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Background: Lymph node metastasis (LNM) often occurs in clinical lymph node negative (cNO) papillary
thyroid microcarcinoma (PTMC). The risk factors for LNM, especially for high-volume LNM, were
investigated in this study.

Methods: The medical records of 1,974 consecutive PTMC patients admitted to the Peking Union
Medical College Hospital (PUMCH) from 2013 to 2015 were reviewed. Their clinicopathological
features were collected. Univariate and multivariate analyses were performed to identify the risk factors for
LNM/high-volume LNM.

Results: Of all the patients, cervical lymph node metastases were detected in 690 patients (34.95%), and
high-volume LNM was detected in 75 patients (3.80%). The results of univariate analysis revealed that
sex, age, chronic thyroiditis, multifocality, and tumor diameter were significantly correlated with LNM
(P<0.05) and that sex, age, multifocality, and tumor diameter were significantly correlated with high-volume
LNM (P<0.05). Multivariate logistic regression analysis demonstrated that male sex [odds ratio (OR)
=1.657, P<0.001], multifocality (OR =1.601, P<0.001), and tumor diameter >0.5 cm (OR =1.770, P<0.001)
were independent risk factors for LNM; age of 40-59 years old (OR =0.427, P<0.001), age >60 years old
(OR =0.291, P<0.001), and chronic thyroiditis (OR =0.562, P<0.001) were independent protective factors
for LNM. For high-volume LNM, male sex (OR =2.250, P=0.002), tumor diameter >0.5 cm (OR =3.664,
P=0.013) and multifocality (OR =2.034, P=0.004) were independent risk factors, whereas age >40 years old
(OR =0.240, P<0.001) was an independent protective factor.

Conclusions: Lymph node metastases are common in ¢cNO PTMC, whereas high-volume LNM is rare.
Active surveillance may be reasonable for patients with tumor diameter <0.5 c¢m, age >40 years old, female
sex and isolated lesions.
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Introduction

Papillary thyroid carcinoma (PTC) is the most common
solid tumor of the thyroid gland, accounting for
approximately 90% of all thyroid malignancies (1). In recent
years, the incidence of PTC has rapidly increased, and it has
become the most common malignant tumor in Korea (2). Of
all PTCs, the increase in papillary thyroid microcarcinoma
(PTMC) is most pronounced and constitutes half of all new
cases. The overall prognosis of these patients is good, and
long-term survival rates can reach greater than 99% (3-5).

Although the survival prognosis of PTMC is good, some
patients still face the risk of recurrence during long-term
survival. In the literature, the recurrence rates for patients
with low-volume and high-volume lymph node metastasis
(LNM) are approximately 5% and 20%, respectively (6).
Therefore, the American Thyroid Association (ATA)
updated the recurrence risk stratification in 2015 and
defined high-volume LNM (>5 involved lymph nodes) as an
intermediate risk factor for recurrence (7).

Among PTMCs identified by postoperative pathologic
examination, LNM is common, and the proportion of
LNM is up to 40% (8). However, preoperative ultrasound
is not sufficiently sensitive to predict LNM in the central
compartment of the neck (9). Therefore, a large number
of ¢NO patients may have LNM (10,11). Prophylactic
neck dissection is always controversial in these patients.
Those who do not advocate prophylactic neck dissection
think that prophylactic neck dissection does not improve
prognosis and increases complications (6); however, those
who advocate prophylactic neck dissection think that it
may alleviate local recurrence and help to assess the risk of
recurrence (12-15). Therefore, identifying patients with
high-risk LNM among ¢cNO PTMC patients, especially
those with potential high-volume LNM, and providing
reasonable treatment have important clinical value. In
the past, cNO PTMC studies focused on the risk factors
for LNM, and few studies focused on the rate of and risk
factors for high-volume LNM. The preliminary aim of this
study is to evaluate the risk factors for cNO PTMC patients
with LNM, and the main aim is to evaluate the risk factors
for high-volume LNM by analyzing the clinicopathological
data of these patients.

Methods
Study population

This historical cohort study included a consecutive series
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of 1,974 PTMC patients (males: 442, females: 1,532) who
underwent primary surgical treatment in the General
Surgery Department of Peking Union Medical College
Hospital (PUMCH) from November 2013 to October
2015. The study was approved by the Ethics Committees of
Peking Union Medical Hospital, and informed consent was
obtained from all patients.

In this study, LNM of the neck was evaluated by
ultrasonography. If the following signs were not observed,
LNM was defined as cNO: cervical lymph node transverse/
long diameter >0.5, corticomedullary demarcation
was unclear or the medulla structure disappeared,
microcalcification or cystic changes similar to the original
foci, high echogenic mass within the cortex, abundant blood
flow around the cortex or irregular blood flow (16).

Patients were included if they exhibited the following
criteria: (I) newly diagnosed PTC of which the largest
diameter was <1 cm; in cases of multifocal PTMCs,
the size of the largest tumor was used; (II) met the ¢cNO
diagnostic criteria; and (III) primary surgical treatment
based on Chinese guidelines: lobectomy or near-total/total
thyroidectomy with neck lymph node dissection (ipsilateral
central compartment dissection for patients with malignant
lesion(s) in one lobe/bilateral central compartment
dissection for patients with bilateral malignant lesions).
Patients were excluded based on the following criteria: (I)
preoperatively confirmed cN1; (II) visiting for revision
surgery; (III) not undergoing cervical lymph node
dissection; and (IV) histologically confirmed non-PTC.
The medical records of all included patients were reviewed
to extract the following items: sex, age, chronic thyroiditis,
capsule invasion, multifocality, and tumor diameter. The
above items were analyzed to identify the risk factors for
LNM/high-volume LNM. Patients were allocated to
three groups (8,17): group A: 0-39 years old; group B:
40-59 years old; and group C: 260 years old. In multifocal
cases, the size of the largest tumor was recorded for data
analysis. The extent of central neck lymph node dissection
was based on the 2009 ATA guidelines (18). The presence
and number of metastatic lymph nodes were determined via
surgical pathology. High-volume LNM was defined as >5
metastatic lymph nodes.

Statistical analysis

SPSS statistical software 22.0 (version 22.0; SPSS Inc.,
Chicago, IL, USA) was used for the statistical analyses. The
differences between patients with and without LNM/high-
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Table 1 Univariate analysis of risk factors for LNM and high-volume LNM in ¢cNO PTMC patients

LNM >5 LNM
ltem
(), n=1,284, N (%) (+), n=690, N (%) P value (=), n=1,899, N (%) (+), n=75, N (%) P value
Sex <0.001 0.001
Female 1,045 (68.21) 487 (31.79) 1,487 (97.06) 45 (2.94)
Male 239 (54.07) 203 (45.93) 412 (93.21) 30 (6.79)
Age <0.001 <0.001
Group A 305 (51.09) 292 (48.91) 548 (91.79) 49 (8.21)
Group B 880 (70.46) 369 (29.54) 1,223 (97.92) 26 (2.08)
Group C 99 (77.34) 29 (22.66) 128 (100.00) 0 (0.00)
Chronic thyroiditis <0.001 0.274
(=) 919 (61.80) 568 (38.20) 1,426 (95.90) 61 (4.10)
) 365 (74.95) 122 (25.05) 473 (97.13) 14 (2.87)
Capsule invasion 0.039 0.177
(=) 842 (66.72) 420 (33.28) 1,220 (96.67) 42 (3.33)
(+) 442 (62.08) 270 (37.92) 679 (95.37) 33 (4.63)
Multifocality <0.001 0.007
=) 919 (68.23) 428 (31.77) 1,307 (97.03) 40 (2.97)
(+) 365 (58.21) 262 (41.79) 592 (94.42) 35 (5.58)
Tumor diameter © (cm) <0.001 <0.001
<0.5 304 (75.81) 97 (24.19) 397 (99.00) 4 (1.00)
>0.5 980 (62.30) 593 (37.70) 1,502 (95.49) 71 (4.51)

?, diameter of the largest lesion in multifocal tumors. LNM, lymph node metastases; PTMC, papillary thyroid microcarcinoma.

volume LNM were examined using Fisher’s exact test or
the i’ test. Risk factors for LNM/high-volume LNM were
identified by univariate analysis and multivariate logistic
regression models. Statistical significance was defined as
P<0.05.

Results

Among all the patients, cervical lymph node metastases
were detected in 690 patients (34.95%), and high-
volume LNM was detected in 75 patients (3.80%). In the
univariate analysis, compared with the parameters in the
control group, male sex (45.93% wvs. 31.79%, P<0.05), age
<40 years old (<40 years old, 48.91%; 40-59 years old,
29.54%; >60 years old 22.66%, P<0.05), multifocality
(41.79% wvs. 31.77%, P<0.05), without chronic thyroiditis
(38.20% wvs. 25.05%, P<0.05), and tumor diameter >0.5 cm
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(37.70% vs. 24.19%, P<0.05) were significantly associated
with LNM (7able 1). In the multivariate analysis, compared
with young patients (group A), middle-age [odds ratio (OR)
=0.427, 95% confidence interval (CI): 0.347-0.526, group
B] and elderly (OR =0.291, 95% CI: 0.185-0.459, group
C) patients were independent protective factors for LNM.
In contrast, male sex (OR =1.657, 95% CI: 1.319-2.082),
multifocality (OR =1.601, 95% CI: 1.303-1.967), and tumor
diameter >0.5 cm (OR =1.770, 95% CI: 1.362-2.299) were
independent risk factors for LNM (Table 2).

Furthermore, univariate analysis was performed for 75
patients with high-volume LNM and 1,899 patients without
high-volume LNM. Compared with the parameters in the
control group, male sex (6.79% vs. 2.94%, P<0.05), age
<40 years old (age <40 years, 8.21%; age of 40-59 years old,
2.08%; age =60 years old, 0.00%, P<0.05), multifocality
(5.58% wvs. 2.97%, P<0.05) and tumor diameter >0.5 cm
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Table 2 Multivariate analysis of risk factors for LNM in ¢cNO PTMC patients

Item OR 95% CI P value
Group A 1.000 - -
Group B 0.427 0.347-0.526 <0.001
Group C 0.291 0.185-0.459 <0.001
Male 1.657 1.319-2.082 <0.001
Multifocality 1.601 1.303-1.967 <0.001
Tumor diameter >0.5 cm 1.770 1.362-2.299 <0.001
Chronic thyroiditis 0.562 0.441-0.715 <0.001
OR, odds ratio; Cl, confidence interval; LNM, lymph node metastases; PTMC, papillary thyroid microcarcinoma.

Table 3 Multivariate analysis of risk factors for high-volume LNM in ¢NO PTMC patients

Item OR 95% ClI P value
Group A 1.000 - -
Group B 0.240 0.146-0.393 <0.001
Multifocality 2.034 1.258-3.289 0.004
Male 2.250 1.363-3.714 0.002
Tumor diameter >0.5 cm 3.664 1.310-10.250 0.013

OR, odds ratio; Cl, confidence interval; LNM, lymph node metastases; PTMC, papillary thyroid microcarcinoma.

(4.51% wvs. 1.00%, P<0.05) were significantly associated with
high-volume LNM (Tuble I). Multivariate analysis revealed
that compared with young patients (group A), middle-
age (OR =0.240, 95% CI: 0.146-0.393, group B) was an
independent protective factor for high-volume LNM. In
contrast, male sex (OR =2.250, 95% CI: 1.363-3.714),
multifocality (OR =2.034, 95% CI: 1.258-3.289), and tumor
diameter >0.5 cm (OR =3.664, 95% CI: 1.310-10.250) were
independent risk factors for high-volume LNM (Table 3).

Discussion

Neck ultrasound and CT are currently widely used
for the screening of metastatic lymph nodes (19,20).
Ultrasound offers advantages, including the ease of use
and short operation time, and is superior to CT for lymph
node microstructure recognition. Thus, ultrasound is
recommended as the main technique for preoperative
diagnosis. Due to the anatomical features of the neck, the
accuracy of ultrasound in the diagnosis of central LNM
is not satisfactory. In our previous study, we reported an
LNM rate of 9.79% (120/1,226) based on preoperative
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ultrasonography, and the sensitivity of preoperative
ultrasonography was 17.35% (76/438) for LNM. However,
postoperative pathological findings revealed that the
LNM rate was 35.73% (438/1,226) (9,21,22). Therefore,
a significant proportion of ¢cNO patients have confirmed
LNM after surgery. In this study, the LNM rate was
34.95% in patients with ¢cNO PTMC. Previous studies
have demonstrated that male sex, tumor diameter, and
age are independent risk factors for LNM in PTMC
patients (23). Our study reconfirmed similar results: the
LNM rates for age <40 years old, male sex, multifocality,
and tumor diameter >0.5 cm were 48.91%, 45.93%,
41.79%, and 37.70%, respectively. These characteristics
represent independent risk factors for cNO PTMC patients
with LNM. Therefore, LNM occurs in approximately
1/3 of ¢cNO PTMC patients. These results suggest that
prophylactic central neck dissection has certain rationality
for patients with high-risk factors for LNM, and some
guidelines have also recommended routine prophylactic
central neck dissection (24,25). The tumor stage and
treatment strategies for these patients may change (26).
However, it is necessary to carefully consider the clinical
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significance of small metastatic lymph nodes (lesions that
cannot be detected by preoperative ultrasonography) and
their influence on survival or recurrence prognosis. Studies
have demonstrated that the overall prognosis of PTMC is
good. The long-term survival rate can reach greater than
99%. The local or regional recurrence rate is 2% to 6%,
and the rate of distant metastases is only 1% to 2% (3-5).
According to two studies from Korea and Australia, the
lymph node dissection rates were 91.3% (n=2,018) and
21.7% (n=1,391), respectively, and the LNM rates were
34.1% and 3.2%, respectively. However, the 5- and 7-year
recurrence rates were 3.2% and 0.6%, respectively, in the
two studies (27,28). Thus, we can infer that small metastatic
lymph nodes (that cannot be detected by preoperative
ultrasonography) that may be missed in surgery without
prophylactic neck dissection will not progress over a long
period of time and have little significance in clinical practice.
These metastatic lymph nodes may have limited prognostic
impact in PTMC patients (29). In fact, a number of autopsy
studies have reported that occult papillary carcinoma exists
in 1% to 35.6% of “ordinary people” (average 11.5%), and
10% of this population has occult LNM (14). Therefore,
PTC and its metastatic lesions may be present in the
“normal population”, and these lesions may not threaten
these individuals throughout their lives. In a study assessing
the observation of low-risk PTMC patients who did not
undergo immediate surgery, the incidence rates of the
novel appearance of lymph-node metastases were 1.7%
and 3.8% in 1,235 PTMC patients after 5 and 10 years,
respectively (17), and these rates are similar to the high-
volume LNM rate (3.80%) found in our study. Therefore,
we may infer that high-volume LNM in ¢cNO PTMC has
great clinical significance, and we should give priority and
treatment to patients with high-volume LNM. Studies have
demonstrated that the recurrence rate of patients with high-
volume LNM is significantly increased compared with that
of patients without high-volume LNM. The 2015 ATA
guidelines also identified high-volume LNM as an important
risk factor for recurrence risk stratification (6).

This study confirmed that male sex was an independent
risk factor for high-volume LNM in patients with ¢cNO
PTMC (OR =2.250, P=0.002), and older patients exhibited
a reduced risk of high-volume LNM compared with
younger patients (40-59 years old, OR =0.240, P<0.001);
the high-volume LNM rates in males and patients
<40, 40-59, and >60 years old were 6.79%, 8.21%, 2.08%,
and 0, respectively. These results are similar to our previous
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research conclusions (8). Notably, age stratification in this
study was verified as an effective means to predict the risk
of LNM and high-volume LNM in ¢NO PTMC patients.
The treatment strategy for patients <40 years could be more
aggressive in consideration of the highest LNM and high-
volume LNM risk and the long-life span.

Also, tumor size is another risk factor for LNM and high-
volume LNM that should be emphasized. The LNM and
high-volume LNM rates of patients with tumor diameters
<0.5 cm were only 24.2% and 1.0%, respectively (and in
the >0.5 cm group were 37.7% and 4.5%, respectively),
and multivariate analysis also revealed that the risks of
LNM and high-volume LNM were significantly reduced
compared with the >0.5 cm tumor group. The prognosis
of patients with a tumor diameter <0.5 cm is significantly
better than that of patients with a tumor >0.5 cm after
treatment (28). Therefore, it may be reasonable and safe
to observe <0.5 ¢cm tumors and not to provide immediate
surgery (30). Some studies have demonstrated that the total
tumor diameter of multifocal lesions is positively correlated
with the rate of lymph node metastases (31,32). This
finding further suggests a relationship between tumor size
and lymph node metastases. In this study, multifocality was
also identified as an independent risk factor for LNM and
high-volume LNM. Moreover, there are some difficulties
in the evaluation of multifocal lesions during follow-up, and
the evaluation of unifocal lesions is much easier in terms of
observation.

Conclusions

In summary, lymph node metastases are common in cNO
PTMC, whereas high-volume LNM is rare. For younger
patients, male patients, patients with tumors >0.5 cm and
patients with multifocal lesions, the risks of LNM/high-
volume LNM are significantly increased. Therefore,
a deliberate treatment decision should be made after
communicating with patients; once surgery is decided,
prophylactic neck dissection should be considered. Although
some studies indicate that prophylactic neck dissection
may increase the risk of complications (6,33), prophylactic
neck dissection performed by experienced surgeons does
not increase the rate of complications and may also reduce
recurrence and avoid reoperation (34-37). However, active
surveillance may be more reasonable for patients with a
tumor diameter <0.5 cm, age >40 years old, female sex and
isolated lesions.
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