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Abstract

Purpose To effectively predict lateral neck lymph nodes (LLN) metastasis in papillary thyroid carcinoma (PTC) patients
with central lymph nodes (CLN) invasion, and devise targeted treatment strategies.

Methods Four hundred and thirty-four PTC patients with CLN metastasis from two medical centers were retrospectively
analyzed. A new statistical model was established for predicting LLN involvement in these patients to guide lymph nodes
management strategies.

Results Patients with more than five positive CLN metastasis appeared to have extremely high risk (83.0%) of LLN
involvement. For patients with five or less positive CLN invasion, multivariate logistic analyses were applied. Independent
risk factors for LLN involvement were determined to be: age over 40, maximum tumor diameter of no less than 1.0 cm,
existence of thyroid capsular invasion, and tumor with ipsilateral nodular goiter (iNG). These factors were used to construct
a predictive nomogram. The accuracy and validity of our newly built model were verified by C-index 0.761 (95% ClI,
0.707-0.815) in development cohort and 0.759 (95% CI, 0.745-0.773) in validation cohort and calibration curve. The
patients were stratified into three groups based on their nomogram risk scores. Possible LLN involvement rates for low-risk,
moderate-risk, and relatively high-risk subgroups were 8.9%, 22.8%, and 48.2%, respectively.

Conclusions Our newly established model can effectively predict possible LLN metastasis in PTC patients, and a new
strategy selection flow chart was created for patients with positive CLN invasion. For patients in high-risk group, pro-
phylactic LLN dissection is recommended, if not, adjuvant radioactive iodine or a closer follow-up scheme should at least be
conducted. For those in low-risk group, surgical intervention is unnecessary and regular follow-up is recommended.

Keywords Papillary thyroid carcinoma - Lateral lymph node metastasis * Predictive model + Treatment strategy * Risk
stratification

Introduction

Papillary thyroid carcinoma (PTC) is the predominant
pathological type of thyroid malignancy [1] with satisfac-
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behavior [2]. However, incidence of local lymph nodes
metastasis is high, especially central lymph node involve-
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vital importance in patients with PTC. Usually, metastasis
occurs first in central lymph nodes (CLN) and then in the
node of the lateral compartment. The Japanese Society of
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preoperative ultrasonography or fine-needle aspiration
(FNA) pathology, surgical managements including primary
tumor and central lymph node dissection are conducted in
initial operation worldwide. But for patients with negative
lymph node findings preoperatively, substantial variations
may exist across regions. In some countries such as Japan and
China, prophylactic CLN dissection may be performed, which
is not the case for countries such as the U.S. In addition,
almost no consensus has been reached on the lymph node
dissection outside the central neck for patients with positive
CLN metastasis. Generally, lateral lymph node (LLN) dis-
section is only conducted on patients with evidence of
metastasis through preoperative ultrasonography or FNA
pathology [8], which makes the occult metastatic nodes a
recurrence risk for patients with PTC. Several studies have
revealed that certain indicators such as number of CLN
metastasis and tumor size were independent factors for LLN
metastasis [4, 9, 10], but the traditional methods of dis-
covering relationships with LLN involvement were qualitative
based, with no existing literature measuring LLN metastasis
risk quantitatively for PTC patients with positive findings of
CLN. The present retrospective study was designed to syn-
thetically predict and stratify the risk of LLN metastasis in
patients with CLN metastasis, to decide the LLN individua-
lized management for patients in different risk groups.

Materials and methods
Patient cohort

Between 2017 and 2019, 488 thyroid carcinoma patients
were treated with surgery in Department of General Sur-
gery at Ruijin Hospital of Shanghai Jiao Tong University
School of Medicine, and Department of Otorhinolar-
yngology, Head and Neck Surgery at the Eye, Ear, Nose,
and Throat Hospital of Fudan University. These patients
were confirmed to have CLN metastasis by postoperative
pathology. Patients with any of the following criteria were
excluded from our study: (1) non-PTC proven by post-
operative pathology (N = 35); (2) having received thyroid
surgery previously (N = 13); (3) with history or coexisting
of other head and neck cancer (N = 6). Following these
criteria, a total of 434 patients were included and analyzed.
This study was approved by the Institutional Ethics
Committee of the Eye and ENT Hospital of Fudan Uni-
versity and the Ruijin Hospital of Shanghai Jiao Tong
University School of Medicine.

Surgical methods and data collection

Clinicopathological information including demographic
features, blood examination reports, surgical treatments, and

postoperative pathological diagnoses were collected to
establish our retrospective database. All patients received a
total thyroidectomy or thyroid lobectomy, along with CLN
dissection performed therapeutically or prophylactically.
LLN dissection was conducted in those with clinically
positive LLN metastasis detected by preoperative ultra-
sonography or FNA, or had high suspect of lateral metas-
tasis during operation. The pathological diagnoses were
confirmed by at least two board-certified pathologists. For
patients who did not receive LLN dissection, if positive
LLN metastasis is found by ultrasonography and FNA
within 6 months after initial surgical treatment, they will be
considered as having occult lateral involvement at the time
of operation.

Statistical analysis

Chi-square and independent r-test were used to make
comparisons between categorical and continuous variables.
Logistic univariate and multivariate regression analyses
were used to screen risk factors that were significantly
associated with LLN metastasis using the SPSS 24.0
package (SPSS Inc., Chicago, IL, USA). Factors with
P value <0.05 from the univariate logistic regression were
enrolled in the multivariate logistic regression. Variables
screened by multivariate logistic analysis were used for the
construction of a risk prediction model—Nomogram, con-
ducted by R software (version 3.5.1; R Development Core
Team). Then the discrimination and consensus degree of
our newly established predictive model were tested by the
concordance index (C-index), receiver operating character-
istic (ROC) curve, and the calibration curve. The individual
risks of LLN were quantified as risk scores according to our
nomogram and each patient was stratified into different
subgroups based on their calculated LLN metastasis risk
scores.

Results

Demographics, clinicopathological characteristics,
and LLN metastases of our cohort

A total of 434 newly diagnosed PTC patients were enrolled
in this study. Among them, 157 (36.2%) were male and 277
(63.8%) were female. The mean age of all patients was
40.22 £ 11.87 years (ranging from 14 to 78). All patients
received a total thyroidectomy or thyroid lobectomy. Pro-
phylactical CLN dissection was performed routinely for all
patients in our study independent of whether metastases
were detected before surgery. However, LLN dissection
was performed only for those with positive or highly sus-
picious LLN metastases during pre- or intraoperative
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Fig. 1 Surgical managements, postoperative pathology, and follow-up information for patients enrolled

phases. As a result, LLN dissection was conducted for 151
(34.8%) patients. From these, 119 had pre-operative con-
firmed metastases, and 32 of them were considered high-
risk LLN metastases during operation with 13 confirmed by
postoperative pathology. Among those receiving CLN dis-
section alone, ten were detected to have LLD metastases =~ BMI (meanxSD)  23.92+4.09 24.12x4.17  23.34+3.78  0.107

within half a year in post-operation follow-up. In total, 142 g/.[a"im“m wmor - 1.06£0.77  0.94£0.64 — 1.39£097 0000
iameter (mean = SD)

Table 1 The clinicopathological characteristics of patients

All patients ~ Non- LLN group
LLN group

n=434 % n=292 % n=142 % P value

(32.7%) patients were considered as having LLN metastases ~ pq 0.014

before surgery in our research (shown in Fig. 1). The >40 177 408 131 449 46 324

maximum tumor diameter ranged from 0.15 to 6.0 cm, with <40 257 59.2 161 55.1 96 67.6

a mean of 1.06+0.77 cm. Main clinicopathological char-  Gender 0.352
Male 157 362 110 377 47 33.1

acteristics of our cohort were shown in Table 1. Patients in

o . . . Femal 277 8 182 2. .
LLN group had significantly bigger tumor size than those in emae _ 638 18 623 95 669
Non-LLN group. In addition, thyroid capsular invasion o> “"or 0160
on- group. In-addition, thyroid capsuiar mnvasio No 394 908 269 921 125  88.0
(TCI) and tumor with ipsilateral nodular goiter (iNG) were Yes 40 92 23 79 17 12.0
significantly more common in LLN Group. We also History of alcoholism 0.739
investigated the complication rates and length of hospital No 400 922 270 925 130 915
stay for our patients. We conducted blood tests for every Yes 34 7.8 22 75 12 8.5
patient receiving surgical treatment both on postoperative ~ History of hypertension 0.107
day 1 and 1 month after surgery. Patients with serum No 361 83.2 237 812 124 873
. . Yes 73 16.8 55 18.8 18 12.7
potassium lower than 3.5 mmol/L were considered to have ) -
A . A History of diabetes 0.648
ter.n[.)orary postoperative hypopotasslemla. which may haye No 416 95.9 279 034 137 04,1
originated from the length of operation time. Patients with Yes 18 41 13 66 5 5.9
blood parathyroid hormone (PTH) lower than 15.0 pg/mL  Thyroid capsular invasion 0.000
were considered to have postoperative hypoparathyroid No 172 39.6 135 46.2 37 26.1
hormone. For those that were detected to have hypopar- Yes 262 604 157 538 105 739
athyroid hormone on postoperative day 1 yet had their  Bilatral discase 0.753
Absent 325 749 220 753 105 739
blood PTH return to normal 1 month after surgery, we
ded th havi d 1 d ¢ ¢ Present 109 25.1 72 247 37 26.1
regarde em as having developed a temporary post-  pecariy 0254
operative hypoparathyroid hormone. This indicates partial Absent 24 539 163 558 71 50.0
parathyroid damage during operation that can be compen- Present 200  46.1 120 442 71 500
sated by normal parathyroid tissues. However, those who  PTC with ipsilateral Hashimoto thyroiditis 0.450
had low blood PTH both on day 1 and after 1 month were No 355 81.8 236 808 119 838
considered to have at least three parathyroid glands Yes oo v 18256 19223 162
damaged and could not be compensated. These patients P;C with ipsilateral nogglﬁ'ﬂ gon;gl 38 815 88 62'800
. . o B . . A
were regarded as having permanent postoperative hypo- Yes 108 240 sS4 185 54 380

parathyroid hormone. Among 151 patients receiving LLN
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dissection, 13 (8.6%) had temporary postoperative hypo-
potassemia, and 35 (23.2%) had temporary postoperative
hypoparathyroid hormone. Only seven (4.6%) were found
to have permanent postoperative hypoparathyroid hormone.
In addition, 6 of 151 (4.0%) patients had hoarseness after
surgery, and 1 of these 6 patients also had mediastinal
emphysema after surgery. Lymphatic fistula occurred on 4
of 151 (2.6%). In total, only 17 (11.3%) patients were found
to have developed relatively severe postoperative compli-
cations including permanent postoperative hypoparathyroid
hormone, hoarseness, and lymphatic fistula among all
patients that received LLN dissection in our study. The
average length of hospital stay was 6.44 days for LLN
dissection patients and 3.29 days for only CLN dissection
patients. A comparison of complication rates between
patients receiving CLN dissection and receiving only CLN
dissection was made and shown in Table 2. Actually, the
relatively severe complication rate was higher in LLN dis-
section group than in only CLN dissection group (11.3% vs
4.6%, P=0.009). Patients in LLN dissection group also
had longer hospital stays than those in only CLN dissection
(P =10.000)

Number of positive central lymph nodes was
significantly associated with lateral lymph node
metastases

Previous studies had reported that number of central lymph

node metastasis was a predictor for lateral involvement in

Table 2 Length of hospital stay and postoperative complications

patients with thyroid carcinoma [11, 12]. In this research, all
434 patients with CLN metastases were divided into two
groups based on the number of pre- or intraoperative
positive CLN found—more than five or five and less. The
relationship between CLN and LLN metastasis among these
two groups were shown in Table 3. The rate of LLN
metastasis in patients with more than five positive CLN was
significantly higher (44 of 53, 83.0%), than those with less
CLN metastases (98 of 381, 25.7%). Thus, we classified
those with more than five CLN involvements as extremely
high-risk group and recommended them for routine CLN
dissection.

Construction of the nomogram for patients with five
or less CLN involvements

In patients with five or less CLN involvements, univariate
and multivariate logistic regression analyses were con-
ducted to screen for variables associated with LLN
involvement. Factors significantly associated with LLN
metastases by univariate logistic analysis were found to
be: age no more than 40 years old, maximum tumor dia-
meter no less than 1.0 cm, TCI and PTC with iNG. These
were then enrolled in the multivariate logistic analysis.
Following a backward stepdown process with regard to
the Akaike information criterion, these four variables
were further confirmed as independent factors for LLN
metastases and were applied to construct the nomogram
(shown in Fig. 2).

All patients Receiving CLN 4 LLN dissection Receiving CLN dissection only

n=434 % n=283 % n=151 % P value
Length of hospital 540+1.62 6.44+1.15 3.29+0.67 0.000
stay (mean + SD)
1. Temporary postoperative hypopotassemia 0.132
No 407 93.8 269 95.1 138 91.4
Yes 27 6.2 14 49 13 8.6
2. Temporary postoperative hypoparathyroid hormone 0.894
No 335 77.2 219 77.4 116 76.8
Yes 99 22.8 64 22.6 35 232
3. Permanent postoperative hypoparathyroid hormone 0.143
No 421 97.0 277 97.9 144 95.4
Yes 13 3.0 6 2.1 7 4.6
4. Postoperative hoarseness 0.262
No 422 97.2 277 97.9 145 96.0
Yes 12 2.8 6 2.1 6 4.0
5. Lymphatic fistula 0.033
No 429 98.8 282 99.6 147 97.4
Yes 5 1.2 1 0.4 4 2.6
Relatively severe postoperative complications (including 3, 4, 5) 0.009
No 404 98.8 270 95.4 134 88.7
Yes 30 1.2 13 4.6 17 11.3
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Table 3 Risk stratification of PTC patients with CLN metastasis

More No more P value No more than five positive CLN metastasis P value
than five than five
(N=53, %) (N=2381, %) Low risk Moderate risk Relatively high risk
(N=124, %) (N =145, %) (N=112, %)
LLN metastasis 44 (83.0) 98 (25.7) 0.000 11 (8.9) 33 (22.8) 54 (48.2) 0.000
No LLN 9 (17.0) 283 (74.3) 113 (91.1) 112 (77.2) 58 (51.8)
metastasis
The bold values were to emphasize the LLN metastasis rates of different groups
Fig. 2 Univariate (a) and A Univariable risk factor for LLN metastasis _ HR (95% CI) P
multivariate (b) ]()gjstic BIL (Present vs. Absent) < I—EO—! 1.077 (0.680-1.705) 0.753
regression analyses of factors CEA(>=1.5vs. <1.5) 1 = 1.262 (0.733-2.173)  0.401
. . . Cr(>=70.0 vs. <70.0) A —_ 0.823 (0.514-1.318)  0.418
associated with LLN metastasis. TSH(>=2.35 vs. <2.35) 1 ——t 1264 (0.764-2.092) 0361
BIL bilateral PTC, CEA carcino- RBC(>=5.0vs. <5.0) A —t— 1.053 (0.639-1.735)  0.839
embryonic antigen, Cr serum Mon(>=0.35 vs. <0.35) — 1.172(0.734-1.870)  0.506
g . Neu(>=3.5vs. <3.5) —v— 1.489 (0.927-2.392)  0.100
creatinine, TSH thyroid- WBC(>=6.0 vs. <6.0) - i 1.277 (0.800-2.039)  0.305
stimulating hormone, RBC red Multifocality(Present vs. Absent) - o 1.264 (0.845-1.889)  0.254
blood cell count, Mon MTD (>=1cmvs. <1cm) 1 e 3.355(2.038-5.415)  0.000
. TCI (Present vs. Absent) : —— 2440 (1572-3788)  0.000
monocyte_’ Neu neutrophil, With iNG(Present vs. Absent) 4 D 2.705 (1.725-4.240)  0.000
WBC white blood cell count, With iHT(Present vs. Absent) — 0.827 (0.449-1526) 0544
MTD maximum tumor diameter, BMI (>23 vs. <=23) 4 ——i 0.911 (0.575-1.442)  0.690
TCI thyroid capsular invasion, Age (>40 vs. <=40) 4 —a— 0.542 (0.332-0.884)  0.014
iNG ipsilateral nodular goiter, 0.1 1 10
iHT ipsilateral Hashimoto
thyroiditis, BMI body Q
mass index
B Muttivariable risk factors for LLN metastasis HR (95% Cl) P
Age (>40 vs. <=40) - — 0.533(0.317-0.897)  0.018
TCI (Present vs. Absent) - n—o—« 1.720 (0.996-2.951) 0.047
MTD (>=1cm vs. <1cm) - —a— 3.051 (1.837-5.065)  0.000
With iNG(Present vs. Absent) - — 2.666 (1.555-4.572) 0.000
0.1 1 10

Evaluation and validation of the nomogram

A nomogram incorporating the above-mentioned four
variables was established to predict the existence of PTC
patients with CLN metastases (Fig. 3a). An internal vali-
dation was performed by 1000 bootstrap resamples for
evaluating its precision in terms of C-index. As a result, C-
index was found to be 0.761 (95% CI, 0.707-0.815), and
0.759 (95% CI, 0.745-0.773) after bootstrapping, demon-
strating favorable accuracy of our newly built model’s LLN
involvement prediction ability. The ROC curve was also
constructed for our cohort shown in Fig. 3b. Furthermore,
the calibration plot was created and the actual and estimated
probability of LLN metastases were in fair agreement
(shown in Fig. 3c).

@ Springer

Novel risk stratification according to the scores
obtained by the nomogram

The variables that constituted the nomogram had their
corresponding risk points. We then summed up the LLM
metastasis risk scores of each variable for all patients
according to our nomogram. Based on distribution of the
total risk score, two cutoff values were chosen to stratify
patients with five or less positive CLM involvements into
three subgroups:

(1) a low-risk group (patients with LLN metastasis risk
score of <90, n = 124),

(2) a moderate-risk group (patients with a risk score of
90-180, n = 145),
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Fig. 3 Construction, evaluation, and validation of the nomogram.
a The nomogram for predicting risk of possible LLN metastasis in
PTC patients with CLN metastasis. b The ROC curve and AUC of the
nomogram; ROC receiver operating characteristics. ¢ The calibration

(3) arelatively high-risk group (patients with a risk score
of 2180, n=112).

The rates of LLN metastases increased gradually from
low-risk to relatively high-risk group (8.9%, 22.1%, and
49.1% for low-risk, moderate-risk, and relatively high-risk
group, respectively), and chi-square test showed a sig-
nificant difference among these three subgroups (P = 0.000,
shown in Table 3).

Discussion

PTC is the most common endocrine malignancy on the
globe. Although it appears to have a favorable long-term
survival prognosis [13], the lymph node metastasis rate is
extremely high, ranging from 32% to 80% [14—17]. Reports
concluded that existence of positive lymph node metastasis
was associated with poor prognosis [13, 18]. Thus, the
management of cervical lymph nodes is of vital importance
in patients with PTC.

The cervical lymph node metastasis of PTC occurs firstly
in the central compartment and then infiltrates to the lateral
region in general [19]. For cNO patients, a “wait and see”
strategy is applied in some clinical centers, and central
lymph node dissection is also conducted routinely in several

curve of the nomogram for predicting possible LLN metastasis. Actual
probability is plotted on the y-axis, and nomogram predicted prob-
ability on the x-axis

regions considering high rate of level VI lymph nodes
involvement, and relatively low risk of surgery-related
complications. However, LLN dissection was performed
only for those with clinically positive LLN metastasis in
most medical institutions. Prophylactic LLN dissection was
not recommended by most clinical guidelines including the
American Thyroid Association guidelines due to the low
metastasis rate in this region as well as the high incidence of
postoperative complications including chyle leakage,
hemorrhage, nerve damage, shoulder ache, and limited
mobility, which makes the meticulous preoperative exam-
inations and assessments more crucial in LLN management.

Normally, ultrasonography is recognized as effective
means for detecting metastatic lymph nodes. Yet, reported
sensitivities of ultrasonography for cervical lymph node
metastasis was 37-84% [9] and ranged from 65.0 to 80.3%
for LLN metastasis [20, 21], which falls a bit short of being
reliable. Moreover, the insensitivity of assessing deep
lymph nodes such as those in the retropharyngeal region
also limits the usage of this technology. Subclinical LLN
metastasis may also exist in some of patients with PTC
especially those with positive CLN metastasis. Ito et al. [22]
conducted prophylactic LLN dissection for PTC patients
and found that LLN metastasis rate was as high as 40.5% in
microcarcinoma and may be even higher in carcinoma
enlargement. Several studies also revealed higher LLN
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involvement rates than what was previously estimated [23],
providing further evidence that the existence of LLN occult
metastasis was underestimated.

Considering the negative effect of LLN metastasis on
tumor recurrence and survival, more aggressive intervention
for patients with high LLN metastasis risk appears to be of
great importance. Given that skip metastasis (LLN involved
without positive CLN metastasis) was extremely rare for
patients with PTC [4, 24], most LLN metastasis occurs in
cases where CLN metastasis exist. Thus, we focused on
those patients in our study. Previous studies had screened
out some independent factors that were significantly cor-
related with LLN involvement for patients with CLN
metastasis such as number of CLN involved and tumor size
[25]. However, those studies only revealed qualitative
relationship between risk factors and LLN metastasis.
Research on quantifying the risk of LLN metastasis for
individual patients is hard to find. Therefore, creating a
predictive model to stratify patients using a more granular
level of LLN metastasis risk can help low-risk patients
avoid unnecessary surgical morbidity brought by prophy-
lactic LLN, and can be used to direct optimal individual
management for high-risk patients.

Bohec [26] reported that patients with more than five
positive CLN metastasis had a significantly high risk of
LLN involvement and could be predictive for LLN metas-
tasis. Here in our research, the incidence of LLN metastasis
both clinical and subclinical was over 80 percent (83.0%) in
patients with more than five clinically found positive CLN
metastasis. In contrast, incidence was 25.7% for those with
<5 positive CLN metastasis. In view of this, we classified
those with more than five CLN metastasis as extremely
high-risk group and LLN dissection should be recom-
mended for patients with this feature independent of clinical
evidences in LLN metastasis.

Among patients with five or less positive CLN metas-
tasis, the association between some clinicopathologic fac-
tors and LLN metastasis has been evaluated. Age,
maximum tumor diameter, existence of TCI, and PTC with
iNG were proven to be independent risk factors for LLN
involvement in the present research.

Previous studies have proved that young age [27-29] and
large tumor size [30] were CLN metastasis predictors.
However, to our knowledge, it is the first report where
young patients appeared to be more vulnerable to LLN
metastasis in patients with CLN metastasis. The cell via-
bility of young patients is relatively strong which means
stronger capability for invasion and metastasis. Larger size
often means more aggressive tumor and is associated with
lymph node metastases. Our research showed that patients
with tumor equal to or greater than 1.0 cm were more prone
to LLN metastasis than patients with smaller tumors.
Bilateral disease was reported to be predictive for CLN

@ Springer

metastasis [29], but the relationship between this clinical
feature and LLN metastasis remains unknown. In our
research, the connection between these two was analyzed
and the result indicated that in respect to PTC patients,
bilateral disease showed no tendency to be involved in LLN
involvement compared with unilateral carcinoma. It illus-
trates that bilateral carcinoma may contribute little to LLN
metastasis in PTC patients despite high occurrence rate of
CLN invasion. Extrathyroidal extension was widely repor-
ted to be related with central lymph node metastasis.
According to our clinical observation and experience,
patients with tumor directly underlie the boundary of the
thyroid and adjacent tissues also showed a high lymph node
invasion rate. Thus, we expanded the concept and defined
tumor clinging closely to the junction of thyroid and adja-
cent soft tissue, and invading beyond thyroid and sur-
rounding fibrous tissue, fat tissue, and even skeletal muscle
as TCI. As a result, clinical CLN metastasis patients with
TCI exhibited higher LLM involvement rate than those
without. This result hints that although invasion did not
reach outside of the thyroid tissue, the existence of close
infiltration to the capsular of thyroid can also lead to high
LLN metastasis risk. Interestingly, tumor with ipsilateral
Hashimoto thyroiditis (iHT) and with iNG were both ana-
lyzed in our research and only iNG was proven to be
positively related with LLN metastasis, which has not been
reported before. This implies that the coexistence of nodular
goiter portends a more aggressive tumor.

Nomogram is a tried and true method to create models
for clinical disease diagnosis [31] and is characterized by
its ability in combining multiple independent variables and
quantifying their respective impact for the whole model.
No such model has been constructed for predicting possible
LLN metastasis in controversial patients who were proven
to have few CLN metastasis. In our research, a nomogram
for predicting possible LLN involvement in patients with
few CLN metastasis was established based on the inde-
pendent risk factors we screened out and was proved to be
efficacious. All the factors included could be detected pre-
or intraoperatively: age should already be known, tumor
size can be measured by preoperative ultrasonography, and
TCI and ING can be proven by preoperative ultra-
sonography and intraoperative frozen biopsy. Furthermore,
the risk scores for LLN involvement were calculated in line
with the nomogram and each patient in our group had their
individual risk-evaluation scores determined. Three sub-
groups were then formed by two cutoff points: low (<90),
moderate (90-180), and relatively high risk (=180) groups.
The incidences of LLN metastasis were 8.9%, 22.8%, and
48.2%, respectively (P <0.001), confirming the rationality
and validity of our classification. For patients in the low-
risk subgroup, the incidence rate of positive LLN invol-
vement is extremely low, so unless obvious clinical
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Fig. 4 Treatment strategy
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<=5 positive CLN involved
pre- or intraoperatively found

Theraputic
LLN dissection

3 v 1]
Nomogram score Nomogram score Nomogram score
<=90 90 - 180 >=180

Prophylactic LLN

radioactive iodine
/ close follow-up

dissection /
Adjuvant

Adjuvant radioactive
iodine/ close follow-
up / Prophylactic
LLN dissection

Wait and see Comprehensive

assessment

evidence is present, “wait and see” is recommended for
these patients, and prophylactic LLN dissection is not
required as it contributes to higher surgery-related post-
operative complication rate. For patients in the moderate-
risk group, patient’s general status and preference as well
as clinician’s judgment should be comprehensively con-
sidered for individual treatment strategy. With nearly 50%
LLN transfer rate, close follow-up or adjuvant radioactive
iodine is recommended, prophylactic LLN dissection can
also be considered in conjunction with patient’s preference.
For patients in the extremely high-risk group in which the
incidence of occult LLN metastasis reaches up to 83% and
the incidence of surgery-related complication rate was only
11.3%, prophylactic LLN dissection is recommended, if
not, adjuvant radioactive iodine or a closer follow-up
scheme should at least be conducted. Finally, a detailed
treatment selection flow chart is created by our team and
shown in Fig. 4.

Limitations

Our research has several potential limitations. First, it is a
retrospective study and nonrandomized features are inevi-
tably produced. Second, some molecular markers such as
Braf mutation are not included in our analysis, which may
limit the application of our nomogram. Thus, more reliable
prediction models containing more details information are
expected in the future.
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