. LNM incidence increased from 29.2 to 42.8%,
which mainly depended on the increased incidence of
central LNM (CLNM), while the rate of lateral LNM was
increased from 20.5% in 2008 to 26.2% in 2010 and
decreased to 10.3% until 2017. The most common location
of TC was the right side (n= 5731, 38.2%), followed by
the left lobe (n= 5012, 33.4%), bilaterally (n= 4100,
27.3%), and the isthmus (n= 153, 1.0%). Group I (i.e.,
DTC < 1 cm, without ETE, N0) included 4700 patients
(31.5%); Group II (DTC > 1 and <4 cm, or with micro-
scopic ETE, N0) included 830 patients (5.5%); and Group
III (DTC > 4 cm, or with gross ETE, N1, M1) included
9391 patients (62.9%). Stratification features remained
stable during the study period. Stage I and low-risk
patients remained prevalent during the 10-year period
(95.9% and 58.9%, respectively) (Fig. S2). Of the patients,
13,897 were pT1 (92.6%), 8674 (53.8%) were pN0, and
14,964 (99.7%) were M0. PTMC was found in 11,403
patients (76.5%) and non-PTMC in 3513 patients (23.6%).
The number of PTMC increased over time. Among all the
patients undergoing surgery, only six patients had positive
margins.

Management methods

Trends in the extent of thyroidectomy

In total, most patients underwent TT (n= 7844, 52.3%),
followed by lobectomy+ isthmusectomy (n= 4249,
28.3%), near TT (n= 2527, 16.8%), sub-TT (n= 320, 2%),
and nodulectomy (n= 64, 0.4%). Before 2012 Chinese
guidelines published (from 2008 to 2012), the most com-
mon surgery was near TT (n= 2045, 60.3%), followed by
TT (n= 989, 29.1%), lobectomy+ isthmusectomy (n=
232, 6.8%), and sub-TT (n= 90, 2.6%). After 2012 Chinese
guidelines published (from 2013 to 2015), the rate of near
TT decreased to 6.4%, while the rate of TT increased to
67.9%, and the rate of lobectomy+ isthmusectomy
increased to 24.7%. Since 2015 ATA guidelines published
(from 2016 to 2017), the rate of near TT decreased to 1.5%,
the rate of TT decreased to 48.6%, and the rate of lobect-
omy+ isthmusectomy increased to 46.2%. (Fig. 2). To
evaluate the distribution thyroidectomies for DTC over the
10-year period, we divided 15,000 patients into three groups
by tumor features, and noted that the majority of patients in
Groups I and II received lobectomy+ isthmusectomy
(48.3% and 41.3%, respectively), and the majority of
patients in Group III underwent TT (69.0%). The tendencies
for thyroidectomies in three Groups were shown in Fig. 3.

Dominant vs. contralateral thyroid lobe features

In order to analyze the reasons why the patients with similar
pathology features chose different surgery than those
guidelines recommended, we evaluated thyroid lobe features
in these three groups. In Group I patients who received near
TT or TT, the TI-RADS classification was higher than grade
IV in the contralateral thyroid nodules (37%), followed by
multiple nodules > 1 cm (32%), nodules > 3 cm (21%),
patient symptoms (8%), and false-positive FNA result (2%).
In Group II, the patients who underwent lobectomy+ isth-
musectomy included no nodule (59%), nodule < 8 mm and
TI-RADS < grade III (24%) in the contralateral lobe, nega-
tive FNA result (13%), and patient symptoms (4%). In
Group III, patients who received lobectomy+ isthmu-
sectomy included negative FNAB results (63%), no nodule
(33%), nodule < 8 mm and TI-RADS < grade III (12%) in
the contralateral lobe, and patient symptoms (2%) (Table 3).

Trends in LND

A total of 8827 patients (58.8%) underwent CLND, and
5675 patients (37.8%) underwent CLND+ LLND. Three
hundred patients (2%) underwent thyroidectomy without
LND. A total of 198 patients (1.3%) underwent LLND
without CLND. Before 2012 Chinese guidelines published
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(from 2008 to 2012), the most common surgery was
CLND+ LLND (n= 2420, 71.3%), followed by CLND
(n= 532, 15.7%), thyroidectomy without LND (n= 243,
7.2%), and LLND without CLND (n= 198, 5.8%). After 2012
Chinese guidelines published (from 2013 to 2015), the rate of
CLND increased to 58.7%, while the rate of CLND+LLND
decreased to 40.6%, the rate of thyroidectomy without LND
and LLND without CLND had dropped to close to 0. Since
2015 ATA guidelines published (from 2016 to 2017), the rate

of CLND increased to 86.4%, however, the rate of CLND+
LLND decreased to 13.3% (Fig. 4a). We then evaluated the
accuracy of LNDs. CLNM in patients undergoing central
compartment clearance decreased from 35% in 2008 to 17.5%
in 2013 and then increased to 36.2% in 2017 (Fig. 4b). CLNM
(N1a) of patients undergoing CLND+LLND increased from
6.6% in 2008 to 21.4% in 2014 and decreased to 5% in 2017.
Lateral LNM (N1b) of patients undergoing CLND+LLND
increased from 34.4% in 2008 to 88.6% in 2017.

Fig. 2 The distribution of thyroidectomies for thyroid cancer (TC).
Percentages of thyroidectomies in three periods according to the time
of published guidelines, where A was defined as <lobectomy, B was

defined as lobectomy+ isthmusectomy, C was defined as subtotal
thyroidectomy, D was defined as near-total thyroidectomy, and E was
defined as total thyroidectomy (TT)

Fig. 3 The distribution of thyroidectomies for differentiated thyroid cancer (DTC). Trends of percentages of thyroidectomies over the 10-year
period for patients in Group III (a), in Group II (b), and in Group I (c). TT total thyroidectomy
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Table 3 Possible reasons for the
choice of surgeries among the
three groups

Patientsa in
Group I

Patientsb in
Group II

Patientsc in
Group II

Patientsd in
Group III

False-positive result of FNAB 2% 1% – –

Nodules > 3 cm 21% 17% – –

Multiple nodules > 1 cm 32% 23% – –

TI-RADS classification >
grade IV

37% 54% – –

Negative result of FNAB – – 13% 63%

No nodule – – 59% 33%

Nodule < 8 mm with TI-RADS
classification < grade III

– – 24% 12%

Patient symptoms 8% 5% 4% 2%

TI-RADS thyroid imaging reporting and data system
aPatients who underwent near or total thyroidectomy in Group I
bPatients who underwent near or total thyroidectomy in Group II
cPatients who underwent lobectomy+ isthmusectomy in Group II
dPatients who underwent lobectomy+ isthmusectomy in Group III

Fig. 4 The distribution of lymph node dissections (LNDs). a Percen-
tages of LNDs in the three groups according to the period of published
guidelines, where A was defined as underwent thyroidectomy without
LND, B was defined as central LND (CLND), C was defined as only
lateral LND (LLND) without CLND, and D was defined as CLND+

LLND. b The incidence of lymph node metastasis (LNM) in patients
who underwent LNDs and the incidence of LNM were divided by the
number of patients who underwent LNDs (CLND and CLND+
LLND) by the number of patients with LNM (central LNM and
lateral LNM)
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RAI

Of the 10,273 adults (>18 years) who underwent near TT or
TT, 2870 (27.6%) patients received RAI. The RAI therapy
feature showed a stable trend in 2008–2012 (10%), except
for a low value in 2009 (5.4%), which increased from 12.3%
in 2012 to 41.3% in 2015 and decreased to 32.4% in 2017
(Fig. 5a). In total, 5473 (51.6%) were low-risk patients, 4681
(44.8%) were intermediate-risk patients, and 394 (3.7%)
were high-risk patients. Low-risk and intermediate-risk
patients increased from 2008 to 2015 (Table 2). Trends of
the percentage of patients undergoing RAI therapy in dif-
ferent risk groups were shown in Fig. 5b. The percentage of
RAI therapy in the low-risk group was <5%. RAI therapy in
the intermediate-risk group increased from 6.6% in 2008 to
26% in 2011, remained stable in 2011–2012, increased to
68% in 2015, and decreased to 52.0% in 2017. RAI therapy
in the high-risk group showed an overall increasing trend
during the period 2008–2015 and decreased until 2017
(71.2%); however, there was a plateau period from 2010 to
2012, and the percentage in the years 2009 and 2014 sepa-
rately was lower than that in the previous year.

Discussion

What was the impact of guideline statements
endorsing TT or lobectomy for TC on final surgical
treatment during the last 10-year period?

Endocrine surgeons are increasingly aware of the need to
address overtreatment in TC care [20–24, 33]. TC exem-
plifies these concerns because most newly diagnosed

patients with a favorable prognosis are treated with multiple
modalities for which the benefit of each treatment may be
small, but the burden is cumulative and substantial [19].
This survey was designed to collect information on TC
surgical management and present a 10-year trend. In a
sample of 15,000 TC patients undergoing thyroid surgery
between 2008 and 2017, the most notable finding was the
decreasing proportion of patients receiving TT (from 71 to
41%) and the increasing proportion receiving lobectomy—
from 14 to 50%. However, TC patients who underwent
lobectomy also underwent LNDs significantly more fre-
quently. Furthermore, in our institution, FNAB use
increased from 0 to 90%. TT was the most common treat-
ment during the early period, but the emergence of lobect-
omy has triggered a shift. The use of lobectomy has
increased after years of steadily decreasing rates. The
decrease in TT surgery after lobectomy demonstrates the
benefit of evidence-based guidelines in accelerating changes
to clinical practice to reduce overtreatment [20–24, 26].
Although lobectomy as a surgical approach has lower
morbidity, an important downside to its use is the histori-
cally high rate of additional reoperations after initial
lobectomy, ranging from 5 to 10% in published reports [35].
According to the data in our center, six patients (1.4%)
underwent primary lobectomy and reoperation for recur-
rence. These data, however, did not fully represent the
incidence of recurrence for patients with lobectomy. The
authors found that prophylactic CLND can definitely reduce
the recurrence rate of DTC [36, 37]. The increase in
lobectomy was accompanied by a marked increase in the
use of additional CLND after initial lobectomy during the
study period. We also found that the prophylactic LLND
was gradually giving a way to therapeutic LLND in the last

Fig. 5 The distribution of patients undergoing radioactive iodine (RAI)
therapy. a Trends in the percentage of RAI therapy over the 10-year
period, and the percentage was divided by the number of adult (18+
years) patients with differentiated thyroid cancer (DTC) who under-
went near-total or total thyroidectomy by the number of patients

undergoing RAI therapy. b Percentages of RAI therapy in three risk
groups according to the 2015 American Thyroid Association (ATA)
guidelines. The percentage was divided by the number of adult
patients with DTC who underwent near-total or total thyroidectomy by
the number of patients undergoing RAI therapy in three groups
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decade. These variations were mainly because prophylactic
LLND was not recommended, while prophylactic CLND
has been recommended by the Chinese guidelines since
2012 [23]. In addition, the increased rate of lateral LNM
may depend on preoperative information availability from
FNAB. We also found that the treatment strategy in our
institution was adjusted according to the features of the
contralateral lobe of cancer foci.

Clinicopathological trends

Our study showed that the most common histological type
of TC was PTC. PTMC also increased over time. These
might be associated with the increased rate of TC screening
in China and use of FNA in our institution. Cho et al. also
reached a similar conclusion that the incidence of TC might
be associated with the increased use of US screening [38].
In the present study, we found that TCs were limited to
early stage (stage I, and low risk) tumors. The prevalence of
lateral LNM was 10.3% in 2017, lower than 20.9% in a
meta-analysis [39]. These results suggest that patients with
TC in northeast China were more likely to have a favorable
prognosis. However, we thought that clinicians should pay
more attention to these early stage PTCs, which also
showed increasing rates of multifocality and ETE over time.
TC was most common in youth (19–44 years). Vaccarella
et al. compared the age-specific incidence rates of TC
among different countries and found that TC increased,
particularly in young/middle-aged individuals [40]. Simi-
larly, Araque et al. reported an increasing incidence of TC
between the ages of 15 and 39 in the United States [41]. In
addition, it was interesting to found that the incidence of
right lobe cancer was significantly higher than left lobe
cancer. The specific reason for this result was still unclear
and remains to further exploration.

RAI therapy

In our study, we noted that the percentage of RAI therapy
increased significantly during the period 2012–2015, and
the number of intermediate- and high-risk patients and the
percentage of RAI therapy in the above-mentioned two
groups both increased rapidly. These data demonstrated that
a substantial portion of the treated DTCs was overtreated
during the period 2013–2015. The percentage of RAI
therapy decreased from 2015 to 2017, consistent with the
recommendations of the guidelines [26].

Strengths and limitations

The strengths of the study include its very large, con-
temporary, diverse patient sample, as well as the collection of
clinical and pathological information after the promulgation

of the guidelines. However, there were some limitations. The
incidence and mortality of TC were not analyzed in this
study, and the pathology specimens were not reanalyzed.
Follow-up and disease recurrence information are not inclu-
ded in the current data. In the future, relevant clinical studies
will be conducted with a focus on these issues.

Conclusions

We have demonstrated a significant decrease in the use of
TT between 2008 and 2017, which resulted in a significant
increase in the overall rate of lobectomy. This change seems
to be associated with a change in the surgical approach
regarding what constitutes adequate TC guideline adher-
ence. Our findings also indicate that evidence-based multi-
disciplinary guidelines that address issues of clinical
controversy can effectively accelerate changes in clinical
practice and reduce overtreatment in TC care.
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