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Background: Lymph node metastases from papillary thyroid cancer is believed to disseminate sequen-
tially, first to the central neck and later to the lateral neck. Skip metastases of papillary thyroid cancer,
however, are defined as lateral lymph node metastasis without central lymph node metastasis. The aim
of this study was to investigate the risk factors for skip metastases and lateral lymph node metastasis of
papillary thyroid cancer.
Methods: We reviewed 721 papillary thyroid cancer patients undergoing total thyroidectomy with
central lymph node dissection and lateral lymph node dissection during 2013 to 2018. Multivariate lo-
gistic regression analysis was performed to identify clinicopathologic risk factors for skip metastasis and
lateral lymph node metastasis of papillary thyroid cancer.
Results: The rate of skip metastases was 7.4% (42 of 567 patients). Multivariate analysis showed that
female sex and papillary thyroid microcarcinoma (� 1 cm) were independent risk factors for skip me-
tastases, with odds ratios ([OR], 95% confidence interval [CI]) of 2.29 (1.02e5.16) and 2.84 (1.46e5.16),
respectively. Intrathyroidal spread of papillary thyroid cancer and an increased number of central lymph
nodes dissected were inversely associated with skip metastases with ORs (95% CI) of 0.13 (0.02e0.99)
and 0.88 (0.83e0.94), respectively. In contrast, a greater tumor size, central lymph node metastasis, an
increased number of central lymph nodes dissected, and an increased number of lateral lymph nodes
dissected were associated with a lateral lymph node metastasis risk of papillary thyroid cancer, with ORs
(95% CI) as follow: 1.67 (1.08e2.59), 3.07 (1.71e5.52), 1.25 (1.14e1.37), and 1.07 (1.04e1.10), respectively,
by multivariate analysis.
Conclusion: Greater tumor size, central lymph node metastasis, and an increased number of both central
lymph nodes and lateral lymph nodes dissected were predictors for lateral lymph node metastasis of
papillary thyroid cancer. In addition, papillary thyroid microcarcinoma was an independent risk factor for
skip metastases. A complete and comprehensive central compartment dissection may decrease the false-
positive detection of skip metastases of papillary thyroid cancer.

© 2019 Elsevier Inc. All rights reserved.
Papillary thyroid cancer (PTC) is one of the fastest increasing
malignancies.1 PTC has a better prognosis compared with other
types of cancer; however, central lymph node metastasis (CLNM) is
common, and nearly 50% of PTC patients present with CLNM when
routine (prophylactic) central lymph node dissection (CLND) is
performed.2,3 This observation does not mean that lateral lymph
node metastasis (LLNM) is an uncommon event. The rate of LLNM
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was as great as 74.9% among PTC patients, with an indication for
LLNM by preoperative imaging examination.4

It has been indicated that disease persistence and recurrence
and distant metastasis are significantly more frequent in PTC pa-
tients with LLNM (N1b) comparedwith patients of CLNM (N1a) and
clinically negative for lymph nodes (cN0).5 According to the
guidelines of the American Thyroid Association, an lateral lymph
node dissection (LLND) should be performed on patients with
biopsy-proven, metastatic lateral cervical lymphadenopathy,6 and
fine-needle aspiration cytology (FNAC) with washout for thyro-
globulin measurement was recommended for suspicious lymph
nodes. The incidence of occult, level III metastases was 30% among
patients without evidence of cervical lymph node metastasis when
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a prophylactic, level III dissection was performed.7 Furthermore,
the incidence of occult LLNM was reported as great as 55% among
PTC patients without clinical LLNM but with verified CLNM.8 Lim
et al9 found that the rate of recurrence in the lateral lymph nodes
was 4.5% with a median follow-up of 49 months among PTC pa-
tients without clinical evidence of LLNM undergoing total thy-
roidectomy and CLND alone. Therefore, developing methods to
predict LLNM is one of the key components to control nodal
metastasis and recurrence of PTC.

Cervical lymph node metastasis of PTC is believed to dissemi-
nate sequentially first to the central neck and only later to the
lateral neck. Some patients, however, develop LLNM without the
involvement of CLNM, which has been referred to as skip metas-
tasis. Although more advanced diagnostic tools are now available,
skipmetastases remain difficult to predict. The reported rate of skip
metastasis varies considerably, ranging from 6.8% to 27.8%,10,11

which might result from the small sample size of these studies.
We found that the number of dissected lymph nodes in the central
neck can affect the diagnosis of skipmetastasis; however, the status
of the CLND was not well investigated and not evaluated in the
multivariate analysis to identify the risk factor for skip metastases
from PTC previously.4,12 In addition, studies investigating LLNM and
skip metastases of PTC simultaneously were limited.

To better identify risk factors for skip metastasis and LLNM of
PTC, we investigated the potential predictors in terms of clinico-
pathologic characteristics, and we found many differences among
them, which may facilitate clinical decisions and benefit patients
with PTC.

Patients and Methods

Patient collection

This study was approved by the Ethics Committee of Union
Hospital, Wuhan, China. We reviewed the medical records and
pathologic results of patients who, from November 2013 to March
2018, met the following requirements: had undergone total thy-
roidectomy combined with bilateral CLND and unilateral or bilat-
eral LLND as their first operation and had a final pathology of PTC.
Patients with tumor foci located in the isthmus, a family history of
thyroid cancer, or radiation exposure in the head and neck were
excluded. Finally, a total of 4,192 patients were diagnosed with PTC,
of whom 721 PTC patients (17.2%) underwent LLND. Clinicopatho-
logic features of interest, such as sex, age, tumor size, tumor
number, bilaterality of tumor foci, capsular invasion, extracapsular
extension, intrathyroidal spread, CLNM, the number of CLNM, the
number of central lymph nodes dissected, the number of LLNM, and
the number of lateral lymph nodes dissected were collected.

Thyroidectomy

Thyroid surgery was performed by experienced surgeons who
had 5e20 years of experience. Intraoperative frozen section was
performed on all patients to determine nodule malignancy. Bilat-
eral CLND was routinely performed on these PTC patients. The in-
clusion of an LLND was performed based on preoperative imaging
results, tumor characteristics, and intraoperative exploration. The
central neck refers to level VI; whereas the lateral neck includes
levels II, III, IV, and V in the present study. Informed consents were
obtained from all patients preoperatively.

Pathologic diagnosis

Routine pathologic diagnosis was performed on the specimens
of the thyroid and fatlike tissues with 2- to 3-mm sections. Hema-
toxylin and eosin (HE) staining combined with or without
immunohistochemistry was performed to determine the patho-
logic types. Papillary thyroid microcarcinoma (PTMC) was defined
as tumors �1 cm in largest diameter. Solitary focus means only one
tumor in the thyroid, and multiple foci mean two or more foci
limited to the thyroid. Bilaterality is defined as the presence of PTC
foci in the right and left lobes of the thyroid. Capsular invasion
means that the tumor invades up to and possibly into the thyroid
capsule but does not penetrate it. In contrast, extracapsular
extension is defined as when the tumor penetrates through the
capsule and into the strapmuscle or perithyroidal fibrofatty tissues.
Intrathyroidal spread means that the primary tumor spreads to the
other parts of the ipsilateral thyroid.13

Literature review of studies with skip metastases in PTC

Because there were only 42 of the 567 patients presenting with
skip metastasis in our study, we performed a literature overview on
skip metastasis from PTC. We used the following strategies to
retrieve studies: “skip metastasis*” as well as “papillary” and
“thyroid” in titles or abstracts from June 2008 to June 2018 in da-
tabases including PubMed, EMBASE, and Cochrane Library. In
addition, references of the identified articles were searched
manually for relevant studies.

Studies that reported the rate of skip metastasis were included.
We excluded studies not involving PTC neoplasms, those not re-
ported in English, those including patients undergoing reoperation,
or those with fewer than three patients with skip metastasis. The
eligible studies were reviewed and the following data were
extracted: the first author, year of publication, study type, sample
size, the rate of skip metastasis, number of central lymph nodes
dissected, number of LLNM, and risk factors for skip metastasis.
Studies were presented according to the presence of multivariate
logistic regression analysis or not.

Statistical analysis

Statistical analyses were performed using SPSS v 22.0 (SPSS,
Chicago, IL, USA). Category variables were analyzed using the c2

test or the Fisher exact test. The number of metastatic lymph nodes
or lymph nodes dissected were expressed as mean ± standard
deviation and compared with the Student’s t test. Multivariate lo-
gistic regression analysis was performed to identify risk factors for
skip metastasis and LLNM of PTC. Statistical differences were set at
a two-sided P value < .05.

Results

Clinicopathologic features for LLNM risk of PTC patients

To investigate the predictors for LLNM, we first investigated the
association between the clinicopathologic features and the risk of
LLNM by univariate analysis. The following characteristics of pa-
tients were more likely to present with LLNM: male sex, (odds ratio
[OR] ¼ 1.54; P ¼ .038); a younger age (< 55 years), (OR ¼ 1.66; P ¼
.040); a greater tumor size (> 1 cm), (OR ¼ 2.87; P < .001); and
intrathyroidal spread (OR ¼ 3.63; P < .001). In addition, those with
capsule invasion and extracapsular extension were more likely to
present with LLNM compared with the corresponding groups
without these degrees of invasion or extension (OR ¼ 1.83 and 2.10,
respectively; P ¼ .003 for both; Table I). Of note, when examining
the central compartment, patients with CLNM were also more
likely to present with LLNM (OR¼ 10.42; P < .001), and the number
of metastatic lymph nodes in the central compartment was posi-
tively associated with the risk of LLNM of PTC (OR ¼ 1.47; P < .001).
The number of harvested lymph nodes in the central compartment



Table I
Clinicopathologic characteristics for LLNM risk of PTC patients by univariate analysis (n ¼ 721)

Category Non-LLNM (n ¼ 154) LLNM (n ¼ 567) OR (95% CI) P value

Sex
Male 37 (16.7) 186 (83.3) 1.54 (1.03e2.32) .038
Female 117 (23.5) 381 (76.5)
Age (years)
<55 126 (20.1) 500 (79.9) 1.66 (1.02e2.69) .040
�55 28 (29.5) 67 (70.5)
Tumor size
�1 cm 84 (33.5) 167 (66.5) 2.87 (2.00e4.14) < .001
>1 cm 70 (14.9) 400 (85.1)
Tumor number
Single 76 (23.9) 249 (76.6) 1.24 (0.87e1.78) .229
Multiple 78 (19.7) 318 (80.3)
Capsule invasion
No 50 (29.8) 118 (70.2) 1.83 (1.23e2.71) .003
Yes 104 (18.8) 449 (81.2)
Extracapsular extension
No 132 (23.9) 420 (76.1) 2.10 (1.29e3.42) .003
Yes 22 (13.0) 147 (87.0)
Bilaterality
No 91 (22.4) 316 (77.6) 1.15 (0.80e1.65) .456
Yes 63 (20.1) 251 (79.9)
Intrathyroidal spread
No 146 (23.6) 473 (76.4) 3.63 (1.72e7.64) .001
Yes 8 (7.8) 94 (92.2)
CLNM
No 70 (62.5) 42 (37.5) 10.42 (6.67e16.28) < .001
Yes 84 (13.8) 525 (86.2)
CLND number* 12.2 ± 7.5 13.1 ± 6.5 1.02 (1.00e1.05) .110
CLNM numbery 1.8 ± 3.0 6.1 ± 4.9 1.47 (1.36e1.60) < .001
LLND numberz 14.0 ± 8.5 20.5 ± 11.3 1.08 (1.06e1.11) < .001

Note: Data are expressed as number (%) or mean ± standard deviation.
* Number of central dissected lymph nodes.
y Number of central metastatic lymph nodes.
z Number of lateral dissected lymph nodes.

Table II
Multivariate analysis of the risk factors for LLNM of PTC (n ¼
721)

Variables OR (95% CI) P value

Sex 1.13 (0.69e1.86) .630
Age 1.20 (0.68e2.15) .529
Tumor size 1.67 (1.08e2.59) .022
Capsule invasion 1.11 (0.67e1.85) .681
Extracapsular extension 1.58 (0.88e2.84) .124
Intrathyroidal spread 1.39 (0.60e3.25) .439
CLNM 3.07 (1.71e5.52) < .001
CLNM number* 1.25 (1.14e1.37) < .001
LLND numbery 1.07 (1.04e1.10) < .001

Note: Category variables, such as sex (male versus female),
age (< 55 years versus � 55 years), tumor size (> 1 cm versus
� 1 cm), capsule invasion, extracapsular extension, intra-
thyroidal spread, CLNM (yes versus no), and the continuous
variable CLNM number and LLND number were included in
the multivariate model.

* Number of metastatic central lymph nodes.
y Number of dissected lateral lymph nodes.
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was similar among patients with or without LLNM (P > .05). Pa-
tients with LLNM had more metastatic lymph nodes in the central
neck than patients without LLNM (6.1 ± 4.9 vs 1.8 ± 3.0, P < .001). In
addition, we found that the number of lateral lymph nodes
dissected was positively associated with the risk of LLNM of PTC
patients (OR ¼ 1.08, P < .001) (Table I ).

Risk factors for LLNM of PTC by multivariate analysis

To identify risk factors for LLNM of PTC, variables with statistical
differences were included in a multivariate model. We found the
following risk factors for LLNM: a large tumor size (> 1 cm) with an
OR (95% confidence interval [CI]): 1.67 (1.08e2.59); CLNM with an
OR (95% CI): 3.07 (1.71e5.52); the number of metastatic lymph
nodes in the central neck with OR (95% CI): 1.25 (1.14e1.37); and
the number of dissected lymph nodes in the lateral neck with an
OR: 1.07 (P < .001; Table II).

Clinicopathologic features for risk of skip metastases among PTC
patients with LLNM

Next we reviewed skip metastasis from PTC. In contrast to male
patients with LLNM, patients of female sex (OR ¼ 2.18; P ¼ .053),
small tumor sizes (� 1 cm; OR ¼ 2.60; P ¼ .003), and the absence of
intrathyroidal spread (OR ¼ 8.83; P ¼ .033), were more likely to
present with skip metastases. Of note, the number of dissected
lymph nodes in the lateral neck was similar between patients with
andwithout skipmetastasis (P> .05). In contrast, patients with skip
metastasis had less LLNM (2.4 ± 1.8 vs 5.3 ± 4.7; P < .001), and the
number of metastatic lymph nodes in the lateral neck was inversely
associated with skip metastasis risk (OR ¼ 0.67; P < .001).
Furthermore, fewer central lymph nodes were dissected among
patients with skip metastasis than those in the nonskip metastasis
group (9.5 ± 6.4 vs 13.4 ± 6.4, P < .001), and the number of central
lymph nodes dissected was negatively associated with skip
metastasis (OR ¼ 0.89, P < .001; Table III).

Risk factors for skip metastasis of PTC with LLNM
by multivariate analysis

To identify risk factors for skip metastasis of PTC, variables with
the statistical differences were included in the multivariate model.
We found that female sex with an OR ([95% CI] 2.29 [1.02e5.16])
and smaller tumor size (� 1 cm) with an OR (2.84 [1.46e5.16]),



Table III
Clinicopathologic features for skip metastasis risk of PTC patients with LLNM by univariate
analysis (n ¼ 567)

Category Skip metastasis OR (95% CI) P value

Absent (n ¼ 525) Present (n ¼ 42)

Sex
Male 178 (95.7) 8 (4.3) 2.18 (0.99-4.81) .053
Female 347 (91.1) 34 (8.9)
Age (years)
< 55 464 (92.8) 36 (7.2) 1.27 (0.51-3.13) .607
� 55 61 (91.0) 6 (9.0)
Tumor size
� 1 cm 146 (87.4) 21 (12.6) 2.60 (1.38-4.90) .003
> 1 cm 379 (94.8) 21 (5.3)
Tumor number
Single 234 (94.0) 15 (6.0) 1.45 (0.75-2.78) .268
Multiple 291 (91.5) 27 (8.5)
Capsule invasion
No 106 (89.8) 12 (10.2) 1.58 (0.78-3.19) .201
Yes 419 (93.3) 30 (6.7)
Extracapsular extension
No 385 (91.7) 35 (8.3) 1.82 (0.79-4.19) .160
Yes 140 (95.2) 7 (4.8)
Bilaterality
No 294 (93.0) 22 (7.0) 0.86 (0.46-1.62) .650
Yes 231 (92.0) 20 (8.0)
Intrathyroidal spread
No 432 (91.3) 41 (8.7) 8.83 (1.20-64.98) .033
Yes 93 (98.9) 1 (1.1)
LLND number* 20.5 ± 11.4 20.0 ± 9.9 1.00 (0.97-1.03) .782
LLNM numbery 5.3 ± 4.7 2.4 ± 1.8 0.67 (0.56-0.82) < .001
CLND numberz 13.4 ± 6.4 9.5 ± 6.4 0.89 (0.84-0.95) < .001

Note: Data are expressed as number (%) or mean ± standard deviation.
* Number of lateral dissected lymph nodes.
y Number of lateral metastatic lymph nodes.
z Number of central dissected lymph nodes.

Table IV
Multivariate analysis of the risk factor for skip metastasis of
PTC patients (n ¼ 567)

Variables OR (95% CI) P value

Sex 2.29 (1.02e5.16) .045
Tumor size 2.84 (1.46e5.16) .002
Intrathyroidal spread 0.13 (0.02e0.99) .049
CLND number 0.88 (0.83e0.94) < .001

Note: Category variables, such as sex (female versus male),
tumor size (� 1 cm versus > 1 cm), and intrathyroidal
spread, and the continuous variable CLND number were
included in the multivariate model.

Figure. Flowchart of the searching process of the literatures on skip metastasis of
papillary thyroid cancer (PTC).
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were separately and independently associated with a risk of skip
metastases risk; however, intrathyroidal spread was inversely
associated with a risk of skip metastasis (OR ¼ 0.13, P ¼ .049). Of
note, the number of dissected lymph nodes in the central
compartment was inversely associated with skip metastasis, with
OR ([95% CI] 0.88 [0.83e0.94]; Table IV).
Literature review on skip metastasis of PTC

The literature screening process is presented in the Figure. We
identified 50 records through searching the databases. After
excluding duplicates (n ¼ 17) and ineligible studies (n ¼ 18), a total
of 15 studies were eventually included, with 5 studies evaluating
the predictors for skip metastasis and 10 studies reporting the rate
of skip metastasis of PTC. The characteristics of the included studies
are presented in Tables V and VI.

The frequency of skip metastasis in our study was 7.4%, which
was the lowest percentage and with the largest sample size among
the 6 studies with multivariate analysis (Table V). The ratio of
female to male patients with skip metastasis was about 4:1. The
number of dissected lymph nodes in the central neck was not
discussed in 4 studies.4,11,12,15

We also present the literatures reporting the frequency of skip
metastasis from 2008 to 2018 in studies that did not subject their
results to a multivariate analysis. A total of 5 studies were abstracts
from meetings,16e20 and the remaining were research articles.10,21e24

The frequency of skip metastasis ranged from 4% to 21.4% (Table VI).

Discussion

In the present study, we evaluated the predictors for skip
metastasis and LLNM of PTC. We found that female sex and tumors
less than 1 cm (PTMC) were risk factors for skip metastasis. In
contrast, intrathyroidal spread and an increased number of lymph



Table V
Literature overview on skip metastasis of PTC analyzed by multivariate analysis

Study (First author) Skip (n) M/F (n) Total (n) Skip rate LLNM number* CLND number* Risk factors for skip metastasis

Zhao (our study) 42 8/34 567 7.4% 2.4 ± 1.8 vs 5.3 ± 4.7 9.5 ± 6.4 vs 13.4 ± 6.4 Tumor size � 1 cm; female sex,
non-intrathyroidal spread; decreased CLND number

Jin (2018)12 44 10/34 355 12.4% 2.1 ± 1.5 vs 3.4 ± 2.9 NA Tumor size � 1 cm; upper lobe; abnormal margin;
extrathyroidal extension

Nie et al4 30 6/24 203 14.8% NA NA Tumor size � 0.5 cm
Lei et al14 39 12/27 450 8.7% 5.4 ± 2.2 vs 6.5 ± 2.9 10.8 ± 2.9 vs 11.0 ± 3.0 Tumor size � 1 cm; upper pole; capsule invasion
Ryu et al15,y 35 NA 154 22.7% NA NA Tumor size � 1 cm; � 45 years
Park et al11 32 6/26 115 27.8% 3.3 ± 2.5 vs 5.8 ± 3.5 NA Tumor size � 1 cm; upper pole

NA, not available.
* Data are expressed as mean ± standard deviation of the number of lymph nodes in the order of skip metastasis or not.
y Extracted from a meeting abstract.

Table VI
Literature overview of skip metastasis of PTC among studies without multivariate analysis

Study Skip (n) Total (n) Skip metastasis rate (%) Study type

Dzodic et al16 NA NA z 4 Meeting abstract
Su et al17,* 42 320 13.1 Meeting abstract
Tae et al18 12 119 10.1 Meeting abstract
Ryu19 74 346 21.4 Meeting abstract
Lee et al10,* 9 131 6.8 Research article
Kim et al20 21 126 16.7 Meeting abstract
Lim and Koo21 17 90 18.9 Research article
Kliseska and Makovac22 8 42 19.0 Research article
Xiao and Gao23,* 9 64 14.1 Research article
Chung et al24,* 3 39 7.7 Research article

* Skip metastasis rate was calculated as the number of patients with skip metastasis divided by the
number of patients with LLNM.
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nodes dissected in the central compartment were inversely asso-
ciated with skip metastasis risk. Concerning LLNM, larger tumor
size (>1 cm), CLNM, and an increased number of CLNM were risk
factors for LLNM of PTC. In addition, the number of dissected lymph
nodes in the lateral neck was positively associated with the risk of
LLNM from PTC.

Lymph node metastasis from PTC involves the central
compartment first, followed by the ipsilateral lateral neck and then
the contralateral neck. The frequency of LLNM from PTC was 78.6%
(567 of 721 patients undergoing a LLND in our study), which was
similar with the reported rate of LLNM of 74.9% (203/271), based on
preoperative imaging diagnosis by Nie et al.4 Lim et al9 reported
that larger tumor size (>1 cm) and CLNM were independent pre-
dictors for lateral lymph node recurrence of PTC. Similarly, we
found that tumors >1 cm and CLNM were associated with the risk
of LLNM from PTC. We found further that the number of CLNMwas
positively associatedwith the risk of LLNM from PTC. The OR for the
risk of LLNM was 1.24, with each additional metastatic lymph node
identified in the central neck. In addition, extranodal extension of a
metastatic central lymph node from PTC was an independent risk
factor for lateral lymph node recurrence,9 suggesting the close
relationship between CLNM and LLNM.

We found that patients < 55 years of age were more likely to
present with LLNM. Age < 55 years, however, was not associated
with LLNM risk of PTC. The increase in the age cutoff from 45 to 55
years of age at diagnosis downstaged a significant number of pa-
tients into stage I without significantly altering the mortality
associated with the various stages.25 We further found that the
number of lymph nodes dissected in the lateral neck was positively
associated with LLNM of PTC. Therefore, patients who are of a
younger age and have a larger tumor size and CLNM should be
examined carefully in the lateral neck, and the implementation of
standardized and comprehensive LLND can facilitate the eradica-
tion of metastatic lymph nodes in the lateral neck.

Skip metastases of PTC are defined as the presence of LLNM in
the absence of CLNM. Therefore, the elimination of CLNM is a
prerequisite in the diagnosis of skip metastasis, highlighting the
necessity of a bilateral CLND. We found that the number of lymph
nodes dissected in the central neck was inversely associated with
the risk of skipmetastasis (OR¼ 0.88, P< .001). A limited number of
dissected lymph nodes in the central neck might lead to the over-
estimation of the frequency of skip metastasis.4 A complete CLND
might eradicate all CLNM and thereby decrease the false-positive
detection of skip metastasis. After reviewing earlier studies on
skip metastasis, we found that the status of CLNM was poorly
described, and some variables with statistical differences and other
confounders were not adjusted in the investigation of risk factors
for skip metastasis.14 The ratio of female to male patients with skip
metastasis might also contribute to the heterogeneity between
studies.14

With the increased diagnosis and recognition of PTC, a growing
number of patients with PTMC have been detected. PTMC appears
to account for the majority of the increased incidence of thyroid
cancer.26,27 Earlier studies found PTMC to be a risk factor for skip
metastasis,11,12,14,15 which was consistent with our results; how-
ever, PTMC was inversely associated with LLNM of PTC. The po-
tential mechanisms involved in skip metastasis are obscure.
Contrary to the common understanding of lymph node metastasis
from PTC, believed to be first to the central neck and later to the
lateral neck, skipmetastasis appears to be able to bypass the central
lymph nodal drainage through lymphatic channels.

Earlier studies reported that younger age, male sex, larger tumor
size, and extrathyroidal extensionwere independent risk factors for
CLNM from PTC.28,29 We also found that patients with capsular
invasion, extracapsular extension, or intrathyroidal spread were
more likely to present with LLNM. Therefore, the predictors for
CLNMweremore like the risk factors for LLNM. In contrast, Lim and
Koo21 found that patients with tumors that had less lymphovas-
cular invasion and extracapsular spreadweremore likely to present
with skip metastasis. We found that intrathyroidal spread was
inversely associated with skip metastasis risk. The different risk
factors between skip metastasis and LLNM might account for the
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different tendencies for lymph node metastasis. We found further
that the mean and median ages of patients with PTMC were older
than those with tumor size > 1 cm (data not presented). We thus
expected that some PTCs may not develop from PTMCs, and the
metastatic trend of some PTMCs may be different from PTCs, sug-
gesting that some “genetic regulators” were involved in their
oncogenesis and metastasis by activating these intracellular or
extracellular processes in a certain period.30

Some studies have reported that tumor location in the upper pole
is a predictor for skip metastasis.11,12,14 Nie et al4 reported that the
primary tumor location (upper pole) was not significantly different
between the skip-positive group and skip-negative group. We were
unable to investigate the relationship between tumor location and
skip metastasis because of our inability to localize the primary PTC
based on the imaging reports we had available. However, in other
reports, tumor location was not specific for skip metastasis, and tu-
mor location in the upper pole was also positively associated with
LLNM risk of PTC.4,31 The most frequently involved skip area was
level III,10,11,21,22 which was different from level II as found by other
researchers.12,14 It might be expected that the upper pole of thyroid is
more closely linked with the lateral lymph nodes through lymphatic
passage compared with other parts of the thyroid. Therefore, tumors
located in the upper pole should be evaluated carefully for possible
LLNM and skip metastasis of PTC, including PTMC. Age �45 years
was found to be a risk factor for skip metastasis.15 However, we did
not find that age �55 years was associated with skip metastasis.

In the present study, we investigated the predictors for skip
metastasis and LLNM and found many risk factors that were
different from earlier studies. However, the risk factors we identi-
fiedwere based on our retrospective design and the relatively small
number of patients with skipmetastasis, and thusmay need further
exploration. In addition, our study has no information about
follow-up evaluation of the patients for potential development of
future metastases and there may be other potential confounding
factors (ie, comorbidities, clinical history) not taken into account in
our analysis. Indeed, one potentially important factor not taken into
account in our study is the time to CLNM or LLNM metastasis.

In conclusion, PTMC and female sex were risk factors for skip
metastasis, and intrathyroidal spread was inversely associated with
skip metastasis. In contrast, larger tumor size, CLNM, and an
increased number of CLNM number were independent risk factors
for LLNM of PTC. A comprehensive and standardized CLND and LLND
might decrease the detection of the false-positive skip metastasis
and increase the removal of lateral metastatic lymph nodes of PTC.

Acknowledgments

We appreciate all the staff involved in the preparation of the
study.

Conflicts of interest

The authors do not have financial interests or conflicts to report.
This research was performed independent of any outside funding
or support.

References

1. Chen W, Zheng R, Baade PD, et al. Cancer statistics in China, 2015. CA Cancer J
Clin. 2016;66:115e132.

2. Hall CM, Snyder SK, Maldonado YM, Lairmore TC. Routine central lymph node
dissection with total thyroidectomy for papillary thyroid cancer potentially
minimizes level VI recurrence. Surgery. 2016;160:1049e1058.
3. Mulla M, Schulte KM. Central cervical lymph node metastases in papillary
thyroid cancer: A systematic review of imaging-guided and prophylactic
removal of the central compartment. Clin Endocrinol (Oxf). 2012;76:131e136.

4. Nie X, Tan Z, Ge M. Skip metastasis in papillary thyroid carcinoma is difficult to
predict in clinical practice. BMC Cancer. 2017;17:702.

5. Sapuppo G, Palermo F, Russo M, et al. Latero-cervical lymph node metastases
(N1b) represent an additional risk factor for papillary thyroid cancer outcome.
J Endocrinol Invest. 2017;40:1355e1363.

6. Haugen BR, Alexander EK, Bible KC, et al. 2015 American Thyroid Association
Management Guidelines for Adult Patients with Thyroid Nodules and Differ-
entiated Thyroid Cancer: The American Thyroid Association Guidelines Task
Force on Thyroid Nodules and Differentiated Thyroid Cancer. Thyroid. 2016;26:
1e133.

7. Fraser S, Zaidi N, Norlen O, et al. Incidence and risk factors for occult level 3
lymph node metastases in papillary thyroid cancer. Ann Surg Oncol. 2016;23:
3587e3592.

8. Lim YS, Lee JC, Lee YS, et al. Lateral cervical lymph node metastases from
papillary thyroid carcinoma: Predictive factors of nodal metastasis. Surgery.
2011;150:116e121.

9. Lim YC, Liu L, Chang JW, Koo BS. Lateral lymph node recurrence after total
thyroidectomy and central neck dissection in patients with papillary thyroid
cancer without clinical evidence of lateral neck metastasis. Oral Oncol. 2016;62:
109e113.

10. Lee YS, Shin SC, Lim YS, et al. Tumor location-dependent skip lateral cervical
lymph node metastasis in papillary thyroid cancer. Head Neck. 2014;36:
887e891.

11. Park JH, Lee YS, Kim BW, Chang HS, Park CS. Skip lateral neck node metastases
in papillary thyroid carcinoma. World J Surg. 2012;36:743e747.

12. Jin WX, Jin YX, Ye DR, et al. Predictive factors of skip metastasis in papillary
thyroid cancer. Med Sci Monit. 2018;24:2744e2749.

13. Jin H, Yan H, Tang H, Zheng M, Wu C, Liu J. Internal spreading of papillary
thyroid carcinoma: A case report and systemic review. Case Rep Endocrinol.
2018;2018:7618456.

14. Lei J, Zhong J, Jiang K, Li Z, Gong R, Zhu J. Skip lateral lymph node metastasis
leaping over the central neck compartment in papillary thyroid carcinoma.
Oncotarget. 2017;8:27022e27033.

15. Ryu YJ, Cho JS, Cho DH, Yoon JH, Park MH. Skip metastasis to lateral neck lymph
nodes in papillary thyroid cancer. Eur Thyroid J. 2016;5:140.

16. Dzodic R, Markovic I, Goran M, Santrac N, Pupic G, Gavrilovic D. Sentinel lymph
node biopsy in papillary and medullary thyroid carcinomas and micro-
carcinomas in decision for selective modified lateral neck dissection. World J
Endocrine Surg. 2018;10:18e19.

17. Su XL RS. 8th Annual Meeting of Chinese College of Surgeons and 19th Annual
Meeting of the European Society of Surgery. Eur Surgery. 2015;47(Suppl 1):
1e281.

18. Tae S, Bae G, Kim Y. Skip metastasis in papillary thyroid carcinoma: A
single-center study with propensity score matching analysis. Thyroid. 2015;25:
A132.

19. Ryu Y. Skip metastasis to lateral neck lymph nodes in papillary thyroid cancer.
Thyroid. 2015;25:A137eA138.

20. Kim JH, Ryu YB, Kim LS. Skip metastasis to lateral neck node in solitary
papillary thyroid carcinoma. Eur Thyroid J. 2014;3:208.

21. Lim YC, Koo BS. Predictive factors of skip metastases to lateral neck compart-
ment leaping central neck compartment in papillary thyroid carcinoma. Oral
Oncol. 2012;48:262e265.

22. Kliseska E, Makovac I. Skip metastases in papillary thyroid cancer. Coll Antropol.
2012;36(Suppl 2):59e62.

23. Xiao GZ, Gao L. Central lymph node metastasis: is it a reliable indicator of
lateral node involvement in papillary thyroid carcinoma? World J Surg.
2010;34:237e241.

24. Chung YS, Kim JY, Bae JS, et al. Lateral lymph node metastasis in papillary
thyroid carcinoma: results of therapeutic lymph node dissection. Thyroid.
2009;19:241e246.

25. Tuttle RM, Haugen B, Perrier ND. Updated American Joint Committee on
Cancer/Tumor-Node-Metastasis Staging System for Differentiated and
Anaplastic Thyroid Cancer (Eighth Edition): What Changed and Why? Thyroid.
2017;27:751e756.

26. Davies L, Welch HG. Current thyroid cancer trends in the United States. JAMA
Otolaryngol Head Neck Surg. 2014;140:317e322.

27. Leboulleux S, Tuttle RM, Pacini F, Schlumberger M. Papillary thyroid micro-
carcinoma: Time to shift from surgery to active surveillance? Lancet Diabetes
Endo. 2016;4:933e942.

28. Liu W, Cheng R, Su Y, Diao C, et al. Risk factors of central lymph node
metastasis of papillary thyroid carcinoma: A single-center retrospective anal-
ysis of 3273 cases. Medicine (Baltimore). 2017;96:e8365.

29. Lin DZ, Qu N, Shi RL, Lu ZW, Ji QH, Wu WL. Risk prediction and clinical model
building for lymph node metastasis in papillary thyroid microcarcinoma. Onco
Targets Ther. 2016;9:5307e5316.

30. Zhao H, Li H. Network-based meta-analysis in the identification of biomarkers
for papillary thyroid cancer. Gene. 2018;661:160e168.

31. Hu D, Zhou J, He W, et al. Risk factors of lateral lymph node metastasis in cN0
papillary thyroid carcinoma. World J Surg Oncol. 2018;16:30.

http://refhub.elsevier.com/S0039-6060(19)30056-X/sref1
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref1
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref1
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref2
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref2
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref2
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref2
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref3
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref3
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref3
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref3
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref4
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref4
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref5
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref5
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref5
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref5
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref6
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref6
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref6
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref6
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref6
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref6
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref7
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref7
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref7
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref7
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref8
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref8
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref8
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref8
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref9
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref9
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref9
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref9
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref9
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref10
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref10
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref10
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref10
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref11
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref11
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref11
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref12
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref12
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref12
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref13
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref13
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref13
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref25
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref25
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref25
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref25
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref14
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref14
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref18
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref18
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref18
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref18
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref18
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref15
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref15
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref15
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref15
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref17
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref17
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref17
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref19
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref19
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref19
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref16
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref16
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref20
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref20
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref20
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref20
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref21
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref21
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref21
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref22
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref22
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref22
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref22
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref23
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref23
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref23
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref23
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref24
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref24
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref24
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref24
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref24
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref26
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref26
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref26
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref27
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref27
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref27
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref27
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref28
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref28
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref28
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref29
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref29
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref29
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref29
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref30
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref30
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref30
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref31
http://refhub.elsevier.com/S0039-6060(19)30056-X/sref31

	Risk factors for skip metastasis and lateral lymph node metastasis of papillary thyroid cancer
	Patients and Methods
	Patient collection
	Thyroidectomy
	Pathologic diagnosis
	Literature review of studies with skip metastases in PTC
	Statistical analysis

	Results
	Clinicopathologic features for LLNM risk of PTC patients
	Risk factors for LLNM of PTC by multivariate analysis
	Clinicopathologic features for risk of skip metastases among PTC patients with LLNM
	Risk factors for skip metastasis of PTC with LLNM by multivariate analysis
	Literature review on skip metastasis of PTC

	Discussion
	Acknowledgments
	Conflicts of interest
	References


