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Abstract

Background

Differentiated thyroid carcinoma (DTC) is associated with an increased mortality. Few stud-

ies have constructed predictive models of all-cause mortality with a high discriminating

power for patients with this disease that would enable us to determine which patients are

more likely to die.

Objective

To construct a predictive model of all-cause mortality at 5, 10, 15 and 20 years for patients

diagnosed with and treated surgically for DTC for use as a mobile application.

Design

We undertook a retrospective cohort study using data from 1984 to 2013.

Setting

All patients diagnosed with and treated surgically for DTC at a general university hospital

covering a population of around 200,000 inhabitants in Spain.

Participants

The study involved 201 patients diagnosed with and treated surgically for DTC (174, papil-

lary; 27, follicular).

Exposures

Age, gender, town, family history, type of surgery, type of cancer, histological subtype, micro-

carcinoma, multicentricity, TNM staging system, diagnostic stage, permanent post-operative
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complications, local and regional tumor persistence, distant metastasis, and radioiodine

therapy.

Main outcomemeasure

All-cause mortality.

Methods

A Cox multivariate regression model was constructed to determine which variables at diag-

nosis were associated with mortality. Using the model a risk table was constructed based

on the sum of all points to estimate the likelihood of death. This was then incorporated into a

mobile application.

Results

The mean follow-up was 8.8±6.7 years. All-cause mortality was 12.9% (95% confidence

interval [CI]: 8.3–17.6%). Predictive variables: older age, local tumor persistence and dis-

tant metastasis. The area under the ROC curve was 0.81 (95% CI: 0.72–0.91, p<0.001).

Conclusion

This study provides a practical clinical tool giving a simple and rapid indication (via a mobile

application) of which patients with DTC are at risk of dying in 5, 10, 15 or 20 years. Nonethe-

less, caution should be exercised until validation studies have corroborated our results.

Introduction
Thyroid cancer is relatively uncommon, though it is still the most frequent malignant endo-
crine tumor in our organism [1,2]. Differentiated thyroid carcinoma involves papillary or fol-
licular carcinoma. Papillary carcinoma is the most common of all malignant thyroid tumors,
followed by follicular carcinoma [3,4]. In addition, differentiated thyroid carcinoma is associ-
ated with a significant increase in mortality [5]. This may explain why some authors have ana-
lyzed all-cause mortality in patients with this type of cancer, evaluating both the incidence of
mortality and the various associated factors in cohorts of patients diagnosed with differentiated
thyroid carcinoma [3,5–20].

In Spain, as in other countries, the incidence of differentiated thyroid carcinoma is rising,
especially in men, although it is more frequent in women [2,21]. Situated in the southeast of
Spain, the Valencian Community has a population that increased from 3,722,362 inhabitants
in 1984 to 4,987,017 inhabitants in 2013 [22]. All the oncological services in this Community
are free to access and free of charge for all residents. Thyroid cancer is dealt with via a Commit-
tee of Endocrine and Thyroid Tumors. The best therapeutic option is decided after discussion
of each individual case [23].

Analysis of hospital registries in the Valencian Community recorded over 30 years has
determined the all-cause mortality of patients diagnosed with and treated surgically for differ-
entiated thyroid carcinoma. Unlike other studies [3,5–20], which only addressed mortality
incidence and its associated factors, this study constructed a model able to predict all-cause
mortality up to a maximum period of 20 years. The model is based on a scoring system that
has been adapted for use as a mobile telephone application and which can be applied in daily
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clinical practice for the simple determination of which patients are more likely to die during
this 20-year period. With this knowledge we can undertake a stricter follow-up of patients who
have a higher likelihood of dying.

Methods

Study population
The study population comprised all patients diagnosed with and treated surgically for differen-
tiated thyroid carcinoma by the Department of Health in Elda. This area is an industrial zone
in the Valencian Community with a medium-low economic and cultural level. The number of
inhabitants in this Department ranged from 164,999 in 1984 to 193,588 in 2013 [22].

Study design and participants
This retrospective cohort study covered 30 years (1984–2013) and included all patients diag-
nosed with and treated surgically for differentiated thyroid carcinoma. A patient was consid-
ered to have this disorder if the diagnosis was confirmed histologically. To determine this
diagnosis, an examination was undertaken of all clinical records of patients who underwent
surgery for any type of thyroid disorder. The records were examined in all the databases of any
medical-surgical service possibly related with patients diagnosed with differentiated thyroid
carcinoma (Otorhinolaryngology, General Surgery, Oncology, Endocrinology, Pathology,
Radiology, Committee of Endocrine and Thyroid Tumors, Clinical Documentation, and Hos-
pital Discharge Registry). Information was obtained about the time between diagnosis of differ-
entiated thyroid carcinoma and date of death, or date of end of study (December 31, 2013), or
date of last clinical contact (in those cases where we were unaware of whether the patient had
died during the follow-up).

Variables and measurements
The main outcome variable was all-cause mortality during the follow-up period. This was
assessed by analyzing the databases mentioned above and in case of doubt by telephoning the
number recorded on the hospital records (land line and mobile).

The following secondary variables were also recorded at diagnosis: age, gender, number of
inhabitants in the town of residence (</� 10,000 inhabitants) [22], known family history of
thyroid cancer, type of thyroid surgery (total 1–2 stages, partial or none), type of cervical
lymph node surgery (central+lateral, central, lateral, or none), type of differentiated cancer
(papillary or follicular), histological subtypes (good or poor prognosis) [24], solitary papillary
intraglandular microcarcinoma <1 cm (yes or no), multicentricity (solitary or multifocal), ade-
nopathy with a histopathological diagnosis (central+lateral, central, lateral, or none), AJCC
(American Joint Committee on Cancer) TNM staging system [25], diagnostic stage (I, II, III,
IVa, IVb or IVc), permanent postoperative recurrent nerve paralysis (yes or no), permanent
postoperative hypoparathyroidism (yes or no), local tumor persistence (persistence of diseased
thyroid tissue in the surgical thyroid bed in patients who had previously received primary sur-
gical treatment) and regional lymph node persistence (persistence of cervical and/or upper
mediastinal lymph node disease in patients who had previously been treated with cervical
lymph node surgery) (yes or no), distant metastasis (yes or no), and radioiodine therapy (yes
or no). These variables were all obtained from the sources of information mentioned above,
except for the population of the town of residence, which was obtained from official data by
the National Statistics Institute [22], and the stage, which was obtained from the 2010 AJCC
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classification (7th edition) [25], using the TNM parameters, type of cancer and age, obtained as
described above.

Sample size
The sample comprised 201 patients, of whom 26 died. Thus, using a 95% confidence interval
and with an expected area under the ROC curve (AUC) of 0.8, in order to contrast an AUC dif-
ferent to 0.5 the power obtained was 99.85% [26].

Statistical analysis
Absolute and relative frequencies were used to describe the qualitative variables, with means
and standard deviations for the quantitative variables. A Cox multivariate regression model
was constructed to determine which variables were associated with all-cause mortality and the
adjusted hazard ratios (HR) were obtained. As we had few patients, we selected a maximum
number of explanatory variables in the model (one for each 50 non deaths). For this we used a
stepwise algorithm to determine those variables that might predict mortality better. To obtain
the variables in the model we analyzed all the possible combinations with a maximum of 3 vari-
ables (4,525), calculating the value of the C-statistic in all of them. The combination with the
highest value was then selected. The goodness of fit of the model was assessed by the score test.
From the β coefficients of the multivariate model a risk table was constructed based on the sum
of the points to estimate the probability of death [27]. After calculating the points and their
associated risk, the AUC was calculated for this mortality scale and the following cut points
were selected on the scale constructed: 1) Optimum: that which minimized the square root of
(1-Sensitivity)2 + (1-Specificity)2; 2) Confirmation: the minimum score that had a positive like-
lihood ratio (PLR)�10; 3) Discard: the maximum score that had a negative likelihood ratio
(NLR)<0.1. Points 2 and 3 were chosen because, according to the Evidence Based Medicine
School, they are those that permit the positivity of a diagnostic test to be confirmed or dis-
carded conclusively [28]. Using these cut points, we calculated the indicators of validity (sensi-
tivity and specificity), yield (positive predictive value (PPV) and negative predictive value
(NPV)) and usefulness (PLR and NLR). The risk groups for death were also designed using the
cut points obtained previously: low risk (less than the discard point), medium risk (from the
discard point to the optimal point), high risk (from the optimal point to the confirmation
point), and very high risk (equal to or greater than the confirmation point). Finally, the survival
of these groups was compared using the log-rank test. The survival curves were represented
using the Kaplan-Meier technique. All the analyses were done with an α = 5% and the associ-
ated confidence interval (CI) was calculated for each relevant parameter. All the analyses were
done with IBM SPSS Statistics 19.

Mobile application
The model was implemented on a mobile telephone application (App) (S1 Text). Using this
tool the likelihood of all-cause death can be calculated without the need for mathematical cal-
culations. This App is available for the following mobile telephone operating systems: Android
and Apple.

Ethical questions
This study was approved by the Ethics Committee of the Department of Health of Elda. Given
that the study was undertaken using retrospective data, no informed consent was requested
from the patients. The Ethics Committee approved this procedure.
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Results
During a mean follow-up of 8.8±6.7 years, of 201 patients with differentiated thyroid carci-
noma, 26 died (12.9%, 95% CI: 8.3–17.6%). This corresponds to an incidence density of 15
deaths per 1,000 person-years (95% CI: 10–22 deaths per 1,000 person-years). The causes of
death were: thyroid cancer (7), other cancers (7), cardiovascular or respiratory diseases (8), dia-
betes-related problems (1), and unknown but with no relation to the thyroid cancer (3).

Table 1 shows the descriptive and analytical characteristics of the study sample. Regarding
the descriptive characteristics, the mean age was 46.6 years, there were more women (82.1%)
and more cases of papillary carcinoma (86.6%). Furthermore, the prevalence of local tumor
persistence was 6.0% and the proportion with distant metastasis at diagnosis was 1.5%. Con-
cerning the tumor stage, the highest prevalence was stage I (69.2%), followed by stages III
(12.4%) and IVa (10.9%). None of our patients had stage IVb cancer. Notably, over 90% of the
patients were treated with radioiodine therapy (91.5%).

We obtained the following independent variables in our predictive model for death: older
age (HR = 1.11, 95% CI: 1.07–1.15, p<0.001), local tumor persistence (HR = 3.30, 95% CI:
1.21–9.01, p = 0.020) and distant metastasis (HR = 114.32, 95% CI: 13.64–958.31, p<0.001).

The multivariate model (Table 1) provided the predictive scale for mortality (Fig 1); this fig-
ure shows the scoring system with the risk groups for predicting mortality. This predictive
model has an AUC (Fig 2) of 0.81 (95% CI: 0.72–0.91, p<0.001). The cut points (optimum, 9;
confirmation, 11; discard, 3) and their indicators of validity (sensitivity and specificity), yield
(PPV and NPV) and usefulness (PLR and NLR) are shown in Table 2.

Fig 3 shows the differences in survival between the different risk groups (p<0.001). The sur-
vival can be seen to fall as the risk increases.

Discussion
This analysis of all cases of differentiated thyroid carcinoma over 30 years in our healthcare
area found that one in every eight persons died during a mean follow-up of almost 9 years.
Other studies examining all-cause mortality in this type of patients involved different follow-
up periods (ranging from 3.0 to 28.7 years), which makes it difficult to compare the magnitude
of mortality found in this study. Probably, as the mean follow-up period in our study was
within the range noted above, our magnitude of mortality was also within the interval reported
by these other authors (2.5–55.0) [3,5–20].

Our predictive model showed that a patient who was older, with local tumor persistence
and distant metastasis at diagnosis had a greater likelihood of all-cause mortality. The other
studies [3,5–20] coincide regarding both age and metastasis. In addition, they found greater
mortality associated with larger tumor size, extrathyroid extension, lymph node involvement,
male gender, external radiotherapy, iodine radioisotopes, high levels of thyroglobulin, and cer-
tain histological subtypes. However, none of these other studies evaluated local tumor persis-
tence at diagnosis. We think that patients who present this feature experience greater mortality
because performing an incomplete excision of the thyroid tissue could affect mortality in differ-
entiated thyroid carcinomas.

An overall analysis of the factors in the model shows that most have already been found to
be risk factors [3,5–20]. However, we evaluated the model globally; i.e., considering the three
factors together (age, local tumor persistence and distant metastasis). Local tumor persistence
was a factor with a weight in mortality equivalent to 10 years of age, as can be seen in Fig 1. In
other words, it is the factor with least weight in the predictive model. Nevertheless, the addition
of the two points given by this parameter could mean a change in risk group, particularly if the
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Table 1. Descriptive characteristics and hazard ratios for predictingmortality in patients with differentiated thyroid cancer.

Total

n = 201 HR for all-cause mortality

Variable n(%)/x±s (95% CI) p-value

Age (years) 46.6±15.0 1.11(1.07–1.15) <0.001

Male gender 36(17.9) N/M N/M

Living in city 182(90.5) N/M N/M

Known family history of thyroid cancer 21(10.4) N/M N/M

Thyroid surgery: N/M N/M

Total (1 time) 162(80.6)

Total (2 times) 31(15.4)

Partial 8(4.0)

Cervical lymph node surgery: N/M N/M

Central+Lateral 42(20.9)

Central 62(30.8)

Lateral 3(1.5)

None 94(46.8)

Papillary histology 174(86.6) N/M N/M

Histological subtype of favorable prognosis 166(82.6) N/M N/M

Solitary papillary intraglandular microcarcinoma <1 cm 47(23.4) N/M N/M

Solitary 120(59.7) N/M N/M

T: N/M N/M

T1 120(59.7)

T2 42(20.9)

T3 35(17.4)

T4 4(2.0)

N: N/M N/M

N0 133(66.2)

N1a 28(13.9)

N1b 40(19.9)

M1 3(1.5) 114.32(13.64–958.31) <0.001

Stage: N/M N/M

I 139(69.2)

II 12(6.0)

III 25(12.4)

Iva 22(10.9)

IVc 3(1.5)

Permanent postoperative recurrent laryngeal nerve paralysis 9(4.5) N/M N/M

Permanent postoperative hypoparathyroidism: 23(11.4) N/M N/M

Local tumor persistence 12(6.0) 3.30 (1.21–9.01) 0.020

Lymph node persistence 12(6.0) N/M N/M

Radioiodine 184(91.5) N/M N/M

n(%), absolute frequency(relative frequency); x±s, mean±standard deviation; HR, adjusted hazard ratio; CI, confidence interval; N/M, not in the

multivariate model.

Goodness-of-fit of the model: Χ2 = 111.2, p<0.001, C-statistics = 0.836 (standard error = 0.065).

doi:10.1371/journal.pone.0128620.t001
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patient is in the high-risk group, since if this patient has local tumor persistence he or she will
automatically pass to the group with a very high risk.

After extensive validation, the results of this study provide daily clinical practice with a tool
capable of predicting all-cause mortality in patients with differentiated thyroid carcinoma over
5, 10, 15 or 20 years simply and rapidly (mobile App), with a high discriminatory power. In
addition, epidemiologically, the Evidence Based Medicine criteria [28] enable us to confirm or
discard mortality within these time intervals conclusively. Thus, if a patient is in the low-risk
group (NLR = 0.00), we can state confidently that this patient will not die during the period of
time analyzed. On the other hand, if a patient is in the very high-risk group, we can confirm
that this patient has a very high likelihood of dying. As it is not possible to modify this risk and
given its great clinical relevance for the prognosis of our patients, we should stress the need to
make an early diagnosis and perform radical surgery (total thyroidectomy) in order to reduce
the added risk of age and local tumor persistence in our predictive model. This will enable the
patient to be classified in a lower risk category, thereby improving the prognosis, as can be seen
in Fig 3.

Study strengths and limitations
The main strength of this study resides in the lack of other predictive models of all-cause mor-
tality, although Sebastián et al. constructed a similar model classifying patients in risk groups
[17]. However, the choice of these groups was based on survival quartiles (25%, 50% and 75%)
rather than on risk groups that could conclusively confirm or discard the death of a patient.
Furthermore, this model only encompassed half the prediction time of our study for high-risk
patients. Likewise, our model generated an AUC above 0.80 with a high statistical power,
despite involving a smaller sample size than that of other studies [3,9]. This confers our model
with a high discriminating power. In addition, the methodology described herein could also be
used to predict mortality in other types of cancer.

Although an important limitation of our study was that the sample size was just 201
patients, this was nevertheless sufficient for the aims of the study, as we were evaluating the
predictive model and its associated AUC. The model was very significant (p<0.001) and the
AUC very high (>80%). Furthermore, the number of variables in the model was selected bear-
ing in mind our number of deaths and total patients and testing all the possible combinations.
However, as occurred in the Framingham study, we obtained significant HR with wide CI.
Nevertheless, as in the Framingham study, we were examining the overall model and not each

Fig 1. Predictive model for all-causemortality in patients with differentiated thyroid carcinoma.

doi:10.1371/journal.pone.0128620.g001
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individual variable [29–31]. Nevertheless, if the study had included more patients we could
have introduced a greater number of variables in the model and divided the study sample into
two parts in order to perform internal validation [32].

Fig 2. Area under the ROC curve of the predictivemodel. ROC, receiver operating characteristic; AUC, area under the curve; CI, confidence interval.

doi:10.1371/journal.pone.0128620.g002

Table 2. Cut points of the predictive model and their indicators of validity, yield and usefulness.

Sensitivity Specificity PPV NPV PLR NLR

Point Value (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) p-value

Optimum 9 0.69 (0.48–0.85) 0.83 (0.77–0.88) 0.38 (0.25–0.54) 0.95 (0.90–0.98) 4.18 (2.75–6.36) 0.37 (0.21–0.66) <0.001

Confirmation 11 0.46 (0.27–0.66) 0.97 (0.92–0.99) 0.67 (0.41–0.86) 0.92 (0.87–0.96) 13.46 (5.53–32.75) 0.56 (0.39–0.80) <0.001

Discard 3 1.00 (0.84–1.00) 0.17 (0.12–0.23) 0.15 (0.10–0.22) 1.00 (0.85–1.00) 1.20 (1.12–1.28) 0.00 (0.00-1) <0.001

PPV, positive predictive value; NPV, negative predictive value; PLR, positive likelihood ratio test; NLR, negative likelihood ratio test; CI, confidence

interval.

doi:10.1371/journal.pone.0128620.t002
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As we used data for a 30-year period we must accept a certain degree of measurement bias.
However, to minimize this degree, all the sources of medical information (both computerized
and non computerized) were strictly checked in an orderly manner.

Thus, after extensive validation, our models could be implemented in clinical practice. As
did Hay et al. after their study [33], the authors of the present study encourage other research-
ers to determine the validity of our scoring system in other populations and then compare
their predictive power with the current models.

Conclusions
This study provides clinical practice with a tool giving simple rapid information (using a
mobile application) about which patients with differentiated thyroid carcinoma are at risk of
dying in 5, 10, 15 or 20 years. This tool also gives information about two risk groups for whom
we can confirm or discard all-cause mortality conclusively. Nevertheless, we must be cautious
as other studies are needed to validate and corroborate our results.

Supporting Information
S1 Text. Information about the mobile application.
(DOC)

Fig 3. Survival of the different risk groups.

doi:10.1371/journal.pone.0128620.g003
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