Cancer Management and Research

Dove

ORIGINAL RESEARCH

Model of lymph node metastasis posterior to the
right recurrent laryngeal nerve in papillary thyroid

carcinoma

Yi Luo'
Xiao-Cheng Xu?
Jie Shen?
Jing-Jing Shi*

Si Lu®

Wei He®
Jian-Yong Lei’
Ding-Cun Luo*

'West China School of Medicine,
Sichuan University, Chengdu, China;
’Department of Surgery of Thyroid
and Breast, Wujiang District of Suzhou
First People’s Hospital, Suzhou, China;
3Clinical Medical College, Nanjing
Medical University, Nanjing, China;
‘Department of Surgical Oncology,
Hangzhou First People’s Hospital,
Nanjing Medical University, Hangzhou,
China; *Clinical Medical College,
Zhejiang Chinese Medical University,
Hangzhou, China; ¢Department of
Oncology, Taixing People’s Hospital,
Taixing, China; ‘Department of
Thyroid Surgery, West China hospital
of Sichuan University, Chengdu, China

Correspondence: Dingcun Luo
Department of Surgical Oncology,
Hangzhou First People’s Hospital, Nanjing
Medical University, 261 Huansha Road,
Shangcheng District, Hangzhou, Zhejiang
310006, China

Tel +86 137 3222 5858

Fax +86 571 8791 4773

Email |dc65@163.com

This article was published in the following Dove Press journal:
Cancer Management and Research

Background: Cervical lymph node metastasis (LNM) is a prognostic factor of papillary thyroid
carcinoma (PTC). The way to deal with lymph node posterior to the right recurrent laryngeal
nerve (LN-prRLN) is controversial. Nevertheless, if metastatic lymph nodes are not removed
during the first operation, the subsequent salvage surgery of recurrent tumor in this area would
entail high risk and complication. The purpose of this study was to develop a preoperative predic-
tion model for LN-prRLN metastasis in PTC patients using clinicopathological characteristics.
Patients and methods: We performed a prospective study of 595 patients with PTC who
underwent LN-prRLN dissection from March 2014 to June 2017. The clinicopathological data
were randomly divided into derivation (n=476) and validation sets (n=119). A predictive model
was initially established based upon the data of the derivation set via multivariate analyses, and
the accuracy of the model was then examined with data of the validation set. The discriminative
power of this model was assessed in both sets.

Results: Metastases of the LN-prRLN were identified in 102 (17.14%) of 595 patients. Age (odds
ratio [OR] 0.971, 95% CI, 0.949-0.994, p=0.013), tumor size (OR 2.163, 95% CI, 1.431-3.270,
p<0.001), capsular invasion (OR 1.934, 95% CI, 1.062-3.522, p=0.031), and right LNM (OR
3.786,95% CI, 2.012-7.123, p<0.001) were significantly associated with LN-prRLN metastasis.
The areas under the curves were 0.790 for the derivation set (sensitivity 71.95%, specificity
78.68%) and 0.878 for the validation set (sensitivity 85.00%, specificity 78.79%).
Conclusion: We developed and validated the first model to predict LN-prRLN metastases in
patients with PTC based on clinicopathological parameters.

Keywords: papillary thyroid carcinoma, lymph node posterior to right recurrent laryngeal
nerve, neck dissection, risk factors, metastasis, model

Introduction

Papillary thyroid carcinoma (PTC) is prone to cervical lymph node metastasis
(LNM).! At the time of diagnosis, approximately 30%—80% of PTC patients exhibit
cervical lymph node metastases.?? The presence of cervical lymph node metastases
adversely affected disease-free survival rate,* especially for those measuring larger
than or equal to 2 mm.’> Another study with long-term follow-up data showed an
association with worse overall survival of the patients.® Therefore, cervical lymph
node dissection is usually performed during the surgical treatment of PTC, although
this involves a number of issues that are not yet settled. One of the controversies
concerns the lymph node posterior to the right recurrent laryngeal nerve (LN-
prRLN) dissection in patients with PTC. Some researchers advised against routine
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LN-prRLN dissection because of the low rate of metastases
to this region, the greater technical difficulty involved, and
the resulting higher complication rate.”!* On the other hand,
if there are untreated metastases, the salvage operation
would be substantially more difficult and risky. Therefore,
there is a need for a model to estimate this risk, so that the
diseases are optimally removed, while the rate of unneces-
sary procedure is minimized. To that end, we performed this
prospective study to identify the risk factors for LN-prRLN
metastasis in patients with PTC. Our earlier work involving
patients suffering right thyroid lobe or bilateral PTC identi-
fied a range of factors showing positive association with
the rate of LN-prRLN metastasis. They include patients’
age, tumor size of the right thyroid lobe, capsular invasion,
number and size of the metastatic lymph nodes anterior to
right recurrent laryngeal nerve (RLN), and the number of
metastatic lymph nodes in the right lateral compartment.'*
In this study, more patients were recruited and preoperative
characteristics were recorded in details, including sex, age,
tumor size and number, capsular invasion, and right lateral
LNM. A prediction model was then developed as a tool to
estimate the risk of LN-prRLN metastasis and facilitate
therapeutic decision in the resection of PTC.

Patients and methods

In our study, 595 consecutive PTC patients (right PTC/ bilat-
eral PTC) underwent LN-prRLN dissection conducted by a
surgical team over a period of 40 months (from March 2014
to June 2017). Patients who had history of other malignant

Table | Baseline characteristics of all patients

tumors or previous operation in this area were excluded.
The size and number of thyroid tumors and the presence
or absence of capsular invasion were recorded by high
frequency B ultrasonography. Each thyroid cancer patient
was independently examined by two ultrasonographers. If
the two ultrasonographers had different opinions, the third
ultrasonographer would participate in the examination to
verify the data. The suspicious right lateral cervical lymph
node metastases would be subjected to confirmation by fine
needle aspiration cytology. All patients were followed up from
6 months to 46 months without local recurrence or distant
metastasis (Table 1).

LN-prRLN dissection

In our study, all patients underwent conventional open
thyroidectomy (hemithyroidectomy or total thyroidectomy)
and neck dissection in the same operation. We subdivided
the right cervical central compartment VI into right cervical
central VI-1 subzone and VI-2 subzone. Right central VI-1
subzone lies anterior to the RLN bounded by the hyoid bone
superiorly, the suprasternal notch inferiorly, the inner edge of
the common carotid artery laterally, and the midline of the
trachea medially. Right central VI-2 subzone lies posterior
to the right RLN. The superior, inferior, lateral, and medial
borders are the laryngeal entry points of RLN, the intersec-
tion of the RLN with the innominate artery (near the right
apical pleura), the inner edge of the common carotid artery,
and esophagus, respectively. The floor of right central VI-2
is the prevertebral fascia. All patients in this study underwent

Risk factors LN-prRLN metastasis Metastasis P

Yes (n=102) No (n=493) rate
Sex 0.011
Male 31 94 24.80%
Female 71 399 15.11%
Age, median (interquartile range), years 39.5 (30.00-55.25) 46.5 (37.00-54.00) 0.005
Tumor size, median 1.20 (0.70-2.00) 0.60 (0.40-0.90) <0.001
(interquartile range), cm
Multifocality 0.027
| 8l 424 16.04% -
2 13 53 19.70% 0.452
3 2 I 15.38% 0.949
>4 6 5 54.55% 0.003
Capsular invasion <0.001
Positive 46 93 33.09%
Negative 56 400 12.28%
Right lateral lymph node metastasis <0.001
Positive 50 45 52.63%
Negative 52 448 10.40%

Note: "—” Not applicable.

Abbreviation: LN-prRLN, lymph node posterior to the right recurrent laryngeal nerve.
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a lymph node dissection of both right cervical central VI-1
and VI-2 (LN-prRLN). Additional lateral compartment neck
dissections would be performed if metastases were identified
in this compartment.' Two expert pathologists independently
examined the surgical specimens.

Ethics statement

The research was approved by the institutional review board
of Hangzhou First People’s Hospital, and each patient signed
written informed consent form to participate in the study.
All procedures performed in the study involving human
participants were in accordance with the ethical standards of
the institutional and/or national research committee and with
the 1964 Declaration of Helsinki and its later amendments
or comparable ethical standards.

Statistical analysis

Medians with interquartile ranges were calculated for continu-
ous variables and numbers with percentages were reported
for categorical variables. Mann-Whitney U test was used for
continuous abnormally distributed variables, and y? test was
used for categorical variables. Normality was tested with Q—Q
plots and Kolmogorov-Smirnov tests. The data were subjected
to univariate analysis to identify the possibly predictors. Fol-
lowing that, stratified random sampling was used to derive
and validate a logistic regression model. The sample was
stratified into two strata according to the presence (n=102) or
absence (n=493) of LN-prRLN metastasis. Within a stratum,
each sample was numbered with a label by a random number
generator. A list of samples was then established with the
number labels placed in an ascending order. The preceding
80% of the samples were used to derive a predictive model
and the remaining 20% were used for its validation. The com-
parability between two sets of data was analyzed by 2-tailed
x* test for categorical variables or Mann-Whitney U test for
continuous variables. The variables that showed statistical
association (p<0.05) with LN-prRLN metastases in univariate
analysis were selected in backward stepwise logistic regres-
sion analysis to identify independent predictors (p<0.05)
associated with LN-prRLN metastasis. The discriminative
power of the predictive model was assessed by area under the
receiver operating characteristic curves in both derivation and
validation sets. The sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and positive
likelihood ratio (LR+) were calculated for each cutoff point
of the total score. All the analyses were performed using
SPSS package (Version 20.0, IBM SPSS Statistics; IBM

Corporation, Armonk, NY, USA), and a 2-tailed p-value of
less than 0.05 was considered statistically significant.

Results

Patient characteristics

In this group of patients with either right thyroid lobe PTC
or bilateral PTC, the metastatic rate of the LN-prRLN was
17.14% (102/595). Among those who had LN-prRLN metas-
tasis, 24.8% were males and the median age was 39.5 years
old (interquartile range 0f 25.25). The median primary tumor
size of LN-prRLN positive patients was 1.2 cm, which was
twice that of LN-prRLN negative patients. Those with four
or more foci of PTC in the thyroid had a 54.55% chance of
harboring LN-prRLN metastases, which was much higher
than patients with less than four thyroid cancer foci. The
LN-prRLN metastasis rate of patients with capsular invasion
of the primary tumor was higher than those without (33.09%
vs 12.28%). LN-prRLN metastasis rate of patients with
right lateral LNM was higher than those without (52.63%
vs 10.40%). A univariate analysis of data from the 595 PTC
patients indicated a significant association (p<0.05) between
LN-prRLN metastasis and sex, age, size and number of right
thyroid lobe tumor focus/foci, the presence of capsular inva-
sion, and metastatic lymph node in the right cervical lateral
compartment.

Prediction model
On comparing the derivation and validations sets, no sig-
nificant difference between age, sex, tumor size, capsular
invasion, the number of the primary lesions, and right
lateral LNM was found between the two groups (p>0.05)
(Table 2). On univariate analyses of the derivation set,
patients’ sex, age, tumor size, capsular invasion, and right
lateral LNM were found to be associated with LN-prRLN
metastasis, whereas multifocality was not. On further logistic
regression analysis, age (odds ratio [OR] 0.971, 95% CI,
0.949-0.994, p=0.013), tumor size (OR 2.163, 95% CI,
1.431-3.270, p<0.001), capsular invasion (OR 1.934, 95%
CI, 1.062-3.522, p=0.031), and right lateral LNM (OR
3.786,95% CI,2.012-7.123, p<0.001) remained statistically
significant but not patients’ sex (p=0.094) (Table 3). Using
the coefficients obtained from the multivariate analysis, we
derived the following prediction equation for LN-prRLN
metastasis where the categorical variables were coded as
“1” if present and “0” if absent:
Y=-0.029xage+0.771xtumor size+0.660xcapsular
invasion+1.33 1xright lateral lymph node metastasis—1.687,
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where Y means the chance of a positive LN-prRLN
metastasis.

In the derivation set, the logistic regression model yielded
areceiver operating characteristic (ROC) curve with an area
under the curve (AUC) of 0.790 (95% CI, 0.731-0.849)
(Figure 1A). We selected 0.16 as the optimal cutoff point,

which meant that the patients with a predictive rate higher
than 0.16 were prone to have LN-prRLN metastases. The
sensitivity, specificity, PPV, NPV, and LR+ were 71.95%,
78.68%, 41.26%, 93.09%, and 3.37 respectively. The Hos-
mer-Lemeshow test was significant (p=0.680), indicating a
good fit of the model. In the validation set, the model showed

Table 2 Risk factors of LN-prRLN metastasis in the derivation and validation data sets

Risk factors Derivation data Validation Total p
(n=476) data (n=119) (n=595)

Female sex, n (%) 373 (78.4) 97 (81.5) 470 (79) 0.450
Age, median (interquartile range) 45.5 (35-53) 47 (36-55) 46 (36-54) 0.880
Tumor size, median (interquartile range), cm 0.65 (0.5-1.1) 0.7 (0.5-1.0) 0.7 (0.5-1.0) 0.226
Multifocality, n (%) 76 (16.0) 12 (10.1) 88 (14.8) 0.106
Capsular invasion, n (%) 110 (23.1) 29 (24.4) 139 (23.4) 0.771
Right lateral lymph node metastasis, n (%) 73 (15.3) 22 (18.5) 95 (16) 0.401
LN-prRLN metastasis, n (%) 82 (17.2) 20 (16.8) 102 (17.1) 0913
Abbreviation: LN-prRLN, lymph node posterior to the right recurrent laryngeal nerve.
Table 3 Univariate and multivariate analysis of LN-prRLN metastasis in the derivation set
Risk factors Univariate analysis Multivariate analysis

OR (95% CI) P OR (95% CI) P
Male sex 2.054 (1.216-3.469) 0.007 1.673 (0.916-3.058) 0.094
Age 0.965 (0.945-0.985) 0.001 0.971 (0.949-0.994) 0.013
Tumor size 3.387 (2.328-4.926) <0.001 2.163 (1.431-3.270) <0.001
Multifocality 1.485 (0.814-2.710) 0.197
Capsular invasion 3.616 (2.185-5.983) <0.001 1.934 (1.062-3.522) 0.031
Right lateral lymph node metastasis 7.551 (4.348-13.115) <0.001 3.786 (2.012-7.123) <0.001

Notes: Multifocality was not included in the multivariate analysis as the p value didn’t match the inclusion criteria of p<0.05.
Abbreviations: LN-prRLN, lymph node posterior to the right recurrent laryngeal nerve; OR, odds ratio.

A B
ROC curve
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Figure |1 ROC curves were used to evaluate the discrimination performance.
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Notes: In the derivation set (A), the sensitivity and specificity were 71.95% and 78.68%, respectively, with an AUC of 0.790. In the validation set (B), the sensitivity and

specificity were 85.00% and 78.79%, respectively, with an AUC of 0.878.
Abbreviations: AUC, area under the curve; ROC, receiver operating characteristic.
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good predictability of LN-prRLN metastasis (AUC 0.878,
95% CI, 0.789-0.967) (Figure 1B). At the cutoff point of
0.16, the sensitivity, specificity, PPV, NPV, and LR+ were
85.00%, 78.79%, 44.74%, 96.30%, and 4.00, respectively.

Discussion

Atpresent, LN-prRLN dissection is controversial. Some sur-
geons advocate against routine LN-prRLN dissection because
of the supposedly insignificant LN-prRLN metastasis rate,
more technically demanding dissection, and thus a higher
complication rate. However, in our study, we found that the
metastatic rate of the LN-prRLN was 17.14% (102/595),
which is not insignificant. While the dissection of LN-prRLN
subzone is not straightforward, the complication rate is not
higher for experienced thyroid surgeons. On the contrary, if
LN-prRLN dissection is not done, 17.14% of the cases would
have untreated residual disease according to our data. Future
relapse from these foci would be a big problem as revision
surgery in the scarred area would be very difficult and bring
huge risk to the RLN, parathyroid gland and its blood supply.
Therefore, an accurate assessment of the LN-prRLN metas-
tases, providing evidence for precise and adequate treatment
before the primary surgery, is very necessary. Unfortunately,
it is not easy to preoperatively assess the cervical lymph
node status in this area. Generally, ultrasonography is a very
effective evaluation method for cervical LNM; however, its
application is very limited in some central special anatomical
regions. For instance, the sensitivity of central LNM using
B ultrasonography is 27.5%,'> and even more difficult in the
diagnosis of LN-prRLN. Thin-cut computed tomography
scan can help to supplement the assessment of lymph node
status, but it is not routinely recommended for patients with
PTC examination.'>!® Therefore, it is clinically important to
assess whether there is LN-prRLN metastasis according to
the clinicopathological features of PTC patients.

This study demonstrated a significant association
between LN-prRLN metastasis and the clinicopathological
characteristics of PTC, such as sex, age, tumor size and
number, capsular invasion, and right lateral LNM. Though
the proportion of men with PTC was much less than women
with a male to female ratio of 1:4 (Table 1), the probability
of male patients with LN-prRLN metastasis (24.80%) was
significantly higher than female patients (15.11%) (p<0.05)
according to the univariate analysis (Table 1). The coefficient
for age in the LN-prRLN metastasis predictive model was
—0.029, indicating extra change in log (OR) for LN-prRLN
metastasis as —0.029 per unit increment in age to baseline. In
other words, younger patients were prone to have LN-prRLN

metastasis. Similar findings of male sex and younger age as
risk factors for LN-prRLN metastasis were also reported in
the literature.'”!® Another study suggested that adolescents
are more likely to develop neck LNM."

In our early work, we found that the larger a tumor was,
the higher the metastatic rate would be. In patients with a
tumor diameter <0.5 cm, lymph node dissection is not neces-
sary because the LNM rate of this group should be very low.
Based on the ROC curve analysis, a tumor size >0.85 cm has
areasonable sensitivity of 78.43% and specificity of 72.40%
in predicting LN-prRLN metastasis.!* In the current study,
the tumor diameter, analyzed as continuous variable in order
to be more consistent with clinical practice, was positively
correlated with the LN-prRLN metastasis (OR 2.163, 95%
CI, 1.431-3.270, p<0.001). Similarly, it was documented that
tumor size larger than 1 cm is significantly correlated with
LN-prRLN metastasis.!*!3

At the same time, the present results indicated that
multifocality was a risk factor in LN-prRLN metastasis in
univariate analysis but not in multivariate analysis. Similarly,
Chang et al reported that multifocality was more common in
the LN-prRLN positive group than in the LN-prRLN negative
group (52.7% vs 38.3%) , though it was not an independent
factor.? Nevertheless, on subgroup analysis of our data,
patients with four or more tumor foci in the thyroid had a
54% chance of LN-prRLN metastasis (Table 1). This finding
suggests that the multifocality is also a useful indicator for
LN-prRLN metastasis in patients with four or more tumors
or diffuse lesions.

Univariate analyses and multivariate analyses showed a
strong correlation between capsular invasion and LN-prRLN
metastasis. We thus suggest that attention should be paid to
the PTC patients with capsular invasion, which can be ade-
quately assessed by preoperative B ultrasound examination.

In this study, 52.63% patients with metastatic lymph
nodes in the right cervical lateral compartment harbored
LN-prRLN metastasis, compared to 10.40% of those patients
without. The difference was highly significant (p<0.001).
Therefore, we recommend that the metastatic lymph node
in the right cervical lateral compartment be an indicator for
LN-prRLN dissection. Our finding is consistent with another
study that showed similar findings.?

To our knowledge, this is the first prediction model for
LN-prRLN metastasis in patients with PTC, in which mul-
tiple variables were systematically considered to estimate an
individual risk of LN-prRLN metastasis. In our analysis, the
OR of right lateral LNM was 3.786, suggesting that it played
a major role in the model. This is consistent with the pattern
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of PTC LNM. Generally, central lymph node is the first sta-
tion for lymphatic metastasis and followed by lateral lymph
node. Therefore, preoperatively confirmed right lateral LNM
indicates the necessity of a careful and thorough cervical cen-
tral dissection including the area posterior to the right RLN,
which is also supported by clinical practice. The second and
third important risk factors were capsular invasion and tumor
size with the OR of 2.163 and 1.934, respectively. The weight
of the age in the equation is the lowest, indicating that among
4 significant factors, it has the least predictive value. The AUC
of derivation and validation sets were 0.790 and 0.878, respec-
tively, indicating a good discriminative power of the model.

Conclusion

Age, tumor size, capsular invasion, and right lateral LNM
have been identified as independent risk factors of LN-prRLN
metastasis. Based on the data, we propose a mathematical
model to quantitatively predict LN-prRLN metastasis, with
the aim to better guide the surgical treatment of PTC. These
high-risk factors or features can be preoperatively assessed by
ultrasonography, imaging exams, and fine needle aspiration
cytology. Given the strong association between right lateral
LNM and LN-prRLN metastasis in the model, a thorough
inspection of the lateral compartment is recommended in
PTC patients with risk factors. We recommend multicenter
studies with long-term follow-ups to ascertain the optimal
surgical approach for patients with PTC.
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