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Background: Prognostic evaluation model for papillary thyroid cancer is very important for guiding the
personalized treatment and follow-up strategy. There are imperfections in the system existed, and there is no
suitable prognostic model for Chinese population.

Methods: This study was based on the clinic and follow-up data of 660 patients received surgical
treatments in the Department of Head and Neck Surgery, Fudan University Shanghai Cancer Center from
2000 to 2005. Cox univariate/multivariate analysis was used to explore the influence factors of prognosis, and
nomogram model was performed to establish a prognostic prediction system.

Results: Totally, 660 patients for initial treatment were included in our analysis with a median follow-up
of 113.5 months. Five-, 10- and 15-year disease-free survival rate was 95.5%, 90.2% and 89.2%. Five-, 10-
and 15-year overall survival rate was 99.7%, 99.2% and 99.1%. Residual tumor was associated with overall
survival [hazard ratio (HR) 20.9, 95% confidence interval (CI): 2.3-187.6, P<0.05]. Age of onset (HR 2.00,
95% CI: 1.17-3.42, P<0.05) and the dimension of lymph nodes involved (0.2-3 cm: HR 3.67, 95% CI: 1.13—
11.87, P<0.05; >3 cm: HR 5.20, 95% CI: 1.31-20.65, P<0.05) were independent influence factors of disease-
free survival. The nomogram model for predicting prognosis of papillary thyroid cancer was established with
a moderate predictive value (c-index 0.71, 95% CI: 0.57-0.84).

Conclusions: The prognosis of papillary thyroid cancer is very good after appropriate treatment. Age
and the dimension of lymph nodes involved were independent influence factors of disease-free survival
for papillary thyroid cancer. A prognostic prediction model for Chinese population was established with
moderate predictive value. A study with larger samples and including more factors of prognosis is necessary

to increase the predictive value of model.
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Introduction

Thyroid cancer is the most prevalent endocrine malignancy
in humans. The incidence of thyroid cancer has increased in
recent years because of the improving diagnostic approach (1).
Papillary thyroid cancer (PTC) is a major type (80-85%) of
thyroid cancer (2,3). The clinical biological behavior of PTC
is relatively inert, and the 10-year survival rate can reach more
than 90% after reasonable treatment. However, postoperative
recurrence or metastasis cannot be avoided in some patients.
It was reported that the 10-year recurrence-free survival
rate was only 80% (4-6). The treatment and management of
the increasingly large population of patients with PTC has
become a great challenge for oncologists. PT'C patients should
be divided into different risk groups and got corresponding
treatment and management. The staging system is to
evaluate the risk of postoperative adverse events, based on the
basic information and condition of patients, including age,
primary tumor size, cervical lymph node metastasis, distant
metastasis, surgical integrity, and tumor staging. The staging
system is an important method for evaluating the prognosis
of PTC patients and guiding patient management (7).
Prognostic prediction is an important part for PTC staging.
However, there is no suitable prognostic model for Chinese
PTC patients yet. The characteristics of PT'C were different
between Chinese and Westerners. The incidence of PTC
in China is much higher than that in western country. Even
immigrants in Western countries have higher rates of disease
than the natives. The difference may be related to race (8,9).
On the other hand, the therapy of PTC in China was different
from that in western. Thyroid lobectomy is more common in
China, and isotopic therapy is less common. But in western
countries, total thyroidectomy and isotope therapy are more
common. Prognosis is bound to vary due to differences in
morbidity and treatment modalities for Chinese population.
Therefore, it is necessary to establish a separate system for
Chinese population. This study was to explore a suitable
prediction model for Chinese population based on the
clinical and follow-up data of 660 PTC patients from 2000 to
2005 in the Department of Head and Neck Surgery, Fudan
University Shanghai Cancer Center. We present the following
article in accordance with the STROBE reporting checklist
(available at https://dx.doi.org/10.21037/gs-21-100).

Methods
Samples

This study retrospectively analyzed the clinical and follow-
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up data of PTC patients. Patients’ basic information,
preoperative examination results, surgical records,
postoperative histopathological reports, and follow-up
records were collected. For PTC is a tumor with excellent
prognosis, short time follow-up is not enough to obtain
effective statistics. A minimum of 15 years of follow-up is
sufficient. Finally, 660 PTC patients were included in our
study with a median follow-up of 113.5 months. All of them
were initially surgically treated at the Department of Head
and Neck Surgery, Fudan University Shanghai Cancer
Center (Shanghai, China) from January 2000 to December
2005. Lobectomy and isthmectomy was performed in
T1 and T2 tumor confined to unilateral lobes. Total
thyroidectomy was performed in T3 and T4 tumor or some
of the patients with high-risk factors. These risk factors
include multifocal cancer, lymph node metastasis, distant
metastasis, family history, and early exposure to ionizing
radiation. Total thyroidectomy is also feasible in some cases
where postoperative radionuclide therapy is considered
necessary. Central neck dissection was performed in cN1
and most of ¢NO patients. Additional modified lateral
lymph node dissection was performed in patients with
clinically suspicious lateral lymph node metastasis (cN1b).
Patients who had undergone previous thyroidectomy or
revision neck dissection were excluded. All of the samples
were pathologically confirmed. Thyrotrophic (TSH)
suppressive therapy was the main treatment after operative.
Some advanced PTC (invasive tumors, numerous lymph
node metastases, or distant metastases.) were treated with
radioactive iodine after total thyroid resection. The study
was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved by
ethics board of Fudan University Shanghai Cancer Center
(No. 050432-4-1911D) and individual consent for this

retrospective analysis was waived.

Follow-up

During follow-up, neck palpation, ultrasound and thyroid
function were performed routinely. Neck computed
tomography (CT)/magnetic resonance imaging (MRI) and
needle biopsy were performed for patients with suspected
neck recurrence. Chest CT, head MRI, bone scan and
FDG-positron emission tomography (PET)/CT were used
for patients suspected of distant metastasis. Some patients
were followed up by telephone/letter in local hospital. Local
recurrence, distant metastasis, or death was considered
adverse events for disease-free survival (DFS) analysis.
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The diagnosis of local recurrence should be confirmed by
pathology. Elevated thyroglobulin without target lesion
found by imaging examination (including ultrasound,
CT, MRI, PET/CT) after total thyroidectomy was not
considered as an adverse event of DFS in this study.

Statistical analysis

The chi-square test and the #-test were used to compare
the classified variables and continuous variables in the
basic characteristics of patients. Overall survival (OS),
and DFS were calculated by Kaplan-Meier method.
Univariate analysis was conducted in all possible prognostic
factors. Factors that suggested a significant association
with prognosis were included in further Cox regression
multivariate analysis and nomogram model. The method
of building a nomogram model was previously described
by Iasonos er al. (10). All confidence intervals (Cls) were
stated at the 95% confidence level. A value of P<0.05 was
considered to be statistically significant. SPSS 19.0 was
used for data analysis (SPSS, Inc., Chicago, IL, USA).
Nomogram model was established using software R 3.3.2.

Results
Follow-up results

Totally, 660 PTC patients were enrolled in this study. All
of them were initially surgically treated at the Department
of Head and Neck Surgery, Fudan University Shanghai
Cancer Center (Shanghai, China) from January 2000 to
December 2005. The clinicopathological data and follow-
up data of the patients were summarized in 7able 1. There
were 486 female and 174 male, median age 44 years
(14-83 years). All 660 patients received surgical treatment.
"Total thyroidectomy and central lymph node dissection were
performed in 161 patients. Unilateral thyroidectomy and
central lymph node dissection were performed in the other
599 patients. Lateral cervical lymph node dissection was
performed in 264 patients. The median follow-up time was
113.5 months. By the end of follow-up, 589 patients had no
evidence of metastasis or recurrence. While local recurrence
occurred in 8 patients, distant metastasis occurred in 15
patients, and 6 patients died. Of the 14 patients with distant
metastasis, 12 had lung metastasis, 1 brain metastasis, 1 bone
metastasis, and 1 patient had multiple organ metastases.
The 5-, 10- and 15-year DFS were 95.5%, 90.2%
and 89.2%, respectively. The OS at 5, 10 and 15 years
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Table 1 Clinicopathological feature and follow-up outcomes of

PTC patients
Variable Number (n) Percent (%)
Gender

Male 174 26.4

Female 486 73.6
Age

<45 years 351 53.2

>45 years 309 46.8
Family history

No 636 96.4

Thyroid cancer 10 1.5

Other malignant tumors 14 2.1
cN staging

cNO 416 63.0

cN1 244 37.0
Tumor invasion

No 468 70.9

Yes 192 29.1
Multifocal

No 536 81.2

Yes 124 18.8
Bilateral

No 577 87.4

Yes 83 12.6
T staging

T 381 57.7

T2 73 111

T3 78 11.8

T4 128 19.4
Total thyroidectomy

Yes 161 24.4

No 499 75.6
Surgical residue

No 652 98.8

Yes 8 1.2

Table 1 (continued)
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Table 1 (continued)

Variable Number (n)

Percent (%)

Lateral cervical lymph node dissection
Yes 264
No 396

Extra-lymph node invasion
No 586
Yes 74

Maximum diameter of metastatic lymph nodes

No lymph node metastasis 238
<0.2cm 45
0.2-3cm 234
>3 cm 69
Unknown 74

Number of lymph node metastasis

0 238
0-4 204
=5 214
Unknown 4

Number of lymph node metastasis in central region

0 313
0-4 245
=5 88
Unknown 14

Number of lymph node metastasis in lateral region

0 412
0-4 100
>5 145
Unknown 3
Outcome
Disease-free survival 589
Local recurrence 58
Distant metastases 15
Death 6

40.0
60.0

88.8
11.2

36.1
6.8
35.5
10.5
11.2

36.1

30.9

32.4
0.6

474

37.1

13.3
2.1

62.4
15.2

22.0
0.5

89.2
8.8
2.3
0.9

PTC, papillary thyroid cancer.
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were 99.7%, 99.2% and 99.1%, respectively.

Analysis of prognostic factors

Prognostic factors of PTC were analyzed. Study factors
included gender, age, family history (family history of
thyroid cancer or other malignant tumor), the clinical
assessment of T stage, N stage, tumor invasion, multifocal
tumor, bilateral tumor, extra-lymph node invasion,
maximum diameter of metastatic lymph nodes, number
of lymph node metastasis in central region, number of
lymph node metastasis in lateral region, surgical residue,
whether total thyroidectomy, whether lateral cervical
lymph node dissection, etc. In the univariate analysis about
factors affecting OS, only surgical residue was found to
significantly affect the survival of patients [hazard ratio (HR)
20.9, 95% CI: 2.3-187.6, P<0.05]. Other factors were not
shown to be associated with patient OS (P>0.05). In the
univariate analysis about factors influencing DFS, age, N
staging, T staging, lateral cervical lymph node dissection,
maximum diameter of metastatic lymph node, number of
central lymph node metastasis, number of lateral cervical
lymph node metastasis, and total number of lymph node
metastasis were all shown to be correlated with DFS
(P<0.05). To analyze the influence of these 8 factors on
DFS, Cox multivariate analysis was conducted. The results
showed age (HR 2.00, 95% CI: 1.17-3.42, P<0.05) and
maximum size of metastatic lymph node (HR 1.75, 95%
CI: 1.12-2.74, P<0.05) were significantly correlated with
DFS (Table 2). Patients with age >45 had a higher risk of
prognostic adverse events (Figure I). Since the 8th edition
of the American Joint Committee on Cancer (AJCC) TNM
staging adjusted the age cutoff to 55 years, our subsequent
analysis found that patients with > age 55 had a higher risk
of DFS adverse events than patients with age <55 (HR
2.76, 95% CI: 1.70-4.50, P<0.05). However, age was not
shown to be associated with OS. There was no significant
difference in DFS between patients with metastatic lymph
node diameter <0.2 cm and those without lymph node
metastasis. While, the maximal diameter of metastatic
lymph nodes between 0.2-3 cm (HR 3.67, 95% CI: 1.13—
11.87, P<0.05) and >3 em (HR 5.20, 95% CI: 1.31-20.65,
P<0.05) were associated with poor DFS (Figure 2).

Establish prognostic evaluation model of PTC

Age, N staging, T staging, lateral cervical lymph node
dissection, maximum diameter of metastatic lymph node,
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Table 2 Cox univariate and multivariate analysis of prognostic

factors in PTC patients

Cao et al. Prognostic factors for PTC

Table 2 (continued)

Variable

Univariate
analysis,
P value

Multivariate analysis

HR  95% CI

P value

Univariate
analysis,
P value

Variable

Multivariate analysis

HR 95% ClI

P value

Gender
Male
Female
Age, years
<45
>45
<55
>55
Family history
No
Thyroid cancer
Other malignant tumors
cN staging
cNO
cN1
Tumor invasion
No
Yes
Multifocal
No
Yes
Bilateral
No
Yes
T staging
T
T2
T3
T4
Total thyroidectomy
Yes
No
Surgical residue
No

Yes

0.118

<0.05

0.997

<0.05

0.100

0.138

0.464

<0.05

0.317

0.830

2.00 1.17-3.42 <0.05

2.00 1.17-3.42 <0.05

2.76 1.70-4.50 <0.05

1.13 0.46-2.79 0.786

1.02 0.83-1.27 0.827

Lateral cervical lymph <0.05

node dissection
Yes
No
Extra-lymph node invasion  0.141
No
Yes

Maximum diameter of <0.05

metastatic lymph nodes

No lymph node
metastasis

<0.2cm
0.2-3cm
>3 cm
Unknown

Number of lymph node <0.05

metastasis
0
0-4
=5
Unknown

Number of lymph node <0.05

metastasis in central
region

Unknown

Number of lymph node <0.05

metastasis in lateral region

Unknown

1.47 0.53-4.07

1.75 1.12-2.74

1.05 0.19-5.82
3.67 1.13-11.87
5.20 1.31-20.65

0.91 0.38-2.19

1.11 0.65-1.90

0.72 0.38-1.37

0.460

<0.05

0.959
<0.05
<0.05

0.830

0.694

0.314

Table 2 (continued)
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The results were represented as hazard ratio (HR) and its
95% confidence interval (Cl), where a P<0.05 was considered
significant. Sub-variable analyses of age and maximum
metastatic lymph node diameter were all based on the data of

the first group respectively. PTC, papillary thyroid cancer.
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number of central lymph node metastasis, number of
lateral cervical lymph node metastasis, and total number of
lymph node metastasis were shown to be correlated with
DES through the univariate Cox analysis. Therefore, these
prognostic factors were included in our further nomogram
model to predict 3-, 5-, and 10-year DFS (Figure 3). To
test the prediction value of the nomogram model, the
consistency index (C-index) was further calculated to be
0.71, with a 95% CI of 0.57-0.84. To read the nomogram,
a vertical line up to the top point row to assign points for
each variable should be drawn. Then, the total points for a

© Gland Surgery. All rights reserved.

patient can be added up, and one can obtain the probability
of 3-, 5- and 10-year DFS by drawing a vertical line from
the total point’s row.

Discussion

The incidence of PTC is increasing year by year, and the
patient population is becoming larger and larger. PTC
has a good prognosis and long postoperative survival.
But there is still a risk of local recurrence and distant
metastasis, which can seriously affect the patient’s quality
of life (1,5). Therefore, how to give correct and reasonable
treatment and how to achieve scientific and individualized
postoperative management and follow-up has become the
biggest challenge facing thyroid surgeons. The evaluation
system is very important for individualized treatment and
reasonable follow-up plan. According to the 2012 Chinese
and 2015 American Thyroid Association (ATA) guidelines
for the diagnosis and treatment of differentiated thyroid
cancer, it is recommended to apply the prognosis evaluation
system for postoperative stratified management, monitoring
the risk of adverse events, predicting the prognosis, guiding
postoperative reasonable treatment, and long-term follow-
up (7,11). However, the current PTC prognosis evaluation
system was still not ideal, and there was no prognosis
evaluation system suitable for the Chinese population.
The prognostic factors of PTC still need to be further
explored. Through the analysis of clinical and follow-
up data of patients undergoing surgery in our center, the
study explored the prognostic factors of PTC, and tried to
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establish a prognostic evaluation system suitable for Chinese
population.

A total of 16 clinicopathological factors were included
in this study. Only surgical residue was found to be
significantly associated with OS. Since PTC have a good
prognosis, local recurrence or distant metastasis of the
disease is the biggest problem troubling patients. We
performed further Cox regression multivariate analysis and
established a nomogram model for the influencing factors
of DFS. In Cox multivariate regression analysis, age and
maximum size of metastatic lymph nodes were found to
be significantly associated with DFS. Patients >45 were at
greater risk of postoperative DFS-related adverse events
than younger patients. Patients were grouped by age 45
years according to the 7th edition of AJCC TNM staging
criteria (12). However, the newly released 8th edition of
TNM staging criteria for AJCC differentiated thyroid
cancer sets the age standard at 55 years. Forty-five years
has been the cut-off point for TNM staging of AJCC
differentiated thyroid cancer for more than 30 years since
the second edition, because the median age of the patient
population included in most prognostic assessments is
45 years. However, the cut-off point of 45 was controversial.
Some studies suggest that 50-55 was a more appropriate
cutoff (13,14). Hay et al. supports the definition of age as
40 years old (15). But the majority of studies were divided
into those that supported the age of 55. Thus, the AJCC
8th edition TNM staging system adjusted the age cut-
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off point to 55 years. Some studies showed the AJCC 8th
edition better differentiated the risk of PTC recurrence
for early stages of disease compared with the 7th edition
(16,17). Our results showed age as a prognosis factor both
with the cut-off point of 45 (HR 2.00, 95% CI: 1.17-3.42,
P<0.05) and 55 (HR 2.76, 95% CI: 1.70-4.50, P<0.05).
No much difference was shown between the two cut-off
points (P>0.05). Another independent prognostic factor of
PTC is the maximal diameter of metastatic lymph nodes.
There was no difference in prognosis between patients with
metastatic lymph node diameter <0.2 cm and those without
lymph node metastasis. Patients with lymph node diameter
0.2-3 and >3 cm had significantly increased risk than those
who without lymph node metastasis. In the 2015 ATA
differentiated thyroid guidelines, metastatic lymph nodes
were divided into high-risk N1 and low-risk N1 groups (7).
Low-risk N1 was defined as the number of lymph node
metastases <5 and the maximum number of lymph node
metastases <0.2 cm. The high-risk N1 include ¢cN1, pN1
with >5 lymph node or any of the metastatic lymph nodes
were larger than 3 cm. Our study supports that patients with
the largest metastatic lymph node of 0.2-3 or >3 cm are
at higher risk. In the analysis of the number of metastatic
lymph nodes, univariate analysis indicated that the number
of central lymph node metastasis, the number of lateral
cervical lymph node metastasis and the total number of
lymph node metastasis were significantly correlated with
DFS. However, there was no significant correlation shown
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in Cox multivariate analysis. The effect of the number of
metastatic lymph nodes on the prognosis of PTC still needs
further study.

To further explore the influence of various prognostic
factors on DFS, we further used nomogram model to
establish a patient prognostic evaluation system. To test the
prediction value of the nomogram model, the consistency
index (C-index) was calculated to be 0.71 (95% CI: 0.57-
0.84), suggesting the model has medium predictive value.
In order to accurately identify high-risk tumors, several
prognostic evaluation systems have been established in these
years, like AGES (Age, Grade, Extent of disease, Size),
AMES (Age, Metastasis, Extent of disease, Size), MACIS
[Metastasis, Age at presentation, Completeness of surgical
resection, Invasion (extrathyroidal), Size] and ensemble
algorithm of clustering of cancer data (EACCD) (18,19).
Most of the evaluation systems were based on western
population. And they may not necessarily suit for the
Chinese. So, a new system for Chinese is very necessary. But
in china, there is no such Public database like Surveillance,
Epidemiology, and End Results (SEER). Most study relied
on one or few centers. A multicenter database and a larger
sample are needed for further improvement.

There are some limitations to the study. Firstly, due
to the good prognosis of PTC, few patients have adverse
prognostic events, and very few patients die. So, the
analysis of relevant survival data needs the support of large
sample data and long follow-up term. Finally, a total of 660
PTC patients were included in this study. After a median
follow-up of 113.5 months, 71 patients developed DFS-
related adverse event, of which 6 died. Conformance in
establishing this nomogram is limited due to the small
number of adverse events. And there is not enough data
to set up another validation group to validate the model.
The lack of external validation reduces the reproducibility
and reliability of the model. Secondly, because of the
good prognosis of PTC, patients admitted 15 years ago
were included in this study to ensure adequate follow-up
time. Due to the long follow-up term, there were many
limitations in the impact analysis. For example, the medical
history system was not perfect and the electronic systems
were not yet available at that time. As a result, some data
were missing over the years. And the characteristics of PTC
had changed a lot from itself 15 years ago. The data shows
that the size of PTC and the incidence of lymph node
metastasis 15 years ago were much more severe than it is
today, because of the lack of early diagnostic method. And
even the understanding and treatment of PTC had changed
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a lot over the 15 years. There were some differences in
operative plan between 15 years ago and today. In addition,
some prognostic factors confirmed by recent studies (such
as BRAFV600E mutation and TERT mutation), were not
routinely examined in patients more than 10 years ago.
This is an unavoidable limitation due to the rapid academic
development. Besides, isotope therapy is an important part
of PTC therapy. But detailed isotope therapy data were
not available in this study. Because isotope therapy was
not available at our center, related data were incomplete
and unreliable that we had to abandon it. It is a pity, and
it restricts further exploration of prognostic factors in this
study.

This study analyzed the data of 660 PTC patients
undergoing primary surgery and found that age and
maximum metastatic lymph node diameter were
independent influencing factors for DFS of PTC. A
nomogram prognosis assessment model was established
to predicting the prognosis. The establishment of a more
accurate prognostic evaluation system for PTC requires
prospective multicenter clinical studies with larger samples
and more factors.
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