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Purpose: We aimed to establish a prediction model based on preoperative clinicopathologic
features and intraoperative frozen section examination for precise prediction of metastatic
involvement of lymph nodes posterior to the right recurrent laryngeal nerve (LN-prRLN) in
patients with papillary thyroid carcinoma (PTC).

Methods: Clinicopathologic data pertaining to patients with PTC who underwent initial
thyroid surgery between July 2015 and December 2017 were collected from electronic
medical records. Multivariate logistic regression analysis was performed to identify inde-
pendent predictors of LN-prRLN metastasis for incorporation in the nomogram. The perfor-
mance of the model was assessed using discriminative ability, calibration, and clinical
application.

Results: A total of 592 patients were enrolled in this study. The LN-prRLN metastatic
positivity was 19% (95% confidence interval [CI], 15.61-21.89%). On multivariate analysis,
ultrasonography-reported LN status, extrathyroid extension, Delphian lymph node metastasis,
and number of metastatic pretracheal and paratracheal lymph nodes were independent pre-
dictors of LN-prRLN metastasis. The nomogram showed good discriminative ability (C-index:
0.87; [95% CI, 0.84-0.91]; bias-corrected C-index: 0.86 [through bootstrapping validation])
and was well calibrated. The decision curve analysis indicated potential clinical usefulness of
the nomogram.

Conclusion: This study demonstrates that the risk of LN-prRLN metastasis in individual
patients can be robustly predicted by a nomogram that integrates readily available preopera-
tive clinicopathologic features and intraoperative frozen section examination. The nomogram
may facilitate intraoperative decision-making for patients with PTC.
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Introduction

Globally, an estimated 567,000 incident cases of thyroid cancer were reported in 2018.
The number of new cases of thyroid cancer increased by 50% in the period
2006-2016."* Papillary thyroid cancer (PTC) accounts for approximately 95% of all
thyroid cancers. PTC is characterized by a propensity for dissemination to cervical
lymph nodes at an early stage; the reported rates of cervical lymph node metastasis at

the time of diagnosis range from 30% to 90%, even in patients with small tumors.’
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Lymph node metastasis is associated with locoregional recur-
rence and distant metastasis.* ¢ Despite its excellent prog-
nosis because of good surgical outcomes, disease recurrence
rates may approach 30%, typically in the central compart-
ment, and this is largely attributed to incomplete initial
surgical resection.” It is worth mentioning that the left recur-
rent laryngeal nerve courses along the esophagus and trachea
while the right recurrent laryngeal nerve ascends through the
right central compartment due to anatomical differences.
Therefore, the paratracheal lymph nodes in the right central
compartment are divided into two parts: lymph nodes located
posterior to the right recurrent laryngeal nerve (LN-prRLN)
and lymph nodes located anterior to the right recurrent lar-
yngeal nerve.® The LN-prRLN are distributed deep in a long,
narrow, confined space; this special and complex anatomical
position contains important nerves, vessels, and other impor-
tant structures, which makes it challenging to perform surgi-
cal exposure and dissection. Therefore, dissection of
LN-prRLN remains contentious. The arguments against
LN-prRLN dissection cite this as the most difficult and
risky procedure with an increased risk of devascularization
of parathyroid gland and recurrent laryngeal nerve injury
than other subgroups; these adverse events have a long-
term effect on the quality of life of patients.’ The proponents
argue that the LN-prRLN dissection during the initial opera-
tion would eliminate the cancer. Failure to remove the
involved lymph nodes will result in recurrent disease.
Furthermore, reoperation in this region is a surgical challenge
and may cause much more adverse effects than ever before.'
Therefore, precise assessment of LN-prRLN metastasis
is crucial for personalized treatment to optimally balance
the dissection-related benefits and risks in patients with
PTC. Accuracy of preoperative ultrasound in the central
neck compartment is unsatisfactory.'' Several studies have
preliminarily explored the risk factors for LN-prRLN
metastasis.'>'> Thus, it is important to develop an evalua-
tion tool adapted to the profile of an individual patient in
order to accurately estimate the risk of LN-prRLN metas-
tasis. This study aimed to develop an intraoperative deci-
sion-making predictive model based on preoperative
clinicopathologic features and intraoperative frozen section
examination to predict the individual risk of LN-prRLN
metastasis and to improve treatment decision-making.

Methods

Data pertaining to 1258 consecutive patients with PTC who
underwent thyroid surgery between July 2015 and December
2017 at the First Affiliated Hospital, Chongqing Medical

University, were retrieved from the electronic medical
records. The inclusion criteria were: intraoperative frozen
biopsy and postoperatively proven PTC; and patients with
right-sided or bilateral lesions. The exclusion criteria were:
patients who underwent reoperation; solitary lesions located
in the isthmus; vocal cord paralysis examined by preopera-
tive laryngoscopy; distant metastasis; and incomplete clinical
information.

Data pertaining to the following clinicopathologic vari-
ables were collected: sex, age, tumor size, tumor location,
extrathyroidal extension, multifocality, Hashimoto thyroi-
ditis, and lymph node metastasis. Tumor location, size,
and presence of lymph node metastasis were described in
the preoperative ultrasonography report. Presence of extra-
thyroidal extension was recorded in preoperative ultraso-
nography report or intraoperative findings.

Surgical Procedures

At our center, for patients with right PTC with tumor size
<4 cm, we routinely perform at least unilateral lobectomy
and isthmus resection with ipsilateral central compartment
neck dissection; total thyroidectomy is performed if intrao-
perative frozen section examination reveals metastatic
involvement of lymph nodes. For patients with bilateral
PTC, we perform total thyroidectomy with bilateral central
compartment neck dissection. In addition, lateral lymph
node dissection is considered in patients with suspected
lateral lymph node metastasis based on preoperative ultra-
sonography or intraoperative exploration.

The boundaries of right central neck compartment were
defined by the hyoid bone superiorly, the innominate
artery inferiorly, the trachea medially, and the right carotid
arteries laterally. In the right paratracheal basins, the
superficial nodes anterior to the right recurrent laryngeal
nerve were labeled as paratracheal lymph nodes in order to
distinguish these from LN-prRLN'? The right central
lymph nodes (rCLN) excluding the LN-prRLN refer to
the group of Delphian, pretracheal, and paratracheal
lymph nodes collectively. The surgical procedure was
described in our previous study.'® After thyroid lobectomy,
we subdivided the right central compartment into
Delphian, pretracheal, paratracheal, and LN-prRLN groups
depending on the anatomical position'? Four subgroups
were removed and labeled sequentially, and then immedi-
ately sent for intraoperative frozen section examination.
Postoperative histopathologic examination of all resected
specimens was conducted independently by three patholo-
gists. Pathologic features including tumor size, lymph
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node metastasis, and chronic lymphatic thyroiditis were
recorded in the pathology report.

Statistical Analysis

The independent-samples #-test or Mann—Whitney U-test
was used to compare continuous variables. Categorical
variables were compared using the Chi-squared test or
Fisher’s exact test. P- values <0.05 (two-tailed test) were
considered indicative of statistically significant difference.
Variables that showed a significant association on univari-
ate analysis (P<0.1) were included in the multivariable
logistic regression model. Subsequently, the prediction
model was constructed using backward stepwise selection
algorithm with the Akaike information criterion.'” "

A nomogram was developed based on the model to
predict the probability of LN-prRLN metastasis. The dis-
criminative ability of the nomogram was measured using
the concordance index (C-index). Unbiased C-index was
obtained through bootstrapping method (1000 resample) for
internal validation to prevent overfitting. A larger C-index
implies greater accuracy in distinguishing the absence or

presence of LN-prRLN metastasis. Calibration was

1258 consecutive patients with
thyroid cancer who received
surgery from 2015-2017

evaluated by calibration plot and the Hosmer—Lemeshow
test to interpret the proximity of the nomogram predicted
risk with the actual risk.>*?' To evaluate the clinical useful-
ness of the nomogram, decision curve analysis (DCA) was
conducted to calculate the net benefits at different threshold
probabilities.*” Statistical analysis was conducted using the
R software version 3.5.1 (http://www.r-project.org).

Results

Patient Characteristics

A total of 592 patients were included in the analysis
(Figure 1): 427 females and 165 males (female:male ratio,
2.58:1); mean age, 42.27+12.19 years (range, 18-80). The
characteristics of patients are summarized in Table 1. The
LN-prRLN metastatic rate was 19% [95% confidence inter-
val (CI), 15.61-21.89%]. In univariate analysis, no signifi-
cant difference was observed between the LN-prRLN
positive and LN-prRLN negative groups with respect to
age, tumor location, or Hashimoto thyroiditis. The mean
tumor size in LN-prRLN positive and LN-prRLN negative
groups were 16.4 mm (SD 8.7) and 11.6 mm (SD 7.8),
respectively (P<0.001). The proportion of male patients in

\ 4

1077 PTC patients underwent
initial surgery

181 excluded
26 Histology not PTC
143 Re-operation
7 Distant metastasis
5 preoperative vocal cord paralysis

592 eligible patients

Figure | Schematic illustration of the patient selection criteria.

485 excluded

477 Did not meet inclusion criteria of
right or bilateral lesions

8 Missing clinical information
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Table | Demographic And Clinicopathological Characteristics
Of Patients With And Without LN-prRLN Metastasis

Characteristics LN-prRLN Metastasis, n% P-value
Negative Positive
(n=481) (n=111)

Sex 0.007
Male 122 (25.4%) 43 (38.7%)

Female 359 (74.6%) 68 (61.3%)

Age (MeanzSD, years) 42.6+12.2 41.0£12.0 0.215
<55 410 (85.2%) 98 (88.3%) 0.454
>55 71 (14.8%) 13 (11.7%)

Tumor size (M+SD) 11.6+£7.8 16.4+8.7 <0.001
<10 mm 293 (60.9%) 37 (33.3%) <0.001
11-20 mm 149 (31.0%) 55 (49.6%)

221 mm 39 (8.1%) 19 (17.1%)

Location 0.821
Upper 133 (27.7%) 34 (30.6%)

Middle 208 (43.2%) 46 (41.4%)
Low 140 (29.1%) 31 (28.0%)

US-reported LN status <0.001
cNO 439 (91.3%) 71 (64.0%)
cNI 42 (8.7%) 40 (36.0%)

Multifocality <0.001
No 386 (80.2%) 71 (64.0%)

Yes 95 (19.8%) 40 (36.0%)

ETE <0.001
No 406 (84.4%) 75 (67.6%)

Yes 75 (15.6%) 36 (32.4%)

HT 0.287
No 385 (80.0%) 94 (84.7%)

Yes 96 (20.0%) 17 (15.3%)

Delphian LNM <0.001
No 421 (87.5%) 55 (49.5%)

Yes 60 (12.5%) 56 (50.5%)

Pretracheal LNM <0.001
No 317 (65.9%) 24 (21.6%)

Yes 164 (34.1%) 87 (78.4%)

Paratracheal LNM <0.001
No 303 (63.0%) 14 (12.6%)

Yes 178 (37.0%) 97 (87.4%)

rCLNM? <0.001
No 232 (48.2%) 6 (5.4%)

Yes 249 (51.8%) 105 (94.6%)

LLNM <0.001
No 326 (67.8%) 23 (20.7%)

Yes 155 (32.2%) 88 (79.3%)

Note: *LN-prRLN was excluded from rCLNM.

Abbreviations: LN-prRLN, lymph nodes posterior to the right recurrent laryngeal
nerve; US, ultrasonography; ETE, extrathyroid extension; HT, Hashimoto thyroiditis;
rCLNM, right central lymph node metastasis; LLNM, lateral lymph node metastasis.

the LN-prRLN positive group was significantly higher than
that in the LN-prRLN negative group (38.7% vs 25.4%,
P<0.001). The proportion of patients with multifocal
lesions in the LN-prRLN positive group was significantly
higher than that in the LN-prRLN negative group (36.0% vs
19.8%, P<0.001). ctN1 was more common in patients with
positive LN-prRLN than in those with negative LN-prRLN
(36.0% vs 8.7%, P<0.001). LN-prRLN metastasis was
associated with extrathyroid extension (32.4% vs 15.6%,
P<0.001), Delphian lymph node metastasis (LNM; 50.5%
vs 12.5%, P<0.001), pretracheal LNM (78.4% vs 34.1%,
P<0.001), paratracheal LNM (87.4% vs 37.0%, p<0.001),
and lateral LNM (79.3% vs 32.2%, P<0.001). The negative
rate of right central lymph node (rCLN) was 5.4% in the
LN-prRLN positive group as against 48.2% in the
LN-prRLN group (P<0.001). The rCLN status showed
95% sensitivity, 48% specificity, 30% positive predictive
value (PPV), and 97% negative predictive value (NPV) for
metastatic involvement of LN-prRLN.

On multivariate analyses, US-reported LN status
(P=0.016), extrathyroid extension (P=0.007) and Delphian
LNM (P=0.001), number of metastatic pretracheal lymph
nodes (P=0.005), and paratracheal lymph nodes (P<0.001)
were independent predictors of LN-prRLN metastasis
(Table 2). The variable “rCLN metastasis” was excluded
from multivariate analysis because of collinearity.

Nomogram Development

A nomogram incorporating the above 5 predictors is pre-
sented in Figure 2. The C-index for the nomogram was
0.87 (95% CI, 0.84-0.91) and 0.86 by bootstrapping vali-
dation, which demonstrated good discriminative ability.
The calibration plot revealed excellent agreement between
the prediction and the actual observation (Figure 3).
Hosmer-Lemeshow test yielded a nonsignificant P=0.55,
indicating no departure from a good fit. DCA suggested
that if the threshold probability is higher than 10%, use of
this nomogram to predict LN-prRLN metastasis would
yield greater benefits than that accruing from a “treat-all”
or “treat-none” strategy (Figure 4).

Discussion

Accurate evaluation of the nodal status is an essential pre-
requisite for personalized therapy of patients with PTC.
Current methods for the evaluation of the LN-prRLN status
have several limitations. In the present study, US-reported
LN status, extrathyroid extension, US-reported LN status,
Delphian LNM, and the number of metastatic pretracheal
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Table 2 Results Of Multivariate Logistic Regression Analysis
Showing Predictors Of LN-prRLN Metastasis

Variables OR (95% CI) P-value
US-reported LN status (cN 1 vs.cNO) | 2.179 (1.156—4.107) 0.016
Extrathyroid extension (yes vs. no) | 2.232 (1.240-4.017) 0.007
Delphian LNM (yes vs. no) 2.580 (1.466—4.541) 0.001
No. of pretracheal LNM

0 | (reference)

1-3 2.499 (1.376-4.541) 0.003

>3 3.558 (1.467-8.626) 0.005
No. of paratracheal LNM

0 | (reference)

1-3 4.866 (2.789-8.490) <0.001

>3 21.078 (7.305-60.817) | <0.001

Abbreviations: US, ultrasonography; LNM, lymph node metastasis; OR, odds
ratio; Cl, confidence interval.

and paratracheal lymph nodes were independent predictors
of LN-prRLN metastasis. In previous studies, these 5 factors
were associated with poor prognosis of patients with
PTC.>*?* Using these predictive factors, we developed and
internally validated a nomogram to predict the likelihood of
LN-prRLN metastasis. The model showed good discrimina-
tive ability and calibration. Our findings signify that readily

available preoperative and intraoperative clinicopathological
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Figure 3 Calibration plot of the nomogram. The calibration curve depicts the
calibration of model in terms of the agreement between the predicted risks of LN-
prRLN metastasis and observed outcomes of LN-prRLN metastasis. The x-axis
represents the predicted LN-prRLN metastasis risk. The y-axis represents the
actual LN-prRLN metastasis rate. The diagonal dotted blue line represents an
ideal calibration model in which the predicted probabilities are identical to the
actual outcomes. The dotted line represents the predictive performance of the
nomogram; the closer the fit of the dotted line to the ideal line, the better the
prediction. The black line represents the bias corrected.

features can be used to estimate the risk of LN-prRLN
metastasis and facilitate surgical decision-making with
respect to selective lymphadenectomy.

Consistent with the previous study,'® extrathyroid
extension was an independent risk factor for LN-prRLN
metastasis in this study; this reflects the perspective that

, Q 10 20 30 40 50 60 70 80 90 100
Polnts PR - PR PR - A PR - Ad PR Ad PR - Al
N1
US_reported LN_status r <
cNO
Yes
ETE .
No
Delphian_LNM ' Yes
e 1~3
No.of_pretracheal _LNM . ' )
0 >3 -3
No.of_paratracheal LNM . ! l
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Total Points
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Risk of LN-prRLN metastasis . T T — T T T 1 T 1
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Figure 2 Nomogram for prediction of LN-prRLN metastases in patients with PTC. A line is drawn straight up to the point axis that corresponds with each patient variable
to obtain the points. The sum of these points is located on the total score points axis. Lastly, a line is drawn downwards to the risk axis to determine the likelihood of LN-
prRLN metastases.

Abbreviations: US-reported LN status, ultrasound-reported lymph node status; ETE, extrathyroidal extension; Delphian LNM, Delphian lymph node metastasis; No. of
pretracheal LNM, number of pretracheal lymph node metastasis; No. of paratracheal LNM, number of paratracheal lymph node metastasis.
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S - —— Nomogram nodes.”® Our data showed that lateral LNM is related to LN-
° — fone prRLN metastasis. We still excluded lateral lymph node
g 7 metastasis from the prediction model because the status is
= o unknown prior to central neck lymph node dissection.
s 2
s ° However, it is important to perform rigorous screening
z § 5 of lateral cervical lymph nodes with preoperative
s | ultrasonography.
° v The 2015 American Thyroid Association (ATA) guide-
§ i lines suggested a selective approach to central compartment
. [ I I I T 1 . . 8 . 0 .
00 02 . 06 08 10 neck dissection.” In our series, only 2.5% (6/238) patients

Threshold probability

Figure 4 Decision curve analysis for the nomogram. The y-axis measures the net
benefit. The x-axis represents the threshold probability. The red solid line repre-
sents the nomogram. The gray line represents the hypothesis that all patients had
LN-prRLN metastasis. The black solid line represents the hypothesis that none of
the patients had LN-prRLN metastasis. The decision curve indicates that when the
threshold probability is >10.0%, use of this predictive model would accrue greater
benefit than that accruing from a treat-all or treat-none strategy.

the presence of extrathyroid extension is associated with
more aggressive disease and poorer outcomes.”> US-
reported LN status was chosen as a candidate variable in
the multivariate analysis in light of its association with the
actual lymph node status. As shown in the nomogram, cN1
was more likely to be associated with LN-prRLN metas-
tasis than cNO.

Luo et al recently proposed a prediction model*® However,
their model was based on preoperative clinicopathologic risk
factors. It is unclear whether incorporation of intraoperative
clinicopathologic characteristics can improve the accuracy of
prediction. The right central compartment comprised of
Delphian, pretracheal, LN-prRLN, and paratracheal lymph
node groups. The Delphian lymph node (prelaryngeal) is
located above the isthmus between the thyroid cartilage and
cricoid. Studies have also shown that positive Delphian lymph
node in PTC implies heavier cancer burden and greater nodal
involvement.?” In our study, Delphian LNM was a predictor of
LN-prRLN metastasis on univariate and multivariate analysis.
We categorized the number of metastatic pretracheal lymph
nodes and paratracheal lymph nodes as 0, 1-3, and >3. The
number of metastatic pretracheal lymph nodes and paratra-
cheal lymph nodes both showed a significant association with
LN-prRLN metastasis. It is noteworthy that paratracheal LNM
was found to be an extremely strong predictor of LN-prRLN
metastasis, which suggests that involvement of paratracheal
LNM signifies a greater risk of LN-prRLN metastasis because
of the anatomical proximity. In addition, according to Zhang
et al, the risk of LN-prRLN metastasis with >3 lateral meta-
static nodes was three times higher than that with <3 metastatic

showed LN-prRLN metastasis in the absence of rCLN metas-
tasis (NPVs: 97%); based on this finding, we favor conserva-
tive neck dissection in the absence of suspicious metastatic
lymph nodes. Indeed, it is relatively safe to excise the
Delphian, pretracheal, paratracheal lymph nodes compared
with the LN-prRLN dissection. Intraoperative frozen section
examination is a reliable technique that has been widely used
for patients with PTC; it allows for accurate intraoperative
diagnosis of nodal status of each subgroup in real-time.***
Thus, as the preoperative US-reported LN status is routinely
reported before operation in clinical practice, we recommend
reasonable surgical exploration to obtain intraoperative infor-
mation through precision zoning and rapid intraoperative fro-
zen section examination; all of these readily available
clinicopathologic features can be used to build a nomogram
for individual prediction of LN-prRLN metastasis. The nomo-
gram showed favorable discriminative ability and good cali-
bration curve. Moreover, decision curves showed that if the
threshold probability is higher than 10%, use of the nomogram
to predict lymph node status provides greater net benefit than
that accruing from a “treat-all” or “treat-none” strategy.*”
Therefore, the prediction model can assist surgeons in making
a precise prediction of the LN-prRLN metastasis and to decide
to continue or stop the dissection during dissection of the
central compartment of the neck.

Several studies have reported independent risk factors
for LN-prRLN metastasis;' >*® however, there was much
variability with respect to the inclusion and exclusion
criteria used in the individual studies. To the best of our
knowledge, few studies have reported about a convenient
and accurate tool for the prediction of LN-prRLN metas-
tasis. In the present study, we developed a nomogram by
incorporating both preoperative clinicopathologic vari-
ables and intraoperative frozen section examination and
validated its accuracy to predict the risk of LN-prRLN
metastasis in patients with PTC.

There are limitations of this study. In this study, we
included all patients from July 2015 to December 2017,
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which represents the real-world experience of our hospital.

Unfortunately, it was a single-center retrospective study

with a relatively small sample size, although rigorous

validation with bootstrapped calibration (1000 resample)

and optimism-corrected estimates, the nomogram should

be externally validated in large multi-institutional data-

bases to test its applicability to different populations.'” Tt

is hoped that a future randomized controlled trial will

determine the application value of the nomogram.

Conclusion
In summary, intraoperative clinicopathologic variables were

independent predictors of LN-prRLN metastasis in patients

with PTC. By incorporating readily available preoperative

information and intraoperative frozen section examination,

we developed a nomogram for individualized risk prediction

of LN-prRLN metastasis. The prediction model may be used

to guide intraoperative decision making for tailored surgical

intervention.
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