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a b s t r a c t 

Background: The long-term oncologic outcome of robotic surgery for thyroid cancer is not well estab- 

lished. The aim of this study was to predict the long-term oncologic outcome of robotic surgery by using 

dynamic risk stratification in classic papillary thyroid carcinoma. 

Methods: A total of 4 4 4 propensity score–matched pairs of patients with papillary thyroid carcinoma 

treated with robotic surgery and conventional open surgery were classified into 4 response-to-therapy 

categories. The results were compared between the robotic surgery and open surgery groups. 

Results: The median follow-up duration was 60 months. After propensity score matching, the robotic 

surgery group showed less extensive thyroid surgery and lymph node dissection and a higher proportion 

of patients who underwent radioactive iodine remnant ablation than the open surgery group; however, 

the dynamic risk stratification did not differ between the 2 groups ( P = .086). 

Conclusion: The long-term oncologic outcome of robotic surgery is expected to be comparable with that 

of open surgery based on the dynamic risk stratification. 

© 2018 Elsevier Inc. All rights reserved. 
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Introduction 

Robotic thyroid surgery is being performed for properly se-

lected patients with differentiated thyroid cancer, and its inclu-

sion criteria are gradually expanding based on surgeon experience.

Although many earlier published studies have validated robotic

thyroid surgery with respect to technical safety, quality of life, and

surgical completeness, the long-term oncologic outcome of robotic

thyroid surgery for thyroid cancer has not been clearly established

thus far because the median follow-up period of patients treated

with robotic thyroid surgery has not yet reached 10 years. 1–9 

Dynamic risk stratification (DRS), based on the response to

initial therapy, assessed 2 years postoperatively or at any time

during follow-up, was validated as having a better capability in

predicting long-term structural recurrence or persistent structural

disease than other staging or recurrence risk stratification systems,
∗ Corresponding author: Department of Surgery, Wonju Severance Christian Hos- 
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specially in patients treated with total thyroidectomy (TT) and

ubsequent radioactive iodine (RAI) remnant ablation. 10–13 Further-

ore, DRS is widely used to reclassify initial risk estimates based

n clinicopathologic characteristics available just after initial ther-

py even in patients treated without RAI remnant ablation, with

odification of the definitions of each response-to-therapy cate-

ory. 14,15 Reportedly, the prediction of variance explained (a sta-

istical tool for identifying how much the system can predict the

arget outcome) that values of the DRS in patients treated with

T and RAI remnant ablation ranged 62%–84%, which is higher

han those of the American Thyroid Association (ATA) risk strat-

fication system (25%–34%). 16–18 Furthermore, each response-to-

herapy category has been shown to be significantly correlated

ith the development of structural recurrence or recurrence-free

urvival in the patient cohort with a median follow-up of 7–10

ears. 12–15 , 18–21 

The aims of this study were to evaluate the DRS in patients who

nderwent robotic surgery (RS) for classic papillary thyroid carci-

oma (PTC) and compare it with that of patients who underwent

onventional open surgery (OS), and to deduce the long-term on-

ologic outcome of robotic thyroid surgery. 

https://doi.org/10.1016/j.surg.2018.07.038
http://www.ScienceDirect.com
http://www.elsevier.com/locate/surg
http://crossmark.crossref.org/dialog/?doi=10.1016/j.surg.2018.07.038&domain=pdf
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aterials and Methods 

tudy population 

Between December 2008 and April 2014, 2,349 consecutive pa-

ients underwent an initial operation (495 RS and 1,854 OS) for

lassic PTC, performed by a single endocrine surgeon at Asan Med-

cal Center (Seoul, Korea). After excluding patients who under-

ent lateral lymph node (LN) dissection or had distant metasta-

is, those with a postoperative follow-up period < 2 years, or those

ith an insufficient medical record, 2112 patients (492 and 1,620

reated with RS and OS, respectively) were enrolled in this study.

ata were obtained from the prospectively maintained endocrine

urgery database at Asan Medical Center (Seoul, Korea). The study

rotocol was approved by our institutional review board; the re-

uirement for informed consent from each patient was waived be-

ause of the noninterventional nature of the study. 

In this analysis, the extent of extrathyroidal extension (ETE)

as divided into 3 categories, defined according to the 7th edi-

ion of the American Joint Committee on Cancer/Union for Cancer

ontrol tumor-node-metastasis (TNM) staging system, as follows:

none,” for intrathyroidal lesion without ETE; “minimal,” for T3 tu-

ors with microscopic extension; and “extensive,” for T4 tumors. 22 

hereafter, the first 2 categories were combined to create a “nonex-

ensive” category. 

For the enrolled study participants, the clinicopathologic char-

cteristics, including DRS, were evaluated and compared between

he RS and OS groups. After excluding 78 patients with unavail-

ble data for assessing response to therapy, based on the identi-

able preoperative clinicopathologic parameters (age, sex, primary

umor size, ETE, multifocality, and bilaterality) that could affect the

hoice of the surgical procedure (RS or OS), propensity scores were

atched between the 2 groups. For the propensity score–matched

atient cohort, the detailed clinicopathologic characteristics and

RS were assessed and compared between the 2 groups. The asso-

iation of each DRS category with the rate of structural recurrence

uring follow-up was then investigated and compared between the

 groups. 

nclusion and exclusion criteria of robotic thyroid surgery for PTC 

Before 2014, the inclusion criteria of our robotic thyroid surgery

ith a gasless transaxillary approach were limited to the follow-

ng: (1) PTC with a maximum diameter of ≤ 2 cm and (2) min-

mal invasion to the anterior thyroid capsule and strap muscle.

ince 2014, the inclusion criteria have been expanded to include

 primary tumor size up to 4 cm. The exclusion criteria remain

he same: definite posterior capsular invasion particularly adja-

ent to the tracheoesophageal groove, lateral LN metastasis, and

istant metastasis at presentation. All patients were informed if

hey were candidates for RS based on the previously described

nclusion and exclusion criteria. Next, they were informed about

he costs, brief surgical procedures, possible complications, and ex-

ected outcomes of both RS and OS. Patients were then allowed to

hoose their preferred surgical procedure. 

RS system 

All enrolled participants were divided into 4 categories (excel-

ent, indeterminate, biochemically incomplete, and structurally in-

omplete), based on the response to the initial therapy 2 years

fter the completion of initial treatment, by using data obtained

uring the first 2 years of follow-up. The detailed definitions

f each category were based on the per-treatment modalities in

he DRS system proposed by Tuttle et al, 12 and are provided in

able 1 . 10,11 , 14 The level of thyroglobulin (Tg) at a similar thyroid
timulating hormone (TSH) level was classified as stable, declining,

r increasing after a > 20% change in 2 consecutive measurements.

ositive anti-Tg antibody (Ab) was defined as a serum anti-Tg Ab

evel of > 60 IU/mL. The trend in anti-Tg Ab change was also de-

ned as stable, declining, or increasing by comparing 3 consecutive

alues. 

reoperative diagnosis and staging workup 

The preoperative diagnosis was determined using 

ltrasonography-guided fine-needle aspiration cytology (FNAC) 

r core needle biopsy. In all cases of preoperative diagnosis of

TC, preoperative staging workup with both high-resolution neck

ltrasonography and computed tomography (CT) was performed

o evaluate tumor characteristics and cervical LN status. 

urgical strategy for PTC 

During the study period, TT was recommended for almost all

atients with primary tumors > 1 cm and thyroid lobectomy was

sually recommended for patients with tumors ≤1 cm, based on

he 2009 ATA guidelines. 

At our institution, central compartment node dissection (CCND)

s routinely performed for patients with thyroid cancer; at a min-

mum, unilateral prophylactic CCND is performed even in cases

ithout suspicious LNs, found on preoperative imaging studies or

uring surgery. Bilateral CCND is performed on patients with sus-

icious LNs or LN enlargement in the contralateral central com-

artment or in those with bilateral cancer. Compartment-based

odal dissection is performed according to preference and usually

ncludes level VI with or without level VII. All surgeries on pa-

ients included in the present study were performed by a single

ndocrine surgeon (J.H.Y.). 

AI remnant ablation protocol 

Subsequent RAI remnant ablation was performed 4–6 weeks af-

er the initial operation, according to the protocol established by

he Endocrinology Division of Asan Medical Center. 23 Briefly, the

blation doses used in this report were determined to be 30, 80,

nd 150 mCi, according to clinicopathologic parameters (ETE, re-

ection margin, and cervical LN metastasis) at the time of surgery.

odine-131 remnant ablation was not given for any patient with an

ntrathyroidal solitary tumor ≤1.0 cm. An ablative dose of 30 mCi

as administered to patients with a multifocal tumor or a tumor

 1.0 cm, without ETE or cervical LN metastasis. An ablative dose of

0 mCi was administered to patients with microscopic ETE or ipsi-

ateral central cervical LN metastasis. An ablative dose of 150 mCi

as administered to patients with gross ETE, positive surgical re-

ection margin, or bilateral central cervical LN metastasis. 

At the time of remnant ablation, after thyroid hormone

ithdrawal or recombinant human TSH administration, the

erum stimulated Tg (sTg) (ablation sTg) level (reference range,

.0–23.3 ng/mL) was measured with the anti-Tg Ab level (reference,

 60 U/mL) when the TSH level (reference range, 0.4–5.0 mU/L)

as > 30 mU/L. A postablation whole-body scan was performed

–7 days after the administration of iodine-131. 

ostoperative follow-up protocol 

All patients underwent follow-up examinations at the outpa-

ient clinic. Patients who underwent thyroid lobectomy alone or

T without RAI remnant ablation were followed up at 1, 6, and

2 months, and annually thereafter, while receiving thyroid hor-

one treatment to decrease their serum TSH to subnormal lev-

ls without thyrotoxicosis. Thyroid function tests, including serum
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Table 1 

Definition of each response-to-therapy category of the dynamic risk stratification. 10,11 , 14 

Response to therapy 

category 

Definitions 

TT with RAI ablation TT without RAI ablation Thyroid lobectomy alone 

Excellent Nonstimulated Tg < 0.2 ng/mL or 

stimulated Tg < 1.0 ng/mL and 

undetectable anti-TgAb levels and negative 

imaging 

Nonstimulated Tg < 0.2 ng/mL or stimulated 

Tg < 2.0 ng/mL and undetectable anti-TgAb 

levels and negative imaging 

Stable, nonstimulated Tg < 30 ng/mL 

and undetectable anti-TgAb levels and 

negative imaging 

Indeterminate Nonspecific findings on imaging studies or 

faint uptake in thyroid bed on RAI 

scanning or nonstimulated Tg 0.2–1 ng/mL 

or stimulated Tg 1–10 ng/mL or stable or 

declining anti-TgAb levels in the absence of 

structural or functional disease 

Nonspecific findings on imaging studies or 

faint uptake in thyroid bed on RAI scanning or 

nonstimulated Tg 0.2–5.0 ng/mL or stimulated 

Tg 2–10 ng/mL or stable or declining anti-TgAb 

levels in the absence of structural or functional 

disease 

Nonspecific findings on imaging studies 

or stable or declining anti-TgAb levels 

in the absence of structural or 

functional disease 

Biochemical incomplete Nonstimulated Tg > 1 ng/mL or stimulated 

Tg > 10 ng/mL or increasing anti-TgAb 

levels and negative imaging 

Nonstimulated Tg > 5 ng/mL or stimulated Tg 

> 10 ng/mL or Increasing Tg values with 

similar TSH levels or Increasing anti-TgAb 

levels and negative imaging 

Nonstimulated Tg ‡ > 30 ng/mL or 

increasing Tg values with similar TSH 

|| 

levels or increasing anti-TgAb levels 

and negative imaging 

Structural incomplete Structural or functional evidence of disease 

regardless of Tg or anti-TgAb levels 

Structural or functional evidence of disease 

regardless of Tg or anti-TgAb levels 

Structural or functional evidence of 

disease regardless of Tg or anti-TgAb 

TT , total thyroidectomy; RAI , radioactive iodine; Tg , thyroglobulin; TgAb , thyroglobulin antibody; TSH , thyroid stimulating hormone. 
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7  
TSH, Tg, and anti-Tg Ab levels, were routinely performed. Neck ul-

trasonography was performed once per year. 

In patients who underwent TT with RAI remnant ablation,

diagnostic whole-body scan after thyroid hormone withdrawal

or recombinant human TSH administration was performed

6–12 months after remnant ablation, with the simultaneous

measurement of serum sTg (control sTg). Serum Tg/anti-Tg Ab

measurements and neck ultrasonography were performed on

all patients during the follow-up period. When the control sTg

was ≥1 ng/mL and neck ultrasonography showed no evidence

of disease (NED), 18 F-deoxyglucose positron emission tomogra-

phy (FDG-PET) or chest CT imaging were considered to localize

persistent or remnant disease. Any patients suspected to have

locoregional recurrence underwent ultrasonography-guided FNAC.

Distant metastasis was diagnosed using whole-body scan, chest

CT, or 18 F-FDG-PET/CT, and confirmed using serial imaging or

biopsy. Patients who underwent thyroid lobectomy alone or TT

without RAI remnant ablation were checked at 1, 7, and 12 months

postoperatively, and every 12 months thereafter, while receiv-

ing thyroid hormone treatment to decrease their serum TSH to

subnormal levels without thyrotoxicosis. Thyroid function tests,

including those for serum TSH, Tg, and anti-Tg Ab levels, were

routinely conducted at every visit, and neck ultrasonography was

routinely performed once per year. For patients showing contin-

uously increasing Tg or anti-Tg Ab levels on those consecutive

measurements, although there was no identifiable structural lesion

on neck ultrasonography, CT scans of the chest were performed to

exclude the possibility of distant metastases. If the chest CT did

not show any specific finding, further chest CT was not performed.

Structural recurrence was defined as the appearance of cy-

tologically or histopathologically proven malignant tissue, or

the appearance of highly suspicious structural lesions on cross-

sectional or functional imaging studies after a period of NED

for a minimum of 1 year after the initial treatment. However,

unlike extracervical structural lesions (distant metastasis), even

highly suspicious locoregional structural lesions on cross-sectional

or functional imaging studies were not considered a structural

recurrence until the lesion was confirmed using FNAC or surgical

biopsy. Lesions not confirmed cytologically or histopathologically

were re-evaluated using serial ultrasonography and repeated FNAC

or surgical biopsy. Structural persistent disease was defined as the

appearance of structural lesions without a period of NED for 1

year after the initial treatment. Biochemical recurrence, which was

defined as an elevated serum Tg level (suppressed Tg ≥ 0.2 ng/mL
 R  
nd sTg ≥ 1 ng/mL in patients treated with TT) without clinical ev-

dence of structural disease, was not classified as a true recurrence.

tatistics 

Categorical variables are presented as absolute numbers and

ercentages; whereas continuous variables are presented as means

standard deviations or as medians and ranges. Comparisons of

linicopathologic and treatment characteristics between the groups

ere performed using the t test for continuous data and the

isher exact test for categorical data. Propensity scores were es-

imated with RS (or OS) as the dependent variable by using multi-

le logistic regression analysis. Model discrimination was assessed

ith C statistics (0.804), and model calibration was assessed with

osmer-Lemeshow statistics ( χ2 = 8.992, degree of freedom = 8,

 = .343). Propensity score matching was performed using greedy

atching with a caliper width of 0.2 standard deviations of the

ogit of the propensity score. The absolute standardized differ-

nces were used to determine the balance after matching. All ab-

olute standardized differences after matching were < 0.1, and the

 statistic was 0.541 after matching. All P values were 2-sided, and

 < .05 was considered statistically significant. Data were analyzed

sing SAS (v 9.4; SAS Institute, Cary, NC, USA). 

esults 

omparison of clinicopathologic characteristics and DRS between the 

S and OS groups before propensity score matching 

The baseline clinicopathologic characteristics of all enrolled par-

icipants are provided in Table 2 . The RS group showed a pre-

ominance of younger female patients, smaller primary tumor size,

ower multifocality and bilaterality, less extensive ETE, less exten-

ive thyroid resection performed, a higher proportion of patients

ndergoing RAI remnant ablation, and lower TNM stage than the

S group. However, in the subgroup analysis, according to initial

reatment modalities, multifocality and bilaterality did not signifi-

antly differ between the 2 groups. Furthermore, tumor classifica-

ion showed a significant difference only in patients treated with

T and RAI remnant ablation, probably owing to a higher propor-

ion of T4a classification in the OS group than in the RS group. 

With respect to the DRS, an excellent response was achieved in

1% of RS and 79.8% of OS, an indeterminate response in 22.3% of

S and 13.6% of OS, a biochemical incomplete response in 1.6% of
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Table 2 

Comparison of clinicopathologic characteristics between robotic and conventional open thyroidectomy groups before propensity score-matching. 

Characteristics Overall ( n = 2112) Total with RAI ∗ ( n = 1069) Total without RAI ∗ ( n = 210) Lobectomy alone ( n = 833) 

Robot 

( n = 492) 

Open 

( n = 1620) 

P Robot 

( n = 141) 

Open 

( n = 928) 

P Robot 

( n = 24) 

Open 

( n = 186) 

P Robot 

( n = 327) 

Open 

( n = 506) 

P 

Age, year, mean ±
standard deviation 

40.0 ± 8.9 50.3 ± 11.1 < .001 41.4 ± 8.7 51.4 ± 11.2 < .001 41.4 ± 8.6 54.2 ± 10.7 < .001 39.2 ± 9.1 46.9 ± 10.28 < .001 

Gender, n (%) 

Female 449 (91.3) 1268 (78.4) < .001 134 (95.0) 762 (82.1) < .001 19 (79.1) 157 (84.4) .555 291 (88.9) 350 (69.2) < .001 

Male 43 (8.7) 352 (21.7) 7 (5.0) 166 (17.9) 5 (20.9) 29 (15.6) 36 (11.1) 156 (30.8) 

Primary tumor size 

(cm) 

0.7 ± 0.5 1.0 ± 0.9 < .001 1.1 ± 0.6 1.3 ± 0.9 .026 0.7 ± 0.5 0.7 ± 0.7 .969 0.8 ± 0.6 1.0 ± 1.1 .002 

Multifocality, n (%) 109 (22.2) 540 (33.3) < .001 61 (43.3) 421 (45.3) .651 5 (20.9) 29 (15.6) .555 43 (13.1) 90 (17.8) .081 

Bilaterality, n (%) 50 (10.2) 296 (18.3) < .001 48 (34.0) 280 (30.2) .378 2 (8.3) 16 (8.6) .965 0 0 .999 

Lymph node 

metastasis, n (%) 

187 (38.0) 581 (35.8) .265 66 (46.8) 423 (45.6) .659 2 (8.3) 13 (7.0) .766 119 (36.4) 145 (28.7) .063 

Extrathyroidal 

extension, n (%) 

Non-extensive 490 (99.6) 1551 95.7) < .001 139 (98.6) 863 (92.9) < .001 24 (100) 184 (98.9) .087 327 (100) 504 (99.6) < .001 

Extensive 2 (0.4) 69 (4.3) 2 (1.4) 65 (7.1) 0 2 (1.1) 0 2 (0.4) 

Extent of 

thyroidectomy, n 

(%) 

< .001 

Total 

thyroidectomy 

165 (33.5) 1114 (68.8) 

Thyroid 

lobectomy 

327 (66.5) 506 (31.2) 

RAI ∗ ablation, n (%) 141 (85.5) 928 (83.3) < .001 141 (85.5) 928 (83.3) < .001 

Dosage of RAI 8 

ablation, millicurie, 

n (%) 

30 60 (42.6) 403 (43.4) .707 60 (42.6) 403 (43.4) .707 

80 54 (38.3) 373 (40.2) 54 (38.3) 373 (40.2) 

150 27 (19.1) 152 (16.4) 27 (19.1) 152 (16.4) 

Tumor classification 

T1a 204 (41.5) 583 (36.0) < .001 20 (14.2) 166 (17.9) .007 21 (87.5) 156 (83.9) .974 163 (49.8) 261 (51.5) .239 

T1b 33 (6.7) 116 (7.2) 20 (14.2) 89 (9.6) 1 (4.2) 8 (4.3) 12 (3.7) 19 (3.8) 

T2 3 (0.6) 38 (2.4) 0 23 (2.5) 0 1 (0.5) 3 (0.9) 14 (2.8) 

T3 250 (50.8) 814 (50.2) 99 (70.2) 585 (63.1) 2 (8.3) 19 (10.2) 149 (45.5) 210 (41.5) 

T4a 2 (0.4) 69 (4.2) 2 (1.4) 65 (6.9) 0 2 (1.1) 0 2 (0.4) 

Node classification 

N0 304 (61.8) 1039 (64.2) .265 75 (53.2) 505 (54.4) .659 22 (91.7) 173 (93.0) .766 208 (63.6) 361 (71.3) .063 

N1a 187 (38.0) 581 (35.8) 66 (46.8) 423 (45.6) 2 (8.3) 13 (7.0) 119 (36.4) 145 (28.7) 

TNM 

∗ stage 

I 379 (77.0) 839 (51.8) < .001 95 (67.4) 333 (35.9) < .001 24 (100) 168 (90.3) .393 260 (79.5) 338 (66.8) < .001 

II 0 16 (1.0) 0 8 (0.9) 0 0 0 8 (1.6) 

III 111 (22.6) 696 (43.0) 44 (31.2) 522 (56.3) 0 16 (8.6) 67 (20.5) 158 (31.2) 

IVa 2 (0.4) 69 (4.2) 2 (1.4) 65 (6.9) 0 2 (1.1) 0 2 (0.4) 

Dynamic risk 

stratification, n (%) 

Unavailable 19 (3.9) 59 (3.6) < .001 6 (4.3) 37 (4.0) .780 0 9 (4.8) .529 13 (4.0) 13 (2.6) .075 

Excellent 350 (71.1) 1293 (79.8) 114 (80.9) 773 (83.3) 20 (83.3) 154 (82.8) 216 (66.1) 366 (72.3) 

Indeterminate 110 (22.3) 220 (13.6) 19 (13.4) 96 (10.3) 4 (16.7) 20 (10.8) 87 (26.6) 104 (20.6) 

Biochemical 

incomplete 

8 (1.6) 36 (2.3) 1 (0.7) 13 (1.4) 0 3 (1.6) 7 (2.1) 20 (3.9) 

Structural 

incomplete 

5 (1.1) 12.0 (0.7) 1 (0.7) 9 (1.0) 0 0 4 (1.2) 3 (0.6) 

∗ The 7 th American Joint Committee on Cancer/Union for International Cancer Control Tumor Node Metastasis staging system. RAI , radioactive iodine. 
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S and 2.3% of OS, and a structural incomplete response in 1.1%

f RS and 0.7% of OS, showing significant differences between the

 groups ( P < .001; Table 2 ). However, in the subgroup analysis,

ccording to initial treatment modalities, the DRS did not signifi-

antly differ between the 2 groups ( Table 2 ). 

omparison of clinicopathologic characteristics and DRS between the 

S and OS groups after propensity score matching 

After propensity score matching with regard to age, sex, pri-

ary tumor size, ETE, multifocality, and bilaterality, 4 4 4 matched

airs of patients were compared in detail, as shown in Table 3 . The

edian follow-up period was 60 months (range, 28–99 months).
he extents of thyroidectomy ( P < .001) and LN dissection

 P < .001) were significantly lesser in the RS group than in the OS

roup. The RS group also showed a significantly higher proportion

f patients undergoing RAI remnant ablation after TT than the OS

roup. However, the proportion of patients undergoing RAI rem-

ant ablation with a high dose (150 mCi) was rather higher in the

S group than in the RS group. Although less extensive LN dissec-

ion was performed in the RS group, the incidence of LN metasta-

is, number of retrieved LNs, number of metastatic LNs, metastatic

N ratio, and maximal size of the metastatic foci of LNs did not

iffer significantly between the 2 groups. The TNM stage ( P = .297)

nd ATA initial risk stratification ( P = .139) were not statistically

ifferent between the 2 groups. The occurrence of structural
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Table 3 

Comparison of clinicopathologic characteristics between propensity score-matched robotic and conventional open thyroidectomy groups. 

Characteristics Overall ( N = 888) Total with RAI ( n = 342) Total without RAI ( n = 67) Lobectomy alone ( n = 479) 

Robot 

( n = 4 4 4) 

Open 

( n = 4 4 4) P 

Robot 

( n = 135) 

Open 

( n = 207) P 

Robot 

( n = 23) 

Open 

( n = 44) P 

Robot 

( n = 286) 

Open 

( n = 193) P 

Age, y, mean ±
standard deviation 

41.3 ± 8.3 41.3 ± 8.7 .999 42.2 ± 8.1 41.6 ± 9.1 .596 43.4 ± 7.0 42.9 ± 9.0 0.816 40.6 ± 8.4 40.4 ± 8.2 .792 

Sex, n (%) 

Female 401 (90.3) 392 (88.2) .385 128 (94.8) 191 (92.3) .388 23 (100) 41 (93.2) 0.313 250 (87.4) 160 (82.9) .168 

Male 43 (9.7) 52 (11.8) 7 (5.2) 16 (7.7) 0 3 (6.8) 36 (12.6) 33 (17.1) 

Primary tumor size 

(cm) 

0.8 ± 0.5 0.8 ± 0.4 .380 1.0 ± 0.6 0.9 ± 0.5 .144 0.6 ± 0.4 0.5 ± 0.3 0.351 0.7 ± 0.5 0.6 ± 0.3 .074 

Extrathyroidal 

extension, n (%) 

Non-extensive 441 (99.3) 441 (99.3) .999 133 (98.5) 204 (98.6) .981 23 44 0.999 285 (99.7) 193 .999 

Extensive 3 (0.7) 3 (0.7) 2 (1.5) 3 (1.4) 0 0 1 (0.3) 0 

Multifocality, n (%) 107 (24.1) 116 (26.1) .536 61 (45.2) 76 (36.7) .142 6 (26.1) 5 (11.4) 0.167 40 (14.0) 35 (18.1) .249 

Bilaterality, n (%) 50 (11.3) 43 (9.7) .999 48 (35.6) 41 (19.8) .002 2 (8.7) 2 (4.5) 0.603 — — —

LN metastasis, n (%) 162 (36.5) 163 (36.7) .720 62 (45.9) 96 (46.4) .616 3 (13.0) 3 (6.8) 0.548 97 (33.9) 64 (22.4) .699 

No. of retrieved LNs, n 

Ipsilateral CCND 6.4 ± 4.5 6.9 ± 5.2 .159 7.2 ± 4.6 7.9 ± 6.0 .345 5.0 ± 3.1 6.8 ± 5.1 0.194 6.6 ± 4.4 7.2 ± 5.2 .137 

Bilateral CCND 8.0 ± 5.6 10.7 ± 8.3 .120 8.5 ± 4.6 11.2 ± 8.1 .054 6.5 ± 5.0 10.5 ± 5.7 0.343 3.5 ± 3.0 4.0 ± 3.5 .826 

Number of metastatic 

LNs, n 

1.1 ± 2.1 1.0 ± 2.0 .715 1.3 ± 2.0 1.3 ±1.9 .906 0.3 ± 0.8 0.1 ± 0.3 .142 0.8 ± 1.5 0.7 ± 1.3 .639 

Metastatic LN ratio 0.15 ± 0.26 0.13 ± 0.22 .065 0.21 ± 0.31 0.17 ± 0.26 .186 0.05 ± 0.16 0.02 ± 0.11 .505 0.13 ± 0.24 0.10 ± 0.19 .263 

Maximal size of 

metastatic LNs, cm 

0.3 ± 0.2 0.3 ± 0.3 .974 0.4 ± 0.3 0.3 ±0.3 .436 0.6 ± 0.5 0.3 ± 0.5 .449 0.3 ± 0.2 0.3 ± 0.2 .567 

Extent of 

thyroidectomy, n (%) 

Total thyroidectomy 158 (35.6) 251 (56.3) < .001 

Lobectomy 286 (64.4) 193 (43.7) 

Extent of LN dissection, 

n (%) 

No 5 (1.1) 9 (2.0) < .001 1 (0.7) 5 (2.5) < .001 0 3 (6.8) < .001 4 (1.4) 1 (0.5) .293 

Ipsilateral CCND 414 (93.2) 281 (63.3) 115 (85.2) 79 (38.1) 21 (91.3) 16 (36.4) 278 (97.2) 186 (96.4) 

Bilateral CCND 25 (5.7) 154 (34.7) 19 (14.1) 123 (59.4) 2 (8.7) 25 (56.8) 4 (1.4) 6 (3.1) 

RAI ablation, n (%) 135 (86.1) 207 (82.5) .001 135 (86.1) 207 (82.5) .001 

Dosage of RAI ablation, 

millicurie, n (%) 

30 66 (48.8) 90 (43.4) < .001 66 (48.8) 90 (43.4) < .001 

80 57 (42.5) 77 (37.5) 57 (42.5) 77 (37.5) 

150 12 (8.7) 40 (19.1) 12 (8.7) 40 (19.1) 

Tumor classification 

T1a 177 (39.9) 202 (45.4) .328 19 (14.1) 58 (28.0) .007 19 (82.6) 39 (88.7) 0.698 139 (48.6) 105 (54.4) .398 

T1b 31 (7.0) 30 (6.8) 18 (13.3) 24 (11.6) 1 (4.4) 2 (4.5) 12 (4.2) 4 (2.1) 

T2 3 (0.7) 6 (1.4) 0 5 (2.4) 0 0 3 (1.1) 1 (0.5) 

T3 231 (52.0) 203 (45.7) 96 (71.1) 117 (56.6) 3 (13.0) 3 (6.8) 132 (46.1) 83 (43.0) 

T4a 2 (0.4) 3 (0.7) 2 (1.5) 3 (1.4) 0 0 0 0 

Node classification 

N0 282 (63.5) 281 (63.3) .720 73 (54.1) 111 (53.6) 0.616 20 (87.0) 41 (93.2) .548 189 (66.1) 129 (77.6) .699 

N1a 162 (36.5) 163 (36.7) 62 (45.9) 96 (46.4) 3 (13.0) 3 (6.8) 97 (33.9) 64 (22.4) 

TNM 

∗ stage 

I 331 (74.6) 344 (77.5) .297 89 (65.9) 139 (67.2) 0.960 23 44 .999 219 (76.6) 161 (83.4) .074 

II 0 2 (0.4) 0 1 (0.5) 0 0 0 1 (0.5) 

III 111 (25.0) 95 (21.4) 44 (32.6) 64 (30.9) 0 0 67 (23.4) 31 (16.1) 

IVa 2(0.4) 3 (0.7) 2 (1.5) 3 (1.4) 0 0 0 0 

ATA | risk, n (%) 

Low 341 (76.8) 320 (72.1) .139 85 (63.0) 134 (64.7) .607 22 (95.6) 42 (95.5) 0.266 233 (81.5) 144 (74.6) .176 

Intermediate 90 (20.3) 101 (22.7) 40 (29.6) 53 (25.6) 0 2 (4.5) 51 (17.8) 46 (23.8) 

High 13 (2.9) 23 (5.2) 10 (7.4) 20 (9.7) 1 (4.4) 0 2 (0.7) 3 (1.6) 

Dynamic risk 

stratification, n (%) 

Excellent 375 (84.5) 355 (79.9) .086 113 (83.8) 166 (80.2) .487 19 (82.6) 37 (84.1) 0.999 243 (85.0) 152 (78.8) .542 

Indeterminate 57 (12.8) 81 (18.2) 20 (14.8) 40 (19.3) 4 (17.4) 7 (15.9) 33 (11.5) 34 (17.6) 

Biochemical 

incomplete 

8 (1.8) 7 (1.6) 1 (0.7) 1 (0.5) 0 0 7 (2.4) 6 (3.1) 

Structural incomplete 4 (0.9) 1 (0.3) 1 (0.7) 0 0 0 3 (1.1) 1 (0.5) 

Follow-up duration, 

month 

60 (28-95) 60 (28-99) .693 

Structural recurrence, n 

(%) 

7 (1.6) 2 (0.5) .094 5 (3.7) 2 (1.0) .118 0 0 .999 2 (0.7) 0 .518 

∗ The 7 th American Joint Committee on Cancer/Union for International Cancer Control Tumor Node Metastasis staging system; LN , lymph node; CCND , central compartment 

node dissection; RAI , radioactive iodine; ATA , American thyroid Association. 
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Table 4 

Clinicopathological characteristics of patients with structural recurrence. 

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 Patient 8 Patient 9 

Sex Female Female Male Female Female Female Female Female Female 

Age at diagnosis 37 35 37 28 39 49 44 43 39 

Surgery type Open Open Robot Robot Robot Robot Robot Robot Robot 

Thyroidectomy Total Total Lobectomy Lobectomy Total Total Total Total Total 

LN 

∗ dissection Ipsilateral Ipsilateral Ipsilateral Ipsilateral Ipsilateral Ipsilateral Ipsilateral Ipsilateral Ipsilateral 

Dosage of RAI † remnant ablation, 

millicurie 

150 150 - - 150 80 150 150 80 

Location of structural recurrence Ipsilateral 

Lateral LN 

Ipsilateral 

Lateral LN Contralateral 

Lobe 

Contralateral 

Lobe 

Ipsilateral 

Lateral LN 

Ipsilateral 

Lateral LN Contralateral 

central LN 

Ipsilateral 

Lateral LN 

Ipsilateral 

Lateral LN 

Duration from initial treatment 

to structural recurrence, months 

29 46 31 49 39 34 51 42 30 

TNM 

∗ stage I I I I I III I I I 

ATA § risk 

Intermediate 

High Low 

Intermediate 

Low Low Low 

Intermediate 

High 

DRS || 

Indeterminate Indeterminate 

Structural 

incomplete 

Excellent Excellent 

Indeterminate 

Excellent 

Indeterminate 

Structural 

incomplete 

Anti-Tg Ab ¶ status Positive Negative Negative Negative Negative Negative Negative Negative Positive 

Control stimulated Tg † , ng/mL — 1.50 — — 0.08 0.08 0.53 1.90 —

Changing trend of Tg † at the time 

of DRS || 
— Declining Declining Stable Declining Declining Declining Declining —

Changing trend of anti-Tg Ab ¶ at 

the time of DRS || 
Declining — — — — — — — Increasing 

∗ TNM, the 7 th American Joint Committee on Cancer/Union for International Cancer Control Tumor Node Metastasis staging system. 
† Control stimulated Tg, serum thyroglobulin measured 6 −12 months after remnant ablation at the time of a diagnostic whole-body scan after thyroid hormone withdrawal 

or Thyrogen administration only in patients with negative anti-thyroglobulin antibody. LN , lymph node; RAI , radioactive iodine; ATA , American thyroid association; DRS , 

dynamic risk stratification; Anti-Tg Ab , anti-thyroglobulin antibody. 

Table 5 

The reasons why the patients were classified into indeterminate or biochemical incomplete response to initial therapy after propensity score-matching. 

Response-to-therapy category Overall Total with RAI Total without RAI Lobectomy alone 

Robot Open Robot Open Robot Open Robot Open 

Indeterminate 57 81 20 40 4 7 33 34 

Nonspecific findings on imaging studies, n (%) 32 (56.1) 22 (27.2) 11 (55.0) 9 (22.5) 1 (25.0) 2 (28.5) 20 (60.6) 11 (32.4) 

Elevated nonstimulated Tg or stimulated Tg levels, n (%) 6 (10.5) 11 (13.6) 4 (20.0) 9 (22.5) 1 (25.0) 1 (14.3) 1 (3.0) 1 (2.9) 

Stable or declining Anti-Tg Ab levels, n (%) 19 (33.4) 48 (59.2) 5 (25.0) 22 (55.0) 2 (50.0) 4 (57.2) 12 (36.4) 22 (64.7) 

Biochemical incomplete 8 7 1 1 0 0 7 6 

Elevated nonstimulated Tg or stimulated Tg levels, n (%) 1 (12.5) 2 (28.5) 1 (100) 1 (100) 0 0 0 1 (16.7) 

Increasing Tg values with similar TSH levels, n (%) 5 (62.5) 3 (43.0) 0 0 0 0 5 (71.5) 3 (50.0) 

Increasing anti-Tg Ab levels, n (%) 2 (25.0) 2 (28.5) 0 0 0 0 2 (28.5) 2 (33.3) 

RAI , radioactive iodine; Tg , thyroglobulin; anti-Tg Ab , anti-thyroglobulin antibody; TSH , thyroid-stimulating hormone. 
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ecurrence showed a higher tendency in the RS group than in

he OS group; however, the difference between the 2 groups was

ot statistically significant ( P = .094). The detailed clinicopathologic

haracteristics of patients with structural recurrence are provided

n Table 4 . Structural recurrences occurred in the contralateral lobe

 n = 2), contralateral central compartment ( n = 1), and lateral LN

rea ( n = 6). Structural recurrence in the contralateral lobe ( n = 2)

ccurred in patients treated with thyroid lobectomy alone, and the

ther structural recurrences occurred in those treated with TT and

AI remnant ablation. 

With respect to the DRS, an excellent response was achieved

n 84.5% of RS and 79.9% of OS, an indeterminate response in

2.8% of RS and 18.2% of OS, a biochemical incomplete response in

.8% of RS and 1.6% of OS, and a structural incomplete response in

.9% of RS and 0.3% of OS, showing no significant differences be-

ween the 2 groups ( P = .086; Table 3 ). Even in the subgroup anal-

sis according to initial treatment modalities, the DRS did not dif-

er between the 2 groups (Table 3). Furthermore, the reasons why

he patients were classified into an indeterminate or a biochemi-

al incomplete response-to-therapy category in both the overall pa-

ients and the subgroups according to initial treatment modalities

re provided in Table 5 . 

The incidence of structural recurrence based on each response-

o-therapy category was also not statistically different between the
 c  
 groups ( P = .278; Table 6 ). The incidence of structural recurrence

n patients with an excellent response to initial therapy was very

ow in both the RS and OS groups ( Table 6 ). 

omparison of surgical completeness between propensity 

core–matched RS and OS groups 

The surgical completeness between the 2 groups after propen-

ity score matching was compared according to initial treatment

odalities, with regard to the number of retrieved LNs, control

Tg levels, and changing trend of anti-Tg Ab levels in patients who

nderwent TT and RAI remnant ablation, and with regard to the

umber of retrieved LNs, suppressed Tg levels, and changing trend

f Tg or anti-Tg Ab levels in patients who underwent TT or thyroid

obectomy alone, showing no significant differences between the 2

roups ( Table 7 ). 

iscussion 

This propensity score–matched comparison study between RS

nd OS focused on evaluating the DRS based on the response to

nitial therapy, and it was confirmed that the DRS was not signifi-

antly different between the 2 groups. This result can shed light on
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Table 6 

Incidence of structural recurrence based on each response-to-therapy category in the dynamic risk stratification. 

Structural recurrence P 

Robotic, recurrence/overall (%) Open, recurrence/overall (%) 

DRS Excellent 3/375 (0.8) 0/355 (0) .278 

Indeterminate 2/57 (3.5) 2/81 (2.5) 

Biochemical incomplete 0/8 (0) 0/7 (0) 

Structural incomplete 2/4 (50.0) 0/1 (0) 

DRS , dynamic risk stratification. 

Table 7 

Comparison of surgical completeness between propensity score–matched robotic and conventional open thyroidectomy groups. 

Characteristics Total with RAI ( n = 342) Total without RAI ( n = 67) Lobectomy alone ( n = 479) 

Robot ( n = 135) Open ( n = 207) P Robot ( n = 23) Open ( n = 44) P Robot ( n = 286) Open ( n = 193) P 

No. of retrieved LNs, n , mean ± standard deviation 

Ipsilateral CCND 7.2 ± 4.6 7.9 ± 6.0 .345 5.0 ± 3.1 6.8 ± 5.1 .194 6.6 ± 4.4 7.2 ± 5.2 .137 

Bilateral CCND 8.5 ± 4.6 11.2 ± 8.1 .054 6.5 ± 5.0 10.5 ± 5.7 .343 3.5 ± 3.0 4.0 ± 3.5 .826 

RAI ‡ ablation, n (%) 135 (86.1) 207 (82.5) .001 

Anti-Tg Ab status, n (%) 

Negative 128 (94.8) 185 (89.4) .077 21 (91.3) 40 (90.9) .957 244 (85.3) 152 (78.8) .106 

Positive 7 (5.2) 22 (10.6) 2 (18.7) 4 (9.1) 42 (14.7) 41 (21.2) 

Control stimulated Tg ∗ , ng/mL, mean ± standard deviation 0.38 ± 1.48 0.19 ± 0.36 .084 

Control stimulated Tg ∗ < 1 ng/mL, n (%) 126 (93.3) 198 (95.7) .056 

Suppressed Tg † , ng/mL, mean ± standard deviation 0.21 ± 0.45 0.46 ± 1.57 .451 1.95 ± 2.84 2.01 ± 3.32 .825 

Changing trend of suppressed Tg † , n (%) .138 .210 

Declining 8 (34.8) 8 (18.2) 200 (69.9) 121 (62.7) 

Stable 15 (65.2) 32 (72.7) 81 (28.3) 66 (34.2) 

Increasing 0 4 (9.1) 5 (1.8) 6 (3.1) 

Changing trend of anti-Tg Ab ‡ , n (%) .431 .999 .069 

Declining 6 (85.7) 21 (95.5) 2 (100) 4 (100) 31 (73.8) 35 (85.4) 

Stable 0 0 0 0 9 (21.4) 2 (4.8) 

Increasing 1 (14.3) 1 (4.5) 0 0 2 (4.8) 4 (9.8) 

∗ Control stimulated Tg, serum thyroglobulin measured 6 −12 months after remnant ablation at the time of a diagnostic whole-body scan after thyroid hormone withdrawal 

or Thyrogen administration only in patients with negative anti-thyroglobulin antibody. 
† Suppressed Tg, serum thyroglobulin levels and those changing trends under thyroid-stimulating hormone suppression therapy measured only in patients with negative 

anti-thyroglobulin level at the time of determining dynamic risk stratification. 
‡ Changing trend of anti-Tg Ab was evaluated only in patients with positive anti-thyroglobulin level at the time of determining dynamic risk stratification. LN , lymph node; 

CCND , central compartment node dissection; RAI , radioactive iodine; anti-Tg Ab , anti-thyroglobulin antibody. 
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the long-term oncologic outcome of RS for PTC; that is, it is likely

to be comparable to that of OS. 

Many previously published meta-analysis studies validated the

postsurgical outcomes of RS for differentiated thyroid carcinoma,

reporting reliable outcomes of RS regarding technical safety, qual-

ity of life, and surgical completeness, although those results some-

what varied according to each study population. 1–6 The technical

safety and quality-of-life outcome of RS could be relatively well

verified because the data required for evaluating those outcomes

was cross-sectional and could be obtained during the early post-

operative follow-up period. However, the long-term oncologic out-

come of RS mainly for PTC is not yet well established because the

median follow-up period of RS has not reached 10 years, which

remains not even long enough to directly and accurately evalu-

ate the oncologic outcome of RS with respect to structural recur-

rence. 7–9 , 24 Therefore, the oncologic safety of RS was evaluated and

compared with that of OS with respect to surgical completeness by

using postoperative serum sTg levels and the proportion of patients

with sTg < 2 or 10 ng/mL at the time of RAI remnant ablation or

sTg < 1 ng/mL at 6–12 months after the first ablation. 9 , 19–21 , 24–29 

However, these measures can only be used for patients who un-

derwent TT with RAI remnant ablation and had negative anti-Tg Ab

levels, and therefore have limitations for the evaluation of patients

treated without RAI remnant ablation or those who have positive

anti-Tg Ab levels. 

The DRS was designed to reclassify initial risk estimates deter-

mined by using histopathologic findings after the initial operation,

based on the response to the initial therapy from data gathered
rom the first 2 years of follow-up. Therefore, the assessment of

esponse-to-therapy categories in the DRS does not require long-

erm follow-up data. In addition, the DRS can be applied even

n patients treated without RAI remnant ablation or those who

ave positive anti-Tg Ab, with some modified definitions of each

esponse-to-therapy category. 11,14 Although the usefulness of DRS

n patients treated without RAI remnant ablation is not as well

valuated as in those treated with RAI remnant ablation, previ-

us studies validated DRS as a useful tool with a higher capability

n predicting long-term structural recurrence than the ATA initial

isk estimate or the American Joint Committee on Cancer/Union

or Cancer Control TNM staging system. 12,13 , 30 In the present study,

he DRS values based on response-to-therapy were significantly

ifferent between the RS and OS groups before propensity score

atching, showing a lower proportion of excellent and biochemi-

al incomplete responses and a higher proportion of indeterminate

nd structural incomplete responses in the RS group. However,

rouping the “excellent response” and “indeterminate response”

ategories together as a “good response,” and “biochemical incom-

lete” and “structural incomplete” responses together as an “in-

omplete response,” the response-to-therapy classification in the

S group was similar to that in the OS group. Furthermore, in

he subgroup analysis according to initial treatment modalities,

he DRS did not significantly differ between the 2 groups. After

ropensity score matching, the DRS in patients receiving RS was

omparable to that in patients who underwent OS, in both over-

ll patients and subgroups according to initial treatment modali-

ies. Of interest, an excellent response showing very low incidence
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f structural recurrence was observed more frequently in the RS

roup than in the OS group, although the extent of thyroid surgery

nd LN dissection was less in the RS group than in the OS group.

his might be associated with the biologic behavior of each cancer,

hich was not well established. DRS has been shown to reflect the

iologic behavior of cancer and the response to initial therapy. Ac-

ordingly, although less extensive thyroid surgery or LN dissection

as performed in the RS group for patients with the same clini-

opathologic features, their responses to the initial therapy might

e better than those of patients treated with more extensive OS

ccording to the biologic behavior of cancers. In the present study,

he RS group showed a higher tendency of developing structural

ecurrence than the OS group. However, all of the structural re-

urrences occurred in an undissected area at the time of the ini-

ial operation, and none of the patients with structural recurrence

howed any evidence of lateral LN metastasis or bilaterality on

reoperative staging workup with high-resolution neck ultrasonog-

aphy and CT scan. Furthermore, various parameters that were

valuated to compare surgical completeness according to initial

reatment modalities did not significantly differ between the RS

nd OS groups. Therefore, it makes sense to consider that the

tructural recurrences in the RS group did not result from incom-

lete resection and were unpreventable. Nevertheless, the higher

endency of structural recurrence in the RS group in the present

tudy should be re-evaluated based on long-term follow-up results.

o the best of our knowledge, the present study is the first to com-

are the short-term oncologic outcome of RS by using the DRS in

 more comprehensive cohort of patients with PTC, with respect to

he extent of thyroid surgery. 

The present study has limitations inherent to its retrospective

tudy design and exclusion criteria. Excluding patients with un-

vailable data for assessing response-to-therapy categories might

e an important source of bias. In the present study, one of the

ain reasons for exclusion was missing Tg or anti-Tg Ab levels.

t the time of data collection and analysis, we found many pa-

ients to have been checked only for free T4 and TSH, although

his was not our follow-up strategy. The other reason was delayed

easurement of Tg and anti-Tg Ab levels beyond 2 years after the

nitial operation, which made it impossible to evaluate the chang-

ng trends of Tg and anti-Tg Ab levels within 2 years after the

nitial operation. However, basic clinicopathologic data other than

he DRS was not significantly different between patients with and

ithout available data for assessing response-to-therapy categories

data not presented). We also tried to avoid selection bias through

ropensity score matching between the 2 groups. Theoretically, the

ppropriateness of propensity score matching was determined us-

ng the C statistic; the closer the C statistic to 1, the more appro-

riate the propensity score matching. On the basis of the C statistic

f 0.804 in the present study, the propensity score was estimated

o be well matched between the 2 groups. Our institutional pref-

rence for prophylactic CCND could also be a possible source of

ias. However, owing to the preference for prophylactic LN dissec-

ion for PTCs at our institution, all of the LN-related factors could

e evaluated in detail. Nevertheless, the indolent nature of PTC it-

elf, the large proportion of patients with PTC ≤1 cm (for whom

he 2015 ATA guidelines now recommend active surveillance as an

lternative to immediate surgery), the small number of enrolled

atients, and the short follow-up duration might mask the differ-

nce in outcomes between the RS and OS groups in the present

tudy. Therefore, a further study based on a larger patient cohort

nd a longer follow-up duration will be needed to accurately com-

are the long-term oncologic outcomes between the 2 groups. 

The DRS should be considered a useful tool in predicting the

isk of long-term structural recurrence by using early postoperative

ata from approximately 2 years after the initial operation in pa-

ients undergoing RS who had a relatively short follow-up period.
n the present study, an association of DRS with long-term onco-

ogic outcome could not be clearly evaluated because of the short

ollow-up period. However, on the basis of the high predictabil-

ty of DRS for long-term structural recurrence or persistent disease

hat has been described in the literature, 10–15 , 16 the long-term on-

ologic safety of RS is expected to be comparable to that of OS in

roperly selected patients with PTC, like our inclusion criteria for

S in the present study. In addition, the oncologic outcomes of RS

or more advanced thyroid cancer can be compared preliminarily

ith that of OS by using the DRS. 
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