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Figure 4: Medullary thyroid cancer-specific survival Nomograms (To use the nomogram, an individual patient’s value 
is located on each variable axis, and a line is drawn upward to determine the number of points received for each 
variable value. The sum of these numbers is located on the Total Points axis, and a line is drawn downward to the survival axes to 
determine the likelihood of 5- or 10- year survival). a. T stage 1, T1/2; T stage 2, T3/4; N stage 1, N1a; N stage 2, N1b; M stage 1, distant 
metastasis. b. Sex 1, male; Sex 2, female; Race 1, black; Race 2, non-Hispanic White; Race 3, others; Age 1, < 45 years; Age 2, ≥45 years. 
c. Age 1, < 49 years; Age 2, 50-69 years; Age 3, ≥70 years.
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Figure 5: The calibration curve for predicting patient survival at 5 years in the primary cohort. a. TNM. b. Age (cutoff 
of 45 years)/Sex/Race/TNM. c. Age (cutoff of 49 and 69 years) /Sex/Race/TNM. Nomogram-predicted probability of overall survival is 
plotted on the x-axis; actual overall survival is plotted on the y-axis.
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specific mortality in DTC, but not for MTC. To predict 
the CSS of patients with MTC, age (three categories 
with cutoffs of 49 and 69 years, or binary classification 
with the conventional cutoff of 45 years), sex, race, and 
pathologic TNM status were selected for the final model 
as having the highest predictive accuracy for risk for 
cancer-specific mortality[16] (Figure 4a, 4b and 4C). The 
C-index for CSS prediction with TNM, age (cutoff of 45 
years)/sex/race/TNM and age (cutoff of 49 and 69 years)/
sex/race/TNM were 0.832 (95% CI 0.763-0.901), 0.863 
(95% CI 0.799-0.928), and 0.876 (95% CI 0.817-0.935), 
respectively (Figure 5a, 5b and 5c). The calibration plot 
for the probability of survival at 5 or 10 years after surgery 
showed an optimal agreement between the prediction by 
the nomogram and actual observations.

DISCUSSION

Because of the low incidence of MTC and lack of 
prospective studies evaluating the prognosis of patients 
with MTC, there is still a lack of convincing evidence 
to show that additional risk factors, other than TNM 
factors, could predict long-term outcomes and improve 
the predictive accuracy of the current staging system. A 
recent retrospective single-center study reviewing of 104 
patients with MTC, suggested that age and stage were 
prognostic indicators by multivariate analysis [17]. The 
purpose of this population-based cohort study was to 
evaluate whether age could be an optimal predictive factor 
of clinical outcomes in MTC. We also have designed a 
model that systematically considers multiple variables and 
examined the superiority of age to conventional staging 
based on the cause-specific mortality of each MTC patient. 

A total of 725 patients with MTC were selected 
from the SEER cancer database. We found that age at 
diagnosis was a significant predictive factor of death 
from cancer. We then used the X-tile program to identify 
49 and 69 as cutoff values in terms of survival, with the 
minimum p values from log-rank χ2 statistics, which 
made our results more convincing. We then adopted age-
based categorical variables to risk-stratify patients in 
multivariate analysis. The results confirmed that age was 
a significant predictor for CSS in the entire MTC cohort 
(50-69 years are subgroup, HR 2.853, 95% CI 1.631-
4.99; ≥70 years are subgroup, HR 5.804, 95% CI 2.915-
11.555), especially among female patients, non-Hispanic 
white patients, and those with stage IV disease. Thus, the 
predictive accuracy for patients with MTC who undergo 
surgery might correlate with these factors. The models 
including multiple variables based on conventional TNM 
staging systems to predict the cause-specific mortality 
of each MTC patient were observed to have C-indices 
ranging from 0.832 to 0.876 for survival prediction in the 
primary cohort. The highest C-index (0.876) indicated that 
the nomogram constructed by the four categories (age, 
sex, race and TNM status) performed well in predicting 

survival compared with the widely used TNM staging 
system in MTC patients.

To illustrate the impact of age and utility of 
the nomogram designed for this study, we present a 
hypothetical patient with MTC. A 71-year old non-
Hispanic white female with a T3N1M0 MTC has a 75.6% 
of 10-year CSS predicted by the three age subgroups in 
the nomogram and an 87.1% 10-year CSS predicted by 
binary age nomogram; however, the 7th edition of the 
AJCC TNM staging system indicated that this patient had 
a 90.6% 10-year CSS, which is a better prognosis than 
either one from our nomograms.

It is important to mention that our study has 
limitations. First, the nomogram was developed from the 
collection of retrospective data of MTC cases from the 
SEER database, making it difficult to compare sporadic 
and hereditary MTC. Sporadic MTC tends to be more 
aggressive than hereditary MTCs, and they frequently 
metastasize to cervical LNs. This may impact on the 
predictive value of age between the two clinical settings. 
Second, the SEER database lacks information on the 
measurement of calcitonin, which is produced by thyroid 
C cells and MTC cells. The measurement of calcitonin 
is helpful in screening patients at risk for MTC as well 
as in their follow-up after treatment. Finally, whether 
this nomogram could be applied to patients who receive 
treatment remains to be determined in the future. 

Overall, our analysis of the SEER database revealed 
that patient age at the time of MTC diagnosis is an 
independent risk factor with adverse impact on the CSS. 
Using the cutoff points 49 and 69, the MTC patients were 
classified into three risk groups. The age-stratification can 
be used together with sex, race and conventional TNM 
status to select high-risk patients for cancer-specific 
mortality. This designed staging system may be of greater 
prognostic value compared with the sole AJCC TNM 
staging classification, which may be useful for patient 
counseling in terms of prognosis and subsequent clinical 
follow-up.

MATERIALS AND METHODS

Patient selection from the SEER database

We extracted data from the SEER cancer registry. 
The SEER, a population-based registry sponsored by 
the National Cancer Institute, collects information on 
cancer incidence and survival from 17 population-based 
cancer registries, including approximately 28% of the US 
population [18]. The SEER data contain no identifiers and 
is publicly available for use in studies on cancer-based 
epidemiology and health policy. The National Cancer 
Institute’s SEER*Stat software (www.seer.cancer.gov/
seerstat) (Version 8.1.2) was used to identify patients 
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who were diagnosed with single primary MTC between 
2000 and 2010. Patients with thyroidectomy, lymph 
node dissection and postoperative therapy for MTC were 
included. Histology types were limited to MTC (8510). 
Patients were excluded if their records held insufficient 
data or unknown clinicopathological profile, undetermined 
histology or other types of thyroid cancer. 

Ethics statement

This study was conducted in accordance with the 
Helsinki Declaration. An independent ethics committee/
institutional review board at Fudan University Shanghai 
Cancer Center approved our study. Data released from the 
SEER database does not require informed patient consent 
because it contains no identifiers and is publicly available. 
We obtained permission to access the research data files in 
the SEER program by the National Cancer Institute, USA 
(reference number 10817-Nov2013).

Clinicopathological variable assessment

Age, sex, race, surgical procedures, adjuvant 
therapies, TNM stage, and survival time were extracted 
from the SEER database. Race was categorized into 
African American, non-Hispanic white, and others 
(American Indian/AK Native, Asian/Pacific Islander) as 
provided by the SEER database. We followed the guidance 
of the 2010 TNM classification of the American Joint 
Committee on Cancer (AJCC) [19]. The endpoint was 
calculated from the date of diagnosis to the date of cancer-
specific mortality and was shown as “SEER CSS” in the 
database. 

Statistical analysis

The Chi-square (χ2) test was used to compare patient 
baseline characteristics. Survival rate was generated 
using Kaplan-Meier curves, and the differences were 
compared with the log-rank test. The cutoff points for age 
ranges were analyzed using the X-tile program (http://
www.tissuearray.org/rimmlab/)[20]. A Cox proportional 
hazards regression model was then built to evaluate the 
risks of variables on cancer mortality in MTC patients. 
The hazard ratio (HR) for relationships between variables 
and cancer-specific mortality was calculated using a binary 
Cox regression model. All confidence intervals (CIs) were 
stated at the 95% confidence level.

A nomogram was formulated based on the results 
of multivariate analysis and using the package of rms 
in R version 2.14.1 (http://www.r-project.org/). A final 
model selection was performed by a backward stepdown 
selection process with the Akaike information criterion. 
The performance of the nomogram was measured 

by the concordance index (C-index) and assessed by 
comparing nomogram-predicted versus observed Kaplan-
Meier estimates of survival probability [21, 22]. The 
C-index and calibration curve were derived based on the 
regression analysis. All p values were 2-sided. P < 0.05 
was considered statistically significant. 

Abbreviations

MTC, medullary thyroid cancer; CSS, cancer-
specific survival; HR, hazard ratio; CI, confidence 
interval; TNM, tumor type, lymph node involvement, 
distant metastasis.
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