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Context: Small papillary thyroid cancer (PTC) generally has an excellent prognosis. However, long-
term recurrence is not uncommon and sometimes leads to morbidity or mortality.

Objective: To identify high-risk factors for long-term recurrence in patients with small PTC by
stratifying their pathologic characteristics.

Design, Setting, and Patients:We conducted a nationwide, retrospective, multicenter study of 3282
patients with PTC sized #2 cm from 9 high-volume hospitals in Korea.

Main OutcomeMeasures: Themaximally selected x2 methodwas used to find the best cutoff points
of tumor size, the number of metastatic lymph nodes (LNs), and the ratio of metastatic/examined
LNs (LNR) to predict recurrence. Kaplan-Meier analysis and the Cox proportional hazards regression
model were used to analyze recurrence and risk factors.

Results: The optimal tumor size cutoff was 1.8 cm (10-year recurrence rates for tumors sized 0.1 to
1.7 cm and 1.8 to 2.0 cm: 7.7% vs 17.2%, respectively). Metastatic LNs#1 and$2 provided optimal
estimates of recurrence (10-year recurrence rates: 4.0% vs 16.8%, respectively). The LNR of 0.19 was
the optimal cutoff point for predicting the risk of recurrence (10-year recurrence rates for LNRs of
0 to 0.18 and 0.19 to 1: 2.7% vs 16.2%, respectively). LN metastasis, lobectomy, tumor size$1.8 cm,
and bilateral tumors were independent risk factors for recurrence.

Conclusions: Long-term recurrence was increased in patients who underwent lobectomy or with
tumor sized$1.8 cm, 2 or moremetastatic LNs, or bilateral tumors. For patients with these high-risk
features, total thyroidectomy could be considered to avoid reoperation. (J Clin Endocrinol Metab
102: 625–633, 2017)

ISSN Print 0021-972X ISSN Online 1945-7197
Printed in USA
Copyright © 2017 by the Endocrine Society
Received 2 June 2016. Accepted 5 October 2016.
First Published Online 12 October 2016

Abbreviations: CI, confidence interval; HR, hazards ratio; LN, lymph node; LNR, ratio of
metastatic/examined lymph nodes; PTC, papillary thyroid cancer; PTMC, papillary thyroid
microcarcinoma; RAI, radioactive iodine; TSH, thyroid-stimulating hormone; TT, total
thyroidectomy.

doi: 10.1210/jc.2016-2287 J Clin Endocrinol Metab, February 2017, 102(2):625–633 press.endocrine.org/journal/jcem 625

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/102/2/625/2972055 by guest on 19 M
ay 2023

http://dx.doi.org/10.1210/jc.2016-2287
http://press.endocrine.org/journal/jcem


Thyroid cancer is the most common malignancy in
Korea. According to the statistics of the Korea

Central Cancer Registry, 44,007 thyroid cancer cases
accounting for 19.6% of all malignancies were recorded
in 2012 (1). The estimated age-standardized incidence
rate of thyroid cancer was 62.5 per 100,000 people (23.0
and 102.4 per 100,000 people for men and women, re-
spectively), which was the highest in the world according
to the GLOBOCAN 2012 database of the International
Agency for Research on Cancer/World Health Organi-
zation (http://globocan.iarc.fr). The rapid rise in the in-
cidence of thyroid cancer has been attributed mainly to
the increase in the incidence rate of small papillary thy-
roid cancer (PTC), particularly papillary thyroid micro-
carcinoma (PTMC). PTMC, which is defined by a tumor
diameter of #10 mm, accounted for more than half of
all PTC in the last decades (2).

Although patients with small PTC generally have an
excellent prognosiswith low recurrence rates, locoregional
recurrence and distant metastasis have been reported in
disease subsets, which could lead to disease-related mor-
tality as well as decreased quality of life (3, 4). Total
thyroidectomy followed by radioactive iodine (RAI) ab-
lation and thyroid-stimulating hormone (TSH) suppres-
sion therapy using levothyroxine has been traditionally
considered the appropriate treatment strategy for de-
creasing recurrence rate and disease-specific mortality in
patients with PTC (5). Recently, the trend has shifted to-
ward the use of more conservative treatment strate-
gies, particularly for low-risk PTC. The 2015 American
Thyroid Association management guidelines for thyroid
cancer suggested that lobectomy might be a sufficient
treatment option for low-risk PTCs of 1 to 4 cm in size
as well as for unifocal, intrathyroidal PTMCs and that
thyroidectomy without prophylactic central neck dis-
section is possibly a suitable treatment option for small
(#2 cm), noninvasive, clinically node-negative PTC (6).
However, because of the absence of high-quality studies
justifying the use of these management strategies, the op-
timal treatment strategy for small PTC is still controversial.

Previous studies suggested that several clinicopathologic
characteristics, including old age, male sex, extrathyroidal
tumor extension, and lymph node (LN) metastasis, were
risk factors for recurrence in patients with PTC (7, 8). LN
metastasis and distant metastasis at the time of diagno-
sis are concrete risk factors for recurrence; however, the
evidence for other probable risk factors such as male sex,
old age, multifocality, bilaterality, and minimal extra-
thyroidal extension has been inconclusive. In addition,
total thyroidectomy was thought to be associated with a
lower risk of locoregional recurrence (9), albeit overall
survival or disease-specific survival did not differ between

patients who underwent total thyroidectomy and thyroid
lobectomy (10–12). Adjuvant RAI therapy after total
thyroidectomy has been used tominimize the risk of disease
recurrence. However, the additional advantage conferred
by RAI on the reduction of recurrence in intermediate-
risk patients with PTC has been controversial because of
the lack of prospective controlled trials (6).

Although amore detailed risk stratification system has
been provided in the new guidelines, it appears that the
controversy surrounding risk factors for recurrence of
small PTC will persist. Thus, more precise evaluation of
the risk of recurrence is warranted for personalized de-
cisions regarding initial treatment, which varies from
observation without surgical therapy to total thyroid-
ectomy with RAI (13–15).

We conducted a nationwide, retrospective, multicen-
ter study involving 3282 patients with small PTCs
(size,#2 cm) from 9 high-volume hospitals to identify the
risk factors for disease recurrence.

Materials and Methods

We retrospectively reviewed thyroid cancer patients who un-
derwent surgical treatment at 9 hospitals in Korea between
January 2000 and December 2004. Patients who were patho-
logically diagnosed with PTC measuring #2 cm were in-
cluded in the study. We initially screened 3574 patients with
PTC #2 cm. Fifty-three (1.5%) patients with initial distant
metastasis were excluded. In this study, we defined structurally
identified disease during postoperative year 1 as persistent
disease or initially metastatic disease, and considered newly
discovered disease after postoperative year 1 as a recurrence.
Therefore, 26 (0.7%) patients who showed persistent diseases
were excluded, and 213 patients whose follow-up duration
was ,1 year were also excluded. Finally, we reviewed the
medical records of 3282 eligible patients for the assessment of
age, sex, tumor size, bilaterality, multifocality, extrathyroidal
tumor extension, LN metastasis, surgical extent, and RAI ab-
lation therapy. Data on pathologic features were collected from
the initial pathology reports. Recurrence was diagnosed on the
basis of pathologic specimens or imaging studies including neck
ultrasonography, diagnostic iodine-131 whole-body scan, chest
radiography, computed tomography, positron emission tomog-
raphy, or bone scan. This studywas approved by the institutional
review boards of the participating hospitals.

Statistical analysis
All data were analyzed using STATA software version 13.0

(StataCorp, College Station, TX). The descriptive variableswere
expressed as mean6 SD. Patient characteristics were compared
using the Pearson x2 test and Student t test.

To select the appropriate cutoff tumor size, the number of
metastatic LNs, and the LN ratio (LNR; the number of meta-
static LNs/the number of dissected LNs provided that the
number of dissected LNs was $5) that best predicted PTC
recurrence, maximally selected x2 statistics were adapted (R
Software version 3.0.2; R Foundation for Statistical Comput-
ing, Vienna, Austria).
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The probable risk factors for recurrence included old age
(.45 years), male sex, large tumor size, multifocality, extra-
thyroidal extension, and LN metastasis (stage N1, number of
metastatic LNs, and LNR) for all patients. The extent of surgical
resection was divided into 2 groups: the total thyroidectomy
group (total, near-total, or subtotal thyroidectomy) and the lo-
bectomy group. Completion thyroidectomy following lobectomy
was regarded as total thyroidectomy.

To identify additional risk factors associated with recurrence
in the total thyroidectomy group, we selected a subgroup of
2839 patients who underwent total thyroidectomy. Tumor
bilaterality and not being subjected to RAI therapy were as-
sumed to be additional probable risk factors for recurrence in
patients treated with total thyroidectomy because bilaterality
could not be assessed in cases of lobectomy and only patients
who underwent total thyroidectomy could receive RAI therapy.
Univariate analysis was performed on additional prognostic
factors including bilaterality and RAI ablation therapy. Mul-
tivariate recurrence analysis was conducted to assess independent
risk factors including both RAI ablation and bilateral tumor.
Additionally, recurrence analysis was performed in 443 patients
who underwent lobectomy.

The Kaplan-Meier method was used to generate the recur-
rence curves. Univariate and multivariate analyses were per-
formed using the Cox regression model. A P value ,0.05 was
considered statistically significant.

Results

Clinicopathologic characteristics
Themean follow-up durationwas 5.8 years (range, 1.0

to 10.2 years). The mean age at diagnosis was 47 years,
and 88.3% of the patients were female. The mean tumor
size was 1.1 cm (range, 0.1 to 2.0 cm). Eighty-six percent
of the patients were treated with a total, near-total, or

subtotal thyroidectomy (the total thyroidectomy group),
and 77.4% of the patients in the total thyroidectomy
group underwent RAI ablation therapy. We compared
the clinicopathologic parameters of patients classified
by the extent of surgical resection. Patients in the total
thyroidectomy group were older than patients in the
lobectomy group (47 vs 44 years, respectively; P, 0.001).
Central neck dissection and modified radical neck dissec-
tion were more frequently performed in the total thyroid-
ectomy group than in the lobectomy group. In addition,
tumors in the total thyroidectomy group were larger than
those in the lobectomygroup (1.1vs0.9 cm, respectively;P,
0.001). The rate of tumor multifocality, extrathyroidal
extension, and LN metastasis were also significantly
higher in patients who underwent total thyroidectomy
than in those who underwent lobectomy (Table 1).

The optimal cutoff values for tumor size, number of
metastatic lymph nodes, and lymph node ratio for
predicting recurrence

We divided the patients into 2 groups on the basis of
tumor size from 0.7 to 1.9 cm with 0.1-cm intervals (0.7,
0.8, … or 1.9 cm) and compared the recurrence rates
between each of the 2 groups. The optimal tumor size cutoff
for predicting the risk of recurrence was 1.8 cm. We
evaluated the prognostic impact of the number of met-
astatic LNs and the LNR. A clear difference was observed
between the recurrence rates of patients who had 0 or
1 metastatic LN and those who had$2 metastatic LNs.
An LNR of 0.19 was the optimal cutoff value for
predicting the risk of recurrence. The median number

Table 1. Clinicopathologic Characteristics by Surgical Extent

Total
(N = 3,282)

Total Thyroidectomy
(N = 2,839; 86.5%)

Lobectomy
(N = 443; 13.5%) P Value

Age, y 47 6 11 47 6 11 44 6 10 ,0.001a

Female sex 2897 (88.3) 2503 (88.2) 394 (88.9) 0.638
Size, cm 1.1 6 0.5 1.1 6 0.5 0.9 6 0.5 ,0.001a

LN dissection, total 1406/3018 (46.6) 1321/2594 (50.9) 85/424 (20.0) ,0.001a

CND 1,039/3018 (34.4) 967/2594 (37.3) 72/424 (17.0)
MRND 367/3018 (12.2) 354/2594 (13.6) 13/424 (3.1)

Multifocality (including bilaterality) 1285/3270 (39.3) 1195/2829 (42.2) 90/441 (20.4) ,0.001a

Bilaterality 210/2829 (7.4)
Extrathyroidal extension, total 2042/3069 (66.5) 1867/2689 (69.4) 175/380 (46.1) ,0.001a

Minimal extension 1910/3069 (62.2) 1739/2689 (64.7) 171/380 (45.0)
T4 132/3069 (4.3) 128/2689 (4.8) 4/380 (1.1)

LN metastasis, N1 948 (28.9) 917 (32.3) 31 (7.0) ,0.001a

N1a 699 (21.3) 674 (23.7) 25 (5.6)
N1b 249 (7.6) 243 (8.6) 6 (1.3)
N0 1627 (49.6) 1,410 (49.7) 217 (50.0)
NX 707 (21.5) 512 (18.0) 195 (44.0)

131I ablation treatment 2173/2808 (77.4)

Numbers in parentheses represent percentage of patients.

Abbreviations: CND, central neck dissection; 131I, iodine 131; MRND, modified radical neck dissection; T4, tumor invading subcutaneous soft tissues,
larynx, trachea, esophagus, recurrent laryngeal nerve, prevertebral fascia, carotid artery or mediastinal vessel.
aStatistically significant.

doi: 10.1210/jc.2016-2287 press.endocrine.org/journal/jcem 627

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/102/2/625/2972055 by guest on 19 M
ay 2023

http://dx.doi.org/10.1210/jc.2016-2287
http://press.endocrine.org/journal/jcem


of dissected LNs used for the determination of LNR was
9. The 5- and 10-year recurrence rates for crude cutoff are
detailed in Supplemental Table 1.

Prognostic factors for recurrent disease
Within the follow-up period, 190 patients showed

disease recurrence. The 5- and 10-year recurrence rates
were 4.5% and 8.9%, respectively. For patients who
underwent total thyroidectomy, the 5- and 10-year re-
currence rates were 4.4% and 7.5%, respectively; and for
those who underwent lobectomy, they were 5.5% and
18.3%, respectively (Fig. 1).

The LNs in the neck were the most common sites of
recurrence (121 cases; 64%), followed by the thyroid bed
(55 cases) and the lungs (3 cases). The sites of recurrence
in the remaining 11 patients were unidentified. Twenty-
five percent (39 cases) of the recurrences in the total
thyroidectomy group occurred in the thyroid bed, whereas
43% (16 cases) of the recurrences in the lobectomy group
occurred in the thyroid bed or the remnant thyroid.

We investigated the prognostic factors associated with
recurrence in all PTC patients (Fig. 1; Table 2). Three
models of LNmetastasis based on the N stage, number of
metastatic LNs, and LNR were included in the univari-
ate and multivariate analyses for the assessment of

recurrence. Univariate analysis demonstrated that age
#45 years [hazard ratio (HR), 0.74; 95% confidence
interval (CI), 0.55 to 0.98;P = 0.036]; tumor size$1.8 cm
(HR, 2.39; 95% CI, 1.75 to 3.33; P , 0.001); LN me-
tastasis [(N1a: HR, 4.10; 95% CI, 2.72 to 6.17); (N1b:
HR, 6.83; 95% CI, 4.30 to 10.84), (metastatic LN $2:
HR, 5.8; 95% CI, 3.82 to 8.87), (LNR$0.19: HR, 5.05;
95%CI, 2.25 to 11.30; P, 0.001)]; and lobectomy (HR,
1.71; 95% CI, 1.19 to 2.45; P = 0.003) were significantly
associated with recurrence. Multivariate analysis showed
that tumor size $1.8 cm and LN metastasis were inde-
pendent risk factors for recurrence. All 3 models of LN
metastasis showed statistically significant results. Lo-
bectomy remained a risk factor for recurrence in models
based on N stage (HR, 3.02; 95% CI, 1.80 to 5.05;
P, 0.001) and the number of metastatic LNs (HR, 4.32;
95% CI, 2.42 to 7.71; P, 0.001); however, it was not a
statistically significant factor in models based on LNR
(HR, 3.36; 95% CI, 0.80 to 14.06; P = 0.098). The re-
currence rates did not differ between the total thyroid-
ectomy and lobectomy groups for a follow-up duration of
5 years (log-rank, P = 0.379). However, the gap between
the recurrence rate curves widened after 5 years (Fig. 1F).

In patients who underwent total thyroidectomy, uni-
variate analysis showed thatmale sex, tumor size$1.8 cm,

Figure 1. (A) Recurrence rate of PTC patients aged 45 years or younger and those older than 45 years. (B) Recurrence rate of PTC patients with
tumor sized 0.1 to 1.7cm and 1.8 to 2.0cm. (C) Recurrence rate of PTC patients with N0, N1a and N1b diseases. (D) Recurrence rate of PTC
patients with metastatic LNs #1 and $2. (E) Recurrence rate of PTC patients with LNR of #0.18 and $0.19. (F) Recurrence rate of PTC patients
who underwent TT and LT. Recurrence rates were calculated using Kaplan-Meier methods, and P values were calculated using log-rank tests. TT,
total thyroidectomy; LT; lobectomy.
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LN metastasis, bilaterality, and RAI ablation were
significantly associated with cancer recurrence (Sup-
plemental Table 2). Multivariate analysis showed that
tumor size $1.8 cm, bilaterality, and LN metastasis
remained significantly related to increased recurrence in
the models based on the number of metastatic LNs and
LNR. However, RAI ablation did not show significance
in multivariate analysis. The recurrence rates in patients
who underwent total thyroidectomy according to risk
factors are shown in Fig. 2 (A–F).

In patients with PTC who underwent lobectomy,
multifocality and LN metastasis (N stage and number
of metastatic LNs) were prognostic factors for recur-
rence; however, tumor size was not a risk factor.
Multivariate analysis of models based on N stage and
the number of metastatic LNs confirmed that multi-
focality and LN metastasis were risk factors for
recurrence (Supplemental Table 3). The recurrence
rate curves according to risk factors are shown in
Fig. 3 (A–C).

Discussion

PTC has a low mortality rate; however, locoregional
recurrence is common even in patients with small PTC
(4). To date, the prognostic factors that predict recurrence
in patients with PTC have not been clearly defined be-
cause of ongoing changes in the clinical features and
therapeutic strategies for thyroid cancer over the decades.
Furthermore, treatment approaches are not uniform
across all institutions. Therefore, we aimed to identify
risk factors for recurrence in small PTC patients using a
large-scale multicenter study. In the current study, 5- and
10-year recurrence rates for all PTC patients were 4.4%
and 7.5%, respectively. Bilimoria et al. (16) reported that
the recurrence rates in large national cancer data were
5.7%at 5 years and 9.4% at 10 years, similar to our data.

In this study, recurrence rates significantly differed
between patients who underwent total thyroidectomy
and thosewho underwent lobectomy. In the 1990s, several
studies reported the advantages of total thyroidectomy

Table 2. Risk Factors for Recurrence in All Patients With PTC (N = 3282)

Category
(Number)

Univariate

Multivariate, Model I
(Including N Stage;

N = 2,568)

Multivariate, Model II
(Including Number of

Metastatic LNs; N = 2,170)

Multivariate, Model III
(Including LN Ratio;

N = 727)

HR
(95% CI)

P
Value

HR
(95% CI)

P
Value

HR
(95% CI)

P
Value

HR
(95% CI)

P
Value

Age #45 (1498) 1.0 1.0 1.0 1.0
.45 (1784) 0.74

(0.55–0.98)
0.036a 1.02

(0.72–1.44)
0.899 1.19

(0.79–1.81)
0.404 1.45

(0.80–2.63)
0.217

Sex Female (2897) 1.0 NA NA NA
Male (385) 1.44

(0.97–2.12)
0.069

Tumor size 0.1–1.7 cm
(2900)

1.0 1.0 1.0 1.0

1.8–2.0 cm
(382)

2.39
(1.75–3.33)

,0.001a 2.06
(1.38–3.07)

,0.001a 2.79
(1.74–4.46)

,0.001a 2.21
(1.12–4.39)

0.023a

Multifocality
(including
bilaterality)

Negative (1985) 1.0 NA NA NA
Positive (1285) 1.32

(0.99–1.76)
0.057

ETE Negative (1027) 1.0 NA NA NA
Positive (2042) 1.02

(0.74–1.42)
0.905

N stage N0 (1627) 1.0 1.0 NA NA
N1a (699) 4.10

(2.72–6.17)
,0.001a 4.53

(2.96–6.93)
,0.001a

N1b (249) 6.83
(4.30–10.84)

,0.001a 7.54
(4.54–12.26)

,0.001a

Number of
metastatic
LNs

0–1 (1653) 1.0 NA 1.0 NA
$2 (517) 5.82

(3.82–8.87)
,0.001a 7.33

(4.461–11.65)
,0.001a

LN ratio
(metastatic/
dissected)

,0.19 (349) 1.0 NA 1.0
$0.19 (378) 5.05

(2.25–11.30)
,0.001a 5.30

(2.34–12.00)
,0.001a

Operation TT (2839) 1.0 1.0 1.0 1.0
Lobectomy (443) 1.71

(1.19–2.45)
0.003a 3.06

(1.83–5.12)
,0.001a 4.32 (2.42 to

;7.71)
,0.001a 3.36

(0.80–14.06)
0.098

Model I: multivariate Cox proportional hazard model including age, tumor size, N stage, and surgical extent.

Model II: multivariate Cox proportional hazard model including age, tumor size, number of metastatic LNs, and surgical extent.

Model III: multivariate Cox proportional hazard model including age, tumor size, LNR, and surgical extent.

Abbreviations: ETE, extrathyroidal extension; NA, not applicable (not included in the multivariate model); TT, total thyroidectomy. aStatistically significant.
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for PTC (5, 7). Thus, total thyroidectomy has been the
preferredmethod of surgical treatment even for small PTC.
Our data showed that only 13.5% of PTC patients with
tumors 0.1 to 2.0 cm in size underwent lobectomy, which
is one of the independent prognostic factors for recurrent
disease. Because LN metastasis is the most important risk
factor for tumor recurrence in PTC, ineffective removal of
nodal metastases could be the main cause of recurrence in
patients who underwent lobectomy. Undetected bilateral

tumors or metachronous tumors that remained in the con-
tralateral lobe after lobectomy could be another cause of
recurrence. These possible causes might contribute to
statistically significant differences in recurrence based on
the extent of surgical intervention. Total thyroidectomy
was thought to reduce the risk of recurrence even in pa-
tients with small PTC (17). However, the 2015 American
Thyroid Association guidelines recommend thyroid lo-
bectomy as the optimal treatment of small, unifocal,

Figure 2. (A) Recurrence rate in male and female PTC patients. (B) Recurrence rate of PTC patients with tumor sized 0.1 to 1.7cm and 1.8 to
2.0cm. (C) Recurrence rate of PTC patients with unilateral and bilateral tumors. (D) Recurrence rate of PTC patients with N0, N1a and N1b
diseases. (E) Recurrence rate of PTC patients with metastatic LNs #1 and $2. (F) Recurrence rate of PTC patients with LNR of #0.18 and $0.19.
Recurrence were calculated using Kaplan-Meier methods, and P values were calculated using log-rank tests.

Figure 3. (A) Recurrence rate of PTC patients with unifocal and multifocal tumors. (B) Recurrence rate of PTC patients with N0, N1a and N1b
diseases. (C) Recurrence rate of PTC patients with metastatic LNs #1 and $2. Recurrence were calculated using Kaplan-Meier methods, and
P values were calculated using log-rank tests.

630 Hwangbo et al Risk Factors for Recurrence of Small PTC J Clin Endocrinol Metab, February 2017, 102(2):625–633

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/102/2/625/2972055 by guest on 19 M
ay 2023



intrathyroidal PTC in the absence of a history of head and
neck irradiation, familial thyroid carcinoma, or clinically
involved nodal metastases (6). These guidelines suggested
that recurrence during follow-up could be readily de-
tected and properly managed with no impact on survival.
Evidence for these guidelines mostly focused on mor-
tality; however, the actual advantage on the decrease in
recurrence risk conferred by total thyroidectomy was not
well evaluated in previous studies (Table 3). According to
the current study, total thyroidectomy at initial diagnosis
could be considered to circumvent reoperation, particularly
in patients receiving thyroid hormone therapy or thosewith
subclinical hypothyroidism. Moreover, complication rates
associated with the surgical methods did not differ between
lobectomy and total thyroidectomy in Korea (18).

In this cohort, more than 70% of patients in the total
thyroidectomy group were treated with RAI. The lower
recurrence rate in the total thyroidectomy group could
be attributed to use of RAI rather than to the total thy-
roidectomy itself. We did an additional analysis with
patients who underwent total thyroidectomy but no RAI
therapy for comparison with those who underwent lobec-
tomy (data not shown). It showed that lobectomy was an
independent prognostic factor for recurrence, which sug-
gested that the lower recurrence rate in the total thyroid-
ectomy group may not be attributable to the use of RAI.

LN metastasis at the time of initial surgery is recog-
nized as one of the most important risk factors for the
recurrence of PTC (8). Our data confirmed that N1a and
N1b were major independent prognostic factors for
predicting the recurrence of small PTC. Furthermore,
a metastatic LN number $2 and elevated metastatic
LNR $0.19 were also found to be associated with the
recurrence of PTC.We suggest that any of the 3models of
LNmetastasis could be applied for risk stratification. The
optimal cutoff point of LNR that could predict recurrence
was 0.19, which was not consistent with the results of
previous studies (19). In addition, Schneider et al. (20)
reported that an LNR $0.42 was the optimal value for

stratifying PTC patients on the basis of disease-specific
mortality. However, the optimal cutoff points for disease-
specific mortality and risk of recurrence could differ. In the
current study, patientswith anLNR#0.18 showeda10-year
recurrence rate of 2.7%, which might be considered neg-
ligible. Therefore, we suggest the use of an LNR threshold
of 0.19 for risk stratification in PTC patients. Predicting
LN metastasis that cannot be detected via ultrasonog-
raphy would pose a major challenge in future studies.

Tumor size was traditionally considered a prognostic
factor for disease recurrence, and the extent of surgery as
well as the application of RAI treatment after surgery are
largely determined by tumor size. PTCs were generally
divided into PTMC and conventional PTC on the basis
of a tumor size of 1.0 cm. PTMCs had significantly lower
recurrence rates than PTCs with tumors sized 1.1 to
2.0 cm, as demonstrated by the current study as well as by
previous studies (7, 21). On the other hand, in several
studies, the rate of recurrence did not differ between
PTMCs and PTCs sized 1.0 to 4.0 cm (4, 22). Therefore,
the feasibility of stratifying patients according to PTMC
or PTC .1 cm in size is controversial because a tumor
size of 1 cm is an arbitrary value. Moreover, a tumor
size.1 cm was less significant than other factors such as
lymph node metastasis and the extent of surgical resec-
tion for predicting cancer recurrence in patients with
small PTC. Thus, distinguishing PTMCs from PTCs on
the basis of a tumor size threshold of 1 cm alone did not
appear to be effective for predicting recurrence.We found
that the optimal tumor size cutoff for predicting the risk
of recurrence was 1.8 cm.

Bilaterality and multifocality are common features of
PTC and are generally considered poor prognostic factors
(23–25). In the current study, multivariate analysis
showed a significant correlation between tumor bilater-
ality and tumor recurrence, consistent with the results of a
previous study showing that synchronous bilateral PTC
had more advanced tumor stage and higher recurrence
rate than unilateral PTC (23). However, we did not

Table 3. Previous Studies of Recurrence and Survival in PTC Patients Treated With Total Thyroidectomy or
Lobectomy (All Sizes)

Authors
Published

Year Study Years Cancer N
Median

Follow-up (y)
Recurrence

Rates
Cause-Specific

Survival

Bilimoria et al. 2007 1985–1998 PTC 52,173 5.8 Significantly different Significantly different
Hay et al. 1998 1940–1991 PTC 1685 18.0 Significantly different Not different
DeGroot et al. 1990 1968–1988 PTC 269 12.0 Significantly different Significantly different
Barney et al. 2010 1983–2002 DTC 23,605 6.7 NA Significantly different
Mendelsohn et al. 2010 1988–2001 PTC 22,724 9.1 Not different Not different
Haigh et al. 2005 1988–1995 PTC 5432 7.4 NA Not different
Nixon et al. 2011 1986–2005 DTC 889 8.25 Not different Not different
Adam et al. 2014 1998–2006 PTC 61,775 6.8 NA Not different

Abbreviations: DTC, differentiated thyroid cancer; NA, not available.
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identify a difference in recurrence based on multifocality,
and this result was inconsistent in relation to previously
reported results (14, 21, 26). According to our data,
unilateral multifocality was not a risk factor for recur-
rence in cases of total thyroidectomy, whereas a multi-
focal tumor in PTC patients who underwent lobectomy
showed high incidence of disease recurrence, which in-
dicated a possible bilateral tumor or lymph node me-
tastasis in patients who underwent lobectomy. A longer
follow-up period is warranted to evaluate the impact of
multifocality on recurrence.

RAI treatment after surgery was previously thought to
substantially reduce the risk of recurrence (27); however,
the possible minimal role of RAI in the treatment of small
PTC, particularly PTMC, was indicated recently (3, 28).
Consistent with the latter hypothesis, use of RAI after
total thyroidectomy was not an independent factor for
recurrence in the multivariate analysis. However, the
possibility that patients with other potential risk factors
for recurrence underwent RAI treatment on the basis of
the physician’s decision cannot be discounted. Because
of a possible selection bias in the current study, whether
RAI treatment had an additional effect on the recurrence
of PTC could not be determined. Prospective controlled
studies should be conducted to determine whether RAI
treatment is beneficial for preventing disease recurrence
or improving survival in patients with small PTC.

Male sexhasbeen consideredapoorprognostic factor for
the recurrence and mortality associated with PTC (29–31).
However, consistent with some previous reports (4, 14, 32,
33), no correlation was observed between male sex and
disease recurrence in patients with PTC in the current study.
Recently, Ito et al. (34) showed that disease-free survivalwas
significantlyworse inmen, and themale sexwas found to be
an independent risk factor for mortality of PTMC patients
in a large cohort (30). We did not demonstrate the signifi-
cance of sex in the recurrence of small PTC.

Advanced age is considered a prognostic factor for
the recurrence and survival of PTC patients (29, 30). In
the current study, old age was not an independent
predictor of recurrence in patients with PTC. Numerous
studies have reported that advanced age was not asso-
ciated with tumor recurrence (3, 19, 21, 35). Moreover, a
meta-analysis showed that younger age (,45 years) was
associated with recurrence of PTMC (32). A similar trend
was observed in our study. However, most studies fo-
cusing on survival analysis demonstrated that old age
was associated with PTC-related death (8, 30, 36). These
conflicting findings suggest that the risk of cancer death
is not always consistent with that of cancer recurrence.
Although small PTC recurs frequently in younger patients
after initial treatment, it should be noted that cancer death
and tumor recurrence in these cases do not seem to be

directly correlated. One possible explanation could be that
younger patients aremonitoredmore aggressively to identify
recurrence after initial treatment than are older patients,
whereas older patients with recurrent PTCmight have other
potential risk factors associated with cancer-related death.

In the present study, TSH suppression therapy was not
assessed as a prognostic factor. TSH suppression therapy
is known to be effective in reducing recurrence of PTC
and could be a prognostic factor after surgery. However,
it was hard to evaluate degrees of TSH suppression and
duration of TSH suppression therapy in a retrospective
study with long-term observation. Lack of data for TSH
suppression could be a limitation of our study.

We conducted a nationwide, retrospective,multicenter
study to identify the prognostic factors associated with
the recurrence of PTCs #2.0 cm in size. The number of
LNmetastases$2 at the time of initial surgery, treatment
with lobectomy, tumor size $1.8 cm, and bilaterality
were independent risk factors for recurrence in PTC
patients. In addition, an LNR $0.19 was determined to
be the cutoff for higher risk of recurrence. Thus, while the
extent of surgical resection is being determined, patients
should be carefully examined for LN metastasis or bi-
lateral tumors. For patients with high risk factors, total
thyroidectomy could be considered if it is expected to
reduce the risk of recurrence for small PTC.
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