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Abstract

Background

Lateral cervical lymph node (LCLN) metastasis, or pathologic N1b disease, is an important

risk factor in papillary thyroid carcinoma (PTC). However, many patients have favorable

prognosis even with pathologic N1b patients in clinical practice. The study aims to identify

high- and intermediate-risk groups based on initial pathologic characteristics in these

patients.

Patients

This study included 518 classical PTC patients confirmed as pathologic N1b at initial sur-

gery between 2001 and 2010. All patients underwent a single fixed activity (5.6 GBq) of

radioactive I-131 remnant ablation.

Results

Patients with a primary tumor larger than 4 cm, gross extrathyroidal extension, metastatic

LN larger than 3 cm, or greater than 10 metastatic LCLN were classified as high-risk group.

These comprehensive pathologic criteria were retrieved from cox proportional hazard mod-

els. Twenty two percent of patients (n = 113) were classified as high-risk and 78% (n = 405)

as intermediate-risk group. Successful ablation was identified in only 32% of the patients in

the high-risk group and 61% in the intermediate-risk group (p < 0.001). The difference

between the two risk groups was independent to gender. There was a significant difference

in disease-free survival between the high- and intermediate- risk N1b groups during 5.1

years of median follow-up (84% vs. 59%, p < 0.001). Distant metastasis was more prevalent

in the high-risk group (20%) than in the intermediate-risk group (4%, p < 0.001).
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Conclusions

The prognosis of PTC patients with LCLN metastasis varies depending on initial pathologic

characteristics. We proposed the comprehensive pathologic criteria for sub-classification of

N1b into high- and intermediate-risk groups and this sub-classification may permit

personalized management of N1b PTC patients.

Introduction
Lateral cervical lymph node (LN) involvement in papillary thyroid carcinoma (PTC), or patho-
logic N1b disease according to the traditional American Joint Cancer Committee/Union Inter-
nationale Contre le Cancer (AJCC/UICC) Tumor Node Metastasis (TNM) staging system, is
an important risk factor for recurrence, distant metastasis and cancer-specific death [1–5]. Lat-
eral cervical LN (LCLN) metastasis of PTC occurs in 10–24% of patients and the prevalence of
recurrent/persistent disease in patients with pathologic N1b disease is greater than 30% [1, 5–
8]. PTC patients with pathologic N1b disease typically require aggressive management, includ-
ing high-dose radioactive iodine (RAI) remnant ablation [6, 9].

Given the increased prevalence of small, early-stage PTCs [10], the disease extent of patho-
logic N1b disease seems to be decreasing and many patients with pathologic N1b PTC have
favorable prognosis than we expected in clinical practice. Therefore, it is important to distin-
guish higher risk from lower risk patients to optimize the management of PTC patients with
pathologic N1b disease. Previous studies suggested several pathologic characteristics for risk
stratification of pathologic N1b disease in PTC. Large metastatic foci in cervical LNs [11, 12],
high numbers of metastatic LNs [13, 14], high numbers of metastatic LCLNs [15] and bilateral
LCLN metastasis [16] have been identified as poor prognostic factors associated with recur-
rence or distant metastasis in PTC with pathologic N1b disease. However, no comprehensive
criteria exist for optimal risk assessment of PTC with LCLN metastasis.

In this study, we aim to identify the comprehensive criteria for PTC patients with pathologic
N1b according to initial clinicopathologic characteristics. Our criteria adopted several clinico-
pathologic prognostic factors from previous studies and we validated prognostic values of these
factors in our patients. We analyzed whether sub-classification of N1b using this criteria may
effectively predict the risk of structural recurrent/persistent disease during follow-up.

Materials and Methods

Study cohort
A total of 4,297 patients with classical PTC underwent total thyroidectomy at Asan Medical
Center (Seoul, Korea) between 2001 and 2010. Among this cohort, 570 patients with pathologic
N1b disease were identified and their medical records were reviewed. We excluded patients in
whom distant metastases were found before initial surgery (n = 10) and patients who missed
follow-up after initial treatment (n = 42). Finally, 518 patients were eligible for analysis. All
patients also underwent therapeutic central and lateral neck dissection and subsequent RAI
remnant ablation therapy with a single fixed activity of 5.6 GBq I-131 [17]. This study was
approved by the institutional review board of the Asan Medical Center.
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Follow-up protocol
After initial therapy, patients took levothyroxine for TSH suppression and were regularly fol-
lowed-up with physical examination. Neck ultrasonography (US) and measurement of the lev-
els of serum thyroglobulin (Tg) were done every 6 to 12 months with serum anti-Tg antibody
(TgAb) [18]. Diagnostic radioiodine whole body scan (WBS) with measurement of serum stim-
ulated Tg (sTg) level were done during the first one year after initial therapy. Additional diag-
nostic imaging studies, such as computed tomography, magnetic resonance scan or whole
body fluoro-deoxyglucose (FDG)—positron emission tomography (PET) scan, were also per-
formed in some patients as needed [17, 19].

Definitions
Successful ablation was defined as negative serum sTg level (< 1 ng/mL) with negative TgAb
(< 60 ng/ mL) and absence of suspicious metastatic lesions by neck US at the first follow-up
after initial therapy. In patients with positive TgAb (� 60 IU/mL), successful ablation was
defined as negative findings by neck US and diagnostic WBS. These definitions were from
ESTIMABL study [20].

Clinical outcome was also assessed at the end of the follow-up period. Structural recurrent/
persistent disease was defined as cytologically or histopathologically confirmed metastatic
lesions and/or metastatic lesions in other distant organs with definite malignant features in var-
ious imaging studies and elevated serum Tg value [17].

Statistics
R version 3.03 and R libraries survival, car, ggplot2, Cairo, rms, grid, plyr, Formula and lattice
were used to analyze data and draw graphs (R Foundation for Statistical Computing, Vienna,
Austria, http://www.R-project.org).

Continuous variables were presented as medians with inter-quartile range (IQR) and cate-
gorical variables as numbers with percentages. Structural recurrent/persistent disease was pri-
mary endpoint and Cox proportional hazard model was used to evaluate the risk of
recurrence/persistence of disease. The proportion of variation in survival time explained (PVE)
by the maximum likelihood ratio (G2) from Cox model (PVE = 1-exp (-G2/n)) was used to
determine the most reliable criteria for sub-classification of N1b PTC patients. The PVE (%)
ranges from 0 to 100 and the higher value suggests the more accurate predictability of risk of
recurrence [17]. The internal stability of the comprehensive criteria was tested using bootstrap
resampling [21, 22]. We created new data set by 200 random sampling of the original data and
calculated the new Cox regression. We also calculated the cox regression and the PVE values
using continuous variables [23]. Wilcoxon rank-sum test, Chi-square test, and Fisher’s exact
test were used to compare the clinico-pathologic variables of patients according to the risk
stratification. Disease-free survival curves based on risk were constructed with the Kaplan-
Meier method and the log rank test was used to compare the curves. All P values were two
sided, with P< 0.05 considered statistically significant.

Results

Prognostic factors for predicting structural persistent/recurrent disease
of N1b PTC patients
A total of 518 patients were included in this study. The baseline characteristics of patients were
described in Table 1. First, we identified the prognostic factors for predicting structural persis-
tent/recurrent disease of N1 PTC patients in our patients. Patients were classified according to
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their age at initial surgery (� 45 years) [2, 4], gender [24], primary tumor size (> 4 cm) [25,
26], presence of gross extrathyroidal extension [25, 27], maximal size of metastatic LNs (� 3
cm) [12, 27], number of metastatic LNs (> 20) [13], number of metastatic LNs in only lateral
neck (>10) [15], or presence of bilateral lateral cervical involvement [16] based on previous
studies. In the univariate analysis of Cox proportional hazard model, all except the old age
were significant prognostic factors. The results of univariate analysis using continuous vari-
ables were consistent with the results using categorical variables (Table 1).

In multivariate analysis, male gender, primary tumor larger than 4 cm, presence of gross
extrathyroidal extension, more than 10 metastatic LCLNs, and larger metastatic LNs equal or
greater than 3 cm were significant prognostic factors (Table 2). The number of metastatic LNs
in lateral neck was a more evident prognostic factor compared to the number of metastatic
LNs in the whole cervical compartments. In the Cox regression model using continuous vari-
ables, primary tumor size, gross extrathyroidal extension and maximal size of metastatic LNs
were significant prognostic factors (Table 3).

New comprehensive criteria for sub-classification of N1b PTC patients
Wemade four different criteria for sub-classification of N1b PTC patients based on the result
of the cox analysis. Model 1 defined the high risk group as male patients or patients with a pri-
mary tumor> 4 cm, gross extrathyroidal extension, maximal metastatic LNs� 3 cm, over 10
metastatic LCLNs or bilateral cervical involvement. Others were classified into the intermediate

Table 1. Univariate analysis of prognostic factors of persistent/recurrent disease in N1b PTC patients.

Characteristics N (%) Median (IQR) Hazard ratio (95% CI) P-value

Age 45 (37–54) 1.01 (0.99–1.03) 0.128

< 45 years 248 (48) Ref

� 45 years 270 (52) 1.26 (0.87–1.82) 0.229

Gender

Female 372 (72) Ref

Male 147 (28) 2.00 (1.37–2.91) < 0.001

Primary tumor size 1.6 (1.2–2.6) 1.24 (1.14–1.35) < 0.001

� 4 cm 482 (93) Ref

> 4 cm 36 (7) 2.89 (1.74–4.79) <0.001

Gross extrathyroidal extension

No 504 (97) Ref

Yes 14 (3) 5.03 (2.54–9.96) <0.001

Maximal metastatic LN size 1.1 (0.7–1.6) 1.49 (1.28–1.74) < 0.001

< 3 cm 498 (96) Ref

� 3 cm 20 (4) 3.04 (1.63–5.66) <0.001

No. of involved LNs 9 (5–13) 1.05 (1.03–1.07) < 0.001

� 20 469 (91) Ref

> 20 49 (9) 2.09 (1.28–3.42) 0.003

No. of involved LNs in lateral neck 5 (3–8) 1.07 (1.04–1.10) < 0.001

� 10 447 (86) Ref

> 10 71 (14) 2.55 (1.78–3.87) < 0.001

Bilateral cervical involvement

No 470 (91) Ref

Yes 48 (9) 2.08 (1.25–3.44) 0.005

doi:10.1371/journal.pone.0133625.t001
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risk group. Model 2 used prognostic factors as Model 1 except gender; patients with a primary
tumor> 4 cm, gross extrathyroidal extension, metastatic LNs� 3 cm, over 10 metastatic
LCLNs, or bilateral cervical involvement were defined as the high risk group. Model 3 defined
the high risk group as male patients or patients with a primary tumor> 4 cm, gross extrathyr-
oidal extension, maximal metastatic LNs� 3 cm or over 10 metastatic LCLNs. Model 4 used
prognostic factors as Model 3 except gender; patients with a primary tumor> 4 cm, gross

Table 2. Multivariate analysis of prognostic factors of persistent/recurrent disease in N1b PTC patients.

Characteristics #1 #2

Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value

Gender

Female Ref Ref

Male 1.56 (1.07–2.37) 0.023 1.59 (1.07–2.36) 0.023

Primary tumor size

� 4 cm Ref Ref

> 4 cm 1.87 (1.07–3.28) 0.028 1.79 (1.03–3.14) 0.040

Gross extrathyroidal extension

No Ref Ref

Yes 3.49 (1.66–7.33) <0.001 3.01 (1.41–6.42) 0.004

Maximal metastatic LN size

< 3 cm Ref Ref

� 3 cm 2.60 (1.38–4.87) 0.003 2.57 (1.37–4.82) 0.003

No. of involved LNs

� 20 Ref

> 20 1.35 (0.73–2.47) 0.338

No. of involved LNs in lateral neck

� 10 Ref

> 10 1.74 (1.05–2.88) 0.032

Bilateral cervical involvement

No Ref Ref

Yes 1.46 (0.78–2.71) 0.236 1.24 (0.67–2.28) 0.492

doi:10.1371/journal.pone.0133625.t002

Table 3. Multivariate analysis of continuous prognostic factors of persistent/recurrent disease in N1b PTC patients.

Characterisitics #1 #2

Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value

Gender

Male 1.37 (0.91–2.08) 0.135 1.40 (0.92–2.12) 0.113

Primary tumor size 1.14 (1.03–1.26) 0.012 1.13 (1.02–1.26) 0.002

Gross extrathyroidal extension

Yes 3.03 (1.44–6.39) 0.003 3.00 (1.43–6.30) 0.004

Maximal metastatic LN size 1.38 (1.17–1.63) <0.001 1.37 (1.16–1.62) <0.001

No. of involved LNs 1.02 (0.99–1.05) 0.104

No. of involved LNs in lateral neck 1.03 (0.99–1.06) 0.150

Bilateral cervical involvement

Yes 1.27 (0.71–2.26) 0.424 1.31 (0.73–2.32) 0.364

doi:10.1371/journal.pone.0133625.t003
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extrathyroidal extension, metastatic LNs� 3 cm, or over 10 metastatic LCLNs were defined as
the high risk group. When we compare the PVE value of the risk models, all comprehensive
risk models had higher PVE values than each prognostic factor. Especially, Model 4 presented
the highest value and we used Model 4 as the new comprehensive criteria for sub-classification
of N1b PTC patients. The results of internal stability test were consistent with the results from
original data set (Tables 4 and 5).

Clinicopathological features according to the sub-classification
Of 518 eligible patients with N1b disease, 405 (78%) were classified as intermediate-risk and
113 (22%) as high-risk according to Model 4 (Fig 1). The median age of patients at initial sur-
gery was similar between the two risk groups (P = 0.546). Age distribution was also not associ-
ated with risk (P = 0.733); however, the gender distribution was different between the groups
(P< 0.001). About half of the high-risk patients (44%), but only 24% of the intermediate-risk
patients were male. By definition, patients in the high-risk group presented with larger primary
tumors, more metastatic LCLNs, and larger metastatic LNs than those in the intermediate-risk
group. High-risk patient also had a higher number of LNs resected and a higher LN ratio
(P< 0.001) (Table 6).

Success rate of RAI remnant ablation
We analyzed the success rate of RAI remnant ablation based on the risk group, gender, and age
(Fig 2A). The ablation success rate was 61% in the intermediate-risk group but, only 32% in the
high-risk group (P< 0.001). It was significantly lower in males (36%) than in females (62%,
P< 0.001); however, there was no significant difference between the two age groups (54%
in< 45 years vs. 56% in� 45 years, P = 0.867). We analyzed the ablation success rate based on
gender and the risk group (Fig 2B). The high-risk group had a significantly lower ablation suc-
cess rate than the intermediate- risk group in both gender subgroups. High-risk males had the
lowest ablation success rate as 16%.

Long-term clinical outcome
The median duration of follow-up was 5.1 years (IQR 3.8–7.5). At the end of follow-up, 114
patients (22%) had structural persistent/recurrent disease, and 39 patients among them (8%)
had distant metastatic disease. Significant differences in long-term clinical outcome were

Table 4. Comparison of PVE values of prognostic factors.

Characterisitcs PVE (%)

Gender

Male 2.5

Primary tumor size 4.0

> 4 cm 2.7

Gross extrathyroidal extension

Yes 2.9

Maximal size of metastatic LNs 4.1

� 3 cm 1.9

No. of involved LNs in lateral neck 3.8

> 10 3.4

Bilateral cervical involvement

Yes 1.4

doi:10.1371/journal.pone.0133625.t004
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observed between the high- and intermediate-risk groups. The disease-free survival rate during
the median follow-up period was 84% in the intermediate-risk group and 59% in the high-risk
group (P< 0.001; Fig 3). Twenty three patients (20%) in the high-risk group and 16 (4%) in the
intermediate-risk group developed distant metastatic disease during follow-up (P< 0.001). Dis-
ease- specific mortality occurred in only one patient in the high-risk group during follow-up.

Discussion
In the present study, we propose the comprehensive pathologic criteria using primary tumor
size, presence of gross extrathyroidal extension, maximal size of metastatic LNs, and the num-
ber of metastatic LNs in lateral neck for sub-classification of patients with N1b disease. We
selected these pathologic characteristics as prognostic factors based on previous studies and
validated them in our study patients. In multivariate analysis, larger primary tumor (> 4 cm),
presence of gross extrathyroidal extension, larger metastatic LNs (� 3 cm) and more metastatic
LCLNs (> 10) were significant prognostic factors predicting recurrent/persistent disease of
PTC. Although male gender was also a significant prognostic factor in the multivariate analysis,
inclusion of gender as a prognostic factor in the criteria decreased the PVE values. Therefore,
we defined the four pathologic characteristics of N1b PTC as comprehensive pathologic criteria
for sub-classification of N1b PTC.

This study suggested sub-classification of N1b PTC because the clinical outcome of N1b dis-
ease is variable. In the high- risk group, ablation success was achieved in only 32% of patients 1
year after initial surgery and high activity (5.6 GBq) RAI ablation. However, ablation success
was confirmed in 61% of the patients and 84% of them remained disease-free during follow-up
in the intermediate-risk group. They had a more favorable prognosis than we expected and
accounted for about 80% of all N1b patients. These results are comparable to the prognosis of
patients with only central cervical LN involvement (N1a) of PTC from previous reports [1, 19].
These findings suggest that there is heterogeneity among PTC patients with LCLN metastasis
and the accurate risk stratification for these patients is needed. Our sub-classification criteria
could be easily applicable in the clinical practice and will help physicians tailor the manage-
ment of PTC patients with pathologic N1b disease.

Thyroid cancer is the only malignancy in which the age of patients is a prognostic indicator
in the major staging systems [2, 28]. It is known that recurrence and mortality are more fre-
quent in older patients than younger patients [3, 7, 11, 29, 30]. Low RAI responsiveness, high
TSH level and impaired immune system in aging may be associated with poorer prognosis
[28]. However, a relationship between advanced age and poor prognosis was not always
observed. In this study, the ablation success rate was not different between the age groups. The
proportion of patients older than 60 years was 15% in our patients, which is significantly lower
than the previous study, even though the median age was similar [4]. This could be the reason
for the discrepancy between ours and previous studies.

Interestingly, ablation success rate was significantly different between males and females in
this study. Male N1b patients had significantly poorer prognosis than female. Males tended to

Table 5. Comparison of the risk models using PVE values with internal stability testing.

Models Original PVE (%) PVE (%) from bootstrap resampling

Model 1 5.3 5.2

Model 2 6.2 5.9

Model 3 4.9 4.5

Model 4 6.3 6.1

doi:10.1371/journal.pone.0133625.t005
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have poorer prognostic pathologic characteristics and about half of the patients in the high-risk
group were male in the present study. The European organization for research and treatment
of cancer (EORTC) scoring system[31] and the AMES (Age, Grade, Extent, and Size) system
[32] also consider gender as a prognostic factor and males seem to have more recurrences than
females according to previous studies [29, 33, 34]. However, it is still unclear whether male gen-
der should be used as a criterion of higher risk N1b.

This study has an inherent limitation in its retrospective design. We could not analyze the
impact of extranodal extension of LN metastasis and maximal size of metastatic LNs in the lat-
eral cervical compartment because our pathology data were insufficient. We also could not
evaluate the impact of our sub-classification on cancer-specific survival because of a relatively
short follow-up period. As well, our sub-classification is only useful for estimating the clinical
outcome of patients who underwent total thyroidectomy with therapeutic central and lateral
neck dissection and subsequent RAI remnant ablation therapy. Nevertheless, our study is

Fig 1. Sub-classification of N1b PTC patients.Of 518 patients who were eligible for this study, 113 (22%)
patients were classified as high- risk based on pathologic characteristics.

doi:10.1371/journal.pone.0133625.g001
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Table 6. Clinicopathological features according to the sub-classification.

Characteristics Intermediate risk (n = 405) High risk (n = 113) P-value

Age at diagnosis (yr) 45 (37–53) 46 (39–57) 0.546

� 45 209 (52) 61 (54) 0.733

Sex

Male 96 (24) 50 (44) <0.001

Size of primary tumor (cm) 1.5 (1.0–2.3) 2.7 (1.6–5.0) <0.001

� 1 103 (25) 13 (12) N/A

1.1–2 183 (45) 33 (29)

2.1–4 119 (29) 31 (27)

> 4 N/A 36 (32)

Number of metastatic LNs 8 (5–12) 17 (11–23) <0.001

Number LNs resected 38 (30–49) 53 (35–67) <0.001

LN ratio 0.14 (0.08–0.22) 0.26 (0.20–0.38) <0.001

Maximal size of metastatic LNs (cm) 1.0 (0.6–1.5) 1.5 (1.0–2.5) <0.001

< 1 174 (43) 26 (23) N/A

1~2.9 231 (57) 67 (59)

� 3 N/A 20 (18)

Number of metastatic LNs in lateral neck 4 (2–6) 12 (6–15) <0.001

� 5 277 (68) 26 (23) N/A

6~10 128 (32) 16 (14)

> 10 N/A 71 (63)

Bilateral cervical LN involvement

Yes 12 (3) 36 (32) <0.001

doi:10.1371/journal.pone.0133625.t006

Fig 2. Ablation success rate of N1b PTC patients. (A) Ablation success rate based on the risk group, gender, and age. Our sub-classification and gender
was significantly correlated with successful ablation rate 1 year after initial therapy. (B) Ablation success rate based on the risk group in both gender
subgroups. The white bar indicates the intermediate-risk group and the black bar indicates the high-risk group. High-risk patients had a significantly lower
ablation success rate than intermediate-risk patients in all subgroups.

doi:10.1371/journal.pone.0133625.g002
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unique since all eligible patients, representing a large patient population, were treated with a
single fixed high-dose of RAI for remnant ablation which facilitates the comparison of clinical
outcomes between the risk groups. In addition, our study subjects were managed at a single
large center with uniform strategies, which minimizes confounding factors.

In conclusion, patients with N1b disease in PTC have variable outcomes according to the
initial pathologic characteristics. Sub-classification of N1b into high- and intermediate-risk
groups according to primary tumor size, presence of gross extrathyroidal extension, maximal
size of metastatic LNs, and number of metastatic LCLNs could predict ablation success rate,
structural recurrent/persistent disease, and distant metastasis. These findings suggest that sub-
classification of N1b could be useful for personalized management of patients.
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