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Background: The aim of this study was to develop a scoring system to stratify the risk of papillary thyroid cancer (PTC) and to se-
lect the proper management. 
Methods: We performed a systematic search of MEDLINE and Embase. Data regarding patients’ prognoses were obtained from the 
included studies. Odds ratios (ORs) with statistical significance were extracted from the publications. To generate a risk scoring sys-
tem (RSS), ORs were summed (RSS1), and summed after natural-logarithmic transformation (RSS2). RSS1 and RSS2 were com-
pared to the eighth edition of the American Joint Committee on Cancer (AJCC) staging system and the 2015 American Thyroid As-
sociation (ATA) guidelines for thyroid nodules and differentiated thyroid carcinoma.
Results: Five meta-analyses were eligible for inclusion in the study. Eight variables (sex, tumour size, extrathyroidal extension, 
BRAF mutation, TERT mutation, histologic subtype, lymph node metastasis, and distant metastasis) were included. RSS1 was the 
best of the analysed models. 
Conclusion: We developed and validated a new RSS derived from previous meta-analyses for patients with PTC. This RSS seems 
to be superior to previously published systems. 
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INTRODUCTION

Thyroid cancer is the most common type of malignant endo-
crine cancer, and its incidence is continuing to rise worldwide 
[1]. Papillary thyroid cancer (PTC) is the most frequent type of 
differentiated thyroid carcinoma (DTC), which accounts for at 

least 70% of all follicular-cell derived thyroid malignancies [2]. 
Although the prognosis of PTC is generally good, a minority of 
patients eventually die of the disease and an even greater pro-
portion face morbidity due to recurrence [2]. Therefore, both 
optimization of long-term health outcomes and education of in-
dividuals with thyroid cancer about their potential prognosis are 
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of critical importance.
Over the years, multiple staging systems have been developed 

to predict the risk of mortality in patients with DTC [3]. Several 
studies have demonstrated that previous staging systems consis-
tently provide the highest proportion of variance explained 
when applied to a broad range of patient cohorts, and they have 
been validated in retrospective studies and prospectively in clin-
ical practice. However, none of the staging systems has been 
shown to be clearly superior to the others [2,3]. This relative in-
ability to accurately predict an individual patient’s risk of death 
from thyroid cancer may be related to the failure of current stag-
ing systems to adequately integrate the risk associated with oth-
er potentially important clinicopathologic features [2]. More-
over, none of these systems is based on evidence from a com-
prehensive meta-analysis of published studies. This underscores 
the need to develop an accurate and practical prognostic algo-
rithm for predicting patients’ disease progression. 

The aim of this study was to develop a scoring system that in-
tegrates clinical information from meta-analyses of published 
studies, thereby helping to stratify the risk of PTC and to select 
the proper management. Therefore, we conducted a systemic 
literature review, collected data from previous meta-analyses, 
developed a risk scoring system (RSS), and validated it with 
data from The Cancer Genome Atlas (TCGA).

METHODS

Data search and study selection
We performed a systematic search of MEDLINE (from incep-
tion to February 2017) and Embase (from inception to February 
2017) for English-language publications using the keywords 
“thyroid cancer,” “prognosis,” and “meta-analysis.” All search-
es were limited to human studies. The inclusion criteria were 
meta-analyses that investigated the prognostic value of risk fac-
tors in PTC. Abstracts and editorial materials were excluded. 
Two authors performed the searches and screening indepen-
dently, and discrepancies were resolved by consensus.

Data extraction and risk scoring system
Data regarding disease-free survival, recurrence-free survival, 
disease-free interval, and progression-free survival were ob-
tained from the included studies, and were redefined as event-
free survival (EFS). Odds ratios (ORs) with statistical signifi-
cance were extracted from the publications, and the following 
information was recorded: OR, 95% confidence interval (CI), 
and histology. To generate the RSS, ORs were (1) summed 

(RSS1) and (2) summed after the natural logarithmic transfor-
mation (RSS2). For example, a 63-year-old man with a 2.8-cm 
classical PTC with extrathyroidal extension (ETE), lymph node 
(LN) metastasis, BRAF mutation, with no TERT mutation or 
distant metastasis would be rated as (1.53+2.69+2.83+3.34+1+
1+3.24+1=16.63) in RSS1, and as (ln1.53+ln2.69+ln2.83+ln3.
34+ln1+ln1+ln3.24+ln1=4.8366) in RSS2. 

Validation set
The primary and processed data were downloaded from the Ge-
nomic Data Commons Data Portal (https://portal.gdc.cancer.
gov/) on January 2017. All TCGA data were available without 
restrictions for publications or presentations according to TCGA 
publication guidelines. We downloaded the data on somatic mu-
tations and clinical information, which had most recently been 
updated in May 2016. Patients were categorized according to 
the eighth edition of the American Joint Committee on Cancer 
(AJCC) staging system [4] and the 2015 American Thyroid As-
sociation (ATA) guidelines for thyroid nodules and DTC [2]. 
RSS1 and RSS2 were calculated for each patient and catego-
rized into two groups according to their respective cutoff value.

Statistical analysis
EFS was analysed with the log-rank test, and Kaplan-Meier sur-
vival plots were generated to validate the scoring systems. To 
evaluate the performance of the eighth edition of the AJCC sys-
tem, the 2015 ATA guideline, RSS1, and RSS2, receiver operat-
ing characteristic (ROC) curve analysis was performed using 
the TCGA data, and the cutoff values of RSS1 and RSS2 were 
determined. Area under the ROC curve (AUC) was measured. 
For comparisons among models, the concordance index (C-in-
dex), Akaike information criterion (AIC), Bayesian information 
criterion (BIC), and Brier score were applied to quantify the 
predictive ability of a survival model [5], to select the statistical 
model [6], and to measure the accuracy of probabilistic predic-
tions [7]. A higher C-index and a lower AIC, BIC, and Brier 
score indicated a better model for predicting outcomes. Statisti-
cal analyses were performed using GraphPad Prism 7 for Mac 
OSX (GraphPad Software Inc., San Diego, CA, USA), and R 
statistical software 3.5.0 (The R Foundation for Statistical Com-
puting, Vienna, Austria, 2016). 

RESULTS

Risk scoring system 
The electronic search identified 841 articles. Non-English-lan-

https://portal.gdc.cancer.gov/
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guage articles (n=42), non-human studies (n=36), conference 
abstracts (n=166), and 546 studies that did not meet the inclu-
sion criteria based on their title and abstract were excluded. Af-
ter reviewing the full text of 51 articles, five meta-analyses were 
eligible for inclusion in the study. The process is shown in more 
detail in Fig. 1. Eight variables derived from the meta-analysis 
were included in the RSS: sex [8], tumour size (>2 cm) [8], 
ETE (microscopic) [8], BRAF mutation status [9], TERT muta-
tion status [10], histologic subtype [11,12], LN metastasis [8], 
and distant metastasis (Table 1) [8]. The scores of each patient 
ranged from 7.52 to 27.59 for RSS1, and from –0.65 to 7.32 for 
RSS2.

ROC curve analysis 
We confirmed that cutoff values of 13.93 for RSS1 and 2.03 for 
RSS2 were useful for predicting the prognosis of patients with 
PTC. The composite score for sensitivity and specificity (AUC) 
determined by ROC analysis was measured for each model 
(RSS1, RSS2, eighth edition of the AJCC, and the 2015 ATA 
guideline). The AUC of RSS1 was not significantly different 
from that of RSS2 (0.751 vs. 0.745, P=0.5513). However, the 
AUC of RSS1 was higher than those of both the eighth edition 
of the AJCC (0.751 vs. 0.659, P=0.0349) and the 2015 ATA 
guideline (0.751 vs. 0.666, P=0.0171). The AUC of RSS2 was 
not significantly different from that of the eighth edition of the 
AJCC (0.745 vs. 0.659, P=0.0506), but was significantly higher 
than that of the 2015 ATA guideline (0.745 vs. 0.666, P=0.0292) 
(Fig. 2).

Validation with TCGA database
In total, 364 patients with PTC were included in this study (93 
male, 271 female). Their mean age was 45.7 years. Of the 364 
patients with PTC, 32 (8.8%) experienced recurrence/progres-
sion during the follow-up period (38.3±32.2 months). Patients’ 
characteristics are summarised in Table 2. Patients were dichot-
omised according to the RSS1 and RSS2 cut-offs. A survival 

841 Records identified through database 
searching

597 Records screened

597 Abstracts assessed for eligibility

51 Full-text articles assessed for eligibility

5 Studies included in risk scoring system

244 Records excluded
42 Non-english article
36 Non-human studies
166 Conference abstract

546 Abstracts excluded

46 Full-text articles excluded

Fig. 1. Flowchart of the meta-analysis selection process.

Table 1. Risk Scoring System

Variable Odds 
ratio 95% CI Study

No. of 
studies 

included 
in the 
meta-

analysis

Sex Guo et al. 13

   Female 1 (2014) [8]

   Male 1.53 1.28–1.84

Tumour size, cm Guo et al. 6

   ≤2 1 (2014) [8]

   >2 2.69 2.06–3.50

Extrathyroidal extension 
(microscopic)

Guo et al. 
(2014) [8]

12

   No 1

   Yes 2.83 2.32–3.44

BRAF mutation Chen et al. 8

   No 1 (2016) [9]

   Yes 3.34 2.36–4.73

TERT mutation Yin et al. 3

   No 1 (2016) [10]

   Yes 5.73 3.55–9.26

Histologic subtype

   Classical and other 1

   Follicular 0.52 0.34–0.80 Yang et al. 
(2015) [12]

8

   Diffuse sclerosing 3.19 1.86–5.49 Malandrino 
et al. (2016) [11]

7

LN metastasis

   No   1

   Yes 3.24 2.61–4.02 Guo et al. 
(2014) [8]

8

Distant metastasis

   No 1

   Yes 11.96 8.43–16.97 Guo et al. 
(2014) [8]

4

LN, lymph node.
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analysis was conducted with the log-rank test for RSS1 (hazard 
ratio [HR], 4.241; 95% CI, 1.9541 to 9.6434; P<0.0001), RSS2 
(HR, 6.9736; 95% CI, 3.4553 to 14.0743; P=0.0002), eighth 
edition of the AJCC (HR, 7.4592; 95% CI, 0.7834 to 71.0250; 
P<0.0001), and the 2015 ATA guideline (intermediate risk: HR, 
1.9005; 95% CI, 0.9115 to 3.9628) (high risk: HR, 9.2530; 95% 
CI, 1.5019 to 57.0051; P<0.0001) (Fig. 3). 

Comparison of RSS1, RSS2, the eighth edition of the 
AJCC, and the 2015 ATA guideline 
Among the models used, RSS1 showed the highest C-index and 
the second lowest AIC, BIC, and Brier score, making it the best 
model. The eighth edition of the AJCC had the second highest 
C-index, but the lowest AIC, and BIC. The 2015 ATA guideline 
showed the third highest C-index, the third lowest AIC and BIC, 
and the lowest Brier score (Table 3).
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Fig. 2. Receiver operating characteristic curve analysis of RSS1 
(area under the curve, 0.751), RSS2 (0.745), the eighth edition of 
the American Joint Committee on Cancer (AJCC, 0.659), and the 
2015 American Thyroid Association (ATA) guideline (0.666). RSS, 
risk scoring system.

Fig. 3. Kaplan-Meier survival plots of (A) RSS1 (hazard ratio [HR], 4.241; 95% confidence interval [CI], 1.9541 to 9.6434; P<0.0001), (B) 
RSS2 (HR, 6.9736; 95% CI, 3.4553 to 14.0743; P=0.0002), (C) eighth edition of the American Joint Committee on Cancer (AJCC) (HR, 
7.4592; 95% CI, 0.7834 to 71.0250; P<0.0001), and (D) the 2015 American Thyroid Association (ATA) guideline (intermediate risk: HR, 
1.9005; 95% CI, 0.9115 to 3.9628) (high risk: HR, 9.2530; 95% CI, 1.5019 to 57.0051; P<0.0001). The cutoff values were 13.93 for RSS1 
and 2.03 for RSS2. RSS, risk scoring system.
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DISCUSSION

We developed and validated an RSS derived from previous me-
ta-analyses to predict the prognosis of patients with PTC. 

Among the models used, RSS1 was shown to be better than the 
previously published systems. 

At present, total thyroidectomy followed by radioactive io-
dine treatment together with life-long administration of thyroid 

Table 2. Patients’ Characteristics According to RSS1 and RSS2

Variable All
RSS1 RSS2

Low score 
(<13.93)

High score 
(≥13.93) P value Low score 

(<2.03)
High score 

(≥2.03) P value

Age, yr 45.8±15.0 45.8±14.6 45.7±16.1 0.79 46.6±14.5 45.1±15.4 0.27

Sex <0.01 0.04

   Female 271 216 (78.8) 55 (61.1) 130 (79.8) 141 (70.1))

   Male 93 58 (21.2) 35 (38.9) 33 (20.2) 60 (29.9)

Tumour size, cm <0.01 <0.01

   ≤2 145 130 (47.4) 15 (16.7) 90 (55.2) 55 (27.4)

   >2 219 144 (52.6) 75 (83.3) 73 (44.8) 146 (72.6)

Extrathyroidal extension <0.01 <0.01

   No 268 229 (83.6) 39 (43.3) 152 (93.3) 116 (57.7)

   Yes 96 45 (16.4) 51 (56.7) 11 (6.7) 85 (42.3)

BRAF mutation <0.01 <0.01

   No 148 141 (51.5) 7 (7.8) 117 (71.8) 31 (15.4)

   Yes 216 133 (48.5) 83 (92.2) 46 (28.2) 170 (84.6)

TERT mutation 0.25 1

   No 363 274 (100) 89 (98.9) 163 (100) 200 (99.5)

   Yes 1 0 1 (1.1) 0 1 (0.5)

Histologic subtype <0.01 <0.01

   Classical and other 282 196 (71.5) 86 (95.6) 88 (54.0) 194 (96.5)

   Follicular 81 78 (28.5) 3 (3.3) 75 (46.0) 6 (3.0)

   Diffuse sclerosing 1 0 1 (1.1) 0 1 (0.5)

LN metastasis <0.01 <0.01

   No 215 210 (76.6) 5 (5.6) 146 (89.6) 69 (34.3)

   Yes 149 64 (23.4) 85 (94.4) 17 (10.4) 132 (65.7)

Distant metastasis <0.01 0.03

   No 358 274 (100) 84 (93.3) 163 (100) 195 (97.0)

   Yes 6 0 6 (6.7) 0 6 (3.0)

Eighth edition of the AJCC <0.01 <0.01

   I/II 354 273 (99.6) 81 (90.0) 163 (100) 191 (95.0)

   III/IV 10 1 (0.4) 9 (10.0) 0 10 (5.0)

2015 ATA guideline <0.01 <0.01

   Low 226 203 (74.1) 23 (25.6) 144 (88.3) 82 (40.8)

   Intermediate 123 68 (24.8) 55 (61.1) 19 (11.7) 104 (51.7)

   High 15 3 (1.1) 12 (13.3) 0 15 (7.5)

Values are expressed as mean±standard deviation or number (%). 
RSS, risk scoring system; LN, lymph node; AJCC, American Joint Committee on Cancer; ATA, American Thyroid Association.
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hormone is the treatment strategy for most patients [2]. The bio-
logical behaviour of DTC is indolent and long-term survival is 
common, although the rate of recurrence is considerably higher 
[2]. Moreover, the overall risk of initial metastatic disease is 1% 
to 2% for PTC [13]. As a result, a number of studies have iden-
tified various clinicopathologic predictors for PTC and devised 
risk-group stratification or staging systems to select patients at 
high risk of cancer death for more aggressive surgical and adju-
vant treatment, while those at low risk would be spared from the 
burden of aggressive treatment [2]. Individual therapy of a pa-
tient could be planned according to his or her risk group, and 
the survival of the patient would be estimated based on the ap-
propriate therapy. This approach is known as stage-specific 
treatment.

Postoperative staging for thyroid cancer, as for other cancer 
types, is used (1) to provide prognostic information, which is of 
value when considering disease surveillance and therapeutic 
strategies, and (2) to enable a risk-stratified description of pa-
tients to facilitate communication among health care profession-
als, tracking by cancer registries, and research [2,3]. Several 
prognostic factors for DTC have been studied intensively since 
the 1980s and numerous staging classification systems have 
been proposed to predict outcomes for patients and to select in-
dividualized therapy, but there are some limitations of these 
systems [14]. Moreover, none of the existing systems is ade-
quate for predicting outcomes in every population [14]. Un-
doubtedly, there is room for improvement, as none of the exam-
ined anatomic staging systems are able to account for the small 
proportion of cancer-related deaths in the so-called low-risk 
group. It is possible that more powerful prognostic biological 
factors and molecular markers could be added to existing stag-
ing systems in the future in order to improve survival prediction 
[3]. In this context, both the AJCC/Union for International Can-

cer Control staging system [4] and the ATA DTC management 
guidelines and RSS [2] were recently revised to improve their 
predictive power. Recently, molecular markers and clinical risk 
assessments with respect to DTC have been rigorously investi-
gated, showing considerable evidence on prognostic signifi-
cance [15]. As a result, the 2015 ATA guideline conveys a posi-
tive message, as it shows that mutational analysis of thyroid 
cancer has the potential to refine risk estimates [16]. This newly 
proposed system was shown to provide a more realistic estimate 
of prognosis for patients with PTC [17,18]. The newly devel-
oped scoring system in this study was shown to be more accu-
rate in predicting patient outcomes than the eighth edition of the 
AJCC [4] and the 2015 ATA guideline [2]. Moreover, the pre-
dictors used in this model are readily available in routine clini-
cal practice and easy to use.

A new staging classification should be developed in two 
steps: first, it should be generated and then it should be validat-
ed [19]. In the current study, a validated prognostic system fol-
lowing these two steps was presented. Our RSS was developed 
and then validated with 364 patients with full data on BRAF 
mutation status histology. Although there have been numerous 
attempts to compare the predictive power of staging systems for 
DTC, the majority of those studies either compared a limited 
number of systems or failed to make use of an objective com-
parative measurement to assess predictive power [3]. We used 
four different types of statistical analyses to compare the predic-
tive accuracy of each staging system. All prognostic systems, 
including the present model, were valuable for identifying EFS 
in patients with PTC. Among the four methods, our meta-analy-
sis-derived proposal was superior for determining the outcomes 
of patients with PTC. We think that the use of this scoring sys-
tem will reduce overtreatment and its complications/sequelae, 
while providing relatively conservative cancer treatment with 
equally good outcomes. 

This study has some limitations. All data were retrospectively 
collected, which limits the conclusions that can be drawn from 
the study. New, larger studies should be carried out to clarify the 
role of this tool. In addition, we could not analyse overall sur-
vival data, because only two patients died from PTC in the data-
base from TCGA, reflecting the favourable prognosis of this 
condition. In addition, the eighth edition of AJCC was generated 
to predict the risk of survival (death), not the risk of recurrence; 
however, since the eighth edition of the AJCC and the 2015 
ATA guideline are the most commonly used prognostic systems 
in clinical settings, we adopted both of them in this study. Fur-
thermore, since we developed our RSS based on data from pre-

Table 3. Comparison of RSS1, RSS2, the Eighth Edition of the 
AJCC, and the 2015 ATA Guideline 

Variable C-index AIC BIC Brier 
score

RSS1 0.7413 335.0066 336.4723 0.1265

RSS2 0.5605 334.8337 336.2995 0.1490

Eighth edition of the AJCC 0.6454 340.9069 342.3727 0.1152

2015 ATA guideline 0.5899 337.1516 340.0831 0.1503

RSS, risk scoring system; AJCC, American Joint Committee on Cancer; 
ATA, American Thyroid Association; AIC, Akaike information criteri-
on; BIC, Bayesian information criterion.
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vious meta-analyses, we could not include risk factors that were 
not reported in the meta-analyses, such as mRNA [20] or miR-
NA markers [21].

In conclusion, we developed and validated a new RSS de-
rived from previous meta-analyses for patients with PTC that 
incorporates information on sex, tumour size, ETE, BRAF mu-
tation status, TERT mutation status, histologic subtype, LN me-
tastasis, and distant metastasis. Based on a comparison with the 
eighth edition of the AJCC and the 2015 ATA guideline, this 
RSS appears to be superior to previously published systems. 
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