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Significance of micrometastases in the calculation of the
lymph node ratio for papillary thyroid cancer
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Purpose: The lymph node ratio (LNR] is an important prognostic factor in papillary thyroid carcinoma (PTCJ, but
micrometastases in cervical lymph nodes (LNs) are not of great clinical importance. In this study, we analyzed the accuracy
of prediction of the prognosis depending on whether micrometastases were included in the number of metastatic LNs
when calculating LNR.

Methods: The study included 353 PTC patients who underwent total thyroidectomy with neck LN dissection, and calculated
LNR by 2 methods according to whether micrometastases were included in the number of metastatic LNs: Method 1 did
not and method 2 did include. To compare the predictive values of LNR by the 2 methods, correlation coefficients and
receiver operating characteristic (ROC) curves were analyzed.

Results: Positive correlations were found between LNR and preablation stimulated thyroglobulin (sTg) levels in both
methods, but the correlation between method 1 LNR and preablation sTg level was significantly stronger than that for
method 2 (Fisher z = 1.7, P = 0.045). The areas under these 2 independent ROC curves were analyzed; the prognostic
efficacy of method 1 LNR was more accurate than that of method 2 LNR, and the difference was statistically significant (P =
0.0001).

Conclusion: Regional recurrence of PTC can be predicted more accurately by not including micrometastases in the

number of metastatic LNs when calculating LNR.
[Ann Surg Treat Res 2017;92(3):117-122]
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INTRODUCTION

Papillary thyroid carcinoma (PTC) is the most common
histologic type of differentiated thyroid cancer and has a 10-
year survival rate of greater than 90% [1-3]. Despite its excellent
prognosis, regional recurrence in cervical lymph nodes (LNs)
occurs in 5.4%-13% of PTC patients who undergo surgery
[4,5]. The presence of neck LN metastases is an independent
risk factor for recurrence, and regional neck LN metastases
are found in approximately 30%-65% of PTC patients [6-8].
According to the pathological TNM classification for PTC of
the American Joint Committee on Cancer (AJCC), the nodal

status for PTC is categorized into Nla and N1b, based on the
neck compartment location of the metastatic LNs. However,
the prognoses of patients with the same nodal status are quite
variable, and it is difficult to predict the prognosis using the
traditional TNM classification.

Recent studies have suggested that a higher lymph node
ratio (LNR), the ratio of the number of metastatic LNs to the
total number of LNs retrieved, was strongly associated with
recurrence of PTC after initial surgery, and LNR has emerged
as an alternative nodal staging system [9-11]. Metastatic LN
size is also an important prognostic factor in PTC [11-13], and
several studies showed that micrometastases in the cervical
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LNs were not of great clinical importance [14-16]. To our
knowledge, no studies have analyzed the accuracy of prediction
of the prognosis depending on whether micrometastases were
included in the number of metastatic LNs when calculating
LNR.

In this study, we calculated LNR by 2 methods according
to whether micrometastases were included in the number of
metastatic LNs, and evaluated to determine which method
could predict the prognosis more accurately.

METHODS

Study population
Between January 2003 and December 2012, records of 733

PTC patients who underwent total thyroidectomy with neck
LN dissection were retrieved. Among these, only patients who
underwent radioactive iodine (RAI) ablation after surgery were
included. Patients with distant metastases or an intraoperative
finding of gross tumor invasion to the surrounding structures
were excluded; those with a serum thyroglobulin (Tg)
autoantibody level of =100 U/mL were also excluded to avoid
interference with preablation stimulated Tg (sTg) levels. Finally,
353 patients were eligible for analysis. This retrospective study
was approved by the Institutional Review Board of Korea
University Medical Center, Ansan University (registration
number: AS16037-001).

Surgery and pathologic examination
All 353 patients underwent total thyroidectomy with neck

LN dissection. Patients with clinically negative neck nodal
findings underwent ipsilateral central neck dissection, and
bilateral central neck dissection was performed in patients with
clinically suspicious node metastases or bilateral PTC. Central
neck dissection had the following boundaries: the hyoid
bone superiorly, the carotid sheath laterally, the manubrium
inferiorly, and the prevertebral fascia dorsally. Lateral neck
dissection was performed in patients with evidence of lateral
neck LN metastases through preoperative imaging or fine
needle aspiration biopsy. Regional level 1la, III, and IV LNs
were routinely included in the extent of lateral neck dissection,
and level Vb LN dissection was performed only in patients
with evidence of level Vb LN metastases. The entire surgical
specimen was sent for pathologic examination. Histologic
findings of primary tumors and LNs were recorded and
analyzed.

Postoperative management and follow-up
RAI ablation therapy was administered after surgery. The

dose of RAI ablation therapy was 3.7-5.6 GBq depending on
risk factors such as tumor diameter, extrathyroidal extension,
residual microscopic disease, or LN metastases. After

RAI ablation therapy, thyroid stimulating hormone (TSH)
suppressive therapy was initiated in all patients. Serum TSH
was maintained at a level of <0.1 pU/mL. Physical examination,
neck ultrasonography, and sTg levels were examined every 6
months during the follow-up period. Diagnostic RAI whole body
scan, computed tomography, or whole-body fluorodeoxyglucose-
PET were also performed in some patients. Clinical recurrence
was defined as pathologically confirmed structural disease with
fine needle aspiration biopsy, but an elevated Tg level in the
absence of structural disease was not considered recurrence in
this study.

Definitions
LNR was defined as the number of metastatic LNs divided

by the number of removed LNs. Micrometastasis in neck LNs
was defined as the presence of metastatic deposits <2 mm in
diameter, and macrometastasis was defined as deposits >2 mm

Table 1. Clinicopathologic characteristics of the study popu-
lation (n = 353)

Characteristic Value

Age at operation (yr) 7 (16-76)
Sex

Women 320 (90.7)

Men 3(9.3)
Tumor size (cm) 1(0.1-7.0)
Extrathyroidal extension 130 (36.8)
Extent of neck lymph node dissection

Unilateral central compartment 173 (49.0)

Bilateral central compartments 41 (39.9)

Central and lateral compartments 39 (11.0)
Retrieved lymph nodes 6 (1-42)
Metastatic lymph nodes

Method 1 2 (0-25)

Method 2 2 (0-26)
LNR

Method 1 0.33 (0-1.00)

Method 2 0.38 (0-1.00)
TNM staging

| 175 (49.6)

1] 1(0.3)

1 159 (45.0)

IVa 8 (5.1)
Radioiodine therapy

3.7 GBq 146 (41.4)

5.6 GBq 207 (58.6)
Follow-up period (mo) 4 (2-155)
Preablation sTg level (ng/mL) 2 (0.3-3,102.5)
First site of recurrence

Locoregional 26 (7.4)

Distant 0(0)

Values are presented as median (range) or number (%).
LNR, lymph node ratio; sTg, stimulated thyroglobulin.
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in maximal diameter. This is a commonly accepted pathological
definition [16,17]. LNR was calculated by 2 methods according
to whether micrometastases were included in the number of
metastatic LNs: method 1 did not and method 2 did include.

Statistical analysis
Statistics were calculated using IBM SPSS Statistics ver. 22.0

(IBM Co., Armonk, NY, USA), and MedCalc ver. 16.2.1 (MedCalc
Software, Oostende, Belgium) was also used for analyzing data
and plotting graphs. Continuous variables were presented as
medians with range, and categorical variables were presented
as numbers with percentages. The relationship between 2 va-
riables was calculated using correlation coefficients, and Fisher
transformation was used to analyze the difference between
2 correlation coefficients. Receiver operating characteristic
(ROC) curve analysis was performed to calculate the difference
between the areas under the curves (AUCs). Differences were
considered statistically significant at a P-value of <0.05.
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RESULTS

Patient characteristics and pathology
Of 353 patients included in this study, 320 (90.7%) were

women and 33 (9.3%) were men, with a median age of 47 years
(range, 16-76 years). The median tumor size was 1.1 cm (range,
0.1-7.0 cm), and extrathyroidal extension was observed in 130
patients (36.8%). A total of 314 patients (89.0%) underwent
central neck dissection, and 39 (11.0%) with evidence of lateral
neck LN metastases underwent central and lateral neck
dissection. The median number of retrieved LNs was 6 (range,
1-42). The median number of metastatic LNs in methods 1
and 2 was 2 (range, 0-25) and 2 (range, 0-20), respectively.
The median LNRs of methods 1 and 2 were 0.33 and 0.38,
respectively. Using the TNM classification system, 175 patients
(49.6%) had stage I disease, 1 (0.3%) had stage 1I disease, 159
(45.0%) had stage 111 disease, and 18 (5.1%) had stage IVa disease.
All patients received RAI therapy; 146 (41.4%) received 3.7 GBq
and 207 (58.6%) received 5.6 GBq. During a median follow-
up of 64 months (range, 2-155 months), 26 events (7.4%) of
locoregional recurrence occurred, but there were no cases of
distant recurrence. Clinicopathologic characteristics of the
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Fig. 1. Scatterplots illustrating the correlation between
method 1 (A) and method 2 lymph node ratio (LNR) (B) and
preablation sTg level. Significant positive correlations are
found in both the methods (method 1: r = 0.4392, P < 0.0001;
method 2: r = 0.3302, P < 0.0001), but the correlation
between method 1 LNR and preablation sTg level is stronger
(C; Fisher z=1.7, P = 0.045).
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study population are summarized in Table 1.

Comparison of correlation coefficients in both

methods
We analyzed correlation coefficients in both methods.

Positive correlations were found between LNR and preablation
sTg level in both methods. The correlation covariants between
LNR and preablation sTg levels in methods 1 and 2 were r =
04392 (P < 0.001) and r = 03302 (P < 0.001), respectively. The
Fisher r-to-z transformation was used to assess the significance
of the difference between correlation coefficients of the 2
methods, and the correlation between method 1 LNR and
preablation sTg level was significantly stronger than for method
2 (Fisher z = 1.7, P = 0.045). The results are illustrated as a
scatterplot in Fig, 1.

Comparison of ROC curves of both methods
ROC curves were used to examine prognostic efficacy of LNR

in both methods. Examination of the coordinates of the curve
indicates that the best cutoff point for both methods was 0.4706.
At this value, the sensitivity for methods 1 and 2 was 84.6%
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and 84.6%, with a specificity of 63.3% and 58.1%, respectively.
The AUC values for the 2 methods were 0.749 (95% confidence
interval [CI], 0.700-0.793) and 0.710 (95% CI, 0.660-0.757),
respectively. DeLong test was used to analyze the significance
of the difference between these 2 independent AUCs. The
prognostic accuracy of the method 1 LNR was greater than that
for method 2, and the difference was statistically significant (P
= 0.0001). The ROC curves are represented in Fig, 2.

DISCUSSION

In PTC patients who undergo surgery, LNR is an independent
predictor of recurrence, according to recent studies [9-11,18-
21]. LNR is better at predicting prognosis than the AJCC TNM
staging system, because the latter was developed for predicting
mortality in PTC patients, not recurrence. The prognosis
for patients with PTC is excellent. However, patients with
recurrence may require additional surgery, and may have
complications that are likely to affect the quality of life [22].
Thus, predicting recurrence is as important as predicting
mortality, and LNR is useful for predicting recurrence.
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Fig. 2. Receiver operating characteristic (ROC) curves for
method 1 (A) and method 2 lymph node ratio (LNR) (B). ROC
curves comparing method 1 and method 2 LNR (C). In this
plot, the method 1 LNR significantly increased the area under
the ROC when compared to the method 2 LNR.
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A study on the relationship between maximal tumor size of
metastatic LNs and prognosis was initiated for breast cancer in
1971 [17]. A recent study showed that micrometastases 2 mm
or less in size in sentinel LNs did not influence the prognosis
in early breast cancer [23]. In PTC patients, several studies used
a similar concept, and reported that micrometastases in neck
LNs did not lead to higher rates of recurrence [11,14-16]. LNR
was defined as the number of metastatic LNs divided by the
number of removed LNs. Thus, the predictive ability of LNR
could be influenced by whether micrometastases are included
in the number of metastatic LNs, the numerator in the LNR.

The serum Tg level is used for surveillance for recurrence of
PTC and is more accurate when the serum TSH level is high
[24]. The LNR and preablation sTg level have a strong positive
relationship [25]; therefore, the predictive ability for recurrence
in the 2 methods could be compared using r values of the
correlation coefficient. We found that the correlation between
the LNR and preablation sTg level is significantly stronger when
micrometastases are not included in the number of metastatic
LNs (R = 04392 vs. R = 0.3302), i.e., the predictive ability is
more accurate when micrometastases are excluded from the
LNR.

We also analyzed the ROC curves of the 2 methods. Method 2
had the same optimal cutoff point for LNR, 0.4706, as method 1.
This cutoff point was comparable to that of other reports using
various methods such as quantiles, ROC curves, and predicted
probability [10,11,26]. However, whether micrometastases were
included in the number of metastatic LNs did not influence
changes in the cutoff value. Method 2 also had the same
sensitivity at this cutoff point as method 1, but the specificity
of the optimal cutoff point was lower than that for method 1.
This means that inclusion of micrometastases in the LNR does
not predict more patients who will have recurrence of PTC, but
instead could increase the probability of predicted recurrence in
patients who will not actually have a recurrence. The AUCs were
compared to determine whether LNR had greater efficacy for
predicting recurrence in method 1 or method 2. As expected,
the AUC of method 1 was larger than that of method 2; this
suggests that inclusion of micrometastases in the LNR would
decrease its efficacy for predicting recurrence.

In a previous study on the prognostic value of microme-
tastases [14], enrolled patients were divided into 3 PTC
groups: those with only micrometastatic LNs, those with
only macrometastatic LNs, and those without metastasis;
the recurrence rate in each group was examined. This was
a good method for assessment of the prognostic value of
micrometastases, but the number of PTC patients with only
micrometastatic LNs was small, and the PTC patients with
micrometastatic and macrometastatic LNs could not be
analyzed. In contrast to the previous study, we did not divide
enrolled patients into groups, but calculated LNR by 2 methods
in the patients and assessed the prognostic value by comparing
correlation coefficients and ROC curves. Accordingly, we
could include even the PTC patients with micrometastatic and
macrometastatic LNs in this study and assess the prognostic
value of micrometastases in more patients with micrometastatic
LNs than the previous study.

Several limitations of this study should be considered,
including its retrospective design, which has potential bias.
The median follow-up period was 64 months, which was
relatively short to completely determine recurrence in patients
with PTC. Furthermore, there was no analysis according to the
dose of RAIL which could influence the long-term outcome;
we excluded patients who did not undergo RAI ablation in
order to avoid variables due to the effectiveness of RAIL Finally,
recurrence was defined as only pathologically confirmed
structural disease. Biochemical recurrence was not considered,
because the relationship between LNR and preablation sTg level
requires analysis in this study. Accordingly, the results must
be interpreted with caution, and further studies with a longer
follow-up period would have to be conducted.

In conclusion, regional recurrence of PTC can be predicted
more accurately by not including micrometastases in the
number of metastatic LNs when calculating LNR.
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