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Background: The indolent feature of papillary thyroid cancer (PTC) has recently led to an increase in
less aggressive treatment options instead of total thyroidectomy (T'T). We aimed to investigate the clinical
significance of elective central compartment neck dissection (CCND) with intraoperative frozen analyses of
the central lymph nodes (LNs) to determine the surgical extent of unilateral clinically node-negative PTC.
Methods: We retrospectively reviewed the medical records of 290 patients with unilateral clinically node-
negative PTC who underwent surgery and performed frozen analyses of the central LNs from 2020 to 2021
using our own nodal criteria with cut-off size 5 mm. The patients were divided and investigated according
to the surgical extent and the National Comprehensive Cancer Network (NCCN) guidelines; diagnostic
accuracy of the frozen analyses was estimated.

Results: TT was performed in 16.2% of patients. The TT group had more metastatic nodes with a larger
size, higher LN ratio (LNR), and more extranodal extension. The analyses based on the NCCN guidelines
showed similar findings, but more completion T'T was required compared with our criteria. The sensitivity,
specificity, positive predictive value (PPV), and negative predictive value (NPV) of the frozen analyses were
94.6%, 100%, 100%, and 96.1%, respectively.

Conclusions: Elective CCND with intraoperative frozen analyses is a highly reliable procedure that
detects occult nodal metastasis in unilateral node-negative PTC patients. Our nodal criteria yielded
significant aggressive nodal characteristics in the TT group while yielding less T'Ts compared with the
NCCN guidelines. The concept and clinical significance of small-volume nodal metastasis in PTC should be

further investigated.
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Introduction observed, especially in papillary thyroid cancer (PTC),
Surgical treatment strategies for differentiated thyroid with indolent features and a better prognosis compared
cancer have consistently changed. Over the last decade, a with other cancers. This has led to a gradual increase in
worldwide increase in thyroid cancer incidence has been less aggressive treatment options in preference to total
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thyroidectomies (T'Ts) (1,2).

The appropriate extent of thyroid surgery in patients
with low-risk PTC remains controversial. Cervical lymph
node (LN) metastasis is a significant consideration for
determining the extent of surgery. LN metastasis occurs
in 40-90% of PTC cases and is an important prognostic
factor of local recurrence; proper diagnosis and removal of
metastatic LNs are critical in treating PTC (3,4). However,
not all LN metastases are identified preoperatively because
of the limited diagnostic performance of ultrasonography
(US) and computed tomography (CT) (5), especially if they
are small-volume metastases or are placed in an unreachable
location of the neck.

LN metastasis of PTC primarily occurs in the central
compartment of the neck, which is referred to as neck
level VI. Several guidelines suggest various nodal criteria
for determining the surgical extent of PTC, but they all
represent the current trends in less-aggressive surgery.
The National Comprehensive Cancer Network (NCCN)
guidelines version 3.2021 recommend withholding the
completion thyroidectomy for incidental small-volume
pathologic Nla metastasis: <5 involved LNs with no
metastasis >2 mm in the largest dimension (6).

In our institution, we have performed elective ipsilateral
central compartment neck dissection (CCND) in patients
with clinically node-negative (cNO) PTC, as well as
therapeutic CCND in clinically node-positive (cN1la)
disease. Despite the controversies regarding prophylactic
CCND for PTC and the risk of surgical morbidities
(hypocalcemia, recurrent laryngeal nerve palsy, etc.), we
prefer elective ipsilateral CCND because of the benefit of
therapeutic removal of occult metastatic LNs and accurate
LN staging (7). Moreover, we conducted frozen analysis on
the resected central LNs to obtain nodal information and
confirm the proper surgical extent intraoperatively, thereby
avoiding secondary surgery for completion thyroidectomy
in cases with unexpectedly extensive LN metastases (8).

In this study, we retrospectively reviewed and reported
our experience with elective CCND with frozen analysis
of unilateral ¢cNO PTC. First, we presented our nodal
criteria for determining the surgical extent and compared
the clinicopathologic features of patients who underwent
TT with those who had less than TT (LTT). Second,
we categorized the patients based on the nodal criteria of
the NCCN guidelines and assessed the clinicopathologic
differences. Third, we investigated patients who showed
different frozen and permanent results, and the diagnostic
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accuracy of the frozen analysis was assessed. We present the
following article in accordance with the STROBE reporting
checklist (available at https://gs.amegroups.com/article/
view/10.21037/gs-22-15/rc).

Methods
Patients

A total of 750 consecutive patients with PTC underwent
thyroid surgery at the Department of Surgery, Thyroid
Cancer Center of CHA Ilsan Medical Center, CHA
University College of Medicine, from March 2020 to May
2021. Of these, 290 (38.7%) had ¢NO unilateral PTC
and underwent elective ipsilateral CCND. Intraoperative
frozen analyses were performed for central LNs. Patients
with bilateral cancers or contralateral suspicious nodules,
clinically node-positive disease, cancer with gross strap
muscle invasion, non-malignant lesions, and other
malignancies were excluded from the study. The medical
records of the included patients were retrospectively
reviewed.

Preoperative work-up

The preoperative patient work-up included physical
examination, high-resolution US, and thorcocervical CT. All
patients were preoperatively diagnosed with PTC (Bethesda
category VI) or suspicious PTC (Bethesda category V)
based on US-guided fine-needle aspiration biopsy. The
size and location of the tumor, degree of extrathyroidal
extension, nodal involvement, and other abnormal findings
in the neck and chest were complementarily evaluated using
the preoperative US and thoracocervical CT. Clinical LN
metastasis (c(N1a) was defined as a pathologic change within
the LN noted in both evaluations.

Surgery

Hemithyroidectomy with elective ipsilateral CCND
was primarily performed in all patients. If contralateral
benign-looking nodules were present in the accessible
region, contralateral partial thyroidectomy was also
considered. The patients who received hemithyroidectomy
or hemithyroidectomy with contralateral partial
thyroidectomy were categorized into those who had “L'T'T”.
The central compartment LNs consist of the neck level 6
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LNs (pretracheal, prelaryngeal, and paraesophageal LNs),
which include the LNs from the hyoid bone superior to
the innominate (brachiocephalic) artery inferiorly. On each
side, the lateral boundary was limited by the medial border
of the carotid sheath. Harvested central LNs were sent for
frozen analysis.

The extent of surgery was primarily determined by
the maximal size of the metastatic LNs. To determine the
surgical extent, we set our own cut-off of nodal size as
“5 mm” in the longest diameter. Completion thyroidectomy
was performed in cases with LN metastasis of >5 mm.
There was no specific criterion for the number of metastatic
LNs in determining completion thyroidectomy.

Pathology

Histopathological examination of the resected central LNs
was performed using frozen and permanent analysis. Frozen
section analyses were performed for the central LNs in all
patients. For frozen analysis, two 3—4-pm-thick cryosection
samples were cut in the microtome and inspected within
30 min. The results were instantly reported in the number
of metastatic LNs excised to the total number of removed
LNs, with maximal diameter of the metastatic LN.
Permanent pathology was confirmed within 2 weeks after a
thorough examination. Three pathologists with expertise in
thyroid diseases were involved in the frozen and permanent
analyses, as scheduled.

Micrometastasis was defined as maximum metastatic focus
size <0.2 cm, while >0.2 cm was defined as macrometastasis.
The LN ratio (LNR) was defined as the ratio of the number
of positive LNs excised to the total number removed.
Papillary microcarcinoma (PMC) was diagnosed as PTC
with a tumor diameter of <1 cm. Hashimoto thyroiditis was
diagnosed with the typical histologic findings of extensive
lymphocytic infiltrate with the germinal center formation
with occasional tissue fibrosis and appearance of abundant
Hiirthle cells or oncocytes. TNM classification system of
the American Joint Committee on Cancer (AJCC) eighth
edition was used for the staging.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the Institutional Review Board of CHA Ilsan
Medical Center (2021-11-005), and individual consent for
this retrospective analysis was waived.
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Statistical analysis

Categorical data are reported as rates and proportions,
while the median and range were calculated for continuous
data. Differences in continuous variables were compared
using the Mann-Whitney test or Student’s ¢-test, and
differences in categorical variables were compared using
the Chi-square (x) test or Fisher’s exact test, as appropriate.
Statistical significance was set at P<0.05. The sensitivity,
specificity, positive predictive value (PPV), and negative
predictive value (NPV) of intraoperative frozen analyses
were examined based on the permanent pathology results.
We further measured the differences between the frozen
and permanent results using the y’ test. All data were
processed and statistically analyzed using IBM SPSS
Statistics for Windows (version 25.0; IBM Corp., Armonk,
NY, USA).

Results
Analyses of patients according to the surgical extent

The baseline clinicopathological characteristics of the 290
patients are shown in Table 1. After hemithyroidectomy
with elective CCND, frozen analyses of the resected central
LNs were performed. Among them, completion TT was
indicated in 47 (16.2%) patients.

We evaluated the patients according to the surgical
extent as the LT'T and TT groups (Ziable 2). Comparative
analyses revealed that the mean tumor size was larger
(0.8+0.5 vs. 1.4+0.9 cm, P<0.001), and fewer females (81.9%
vs. 66.0%, P<0.001) were involved in the TT group. The
mean total operation time was longer in the TT group
(82.4+22.0 vs. 113.3+26.5 minutes, P<0.001).

A significant difference was noted for all nodal
characteristics. According to frozen analyses, the mean
number of retrieved (3.9+2.9 vs. 5.4+3.3, P=0.002) and
metastatic LNs (0.7+1.2 vs. 2.7£2.7, P<0.001) was larger in
the T'T group. Moreover, the LNR was higher (0.2£0.3 vs.
0.5+0.4, P<0.001) and the size of maximal metastatic LN
was larger (0.2£0.3 vs. 0.7£0.3, P<0.001) in the T'T group.
Similar findings with more extranodal extension (ENE)
(7.8% wvs. 25.0%, P=0.007) were observed in the permanent
analyses. This led to more Nla stages in the TT group
(42.3% vs. 100%, P<0.001) (Tible 2).

There were no significant differences in other tumor
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Table 1 Clinicopathologic characteristics of 290 unilateral cNO
PTC patients

Characteristics Value

Number of patients 290
Age (years), mean + SD [range] 42.0+10.69 [14-77]
Sex, M:F (F%) 60:230 (79.3)

Type of surgery, n (%)

Hemi + CCND 199 (68.6)
Hemi + contralateral partial + CCND 44 (15.2)
TT + CCND 47 (16.2)

Operation time (minutes), mean + SD [range] 87.4+25.5 [40-180]

Tumor size (cm), mean + SD [range] 0.9+0.7 [0.9-4.7]

Extrathyroidal extension, n (%) 67 (23.1)
Multiplicity, n (%) 57 (19.7)
Hashimoto thyroiditis, n (%) 151 (52.1)
Pathology, n (%)
Conventional 267 (92.2)
Follicular variant 9(3.1)
Diffuse sclerosing variant 6 (0.5)
Tall cell variant 12 (4.1)
Oncocytic variant 1(0.3)
Solid and trabecular variant 1(0.3)

Table 1 (continued)

factors, such as extrathyroidal extension, tumor multiplicity,
the presence of Hashimoto thyroiditis, and variants of PTC.

Analyses of patients according to the nodal criteria of
NCCN guidelines

We classified the patients into two groups based on the
nodal criteria. The first group consisted of patients who did
not require completion TT: those with <5 involved central
LNs with metastasis <2 mm in the largest dimension. The
others who did not meet the criteria were categorized as
the second group. According to the NCCN guidelines,
completion T'T was indicated in 72 (24.8%) patients and
included in the second group (Tuble 3).

Comparative analyses revealed that the patients in the
second group were younger (43.0+10.7 vs. 38.9+10.2,
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Table 1 (continued)
Characteristics Value
Frozen analyses, mean + SD [range]
Number of retrieved LNs 4.2+3.0 [0-19]

Number of metastatic LNs 1.0+£1.7 [0-9]

Metastatic LN size (max, cm) 0.3+0.3 [0.005-1.4]

Permanent analyses, mean + SD [range]

Number of retrieved LNs 4.8+3.6 [0-22]

Number of metastatic LNs 1.2+1.8 [0-10]

Metastatic LN size (max, cm) 0.3+0.3 [0-1.4]
Extranodal extension, n (%) 17 (5.9)

TNM classification, n (%)

T stage, T1/2/3/4 217 (74.9)/58

(20.0)/10 (3.4)/5 (1.7)

N stage, NO/1a 152 (52.4)/138 (47.6)

M stage, M0/1 290 (100.0)/0 (0.0)

Stage I/1I/1I/IV 258 (89.0)/30

(10.3)/2 (0.7)/0 (0.0)

cNO, clinically nodal negative; PTC, papillary thyroid carcinoma;
M, male; F, female; hemi, hemithyroidectomy; CCND, central
compartment neck dissection; contralateral partial, contralateral
partial thyroidectomy; TT, total thyroidectomy; LN, lymph node;
max, maximum.

P=0.005), consisted of more men (85.3% vs. 59.5%,
P<0.001), and had bigger tumors (0.8+£0.6 vs. 1.1£0.5,
P=0.004).

Nodal characteristics were significantly different between
the two groups. Frozen analyses showed more retrieved LNs
(3.9+2.9 vs. 5.0+3.3, P=0.006) and metastatic LNs (0.4+0.7
vs. 3.0£2.1, P<0.001) in the second group. Moreover, the
LNR was higher (0.1£0.2 vs. 0.720.3, P<0.001) and the size
of maximal metastatic LN was larger (0.04+0.08 vs. 0.5+0.3,
P<0.001) in the second group. Permanent analyses revealed
similar findings with more ENE (6.1% wvs. 18.1%, P=0.032).
This led to more N1la stages in the TT group (31.3% ws.
100%, P<0.001) (Tuble 3).

Analyses of patients according to the frozen and permanent

results of central LNs

Since the frozen and permanent results of central LNs were
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Table 2 Analysis of patients according to the extent of surgery
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Characteristics LTT T P value
Number of patients 243 47
Age (years), mean + SD [range] 42.2+10.3 [25-77] 40.6+12.5 [14-75] 0.339
Sex, M:F (F%) 44:199 (81.9) 16:31 (66.0) 0.014
Operation time (minutes), mean + SD [range] 82.4+22.0 [50-155] 113.3+26.5 [55-180] <0.001
Tumor size (cm), mean + SD [range] 0.8+0.5[0.1-3.4] 1.4+0.9 [0.3-4.7] <0.001
Extrathyroidal extension, n (%) 51 (21.0) 16 (34.0) 0.141
Multiplicity, n (%) 42 (17.3) 15 (31.9) 0.065
Hashimoto thyroiditis, n (%) 126 (51.9) 25 (53.2) 0.866
Pathology, n (%) 0.879
Conventional 222 (91.8) 44 (93.6)
Follicular variant 7(2.9) 24.3)
Diffuse sclerosing variant 0 (0.0) 0 (0.0)
Tall cell variant 11 (4.5) 12.1)
Oncocytic variant 1(0.4) 0(0.0)
Solid and trabecular variant 1(0.4) 0(0.0)
Frozen analyses, mean + SD [range]
Number of retrieved LNs (A) 3.9+2.9 [0-19] 5.4+3.3 [1-15] 0.002
Number of metastatic LNs (B) 0.7+1.2 [0-6] 2.7+2.7 [0-9] <0.001
Metastatic LN size (max, cm) 0.1+0.2 [0.005-0.4] 0.7+0.3 [0.2-1.4] <0.001
LNR (A/B) 0.2+0.3 [0-1.0] 0.5+0.4 [0.005-1.0] <0.001
Permanent analyses, mean + SD [range]
Number of retrieved LNs 4.5+3.5 [0-22] 6.3+3.8 [1-18] 0.002
Number of metastatic LNs 0.8+1.3 [0-7] 3.0+£2.8 [0-10] <0.001
Metastatic LN size (max, cm) 0.3+0.2 [0.005-0.8] 0.6+0.3 [0.1-1.4] <0.001
Extranodal extension, n (%) 8 (7.8) 9 (25.0) 0.007
LNR (A/B) 0.2+0.3 [0-1.0] 0.5+0.4 [0-1.0] <0.001
TNM classification, n (%)
T stage, T1/2/3/4 198 (81.5)/39 (16.0)/2 (0.8)/4 (1.6) 19 (40.4)/19 (40.4)/8 (17.0)/1 (2.1) <0.001
N stage, NO/1a 138 (57.7)/101 (42.3) 0 (0.0)/47 (100.0) <0.001
Stage I/1I/1l 225 (92.6)/18 (7.4)/0 (0.0) 3(70.2)/12 (25.5)/2 (4.3) <0.001

LTT, less than total thyroidectomy; TT, total thyroidectomy; M, male; F, female; LN, lymph node; max, maximum; LNR, LN ratio; SD,
standard deviation.
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Characteristics <5 (+) LNs, and <2 mm >5 (+) LNs, or >2 mm P value
Number of patients 218 72
Age (years), mean + SD [range] 43.0+£10.7 [14-77] 38.9+10.2 [17-75] 0.005
Sex, M:F (F%) 32:186 (85.3) 28:44 (59.5) <0.001
Tumor size (cm), mean + SD [range] 0.8+0.6 [0.1-4.7] 1.1+£0.5 [0.4-2.6] 0.004
Extrathyroidal extension, n (%) 46 (21.1) 21 (29.2) 0.322
Multiplicity, n (%) 40 (18.3) 17 (23.6) 0.536
Hashimoto thyroiditis, n (%) 117 (63.7) 34 (47.2) 0.342
Pathology, n (%) 0.494
Conventional 201 (92.2) 66 (91.7)
Follicular variant 8 (3.7) 1(1.4)
Diffuse sclerosing variant 0 (0.0) 0(0.0)
Tall cell variant 7 3.2 5(6.9)
Oncocytic variant 1(0.5) 0(0.0)
Solid and trabecular variant 1(0.5) 0(0.0)
Frozen analyses, mean = SD [range]
Number of retrieved LNs (A) 3.9+2.9 [0-19] 5.0£3.3 [1-15] 0.006
Number of metastatic LNs (B) 0.4+0.7 [0-4] 3.0+2.1 [0-9] <0.001
Metastatic LN size (max, cm) 0.04+0.08 [0.005-0.2] 0.5+0.3 [0.2-1.4] <0.001
LNR (A/B) 0.1£0.2 [0-1.0] 0.7+0.3 [0.005-1.0] <0.001
Permanent analyses, mean + SD [range]
Number of retrieved LNs (A) 4.5+3.5 [0-22] 5.8+3.9 [1-18] 0.007
Number of metastatic LNs (B) 0.4+0.7 [0-4] 3.4x2.3 [1-10] <0.001
Metastatic LN size (max, cm) 0.05+0.08 [0.005-0.3] 0.5+0.3 [0.2-1.4] <0.001
Extranodal extension, n (%) 4(6.1) 13 (18.1) 0.032
LNR (A/B) 0.1+0.2 [0-1.0] 0.7+0.3 [0-1.0] <0.001
TNM classification, n (%)
T stage, T1/2/3/4 176 (80.7)/33 (15.1)/5 (2.3)/4 (1.8) 41 (56.9)/25 (34.7)/5 (6.9)/1 (1.4) <0.001
N stage, NO/1a 147 (68.7)/67 (31.3) 0 (0.0)/72 (100) <0.001
Stage I/1I/11l 200 (91.7)/16 (7.3)/2 (1.0) 58 (80.6)/14 (19.4)/0 (0.0) 0.011

NCCN, National Comprehensive Cancer Network; (+), positive; M, male; F, female; LN, lymph node; max, maximum; LNR, LN ratio; SD,

standard deviation.

not identical, we assessed the patients with different frozen In fact, more LNs were found, and additional resection
and permanent results and compared them with those with was improvised after frozen analyses (4.0£3.0 vs. 6.3+3.8,
identical results. Different frozen and permanent results of P<0.001). More metastatic LNs (0.9+1.7 vs. 1.7+2.1,
the central LNs were observed in 79 patients, who tended P=0.005) were identified in the permanent analyses in these

to be younger (43.0£11.3 vs. 39.2+8.2, P=0.002).
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patients. The Nla stage was also more frequent (43.7% vs.
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F=P
(n=211)

F#P
(n=79)

v

\d ¢

Converted results
(n=5)

More positive LNs
retrieved (n=25)

More negative LNs
retrieved (n=49)

—

——

NO—N1a N1a—N1a
(n=2) (n=3)

NO—N1a

N1a—Nila
(n=8) (n=17)

Figure 1 Flowchart of LN assessment by frozen and permanent results of all 290 patients who underwent surgery. F, frozen result; P,

permanent result; LN, lymph node.

60.3%, P=0.013) (Table S1).

Analyses of patients with discrepant frozen and permanent
results of central LNs

We further investigated the cause of this discrepancy in
these patients. First, additional LN retrieval was performed
in 74 patients (93.7%). More negative LNs were excised in
49 (62.0%) patients, with an average of 2.2+1.6 (range, 1-6).
Meanwhile, the positive LNs were additionally resected in
25 (31.7%) patients, with a mean number of 2.2£1.5 (range,
1-6). Among them, a larger metastatic LN was further
identified during additional retrieval in 9 patients. Mean
differences in the maximal diameter of metastatic LNs
between frozen and permanent analyses were measured
0.2£0.1 cm (range, 0.1-0.5 cm).

Lastly, the converted result of LNs in the permanent
analyses, from negative to positive, was observed in 5 (6.3%)
patients. The mean number of LNs with discrepant results
was 1.2+0.4, and the mean diameter of these LNs was
0.04+0.05 cm (range, 0-0.1 cm). None of the positive LNs
in the frozen analyses were confirmed to be negative in the
final report.

Among 30 (38.0%) patients with more positive LNs in
the final report, 10 (12.7%) patients turned NO into the
Nla stage in permanent analyses. These patients comprised
eight (10.1%) patients with additional positive LN retrieval
and 2 (2.5%) patients with converted LN results. Their
frozen results were negative from malignancy, but the mean
number of 1.1+0.3 (range, 1-2) positive LNs were detected

© Gland Surgery. All rights reserved.

during the histopathologic examination. The mean size was
reported 0.2+0.1 cm (range, 0.1-0.3 cm) (Figure I).

Among 243 patients who had LT'T, 5 (2.1%) patients had
discrepant frozen and permanent results. Additional LNs
were retrieved in two patients after frozen analyses, which
were found with larger metastatic LNs (maximum diameter
of 0.8 and 0.7 cm). In three patients, the reported maximum
diameter of metastatic LN has been changed through
histopathologic examination (maximum diameter of
0.5 cm).

Diagnostic accuracy of frozen analyses of the central LN

After excluding 74 patients with additional LN retrieval,
the diagnostic accuracy of frozen analyses for central LNs
was evaluated in 216 patients. The sensitivity, specificity,
PPV, and NPV were 94.6% (88/93), 100% (123/123),
100% (88/88), and 96.1% (123/128), respectively. Statistical
significance was reached, and the diagnostic agreement rate
between the frozen analyses and the permanent pathologic
report was very high (k index =0.962). The likelihood ratio
was 23.57 (P<0.001).

Surgical outcomes

Among the 47 patients who had TT, 5 (10.6%) showed
transient postoperative hypocalcemia, and 1 (2.1%) patient
experienced transient hoarseness. None of the patients
experienced permanent complications from surgery. No
additional surgery of completion TT was planned in any

Gland Surg 2022;11(4):640-650 | https://dx.doi.org/10.21037/gs-22-15


https://cdn.amegroups.cn/static/public/GS-22-15-Supplementary.pdf

Gland Surgery, Vol 11, No 4 April 2022

patients who had LT'T. The close observation was planned
for 5 patients with discrepant frozen and permanent results.
Adjuvant radioactive iodine therapy was administered to
28 patients (59.6%). The mean follow-up period was 12.4+
4.0 months (range, 5-19 months). Disease recurrence was
not observed in any of the patients.

Discussion

Since LN metastasis occurs in up to 90% of patients
with PT'C, LN metastasis has become one of the critical
indicators in determining the appropriate surgical extent (3).
TT with both CCNDs was preferred in patients with PTC
with central LN metastasis in the past. There have been
various studies about central LN metastasis on survival and
recurrence, but it seems certain that proper cervical LN
dissection promotes higher recurrence-free survival (4,9-12).

Several guidelines recommend an adequate therapeutic
range for thyroidectomy with respect to LN metastasis (13).
They are not inconsistent but are constantly changing to
perform less aggressive surgery for small-volume metastasis.
According to the 2015 American Thyroid Association risk
stratification system guidelines, all involved LNs sized
<0.2 cm and <5 metastatic LNs were classified as low-risk
LN disease, whereas >5 metastatic LNs, macroscopic LN
metastasis, and >3 cm metastatic LNs were considered as
high-risk LN disease (14,15). The NCCN guidelines also
recommend that T'T is not indicated in <5 involved LNs
with no metastasis >2 mm in the largest dimension (6).

With the development of high-resolution imaging
modalities in the neck US and CT, preoperative assessment
of clinical staging in PTC has become more feasible.
However, there are still limitations in detecting and
discriminating metastatic LNs, especially in the central
LNs located in the inaccessible region or in those with
micrometastases (5,16,17). If the LN characteristics are
“indeterminate”, further examination is necessary to
characterize the LN and perform the appropriate extent of
surgery.

Our institution performs elective ipsilateral CCND
with frozen analyses in patients with unilateral cNO PTC
to remove occult LN metastasis and accomplish accurate
staging.

According to this study, our individual nodal criteria,
with a 5-mm cut-off diameter of any metastatic LN, yielded
completion TT in 16.2% of patients. If elective CCND
with frozen analyses was not performed, it would be difficult
to recognize occult metastasis in the central LN, and
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secondary surgery for completion T'T would be inevitable.

Further analyses revealed a significant difference in all
nodal characteristics between the LTT and TT groups.
Only the size criterion of 5 mm yielded the difference
in the number and size of metastatic LNs, LNR, and
ENE, which have been independently recognized as
significant prognostic factors of PTC (18-21). We believe
that metastatic LNs with a diameter of 5 mm may impact
other nodal characteristics and can lead to overall nodal
aggressiveness.

The current size and number criteria of LN in thyroid
cancer in many guidelines have been based on increasing
evidence that “metastatic volume” plays a role in prognosis.
However, there is no definite consensus on the size and
threshold number, resulting in a poor prognosis. Previous
studies were mostly retrospective, based on a single
institution, with heterogeneous inclusion criteria. In fact,
the NCCN guideline version 2020 suggested TT in >5 LN
metastasis and >5 mm of the metastatic deposit. The current
version showed a reduced size threshold of metastatic LNs
to 2 mm. We doubt that sizes 3 and 4 mm of metastatic
LNs should be considered more “risky”, because they can
also be included in small-volume metastasis. Based on the
concept of small-volume LN metastasis, we assume that the
size and number criteria of metastatic LNs are relatively
uniform and rigid.

Moreover, a decreased size threshold of 2 mm would
induce more frequent TT cases. When we classified
our patients based on the current version of the NCCN
guidelines, T'T was indicated in 24.8% of the patients.
More patients were involved in TT than in our nodal
criteria. This can lead to increased surgical morbidity and
thyroid hormone replacement.

An analysis of our study raises the question of whether
a 2-mm size and 5 LN threshold are always valuable in
all metastatic PTC cases. Further evaluation is needed to
better understand the relevant definition and prognostic
implications of small-volume LN metastasis in PTC.

Comparative analyses between the T'T and T'T groups
revealed that the tumor size was also significantly larger
in the T'T group. Tumor size is one of the most important
characteristics of various tumor staging systems. Previous
studies have correlated tumor size and LN metastasis in
PTC and demonstrated that the larger the tumor, the
higher the probability of LN metastasis (22-24). The cut-
off varied from 5 to 7 mm. In this study, the T'T group has a
mean diameter of 1.4+0.9 cm compared with 0.8+0.5 cm in
the LT'T group. Larger tumor size and more LN metastasis

Gland Surg 2022;11(4):640-650 | https://dx.doi.org/10.21037/gs-22-15



648

are concordant with the findings of previous studies.

Previous studies have confirmed the association between
male sex and LN metastasis in PMC. A majority of
studies have demonstrated that male sex is an independent
predictor of central LN metastasis in PMC patients, but
the impact on prognosis is relatively controversial (24-27).
Our analyses showed similar findings that male patients
tend to have aggressive LN metastasis, which can lead
to TT.

Regarding the analyses of patients according to the
NCCN guidelines, younger patients required more
completion TT. Age is another significant factor in PTC
staging systems. Previous studies have verified that young
patients have more LN metastases than older patients.
Regarding the relationship with LN metastasis, a cut-off of
55 years was more valuable than 45 years (28,29), which was
applied in the eighth edition of the AJCC staging system. In
our study, even though the mean ages of both groups were
younger than 55 years, younger patients were found to have
more metastatic LNs, which is consistent with previous
studies.

In clinical practice, after resection of the major central
compartment LNs, additional LNs can be identified.
Additional LNs can be commonly recognized at the
perithyroidal and delphian regions or occasionally at neck
level 7. In this study, additional resection resulted in more
metastatic LNs in 25 patients (8.6% out of 290 patients,
with a mean number of 2.2+1.5 LNs. Eight (2.8%) patients
turned from NO into the Nla stage. These patients had
small-volume metastases, and none of them underwent
completion TT. Two (0.7%) patients with converted LN
results and N stage also had LN micrometastases, which
were identified only in the permanent analysis. Cases with
converted N stage were relatively rare (3.5%) with small-
volume metastasis, and close observation was planned for
these patients based on the indolent feature of small-volume
metastasis in PTC.

Clinically, the critical case would be the 5 patients who
had LTT with larger metastatic LNs (=5 mm) diagnosed
after permanent analyses. However, all metastatic LNs
were ultimately removed, and PTC is well-known for a
good prognosis after surgical resection (30). Thus, we also
determined the close follow-up for these patients.

Even with a few cases of discrepant results, the current
diagnostic agreement rate between the frozen analyses
and the permanent pathologic report was very high in
our institution. This makes intraoperative frozen analysis
a highly accurate procedure that can lead to a reliable
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operation with proper surgical extent, without secondary
surgery. Constant effort to increase the sensitivity and NPV
of frozen analyses is a crucial future challenge to diminish
the discrepant frozen and permanent results.

This study had several limitations. First, this was a
retrospective study in a single institution, including a
certain time-period surgery with short-term follow-up.
We acknowledge that the long-term outcomes of larger
subjects are essential to evaluate the relevance of surgical
treatments. Therefore, the long-term outcomes of patients
with respect to local recurrence or distant metastasis should
be consistently investigated. Second, this study was based
on our individual criteria for metastatic LN. Third, based
on previous studies, the causal relationship between LN
metastasis, tumor size, sex, and age was not investigated.
Fourth, the other patient and tumor factors that would
significantly impact disease prognoses, such as age, sex,
tumor size, tumor multiplicity, etc., were not considered
in determining surgical extent. Fifth, assessing the cost-
effectiveness of the frozen analyses was not feasible to
evaluate in this study setting.

Conclusions

In summary, elective CCND with intraoperative frozen
analyses is a highly reliable procedure that provides an
opportunity to detect occult LN metastasis in patients with
¢NO unilateral PTC. Our criteria for metastatic central LN
with a cut-off size of 5 mm yielded significant differences
in the number and size of the metastatic LN, the LNR,
and ENE between the LT'T and TT groups, while yielding
less completion T'T" compared with the NCCN guidelines.
The concept and clinical significance of small-volume LN
metastasis in determining the surgical extent of PTC should
be further investigated in larger cohorts with long-term
follow-ups.
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Supplementary

Table S1 Analyses of patients according to the frozen and permanent results of central LNs

Characteristics F=P F=P P value
Number of patients 211 79
Age (years), mean + SD [range] 43.0+11.3 [14-60] 39.2+8.2 [14-75] 0.002
Sex, M:F (F%) 46:165 (78.2) 14:65 (82.3) 0.445
Operation types
LTTTT (TT%) 179:32 (15.2) 63:16 (20.3) 0.299
Tumor size (cm), mean + SD [range] 0.9+0.8 [0.1-3.4] 1.0+£0.6 [0.3-4.7] 0.209
Extrathyroidal extension, n (%) 46 (21.8) 21 (26.6) 0.582
Multiplicity, n (%) 39 (18.5) 18 (22.8) 0.600
Lymphocytic thyroiditis, n (%) 108 (51.2) 43 (54.4) 0.622
Pathology, n (%) 0.536
Conventional 196 (92.9) 71 (89.9)
Follicular variant 7 (3.3) 2 (2.5)
Diffuse sclerosing variant 0 (0.0) 0 (0.0
Tall cell variant 6 (2.8) 6 (7.6)
Oncocytic variant 1(0.4) 0 (0.0
Solid and trabecular variant 1(0.4) 0(0.0)
Frozen analyses, mean + SD [range]
Number of retrieved LNs (A) 4.0+£3.0 [0-19] 4.4+2.7 [0-14] 0.389
Number of metastatic LNs (B) 0.9+1.7 [0-9] 1.2+1.6 [0-7] 0.252
Metastatic LN size (max, cm) 0.3+0.3 [0.005-1.4] 0.4+0.3 [0.05-1.2] 0.374
LNR (A/B) 0.2+0.3 [0-1.0] 0.3+0.4 [0.005-1.0] 0.327
Permanent analyses, mean + SD [range]
Number of retrieved LNs 4.0+3.0 [0-19] 6.3+3.8 [1-22] <0.001
Number of metastatic LNs 0.9+1.7 [0-9] 1.7+2.1 [0-10] 0.005
Metastatic LN size (max, cm) 0.3+0.3 [0.005-1.4] 0.4+0.3[0.1-1.2] 0.681
Extranodal extension, n (%) 14 (6.6) 3(3.8) 0.269
LNR (A/B) 0.2+0.3 [0-1.0] 0.3+0.3 [0-1.0] 0.089
TNM classification, n (%)
T stage, T1/2/3/4 163 (77.3)/35 (16.6)/8 (3.8)/5 (2.3) 54 (68.4)/23 (29.1)/2 (2.5)/0 (0.0) 0.064
N stage, NO/1a 117 (56.3)/91 (43.7) 31 (39.7)/47 (60.3) 0.013
Stage I/1I/11 189 (89.6)/21 (10.0)/1 (0.4) 69 (87.3)/9 (11.4)/1 (1.3) 0.715

LN, lymph node; F, frozen analyses; P, permanent analyses; M:F, male:female; LTT, less than total thyroidectomy; TT, total thyroidectomy;

max, maximum; LNR, LN ratio.
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