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Background: Preoperative prediction of central lymph node metastasis (CLNM) holds significant value
in determining a patient’s suitability for surgical resection and the need for adjuvant treatment, thereby
contributing to better therapeutic strategies. This study aimed to build and confirm a nomogram that
integrates ultrasound (US) characteristics with clinical features to predict CLNM in patients with papillary
thyroid carcinoma (PTC) preoperatively.

Methods: The prediction model was set up with a training dataset that included 512 patients with
histopathologically confirmed PTC. The least absolute shrinkage and selection operator (LASSO) regression
method was applied to select US features in the development cohort. The patients’ US characteristics and
clinical features were incorporated into a multivariate logistic regression analysis to develop the nomogram.
The clinical feasibility, calibration, and discriminatory ability of the nomogram were evaluated in an
independent validation cohort of 306 patients.

Results: Age, sex, tumor size, multiple tumors, and US-based CLNM status were included as independent
predictors in the personalized nomogram. The nomogram showed good calibration and discrimination in
the training and validation datasets. The addition of the BRAF V600E mutation status did not improve the
performance of the nomogram. The decision curve analysis showed the nomogram to have clinical feasibility.
Conclusions: A nomogram that integrates US characteristics with patients’ clinical features was built. This
US-based nomogram can be expediently applied to promote the personalized preoperative prediction of
CLNM and to develop surgical strategies, such as tailored central compartment neck dissection, in patients
with PTC.
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Introduction

Thyroid cancer is the fifth most commonly diagnosed
cancer among women and, in the United States, accounts
for 11% of malignancies in adolescents (1). Papillary
thyroid carcinoma (PTC) accounts for approximately 80%
of all thyroid carcinoma cases. Despite having an indolent
clinical course, PTC is associated with cervical lymph
node (LN) metastasis. It is estimated that up to 90% of
patients with PTC develops central lymph node metastasis
(CLNM), which occurs at the early stage (2). CLNM,
which is associated with distant metastasis, recurrence, and
reduced survival (2-4), is usually treated through central
compartment neck dissection (CCND). Some studies have
shown that CLNM is present in 45% of PTC patients
with clinically negative central compartment LNs (cNO)
who undergo prophylactic CCND (5). However, the risk
of nerve injury and hypoparathyroidism is heightened with
CCND, and much controversy surrounds whether this
should be performed prophylactically in ¢ctNO PTC patients
(6-9). Therefore, preoperative knowledge of CLNM holds
value in determining the suitability of a patient for surgical
resection and the need for adjuvant treatment, thereby
contributing to better therapeutic strategies.

Ultrasound (US) is the most effective method for
preoperatively determining the tumor-node-metastasis
stage of PTC, and US features are associated with the
aggressiveness and outcome of PTC per tumor-node-
metastasis stage (7). Although US has good diagnostic
accuracy for cervical lateral LN metastasis (LLNM), due
to interference of the thyroid and other adjacent organs,
the sensitivity of US in the diagnosis of CLNM is only
about 30.0-53.2%, which is far lower than its sensitivity
in diagnosing LLNM (70-93.9%) (10-13). These results
indicate that a large number of patients who are identified
to be ¢NO preoperatively may have CLNM (14). Therefore,
the independent predictors for CLNM must be identified,
and a precise and convenient prediction model by which
to stratify patients with PTC preoperatively is built; this
will facilitate preoperative staging and risk stratification,
including upstaging of cNO to the appropriate level and
assessing the extent of the benefit to the patient.

Furthermore, there has been an increasing amount
of attention focused on research into the preoperative
diagnosis and prognostic stratification of patients with
PTC based on BRAF mutations. BRAF mutations
have been widely observed in patients with PTC. The
BRAF V600E mutation is a strong risk factor for tumor
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invasion, LN metastasis, and recurrence (15-18). Many
studies have reported an association between the BRAF
V600E mutation and the US features, patients’ clinical
characteristics, and CLNM (19,20). Some studies have
shown the BRAF V600E mutation to be an independent
predictor of CLNM in PTC (20). However, the results
of the studies to date have been inconsistent (21-23), and
further investigation is required.

Although earlier studies evaluated the relationship
between US features and CLNM in PTC, they did
not validate the predictive value of a prediction model
comprising US features in a validation cohort, nor did they
produce a model to serve as a practical, visual, operable, and
innovative tool to guide clinicians (24-27). Nomograms are
appreciable, intuitive, and visual tools that have received
increasing recognition and have improved the performance
of medical practitioners (22,28-30). Some studies have used
nomograms with clinical and postoperative pathological
characteristics to predict CLNM; however, in these studies,
the risk factors were acquired postoperatively (22,29).
Therefore, this study aimed to develop and validate an
accessible nomogram that integrates US characteristics
with clinical features to predict CLNM in PTC patients
preoperatively and allow tailoring of CCND to the
individual patient. We present the following article in
accordance with the STROBE reporting checklist (available
at http://dx.doi.org/10.21037/gs-20-75).

Methods
Patient selection

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This single-
center study was approved by the Guangdong Provincial
People’s Hospital Research Ethics Committee (No.
GDREC2018315H) and individual consent for this
retrospective analysis was waived. The study included
a training dataset and a validation dataset. The medical
records of the institutional database were searched to
identify patients with PTC who underwent thyroidectomy
with CCND and whose PTC had been confirmed by
histopathology and tested for BRAF V600E mutation
status between July 2014 and June 2019. A total of 512
consecutive patients (147 male, 365 female; mean age,
42.74£10.02 years) identified between July 2014 and
December 2017 were enrolled as the training dataset. An
independent validation cohort comprising 306 patients (83
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male, 223 female, mean age 42.71x10.13 years) identified
between January 2018 and June 2019 was also enrolled.
The inclusion criteria were as follows: (I) a preoperative
US examination performed within one month of the
operation; (II) the patient had undergone CCND; (III)
CLNM status, as confirmed by postoperative pathology;
(IV) a postoperative BRAF V600E mutation test result; (V)
no history of thyroid cancer surgery or CCND; and (VI)

complete medical data.

US technique and imaging analysis

All US examinations were performed during the study
period using diagnostic US instruments (Hitachi, Ltd.,
Tokyo, Japan), including Avius, Preirus, and Ascendus
scanners with real-time high-frequency linear array
transducers (6-13 MHz). The preoperative US examination
was performed on patients who had thyroid nodules, and
the data were stored for later analysis.

The US images were retrospectively and independently
analyzed by two experienced radiologists (with 10 and
15 years of experience in thyroid imaging, respectively).
The radiologists were blinded to the patients’ information,
medical data, pathology, and BRAF V600E mutation test
results. When disagreement arose, the final decision was
made by a third radiologist (with 20 years of experience in
thyroid imaging).

The US features were defined as follows: (I) tumor
size (maximum length of the largest carcinoma on the
sonogram); (II) multiple (>2) tumors on US (in this
case, the largest tumor was observed); (III) solid or
predominantly solid tumor (solid components occupying
no less than 50% of the tumor) (31); (IV) very hypoechoic/
hypoechoic (reduced echogenicity compared with the
neighboring neck muscle or thyroid parenchyma) (31); (V)
a poorly defined margin (challenging to distinguish the
tumor edge from the thyroid tissue) (31); (VI) an irregular
shape (a jagged, spiculated, or lobulated border) (31); (VII)
punctate echogenic foci in the solid components (<1 mm in
diameter) (32); (VIII) capsule contact or involvement (more
than 25% of the tumor touching or adjacent to the thyroid
capsule or an absence of echogenicity of the surrounding
thyroid capsule on US); and (IX) If any of the following
features were detected by US, the US-based CLNM/
LLNM status was defined as positive: calcification, cystic
degeneration, cortical hyperechogenicity, and/or abundant
or irregular blood flow within the LN. If there was a
disagreement, the LN status was decided by the third
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radiologist.

BRAF V600E mutation analysis

The FFPE DNA Kit (Amoy Diagnostics, Co., Ltd.,
Xiamen, China) was used according to the manufacturer’s
specifications. A SMA4000 ultraviolet spectrophotometer
(Merinton, Inc., Beijing, China) was used to gauge the
absorbance of the extracted DNA, and each of the OD260/
OD280 values was between 1.8 and 2.0. A human BRAF
V600E Mutation Detection Kit (Amoy Diagnostics, Co.,
Ltd., Xiamen, China) was used to determine the BRAF
mutation status. The BRAF mutant gene was augmented
using a LightCycler 480 Instrument (Roche Diagnostics,
Vienna, Austria) according to the manufacturer’s
specifications. The FAM signal was captured, and the BRAF
mutation status was assessed by applying the FAM Ct
value. The BRAF V600E mutation status was categorized
as negative when the FAM Ct value of the sample was >27
or lower than the minimum detectable level of the kit. The
BRAF V600E mutation status was categorized as positive
when the FAM Ct value of the sample was <28.

Statistical analysis

The patients in the training and validation cohorts were
divided into a CLNM-positive group and a CLNM-
negative group according to the status of the cervical central
LNs reported by pathology. All tests were two-sided, and
the criterion for statistical significance was set at 0.05.

The least absolute shrinkage and selection operator
(LASSO) method was employed to determine the
most useful predictive US characteristics. The US-
based nomogram to predict the individual probability of
CLNM was then built and plotted based on multivariate
logistic regression analysis in the training dataset. Harrell
concordance indexes (C-index, which is equivalent to the
area under the receiver-operating characteristic curve)
were calculated to assess the discrimination performance
of the US-based nomogram (model 1) and model 1 with
BRAF V600E mutation status (model 2) in the training and
validation datasets. Moreover, visual calibration curves were
plotted to evaluate the calibration of the models. Decision
curve analysis (DCA) was implemented, and the results were
plotted to assess the models’ feasibility for use in clinical
practice by quantifying the net benefit at various threshold
possibilities in the validation cohort (33). The statistical
analyses were performed using SPSS 25.0 software (IBM
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Corp., Armonk, NY, USA) and R software with RStudio
version 1.1.463 (RStudio, Inc., Boston, MA, USA).

Results
Clinical and US characteristics

The clinical features and US characteristics of the patients
in the training and validation datasets are summarized in
Table 1. According to the postoperative histopathological
examination, the rates of CLNM positivity in the training
and validation datasets were 50.2% and 49.0%, respectively.
Therefore, there was no significant difference between
these two datasets in terms of the prevalence of CLNM
(P=0.745). Furthermore, there was no significant difference
in sex or age between the datasets or between the CLNM-
positive and CLNM-negative groups, which confirmed the
appropriateness of the training and validation datasets used.

Selection of US features

Tumor size and shape, punctate echogenic foci, multiple
tumors, capsule contact or involvement, US-based
LLNM status, and US-based CLNM status were among
the US characteristics that showed significant between-
group differences in the training dataset (Table 1). Twelve
characteristics were reduced to 3 potential risk factors in the
512 patients in the training dataset and were characterized
by nonzero coefficients in the LASSO logistic regression
model (Figure I). These three risk factors were tumor size,

multiple tumors, and US-based CLNM status.

Performance of the US-based nomogram

Logistic regression analysis revealed sex, age, tumor
size, multiple tumors, and US-based CLNM status to be
independent risk factors for CLNM (Table 2). All these
independent risk factors were incorporated into prediction
model 1 to create the US-based nomogram (Figure 2).

In the training dataset, the observations and predictions
showed high concordance according to the calibration
curve of the US-based nomogram for predicting CLNM
(Figure 34). The Hosmer-Lemeshow test revealed a
nonsignificant difference (P=0.425), which showed no
deviation from an ideal fit. The C-index for model 1 was
0.765 [95% confidence interval (CI): 0.724-0.806] in the
training dataset and improved to 0.791 (95% CI: 0.740-
0.842) in the validation dataset. In the validation dataset, the
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incidence of CLNM was verified to have high calibration
(Figure 3B). The Hosmer-Lemeshow test revealed no
significant differences (P=0.266).

Predictive value of adding BRAF V600E mutation status
to the US-based nomogram

The performance of the two models is shown in Tuble 2.
In the training cohort, the C-index for model 2 (0.764)
was slightly lower than that of model 1 (0.765). However,
in the validation cohort, the C-index for model 2 was
slightly higher (0.792). In both cohorts, the observations
and predictions showed high concordance according to the
calibration curve for predicting CLNM (Figure 3C,D).

Clinical use

The DCA results for US-based CLLNM status, and the two
models are presented in Figure 4. Based on the DCA results,
the net benefits of the two models were comparable, and
there was a significant overlap. The decision curve indicates
that model 1 can predict CLNM when the threshold
probability is between 8% and 82%, which shows that
it would be more effective than a treat-none or treat-all
strategy.

Discussion

Our study combined the US features and clinical risk factors
of PTC patients to establish an authentic visual prediction
nomogram that can be conveniently and accurately used
to stratify patients and expedite prediction of CLNM in
individual patients with PTC preoperatively. Young age,
male, tumor size, multiple tumors, and US-based CLNM
status, the data for which were reached preoperatively, were
found to be independent predictors of CLNM. Earlier
studies showed that being young, male, having a large tumor
size, multifocality, lymphovascular invasion, extrathyroidal
extension, and capsular invasions were risk factors of
CLNM (2,22). Earlier studies have developed nomograms
for predicting CLNM; however, these included clinical
and postoperative pathological characteristics and not US
features (22,29). Even so, the results were similar to those
of our study, which suggests that preoperative US features
bear a strong correlation with pathological characteristics.
US elastography (USE) and contrast-enhanced
ultrasound (CEUS) are emerging as complementary tools
for differentiating carcinoma from benign nodules and

Gland Surg 2020;9(4):956-967 | http://dx.doi.org/10.21037/gs-20-75



960 Huang et al. US-based nomogram predict CLNM in PTC preoperatively

Table 1 Clinical and US features of patients in the development and validation datasets

Development cohort (n=512) Validation cohort (n=306)

Characteristic
CLNM (+) (n=257) CLNM (-) (n=255) P value CLNM (+) (n=150) CLNM (-) (n=156) P value

Age (mean + SD, range, 40.44+12.25 45.06+11.98 <0.001 39.05+11.54 45.57+11.99 <0.001
years) (13.0-73) (19.0-78) (20.0-81) (18.0-81)
Gender (n, %) <0.001 0.104
Male 97 (37.7) 50 (19.6) 47 (31.3) 36 (23.1)
Female 160 (62.3) 205 (80.4) 103 (68.7) 120 (76.9)
Tumor size (mm) 14.6+10.2 (3.5-67.2) 9.9+8.1 (3.4-54.6) 13.7+10.2 (3.8-70.5)  9.2+6.3 (3.3-40.9) <0.001
Composition 0.339" 0.215"
Cystic (n, %) 7(2.7) 3(1.2) 1(0.7) 53.2)
Solid (n, %) 250 (97.3) 252 (98.8) 149 (99.3) 151 (96.8)
Very hypoechoic/ 0.216 0.315
hypoechoic
Yes (n, %) 195 (75.9) 205 (80.4) 129 (86.0) 140 (89.7)
No (n, %) 62 (24.1) 50 (19.6) 21 (14.0) 16 (10.3)
Margin 0.634 0.550
Well-defined (n, %) 53 (20.6) 57 (22.4) 34 (22.7) 31 (19.9)
lll-defined (n, %) 204 (79.4) 198 (77.6) 116 (77.3) 125 (80.1)
Shape 0.015 0.664
Regular (n, %) 43 (16.7) 65 (25.5) 15(10.0) 18 (11.5)
Irregular (n, %) 214 (83.3) 190 (74.5) 135 (90.0) 138 (88.5)
Taller-than-wide shape 0.482 0.993
Yes (n, %) 99 (38.5) 106 (41.6) 77 (561.3) 80 (51.3)
No (n, %) 158 (61.5) 149 (58.4) 73 (48.7) 76 (48.7)
Punctate echogenic foci 0.007 0.378
Yes (n, %) 198 (77.0) 169 (66.3) 107 (71.3) 104 (66.7)
No (n, %) 59 (23.0) 86 (33.7) 43 (28.7) 52 (33.3)
Hashimoto’s thyroiditis 0.777 0.440
Yes (n, %) 54 (21.0) 51 (20.0) 31(20.7) 38 (24.4)
No (n, %) 203 (79.0) 204 (80.0) 119 (79.3) 118 (75.6)
Multifocality <0.001 <0.001
Yes (n, %) 107 (41.6) 49 (19.2) 60 (40.0) 30 (19.2)
No (n, %) 150 (58.4) 206 (80.8) 90 (60.0) 126 (80.8)
Capsule contact or <0.001 0.159
involvement
Yes (n, %) 154 (59.9) 106 (41.6) 40 (26.7) 31(19.9)
No (n, %) 103 (40.1) 149 (58.4) 110 (73.3) 125 (80.1)

Table 1 (Continued)
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Development cohort (n=512)

Validation cohort (n=306)

Characteristic

CLNM (+) (n=257) CLNM (-) (h=255) P value CLNM (+) (n=150) CLNM (-) (n=156) P value
BRAF mutation 0.346 0.375
Yes (n, %) 212 (82.5) 202 (79.2) 118 (78.7) 116 (74.4)
No (n, %) 45 (17.5) 53 (20.8) 32 (21.3) 40 (25.6)
US- based LLNM status <0.001 <0.001
Positive (n, %) 78 (30.4) 21(8.2) 49 (32.7) 17 (10.9)
Negative (n, %) 179 (69.6) 234 (91.8) 101 (67.3) 139 (89.1)
US- based CLNM status <0.001 <0.001
Positive (n, %) 114 (44.4) 17 (6.7) 66 (44.0) 16 (10.3)
Negative (n, %) 143 (55.6) 238 (93.3) 84 (56.0) 140 (89.7)

P value is derived from the univariable association analyses between each of the variables and CLNM status. ' Fisher's exact test. SD,
standard deviation; US, ultrasound; CLNM, central lymph node metastasis.
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Figure 1 Selection of ultrasound features using the least absolute shrinkage and selection operator (LASSO) logistic regression model in the
training dataset. (A) The 12 ultrasound features are profiled by the LASSO coefficient. A coefficient profile plot against the log () sequence

was produced; (B) the area under the receiver-operating characteristic curve was plotted versus log (A). The minimum criteria, together with

1 standard error of the minimum criteria (1 — SE criteria), was used to draw the dotted vertical lines at the optimal values. A A value of 0.096,

with log (&) —3.385 was chosen (1 — SE criteria) according to 10-fold cross-validation, where optimal A resulted in 3 nonzero coefficients.

may provide additional information to support clinical
decision-making (34-36). USE could be used to partially
assess features of thyroid nodules, mainly with the use of
semiquantitative methods (36). However, the histological
features of the nodules and inherent technical limitations
of USE may lead to misinterpretations and pitfalls (34).
CEUS has the advantage of easing analysis of macro-
and microvascularization patterns. Nevertheless, nodule
size and overlapping CEUS data may affect the results of
examination and interpretation. According to the guidelines

© Gland Surgery. All rights reserved.

of the European Federation of Societies for Ultrasound in
Medicine and Biology (EFSUMB), CEUS is not currently
recommended for clinical use (35). Finally, although USE
and CEUS are promising techniques, they are most likely
not available in some ultrasound laboratories and were not
incorporated into our study.

Our study included 12 US characteristics as underlying
predictors of CLNM in PTC. This group was reduced
to a group of three independent predictors via LASSO
regression, which is superior to the method of selecting
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Model 1

Model 2

Intercept and variable

B QOdds ratio (95% Cl) P B Odds ratio (95% Cl) P
Intercept 1.525 0.006 1.445 0.019
Sex -0.823 0.439 (0.282 to 0.683) <0.001 -0.820 0.440 (0.283 to 0.685) <0.001
Age -0.028 0.603 (0.449 to 0.809) <0.001 -0.028 0.603 (0.449 to 0.809) <0.001
Tumor size 0.433 1.477 (1.199 to 1.819) <0.001 0.435 1.480 (1.200 to 1.824) <0.001
Multifocality 0.960 2.613 (1.679 to 4.066) <0.001 0.952 2.591 (1.659 to 4.048) <0.001
US- based CLNM status 1.084 2.957(1.859 to 4.703) <0.001 1.093 2.982(1.868 to 4.762) <0.001
Braf NA NA NA 0.085 1.088(0.614 to 1.930) 0.772
C-index
Primary cohort 0.765 (0.724 to 0.806) 0.764 (0.723 to 0.805)

Validation cohort

0.791 (0.740 to 0.842)

0.792 (0.741 to 0.843)

B is the regression coefficient. Cl, confidence interval; NA, not available; PTC, papillary thyroid carcinoma; US, ultrasound; CLNM, central

lymph node metastasis; NA, not applicable.
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Figure 2 Ultrasound-based nomogram predicting the incidence of CLNM. The patients’ values were found on both axes for prediction of

the incidence of CLNM with the nomogram. A line was drawn to the point axis to identify the number of points contributing to the variable

values. The points for all variables were summed up. The incidence of CLNM could be predicted by finding the sum on the total point line.

CLNM, central lymph node metastasis

predictive factors based on the outcome reported by
univariate analysis. Univariate analysis found tumor shape,
capsule contact or involvement, punctate echogenic foci,

and US-based LLNM status to be associated with CLNM

in PTC; however, these were not considered independent

© Gland Surgery. All rights reserved.

predictors in LASSO regression. Moreover, some studies,
including ours, showed both young age and male to be
independent predictors of CLNM (22,25,32,33). These
outcomes suggest that young male patients with PTC are at
increased risk of CLNM.

Gland Surg 2020;9(4):956-967 | http://dx.doi.org/10.21037/gs-20-75



Gland Surgery, Vol 9, No 4 August 2020

A 1.0] \“\”W'w \“\I|\|1\| T[T ‘u‘ T w|u/'-l//,,

o o
o ©
! )

Actual CLNM Rate
o
»

Apparent
— Bias-corrected

o
o
h

0.0

0.0 0.2 0.4 0.6 0.8 1.0
Nomogram Predicted Probability
Mean absolute error=0.013 n=512

B=1000 repetitions, boot

C 1]

H\'“lmlwuNlum\[wlMuv AR UL LR L LRI

o ©
o ©

Actual CLNM Rate
o
~

Apparent
— Bias-corrected

°
(¥}

0.0

0.0 0.2 04 06 0.8 10
Nomogram Predicted Probability

B=1000 repetitions, boot Mean absolute error=0.014 n=512

963

B 1.0

T "‘["\'I‘HI\\'I‘“"I'l""‘”“ LU L M Lt W ML

o
©

o
)

N
~

Actual CLNM Rate

- Apparent
— Bias-corrected

o
o

0.0{ "
0.0 0.2 0.4 0.6 0.8 1.0
Nomogram Predicted Probability

Mean absolute error=0.011 n=306

B=1000 repetitions, boot

Do

ua ‘u|“"‘\|m| R R R R

o ©
o ©

Actual CLNM Rate
o
~

Apparent
— Bias-corrected

o
(%)

0.0{ "
0.0 02 0.4 06 08 10
Nomogram Predicted Probability
Mean absolute error=0.013 n=306

B=1000 repetitions, boot

Figure 3 Calibration curves. (A) and (B) show the calibration curves for the model 1 in the training and validation cohorts, respectively. (C)
and (D) show the calibration curves for model 2 in the training and validation cohorts. Consistent with the observed results and predicted
risks of CLNM, each model’s calibration is portrayed by a calibration curve. Values on the x and y axes show the predictive potential and
actual incidence of CLNM, respectively. Perfect prediction based on an idealized model is represented by the diagonal dotted line. The ideal

performance of the nomogram is represented by the solid line, and the closer the solid line fits the dotted line, the better the prediction will

be. CLNM, central lymph node metastasis

The preoperative US-based CLNM status is a qualitative
US feature that is easy to determine. However, this factor
was not included in previous studies of combinations of
preoperative US features for predicting CLNM, possibly
because of the poor diagnostic efficiency of the US in
diagnosing CLNM (11,13,25,37). In the present study, the
sensitivity of US-based CLNM status was 44.4% in the
training dataset, and 44.0% in the validation dataset and
the specificity values were 93.3% and 89.7%, respectively.
Our findings show that US-based CLNM status is related

© Gland Surgery. All rights reserved.

to the pathology of the central LNs and is an independent
predictor of CLNM.

There are reports in the literature to suggest that BRAF
V600E mutation status is an independent predictor of
CLNM and a significant prognostic marker that can be
preoperatively assessed (15,16,18,20). However, these
reports are controversial (22,23). BRAF V600E mutation
status was not shown to be able to predict CLNM in
univariate analysis (P=0.926), and so this variable was
excluded from the model. However, the lack of a statistically
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Figure 4 Decision curve. Values on the y-axis represent the net
benefit. The US-based CLNM status and models 1 and 2 are
represented by the yellow, blue, and red lines, respectively. The
assumption that no patients have CLNM (the treat-none scheme)
is represented by the black line and that all patients have CLNM
(the treat-all scheme) is represented by the green line. Based on
the decision curve, the US-based nomogram could be used to
forecast CLNM when a doctor’s or patient’s threshold probability
is between 8% and 82%, which would have better performance
than the US-based CLNM status. CLNM, central lymph node

metastasis; US, ultrasound.

significant association with CLNM does not necessarily
mean that BRAF V600E mutation status is not essential.
Subtle differences in datasets or confounding factors can
cause significant predictors to be rejected (38). Therefore,
we considered BRAF V600E mutation status as a potential
predictor in the process of developing the model.
Nevertheless, the BRAF V600E mutation status did
not improve the performance of the US-based nomogram.
Tumor heterogeneity may also lead to sampling bias in
biopsy results and a higher false-negative rate for BRAF
V600E mutation status (39,40). Consequently, determining
the BRAF V600E mutation status did not significantly
improve the performance of the US-based nomogram in
predicting CLNM (41), and a simpler predictive nomogram
based on US and clinical features might be appropriate.
Our concise US-based nomogram yielded an agreeable
discrimination outcome (C-index of 0.765 in the training
dataset and 0.791 in the validation dataset). Chen et a/. (24)
integrated immunohistochemical factors and BRAF V600E
mutation status with US characteristics to detect CLNM
in patients with PT'C and achieved much higher accuracy,
with an area under the curve of 0.865 (95% CI: 0.818-0.912)
when the multivariate logistic regression equation was
derived. However, their study was inherently limited by a

© Gland Surgery. All rights reserved.

lack of independent validation, and there is still a long way
to go before receiver-operating characteristic curve analysis
can be integrated into clinical practice for personalized
prediction of risk (24,27). Therefore, we proposed
and validated a more concise US-based nomogram for
predicting the probability of CLNM in individual patients
by integrating US characteristics and clinical risk predictors,
which can be easily assessed preoperatively. This user-
friendly scoring system allows physicians and patients to
predict the probability of CLNM before surgery, which fits
in with the current trend towards personalized care (28).
Clinicians can now perform CCND in patients who have
PTC with a high probability of CLNM (22).

The fundamental reason for developing such a
nomogram is to determine the probability of CLNM in
PTC at the level of the individual patient. However, the
prediction, calibration, and discrimination performance
are still inadequate to yield the desired outcome in clinical
practice. Furthermore, there are limitations in terms
of miscalibration and extent of discrimination (38,42).
Therefore, we assessed the value of our nomogram in
improving clinical decision-making to determine its
feasibility for use in clinical practice. To this end, the
nomogram was validated in the validation dataset by
performing DCA. This innovative method provides
an interpretation of medical outcomes in terms of the
threshold probability to derive the net benefit, which is
defined as the true-positive rate minus the false-positive
rate weighted by the relative harm of false-positive and
false-negative results (42). According to the decision curve,
there was considerable overlap in the net benefits of the
two models, which indicates that the addition of BRAF
V600E mutation status to the nomogram did not improve
its performance in terms of reclassification or integrated
discrimination. These results reveal that the simpler US-
based nomogram is more suitable for evaluating net benefit
than model 2. When the threshold probability for the US-
based nomogram is between 8% and 82%, it can be used to
predict CLNM and would be more effective than a treat-
none or treat-all strategy. The threshold probability for
the US-based CLNM status is between 37% and 80%;
therefore, the US-based nomogram has a greater net benefit
and is more clinically feasible.

This study has some limitations. First, although external
validation minimized the overfitting effects, the prediction
performance was still affected by the retrospective design
of the study. Furthermore, not all the patients in the study
had undergone lateral neck dissection, and those lateral
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LNs without lateral neck dissection were considered to be
negative. Finally, the study data were obtained from a single
center. Therefore, while this study offers a preliminary
indication that combining US features with clinical data can
predict CLNM status, prospective multicenter studies are
needed to validate the prediction nomogram.

In conclusion, we developed a US-based nomogram that
integrates US characteristics with clinical features. The
nomogram can be expediently applied to allow personalized
preoperative prediction of CLNM in patients with PTC
and tailoring of CCND accordingly.
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