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Background: The optimal dose of radioactive iodine (RAI) therapy for N1b papillary thyroid carcinoma (PTC) is controversial. We
evaluated the clinical outcome of N1b PTC patients treated with either 100 or 150 mCi of RAI

Methods: We retrospectively analyzed N1b PTC patients who underwent total thyroidectomy and postoperative RAI therapy at a
tertiary referral center between 2012 and 2017. As the baseline characteristics differed between treatment groups, we performed ex-
act matching for various pathological factors according to RAI dose. We evaluated the response to therapy and recurrence-free sur-
vival (RFS) in the matched patients. Structural recurrent/persistent disease was defined as new structural disease detected after initial
therapy, which was confirmed by cytology or pathology.

Results: Of the total 436 patients, 37 (8.5%) received 100 mCi of RAI and 399 (91.5%) received 150 mCi of RAI. After an exact 1:3
matching, 34 patients in the 100 mCi group and 100 patients in the 150 mCi group remained. There was no significant difference in
response to therapy between the groups in the matched population (P=0.63). An excellent response was achieved in 70.6% (n=24)
of patients in the 100 mCi group and 76.0% (n=76) in the 150 mCi group. Two (5.9%) patients in the 100 mCi group and four
(4.0%) in the 150 mCi group had recurrence and there was no significant difference in RFS between the groups in the matched popu-
lation (P=0.351).

Conclusion: There were no differences in response to therapy and RFS in N1b PTC patients according to RAI dose.
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INTRODUCTION

Postoperative radioactive iodine (RAI) therapy has been used
for patients with differentiated thyroid carcinoma (DTC) to re-
move residual normal thyroid tissue after thyroidectomy or to
treat potential metastatic disease [1,2]. DTC patients presenting

with lymph node (LN) metastasis have higher risks of distant
metastasis and locoregional recurrence and lower remission
rates compared with intrathyroidal tumors without clinical LN
involvement [3]. Patients with LN metastasis were categorized
as intermediate-risk group in the 2015 American Thyroid Asso-
ciation (ATA) guideline [1]. Furthermore, disease-specific mor-
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tality is higher in patients presenting with clinically significant
LN metastasis [4-6].

The presence of lateral neck LN metastasis (N1b) is associat-
ed with a high rate of recurrence in papillary thyroid carcinoma
(PTC) [7-9]. Furthermore, PTC patients with N1b disease
showed inferior responses to surgery and RAI therapy com-
pared to patients with only central neck LN metastasis (N1a)
[10]. Thus, a high dose of RAI ablation/adjuvant therapy is rou-
tinely administered in PTC patients with N1b disease [11]. Rec-
ommendations for these patients often range from 100 to 250
mCi of RAI depending on the clinical situation, and most physi-
cians treat N1b disease patients with 150 mCi of RAI [3,11].
However, the optimal dose of RAI therapy remains controver-
sial and there is no sufficient evidence that a higher dose of RAI
therapy is associated with improvement in clinical outcomes for
patients with N1b disease. A recent study reported that adminis-
tering more than 100 mCi of RAI as adjuvant therapy in N1b
disease is unlikely to improve the initial response to therapy, es-
pecially in young patients [3].

Therefore, the aim of this study was to evaluate the clinical
outcome of patients with N1b disease who were treated with ei-
ther 100 or 150 mCi of RAL

METHODS

Patients
This study was a retrospective analysis of N1b PTC patients

who underwent total thyroidectomy and postoperative RAI
therapy at the Asan Medical Center (Seoul, South Korea) be-
tween 2012 and 2017. We included adult PTC patients with N1b
disease confirmed at final pathology and who underwent either
100 or 150 mCi of RAI. Exclusion criteria were as follows: pa-
tients with distant metastasis initially; pathological diagnosis of
follicular, medullary, poorly DTC, or anaplastic thyroid cancer;
and patients without adequate follow-up data. Finally, 436 pa-
tients were included for analysis (Fig. 1). The study protocol
was approved by the Institutional Review Board of the Asan
Medical Center (study number: 2019-0676). Written informed
consent by the patients was waived due to a retrospective nature
of our study.

Treatment and follow-up protocol

All patients underwent total thyroidectomy with central and lat-
eral neck dissection. For RAI therapy, patients received ablative
doses of *'I after thyroxine withdrawal or after two consecutive
injections of recombinant human thyrotropin alpha (thTSH). A
post-therapy whole body scan (WBS) was obtained 5 to 7 days
after administration of '*'I. After RAI therapy, patients were
regularly followed up with levothyroxine supplementation.
Physical examinations, including neck palpation, thyroid func-
tion test, serum thyroglobulin (Tg), and anti-Tg antibody
(TgAb) measurement, were done in all patients at each visit. To
assess the response to therapy, a diagnostic WBS, stimulated Tg
(sTg) with TgAb measurement, and neck ultrasonography (US)

506 PTC patients with pathologic diagnosis of N1b
between Jan 2012 and Dec 2017

l

65 Patients received 100 mCi of RAI ablation

Exclude patients without
follow-up data (n=28)

37 Patients

34 Patients

Exact matching

)

441 Patients received 150 mCi of RAI ablation

Exclude patients without
follow-up data (n=42)

—

399 Patients

100 Patients

Fig. 1. Flow chart of patient enrollment. PTC, papillary thyroid carcinoma; RAI, radioactive iodine.
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were done 6 to 12 months after RAI therapy [12-14]. The level
of sTg was determined after thyroxine withdrawal or injection
of thTSH. After the response to therapy was assessed, neck US
was performed every 12 to 24 months. If there were abnormal
findings on neck US, US-guided fine-needle aspiration cytology
was done. Other imaging studies, including neck/chest comput-
ed tomography or "*F-fluorodeoxyglucose-positron emission to-
mography, were performed when needed.

Definition

The risk of recurrence was determined by the ATA risk stratifica-
tion system [1,15]. Intermediate-risk of recurrence was defined
as microscopic tumor invasion into perithyroidal soft tissue,
RAI-avid metastatic foci in the neck on the first posttreatment
whole body RAI scan, aggressive histology, PTC with vascular
invasion, clinical N1 or >5 pathologic N1 with all involved LNs
<3 cm in largest dimension, and multifocal papillary microcarci-
noma with extrathyroidal extension (ETE) and BRAF"**** mutat-
ed if known. High-risk of recurrence was defined as the macro-
scopic invasion of the tumor into the perithyroidal soft tissue
(gross ETE), incomplete tumor resection, distant metastasis,
postoperative serum Tg suggestive of distant metastasis, patho-
logical N1 with any metastatic LNs =3 cm in the largest dimen-
sion or with extranodal extension (ENE) [1,15].

The response to initial therapy was classified according to the
2015 ATA management guidelines [1]: (1) excellent response if
patients achieved sTg <1 ng/mL with negative TgAb and had
no abnormal finding in neck US and diagnostic WBS; (2) inde-
terminate response if patients achieved sTg between 1 to 10 ng/
mL or sTg was stable or declining in the absence of structural
disease; (3) biochemical incomplete response if patients had
sTg >10 ng/mL or rising TgAb levels in the absence of struc-
tural disease; or (4) structural incomplete response if patients
had abnormal findings on imaging.

Structural recurrent/persistent disease was defined as the de-
tection of new structural disease after initial therapy, which was
confirmed by cytology or pathology. Recurrence-free survival
(RFS) was defined as the time from total thyroidectomy to the
detection of structural recurrent/persistent disease or the end of
follow-up.

Statistical analysis

Statistical analyses were conducted using R version 3.5.1 (R
Foundation for Statistical Computing, Vienna, Austria; http://
www.R.project.org) and survival curves were drawn using
GraphPad Prism version 5.0 (GraphPad Software, San Diego,
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CA, USA; http://www.graphpad.com). Continuous variables are
presented as mean=standard deviation, and categorical vari-
ables are presented as number (percentage). We used the ¢ test to
compare continuous variables and the chi-square test to com-
pare categorical variables. Survival curves were plotted using
the Kaplan-Meier method, and the log-rank test was used to de-
termine significance. We performed exact matching of patients
according to RAI dose for further analysis. An exact 1:3 match-
ing was performed for factors, the number and size of LN,
presence of ETE, and presence of ENE. LN numbers were
matched using +4 as an acceptable boundary, and the sizes of
LNs were matched using £ 1 cm as an acceptable boundary.
The presence of ETE and ENE was exactly matched in both
treatment groups. Differences were considered statistically sig-
nificant at P<0.05.

RESULTS

Baseline characteristics of all patients

Among the 436 patients included in this study, 37 (8.5%) re-
ceived 100 mCi of RAI and 399 (91.5%) received 150 mCi of
RALI Baseline characteristics of these 436 patients are listed in
Table 1. The mean age of the patients was 43.8 years and 272
patients (62%) were female. The mean tumor size was 2.1 cm
and most had ETE: 24% with microscopic ETE and 56% with
gross ETE. The mean number and size of metastatic LNs was
13.6 and 1.3 cm, respectively, and 57% showed ENE. Patients
who received 150 mCi of RAI had more ETE (P=0.005), larger
metastatic LNs (P<0.001), and more frequent ENE (P<0.001).
There were more patients with T3 and T4 disease in the 150
mCi group (P=0.001), but there was no significant difference in
TNM stage according to RAI dose. Among the total patients, 95
(21.8%) patients were classified as the intermediate-risk group
by the ATA risk stratification, and 341 (78.2%) were classified
as the high-risk group. There were more patients with a high-
risk of recurrence in the 150 mCi group (P<0.001). In terms of
surgical extent, 347 (79.6%) were underwent unilateral modi-
fied radical neck dissection (MRND) and others underwent bi-
lateral MRND and there was no significant difference in surgi-
cal extent between two treatment groups (P=0.65). There was
no significant difference between the extent of lateral LN me-
tastasis in two groups (P=0.87). Five patients (1.1%) had resid-
ual tumor after surgery. All of the patients who received 150
mCi of RAI were prepared with levothyroxine withdrawal and
30 (81.1%) patients who treated with 100 mCi were prepared
with thTSH. At the time of RAI therapy, 15.9% of patients were

Copyright © 2020 Korean Endocrine Society
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Table 1. Baseline Characteristics of Total 436 Patients

Characteristic Total (n=436) RAI 100 mCi (n=37) RAI 150 mCi (n=399) P value

Age, yr 438+13.3 46.5£15.5 43.6£13.1 0.19
<55 337(77.3) 25(67.6) 312(78.2) 0.20
=55 99 (22.7) 12(32.4) 87(21.8)

Sex 0.84
Male 164 (37.6) 15 (40.5) 149 (37.3)

Female 272 (62.4) 22 (59.5) 250 (62.7)

Tumor size, cm 2.1£1.2 2.1+0.7 2.1£1.2 0.91
<2 281 (64.4) 20 (54.1) 261 (65.4) 0.23
>2 155 (35.6) 17 (45.9) 138 (34.6)

Presence of ETE 0.005
No ETE 88(20.2) 15 (40.5) 73 (18.3)

Microscopic 105 (24.1) 8(21.6) 97 (24.3)
Gross 243 (55.7) 14 (37.8) 229 (57.4)

No. of metastatic LN 13.6£8.6 13.4+£79 13.6£8.6 0.93

Size of metastatic LN, cm 1.3+0.8 0.9+0.5 1.3£0.9 <0.001

Extent of lateral LN metastasis 0.87
Unilateral 355(81.4) 31(83.8) 324 (81.2)

Bilateral 81(18.6) 6(16.2) 75 (18.8)

Presence of ENE (yes) 249 (57.1) 6(16.2) 243 (60.9) <0.001

T stage 0.001
T1 138 (31.7) 13(35.1) 125 (31.3)

T2 44 (10.1) 10(27.0) 34 (8.5)
T3 203 (46.6) 13(35.1) 190 (47.6)
T4 51 (11.7) 1(2.7) 50 (12.5)

TNM stage* 0.50

Stage I 336(77.2) 25 (67.6) 311 (78.1).
Stage II 82 (18.9) 11 (29.7) 71 (17.8)
Stage 11T 14 (3.2) 1(2.7) 13 (3.3)

Stage IV 3(0.7) 0 3(0.8)

ATA risk stratification <0.001
Intermediate-risk of recurrence 95(21.8) 20 (54.1) 75 (18.8)

High-risk of recurrence 341(78.2) 17 (45.9) 324 (81.2)

Values are expressed as mean= standard deviation or number (%).

RAI, radioactive iodine; ETE, extrathyroidal extension; LN, lymph node; ENE, extranodal extension; TNM, tumor-node-metastasis; ATA, American

Thyroid Association.

*TNM stage was determined by the 8th edition of TNM staging system.

positive for TgAb (reference <60 U/mL) and the median sTg
among patients with negative TgAb was 2.10 ng/mL (range,
0.08 to 1,790.00). The proportion of patients with positive TgAb
and median sTg levels was not significantly different between
two groups (P=0.99 and P=0.40, respectively).

Copyright © 2020 Korean Endocrine Society

Baseline characteristics of matched patients

As the baseline characteristics were different between groups
according to RAI dose, we performed exact matching for the
pathologic characteristics as described in the methods. After
matching, 34 patients in the 100 mCi group and 100 patients in
the 150 mCi group remained (Fig. 1). The baseline characteris-
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tics of the matched 134 patients are shown in Table 2. After
matching, the presence of ETE, number of LNs, size of LNs,
and presence of ENE, which were all well-known risk factors
for the recurrence of thyroid cancer, were not significantly dif-
ferent between the two groups. There was also no significant
difference in T stage, ATA risk stratification and surgical extent
between the two groups (Table 2).

Response to therapy classification and structural
recurrent/persistent disease
The responses to initial therapy according to RAI dose in the to-
tal and matched populations are shown in Table 3. There were
no significant differences in the response to therapy classifica-
tion between the treatment groups in either total or matched pa-
tients (P=0.37 and P=0.63, respectively). In the matched popu-
lation, 71% of patients (n=24) in the 100 mCi group and 76%
(n=76) in the 150 mCi group achieved excellent response.
During a median follow-up period of 4.8 years (range, 0.5 to
8.1), 48 (11.0%) of the total 436 patients had structural recur-
rent/persistent disease: three patients (8.1%) in the 100 mCi
group and 45 (11.3%) in the 150 mCi group. Of total 48 patients
who had structural recurrent/persistent disease, 41 patients
(9.4%) had locoregional metastasis, two patients (0.5%) had
distant metastasis, and four (0.9%) had both locoregional and
distant metastasis. The RFS curves are shown in Fig. 2A. RFS
did not differ significantly according to RAI dose (P=0.76).
The results were consistent in the matched population. Among
the 134 matched patients, six (4.5%) had disease recurrence:
two patients (5.9%) in the 100 mCi group and four (4.0%) in the
150 mCi group. The RFS curves of the matched patients are
shown in Fig. 2B. There was no significant difference in RFS
between the groups (P=0.35).

DISCUSSION

This was a retrospective study evaluating two different doses of
RAI in N1b PTC patients. In the current study, 48 (11.0%) of
the total 436 patients had structural recurrent/persistent disease
after initial therapy, and the rate was similar with previous stud-
ies [1,3,16]. Because of differences in pathological characteris-
tics between the groups, we evaluated the clinical outcomes of
these patients after exact matching of various pathological risk
factors. In both the total and matched cohorts, response to thera-
py classification and RFS was not different between 100 and
150 mCi of RAI therapy.

Recent studies demonstrated that low-dose RAI is sufficient
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Table 2. Baseline Characteristics of the Matched 134 Patients®

RAI 100 mCi RAI 150 mCi

Characteristic P value

(n=34) (n=100)

Age, yr 479+153  455+12.7 037
<55 22 (64.7) 76 (76.0) 0.29
=55 12(35.3) 24 (24.0)

Sex 0.43
Male 13 (38.2) 29 (29.0)

Female 21 (61.8) 71 (71.0)

Tumor size, cm 2.1£0.7 20%1.1 0.59
<2 17 (50.0) 62 (62.0) 0.30
>2 17 (50.0) 38(38.0)

Presence of ETE 0.98
No ETE 14 (41.2) 42 (42.0)
Microscopic 6(17.6) 18 (18.0)

Gross 14 (41.2) 42 (42.0)

No. of metastatic LN 1224+6.8 10.9£5.6 0.28

Size of metastatic LN, cm 0.9£0.5 0.9£+0.5 0.96

Extent of lateral LN metastasis 0.79
Unilateral 29 (85.3) 89 (89.0)

Bilateral 5(14.7) 11 (11.0)
Presence of ENE (yes) 6(17.6) 18 (18.0) 0.99
T stage 0.31

Tl 11(32.4) 38(38.0)

T2 10 (29.4) 15 (15.0)

T3 12 (35.3) 42 (42.0)

T4 1(2.9) 5(5.0)

TNM stage” 0.52
Stage I 22 (64.7) 76 (76.0)

Stage 11 11(32.4) 21(21.0)

Stage IIT 1(2.9) 2(2.0)

Stage [V 0 1(1.0)

ATA risk stratification 0.84
Intermediate-risk of recurrence 18 (52.9) 49 (49.0)
High-risk of recurrence 16 (47.1) 51(51.0)

Values are expressed as mean = standard deviation or number (%).

RAI, radioactive iodine; ETE, extrathyroidal extension; LN, lymph
node; ENE, extranodal extension; TNM, tumor-node-metastasis; ATA,
American Thyroid Association.

*An exact 1:3 matching was performed for the factors; the number and
size of LN, the presence of ETE, and the presence of ENE; "TNM stage
was determined by the 8th edition of TNM staging system.

for remnant ablation for low- to intermediate-risk DTC patients,
and many experts advocate the use of lower doses of RAI [2,17-
20]. In 2012, Schlumberger et al. [2] and Mallick et al. [17]

Copyright © 2020 Korean Endocrine Society
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Table 3. Response to Therapy Classification in Total and Matched Patients

Total patients

Matched patients

Variable

RAI 100 mCi RAI 150 mCi P value RAI 100 mCi RAI 150 mCi P value
(n=37) (n=399) (n=34) (n=100)
Response 0.37 0.63
Excellent response 26(70.3) 249 (62.4) 24 (70.6) 76 (76.0)
Indeterminate 4(10.8) 61 (15.3) 4(11.8) 13(13.0)
Biochemical incomplete 0 24(6.0) 0 1(1.0)
Structural incomplete 7(18.9) 65 (16.3) 6(17.6) 10 (10.0)

Values are expressed as number (%). P value for chi-square test.
RALI, radioactive iodine.
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Fig. 2. Kaplan-Meier analysis of recurrence-free survival according to different doses of radioactive iodine (RAI) therapy. (A) Recurrence-
free survival in total 436 patients. (B) Recurrence-free survival in the matched 134 patients according to different doses of RAIL

compared 1.1 GBq (30 mCi) and 3.7 GBq (100 mCi) in DTC
patients and reported similar rates of effectiveness and fewer
adverse events in the lower RAI group than in the higher RAI
group. The presence of N1b is an important prognostic factor
for DTC patients, and a high dose of RAI for adjuvant therapy
might be helpful [4,21]. However, patients undergoing high-
dose RAI tend to have more adverse effects, such as sialadeni-
tis, xerostomia, decreased gonadal function, and secondary neo-
plasm [22-25]. Considering the effectiveness and adverse ef-
fects, we need more accurate evidence for the efficacy of higher
doses of RAI as a treatment option.

To our knowledge, there are no randomized controlled studies
comparing the efficacy and safety of lower and higher doses of
RAI in N1b PTC patients, and only a few retrospective studies
have been reported [3,16]. A previous study involving 181 PTC
patients with N1b disease who were treated with 100, 150 mCi,
or high activity (>200 mCi) RAI therapy demonstrated that ad-

Copyright © 2020 Korean Endocrine Society

ministering more than 100 mCi of RAI as adjuvant therapy is
unlikely to improve the initial response to therapy, especially in
young patients [3]. Another study involving 253 DTC patients
with T4 or N1b disease demonstrated that adjuvant RAI therapy
with thTSH plus 3.7 GBq (100 mCi) had a comparable ablation
success rate and RFS compared to thyroid hormone withdrawal
plus 5.5 GBq (150 mCi) [16]. Our current study also showed
similar results to previous studies. In the 134 matched patients
with N1b disease in the current study, the response to therapy
and RFS did not differ significantly between 100 mCi and 150
mCi of RAI therapy. This suggests that 100 mCi of RAI for N1b
PTC patients is sufficient for remnant ablation. However, pa-
tients with more favorable pathological characteristics tended to
remain after exact matching in our present study. The proportion
of patients with ATA high-risk was 81.2% in 150 mCi group,
and it was decreased to 51.0% after matching. Consequently,
the proportion of patients with structural recurrent/persistent
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disease in 150 mCi group decreased from 11.3% to 4.0% after
matching. Therefore, the result may be limited for the patients
with more favorable pathologic findings and further studies for
higher risk N1b disease are needed.

There were several limitations in the current study. First, it
was a retrospectively designed study involving a small number
of patients. Second, we did not investigate the adverse effects of
different RAI administration strategies. Third, because the fol-
low-up period was relatively short, there was no data about dis-
ease-specific or overall survival. Fourth, as we described above,
the result of this study may be limited for the patients with more
favorable pathologic findings. However, a strength of the cur-
rent study is that it evaluated the effect of two different doses of
RAI in N1b disease patients who were well-matched for tumor
and LN factors.

In conclusion, there was no significant difference in response
to therapy or RFS in PTC patients with N1b disease between
100 and 150 mCi of RAI therapy after exact matching of vari-
ous pathological factors. These findings may help clinicians de-
termine the optimal dose of RAI therapy in patients with N1b
PTC.
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