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Objectives. This study aimed to evaluate the significance of metastatic lymph node ratio (the ratio between the metastatic
lymph node and the harvested lymph nodes; MLNR) in the central neck for the prediction of locoregional recurrence

in patients with papillary thyroid microcarcinoma.

Methods. After reviewing medical records of papillary thyroid microcarcinoma patients who received total thyroidectomy
with central neck node dissection, 573 consecutive adult patients were enrolled in this study, with a follow-up period
of more than 36 months. Regarding the risk of recurrence, multivariate analyses were performed with the following
variables; sex, age, multiplicity of the primary tumor, presence of pathological extrathyroidal extension, the level of
postoperative stimulated serum thyroglobulin, the number of harvested lymph nodes, the number of lymph node

metastasis and MLNR.

Results. The MLNR showed a predictive significance for the locoregional recurrence (P<0.05). Most recurrences were oc-
curred in the lateral neck (n=12, 80%) with a median interval of 20 months. The lowest cutoff value of the MLNR
for a meaningful separation of disease recurrence was 0.44 (hazard ratio, 8.86; 95% confidence interval, 1.49 to

52.58; P=0.001).

Conclusion. When the MLNR is higher than 0.44, there is an increased risk of locoregional recurrence mostly in the lateral
neck. Therefore, MLNR of the central neck in a permanent or frozen biopsy may be helpful in decision making in the
extent of thyroidectomy and/or the need for contralateral central neck lymph nodes dissection.
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INTRODUCTION

Lymph node metastasis (LNM) is a significant factor associated
with disease recurrence in patients with papillary thyroid carci-
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noma (PTC) [1-3]. The first echelon of nodal metastasis consists
of paralaryngeal, paratracheal, and prelaryngeal nodes adjacent
to the thyroid gland in the central compartment of the neck,
which are generally described as level VI [4]. LNM in level VI is
more frequently detected in the pathologic specimen [5], which
is partly due to the limitations in the evaluation of the central
neck with ultrasonography [6]. Even though LNM is an impor-
tant risk factor of locoregional recurrence and the frequency of
subclinical LNM is reported up to 65% even in subcentimeter
PTC [7], the clinical significance of the central LNM has been
debated because prophylactic central lymph node dissection
(CLND) seems to have little prognostic benefit [5,8]. In addition,
CLND can increase the frequency of postoperative transient hy-

Copyright © 2016 by Korean Society of Otorhinolaryngology-Head and Neck Surgery.

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/4.0)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.21053/ceo.2016.9.1.75&domain=pdf&date_stamp=2016-03-08

76 Clinical and Experimental Otorhinolaryngology Vol.9, No. 1: 75-79, March 2016

pocalcemia [9]. In this context, the 2009 American Thyroid As-
sociation guidelines cautiously state that prophylactic CLND
may be performed in cases of advanced primary tumors (T3 or
T4), which is based on expert opinion [10].

Among the diverse staging or prognostic scoring systems which
are available for differentiated thyroid carcinoma, the American
Joint Committee on Cancer TNM classification is currently being
used in the majority of clinical practice. Regarding the N staging
system, the 7th edition classifies LNM into simple binary catego-
ries (presence vs. absence) based on anatomic location; patients
having metastasis only to the first echelon (level VI) are graded as
Nla and those having metastasis to the lateral cervical and/or
mediastinal compartment are graded as N1b. Concepts on the
extent of LNM including the numbers of metastatic lymph nodes,
the size of metastatic foci, the presence of extranodal spread, and
the metastatic lymph node ratio (MLNR, positive nodes to har
vested nodes) are not involved in this classification system. There-
fore, whether the current clinical and/or pathological N staging
system can precisely reflect the probability of recurrence as well
as disease specific survival remains an open question [11,12].

A recent study proposed the number of LNM as an alterna-
tive prognostic factor to supplement the limitations of the con-
ventional N staging system of the thyroid gland [13]. A MLNR
was proven as a significant prognostic indicator in the other or-
gan tumors including gastric [14], pancreatic [15], and colorectal
carcinomas [16]. Recently, the significance of the MLNR has
also been suggested in well-differentiated thyroid carcinomas
[17,18]. However, to the best of our knowledge, no study has
investigated the clinical implications of MLNR in the central
neck of the papillary thyroid microcarcinoma (PTMC) patients.

MATERIALS AND METHODS

Patient selection
From the Thyroid Cancer Registry of the Samsung Comprehen-
sive Cancer Center, Seoul, Korea between the year 2005 and
2009, 573 adult patients with the following criteria were includ-
ed; (1) patients who received pre- and postoperative ultrasonog-
raphy (US) imaging studies, (2) patients who underwent total
thyroidectomy with CLND (lymph node dissections of prelaryn-
geal, paratracheal and pretracheal area), (3) patients whose sur-
gical pathology proved to be a classical type of PTMC (less than
1 cm in size), (4) patients with a minimum follow-up period of
36 months. The patients who had preoperative lateral neck LNM
(cN1b) on US were excluded from this study. The study protocol
was approved by the Institutional Review Board of Samsung
Medical Center, Seoul, Korea. Informed consent from patients
was waived owing to the design of the medical record review.
Postoperative complication including hypocalcemia, vocal
cord palsy, chyle leakage, and hematoma were checked. Hypo-
calcemia was defined as symptomatic hypocalcemia if there

were perioral numbness, paresthesia of the hands and feet, Ch-
vostek sign, or Trousseau sign; and as biochemical hypocalcemia
if ionized serum calcium level is less than 1.0 mmol/L. Perma-
nent hypocalcemia was defined as persistent symptoms or per-
sistent biochemical hypocalcemia later than the duration of 6
months. Pre- and postoperative vocal cord mobilities were rou-
tinely evaluated by fiberoptic or rigid laryngoscopy. Permanent
vocal cord palsy was defined as persistent palsy later than the
duration of 1 year.

Statistical analyses

MLNR was defines as the number of pathologically proven met-
astatic lymph nodes divided by harvested lymph nodes from the
level VI. For the prediction of recurrence, multivariate analyses
were performed with the following variables; the number of
LNM, MLNR, and lymph node yield (LNY) of the central neck
as well as previously well-known other prognostic factors in-
cluding sex, size, multiplicity and the presence of extrathyroidal
extension from the primary tumor. Locoregional recurrence was
defined when postoperative US-guided fine needle aspiration
biopsy confirmed a neck nodule as the recurrent PTC. For ana-
lyzing the characteristics of recurrence, sites of recurrence, and
time to recurrence after surgery were checked.

Recurrence free interval (RFI) was analyzed with the Kaplan-
Meier method. Univariate and multivariate analysis were per-
formed with the Cox-regression model. The optimal cutoff value
for MLNR in the central neck was determined using the mini-
mum P-value approach with corrections by the Bonferroni meth-
od. A two-sided P-value <0.05 was considered significant. Statis-
tical analysis was performed using the SAS ver. 9.1.3 (SAS Insti-
tute Inc., Cary, NC, USA) and R 2.13.2 (R Foundation for Statis-
tical Computing, Vienna, Austria; http://www.R-project.org).

RESULTS

Patient characteristics

The clinicopathological characteristics of the study group are
summarized inTable 1. There were 116 male (20.4%) and 457 fe-
male patients (79.6%), with a median age of 55 years. The medi-
an follow-up period was 47 months with an interquartile of 41 to
61 months. Pathological extrathyroidal extension (pETE) was de-
tected in 252 cases (43.9%). There were 61 clinically node-posi-
tive (cN1) (10.6%) and 512 cNO cases (89.4%). The median size
of the primary tumor was 6 mm with an interquartile of 4 to 10
mm. The median LNY was 7 with an interquartile of 4 to 11.The
median level of stimulated serum thyroglobulin (sTg), which was
measured at 3 months after surgery was 0.3 ng/mL with an inter-
quartile of 0.1 to 1 ng/mL.

Metastatic lymph node ratio
A recurrence event was detected in 15 of the 573 patients (2.6 %).



Table 1. Summary of clinicopathological characteristics (n=573)
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Table 3. Univariate analysis for recurrence free interval

Characteristic Overall ~ Nonrecurrent  Recurrent

(n=573) cases (n=558) cases (n=15)
Age (yr) 50 (44-56) 50 (45-56) 47 (37-53)
Sex

Male 116 (20.4) 107 (19.2) 9(60.0)

Female 457 (79.6) 451 (20.8) 6 (40.0)
Tumor size (mm) 6 (4-8) 6 (4-8) 7 (5-8)
Multiplicity of primary tumor 1(1-2) 1(1-2) 2(1-3)
Pathological ETS

Yes 252 (43.9) 250 (44.9) 2(13.4)

No 321(56.1) 308 (55.1) 13 (86.6)
Clinically positive lymph node

Yes (cN1) 61(10.6) 57 (10.2) 4(26.6)

No (cNO) 512(89.4) 501 (89.8) 11(83.4)
No. of LNM 0(0-1) 0(0-1) 2(1-4)
LNY 7(4-11)  7(4-11) 6 (4-11)
MLNR 0(0-0.2) 0(0-0.2) 0.4(0.2-0.7)
sTg (ng/mL ) 0.3(0.1-1) 0.3(0.1-0.9) 7.2(3.8-23.5)
Follow-up period (mo) 47 (41-61) 47 (41-61) 55 (45-66)

Values are presented as median (interquartile range) or number (%).

ETS, extra thyroidal spread; LNM, lymph node metastasis; LNY, lymph
node yield, the number of harvested lymph nodes; MLNR, metastatic
lymph node ratio, the ratio between metastatic lymph node and harvested
lymph nodes; sTg, level of postoperative stimulated serum thyroglobulin.

Table 2. Characteristics of recurrent cases (n=15)

Characteristic Value
Recurrence site
Neck level [V 9(60.0)
Neck level 11 3(20.0)
Thyroidectomy bed including neck level VI 2(13.3)
Neck level VII (mediastinum) 1(7.7)
20 (

Time to recurrence (mo) 15-28)

Values are presented as number (%) or median (interquartile range).

Among 15 cases, 12 cases (80.0%) were recurred at the lateral
neck (level III or IV), whereas operative field recurrence was ob-
served in 2 cases (13.3%).The median time to recurrence was 20
months, with an interquartile of 15 to 28 months (Table 2). Re-
garding RFI, univariate analysis using the Cox-regression model
demonstrated that sex, multiplicity of the primary tumor, pETE,
the number of LNM, MLNR, and sTg were significant variables
(Table 3).

The MLNR was highly correlated with the number of LNM in
the Spearman correlation analysis (correlation coefficient=0.97,
P<0.001). In contrast, the MLNR has no correlation with LNY
in the Spearman correlation analysis (correlation coefficient=
0.06, P=0.116). Therefore, LNY were included but the LNM
number was excluded from the multivariate analysis of RFL In
multivariate analysis, multiplicity of the primary tumor (P<
0.001), sTg (P<0.001), and MLNR (P=0.005) were proven to
be associated with a higher risk of recurrence (Table 4).

Variable Coefficient (SE) HR (95% Cl) P-value
Male sex 0.53 6.08 (2.10-17.07) ~ 0.001
Age (yr) 0.03 0.96 (0.90-1.01) 0.096
Multiplicity of primary 0.16 1.64 (1.20-2.26) 0.002
tumor
Pathological ETS 0.76 5.19(1.17-23.04)  0.030
Clinically positive lymph 0.58 3.11(0.99-9.80) 0.051
node
sTg (ng/mL) 0.01 1.11(1.10-1.14)  <0.001
LNY 0.05 0.98(0.90-1.10)  >0.999
No. of LNM 0.08 1.40(1.20-1.70)  <0.001
MLNR 0.66 27.98 (5.80-134.36) <0.001

SE, standard error; HR, hazard ratio; Cl, confidence interval; ETS, extra
thyroidal spread; sTg, level of postoperative stimulated serum thyroglobu-
lin; LNY, lymph node vyield, the number of harvested lymph nodes; LNM,
lymph node metastasis; MLNR, metastatic lymph node ratio, the ratio be-
tween metastatic lymph node and harvested lymph nodes.

Table 4. Multivariate analysis for recurrence free interval

Variable P-value HR (95% ClI)
Male sex 0.013 4.67 (1.38-15.79)
Age (yr) 0.706 0.99 (0.93-1.05)
Multiplicity of primary tumor <0.001 2.02 (1.42-2.88)
Pathological ETS 0.365 2.11(0.42-10.62)
Clinically positive lymph node 0.147 0.39(0.11-1.40)
sTg (ng/mL) <0.001 1.10 (1.07-1.14)
LNY 0.827 1.01(0.89-1.15)
MLNR 0.005 11.21 (2.12-59.40)

HR, hazard ratio; Cl, confidence interval; ETS, extra thyroidal spread; sTg,
level of postoperative stimulated serum thyroglobulin; LNY, lymph node
yield, the number of harvested lymph nodes; MLNR, metastatic lymph
node ratio, the ratio between metastatic lymph node and harvested lymph
nodes.

Cutoff value for predicting recurrence

Cutoff values of the MLNR showed significant predictive power
between 0.44 and 0.50. The lowest cutoff value was 0.44 (adjust-
ed hazard ratio [HR], 8.86; 95% confidence interval [CI], 1.49—
52.58; P<0.001) and the cutoff value which had the highest HR
was 0.45 (adjusted HR, 9.78; 95% ClI, 1.68-57.09; P=0.002).

Postoperative complications

Of the 573 in the study, temporary hypocalcemia developed in
167 patients (29.1%). Permanent hypocalcemia developed in 6
patients (1.0%). Transient vocal cord paralysis or paresis devel-
oped in 30 patients (5.2%) and permanent palsy in 7 patients
(1.2%). Minor chyle leakage occurred in 5 patients (0.8%),
which were easily controlled with conservative management in-
cluding a week of low-fat diet or a fat-free diet. Immediate post-
operative hematoma was observed in 4 patients (0.6%); 3 from
the anterior jugular vein of the subplatysmal flap and 1 form
the superior thyroid artery.
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DISCUSSION

Despite the excellent overall survival of patients with PTMC re-
gardless of the extent of initial treatment, LNM is an important
prognostic factor which frequently results in increased disease-
recurrence [19]. Therapeutic CLND for patient with clinically in-
volved central or lateral neck lymph nodes should accompany
total thyroidectomy to provide clearance of disease from the
central neck [10]. However, there is no current consensus regard-
ing the optimal subsequent treatment when the LNM in the cen-
tral neck is firstly confirmed after the surgery. Therefore, there
were continuing debates on the needs for the completion thy-
roidectomy, further complete CLND, or postoperative radioac-
tive iodine therapy.

Lee et al. [13] recently addressed the prognostic implications
of the number of LNM of the central neck; the number of cen-
tral LNM correlates with the well-known adverse prognostic in-
dicators including tumor size, extrathyroidal extension, and lat-
eral neck LNM. However, they analyzed the number of LNM in
relation to indirect prognostic variables including sTg, age, sex,
or tumor size rather than direct therapeutic outcomes including
recurrence or survival. Another recent study revealed that both
the number of central LNM and N stage are significant prognos-
tic indicators to predict recurrences in PTMC patients. In a sub-
group analysis of PTMC patients having no lateral neck LNM,
number of central LNM (=4) remained as a meaningful predic-
tor for recurrence [20]. Besides the number LNM (=3) in the
central neck, the size of metastatic foci (=0.2 cm) and the pres-
ence of desmoplasia in the metastatic lymph nodes were highly
associated with recurrence-free survival [21].

To minimize the confounding effects of the primary tumor
and to exclusively focus on the prognostic significance of the
LNM, our study included only the patient populations with
PTMC, who received total thyroidectomy with CLND. Both the
absolute number and the relative ratio of LNM showed a statis-
tical significance in the prediction of disease-recurrence from
the univariate analysis (P<0.001). To verify this association,
multivariate analysis was performed by adjusting the effects of
the following variables; sex, age, multiplicity of the primary tu-
mor, pETE, clinical N staging, LNY, and postsurgical sTg level.
The number of LNM exhibited its prognostic value in predicting
disease-recurrence with an adjusted HR of 1.28 (95% CI, 1.01
to 1.62; P=0.033). However, we failed to retrieve a meaningful
cutoff value regarding the number of central LNM, which indi-
rectly indicates a weak correlation between the number of LNM
and disease-recurrence (data not shown).

Besides the well-established current concepts of size, number,
and extracapsular spread in the nodal staging system, MLNR
was proposed as an alternative prognostic marker in gastric,
colorectal and pancreatic cancers [14-16]. Similarly, Lang et al.
[18] reported that a higher MLNR is associated with a higher
level of sTg, which might imply persistent or recurrent disease; if

the MLNR in central neck was >0.67, the chance of having de-
tectable sTg was 36.64 times higher than if the MLNR was <0.3.
However, this seems to be an over-simplified risk-stratification
rather than a validated cutoff value to predict locoregional re-
currence. Regarding the MLNR for predicting recurrence, both
total MLNR (=0.7) and central neck MLNR (=0.86) were
strongly associated with recurrence of PTC after initial opera-
tion even though the study was retrospectively performed in a
small group of patients (n=69) analysis [22]. By analyzing the
Surveillance Epidemiology and End Results (SEER) Database,
Beal et al. [17] showed that increased MLNR was associated
with decreased survival in patients with well-differentiated thy-
roid carcinoma. Another recent SEER database analysis of
10,995 cases of PTC having LNM indicated that MLNR=0.42 is
a strong determinant of disease-specific mortality [23].

In multivariable analysis adjusting for other variables, the
MLNR was proven as a significant prognostic indicator for the
prediction of disease-recurrence with an adjusted hazard ratio
of 11.21 (95% CI, 2.12 to 59.40; P=0.005). However, the re-
currence events were small (15 cases, 2.6%) and therefore, the
confidence interval widely ranged (2.12 to 59.40), which is one
of the limitations of this study.

For the prediction of locoregional recurrence, the lowest cut-
off value of the MLNR was 0.44 (P<0.001; HR, 8.86). The cut-
off value which has the highest HR was 0.45 (P=0.002; HR,
9.78). However, careful interpretation of these cutoff values of
MLNR should be conducted when a small number of lymph
nodes is harvested. Regarding the pattern of recurrence, the ma-
jority of recurrence was found at the lateral neck; 9 patients
(60.0%) in level IV and 3 patients (20.0%) in level III. Recur-
rence at the operative bed was found only in 2 cases (13.3%).
The median period to the recurrence after thyroidectomy was
20 months with an interquartile of 15 to 28 months. A skip me-
tastasis, defined as lateral LNM without central LNM, occurs in
only a minority of patients with PTMC [24]. The concept of the
step-wise progression of LNM originating from the central to the
lateral neck has largely been accepted [25]. Therefore, a higher
MLNR in the central neck may imply the possibility of subse-
quent or subclinical LNM in the lateral neck.

There is a philosophical limitation of this study. Before the
year 2009, the authors’ institution preferred total thyroidectomy
with CLND as the treatment choice for the patients with PTMC,
especially when the patient is male, older than 45 years, and has
a familial history of PTC. As a result, we could enroll a unique
patient cohort in this study, who received unusually aggressive
treatments for their low-risk PTMC; total thyroidectomy with
CLND. However, relatively uniform and consistent treatments
could paradoxically provide important and valuable information
about the significance of MLNR. Other limitations include the
retrospective study design, a relatively short-term follow-up pe-
riod, and a limited number of recurrent cases. In addition, the
data analyzed in this study was retrieved only from a single in-



stitution. All of these shortcomings might result in selection bias,
thereby weakening the statistical power.

In this study, we proved that MLNR in the central neck has a
predictive value for locoregional recurrence. When the MLNR is
higher than 0.44, there is an increased risk of locoregional recur-
rence with an HR of 8.86 (P<0.005). Because most of the recur
rence was observed in the lateral neck (80%), a careful follow-up
evaluation of the lateral neck is warranted in these patients. Even
though prophylactic CLND is not recommended as a treatment
guideline for cNO PTMC, ipsilateral CLND combined with
hemithyroidectomy is not infrequently performed as an initial
surgical management of PTMC in many countries including Ko-
rea. In this context, the concept of MLNR with a cutoff value of
0.44 may supplement the decision making for the further treat-
ment. For example, confirming the MLNR of the central neck in
a permanent or frozen biopsy may be helpful in decision mak-
ings for the further surgical resection including total thyroidecto-
my, completion thyroidectomy, or contralateral CLND.
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