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Background: Whether the lymph node posterior to the right recurrent laryngeal nerve (LN-prRLN)
should be dissected is still controversial. This meta-analysis aimed to assess the risk factors for LN-prRLN
metastasis in papillary thyroid carcinoma (PTC).

Methods: We retrieved relevant studies published before May 2020 from the Wanfang Data, CNKI,
PubMed, Embase, Web of Science and Cochrane Library databases. Heterogeneity was assessed with the
Q-test and inconsistency index and sensitivity analysis and subgroup analysis were then used to find the
source of heterogeneity. Begg test and generate a funnel chart to assess publication bias.

Results: We retrieved 236 articles, 14 articles were selected as the subjects of our research. Fourteen
studies involving 10,580 patients were analysed in this study. The LN-prRLN metastasis rate was 9.22%
(975/10,580). The results of the meta-analysis showed that sex (P<0.001), age (P<0.001), tumour size
(P<0.001), multifocality (P<0.001), capsular invasion (P=0.04), extrathyroidal extension (P<0.001), superficial
central lymph node (VIa-LN) metastasis (P<0.001), and lateral lymph node (LLN) metastasis (P<0.001) were
correlated with LN-prRLN metastasis.

Discussion: Male sex, age <45 years, tumour size >1 cm, multifocality, capsular invasion or extrathyroidal
extension, and VIa-LN metastasis or LLN metastasis in PTC patients were significant risk factors for
predicting LN-prRLN metastasis. B ultrasound and CT scans are expected to predict LN-prRLN metastasis
in the future.
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Introduction

In recent years, thyroid carcinoma has exhibited the
rapidest increase in incidence among solid tumours
in China. Papillary thyroid carcinoma (PTC) is the
most common pathological type of thyroid cancer (1).
PTC has a good prognosis despite approximately 30% to
80% of patients having cervical lymph node metastasis at
the time of diagnosis (2). Therefore, most guidelines for
preoperative or intraoperative examination of the central
lymph node positive recommend central lymph node
dissection (CLND) (3). However, the lack of a uniform
surgical approach may lead to postoperative PTC relapse,
which requires additional surgery. Furthermore, reoperation
may increase the difficulty of the surgical procedure and
the risks of permanent hypoparathyroidism and recurrent
laryngeal nerve (RLN) injury (4). Therefore, it is very
important to emphasize standard and thorough CLND.

Although the American Thyroid Association (ATA)
guidelines outline the anatomical boundaries of CLND
in thyroid cancer, the guidelines only define the width of
the central compartment and not the depth of the central
compartment (5). Whether the lymph node posterior to
the right recurrent laryngeal nerve (LN-prRLN) should
be dissected is still controversial. On the one hand, some
researchers suggest that there is no need for routine
LN-prRLN dissection because of the low LN-prRLN
metastasis rate, the complex surgical approach and the
high complication rate. On the other hand, some scholars
have pointed out that the LN-prRLN metastasis rate in
PTC patients is as high as 2.74-38.27% (6,7). Incomplete
resection of the LN-prRLN in the first surgery can make
the residual lymph nodes difficult to excise in the second
surgery and even render complete excision impossible.
Therefore, we conducted a meta-analysis to investigate the
risk factors related to LN-prRLN metastasis and provide
reliable evidence-based support for LN-prRLN dissection.

We present the following article in accordance with the
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/gs-21-177).

Methods
Literature searching

The search databases included Wanfang Data, CNKI,
PubMed, Embase, Web of Science, and Cochrane Library.
The search time was limited to the establishment of the
database until May 2020. Subject terms and keywords
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were used to search, and a search strategy was formulated
according to the characteristics of the databases.
Chinese search terms were as follows: “thyroid tumour”
or “thyroid cancer” or “thyroid papillary tumour” or
“thyroid papillary carcinoma” and “laryngeal nerve rear”
or “tracheoesophageal” and “lymph node metastasis”;
English search terms were as follows: “thyroid carcinoma”
or “thyroid cancer” or “thyroid papillary carcinoma” or
“thyroid papillary cancer” and “recurrent laryngeal nerve”
or “inferior laryngeal nerve” or “paraoesophageal” and
“lymphatic metastasis” or “lymph node metastasis”.

Study inclusion/exclusion criteria

The inclusion criteria were as follows: (I) PTC was
confirmed via a pathological examination; (II) the neoplastic
lesions were located in the right or bilateral glands of
the thyroid gland without isthmic lesions; (III) patients
receiving at least right central lymph node dissection
(including LN-prRLN dissection); and (IV) the included
studies were prospective or retrospective. The exclusion
criteria were as follows: (I) comments, case series, overviews
and conference abstracts; (II) repeated publications.

Data extraction

Two authors (Tianhan Zhou and Fan Wu) read the
full text independently and extracted the relevant data.
Clinical information, including the first author, research
time, research centre (country), demographic data (sex,
age), and pathological data (tumour size, multifocality,
capsular invasion, extrathyroidal extension, and lymph node
metastasis), was collected. In the entire study evaluation
process, if the two authors had different viewpoints, a third
author joined the discussion to obtain a common viewpoint.

Statistical analysis

To assess the quality of the included studies, the
Methodological Index for Non-Randomized Studies
(MINORS) (8) was applied to all of the included studies.
Review Manager software (RevMan version 5.3) was used
to generate forest plots. This study included binary data,
which were analysed by the OR value and 95% CI. The Q
test and the I’ value were used to analyse the heterogeneity
of the studies. When P<0.10 or I’>50%, the random effects
model was adopted; otherwise, the fixed effects model was
used for data analysis. Stata software (version 14.1) was used
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Study Country Number (n) LN-prRLN (+) LN-prRLN (-) Quality Variable

Luo, 2017 (4) China 306 51 255 18 LEG®EDE
Chang, 2015 (6) Korea 5,556 148 5,408 17 D@B@®®
Yuan, 2017 (7) China 81 31 50 17 LRE®B®
Wang, 2017 (9) China 305 34 271 17 O@@E
Zhang, 2014 (10) China 283 77 206 18 DRE@ED®E)
Zhang, 2018 (11) China 301 46 255 17 LE®®

Hou, 2019 (12) China 424 96 328 17 LRE®EDE
Zhang, 2016 (13) China 245 33 212 17 L@ED®EDE)
Zhu, 2019 (14) China 592 111 581 17 OE@DG

Lee, 2009 (15) Korea 123 14 109 18 OGO

Bae, 2012 (16) Korea 369 45 324 18 LE®E®
Kim, 2012 (17) Korea 243 14 229 18 LE®OE

Ito, 2013 (18) Japan 92 127 795 18 L@®

Yu, 2018 (19) China 829 158 671 17 DRE@®BED®E)

@ sex, @ age, @ tumour size, @ multifocality, & capsular invasion, © extrathyroidal extension, @ LLN metastasis, Via-LN
metastasis. LN-prRLN, lymph node posterior to the right recurrent laryngeal nerve.

to perform the Begg test and generate a funnel chart to
assess publication bias. P>0.10 indicated no publication bias.

Results
Results of filtering literature

A total of 236 articles were retrieved. After reading the
titles and abstracts, we excluded articles that were not
in accordance with the inclusion criteria, and 36 articles
remained. Then, we screened the full texts, and 14 articles
were ultimately included in this study (4,6,7,9-19) (Table I).
The flowchart of article screening is shown in Figure 1. The
above 14 articles were included in this study, and the Begg
test and funnel charts were used to assess publication bias.
The funnel chart shows that there was no publication bias
in this meta-analysis (P=0.788, Figure 2).

Characteristics of the included studies

All of the included 14 articles, with publication dates
ranging from 2009 to 2019, were based on nonrandomized
studies. Basic information of 14 cohorts from these studies,
giving a total of 10,580 cases, was included in the analysis.
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The LN-prRLN metastasis rate was 9.22% (975/10,580).
Detailed information of each study is provided in Table 1.
The MINORS criteria (7able 2) were applied to all 14
studies.

Risk factors for LN-prRLN

Sex

Fourteen studies (4,6,7,9-19) involving 2,249 males and
8,331 females were included. In the comparison of sex, our
results showed that male sex was a risk factor affecting LN-
prRLN metastasis (OR =1.47, 95% CI: 1.26-1.72, P<0.001,
I’=63, Figure 3). There was large heterogeneity in this
group of studies. When the study by Yu ez /. was excluded,
I’=0%, indicating that the study by Yu er 4/. was the main
source of heterogeneity.

Age

Seven articles (6,7,9-12,19) were included in this study; in
these articles, 3,768 patients were aged <45 years, and 3,956
patients were aged >45 years. Our results showed significant
differences when the datasets were combined for the
comparison of age (OR =1.63, 95% CI: 1.23-2.14, P=0.003,
1’=44%, Figure 4). When the study by Hou et al. was
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Figure 1 The flowchart of article screening.
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Figure 2 The funnel chart of risk of bias.

excluded, the heterogeneity decreased to I’=0%; thus, the
study by Hou ez 4/. was the main source of heterogeneity.

Tumour size

Twelve articles (4,6,7,10-17,19) were included in this
study. In total, 3,368 patients had a tumour size >1 c¢m, and
6,012 patients had a tumour size <1 cm. The analysis
showed that tumour size is a risk factor for LN-prRLN
metastasis. The probability of LN-prRLN in patients with
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a tumour diameter >1 cm was 3.40 times higher that of
patients with a tumour diameter <1 cm (OR =3.40, 95% CI:
2.90-3.98, P<0.001, I’=24%, Figure 5).

Multifocality

Twelve studies (4,6,7,9-14,17-19) including 3,463 patients
with multifocal disease and 6,755 patients with unifocal
disease were analysed in this study. Our results showed
significant differences between the two groups (OR
=2.08, 95% CI: 1.61-2.68, P<0.001, ’=58%, Figure 6).
Heterogeneity t was tested in two different groups (Chinese
studies and other Asian studies) through subgroup analysis.
The subgroup analysis showed that heterogeneity was
lower and that the overall effect remained significant (OR
=2.07,95% CI: 1.56-2.75, P<0.001, I’=0%, Figure 7). Thus,
regional differences were the main source of heterogeneity
in this group.

Capsular invasion

Seven articles (4,7,9,12,13,15,19) including 623 patients
with capsular invasion and 1,691 patients without capsular
invasion were analysed in this study. In the analysis of
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Table 2 The MINORS score of each study
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Methodological index for non-randomized studies

Study Total
1 2 3 4 5 6 7 8 9 10 11 12
Luo, 2017 2 2 2 2 0 2 2 0 2 2 0 2 18
Chang, 2015 2 2 1 2 0 2 2 0 2 2 0 2 17
Yuan, 2017 2 2 1 2 0 2 2 0 2 2 0 2 17
Wang, 2017 2 2 1 2 0 2 2 0 2 2 0 2 17
Zhang, 2014 2 2 2 2 0 2 2 0 2 2 0 2 18
Zhang, 2018 2 2 1 2 0 2 2 0 2 2 0 2 17
Hou, 2019 2 2 1 2 0 2 2 0 2 2 0 2 17
Zhang, 2016 2 2 1 2 0 2 2 0 2 2 0 2 17
Zhu, 2019 2 2 1 2 0 2 2 0 2 2 0 2 17
Lee, 2009 2 2 2 2 0 2 2 0 2 2 0 2 18
Bae, 2012 2 2 2 2 0 2 2 0 2 2 0 2 18
Kim, 2012 2 2 2 2 0 2 2 0 2 2 0 2 18
Ito, 2013 2 2 2 2 0 2 2 0 2 2 0 2 18
Yu, 2018 2 2 1 2 0 2 2 0 2 2 0 2 17

1, A stated aim of the study; 2, inclusion of consecutive patients; 3, prospective collection of data; 4, endpoint appropriate to the study
aim; 5, unbiased evaluation of endpoints; 6, follow-up period appropriate to the major endpoint; 7, loss to follow up not exceeding 5%;
8, a control group having the gold standard intervention; 9, Contemporary groups; 10, baseline equivalence of groups; 11, prospective
calculation of the sample size; 12, statistical analyses adapted to the study design. MINORS, methodological index for non-randomized

studies.

Male Female Odds Ratio Odds Ratio
Study or subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bae.S.Y 2012 15 83 30 286 4.5% 1.88 [0.96, 3.70] T
Chang.H 2015 52 1171 96 4385 15.7% 2.08[1.47,2.93] = -
Hou.J.Z 2019 29 109 67 315 10.3% 1.34[0.81, 2.22] T =
Ito.Y 2013 23 118 104 804 8.7% 1.63[0.99, 2.69] -
Kim.Y.S 2012 5 43 9 200 1.1% 2.79[0.89, 8.80] T
Lee.B.J 2009 4 21 10 102 1.1% 2.16 [0.61,7.71)
Luo.D.C 2017 17 68 34 238 4.6% 2.00 [1.04, 3.86]
Wang.F.Q 2017 15 78 19 227 3.2% 2.61[1.25, 5.43]
Yu.Q.A 2018 18 167 140 662 20.4% 0.45[0.27, 0.76] B
Yuan.J.L2017 13 24 18 57 2.0% 2.56 [0.96, 6.81] 1
Zhang.L 2016 11 52 22 194 3.0% 2.10[0.94, 4.67] T
Zhang.P.Y2014 21 79 56 204 9.3% 0.96 [0.53, 1.72] -1
Zhang.T 2018 8 7 28 230 4.8% 0.92[0.40, 2.11] - 1
Zhu.J 2019 43 165 68 427 11.4% 1.86 [1.21, 2.87) =
Total (95% CI) 2249 8331 100.0% 1.47 [1.26, 1.72] ‘
Total events 274 701
Heterogeneity: Chi? = 35.46, df = 13 (P = 0.0007); I? = 63% t t f f
0.2 0.5 1 2 5

Test for overall effect: Z = 4.86 (P < 0.00001)

Female Male

Figure 3 Forest plot for LN-prRLN metastasis according to sex. LN-prRLN, lymph node posterior to the right recurrent laryngeal nerve.
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<45 Years >45 Years Odds Ratio Odds Ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chang.H 2015 88 2593 60 2963 23.0% 1.70 [1.22, 2.37) -
Hou.J.Z 2019 70 228 26 196 16.0% 2.90[1.76, 4.77) -
Wang.F.Q 2017 25 174 9 131 8.6% 2.27 [1.02, 5.05)
Yu.Q.A 2018 85 410 73 419 223% 1.24 [0.88, 1.75] B
Yuan.J.L 2017 20 48 1" 33 6.8% 1.43[0.57, 3.60] -
Zhang.P.Y 2014 50 181 27 102 14.4% 1.06 [0.61, 1.83] -~
Zhang.T 2018 21 134 1" 112 9.0% 1.71[0.78, 3.71] ] -
Total (95% CI) 3768 3956 100.0% 1.63 [1.25, 2.14] e
Total events 359 217 ) ) ) )
Heterogeneity: Tau? = 0.05; Chi* = 10.63, df = 6 (P = 0.10); I* = 44% K u 4 ¥
0.2 0.5 1 2 5

Test for overall effect: Z = 3.58 (P = 0.0003)

>45 Years <45 Years

Figure 4 Forest plot for LN-prRLN metastasis according to age. LN-prRLN, lymph node posterior to the right recurrent laryngeal nerve.

>1cm <icm Odds Ratio Odds Ratio

Study or subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bae.S.Y 2012 30 130 15 239 4.9% 4.48 [2.31, 8.69]
Chang.H 2015 91 1882 57 3675 22.0% 3.23[2.30, 4.51] o
Hou.J.Z 2019 68 197 28 227 10.2% 3.75[2.29, 6.13] =
Kim.Y.S 2012 1 135 3 128 1.7%  3.70[1.01, 13.57] - -
Lee.B.J 2019 1" 59 3 64 1.4% 4.66 [1.23, 17.64] - =
Luo.D.C 2017 33 82 18 220 3.5%  7.56[3.93, 14.53] -
Yu.Q.A 2018 83 234 75 595 16.4% 3.81[2.66, 5.47] e
Yuan.J.R 2017 20 32 20 58  3.2% 3.17[1.29, 7.77] -
Zhang.L 2016 21 138 13 109 7.4% 1.33[0.63, 2.78] -1
Zhang.P.Y 2014 37 90 40 193 9.0% 2.67[1.55, 4.61] -
Zhang.T 2018 30 127 16 174 6.2% 3.05[1.58, 5.89] -
Zhu.J 2019 74 262 37 330 14.1% 3.12[2.02, 4.82] -
Total (95% Cl) 3368 6012 100.0% 3.40 [2.90, 3.98] *
Total events 509 325 - A ) . .

t t + +

Heterogeneity: Chi* = 14.48, df = 11 (P = 0.21); I? = 24%
Test for overall effect: Z = 15.26 (P < 0.00001)

01 02 05 1 2 5 10

<tcm >1cm

Figure 5 Forest plot for LN-prRLN metastasis according to tumour size. LN-prRLN, lymph node posterior to the right recurrent

laryngeal nerve.

Mutifocal Unifocal Odds Ratio Odds Ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Chang.H 2015 79 2151 69 3405 12.8% 1.84 [1.33, 2.56) =
Hou.J.Z 2019 39 143 57 281 10.5% 1.47 [0.92, 2.36) T
Ito.Y 2013 38 289 89 760 11.5% 1.14[0.76, 1.71) ]
Kim.Y.S 2102 14 87 4 160 3.8% 7.48 [2.38, 23.51) -
Luo.D.C 2017 6 9 45 297 2.7% 11.20 [2.70, 46.42) -
Wang.F.Q 2017 16 92 18 213 7.1% 2.28[1.11,4.70] =
Yu.Q.A 2018 65 257 93 572 12.3% 1.74 [1.22, 2.50) -
Yuan.J.L 2017 20 41 1 40 5.2% 2.51[1.00, 6.34] -
Zhang.L 2016 20 108 13 137  6.8% 217 [1.02, 4.59) —
Zhang.P.Y 2014 37 79 40 204 9.1% 3.61[2.06, 6.33) =
Zhang.T 2018 13 72 33 229 7.3% 1.31 [0.65, 2.65) N
Zhu.J 2019 40 135 71 457 10.9% 2.29 [1.46, 3.58) e
Total (95% Cl) 3463 6755 100.0% 2.08 [1.61, 2.68] ‘
Total events 387 543
Heterogeneity: Tau? = 0.10; Chi? = 26.38, df = 11 (P = 0.006); I = 58% t t + t
Test for overall effect: Z = 5.60 (P < 0.00001) 0.02 041 1 10 50

Unifocal Mutifocal

Figure 6 Forest plot for LN-prRLN metastasis according to multifocality. LN-prRLN;, lymph node posterior to the right recurrent

laryngeal nerve.
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Unifocal
Events Total

Mutifocal

Study or subgroup Events Total

Odds Ratio
Weight M-H, Random, 95% ClI
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Odds Ratio
M-H, Random, 95% ClI

1.1.1 New Subgroup

Chang.H 2015 79 2151 69 3405 13.9%
Ito.Y 2013 38 289 89 760 12.7%
Kim.Y.S 2102 14 87 4 160 4.5%
Subtotal (95% CI) 2527 4325 31.1%
Total events 131 162

Heterogeneity: Tau? = 0.26; Chi* = 10.30, df = 2 (P = 0.006); I* = 81%

Test for overall effect: Z = 2.04 (P = 0.04)

1.1.2 New Subgroup

Hou.J.Z 2019 39 143 57 281 11.7%
Luo.D.C 2017 6 9 45 297 3.2%
Wang.F.Q 2017 16 92 18 213  8.1%
Yu.Q.A 2018 65 257 93 572 13.4%
Yuan.J.L 2017 20 41 1 40  6.1%
Zhang.L 2016 20 108 13 137  7.8%
Zhang.P.Y 2014 37 79 40 204 10.3%
Zhang.T 2018 13 72 33 229 83%
Subtotal (95% CI) 801 1973  68.9%
Total events 216 310

Heterogeneity: Tau? = 0.10; Chi* = 13.89, df = 7 (P = 0.05); I* = 50%
Test for overall effect: Z = 4.68 (P < 0.00001)

Total (95% Cl)
Total events

3328 6298 100.0%

347 472

Heterogeneity: Tau? = 0.12; Chi* = 25.61, df = 10 (P = 0.004); I = 61%

Test for overall effect: Z = 5.03 (P < 0.00001)
Test for subaroun differences: Chi? = 0.03. df = 1 (P = 0.85). I? = 0%

1.84 [1.33, 2.56)

1.14 [0.76, 1.71] .
7.48 [2.38, 23.51]
2.01 [1.03, 3.93]

1.47 [0.92, 2.36)
11.20 [2.70, 46.42]
2.28 [1.11, 4.70]
1.74[1.22, 2.50)
2.51[1.00, 6.34]
217 [1.02, 4.59]
3.61[2.06, 6.33]
1.31[0.65, 2.65] T
2.15 [1.56, 2.97]

2.07 [1.56, 2.75]

i } 4 Il
r T T 1

0.1
Unifocal

-
-
o

Mutifocal

Figure 7 Forest plot for LN-prRLN metastasis according to multifocality by subgroup analysis. LN-prRLN, lymph node posterior to the

right recurrent laryngeal nerve.

Capsular Invasion (+) Capsule invasion (-) Odds Ratio Odds Ratio
Study or subgroup Events  Total Events  Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Hou.J.Z 2019 59 143 37 281 16.5% 4.63[2.87,7.49] -
Lee.B.J 2009 2 69 12 54  9.4% 0.10[0.02, 0.49]
Luo.D.C 2017 27 61 24 245 15.4% 7.31[3.79, 14.12] ==
Wang.F.Q 2017 19 91 15 214 14.9% 3.50 [1.69, 7.25] —_
Yu.Q.A 2018 39 107 119 722 16.7% 2.91[1.87,4.51] e
Yuan.J.R 2017 6 19 18 62 122% 1.13[0.37, 3.43] S
Zhang.L 2016 18 133 15 13 14.9% 1.02[0.49, 2.14] .
Total (95% CI) 623 1691 100.0% 2.08 [1.05, 4.12] N
Total events 170 240 ) ) ) )
ity: Tau? = 0.68: Chi = - |2 = 859 + t t }
Heterogeneity: Tau? = 0.68; Chi* = 40.57, df = 6 (P < 0.00001); I* = 85% 0.01 01 1 10 100

Test for overall effect: Z = 2.10 (P = 0.04)

Capsular Invasion (-) Capsule invasion (+)

Figure 8 Forest plot for LN-prRLN metastasis according to capsular invasion. LN-prRLN;, lymph node posterior to the right recurrent

laryngeal nerve.

risk factors for capsular invasion, there was a significant
difference regarding capsular invasion between the two
groups. When PTC patients had capsular invasion, LN-
prRLN metastasis was 2.08 times higher that of PTC
patients without capsular invasion (OR =2.08, 95% CI:
1.05-4.12, P=0.04, I'=85%, Figure §).

Extrathyroidal extension

Seven articles (4,6,7,10,11,14,17,18) involving 3,966 patients
with extrathyroidal extension and 3,891 patients without
extrathyroidal extension were included in this study. In

© Gland Surgery. All rights reserved.

the analysis of risk factors for extrathyroidal extension,
extrathyroidal extension was closely related to LN-prRLN
metastasis in PTC (OR =3.48, 95% CI: 2.02-6.00, P<0.001,
I’=72%, Figure 9). When the study by Zhang et al. was
excluded, the heterogeneity decreased to I’=0%; thus, the
study by Zhang er al. was the main source of heterogeneity.

Central superficial lymph node (VIa-LN) metastasis

Six articles (4,10,12-14,19) on 1,175 patients with VIa-LN
metastasis and 1,505 patients without VIa-LN metastasis
were included. In the analysis of risk factors for VIa-LN
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Extrathyroidal extension (+)  Extrathyroidal extension () Odds Ratio Odds Ratio

Study or subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Chang.H 2015 121 3338 27 2097 43.4% 2.88[1.89, 4.39] —a

Ito.Y 2013 19 71 108 851 16.6% 2.51[1.43, 4.41] —_—

Kim.Y.S 2012 13 142 1 101 1.4% 10.08[1.30, 78.33]

Yuan.J.R 2017 5 6 26 75 09%  9.42[1.05,84.96]
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Figure 10 Forest plot for LN-prRLN metastasis according to VIa-LN metastasis. LN-prRLN, lymph node posterior to the right recurrent

laryngeal nerve.

metastasis, the results indicated that VIa-LN metastasis
was significantly associated with LN-prRLN. When
patients had lymph node metastasis in the central area,
the probability of LN-prRLN metastasis was 22.23 times
higher, and this group had a low heterogeneity (OR =22.23,
95% CI: 16.17-30.56, P<0.001, ’=11%, Figure 10).

Lateral lymph node (LLN) metastasis

Eight studies (4,10,12-16,19) involving 616 patients
with LLN metastasis and 2,554 patients without LLN
metastasis were analysed. In the analysis of risk factors for
LLN metastasis, the results showed a significant difference
between the two groups (OR =8.27, 95% CI: 6.37-10.75,
P<0.001, I’=22%, Figure 11).

Discussion

In 2009, Lee et al. in Korea initially reported the
relationship between PTC and LN-prRLN metastasis (15).
Subsequent research by Ito er 4/. in Japan confirmed that

© Gland Surgery. All rights reserved.

the clinicopathological characteristics of PTC are related
to LN-prRLN metastasis (18). We found that 9.22%
(975/10,580) of PTC patients had LN-prRLN metastasis,
which falls into the range of the metastatic rate reported
previously (2.74-38.27%). Therefore, PTC still has a high
probability of LN-prRLN metastasis, and some relevant
clinicopathological features of thyroid cancer can increase
the risk of LN-prRLN metastasis. However, a systematic
review was lacking, and there was no evidence of risk factors
to predict LN-prRLN metastasis.

The relationship between demographic factors and
LN-prRLN metastasis remains controversial. Among the
14 studies included in this study, those by Wang et 4/. and
Kim et al. suggested that male patients were more likely
to develop LN-prRLN metastasis than female patients
(9,17). After the data were combined, the results of the
meta-analysis showed that sex and LN-prRLN metastasis
were correlated; this correlation was likely related to
the increased sample size. The 8th edition of the AJCC
guidelines raised the age stratification to 55 years, but most
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Figure 11 Forest plot for LN-prRLN metastasis according to LNM. LN-prRLN, lymph node posterior to the right recurrent laryngeal

nerve.

of the studies included used 45 years as the classification
standard. Patients aged <45 years were more likely to
develop LN-prRLN metastasis than those aged >45 years,
which is consistent with the results of the studies by two
scholars, including Zhang et 4l. (11,12). In our study, the
OR value of demographic factor is smallest, but its 95%
confidence interval is short, which indicates the result has a
certain accuracy. Therefore, sex and age are risk factors that
affect LN-prRLN metastasis.

Tumour size and multifocality were also correlated with
LN-prRLN metastasis. In this study, tumour size >1 cm
was used as the classification criterion. The univariate
analysis of 12 studies suggested that tumour size is related
to LN-prRLN metastasis, while the multivariate analysis
of 5 studies showed that tumour size is still an independent
risk factor for LN-prRLN metastasis. Multifocality is not
only related to LN-prRLN metastasis but also closely
correlated with the prognosis of PTC patients. A previous
meta-analysis indicated that multifocality is an important
risk factor for disease progression and increases the risk of
disease recurrence (20). In our study, we further performed
subgroup analysis and our result showed that region was the
source of multifocal heterogeneity. The possible reason is
that Asian countries such as South Korea have higher levels
of iodine intake than China (21). If the tumour size is >1 cm
or multifocal disease is present, it is necessary to perform
LN-prRLN dissection.

In fact, thyroid capsular invasion and extrathyroidal
extension are two forms that describe the extent to which
the tumour invades surrounding tissues. When PTC invades
the capsule or extrathyroidal organs, it often increases
the risk of LN-prRLN metastasis. According to previous
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reports, the ten-year survival rate of patients decreases from
99.3% to 63%, if the tumour invades or breaks through
the capsule (22). Succinctly, LN-prRLN dissection should
be performed to reduce the risk of incomplete surgical
resection if there is a visible representation of capsular
invasion or extrathyroidal extension (23).

Our previous results suggested that the presence of Vla-
LN metastasis, >2 metastatic LNs and metastatic LNs >
0.45 cm in size demonstrated a significant association with
LN-prRLN metastasis (24). Although the LLN is the
second station for LN metastasis, the OR value of lateral
LN metastasis was significant. The risk factor of LN
metastasis had the highest OR value among all risk factors.
In our study, the OR value of VIa-LN metastasis was higher
than that of LLN metastasis. The reason is thought to be
the anatomy of the central region and lymph node drainage.
In this study, it was proven again that VIa-LN metastasis
and LLN metastasis are independent risk factors for LN-
prRLN metastasis.

Apart from the above mentioned indicators, some studies
have described the use of B ultrasound and computed
tomography (CT) scans to evaluate the status of LN-
prRLN metastasis. Zhang et 4l. reported that a CT value
exceeding 72 hu often indicates the presence of lymph node
metastasis (11). In addition, the effect of B ultrasound in
assessing LN-prRLN metastasis is conservative. According
to a study by Qu er 4/., the sensitivity and specificity of
ultrasound are 11.1% and 95.8% (11). Only two studies
proposed imaging indicators to assess LN-prRLN metastasis,
so they were not included in this study. In addition, more
data are needed to prove this hypothesis.

"This is a meta-analysis with the largest sample size so far,
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but there are still some limitations. (I) Risk factors including
tumor size, extrathyroidal extension, and central LN metastasis
have been shown to correlate with LN-prRLN metastasis
in previous studies. And we expect to find more correlations
between LN-prRLN metastasis and risk factors such as
imaging omics. (II) More prospective studies are expected to
be included to improve the credibility of the meta-analysis.

Conclusions

In conclusion, male sex, age <45 years, tumour size >1 cm,
multifocality, capsular invasion or extrathyroidal extension,
and VIa-LN metastasis or LLN metastasis in PTC patients
are significant risk factors for predicting LN-prRLN
metastasis. B ultrasound and CT scans are expected to
predict LN-prRLN metastasis in the future.
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