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Abstract

Background: The presence of central lymph node metastases (CLNM) has been suggested as a risk factor for poorer
prognosis and recurrence in papillary thyroid microcarcinoma (PTMC). However, the clinicopathologic factors for
CLNM in clinical node-negative (CNO) PTMC were not well defined. This study aimed to perform a systematic review
and meta-analysis to investigate the significant clinicopathologic predictors of CLNM in CNO PTMC.

Methods: A systematic literature search was performed in PubMed, Embase, Cochrane Library, and Web of Science.
Case-control studies on the association of clinicopathologic risk factors with CLNM in CNO PTMC were included.

Results: Thirteen eligible studies involving 6068 patients with CNO PTMC were included. From the pooled analyses,
male (odds ratio [OR]: 2.07, 95% CI: 1.49-2.87, P < 0.001), multifocality (OR: 1.88,95% CI: 1.54-2.29, P < 0.001), tumor
size > 5 mm (OR: 1.84,95% Cl: 1.55-2.18, P < 0.001), and extrathyroidal extension (OR: 1.96, 95% Cl: 1.30-2.95, P =
0.001) are significantly associated with increased risk of CLNM in CNO PTMC. A sample size with a cutoff point of 200
was identified as the source of heterogeneity for sex according to meta-regression (t = 3.18, P = 0.033). Then, the
subgroup analysis of male was performed, which illustrated that male increased the risk of CLNM in the small sample
group (SG) and the large sample group (LG) by 6.11-folds and 2.01-folds, respectively (SG: OR, 6.11, 95% Cl, 3.16-11.81,
P <0.007; LG: OR, 2.01,95% Cl, 1.65-2.46, P < 0.001).

Conclusions: Male, multifocality, tumor size > 5 mm, and extrathyroidal extension may be reliable clinical predic-
tors of CLNM in CNO PTMC. Moreover, prophylactic central lymph node dissection should be considered in surgical
decision-making for CNO PTMC patients, who are male, multifocal, with tumor size > 5 mm, and with extrathyroidal
extension.
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Introduction

Papillary thyroid carcinoma (PTC) has received much
attention over the past decade due to its rapid global
increasing incidence, with an incidence of 4.3/100000
to 143.3/100000 in women in various populations
worldwide [1, 2]. Owing to the improved ability to
detect small tumors on ultrasound imaging, most PTCs
are initially diagnosed as papillary thyroid microcar-
cinomas (PTMCs), defined as the largest diameter of
a PTC tumor < 1 cm [3, 4]. Recently, total thyroidec-
tomy or lobectomy plus ipsilateral prophylactic central
lymph node dissection (CLND) are important recom-
mended surgical approaches in the management of
PTC [5-7]. However, prophylactic CLND in clinical
node-negative (CN0O) PTMC remains controversial due
to the relatively indolent progression and potential risks
of neurological and parathyroid dysfunction [8]. The
2015 American Thyroid Association guidelines strongly
recommended that thyroidectomy without prophylac-
tic CLND is appropriate for noninvasive CNO PTMC
[5]. Nevertheless, the previous studies revealed that the
proportion of central lymph node metastases (CLNM)
of CNO unilateral PTMC was even higher than 40% [9—
12]. In previous studies, the presence of CLNM was a
significant factor related to recurrence-free survival in
PTMC [13]. In addition, a meta-analysis including 25
studies revealed that prophylactic CLND significantly
reduced the risk of central neck recurrence [14]. All of
the above suggests that the incidence of CLNM in CNO
PTMC was not low enough to ignore the necessity of
prophylactic CLND. Therefore, preoperative and intra-
operative prediction of CLNM status in CNO PTMC
plays an important reference role in surgical decision-
making. To explore the association between CLNM
and clinicopathologic risk factors in CNO PTMC, many
case-control studies were completed [9-12, 15-23].
Clinicopathologic factors, such as sex, age, tumor size,
multifocality, extrathyroidal extension (ETE), bilat-
eral, capsule involvement, etc., were conferred can-
didate predictors for CLNM in CNO PTMC [9-12,
15-23]. However, the existing single-center retrospec-
tive studies had the limitations of small sample size
and inconsistent definitions of risk factors that might
draw unreliable conclusions with considerable biases.
Therefore, comprehensive systematic research with
more objectivity and a larger sample size to investigate
the predictors of CLNM in CNO PTMC is needed. The
purpose of this study is to perform a systematic review
and meta-analysis to evaluate the preoperative and

intraoperative clinicopathologic predictors of CLNM in
CNO PTMC.

Materials and methods

This systematic review an meta-analysis were conducted
according to the guidelines proposed by the Preferred
Reporting Items for Systematic Reviews and Meta-analy-
ses (PRISMA) [24]. Online registration has been accepted
by PROSPERO (CRD42021242211).

Search strategy

A literature search was conducted from PubMed,
Embase, Cochrane Library, and Web of Science for arti-
cles published until February 11, 2022. Two independent
authors (XZ Wen and QM Jin) identified articles with a
combination of the following terms: “Papillary Thyroid
Microcarcinoma,” “Lymphatic Metastasis,” “Risk factors,”
and “Case-Control Studies” with language restriction
“English” All subject words and related random words
were used for the search. The detailed search strategies
were documented in Supplementary file 1.

Study selection

All articles obtained from the search were screened
according to the inclusion criteria: (1) original English
articles; (2) CNO PTMC patients who received total thy-
roidectomy or lobectomy and CLND as the primary sur-
gical, and the CNO was defined as no preoperative clinical
evidence of lymph node involvement by ultrasonography;
(3) study of the association between CLNM and relevant
clinicopathologic and/or ultrasonic risk factors; (4) mul-
tivariate regression analysis was used to return at least
one statistically significant risk factor expressed by odds
ratio (OR) and 95% confidence interval (CI); and (5)
case-control study. The selection process was screened
by titles and abstracts initially to exclude the duplicates,
conference abstracts, reviewers, meta-analysis, and non-
English articles, and then the full text of the remaining
studies was downloaded and assessed independently by
two investigators (XZ Wen and QM Jin) based on the
above inclusion criteria. A third investigator (XX Cen)
was introduced to resolve the disagreements.

Data extraction

The following data were extracted by two investigators
(XZ Wen and QM Jin) independently in standardized
forms: first author, the published year, country, sample
size, number and percentage of males, mean age at diag-
nosis, number and percentage of CLNM patients, type of
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surgery, tumor size, multifocality, extrathyroidal exten-
sion, and bilateral and capsule involvement. Disagree-
ments were resolved through consultation with the third
investigator (XX Cen).

Quality assessment

Each study’s risk of bias was assessed based on the New-
castle-Ottawa scale (NOS), which consists of three col-
umns: selection, comparability, and exposure. A score
of more than 6 stars was considered to be of high qual-
ity. Two investigators (XZ Wen and QM Jin) performed
quality assessment independently, and the disagreements
were resolved by discussing it with the third investigator
(XX Cen).

Statistical analysis

The pooled ORs and 95% Cls of the significant risk fac-
tors for CLNM were calculated. The fixed-effect model
or the random-effect model was chosen according to
the heterogeneity. Cochran’s chi-squared and Higgins' I*
statistic were applied to evaluate the heterogeneity, with
considerable heterogeneity defined as P < 0.10 or I* >
50%. When moderate or severe heterogeneity existed,
the sensitivity analysis used metainf meta-based influ-
ence analysis tool, and meta-regression was performed
to explore the sources of considerable heterogeneity.
The risk of publication bias was analyzed using Egger’s
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test and funnel plot. When the publication bias was pre-
sented, the trim and filling analysis was performed to
calibrate the bias. All statistical analyses were processed
using ReVman software 5.3 (Cochrane Collaboration,
Oxford, UK) and Stata software 16.0 (Stata Corporation,
College Station, TX, USA). All images were created with
Adobe Photoshop CS6 13.0 (Adobe Corporation, San
Jose, USA) for Windows.

Results

Description of literature search

As shown in Fig. 1, we identified a total of 242 studies
through the database searching, then 38 duplicate stud-
ies, and a further 147 studies were excluded after titles
and abstracts assessment. Next, a further 44 studies were
also excluded by screening the full text of the remaining
57 articles. Finally, 13 case-control studies incorporating
6068 patients were included in this meta-analysis.

Characteristics of the included studies

The characteristics of included studies are shown in
Table 1, which lists author, published year, country, sam-
ple size, mean age, male, surgery type, CLNM, and signif-
icant risk factors. There were eight, five, ten, six, six, two,
two, two, and one studies that investigated the sex, age,
tumor size, tumor location, multifocality, extrathyroidal
extension, bilateral, capsule involvement, tumor location,

Records identified through database
searching(n=242):
Pubmed:132;Embase:15;Web of
science:95;Cochrane library:0

Duplicates removed

y

Y

(n=38)

Records screened by titles and abstracts
(n=204)

147 articles excluded:
6 meta-analysis

y

Y

19 non-English articles
120 not relevant
2 conference abstract only

by full-text articles
57)

44 articles excluded:
39 not relevant

y

Y

5 lake of available data for
analysis

Studies included in the meta-analysis
(n=13)

Identification
Screening
Eligibility Records assess((:(i
Included
Fig. 1 Flow diagram of literature search for this meta-analysis
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Table 1 Characteristics of included studies
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First author, year (references) Country Sample size Mean age, y Male (%) Surgery type CLNM (%) Risk factors
Gui, 2018 [14] China 541 47.2 128 (23.7) TT/LT 4+ CLND 148 (27.4) S, A TS, M, ETE
Zhou, 2012 [9] China 122 48.0 60 (49.2) TT + CLND 60 (49.2) S,A TS

Yuan, 2017 [10] China 295 430 89 (30.2) TT/LT 4+ CLND 125 (42.4) A M

Kim, 2012 [15] Korea 160 47.3 19(11.9) TT 4 B-CLND 61(38.1) S, TS

Park, 2014 [16] Korea 193 49.2 32(16.6) TT/LT 4+ CLND 63 (32.6) TS, M

Zhang, 2015 [11] China 178 46.0 37(20.8) TT/LT 4+ CLND 73 (41.0) S, TS, ETE

Xu, 2014 [17] China 402 454 79(19.7) TT/LT + CLND 156 (38.8) TS, B, Cl
S0,2010[18] Korea 551 50.2 111 (20.1) TT + B-CLND 202 (36.7) S, M, ETE
Caliskan, M 2012 [19] Korea 842 46.3 73 (8.7) TT/LT + CLND 218 (25.9) TS, ETE

CLNM central lymph node metastases, 7T total thyroidectomy, LT lobectomy, CLND central lymph node dissection, B-CLND bilateral-central lymph node dissection, S
sex, A age, TS tumor size, M multifocality, ETE extrathyroidal extension, B bilateral, C/ capsule involvement

and Hashimoto’s thyroiditis (HT), respectively. The risk
factors investigated in at least 3 studies were included in
this meta-analysis. However, age was excluded due to the
inconsistent definition.

Assessment of study quality

According to the NOS scale, the risks of bias of the
included studies were evaluated. Among the included
studies, 8 studies scored 7 stars and the other 5 studies
scored 8 stars. All included studies had more than 6 stars,
which were considered of high quality. The specific scores
are shown in Table 2.

The effect of sex on CLNM in CNO PTMC

There were 8 studies that revealed sex was an independ-
ent risk of CLNM in CNO PTMC. Due to the moder-
ate heterogeneity (P = 0.096 < 0.1; P = 42.3% < 50%), a
random-effects model was applied to the pooled analysis.
As shown in Fig. 2A, the male was increasing 2.43-folds

Table 2 Quality assessment of Newcastle-Ottawa scale

CLNM risk to female in CNO PTMC patients (OR, 2.43;
95% CI, 2.43-3.22.; P < 0.001).

The effect of multifocality on CLNM in CNO PTMC
Multifocality was investigated as a significant risk of
CLNM in CNO PTMC in 6 studies. Due to the low het-
erogeneity (P = 0.88 > 0.1; I = 0% < 50%), a fixed-effects
model was applied in the pooled analysis. As shown in
Fig. 2B, the risk of CLNM in CNO PTMC was signifi-
cantly higher in patients with multifocality (OR, 1.88; 95%
CI, 1.54-2.29; P < 0.001).

The effect of tumor size on CLNM in CNO PTMC

Tumor size was identified as a significant independent
risk factor for CLNM in CNO PTMC in 10 studies. How-
ever, only 5 studies that investigated tumor size > 5 mm
as an independent risk factor were included in the final
pooled analysis owing to the consistent definition. Due to
the low heterogeneity (P = 0.40 > 0.1; P =1.5% < 50%), a
fixed-effects model was applied. As shown in Fig. 2C, the

First author, year (references) Selection Comparability Exposure Score
Gui, CY 2018 [15] KAKX * Kook 7 stars
Zhou, YL 2012 [9] FKFK Kk FKK 8 stars
Yuan, J 2017 [10] Fk K FKk FAk 8 stars
Kim, BY 2012 [16] Fokk Hk Fdek 8 stars
Park, JP 2014 [17] Fok K * Fok K 7 stars
Zhang, LY 2015 [11] Hodok * Fokok 7 stars
Xu, D 2014 [18] FKkX * FKxK 7 stars
So, YK 2010 [19] Fkk *ok Fk K 8 stars
Caliskan, M 2012 [20] Fodok * Fodok 7 stars
Zhang, Q 2019 [21] KA ¥* ook 7 stars
Feng, JW 2020 [22] Fok * Fkk 7 stars
Zhang, C 2020 [23] Fokk Fok Fok K 8 stars
Liu,C 2021 12] Fdk * Fokk 7 stars
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a

Odds Ratio Odds Ratio
Study or Subgrou log[Odds Ratio SE Weight IV, Random, 95% CI IV. Random.95%CI
Feng, JW 2020 0.85739 0.294943 13.6% 2.36 [1.32, 4.20] -
Gui, CY 2017 0.976821 0.347212 11.1% 2.66 [1.34, 5.25] -
Kim, BY 2012 1.795419 0.600788  4.8% 6.02 [1.86, 19.55] - -
Liu, C 2021 0.523544 0.199792 20.0% 1.69 [1.14, 2.50] —
So, Y K2010 0.781158 0.225068 18.1% 2.18[1.40, 3.39] -
Zhang, L Y 2015 2.009915 0.554139 5.5% 7.46 [2.52, 22.11] -
Zhang, Q 2019 0.660107 0.174027 22.1% 1.93[1.38, 2.72] =
Zhou, Y L 2012 1.591274 0.596201 4.8% 4.91[1.53, 15.80]
Total (95% CI) 100.0% 2.43[1.84, 3.22] . 4

Heterogeneity: Tau? = 0.06; Chi? = 12.13, df =7 (P = 0.10); I* = 42% '

Test for overall effect: Z = 6.27 (P < 0.00001) 0.05 Degéased risk L Increased r5isk 20

b Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI

Feng, JW 2020 0.805583 0.278679 12.9%  2.24[1.30, 3.86] e
Gui, CY 2017 0.734289 0.328807 9.3%  2.08[1.09, 3.97]

Liu, C 2021 0.649195 0.187191 28.7%  1.91[1.33, 2.76] —

Park, J P 2014 0.8671 0.373549  7.2%  2.38[1.14,4.95] -
So, Y K 2010 0.45869 0.187656 28.5%  1.58[1.10, 2.29] —

Yuan, J 2017 0.585562 0.274271 13.4%  1.80[1.05, 3.07] —

Total (95% Cl) 100.0% 1.88 [1.54, 2.29] <>
Heterogeneity: Chiz = 1.77, df = 5 (P = 0.88); 12 = 0% sz ois j 2 5

Test for overall effect: Z = 6.29 (P < 0.00001) Decreased risk  Increased risk

c Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight 1V, Fixed. 95% Cl 1V, Fixed. 95% CI

Caliskan, M 2012 0.598287 0.178509 23.1% 1.82[1.28, 2.58] —

Kim, BY 2012 1.515127 0.51073 2.8% 4.55[1.67,12.38]

Liu, C 2021 0.445967 0.177978 23.2% 1.56[1.10, 2.21] -

Xu, D 2014 0.653926 0.190353 20.3% 1.92[1.32,2.79] -

Zhang, Q 2019 0.627541 0.155348 30.5% 1.87[1.38, 2.54] —a

Total (95% CI) 100.0% 1.84 [1.55, 2.18] ‘
Heterogeneity: Chi2 = 4.06, df = 4 (P = 0.40); I = 1% 0=1 0’2 0=5 ] 2 5 1‘0
Test for overall effect: Z=7.10 (P < 0.00001) ' Décreased risk  Increased risk

d Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI 1V, Random, 95% CI

Caliskan, M 2012 0.520578 0.163694 31.2% 1.68 [1.22, 2.32] —a

Feng, JW 2020 1.640355 0.457425 11.9% 5.16 [2.10, 12.64] - -
So, Y K2010 0.638163 0.194634 28.4% 1.89[1.29, 2.77] —

Zhang, C 2020 0.974937 0.280817 21.3% 2.65[1.53, 4.60] L

Zhang, L Y 2015 1.671313 0.626453 7.3% 5.32[1.56, 18.16] -
Total (95% Cl) 100.0% 2.38 [1.65, 3.44] >

Heterogeneity: Tau? = 0.09; Chi? = 8.84, df = 4 (P = 0.07); I = 55% !

Test for overall effect: Z = 4.64 (P < 0.00001) 01 Dgﬁease(c)i.fisk ! Incr:ased rigk 10

Fig. 2 Forest plots for the effects of clinicopathologic risk factors on CLNM in CNO PTMC. a Male. b Multifocality. ¢ Tumor size > 5mm. d ETE
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risk of CLNM in CNO PTMC was significantly higher in
patients, whose tumor size was > 5 mm (OR, 1.84; 95%
CI, 1.55-2.18, P < 0.001).

The effect of ETE on CLNM in CNO PTMC

ETE was identified as a significant independent risk fac-
tor for CLNM in CNO PTMC in 6 studies. Unfortunately,
one study was excluded due to the definition of gross
ETE, which was defined as macroscopic tumor extension
outside the thyroid gland based on physical examination.
A random-effects model was applied in the final pooled
analysis due to the considerable moderate heterogeneity
(P =0.07 < 0.1; I = 54.7% > 50%). As shown in Fig. 2D,
ETE significantly increased the risk of CLNM in CNO
PTMC patients by 2.38-folds (OR, 2.38; 95% CI, 1.65—
3.44; P < 0.001).

Sensitivity analysis

The sensitivity analysis was initially performed to assess
the stability of the above pooled analyses. Overall, the
leave-one-out analysis revealed that the pooled analysis
results and the heterogeneities of multifocality and tumor
size did not alter significantly when single studies were
excluded. However, four studies and one study were iden-
tified for candidate sources of moderate heterogeneities
in sex and ETE, respectively.

Publication bias

The publication bias was evaluated by the funnel plot and
the Egger’s test (Fig. 3). Unfortunately, significant publi-
cation biases were found in sex (P < 0.001) and ETE (P
= 0.006). We then applied the trim and filling analysis
to calibrate the biases of sex and ETE by filling three and
two studies respectively, which eventually conducted the
calibrated values of ORs of male and ETE were 2.07 and
1.96 (male: OR, 2.07, 95% CI, 1.49-2.87; P < 0.001; ETE:
OR, 1.96, 95% CI, 1.30-2.95; P = 0.001).

Heterogeneity analysis of sex and ETE

Based on the sensitivity analyses, country, type of surgery,
and sample size were identified as suspicious sources
of heterogeneity for sex and ETE by carefully reviewing
the recorded variables of the included studies. Then the
meta-regression was performed. Fortunately, only the
sample size with a cutoff point of 200 was a significant
variable in sex (¢ = 3.18, P = 0.033), suggesting that the
sample size might be the true source of heterogeneity for
sex. However, no significant variables were found in the
meta-regression of ETE.

Subgroup meta-analysis of sex based on sample size
According to the sample size, the 8 included studies that
investigated sex were divided into 2 subgroups: small
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sample group (SG) with a size < 200 (n = 3) and large
sample group (LG) with a size > = 200 (n = 5). Fixed-
effect models were both applied in 2 subgroups due to
the absence of heterogeneities (SG, P = 0.88 > 0.1; I
=0% < 50%; LG, P = 0.76 > 0.1; I* = 0% < 50%). Moreo-
ver, significant difference in heterogeneity was observed
between subgroups (P = 0.002). As shown in Fig. 4, the
male was increasing 6.11-folds and 2.01-folds CLNM
risks in SG and LG, respectively (SG: OR, 6.11, 95% ClI,
3.16-11.81, P < 0.001; LG: OR, 2.01, 95% CI, 1.65-2.46, P
< 0.001). Furthermore, significant publication biases were
not founded in both subgroups.

Discussion

In contrast to the better long-term survival prognosis of
PTC, it has an unacceptable high incidence of CLNM,
even in CNO PTMC. The previous studies revealed the
incidence of CLNM was about 18.3-50% in CNO PTMC
[23, 25]. Furthermore, CLNM was significantly associ-
ated with lateral lymph node metastases (LLNM) and a
poorer prognosis of PTC [13, 26, 27]. Therefore, prophy-
lactic CLND is widely performed in real-world surgical
decisions, which brings clinical benefits in patients with
intermediate- and high-risk PTC [28]. However, pro-
phylactic CLND in pathological node-negative PTMC
indeed brings unnecessary complication risks and eco-
nomic burdens [29]. Exploring the preoperative and
intraoperative clinicopathologic predictors of CLNM in
CNO PTMC may be a feasible method in the current situ-
ation without medical methods for accurate diagnosis of
CLNM. The present studies documented that many clin-
icopathologic factors were significantly associated with
CLNM in CNO PTMC. For example, Gui, C et al. [15]
previously reported a multivariate analysis in a cohort of
541 patients and demonstrated that male gender, age < 45
years, tumor size > 0.575 cm, multifocality, and gross ETE
were independent risk factors for CLNM in CNO PTMC.
However, these studies have either been small sample
studies or have confused definitions; the real and effec-
tive predictors of CLNM in CNO PTMC remain unclear.
The comprehensive systemic studies about predictors of
CLNM in CNO PTMC are limited. In this study, we per-
formed a systematic review and meta-analysis to investi-
gate the pooled effect of each candidate predictor.

To the best of our knowledge, this is the first meta-
analysis to assess clinicopathologic risk factors for CLNM
in CNO PTMC. In this study, we found that male gender,
multifocality, tumor size > 5 mm, and ETE were statisti-
cally significant clinicopathologic risk factors for CLNM
in CNO PTMC. Consistent with our finding, numerous
studies identified the above clinicopathologic risk fac-
tors that were associated with lymph node metastases
[26, 27]. Qu, H et al. [30] previously reported a systematic



Wen et al. World Journal of Surgical Oncology ~ (2022) 20:106

Page 7 of 10

Funnel plot with pseudo 95% confidence limits
o 4
7|\
7/ \
/ \
/ \
/ \
7/ \
/ \
/ \
[ ]
& 5 // ° \\
/ L \
~ / \
nO: ’ \
= / \
z /7 L] N
d // \\
n / ® \
/ \
< 4 ’ \
7/ \
/ \
/ \
/ \
7/ \
/ \
/ \
/ N @
7/ \
© ’ ° ° \
T T T T T T
-5 0 5 1 1.5 2
LN(OR)

Funnel plot with pseudo 95% confidence limits

o 4
7|\
7/ \
/ \
/ \
/ \
/ \
-~ / \
/ N
/ \
/ \
7/ \
= / AN
e / \
‘O’N // ® ° \\
5 7 / \
o 7 \
() 4 \
/ \
/ ° \\
/ °
7/ \
@ ’ \
/ \
/ [ ] \
/ \
4 \
/ ° \
<«
T T T T
0 5 1 1.5
LN(OR)
Funnel plot with pseudo 95% confidence limits
o 4
/N
/ \
/ \
/ \
7/ \
/ \
/ \
/s ® \
7/ \
N / ° \
/ N
= / \
o / \
o / ° \
/ \
5 / \
w ’ \
) % \
7/ \
~ / \
/ \
/
Y A
/ \
/ \
7/ \
/ \
/ \
© 4 / \
7/ ° N
T T T T T T
-5 0 5 1 15 2
LN(OR)

o
>
S

the

Filled funnel plot with pseud confidence limits

s.e. of: theta, filled

Funnel plot with pseudo 95% confidence limits

ed
AR
2R N
/ \
’ \
- / \
= ] ’ \
/ \
/ \
/ o \
/ \
e d / ° Y% \
Q- / \
/ \
o / \
’ \
E ’ \
/ \
n A / \
/ \
’ \
/ \
/ \
’ \
~ A / \
/ \
/ \
/ \
/ \
/ \
© q / ° \
T T T T T
5 0 5 1 15
LN(OR)

ta, filled

the

Filled funnel plot with pseudo 95% confidence limits

s.e. of: theta, filled
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Odds Ratio Odds Ratio
__Study or Subgroup __log[Odds Ratio] SE_Weight IV, Fixed. 95% CI IV, Fixed, 95% CI
Small sample group
Kim, B'Y 2012 1.795419 0.600788  2.6% 6.02[1.86, 19.55]
Zhang, L Y 2015 2.009915 0.554139  3.1% 7.46[2.52,22.11]
Zhou, Y L 2012 1.591274 0.596201 2.6% 4.91[1.53, 15.80]
Subtotal (95% Cl) 8.3% 6.11[3.16, 11.81] e
Heterogeneity: Chi? = 0.27, df =2 (P = 0.88); I? = 0%
Test for overall effect: Z = 5.38 (P < 0.00001)
Large sample group
Feng, JW 2020 0.85739 0.294943 10.8% 2.36[1.32, 4.20] -
Gui, CY 2017 0.976821 0.347212 7.8% 2.66[1.34, 5.25] -
Liu, C 2021 0.523544 0.199792 23.5% 1.69[1.14, 2.50] —
So, Y K2010 0.781158 0.225068 18.5%  2.18[1.40, 3.39] -
Zhang, Q 2019 0.660107 0.174027 31.0% 1.93[1.38,2.72] —a—
Subtotal (95% Cl) 91.7% 2.01[1.65, 2.45] L 2
Heterogeneity: Chi? = 1.88, df =4 (P = 0.76); 1> = 0%
Test for overall effect: Z = 6.91 (P < 0.00001)
Total (95% Cl) 100.0% 2.21[1.83, 2.67] L 2
[T 2 = - - .12 = 499 } } t +
Test fo overal offect Z - 817 (P <0.00001) 005 0z s
o X b Decreased risk  Increased risk
Test for subgroup differences: Chi? = 9.98, df = 1 (P = 0.002); 12 = 90.0%
Fig. 4 Forest plots of subgroup analysis for the effect of male on CLNM in CNO PTMC based on sample size

review and meta-analysis and demonstrated that male,
multifocality, tumor size > 5 mm, capsular invasion, and
ETE increased about 1.93-folds, 1.93-folds, 3.48-folds,
1.91-folds, and 2.42-folds of CLNM risk in PTC, respec-
tively. Xue, S et al. [31] also reported age < 45, male, ETE,
tumor size > 5 mm, and multifocality were significantly
associated with increased a risk of LLNM in PTMC in
their meta-analysis. Additionally, we found that male,
multifocality, tumor size > 5mm, and ETE were increas-
ing about 2.92-folds, 1.79-folds, 1.97-folds, and 1.84-folds
CLNM risks in CNO PTMC, respectively. Our results
extended the effects of clinicopathologic risk factors on
CLNM in CNO PTMC and further confirmed that male
gender, multifocality, tumor size > 5 mm, and ETE should
be significant preoperative and intraoperative clinico-
pathologic predictors of CLNM in CNO PTMC. Unfortu-
nately, moderate heterogeneities were found in the final
pooled analysis in both male and ETE. To explore the
source of the heterogeneity, we applied sensitivity analy-
sis and meta-regression. Fortunately, the sample size was
identified as the source of the male gender. Then, the sub-
group analysis of male was performed with a cutoff point
of 200, which illustrated that male was increasing 6.11-
folds and 2.01-folds CLNM risks in SG and LG, respec-
tively. However, no significant variables were found in the
meta-regression of ETE, mainly due to the insufficient
quantity of the available studies. Moreover, publication

biases occurred in the funnel plot and Egger’s test in
male and ETE. The trim and filling analyses were applied,
which finally conducted the calibrated value of pooled
ORs. Fortunately, the results of the trim and filling analy-
sis did not change the general direction of the conclusion,
which demonstrated the calibrated value of ORs of male
and ETE was 2.07 and 1.96, respectively. This study indi-
cates that male gender, multifocality, tumor size > 5 mm,
and ETE may be reliable predictors of CLNM. With care-
ful evaluation of preoperative ultrasonography and intra-
operative frozen pathology, prophylactic CLND should
be considered in CNO PTMC, when male gender, multi-
focality, tumor size > 5 mm, and ETE existed.

It is worth noting that many clinicopathologic fac-
tors were excluded from the pooled meta-analysis,
which were significant risk factors in the individual
included studies due to the insufficient amounts of eli-
gible researches and the inconsistent definition of the
same clinicopathologic factors. For example, age was
investigated as a significant independent risk factor
for CLNM in 5 included studies of our meta-analysis.
However, the definitions of age contained 45 years and
50 years. According to existing studies, age was associ-
ated with aggressiveness of PTC, such as CLNM, LLNM,
vascular invasion, and ETE ([32, 33]. Niemann, A.C
et al. [32] reported a multivariate analysis in a cohort
of 632 patients and revealed that PTC patients aged
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< 25 years or aged > 75 years exhibited higher rates of
aggressive histopathologic features compared to patients
aged between 25 and 75 years. Oh HS [34] et al. also
found that younger age was an independent predictor
of large-volume CLNM in CNO PTC. All of the above
findings indicate that age may be a valuable candidate
predictor for CLNM in CNO PTMC. Further high-
quality researches focusing on the effects of age with
consistent definition are needed. Moreover, despite 10
studies that identified tumor size as an independent risk
of CLNM in CNO PTMC, only 5 studies were included
in the final meta-analysis due to the inconsistent defi-
nitions of split points of tumor size, which contained 5
mm, 5.75 mm, 6 mm, and 7 mm. The insufficient quan-
tity of the eligible studies may affect the accuracy of the
OR value. Furthermore, bilateral, capsule involvement,
tumor location, and HT were all excluded from the
pooled meta-analysis, since not meeting the minimum
criteria of 3 available studies. Tumor location and HT
may be attractive predictors of CLNM in PTMC. Feng
et al. and Zhang et al. revealed that superior localization
of the tumor increased the risk of CLNM by 2.37-folds
and 1.81-folds, respectively. The superior location of the
tumor was not only associated with a high risk of CLNM
but also might relate to skipping LLNM leaping over
the central cervical compartment [35]. Our previous
research had revealed that the effects of HT on CLNM
in PTC depended on the different types of thyroid anti-
body status, suggesting that the cross talk between HT
and PTC involves more complex mechanisms [36].

This meta-analysis has some limitations. First, the
available studies included in the specific final meta-anal-
ysis were relatively insufficient due to the limited num-
ber of existing studies on risk factors of CLNM in CNO
PTMC, especially for the subgroup analysis of the ETE
and tumor location. Second, heterogeneities and publica-
tion biases were found in some risk factors, which may
affect the stability of the conclusion. Fortunately, the
source of the heterogeneity was identified in male, and
the subgroup analysis addressed the defect. Moreover,
the results of the trim and filling analysis suggested that
the general direction of the conclusion was unchanged.
In addition, some potential significant predictors of
CLNM in CNO PTMC, such as age, were not included
in the meta-analysis due to the inconsistent definition of
split points. Nevertheless, the predictive values of male,
multifocality, tumor size > 5 mm, and ETE for CLNM in
CNO PTMC were confirmed by our meta-analysis. Fur-
ther updating of our meta-analysis with more eligible
studies is still needed to identify more reliable predictors
of CLNM in CNO PTMC. These limitations remain to be
explored in subsequent work.
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Conclusion

In summary, this systematic review and meta-analysis
showed that male, multifocality, tumor size > 5 mm,
and ETE were significantly associated with a higher
risk of CLNM in CNO PTMC. Specifically, compared
to female, solitary, tumor size < 5mm, and non-ETE
PTMC, male, multifocality, tumor size > 5mm, and
ETE increase 2.07-folds, 1.88-folds, 1.84-folds, and
1.96-folds risk of CLNM in CNO PTMC, respectively.
Male, multifocality, tumor size > 5 mm, and ETE
may be reliable clinical predictors for CLNM in CNO
PTMC. Moreover, Prophylactic CLND should be con-
sidered in the surgical decision-making of CNO PTMC
patients, who are male, multifocal, with tumor size > 5
mm, and with ETE.
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