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Purpose

Central lymph node metastasis (CNM) are highly prevalent but hard to detect preopera-
tively in papillary thyroid carcinoma (PTC) patients, while the significance of prophylactic
compartment central lymph node dissection (CLND) remains controversial as a treatment
option. We aim to establish a nomogram assessing risks of CNM in PTC patients, and
explore whether prophylactic CLND should be recommended.

Materials and Methods

One thousand four hundred thirty-eight patients from two clinical centers that underwent
thyroidectomy with CLND for PTC within the period 2016-2019 were retrospectively ana-
lyzed. Univariate and multivariate analysis were performed to examine risk factors associ-
ated with CNM. A nomogram for predicting CNM was established, thereafter internally and
externally validated.

Results

Seven variables were found to be significantly associated with CNM and were used to con-
struct the model. These were as follows: thyroid capsular invasion, multifocality, creatinine
> 70 ymol/L, age < 40, tumor size > 1 cm, body mass index < 22, and carcinoembryonic
antigen > 1 ng/mL. The nomogram had good discrimination with a concordance index of
0.854 (95% confidence interval [Cl], 0.843 to 0.867), supported by an external validation
point estimate of 0.825 (95% Cl, 0.793 to 0.857). A decision curve analysis was made to
evaluate nomogram and ultrasonography for predicting CNM.

Conclusion

A validated nomogram utilizing readily available preoperative variables was developed to
predict the probability of central lymph node metastases in patients presenting with PTC.
This nomogram may help surgeons make appropriate surgical decisions in the manage-
ment of PTC, especially in terms of whether prophylactic CLND is warranted.
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Introduction

More than 90% of all thyroid carcinoma are differentiated
thyroid cancer (DTC) [1]. Papillary thyroid carcinoma (PTC),
a lymphotropic tumor that tends to metastasize to cervical
lymph nodes, is the most common type of DTC. Among these
lymph nodes, the central neck compartment has the highest

1010 Copyright © 2020 by the Korean Cancer Association

risk of metastasis [2]. Although detection techniques such as
high-resolution ultrasonography (US) and US-guided fine-
needle aspiration (FNA) biopsy greatly improve diagnosis
of PTC [3], the sensitivity of US in assessing deep anatomi-
cal spaces of the central neck compartment is low [4]. Thus,
a considerable number of PTC patients were found to have
level VI metastatic lymph nodes when already under sur-
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gery or histopathological examinations [5]. In our research,
the rate of central lymph node (level VI) metastasis (CNM)
whose preoperative examinations showed no lymph nodes
metastasis was as high as 36.1% (601/1,663).

Thyroidectomy with central compartment lymph node dis-
section (CLND) is recommended for PTC patients with CNM.
Yet, due to poor reliability of preoperative examinations, pro-
phylactic CLND is not routinely recommended in clinical or
radiological node-negative PTC patients, as per American
Thyroid Association guidelines. Thus, a tool that helps to
quantify the risk of nodal metastasis may facilitate preopera-
tive decision-making [6].

With this objective in mind, our retrospective analysis from
two centers was designed using nomogram as the evalua-
tion system, for it excels in user-friendliness and convenience
in formulating personalized treatments for a variety of
cancers [7,8]. In this study, we covered several factors that
could help predict CNM in PTC patients that were absent
in the other studies, such as body mass index (BMI), car-
cinoembryonic antigen (CEA), and creatinine (Cr). Our com-
prehensive nomogram may aid clinicians in selecting the
most appropriate operative strategies to achieve optimal out-
come.

Materials and Methods

1. Patient recruitment

Patients who underwent the first-time thyroidectomy to
treat thyroid carcinoma at Department of General Surgery,
Ruijin Hospital, Shanghai Jiao Tong University School of
Medicine (Shanghai, China), and Department of Otorhino-
laryngology, Head and Neck Surgery, at the Eye, Ear, Nose,
and Throat (EENT) Hospital of Fudan University (Shanghai,
China) from June 2016 to June 2019 were studied. A total of
1,731 patients were enrolled (1,294 patients from Ruijin Hos-
pital and 437 from EENT Hospital). The exclusion criteria
were as follows: (1) no histologically proven PTC (n=81), (2)
no lymph nodes removed (n=68) and had inadequate preop-
erative blood test report (n=95), (3) pathologically confirmed
skip metastasis (n=43), and (4) history or coexistence of other
head and neck cancer (n=6). After exclusion, 1,438 patients
that had pathological PTC, and received thyroidectomy
along with CLND were studied. Among the 1,438 recruits,
1,252 patients (December 2016-May 2019) from both clini-
cal centers were used to make the original model, while 186
patients (June 2019-October 2019) from Ruijin Hospital only
were used for external validation.

2. Preoperative examination, surgical strategy, and patho-
logical examination

Preoperative examination including serum index, FNA,
and US were performed at Shanghai Ruijin Hospital or

Table 1. Demographics and clinical characteristics of the cohort

Age (yr)
Mean 43.1
BMI (kg/m?)
Mean 23.81
Sex
Male 447 (35.7)
Female 805 (64.3)
Size of largest lesion (US)
Mean 0.86
Medium 0.7
Thyroid capsule invasion (US) 495 (39.5)
Multifocality (US) 373 (29.8)
Bilateral disease 243 (19.4)
Serum index (mean)
CEA 1.42
Creatinine 64
CNM 618 (49.4)
Central lymph node
Mean harvested 7.1
Mean positive 4.3
LLNM 158 (12.6)

Vaues are presented as number (%) unless otherwise indicated.
BMI, body mass index. US, ultrasonography; CEA, carcinoem-
bryonic antigen; CNM, central lymph node metastasis; LLNM,
lateral lymph node metastasis.

Shanghai EENT Hospital. Preoperative US included the fol-
lowing features: type of the surrounding thyroid tissues (nor-
mal, Hashimoto thyroiditis, or nodular goiter), tumor size
(longest length of the largest lesion), multifocality (more than
one nodule scoring higher than Thyroid Imaging Reporting
and Data System (TI-RADS) 4A in unilateral thyroid lobe),
thyroid capsular invasion (TCI) and suspicious lymph node
detected (central lymph node or lateral lymph node).

According to 2010 TNM staging system of the American
Joint Committee on Cancer (AJCC) [9], all patients enrolled
were identified as T,,Ny,M,. These patients also received to-
tal thyroidectomy or thyroid lobectomy with therapeutic or
prophylactic CLND.

All acquired specimens were examined by two or more
board-certified pathologists from Shanghai Ruijin Hospital
and Shanghai EENT Hospital. Pathological features analyzed
were pathological type of tumor, type of the surrounding thy-
roid tissues, tumor size, multifocality (more than one lesion in
unilateral thyroid lobe), and lymph node metastasis.

3. Statistical analysis

We used logistic univariate and multivariate regression
analyses to screen risk factors that were significantly associ-
ated with CNM using the SPSS ver. 24.0 package (IBM Corp.,
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Armonk, NY). Variables of which the p-value < 0.05 from the
univariate logistic regression were then used for multivari-
ate logistic regression to construct a risk prediction model -
Nomogram, in R software (ver. 3.5.1, R Development Core
Team). The method of decision curve analysis (DCA) was
used to evaluate the nomogram model and the US model for
prediction of CNM. The decision analytic technique is avail-
able in the R statistical package and a step-by-step tutorial
is available online [10]. All statistical tests were performed
using the R statistical package. The discrimination and con-
sensus degree of ournewly-established predictive model were
tested through the receiver operating characteristic (ROC)
curve, the calibration curve, and the area under the ROC
curve (AUC) which is also known as the concordance index

(C-index). The likelihood of CNM were quantified as risk
scores according to our nomogram, and each patient was
stratified into different subgroups by their calculated CNM
risk scores.

4. Ethical statement

Consent has been obtained from each patient or subject
after full explanation of the purpose and nature of all pro-
cedures used. All procedures performed in studies involv-
ing human participants were in accordance with the ethical
standards of the Institutional Ethics Committee of the Eye
and ENT Hospital of Fudan University and the Ruijin Hospi-
tal of Shanghai Jiao Tong University School of Medicine, and
with the 1964 Helsinki declaration and its later amendments

A
Univariable risk factor for CNM OR (95% ClI) p-value
BIL (present vs. absent) —@— 1.821(1.271-2.611) 0.001
CEA(=1.0vs.<1.0) —0— 1.709 (1.096-2.664) 0.018
Cr(=70.0vs.<70.0) —— 2.032(1.341-3.079) 0.001
Ca” (> 2.35vs. < 2.35) —0— 1.223 (0.830-1.800) 0.308
RBC (= 5.0 vs. <5.0) —— 1.835(1.170-2.878) 0.008
Mon (= 0.3 vs.<0.3) —0— 1.123 (0.760-1.662) 0.560
Neu (> 3.5vs.<3.5) —0— 1.162 (0.790-1.710) 0.445
WBC (= 6.0 vs. <6.0) —e— 1.090 (0.739-1.607) 0.663
Multifocality (present vs. absent) —e— 5.918 (3.606-9.714) 0.000
MTD (=1 cmvs. < 1cm) —— 3.194 (2.038-5.004) 0.000
TCl (present vs. absent) —@— 9.825(6.061-15.926) 0.000
With iNG (no vs. yes) —e— 0.976 (0.610-1.560) 0.919
With iHT (no vs. yes) —e—i 0.557 (0.344-0.904) 0.018
BMI (> 22 vs. < 22) —@—i 0.651(0.436-0.971) 0.036
Age (> 40 vs. < 40) —o— 0.566 (0.384-0.836) 0.004
0.1 1 10
‘ B
Multivariable risk factor for CNM OR (95% ClI) p-value
BIL (present vs. absent) —0— 1.171(0.744-1.842) 0.496
CEA(=1.0vs.<1.0) —0— 1.978 (1.085-3.606) 0.026
Cr(>70.0vs.<70.0) —0— 2.155(1.172-3.961) 0.013
RBC (> 5.0 vs. <5.0) —0— 1.330 (0.675-2.622) 0.410
Multifocality (present vs. absent) —— 5.930(3.276-10.735) 0.000
Age (> 40 vs. < 40) —e— 0.479 (0.280-0.819) 0.007
TCl (present vs. absent) —e— 9.803 (5.575-17.239) 0.000
MTD (= 1cmvs. < 1cm) —— 2.023 (1.153-3.549) 0.014
BMI (> 22 vs. < 22) —e—i 0.480 (0.278-0.827) 0.008
With iHT (no vs. yes) —e—i 0.617 (0.325-1.171) 0.140
0.1 1 10

Fig. 1. Univariate (A) and multivariate (B) logistic regression of factors associated with central lymph node metastasis (CNM). BIL, biliru-
bin; CEA, carcinoembryonic antigen; Cr, creatinine; RBC, red blood cell; Mon, monocyte; Neu, neutrophil; WBC, white blood cell; MTD,
maximum tumor diameter; TCI, thyroid capsular invasion; iNG, ipsilateral Nodular Goiter; iHT, ipsilateral Hashimoto thyroiditis; BMI,

body mass index.
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Fig. 2. The nomogram for predicting risk of possible central lymph node metastasis (CNM) in papillary thyroid carcinoma patients. TCI,

thyroid capsular invasion; Cr, creatinine; BMI, body mass index; CEA, carcinoembryonic antigen.
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Fig. 3. Evaluation and Validation of the nomogram. (A) The receiver operating characteristics (ROC) curve and area under the ROC curve
(AUC) of the nomogram. (B) The calibration curve of the nomogram for predicting possible central lymph node metastasis. Actual prob-
ability is plotted on the y-axis, and nomogram predicted probability on the x-axis.

or comparable ethical standards.

Results

1. Demographics and clinical characteristics in original
model

A total of 1,252 PTC patients including 447 males (35.7%)
and 805 females (64.3%) underwent thyroidectomy with
CLND in our institution. Mean age was 43.1 years with a
range of 14-78 years, and mean BMI was 23.81 with a range
of 16.67-43.56. Two serum indexes were included, CEA

medium was 1.42 while the Cr medium was 64. Through
preoperative US detection, the mean size of tumor size was
0.86 cm with a range of 0.05-6.5 cm. Four hundred ninety-five
(39.5%) were diagnosed with thyroid capsule invasion, 373
patients (29.8%) were found to have more than one lesion
higher than TI-RADS 4A in the same lobe (multifocality).
Among the surgical specimens, 243 (19.4%) were confirmed
to have bilateral PTC, 618 (49.4%) were ultimately confirmed
to have CNM. The mean harvested central lymph nodes was
7.1, mean positive nodes was 4.3, and 158 patients (12.6%)
were pathologically confirmed to have lateral lymph node
metastasis (LLNM) (Table 1).
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Fig. 4. The calibration curve of the nomogram for external vali-
dation set. ROC, receiver operating characteristics.

2. Univariate and multivariate analysis of CNM variables
In the univariate analysis, bilaterality (p < 0.001), CEA
(p=0.018), Cr (p < 0.001), red blood cell (p=0.008), multifo-

cality (US) (p < 0.001), maximum tumor diameter (MTD,
US) (p < 0.001), TCI (US) (p < 0.001), ipsilateral Hashimo-
to thyroiditis (p=0.018), BMI (p=0.018), and age (p=0.004)
have association with CNM (Fig. 1A). Multivariate logistic
regression modeling was further conducted to screen for
significant variables associated with CNM. Results were as
follows: CEA > 1 ng/mL, Cr > 70 umol/L, multifocality, age
<40 years, TCI, MTD > 1 cm, BMI < 22 (Fig. 1B).

3. Nomogram for predicting likelihood of CNM in PTC
patients

Based on the independent factors screened through mul-
tivariate analysis, a nomogram was established for predict-
ing individual risk of CNM. The risk of each factor including
CEA, Cr, multifocality, age, TCL, and BMI was quantified in
our predicting model (score of each factor was shown in Fig.
2) to predict the presence of CNM in PTC patients.
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Fig. 5. (A) Nomogram without serum index for predicting central lymph node metastasis (CNM) in papillary thyroid carcinoma (PTC)
patients. (B) The calibration curve of the nomogram excluding serum index. BMI, body mass index; TCI, thyroid capsular invasion; ROC,

receiver operating characteristics.
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Fig. 6. Decision curve analysis for comparing our nomogram
and ultrasonography in predicting central lymph node metasta-
sis in papillary thyroid carcinoma patients.

4. Internal and external validation of the nomogram

To evaluate our nomogram’s ability to predict CNM in
PTC patients, we conducted an internal validation using
1,000 bootstrap resamples. A C-index of 0.857 (95% CI, 0.821
to 0.894) was achieved, and a similar C-index 0.854 (95% CI,
0.843 to 0.867) was acquired after 1,000 bootstrapping, con-
firming its satisfactory accuracy in predicting central lymph
nodes involvement. ROC curve and AUC are presented in
Fig. 3A. Furthermore, we also conducted a calibration plot
for our newly-established model, and a favorable agreement
was shown between the actual and estimated probability
of CNM (Fig. 3B). The external validation population com-
prised of 186 patients (122 females) with a 53% overall rate of
nodal metastases. The mean age was 41.8 years with a range
0f 19-72 years. When applied to the original model, the exter-
nal validation data set produced a C-index of 0.825 (95% CI,
0.793 to 0.857) (Fig. 4).

5. Validation of the predictive effect of serum factors

In order to evaluate the effect of serum indicators (CEA
and Cr) we included in this prediction model, we excluded
two serum indicators and reproduced a contrast nomogram
(Fig. 5A), with a C-index of 0.817 (Fig. 5B), proving that these

two factors we included were significant and could improve
our nomogram’s ability to predict CNM.

6. Comparing two models in predicting CNM based upon a
decision curve analysis

A DCA was performed to compare the predictive ability
between our nomogram and the US model. The US model
used the data from the preoperative ultrasonographic dia-
gnosis of CNM in our patient cohort (n=1,252). The DCA
showed that the prediction ability of our nomogram is supe-
rior to US in detecting CNM for PTC patients (Fig. 6).

7. Novel risk stratification according to the scores obtained
by the nomogram

Every variable included in our nomogram had its corre-
sponding risk point and total risk scores calculated for all
patients to quantitatively predict theirindividual risk of CNM.
To stratify patients according to their risk scores, four cut-off
values were selected. Five subgroups were thus established:
(1) extreme low-risk group (patients with a CNM score of
<50, n=137), (2) low-risk group (50 < risk score < 100, n=311),
(3) moderate-risk group (100 < risk score < 150, n=305), (4)
high-risk group (150 < risk score < 200, n=184), and (5) ext-
reme high-risk group (patients with a CNM score of > 200,
n=315).

The rates of CNM for extreme low, low, moderate, high,
extreme high-risk groups were 8.8%, 17.7%, 41.3%, 77.2%,
and 89.8%, respectively. Differences were significant between
these subgroups (p < 0.001) (Table 2).

Discussion

Increasing incidence of thyroid cancer has been reported
over recent years, and surgical resection is generally accept-
ed to be the most effective treatment for PTC [11], yet the
role of prophylactic CLND in PTC continues to be debated.
Advocates point that prophylactic CLND in ¢NO patient
reduces local recurrence which contributes to less hazardous

Table 2. CNM risk stratification of PTC patients based on the model database

LR
Nomogram
50-100

No CNM Value 125 256

% 91.2 82.3
CNM Value 12 55

% 8.8 17.7
Total Value 137 311

% 100 100

MR HR HER
100-150 150-200 >200
179 42 32 634
58.7 22.8 10.2 50.6
126 142 283 618
41.3 77.2 89.8 49.4
305 184 315 1,252
100 100 100 100

CNM, central lymph node metastasis; PTC, papillary thyroid carcinoma; ELR, extreme low risk; LR, low risk; MR, moderated risk; HR,

high risk; HER, extreme high risk.
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reoperative surgery [6,12,13]. In our country, given the com-
bination of higher CNM risks in Asian patients and unreli-
ability of preoperative examinations in detecting CNM [14],
most institutions prefer thyroidectomy with prophylactic
CLND. In this study, the rate of patients who received pro-
phylactic CLND was 96.1% (1,663/1,731).

Although there is increasing support for prophylactic
CLND given its benefits for recurrence and survival, many
clinicians worldwide still opt for therapeutic CLND only,
due to potential risks of prophylactic CLND. These could
include permanent hypoparathyroidism, recurrent laryngeal
nerve injury, and other postoperative complications [15-17].
Furthermore, in the American Thyroid Association guide-
lines (2015), “less is more” seemed to be the theme running
throughout the consensus, recommending less extensive sur-
geries, less radioactive iodine and less surveillance testing
[9,18]. In addition, the importance of regional lymph nodes
for cancer survival is stressed in immunotherapy [19], as
preservation of normal lymph nodes in meaningful for fol-
low-up treatments. Thus, accurately assessing risks of CNM
may play an important role in surgical options, for it is the
deciding factor in whether prophylactic CLND should be
performed.

Our study aimed to develop a nomogram to predict the
likelihood of CNM in PTC patients. A CNM rate of 49.4%
was identified, which is in accordance with figures of 40-
58% reported by other similar works [20,21]. Among these
patients, 158 patients (25.6%) were observed to have LLNM,
while 43 patients (3.4%) had skip metastasis (i.e,, had LLNM
without CNM) which is similar to the observation made by
Thompson et al. [6,22]. Given the low prevalence of skip
metastasis, most LLNM will be accompanied by CNM, and
a routine CLND will be performed; thus, we question the
significance of including LLNM as a risk factor for CNM
suggested by Wang et al. [23]. However, their results match
our finding where there is a significant association between
CNM and LLNV, and we will report this clinical research in
our following work.

Referencing similar works on predicting CNM, our resear-
ch confirms their results and takes it a step further. The nom-
ogram developed by Thompson et al. [6] was based on 914
patients and had good discrimination with a C-index of 0.764,
while only four variables were considered. The nomograms
established by Wang et al. [23] and Kim et al. [24] enrolled
larger patient cohorts, yet their discrimination presented a
C-index of 0.711 to 0.721, which was weaker than this study.
In addition, the equal split of the variables (age and tumor
size) in Kim et al.’s work [24] is also quite puzzling given
the nonlinear relationship between the variable and CNM
according to Thompson’s article [6], which raised further
questions about the representative of their nomogram for the
general population.

There were a few references on the association between
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BMI and CNM [25,26], yet our results were quite different
to previous findings. Wu et al. [25] found that increased
BMI was associated with lymph node metastasis by analyz-
ing a cohort of 796 PTC patients, while we observed that
BMI less than 22 kg/m? was the risk factor for CNM of PTC
patients. This difference may be caused by disparate ways of
BMI grouping or and the diagnose distinction of lymph node
metastasis. However, we believe our nomogram showed
a better predictive accuracy (AUC, 0.854) based on greater
amount of samples of 1,252 PTC patients.

In this study, we took TCI diagnosed by preoperative US as
variable instead of pathological TCI due to the lack of patho-
logically uniform standard (whether TCI or extrathyroidal
extension [ETE]) in our institutions. This stems from a lack of
definite definition for TCI or ETE in thyroid pathology [27].
Preoperative US TCI was identified in 39.5% cases, while
other studies reported that pathological TCI was present in
around 30%-53% cases [6,28,29]. Interestingly, we observed
TCI to be the most sensitive characteristic in our nomogram.
Several works have proven the connections between TCI or
ETE and CNM [23,24] and Thompson et al. [6] found wider
spread ETE had a higher likelihood of lymph node metasta-
sis compared to mere capsular invasion.

Multifocality and large tumor size have frequently been
shown to promote CNM of PTC patients [2,6,12,20,23,24]. In
our research, we obtained similar findings to previous stud-
ies, shown in our nomogram (Fig. 2), in which multifocality
and tumor size larger than 1 cm both played an important
role.

Preoperative serum index is available in most institutions,
yet their association with CNM of PTC patients seems to be
overlooked. We gathered all the pre-operation clinical serum
index including blood routine examination, serum hepato-
renal function, serum electrolyte, serum thyroid function,
parathyroid hormone and CEA. Interestingly, we found
serum Cr and CEA did contribute to our nomogram, sug-
gesting PTC patients with Cr over 70 pmol/L or CEA over
1 ng/mL might suffer a higher risk of CNM.

Above all, this nomogram made it possible to score the
likelihood of CNM in PTC patients before operation, which
showed a significant advantage over preoperative US (Fig.
6). By gathering readily available clinical characteristics, we
divided PTC patients into five quantified risk stratification in
our nomogram (Table 2) so that it is easier to use clinically.
Using this risk stratification table, clinicians may be better
informed in their assessment of the risk factors.

There are several limitations of this study which we hope
to address in our following research. Although we gathered
patient cohort from two institutions, our sample was not as
large as the two recent researches [23,24]. In addition, only
523 patients’ BRAF mutation reports were available and
fewer patients received a postoperative immunohistochemi-
cal examinations. Future predictive models may incorporate
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microRNA and PTC subtypes, as well as immunohistochem-
ical biopsy and genotype of FNA samples, which are not
available at present. Furthermore, we were able to incorpo-
rate several new variables that are significant for prediction
of CNM. This implies that there may be potential variables
waiting to be discovered that could make the nomogram
more complete.

Using available pre-operative variables, we were able to
construct a nomogram that stratify PTC patients into five
groups that possess different CNM risk levels. This provides
guidance for whether a patient should receive CLND on a

case by case basis, and promotes balanced approach between
avoiding CLND complications and maximizing survival/
lowering recurrence rates.
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