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Abstract
Background. Skip lymph node metastasis (SLNM) refers to lateral lymph node metastasis (LLNM) without 
involving central lymph node (CLN). Some microscopic nodal positivity may be difficult to detect before 
surgery due to atypical imaging characteristics. These patients are misdiagnosed as having clinically node-
negative (cN0) papillary thyroid cancer (PTC) even after central lymph node dissection, leading to a high 
risk of developing LNM after surgery. Current prediction models have limited clinical utility, as they are only 
applicable to predict SLNM from clinically node-positive (cN+) PTC, not cN0 PTC, and this has little impact 
on treatment strategies.

Objectives. This study aimed to establish a nomogram for preoperatively assessing the likelihood of SLNM 
in cN0 PTC patients with increased risk of LNM, thus optimizing their therapeutic options.

Materials and methods. The records of 780 PTC patients undergoing thyroidectomy along with bilateral 
central lymph node dissection were retrospectively reviewed. The cN0 patients with postoperative LLNM 
(occult SLNM) and cN+ patients without central lymph node metastasis (CLNM) (typical SLNM) were 
included in the SLNM group (n = 82). The CLNM-negative cN0 patients without postoperative LLNM were 
assigned to the non-SLNM group (n = 698). The independent correlates of SLNM constituted the nomogram 
for determining the likelihood of SLNM in high-risk cN0 PTC patients.

Results. The independent correlates of SLNM were age (hazard ratio (HR) = 1.016), tumor location 
(HR = 1.801), tumor size (HR = 1.528), and capsular invasion (HR = 2.941). They served as components 
in the development of the nomogram. This model was verified to present acceptable discrimination. It showed 
good calibration and a decent net benefit when the predicted probability was <60%.

Conclusions. We developed a nomogram incorporating preoperative clinical data to predict the probability 
of SLNM development in high-risk cN0 PTC patients, which contributed to their optimized treatment options.

Key words: papillary thyroid cancer, nomogram, central lymph node metastasis, clinically node-negative 
(cN0), skip lymph node metastasis
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Background

The metastasis of  lymph node (LN) impacts surgical 
regimens and recurrence risk stratification in papillary 
thyroid cancer (PTC).1,2 The dissemination of PTC cells 
through the lymphatic system occurs in a sequential pat-
tern, involving the central compartment first, continu-
ing to  the  ipsilateral lateral compartment, and finally 
metastasizing to the contralateral, lateral or mediastinal 
compartments.3 Skip lymph node metastasis (SLNM), 
on the other hand, is a rare form of lymph node metas-
tasis (LNM). It metastasizes to the  lateral lymph node 
(LLN) without involving the central lymph node (CLN).4 
Some microscopic nodal positivity may be difficult to de-
tect with ultrasonography prior to surgery due to atypi-
cal imaging characteristics. These patients are misdi-
agnosed as clinically node-negative (cN0) even though 
they received central lymph node dissection (CLND) due 
to the presence of significant LNM risk factors. As a re-
sult, their metastatic risk will be defined as  low, thus 
affecting the treatment plans. Lymph node metastasis 
is probable in these individuals following surgery, result-
ing in an unfavorable prognosis such as additional surgery, 
radiotherapy, etc.5–7

Previous studies have found the independent correlates 
of SLNM, such as tumor in the upper pole of the thyroid 
gland and older age, and developed several prediction 
models for discerning patients with SLNM from those 
with typical LNM.8–10 However, the clinical utility of these 
models is limited because they are only applicable to assess 
the likelihood of SLNM in clinically node-positive (cN+) 
PTC, not cN0 PTC. In the abovementioned studies, surgi-
cal procedures and treatment strategies were identical for 
cN+ patients with or without SLNM. Although discern-
ing SLNM from cN0 PTC may provide more individual-
ized treatment strategies, including prophylactic lymph 
node dissection or closer nodal follow-up, we are currently 
unable to accurately determine the likelihood of SLNM 
in these high-risk cN0 PTC patients.

Objectives

The goal of  this study was to establish a nomogram 
to preoperatively predict the likelihood of SLNM devel-
opment in cN0 PTC patients who are at an increased risk 
of LNM, thereby optimizing their therapeutic options.

Materials and methods

The present study complied with the principles stated 
in the declaration of Helsinki. The institutional review 
board of the People’s Hospital of Yuhuan approved this 
study (approval No. YYLS2018(015)), and informed consent 
was obtained from all patients.

Study population

This study retrospectively analyzed medical records 
of 1836 newly diagnosed primary PTC patients undergoing 
thyroidectomy along with bilateral CLND, including cN+ 
patients and cN0 patients with an increased risk of me-
tastasis and recurrence (e.g., larger tumor size, multifocal 
disease, extrathyroidal extension, family history of thyroid 
cancer, etc.). These medical records were obtained for pa-
tients admitted from January 2015 to May 2020. The tumor 
stage (tumor–node–metastasis (TNM)) in all patients was 
T1–4N0–1bM0 according to the 2015 American Joint Com-
mittee on Cancer (AJCC) guidelines.2 Patients with cN+ 
stage and central lymph node metastasis (CLNM), cN0 
stage and CLNM, poorly differentiated papillary cancer, 
history of neck surgery, and history of radiotherapy were 
excluded.

All included patients had complete pathology reports 
and were regularly followed up for at least 2 years (until 
they were diagnosed with lateral lymph node metastases 
(LLNM) after surgery (endpoint event) or lost to follow-
up). The follow-up deadline was June 30, 2022. Ultimately, 
780 patients were included in this study (median follow-up 
42 months, with 28 patients lost to follow-up (3.5%)). Based 
on the postoperative pathology reports and follow-up out-
comes, cN+ patients without CLNM and cN0 patients with 
postoperative LLNM were assigned to the SLNM group 
(n = 82), and the CLNM-negative cN0 patients without 
postoperative LLNM into the non-SLNM group (n = 698) 
(Fig. 1).

Data collection

The preoperative clinical data encompassing age, gender, 
body mass index (BMI), tumor (T) stage classified accord-
ing to the tumor-node-metastasis (TNM) system, history 
of Hashimoto’s thyroiditis, and family history of thyroid 
cancer were obtained through the hospital information 
system. Tumor location, size, number of  lesions, lesion 
distribution, hypoechoic mass, capsular invasion, extrag-
landular invasion, calcified foci, and Doppler blood flow 
were all examined and recorded with MyLab Class C ul-
trasonography (Esaote, Genoa, Italy).

Nomogram establishment

By investigating the differences in clinical indicators be-
tween the SLNM and non-SLNM groups, the variables with 
statistically significant differences between the 2 groups 
– that is, those with false discovery rate (FDR)-adjusted 
p-values  <0.05 calculated using Benjamini–Hochberg 
correction – underwent univariate and multivariate Cox 
regression analyses to screen for the independent corre-
lates of SLNM. A nomogram model was established based 
on these independent factors to predict the  likelihood 
of SLNM in high-risk cN0 PTC patients before surgery.
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Statistical analyses

Independent-sample t-test or Mann–Whitney U test 
were employed to compare the continuous variables, de-
pending on whether the distribution was normal or not 
(Shapiro–Wilk test). The homogeneity of variance was 
verified using Levene’s test prior to the t-tests. Categori-
cal variables were compared using χ2 tests, and if the ex-
pected count in any table cell was less than 5, Fisher’s 
exact test was applied. For ranked data, Mann–Whitney 
U test was used. Multivariate Cox regression was used 
to obtain the hazard ratio (HR) and 95% confidence inter-
val (95% CI) of each independent predictor utilized to de-
velop the nomogram. For the Cox proportional hazards 
regression model, we assessed the validity of the propor-
tional hazards assumption using Schoenfeld residuals and 
the linearity assumption using Martingale residuals for 
each continuous variable against survival time. Bootstrap 
resampling was used to adjust the overfitting deviation 
(1000 times). The concordance index (C-index) and Hos-
mer–Lemeshow (H–L) test were used to evaluate the dis-
crimination and calibration of the model. The area under 
the receiver operating characteristic (ROC) curve (AUC) 
and the calibration curve were used to show the distri-
bution of the discrimination and calibration. Decision 
curve analysis (DCA) was applied to assess the clinical 
applicability of the model. IBM SPSS v. 22.0 (IBM Corp., 
Armonk, USA), MedCalc v. 22.0.22 (MedCalc Software 
Ltd, Ostend, Belgium) and R package v. 3.6.2 (R Founda-
tion for Statistical Computing, Vienna, Austria) were used 
for statistical analyses.

Results

Clinical characteristics in the SLNM 
and non-SLNM groups

Table 1 presents the clinical data comparisons between 
the SLNM and non-SLNM groups. Only BMI was com-
pared using a t-test because it satisfied both normal dis-
tribution and variance homogeneity (p = 0.309 and 0.320, 
Shapiro–Wilk test; p = 0.533, Levene’s test). Regarding 
the comparison of categorical variables, χ2 tests were ap-
plied since no expected count in any table cell was less 
than 5 (Table 2).

Compared with the  non-SLNM group, patients 
in the SLNM group were older and had a larger tumor size 
(both FDR-adjusted p-values <0.05). The proportions of tu-
mor in the upper pole, single lesion, capsular invasion, and 
extraglandular invasion in the SLNM group were 46.34%, 
71.95%, 67.07%, and 42.68%, respectively, and were all sig-
nificantly higher than in the non-SLNM group (all FDR-ad-
justed p-values <0.05). There were no significant differences 
in gender, BMI, family history of thyroid cancer, history 
of Hashimoto’s thyroiditis, tumor T stage, lesion distribu-
tion, calcified foci, Doppler blood flow, and hypoechoic mass 
between the 2 groups (all FDR-adjusted p-values >0.05).

Univariate and multivariate analyses  
for SLNM in PTC patients

Age, tumor location, number of  lesions, tumor size, 
capsular invasion, and extraglandular invasion were 

Fig. 1. Flowchart of patient 
selection and grouping

PTC – papillary thyroid cancer; 
CLND – central lymph node 
dissection; CLNM – central lymph 
node metastasis; SLNM – skip 
lymph node metastasis; cN0 
– clinically node-negative; cN+ 
– clinically node-positive.

1836 PTC patients undergoing thyroidectomy along with bilateral CLND

Exclusion criteria: 

1) cN+ stage and CLNM

2) cN0 stage and CLNM

3) poorly differentiated papillary cancer

4) history of neck surgery

5) history of radiotherapy

Inclusion criteria:

1) at least 2-year follow-up 

2) complete pathology reports

Non-SLNM group (n = 698): 
CLNM-negative cN0

without postoperative LLNM

780 patients finally enrolled

SLNM group (n = 82):
cN+ without CLNM + cN0
with postoperative LLNM
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the  included variables for univariate Cox regression. 
They all satisfied the proportional hazards assumption 
(Fig. 2). Among them, age and tumor size as continuous 
variables met the  linearity assumption as well (Fig. 3). 
Univariate analyses showed that they were all associated 
with the development of SLNM (all p < 0.05) and were 
therefore included in the multivariate analysis. Multivari-
ate Cox regression analysis revealed that older age, tumor 
in the upper pole, larger tumor size, and capsular invasion 
were the independent correlates of SLNM (all p < 0.05; 
Table 3).

Nomogram development

A nomogram was built based on  the  4  independent 
predictors (age, tumor location, tumor size, and capsular 
invasion; Fig. 4). The estimated risk of SLNM was cal-
culated by summing the points of each predictor, with 
the weight equal to the HR values. The risk range of SLNM 
was 20–60% in this nomogram.

Nomogram verification

To evaluate the accuracy of the nomogram, a high AUC 
was obtained (0.824 > 0.75) (95% CI: 0.891–0.964) after 1000 
bootstrapping to adjust overfitting deviation in the ROC 
analysis, indicating a good discrimination (Fig. 5).

Evaluation of the calibration  
and clinical net benefit

The agreement between the probability of SLNM de-
velopment predicted using the nomogram and the actual 
incidence was evaluated with the calibration curve and 
the  H–L test. It  showed good agreement with the  ac-
tual incidence when the predicted probability was <60% 
(χ2 = 5.263, p = 0.729, H–L test; Fig. 6A). The DCA curve 
showed that the probability predicted using the nomo-
gram obtained a net benefit when the probability was <60% 
(Fig. 6B). It indicated that the prediction model could reli-
ably identify high-risk cN0 PTC patients with SLNM.

Table 1. Comparison of clinical characteristics of PTC patients between the SLNM and non-SLNM group

Variable Non-SLNM group 
(n = 698) SLNM group (n = 82) t/Z/χ2 

value p-value FDR-adjusted 
p-value

Age [years] 43 (29–60) 47 (31–65) 2.390* 0.017 0.043

Gender, n (%)
male

female
228 (32.66)
470 (67.34)

26 (31.71)
56 (68.29)

0.031 0.861 0.871

BMI [kg/m2] 24.32 ±3.79 23.51 ±3.53 1.072 0.301 0.452

Family history of thyroid cancer, n (%)
yes
no

78 (11.2)
620 (88.8)

7 (8.5)
75 (91.5)

0.526 0.468 0.636

History of Hashimoto’s thyroiditis, n (%)
yes
no

138 (19.8)
560 (80.2)

11 (13.4)
71 (86.6)

1.918 0.166 0.277

T stage of tumor, n (%)

T1
T2
T3
T4

24 (3.4)
378 (54.2)
237 (34.0)

59 (8.5)

7 (8.5)
41 (50.0)
24 (29.3)
10 (12.2)

0.360* 0.719 0.830

Tumor location, n (%)
upper pole

middle
lower pole

204 (29.2)
246 (35.2)
248 (35.5)

38 (46.3)
23 (28.0)
21 (25.6)

10.123 0.006 0.030

Number of lesions, n (%)
single

multiple
402 (57.6)
296 (42.4)

59 (72.0)
23 (28.0)

6.258 0.012 0.036

Distribution of lesions, n (%)
unilateral
bilateral

448 (64.2)
250 (35.8)

60 (73.2)
22 (26.8)

2.610 0.106 0.227

Tumor size [cm] 1.62 (1.27–2.30) 2.13 (1.50–2.93) 4.733* <0.001 0.002

Capsular invasion, n (%)
yes
no

280 (40.1)
418 (59.9)

55 (67.1)
27 (32.9)

21.765 <0.001 0.002

Extraglandular invasion, n (%)
yes
no

204 (29.2)
494 (70.8)

35 (42.7)
47 (57.3)

6.252 0.012 0.036

Hypoechoic mass, n (%)
yes
no

549 (78.7)
149 (21.3)

70 (85.4)
12 (14.6)

2.018 0.155 0.277

Calcified foci, n (%)
yes
no

230 (33.0)
468 (67.0)

30 (36.6)
52 (63.4)

0.436 0.509 0.636

Doppler blood flow, n (%)
rich
little
none

152 (21.8)
376 (53.9)
170 (24.4)

20 (24.4)
41 (50.0)
21 (25.6)

0.163* 0.871 0.871

Continuous variables were expressed as mean ± standard deviation (M ±SD; normal distribution) or median (interquartile range (IQR); skewed distribution). 
* Mann–Whitney U test. SLNM – skip lymph node metastasis; FDR – false discovery rate.
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Discussion

The  SLNM in  CLNM-negative cN0  patients affects 
the clinical stage and recurrence risk stratification. In this 
study, we revealed the independent correlates of the de-
velopment of SLNM (age, tumor location, tumor size, and 
capsular invasion) by analyzing the clinical characteris-
tics of cN+ patients without CLNM (typical SLNM) and 
cN0 patients with postoperative LLNM (occult SLNM). 
Based on  these predictors, a  nomogram was estab-
lished to preoperatively predict the likelihood of SLNM 

development in cN0 PTC patients who are at an increased 
risk of LNM, allowing for more individualized therapy.

The presence of SLNM is not detected with CLND. 
Sometimes, it is invisible for ultrasonography in an early 
stage due to atypical imaging features, leading to these 
patients being mistakenly classified as low-risk.10 Patients 
with occult SLNM are more likely to experience postop-
erative disease progression, which may lead to an unfa-
vorable prognosis such as additional surgery.11 The in-
cidence of postoperative metastasis in cN0 PTC may be 
successfully lowered if these patients are identified prior 

Table 2. Observed and expected counts of categorical variables in the SLNM and non-SLNM groups

Categorical variable Count Non-SLNM group (n = 698) SLNM group (n = 82)

Gender, n
male

observed
expected

228
227.3

26
26.7

female
observed
expected

470
470.7

56
55.3

Family history of thyroid cancer, n
yes

observed
expected

78
76.1

7
8.9

no
observed
expected

620
621.9

75
73.1

History of Hashimoto’s thyroiditis, n
yes

observed
expected

138
133.3

11
15.7

no
observed
expected

560
564.7

71
66.3

Tumor location, n

upper pole
observed
expected

204
216.6

38
25.4

middle
observed
expected

246
240.7

23
28.3

lower pole
observed
expected

248
240.7

21
28.3

Number of lesions, n
single

observed
expected

402
412.5

59
48.5

multiple
observed
expected

296
285.5

23
33.5

Distribution of lesions, n 
unilateral

observed
expected

448
454.6

60
53.4

bilateral
observed
expected

250
243.4

22
28.6

Capsular invasion, n
yes

observed
expected

280
299.8

55
35.2

no
observed
expected

418
398.2

27
46.8

Extraglandular invasion, n
yes

observed
expected

204
213.9

35
25.1

no
observed
expected

494
484.1

47
56.9

Hypoechoic mass, n
yes

observed
expected

549
553.9

70
65.1

no
observed
expected

149
144.1

12
16.9

Calcified foci, n
yes

observed
expected

230
232.7

30
27.3

no
observed
expected

468
465.3

52
54.7

SLNM – skip lymph node metastasis.
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Table 3. Univariate and multivariate Cox regression analyses of the factors associated with SLNM in PTC patients

Variable
Univariate Cox regression Multivariate Cox regression

p-value HR 95% CI p-value HR 95% CI

Age 0.015 1.016 1.003–1.029 0.017 1.016 1.003–1.030

Tumor location

lower pole reference reference

middle 0.203 1.539 1.282–1.837 N/A

upper pole 0.001 2.287 1.419–3.685 0.017 1.801 1.111–2.917

Number of lesions
multiple reference reference

single 0.035 1.203 1.109–1.174 0.236 4.785 1.506–1.726

Tumor size <0.001 1.549 1.289–1.861 <0.001 1.528 1.264–1.847

Capsular invasion
no reference reference

yes <0.001 2.709 1.669–4.399 <0.001 2.941 1.789–4.835

Extraglandular invasion
no reference reference

yes 0.041 1.319 1.169–1.271 0.628 1.743 1.566–1.909

HR – hazard ratio; 95% CI – 95% confidence interval; N/A – not applicable; SLNM – skip lymph node metastasis; PTC – papillary thyroid cancer.

Fig. 2. Schoenfeld residuals plots for assessing the validity of proportional hazard assumption. The proportional hazards assumption is met for age (A), 
tumor location (B), number of lesions (C), tumor size (D), capsular invasion (E), and extraglandular invasion (F)
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Fig. 3. 
Martingale 
residual plots 
for assessing 
the linearity 
assumption 
of continuous 
variables 
against survival 
time. Overall, 
there is a linear 
trend in age 
(A) and tumor 
size (B)

Fig. 4. Nomogram predicting the risk of SLNM in PTC patients. Each 
patient’s score is calculated from its predictors, and the total score 
corresponds to the probability of SLNM

SLNM – skip lymph node metastasis; PTC – papillary thyroid cancer.

Fig. 5. Discrimination evaluation of the nomogram. The ROC curve reveals 
an AUC of 0.824, indicating good discrimination (>0.75)

ROC – receiver operating characteristic, AUC – area under the curve.
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to surgery, thus improving the prognosis.11,12 The majority 
of studies on SLNM analyzed the characteristics of cN+ 
patients compared to subjects without SLNM, while cN0 
PTC patients were not enrolled.8,10,13 Despite the fact that 
Yang et al. included cN0 PTC patients in their study, they 
determined that cN0 PTC patients were all non-SLNM 
patients and did not conduct postoperative follow-up, ig-
noring the occult SLNM in cN0 PTC.14

Some of the possible reasons for postoperative LLNM 
in cN0 PTC patients are: 1) occult SLNM is present prior 
to surgery, and residual tumor cells in the LLN induce 
postoperative LLNM15; or  2)  after CLND, tumor cells 
in  the  residual thyroid gland metastasize to  the LLNs 
via the lymphatic pathway along the upper pole of thy-
roid vessels vasculatures because the lymphatic pathway 
to CLNs is blocked.16 Therefore, we believe that postop-
erative LLNM in cN0 PTC patients who received CLND 
is mostly SLNM. In this study, postoperative follow-up 
was performed to identify occult SLNM patients in order 
to investigate the risk factors of SLNM and establish a pre-
diction model to estimate the risk of SLNM.

Multivariate Cox regression analysis in this study found 
that older age, larger tumor size, upper pole location, and 
capsular invasion were independent factors of the SLNM 
development. Older age is a risk factor for both PTC17–19 and 
LLNM.20,21 Wang et al. concluded that age ≥55 years was 
an independent risk factor for SLNM, which is consistent 
with the findings of this study.13 There is still controversy 
regarding the size and invasiveness of tumors in SLNM 
patients. Wang et al. and Lim et al. found that SLNM was 
more likely to develop in weakly invasive PTC, and that 
tumor size <1 cm was an independent risk factor.13,22 How-
ever, Yang et al. showed that tumor size >1 cm and capsular 
invasion were independent factors for SLNM.14 Our results 
support the idea of Yang et al.14 that large tumor size and 
capsular invasion are independent factors for the develop-
ment of SLNM, and these factors are similar to the risk 

factors for LLNM.23–25 One possible explanation is that 
a tumor with a larger diameter and capsular invasion may 
be closer to the lymphatic pathway along the upper pole 
of thyroid vessels, allowing tumor cells to directly me-
tastasize to the LLN. In this study, tumors in the upper 
pole of the gland were found in 46.34% of SLNM patients, 
which was higher than in the non-SLNM group. It is in line 
with the studies by Yang et al.14 and Hou et al.26 The pos-
sible explanation is that the lymph from the upper pole 
of the thyroid mainly enters the venous system through 
the lateral cervical lymph nodes along the lymphatic ves-
sels accompanying the superior thyroid artery.16,27 There-
fore, the tumor cells located in the upper pole of the thy-
roid are more susceptible to spread to the LLNs through 
the ascending lymphatic vessels, leading to SLNM.

To our knowledge, this is the first study to establish 
a nomogram for quantifying the likelihood of SLNM de-
velopment in high-risk cN0 PTC patients before surgery. 
The model was confirmed to have good discrimination af-
ter resampling. When the predicted probability was <60%, 
the model agreed well with the actual incidence and could 
yield a net benefit. Clinicians can assess the likelihood 
of SLNM in each high-risk cN0 PTC patient before surgery 
by utilizing this nomogram. For example, when a 50-year-
old patient with a 3-centimeter invasive tumor in the up-
per pole of the thyroid has a calculated score of approx. 
220 points, it means that the likelihood that this patient 
will develop SLNM is more than 50%, and prophylactic 
lymph node dissection or closer nodal follow-up may be 
recommended.

Limitations

There are some limitations to this report. First, because 
it was a retrospective study with a limited sample, we did 
not have the  opportunity to  assess the  angioinvasion 
of  lymphatic vessels, or perform an external validation 

Fig. 6. Evaluation of the calibration and clinical net benefit of the nomogram. The calibration curve shows that the probability of SLNM predicted with 
the nomogram matches the actual incidence well when the probability is <60% (A). The DCA curve indicates that when the threshold probability is <60%, 
the nomogram yields clinical net benefit (B)

SLNM – skip lymph node metastasis; DCA – decision curve analysis.
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to further evaluate the performance of the model. Second, 
limited follow-up time could result in missing patients with 
postoperative metastases due to occult SLNM. Finally, 
we were unable to analyze the occult SLNM in low-risk 
cN0 PTC patients because pathological results of their 
CLNs were not available. We plan to conduct a multi-
center prospective study with a longer follow-up period 
in order to strengthen the prediction model.

Conclusions

We developed a nomogram which incorporated age, tu-
mor location, tumor size, and capsular invasion, for preop-
eratively estimating the likelihood of SLNM development 
in cN0 PTC patients at an increased risk of LNM. If further 
validated, it will allow for personalized therapies to mini-
mize the incidence of postoperative metastases in patients 
with cN0 PTC.
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