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Abstract

used to evaluate the clinical value of the nomogram.

clinical prediction model.

Background: The aim of this study was to develop and validate a visual nomogram for predicting the risk of bone
metastasis (BM) in newly diagnosed thyroid carcinoma (TC) patients.

Methods: The demographics and clinicopathologic variables of TC patients from 2010 to 2015 in the Surveillance,
Epidemiology and End Results (SEER) database were retrospectively reviewed. Chi-squared (x2) test and logistic
regression analysis were performed to identify independent risk factors. Based on that, a predictive nomogram was
developed and validated for predicting the risk of BM in TC patients. The C-index was used to compute the
predictive performance of the nomogram. Calibration curves and decision curve analysis (DCA) were furthermore

Results: According to the inclusion and exclusion criteria, the data of 14,772 patients were used to analyze in our
study. After statistical analysis, TC patients with older age, higher T stage, higher N stage, poorly differentiated,
follicular thyroid carcinoma (FTC) and black people had a higher risk of BM. We further developed a nomogram
with a C-index of 0.925 (95%C1,0.895-0.948) in the training set and 0.842 (95%Cl,0.777-0.907) in the validation set.
The calibration curves and decision curve analysis (DCA) also demonstrated the reliability and accuracy of the

Conclusions: The present study developed a visual nomogram to accurately identify TC patients with high risk of
BM, which might help to further provide more individualized clinical decision guidelines.
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Background

Thyroid carcinoma (TC) is the most common type of endo-
crine malignancy, for which incidence has grown rapidly
worldwide during the past few decades [1, 2]. Owing to bio-
logical characteristics and effective therapeutic responses, TC
has a favorable long-term prognosis, with an average 10-year
overall survival of approximately 90% [3, 4]. However, the
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overall prognosis worsens significantly once patients develop
distant metastasis (DM), as the 10-year survival drops to 40%
[5-7]. Even more noteworthy, approximately 70% of TC pa-
tients with DM die within four years of diagnosis [8].

Bone metastasis (BM) is a typical metastatic pattern for
TC patients. It was reported that BM occur in about 4% of
all TC patients [9], and the 5- and 10-year survival rates of
TC patients with BM are 61 and 27%, respectively [10].
The majority of thyroid carcinoma metastases are asymp-
tomatic and are detected only upon systemic surveillance
or a full-body metastatic examination of malignant thyroid
nodules. It is extremely rare to present with symptomatic
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DM as the sole initial manifestation in the absence of neck
swelling [11]. Due to the low incidence of BM and its
asymptomatic nature, the work-up regarding BM is mostly
ignored during the primary diagnoses of TC patients. Pa-
tients are often advised to perform whole-body nuclear
medicine bone scanning or PET-CT only when they de-
velop suspicious symptoms of skeletal-related events
(SREs). Azeez Farooki et al. reported that the median SRE
time was 5 months after BM [6]. At this time, most of pa-
tients with TC have likely developed the advanced stage
or multiple metastases have occurred, which means the
optimal chance of treatment for TC patients will be
missed. In 2019, Kim H et al. conducted a retrospective
study to evaluate the usefulness of early detection in
asymptomatic DM in patients with TC and found that
early identification had a significant positive impact on
survival outcomes for asymptomatic DM patients with TC
after 2004 [12]. A clinical risk model of predicting BM ap-
pears to be a helpful tool to clarify how likely a TC patient
is to suffer from BM and identify those TC patients with
high risk of BM and who should be advised to perform
more individualized and purposeful inspection and sur-
veillance plans. Published studies have identified many
risk factors of BM including age, histological type, tumour
size, marked hypoechogenicity and nodule-in-nodule ap-
pearance [8, 13—15]. Nevertheless, no research has focused
on the development of an ideal model for predicting BM
in TC, which means that the probability of BM cannot be
quantified.

Therefore, based on the population-based data from
the Surveillance, Epidemiology, and End Results (SEER)
database, we aimed to develop and validate a nomogram
for predicting the risk of BM in newly diagnosed TC pa-
tients. This study might help to further provide more in-
dividualized clinical decision guidelines and the rational
allocation of health resources.

Method

Study population

The subjects included in the present study were ob-
tained from the Surveillance, Epidemiology, and End Re-
sults (SEER) Program. Patient data were downloaded
from the SEERsStat 8.3.6 Database. We limited this
study to between 2010 and 2015 because the informa-
tion about site-specific metastasis was only available
from 2010 and onward. The TC patients included in our
research were diagnosed by histological examination,
and BM was diagnosed by imaging examination and/or
pathological examination. Meanwhile, the exclusion cri-
teria were as follows: (1) the information of race, tumor
size, grade, T stage, N stage, bone metastatic status, in-
surance status and marital status was unknown; (2) TC
was not the first tumor. Because the SEER database does
not release personal identification information, ethical
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approval and consent were not required for this study.
Figure 1 displays the flow chart of the patient selection
procedure in this study. All included cases were staged
using the 7th edition of the AJCC TNM staging system.

Data selection

In the present study, 11 variables were included to identify
the independent risk factors of BM from TC. The demo-
graphic variables included sex, race, age at diagnosis, insur-
ance status and marital status. The clinicopathological
variables included histology, grade, T stage, N stage and
tumor size, laterality, Histology was classified into four cat-
egories with the following IDO-O-3 codes: “8340.
8341.8342.8344.8260. Papillary thyroid carcinoma (PTC)%
“8330. 8331. 8335. Follicular thyroid carcinoma (FTC)%
“8020.8021.8030. 8032. Anaplastic thyroid carcinoma
(ATC)’; and “8510.Medullary thyroid carcinoma (MTC)”.
“Unmarried”, “separated”, “single”, “widow” and “divorced”
were included in the unmarried group and the” any medic-
aid”, “insured” and “insured/no specific” were included in the
insurance group. All methods were performed in accordance
with the relevant guidelines of the SEER database.

Statistical analyses

All statistical analysis in our research was performed in
R software (version 3.6.1, R Foundation for Statistical
Computing, Austria) (http://www.r-project.org/) and
SPSS (version 25, IBM, USA) [16, 17]. The process of
classifying patients in the training and validation sets
was completely randomized and was performed in R
software. The chi-squared test was used to compare var-
iables between the training set and the testing set. In the
univariate analysis, the chi-squared test or Fisher’s exact
test was used to compared the variables between
patients with BM and without BM. Variables with p
value< 0.05 in the univariate analysis were further inte-
grated into the multivariate logistic regression analysis.
Then, the independent risk factors of BM in TC patients
were identified. Based on that, a nomogram was estab-
lished by rms package in R. Meanwhile, the performance
of prediction and discrimination was assessed by Har-
rell’s concordance index (C-index) which was calculated
using the function concordance index. The value of the
C-index should range from 0.5 to 1.0, with 0.5 indicating
random chance and 1.0 indicating a perfectly corrected
discrimination [18]. The receiver operating characteristic
(ROC) curve was plotted to show the prediction power
of each risk factor and the independent BM-related fac-
tors combined model, and the area under curve (AUC)
value was also listed. Higher AUC presented a higher
prediction power. Calibration curves and decision curve
analysis (DCA) were furthermore used to evaluate the
clinical value of the nomogram [19]. P value< 0.05 (two-
sided) was considered as statistically significant.
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Fig. 1 Flow diagram of the analytic cohort selected from the SEER database. Based on the inclusion and exclusion criteria, 14,772 patients were
included in this study. After random assignment, 10,340 and 4432 patients were assigned into the training set and the validation set, respectively

Results

Clinicopathologic characteristics

According to the inclusion and exclusion criteria, 14,
772 patients were finally included to identify the risk
factors of BM in TC patients. Among these, 120 cases
(0.8%) had BM at initial diagnosis and 14,652 cases
(99.2%) were without BM. All patients were classified
into the training set (10,340 cases) and the validation

set (4432 cases), with a ratio of approximately 7:3. In
the training set, 24.2% patients were male, and the
majority was White in race distribution (80.31%). For
grade, 79.9% TC patients were Grade I. The most
common T stage and N stage were T1(55.4%) and
NO(74.3%), respectively. The demographic and clinico-
pathological information for all patients is shown in
Table 1.
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Independent risk factors for BM from TC

To investigate the independent BM-related factors, uni-
variate analysis was performed. The results of univariate
analysis are illustrated in Table 2. Several variables
showed significant differences between patients with and
without BM, including age, race, sex, tumor size, hist-
ology, grade, T stage and N stage, (All p value< 0.05).
Then, the multivariate logistic regression analysis (for-
ward LR) was performed, and six variables were deter-
mined to be independent risk factors, including age at
diagnosis(P < 0.001), race(P<0.001), grade(P=0.001),
and, histology(P=0.013), T stage(P<0.001) and N
stage(P = 0.048). (Table 3).

Development and validation of the nomogram

Based on the independent risk factors, a nomogram was
established (Fig. 2). The total score value of each individ-
ual patient was obtained by adding the corresponding
scores of different categories of each independent risk fac-
tor, and then corresponding total points scale represented
the probability of BM of this patient. The C-indexes in the
training set and validation set were 0.925(95%CI,0.895—
0.948) and 0.842(95%Cl1,0.777—0.907), respectively, which
indicates that the nomogram performs well in predicting
BM of TC patients. Meanwhile, ROC curves of both the
training set and validation set were generated and illus-
trated in Fig. 3. Remarkably, the ROC curves of each inde-
pendent predictor were also generated (Fig. 4). The AUC
of the combined model was the highest, which indicated
the combined model showed the highest prediction power
of BM at diagnosis. In addition, the favorable calibration
curve of our nomogram is shown in Fig. 5, which indi-
cated that the prediction by the nomogram is highly con-
sistent with the actual observations. Finally, DCA
indicated that this nomogram can serve as an excellent
diagnostic tool for predicting BM in newly diagnosed TC
patients (Fig. 6).

Discussion

BM frequently deteriorates the quality of life by indu-
cing severe bone pain, spinal cord compression,
pathological fracture and other SREs. Farooki A et al.
have found that approximately 78% TC patients with
BM develop at least one SRE [6]. Orita Y et al. ob-
served 52 DTC patients with BM that constituted
3.7% of 1398 patients [20]. A recent study also re-
ported a similar result wherein BM occurred in 3.9%
(1173 cases) of the TC patients [9]. Here, we found
that the proportion of BM incidence (0.8%) in TC pa-
tients was much less than previous reports. This can
be attributed to the rare incidence of synchronous
BM recorded in the SEER database instead of meta-
chronous BM in other studies. Synchronous BM diag-
nosed in TC patients is very rare, in other words, a
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majority of BM develops during clinical follow-up
after the primary diagnosis of TC. Ihiguez-Ariza NM
and colleagues conducted a systematic review and
suggested that the natural disease course of BM from
TC may vary by demographic factor and tumor char-
acteristics [8]. The early identification of BM at the
initial diagnosis of TC has great significance for
receiving appropriate treatment and improving prog-
nosis. To better address this issue, we used a
population-based database to identify independent risk
factors for BM and developed a prediction model
based on demographics and tumor characteristics to
predict the risk of BM in patients with newly diag-
nosed TC.

In the present study, we found six independent pre-
dictors associated with BM, including age at diagno-
sis, histology, grade, T stage, N stage and race. More
importantly, we developed and validated a diagnostic
nomogram for the purpose of predicting BM in newly
diagnosed TC patients. The total score can be calcu-
lated through collecting the information of several
variables on the nomogram of every TC patient.
Then, the risk of BM can be identified from the
nomogram with ease. Meanwhile, this predictive
model demonstrated excellent performance in the risk
assessment of BM from TC, which will make person-
alized medical decision-making and surveillance more
accurate. Although SRE has long been identified as a
sign of bone metastatic disease, it is unreasonable to
consider BM and perform targeted investigations in
thyroid cancer patients only when they have symp-
toms of bone involvement. Thus, proactive attention
should be given to patients with TC who have been
identified by nomogram as having a high risk of BM.
In a previous study, Goffredo P et al. found that the
risk of DM for younger TC patients was significantly
lower compared with elderly patients [21]. Similarly,
age at diagnosis was identified as an independent pre-
dictor of BM in TC patients in our study(P < 0.001).
More evidence now suggests that the biological char-
acteristics of tumors play a crucial role in disease
progression, which could be closely associated with
the initiation and development of BM. Vuong HG
and colleagues performed a meta-analysis and found
that tumor size, multifocality, vascular invasion (VI),
extrathyroidal extension (ETE), lymph node metastasis
(LNM), and lateral LNM were associated with signifi-
cant risks for DM [15]. Liu Z et al. suggested that
LNM has a synergic effect with either follicular thy-
roid histology or larger tumor size for a higher risk
of DM, which is important for predicting and diag-
nosing DM [22]. Here, we found that T stage and N
stage were independent risk factors associated with
BM in TC patients. We also found that patients with



Tong et al. BMC Cancer (2020) 20:1055

Table 1 Clinical and pathological features of 14,772 TC patients
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Variables Training cohort(N = 10,340) Validation cohort(N =4432) P
Without BM(N = 10,268) With BM(N = 72) Without BM(N = 4384) With BM(N = 48) value
Age (years) 0.757
<50 5430 (52.9%) 10 (13.9%) 2333 (53.2%) 11 (2.3%)
250 4838 (47.1%) 62 (86.1%) 2057 (46.8%) 37 (97.7%)
Race 0.790
Black 751 (7.3%) 16 (22.2%) 334 (7.6%) 7 (14.6%)
Other ® 1262 (12.3%) 7 (9.7%) 528 (12.0%) 5 (10.4%)
White 8255 (80.4%) 49 (68.1%) 3522 (80.4%) 36 (75.0%)
Sex 0.743
Female 7802 (76.0%) 39 (54.2%) 3348 (76.4%) 24 (50.0%)
Male 2466 (24.0%) 33 (45.8%) 1036 (23.6%) 24 (50.0%)
Histology 0.368
ATC 203 (2.0%) 24 (33.3%) 68 (1.6%) 11 (22.9%)
FTC 642 (6.3%) 16 (22.2%) 272 (6.2%) 13 (27.1%)
MTC 82 (0.8%) 2 (2.8%) 30 (0.7%) 1 (2.1%)
PTC 9341 (91.0%) 30 (41.7%) 4014 (91.5%) 23 (47.9%)
Grade 0.092
Grade | 8247 (80.3%) 19 (26.3%) 3525 (80.4%) 21 (43.8%)
Grade Il 1462 (14.2%) 12 (16.7%) 636 (14.5%) 5 (10.4%)
Grade Il 272 (2.6%) 10 (13.9%) 129 (2.9%) 9 (18.8%)
Grade IV 287 (2.8%) 31 (43.1%) 94 (2.2%) 13 (27.0%)
Laterality 0.806
Unilateral 10,201 (99.3%) 70 (97.2%) 4356 (99.4%) 48 (100.0%)
Bilateral 67 (0.7%) 2 (2.8%) 28 (0.6%) 0 (0.0%)
T stage 0.317
T 5740 (55.9%) 4 (5.5%) 2460 (56.1%) 10 (20.8%)
T2 1789 (17.4%) 8 (11.1%) 795 (18.1%) 6 (12.5%)
T3 2165 (21.1%) 21 (29.2%) 916 (20.9%) 12 (25.0%)
T4 574 (5.6%) 39 (54.2%) 213 (4.9%) 20 (41.7%)
N Stage 0.252
NO 7650 (74.5%) 35 (48.6%) 3231 (73.7%) 23 (47.9%)
N1 2618 (25.5%) 37 (51.4%) 1153 (26.3%) 25 (52.1%)
Tumor size 0.569
<2cm 6216 (60.5%) 8 (11.1%) 2643 (60.3%) 12 (25.0%)
2-4cm 1244 (12.1%) 45 (62.5%) 505 (11.5%) 28 (58.3%)
>4.cm 2808 (27.3%) 19 (26.4%) 1236 (28.2%) 8 (16.7%)
Insurance status 0.924
Insured 10,019 (97.6%) 71 (98.6%) 4280 (97.6%) 46 (95.8%)
Uninsured 249 (2.4%) 1 (1.4%) 104 (2.4%) 2 (4.2%)
Marital status 0.927

Married

Unmarried

6606 (64.3%)
3662 (35.7%)

42 (58.3%)
30 (41.7%)

2821 (64.3%)
1563 (35.7%)

32 (66.7%)
16 (33.3%)

Data notes: ? Includes: American Indian, native Alaskan and Asian, Pacific Islander; PTC papillary thyroid carcinoma, FTC Follicular thyroid carcinoma, ATC Anaplastic
thyroid carcinoma, MTC Medullary thyroid carcinoma
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Table 2 Univariate analysis of BM-related variables for TC
patients in training set
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Table 3 Multivariate logistic regression analysis of independent
predictors for BM in TC patients

Variables Without BM(N=10,268) With BM(N=72) P value
Age (years) <0.001
<50 5430 (52.9%) 10 (13.9%)
250 4838 (47.1%) 62 (86.1%)
Race <0.001
Black 751 (7.3%) 16 (22.2%)
Other ® 1262 (12.3%) 7 (9.7%)
White 8255 (80.4%) 49 (68.1%)

Sex <0.001

Female 7802 (76.0%) 39 (54.2%)
Male 2466 (24.0%) 33 (45.8%)

Histology <0.001
ATC 203 (2.0%) 24 (33.3%)
FTC 642 (6.3%) 16 (22.2%)
MTC 82 (0.8%) 2 (2.8%)
PTC 9341 (91.0%) 30 (41.7%)

Grade <0.001
Grade | 8247 (80.3%) 19 (26.3%)
Grade I 1462 (14.2%) 12 (16.7%)
Grade Il 272 (2.6%) 10 (13.9%)
Grade IV 287 (2.8%) 31 (43.1%)

Laterality 0.083
Unilateral 10,201 (99.3%) 70 (97.2%)
Bilateral 67 (0.7%) 2 (2.8%)

T stage <0.001
T 5740 (55.9%) 4 (5.5%)
T2 1789 (17.4%) 8 (11.1%)
T3 2165 (21.1%) 21 (29.2%)
T4 574 (5.6%) 39 (54.2%)

N stage <0.001
NO 7650 (74.5%) 35 (48.6%)
N1 2618 (25.5%) 37 (51.4%)

Tumor size <0.001
<2cm 6216 (60.5%) 8 (11.1%)
2-4cm 1244 (12.1%) 45 (62.5%)
>4.cm 2808 (27.3%) 19 (26.4%)

Insurance status 0.853
Insured 10,019 (97.6%) 71 (98.6%)
Uninsured 249 (2.4%) 1 (1.4%)

Marital status 0.289

Married 6606 (64.3%) 42 (58.3%)

3662 (35.7%) 30 (41.7%)

Data notes: ® Includes: American Indian, native Alaskan and Asian, Pacific
Islander; PTC papillary thyroid carcinoma, FTC Follicular thyroid carcinoma, ATC
Anaplastic thyroid carcinoma, MTC Medullary thyroid carcinoma

Unmarried

Variables Multivariate logistic regression analysis
OR (95% ClI) P value

Age (years)

<50 Reference

250 3.350 (1.641-6.840) <0.001
Race

Black Reference

Other ® 0.328 (0.128-0.837) 0.020

White 0331 (0.179-0612) <0.001
Histology

ATC Reference

FTC 3976 (1.331-11.880) 0013

MTC 0.823 (0.149-4.549) 0.823

PTC 0.728 (0.292-1.816) 0.728
Grade

Grade | Reference

Grade Il 2.320 (1.096-4.908) 0.028

Grade Il 4.701 (1.959-11.286) 0.001

Grade IV 7.068 (2.111-23.672) 0.002
T stage

T Reference

T2 3.689 (1.065-12.780) 0.040

T3 6.819 (2.233-20.823) 0.001

T4 10978 (2.898-41.584) <0.001
N stage

NO Reference

N1 1.768 (1.005-3.109) 0.048

Data notes: ? Includes: American Indian, native Alaskan and Asian, Pacific
Islander; PTC papillary thyroid carcinoma, FTC Follicular thyroid carcinoma, ATC
Anaplastic thyroid carcinoma, MTC Medullary thyroid carcinoma

poorly or undifferentiated tumors were more prone to
have BM. This might be because cancer cells have
the capability of invading surrounding tissues, capil-
laries and lymphatics with stronger growth potential
to develop early metastasis. These findings are in
agreement with the research of other scholars [23].
TC was highly heterogeneous in terms of its molecu-
lar and clinical properties, and consist of four main
subtypes that are associated with different tendencies
of BM. As previously noted by Do M Y et al. [24], al-
though PTC is the most frequent type of TC, FTC is
more prone to BM. The results of multivariate logis-
tic regression analysis showed that the risk of BM
was highest in FTC. It is therefore possible and rea-
sonable that blood vessel invasion is more common
in FTC than in PTC.
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There are several strengths of this study. First of all, it
was a population-based study with a large sample size
that included all types of TC, and the results of this
study are therefore of good representative and clinical
guidance value. Besides, at the molecular level, osteocal-
cin, cDNA and the expression of focal adhesion kinase

(FAK), Integrin avp3 and cDNA were thought to be as-
sociated with BM from TC [25-28]. However, these bio-
markers were inconvenient and impractical to apply
promptly to clinical decision-making. The independent
risk factors identified in this study are common clinical
predictors, which can be easily accessed in routine
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clinical practice routine clinical practice. Most import-
antly, a nomogram with excellent performance was de-
veloped to identify the individual risk of BM from TC by
combining all independent predictors, which means that
the probability of BM can be quantified.

Despite these advantages, this study still faces sev-
eral limitations. First, as a retrospective study, poten-

information recorded in the SEER database was de-
scriptive of the disease at the initial diagnosis, which
indicates that treatment data cannot be included in
the prediction analysis of BM from TC. Third, the
nomogram provided a relative reference for clinical
doctors. Some other factors that are relevant to the
risk of BM in TC are likely to exist in the clinical

tial selection bias was inevitable. Second, the environment.
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line indicate a perfect calibration model in which the predicted probabilities are identical to the actual outcomes
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Specificity(%) Specificity(%)
Variable AUC 95%Cl P value Variable AUC 95%ClI P value
Nomogram 0.921 0.895-0.948 <20.001 Nomogram 0.842 0.777-0.907  <<0.001
Race 0.572 0.499-0.645 0.035 Race 0.532 0.445-0.618 0.452
T stage 0.858 0.816-0.901  <<0.001 T stage 0.758 0.679-0.837  <<0.001
Histology 0.739 0.671-0.808 <20.001 Histology 0.714 0.627-0.801  <<0.001
Grade 0.809 0.746-0.873 <<0.001 Grade 0.716 0.626-0.806  <<0.001
N stage 0.629 0.561-0.698 <20.001 N stage 0.629 0.545-0.713 0.002
Age 0.695 0.643-0.746  <20.001 Age 0.651 0.580-0.723  <<0.001
Fig. 6 Decision curve analysis (DCA) of the nomogram for predicting bone metastasis from thyroid carcinoma in the training set a and validation
set b. This nomogram shows a notable positive net benefit, indicating that it has a good clinical utility in predicting the risk of BM in patients
with TC
Conclusion Authors’ contributions

Our study suggests that age, race, histology, grade, T
stage and N stage are independent BM-related risk fac-
tors for TC. Furthermore, the predictive nomogram we
created is expected to be a convenient, personalized and
visual clinical tool for risk assessment of BM in newly
diagnosed TC.
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