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Simple Summary: The aim of our retrospective study was to evaluate the impact of minimal extrathyroidal
extension on early response rate after (adjuvant) initial radioactive iodine therapy in patients with papillary
thyroid cancer (PTC). We found that response rates after radioactive iodine (RAI) therapy in PTC patients
were achieved irrespective of minimal extrathyroidal extension (mETE). Nonetheless, the risk of lymph
node metastases involvement was significantly higher in the mETE patient group.

Abstract: Background: Extrathyroidal extension of differentiated thyroid cancer is a poor outcome
factor but seems to be less significant in minimal extrathyroidal extension (mETE). However, the impact
of mETE on response rate after (adjuvant) initial radioactive iodine (RAI) therapy remains unclear.
We therefore compared response rates of patients with classical and follicular variants of papillary
thyroid cancer (PTC) according to the updated eighth tumor-node-metastasis (TNM) classification
to a control group. Methods: 455 patients with T3 (primary tumor > 4 cm) PTC according to the
seventh classification who underwent total thyroidectomy followed by RAI therapy were screened.
Patients formerly classified as T3 PTC solely due to mETE were reclassified into patients with T1
(primary tumor < 2 cm) or T2 (primary tumor > 2 cm but < 4 cm) +mETE and compared to a control
group of T1/T2 —-mETE PTC patients. Results: 138/455 patients were reclassified as T1/2 +mETE
and compared to 317/455 T1/T2 —mETE control patients. At initial presentation, +mETE patients
showed significantly higher rates of cervical lymph node metastases (p-value 0.001). Response rates
were comparable in both groups (p-value n.s.). Nl1a/Nlb-stage (Hazard ratio, HR 0.716; 95% CI
0.536-0.956, p-value 0.024) was identified as an independent prognostic factor for lower response
rates. Conclusion: Response rates after RAI therapy were comparable in PTC patients irrespective of
mETE but with higher rates of lymph node metastases.

Keywords: differentiated thyroid cancer; papillary thyroid cancer; minimal extrathyroidal extension;
radioactive iodine therapy
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1. Introduction

The extent of cancer at time of diagnosis is a key factor to assess the chance of successful treatment
outcome [1]. In papillary thyroid cancer (PTC), there is general consensus that gross extrathyroidal
extension (ETE) affects prognosis [2—-4]. However, there has been considerable debate over the years
regarding the most appropriate treatment for patients with minimal ETE (mETE), defined as extension
to perithyroidal soft tissue or sternothyroid muscle [5-9]. Since January 2018, the new eighth edition
of the TNM staging system (published in October 2016) has been used to classify patients with
differentiated thyroid cancer (DTC) and predict disease mortality. Several substantial modifications
were made to the seventh Union for International Cancer Control/American Joint Committee on Cancer
(UICC/AJCC) tumor-node-metastasis (TNM) staging system to improve prognostic power, guide
best treatment, and change towards the current trend of “personalized medicine” and risk adapted
therapy concepts [10,11].

As a key change, mETE detected only on histological examination is no longer a determinant
of the T-stage within the TNM classification [12]. The former T3 category included any tumor
with >4 cm limited to the thyroid gland or tumors of any size with minimal ETE. In the updated
eighth AJCC/TNM staging system, DTC with tumor size of <4 cm limited to thyroid gland is staged
T1/2-disease regardless of the presence of mETE. Considering the initial risk stratification proposed by
the 2015 American Thyroid Association (ATA), the presence of mETE alone upstages low-risk patients
to the intermediate-risk group [11]. Therefore, the presence of mETE has a direct impact on clinical
patient management.

The impact of mETE on the clinical outcome is still a matter of debate. Some studies suggest
that mETE has no impact on the disease-free survival [6,8,13,14], whereas others could not confirm
this data [15-17] and report a worse outcome in these patients. These studies focused on long-term
outcomes. Undoubtedly, long-term outcomes remain the most crucial endpoint, but on a day to
day basis, initial presentation of patients influences clinical decisions, and early response to therapy
determines the clinical follow-up examinations (e.g., dynamic risk stratification according to the latest
ATA guidelines).

Therefore, the aim of the present study was to investigate the initial clinical presentation and the
effect on early response rates in PTC patients treated at our institute, which were reclassified as PTC
T1/2 with mETE (+mETE) according to the updated eighth TNM staging system and compared to a
control group consisting of PTC T1/2 without mETE (—mETE).

2. Results
2.1. Group Analysis

2.1.1. Patient Characteristics

Patient characteristics are summarized in Table 1. At initial presentation, +mETE patients
showed significantly higher rates of cervical lymph node (N1a/N1b-stage) metastases (46% in +mETE
patients (63/138) versus 29% in —mETE patients (91/317), p-value 0.001). Furthermore, higher initial
radioactive iodine (RAI) activity was administered in +mETE patients as compared to the control group
(4.6 £ 2.1 GBq in +mETE patients versus 3.3 + 1.0 GBq in -mETE patients, p-value 0.001). Regarding
histology, +mETE patients had significantly more often classical PTC than the follicular variant of PTC
(75% in +mETE patients (103/138) versus 62% in —mETE (197/317), p = 0.010).

2.1.2. Outcome Analysis

Six to nine months after RAI therapy, the number of patients presenting without detectable Tg
(stimulated Tg < 0.5 ng/mL) was comparable in both groups (77% in +mETE patients (106/138) and
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81% in —mETE patients (258/317), p-value 0.262). Likewise, 97% of +mETE patients (134/138) and
99% of —mETE patients (313/317), p-value 0.241) did not present with relevant residual, cervical,
or distant pathological uptake (p-value 0.387). Therefore, responder rates (combination of stimulated
Tg < 0.5 ng/mL, no relevant uptake in the I-131 whole body scan, unremarkable neck ultrasonography)
were similar in both groups (76% in +mETE patients (100/138) and 72% in —mETE patients (242/317),
p-value 0.379). Furthermore, patients showed comparable responder rates irrespective of the histological
subtype (p-value = 0.908). The outcome of the whole group is shown in Table 1.

Table 1. Patient characteristics and outcome analysis of the entire group.

n = 455 (100% e b p Value
Patient characteristics
Age (years) 57 + 16 55 + 14 0.054 *
Female sex-no. (%) 95 (69%) 234 (74%) 0.276 %
Tumor size (mm) 149+ 84 144 + 8.7 05511
Classical PTC 103 (75%) 197 (62%) 0.010%
N1a/N1b-stage-no. (%) 63 (46%) 91 (29%) 0.001 %
Mean initial RAI activity (GBq) 46+2.1 33+ 1.0 0.001 *
Outcome analysis
Tg'leT";II{fsgi Eﬁa/ig;after 106 (77%) 258 (81%) 0262
No pat‘/}:/‘}’slgiijl (lj/f)’)take in 128 (93%) 291 (92%) 0729 %
Unremarkable neck 134 (97%) 313 (99%) 02411
ultrasonography
Responder rates—no. (%) 100 (76%) 242 (72%) 0379 %
t ii‘—)’tizs’t

mETE, minimal extrathyroidal extension; PTC, papillary thyroid carcinoma; T, tumor; N, nodus; RAI, radioactive
iodine; GBq, gigabecquerel; Tg, thyroglobulin; TSH, Thyroid-stimulating hormone; WBS, whole body scan;
responder rates: combination of stimulated Tg < 0.5 ng/mL, no relevant uptake in the I-131 whole body scan,
unremarkable neck ultrasonography.

Both groups showed no significant differences in terms of age (57 + 16 years in +mETE patients
and 55 + 14 in —-mETE patients, p-value 0.504), sex (69% female in +mETE patients (95/138) and 74%
in —mETE patients (234/317), p-value 0.276) and tumor size (14.9 + 8.4 mm in +mETE patients and
14.4 + 8.7 mm in —mETE patients, p-value 0.551).

2.2. Subgroup Analysis

2.2.1. NO/Nx-Subgroup Outcome Analysis

In the NO/Nx-subgroup analysis, 301 patients (75 +mETE patients, 226 —mETE patients) were
evaluated. In total, 189/301 (62.7%) patients presented with NO-stage and 112/301 (37.3%) patients with
Nx-stage. No significant differences were found between the two groups in terms of Tg responder
rates after stimulation (89% in +mETE patients (67/75) and 88% in —mETE patients (199/226), p-value
0.764) as well as non-pathological cervical or distant iodine uptake (93% in +mETE patients (70/75)
and 94% in —mETE patients (212/226), p-value 0.884). Responder rates were identical in both groups
(84% in +mETE patients (63/75) and 84% in —mETE patients (190/226), p-value 0.988). Findings are
presented in Table 2.
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Table 2. Outcome analysis of the subgroups: NO/Nx and N1a/N1b.
NO/Nx N1a/1b
Out n =301 n =154
utcome p Value p Value
Parameters +mETE -mETE +mETE -mETE
n =75 (25%) n =226 (75%) n==63(41%) n=91(59%)
Outcome analysis
Tg-level < 0.5
ng/mL after 67 (89%) 199 (88%) 0.764 39 (62%) 59 (65%) 0.710%
TSH-stimulation
No pathological
uptake in 70 (93%) 212 (94%) 0.884 1 58 (92%) 79 (87%) 0.307 %
WBS—no. (%)
Responder o o 1 o o T
rates-no. (%) 63 (84%) 190 (84%) 0.0.988 37 (59%) 52 (57%) 0.845
t t-test

Responder rates: combination of stimulated Tg < 0.5 ng/mL, no relevant uptake in the I-131 whole body scan,
unremarkable neck ultrasonography.

2.2.2. N1a/N1b-Subgroup Outcome Analysis

In the N1a/N1b-subgroup analysis, 154 patients were included (63 +mETE patients, 91 —-mETE
patients). In total, 113/154 (73.4%) patients presented with N1a-stage and 41/154 (26.6%) patients with
N1b-stage. In patients with N1a-stage, a mean of 19 + 13 lymph nodes was removed, and in patients
with N1b, 30 + 20 lymph nodes were removed (p = 0.001). There was no significant difference between
the two groups in terms of Tg responder rates after stimulation (62% in +mETE patients (39/63) and
65% in —mETE patients (59/91), p = 0.710) and relevant iodine uptake in the whole body scan (92% in
+mETE patients (58/63) and 87% in —mETE patients (79/91), p-value 0.307). Overall, responder rates in
this subgroup also were comparable irrespective of mETE (59% in +mETE patients (37/63) and 57%
in —mETE patients (52/91), p-value 0.845). All data regarding treatment success after follow-up are
summarized in Table 2. Irrespective of mETE, in the N1a/N1b-subgroup, subgroup responder rates
were significantly lower than in the NO/Nx-subgroup (59% versus 84% in +mETE and 57% versus 84%
in —mETE patients, p-value 0.001, respectively). In Figure 1, responder rates for the entire group and
NO/Nx- and N1a/N1b-subgroups are presented. No differences in responder rates of the entire group
as well as among subgroups could be found, irrespective of the presence of mETE.
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Figure 1. Responder rates (in %) of the entire group and the N-subgroup. No significant differences
were found regarding responder rates in the entire group and among NO/Nx- and N1a/N1b-subgroups.
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Of note, patients with N1a/N1b-status and +mETE received a significantly higher initial radioiodine
activity as compared to patients from the —mETE group (6.3 + 1.7 GBq versus 3.8 + 1.1 GBq, p-value
0.001). In patients with higher administered RAI activity (>7400 MBq), significantly more patients
showed +mETE compared to patients with lower (<3700 MBq) administered RAI activity (49/57 (86%)
patients with high RAI activity versus 89/398 (22%) patients with low RAI activity, p-value 0.001).
Furthermore, significantly more patients with higher administered RAI activity showed N1-stage (52/57
(91%) patients with high RAI activity versus 102/398 (26%) patients with low RAI activity, p-value
0.001). Significantly more patients with higher administered RAI activity showed poorer response
rates compared to patients with lower administered RAI activity (25/57 (49%) patients with high RAI
activity versus 88/398 (22%) patients with low RAI activity, p-value 0.001).

2.2.3. Uni- and Multivariate Analysis

To analyze possible risk factors for poorer outcomes, we performed a univariate and a multivariate
analysis. Of the factors regarding primary presentation of patients, age > 55 years at initial presentation
was significantly associated with poorer outcome (Hazard ratio, HR = 7.605, p = 0.006), whereas
gender (HR = 10.675, p = 0.104), histological subtype (HR = 8.123, p = 0.746), and the presence of
mETE (HR = 9.556, p = 0.256) were not associated with poorer outcome. Regarding TNM-staging,
N1la/N1b-stage (HR = 7.239, p = 0.001) was the only unfavorable prognostic factor for poorer outcome,
whereas T-stage > T1 (HR = 8.837, p = 0.251) was not associated with lower responder rates. Furthermore,
a mean initial I-131-dose of >7400 MBq (HR = 14.028, p = 0.026) was associated with significantly
poorer outcome in the univariate analysis. In the multivariate analysis, N1a/N1b-stage was the only
independent unfavorable prognostic factor for treatment success (HR = 0.716, p = 0.024). Age > 55 years
at initial presentation (HR = 1.003, p = 0.405) and mean initial I-131-dose of >7400 MBq (HR = 0.915,
p = 0.672) were not significantly associated with poorer outcome in the multivariate analysis. All risk
factors are summarized in Table 3.

Table 3. Prognostic risk factors for poorer responder rates (uni-/multivariate analysis).

Response Rate Response Rate

Covariate Level (Univariate Analysis) (Multivariate Analysis)
HR (95% CI) p Value HR (95% CI) p Value

Gender Flf/[r{alie 10.675 (6.1;?;—14.577) 0.104

Age (years) ;gg 7.605 (7.1232—7.989) 0.006 1.003 (0232-1.012) 0405
' Classi;al PTC Ref

Histology Vgﬁgiftullf}rc 8.123 (7.451-8.796) 0746
T-stage 1>TTl 8.837 (7.§self—1o.592) 0.251

N-stage NI\JS: ETb 10.737 (6.13?;—14.557) <0.001 0.716 (0.%21:6—0.956) 0.024
mETE ;EEEE 9.556 (6.5565—12.355) 0.256

Mean initial

R?ég(;se ;:Z 14.028 (5%251-23.012) 0.026 0.915 (0.%?5—1.383) 0672

T, tumor; N, nodus; mETE, minimal extrathyroidal extension; GBq, gigabecquerel; HR, hazard ratio; CI, confidence

interval; RAI, radioactive iodine.
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3. Discussion

Extrathyroidal extension of thyroid cancer has been recognized as a factor of poor outcome [2,3].
More recent analyses have suggested that mETE is less significant for patient outcome than gross
extension [5-7,18,19]. The updated eighth edition of the AJCC/TNM staging system removed the
subclassification of mETE, resulting in a downstaging of T3 tumors < 4 cm. However, the impact
of mETE on treatment success after initial RAI therapy still remains a matter of debate. Although
TNM-staging is mainly associated with the disease specific mortality risk, it still influences the clinical
patient management. We therefore evaluated the primary presentation and the early treatment response
in our patient cohort with or without mETE.

Firstly, we compared +mETE patients to a control group with matched histology, age, sex, and
tumor size. Secondly, we subdivided patients in subgroups with NO/Nx- and N1a/N1b- stages to
analyze the study group in more detail. These more homogenous subgroups were supposed to improve
data quality, as confounding factors could be better analyzed.

Overall, our data suggested that mETE does not affect treatment success. Indeed, analyzing
biochemical (Tg-levels) and structural (uptake in WBS and ultrasound) characteristics, comparable
responder rates were found in both groups (+mETE vs. —mETE). These findings mirror data by
Arora et al. and Kim et al., where the presence of mETE was not an independent predictive factor
of recurrence [9,20]. Furthermore, the study by Ito et al. showed that mETE was not associated
with recurrence in contrast to gross ETE. Thus, they suggested not using mETE as an indicator for
poor prognosis [6].

Nevertheless, our data indicate that +mETE patients have a significantly higher risk of presenting
with lymph node metastases at initial presentation as compared to —mETE patients. This is in line
with the study of Kim et al. who reported that patients with gross or mETE were more likely to
have nodal metastases in the central or the lateral neck compartments [20]. Shin et al. showed that
there was no significant difference in recurrence between +mETE and —mETE patients; although
lymph node metastases were an independent factor for the increased risk of mETE, it did not affect
recurrence-free survival [7]. On the contrary, data in a recent meta-analysis from Diker-Cohen et al.
indicated that, in patients with N1a/N1b disease, the presence of mETE did further increase the risk of
recurrence, yet still within the low risk category [21]. Overall, our analysis identified N1a/N1b-stage as
the only risk factor for lower responder rates in the multivariate analysis. Overall, our data indicate
that patients with mETE have a higher risk of systemic disease. Therefore, since a prophylactic lymph
node neck dissection is not suggested in patients with T1/T2 disease, precise perioperative diagnostic
examinations (ultrasound, post-treatment WBS) are crucial in this cohort to exclude lymph node
metastases [11].

In our study, response rates were similar in the NO/Nx- and the N1a/N1b-stage subgroup analysis.
Nonetheless, it needs to be emphasized that, in this N-stage subgroup, +mETE patients received a
significantly higher activity as compared to patients without mETE. Seo et al. compared the outcome
after (adjuvant) initial RAI therapy in patients with lymph node metastases and mETE treated with
standard activity (3.0 GBq) or a low-dose activity (1.1 GBq) and found no significant differences
between both regiments regarding the initial response rate as well as during the follow-up within the
first years (mean follow-up time of 45 months) [22]. Therefore, it is very unlikely that the significantly
higher treatment activity in our +mETE group might have led to a significant bias in this study.

Patients with higher administered RAI activity had a worse treatment response compared to
patients treated with lower RAI activity. This finding was to be expected, since significantly more
patients with lymph node metastases were treated with higher doses. It is well known that patients
with lymph node metastases show poorer treatment response [23].

It needs to be highlighted that patients included in this retrospective study come from a historical
collective. Therefore, patients received relatively high doses of RAI, which was in line with the German
and institutional guidelines at the time of treatment. However, current guidelines trend towards
decreasing radioiodine doses, which was supported by the two prospective studies ”Ablation with
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low-dose radioiodine and thyrotropin alfa in thyroid cancer” (HiLo) and “Strategies of radioiodine
ablation in patients with low-risk thyroid cancer” (ESTIMABL) [24,25]. Compared to current guidelines,
especially +mETE patients with lymph node metastases were most likely overtreated with RAI.

As the majority of PTC cases comprise classical and follicular variants of PTC, only these
histological subgroups were included in our study [26]. Patients with classical PTC had mETE
significantly more often as compared to patients with the follicular variant of PTC. This finding is in line
with the study of Yu et al., who also reported significantly higher rates of ETE in classical PTC patients.
Response rates in our patient cohort were comparable in both groups. Yu et al. also showed that no
differences in outcome could be found between classical and follicular variants of PTC patients [27].

Our study has several limitations. First, there may have been a selection bias because of the
retrospective design. Secondly, in our study, patients with mETE were treated with significantly higher
radioiodine doses. Higher doses were administered because mETE was considered as a risk factor at
the time of inclusion. Furthermore +mETE patients presented more often with lymph node metastases.

Thyroglobulin antibodies are only present in a minority of the patients and therefore could not be
included in the analysis in a convincing way. This is indeed a limitation of the study, which cannot
be overcome. However, although the recovery is less sensitive than the direct measurement of the
antibodies, we are convinced that an undisturbed recovery adds confidence for the validity of the
measured thyroglobulin.

Furthermore, primary surgical procedures were performed in different hospitals. Therefore, histological
tissue or slides were not available, and only the original pathology reports were reviewed. However,
we only included patients with detailed reports indicative for reclassification.

4. Materials and Methods

4.1. Study Population

We retrospectively reviewed consecutive patients with pT1-T3 PTC from our institutional data
base who underwent total thyroidectomy followed by RAI therapy at the Department of Nuclear
Medicine (University Hospital, LMU Munich) between January 2010 and June 2015. Epidemiological
and clinical features of these patients were assessed (age at diagnosis, gender, TNM stage, tumor
size, presence of ETE, resection margins). Patients initially classified as PTC T3 solely due to mETE
(according to the seventh UICC/AJCC TNM staging system) were reclassified according to the updated
eighth UICC/AJCC TNM staging system into the subgroup of T1/2 +mETE. These patients were
compared to a control group consisting of PTC patients classified as T1/2 —-mETE according to former
and updated TNM classifications. Pathological reports from the referring hospitals were reviewed
and reclassified according to the updated TNM staging system. Since the majority of PTC cases
comprise classical and follicular variants of PTC, we only investigated these histological subgroups in
our study. Patients with aggressive histological subtypes of PTC, distant metastases diagnosed from
clinical examination or imaging (cM1-stage), or unresectable carcinomas or positive resection margins
(R1/R2-stage) were excluded.

For our study, a total of 1140 patients were screened, and 638 patients with PTC were evaluated. A total
of 164 patients were retrospectively reclassified as T1/2 with mETE (T1/2 +mETE); 346 T1/2 patients
without mETE (T1/2 —-mETE) served as a control group. A total of 46 patients remained T3 according
to former and updated TNM staging systems and were consequently excluded, and 24 patients were
excluded due to aggressive histological subtypes of PTC. A total of 455 patients fulfilled the inclusion
criteria. The majority of patients (300/455, 65.9%) showed classical variant of PTC. For subgroup
analysis of NO/Nx patients, we defined NO- and Nx-status according to Robinson et al. Patients with
T1-stage were staged as NO after examination of >6 lymph nodes and patients with T2 after >9 lymph
nodes [28]. All other patients were staged Nx.
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4.2. Ethics Statement

The study was approved by the local ethics committee (Ethics committee of the Medical Faculty,
University Hospital, LMU Munich, Munich, Germany, IRB #20-210) and was conducted in accordance
with the ethical standards according to the Declaration of Helsinki and according to national and
international guidelines. The requirement to obtain informed consent was waived due to the
retrospective design of this study.

4.3. Treatment

All patients underwent total thyroidectomy with or without lymphadenectomy. Surgery was
followed by (adjuvant) initial radioactive iodine therapy [29]. Prior to RAI therapy, patients were
stimulated with recombinant human TSH (rhTSH, Thyrogen®, Sanofi Genzyme, Cambridge, MA,
United States) i. m. on two consecutive days or underwent hormone withdrawal prior to RAI therapy to
achieve TSH levels > 30uU/mL according to current guideline recommendations [11]. The administered
radioiodine activity depended on the tumor stage as well as on the time of inclusion and ranged from
2.0 to 7.4 GBq I-131 (54-200 mCi).

4.4. Follow-Up and Outcome

Outcome of RAI therapy was assessed six to nine months after initial therapy. The follow up was
based on physical examination, neck ultrasound, determination of the level of stimulated thyroglobulin
(Tg)-level by two assays (Roche Elecsys® Tg II, Roche Diagnostics GmbH, Mannheim, Germany) with
a measuring range of the Roche assay as 0.04-500 ng/mL with a theoretical lower limit of detection
of 0.04 ng/mL and a theoretical lower limit of quantitation of 0.1 ng/mL with an error of < 30% or
Siemens Immulite with an analytical sensitivity of 0.2 ng/mL and a functional sensitivity of 0.5 ng/mL),
and Tg-recovery (Roche Elecsys® Tg I Confirmatory Test) as well as a diagnostic I-131 whole body
scintigraphy (WBS), which was performed approximately 72 h after application of 370 MBq 1-131
(10 mCi) in hypothyroidism or after administration of thTSH i.m. on two consecutive days. In case of
any pathological finding in the WBS, an additional single-photon-emission computed-tomography
(SPECT)/low dose computer-tomography (CT) of the relevant region was performed (most often neck
and thorax). Three days after stimulation, Tg and Tg recovery were determined.

Patients were classified as responders to adjuvant radioiodine therapy if stimulated Tg-levels
were lower than 0.5 ng/ml, the thyroid bed was empty or showed a hyperechoic region, and no
suspicious lymph nodes were found in the neck ultrasound and if the uptake in the thyroid bed was
rated as non-relevant and no pathological uptake was seen outside the thyroid bed according to the
WBS. In addition, if a second radioiodine treatment was needed for any given reason, the adjuvant
radioiodine therapy was considered as inadequate.

4.5. Subgroup Analysis

At initial presentation, +mETE patients presented significantly more often with lymph node
metastases (N1-stage 46% in +mETE patients vs. 29% in —mETE patients) as presented in Table 1.
Therefore, we performed a subgroup analysis. We compared patients without local lymph node
metastases (NO-stage) or with unknown lymph node status (Nx-stage) to patients with local lymph
node metastases in the central (N1a-stage) or the latero-cervical compartment (N1b-stage) to identify
possible influence of N-stage regarding response rate.

4.6. Statistical Analysis

All continuous variables (age, tumor size, I-131-dose) were expressed as mean + standard deviation
(SD). Unpaired Student’s t-test was used to compare metric variables (age, tumor size, I-131-dose).
Chi-squared test was used to compare categorial variables (gender, N-Stage, uptake in whole body
scan, Tg-level after TSH stimulation, TSH stimulation by rthTSH, re-therapy courses). Parameters that
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showed significant influence on success rate in the univariate analysis were included in the multivariate
analysis. Vice versa parameters with p values > 0.5 were not included in the multivariate analysis.
The multivariate regression model was applied to analyze prognostic factors associated with treatment
success. A p-value < 0.05 was considered statistically significant. All analyses were performed using
SPSS computer software (SPSS Statistics 25, IBM).

5. Conclusions

In conclusion, early treatment response in patients with classical or follicular variants of T1/T2
PTC is not significantly affected by the presence of mETE. Despite a higher incidence of lymph node
metastases in patients with mETE, prophylactic lymphadenectomy is not suggested in patients in the
T1/T2-stage. Therefore, accurate perioperative patient workup, including cervical neck ultrasound and
post-treatment WBS, remains crucial.

Author Contributions: Authors contributed equally to this work; FEA., V.W.,; conceptualization, A.T., EA., D.W.;
writing—original draft preparation, EA., VW.; supervision, A.T., HI, C.S., S.L., PB., M.U., TK,; writing—review
and editing, A.T., P.B., H.I,; visualization, FEA., M.U.; project administration, P.B., A.T., FA.; data curation, FA.,
D.W.; resources, FA., D.W. All authors have read and agreed to the published version of the manuscript.

Funding: This work was financially supported by the Kuhbier-Langewiesche foundation and the Bavarian Equal
Opportunities Sponsorship (BGF). The foundation had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript. No other potential conflicts of interest relevant to this
article exist.

Acknowledgments: A significant part of this work originated from the doctoral thesis of Daniel Wacker. Vera
Wenter was financially supported by the Bavarian Equal Opportunities Sponsorship (BGF) to promote equal
opportunities for women in research and teaching. The sponsorship did not influence study design, data collection
and analysis, decision to publish, or preparation of the manuscript.

Conflicts of Interest: The authors declare that they have no conflict of interest.

References

1. Edge, S.B.; Compton, C.C. The American Joint Committee on Cancer: The 7th edition of the AJCC cancer
staging manual and the future of TNM. Ann. Surg. Oncol. 2010, 17, 1471-1474. [CrossRef]

2. Ito, Y.,; Kudo, T.; Kobayashi, K.; Miya, A.; Ichihara, K.; Miyauchi, A. Prognostic factors for recurrence of
papillary thyroid carcinoma in the lymph nodes, lung, and bone: Analysis of 5,768 patients with average
10-year follow-up. World J. Surg. 2012, 36, 1274-1278. [CrossRef] [PubMed]

3. Verburg, F.A.; Méder, U.; Tanase, K.; Thies, E.-D.; Diessl, S.; Buck, A K,; Luster, M.; Reiners, C. Life
expectancy is reduced in differentiated thyroid cancer patients >/= 45 years old with extensive local tumor
invasion, lateral lymph node, or distant metastases at diagnosis and normal in all other DTC patients. ]. Clin.
Endocrinol. Metab. 2013, 98, 172-180. [CrossRef] [PubMed]

4. Andersen, PE.; Kinsella, J.; Loree, T.R.; Shaha, A.R.; Shah, J.P. Differentiated carcinoma of the thyroid with
extrathyroidal extension. Am. J. Surg. 1995, 170, 467-470. [CrossRef]

5. Yin, D.-T; Yu, K,; Lu, R.-Q,; Li, X.; Xu, J.; Lei, M. Prognostic impact of minimal extrathyroidal extension in
papillary thyroid carcinoma. Medicine (Baltimore) 2016, 95, e5794. [CrossRef]

6. Ito, Y,; Tomoda, C.; Uruno, T.; Takamura, Y.; Miya, A.; Kobayashi, K.; Matsuzuka, F.; Kuma, K.; Miyauchi, A.
Prognostic significance of extrathyroid extension of papillary thyroid carcinoma: Massive but not minimal
extension affects the relapse-free survival. World ]. Surg. 2006, 30, 780-786. [CrossRef]

7. Shin, J.H.; Haa, T.K,; Parka, H.K.; Ahna, M.S.; Kima, K.H.; Baea, K.B.; Kima, T.H.; Choia, C.S.; Kimb, T.K,;
Baec, S.K,; et al. Implication of minimal extrathyroidal extension as a prognostic factor in papillary thyroid
carcinoma. Int. J. Surg. 2013, 11, 944-947. [CrossRef]

8. Al-Qurayshi, Z.; Shama, M.A.; Randolph, G.W.; Kandil, E. Minimal extrathyroidal extension does not affect
survival of well-differentiated thyroid cancer. Endocr. Relat. Cancer 2017, 24, 221-226. [CrossRef]

9.  Arora, N.; Turbendian, HK.; Scognamiglio, T.; Wagner, PL.; Goldsmith, S.J.; Zarnegar, R.; Fahey, T.J.
Extrathyroidal extension is not all equal: Implications of macroscopic versus microscopic extent in papillary
thyroid carcinoma. Surgery 2008, 144, 942-947. [CrossRef]


http://dx.doi.org/10.1245/s10434-010-0985-4
http://dx.doi.org/10.1007/s00268-012-1423-5
http://www.ncbi.nlm.nih.gov/pubmed/22270990
http://dx.doi.org/10.1210/jc.2012-2458
http://www.ncbi.nlm.nih.gov/pubmed/23150687
http://dx.doi.org/10.1016/S0002-9610(99)80331-6
http://dx.doi.org/10.1097/MD.0000000000005794
http://dx.doi.org/10.1007/s00268-005-0270-z
http://dx.doi.org/10.1016/j.ijsu.2013.06.015
http://dx.doi.org/10.1530/ERC-16-0509
http://dx.doi.org/10.1016/j.surg.2008.07.023

Cancers 2020, 12, 3357 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Amin, M.B.; Greene, FL.; Edge, S.B.; Compton, C.C.; Gershenwald, J.E.; Brookland, R.K.; Meyer, L.;
Gress, D.M.; Byrd, D.R.; Winchester, D.P. The Eighth Edition AJCC Cancer Staging Manual: Continuing to
build a bridge from a population-based to a more "personalized" approach to cancer staging. CA Cancer
J. Clin. 2017, 67, 93-99. [CrossRef]

Haugen, B.R.,; Alexander, EK,; Bible, K.C.; Doherty, G.M.; Mandel, S.J.; Nikiforov, Y.E.; Pacini, F;
Randolph, G.W.; Sawka, A.M.; Schlumberger, M.; et al. 2015 American Thyroid Association Management
Guidelines for Adult Patients with Thyroid Nodules and Differentiated Thyroid Cancer: The American
Thyroid Association Guidelines Task Force on Thyroid Nodules and Differentiated Thyroid Cancer. Thyroid
2016, 26, 1-133. [CrossRef] [PubMed]

Perrier, N.D.; Brierley, J.D.; Tuttle, R. M. Differentiated and anaplastic thyroid carcinoma: Major changes in
the American Joint Committee on Cancer eighth edition cancer staging manual. CA Cancer J. Clin. 2018,
68, 55-63. [CrossRef] [PubMed]

Kluijfhout, W.P;; Pasternak, J.D.; Kwon, J.S.; Lim, J.; Shen, W.T.; Gosnell, ].E.; Khanafshar, E.; Duh, Q.-Y,;
Suh, I. Microscopic Positive Tumor Margin Does Not Increase the Risk of Recurrence in Patients with T1-T2
Well-Differentiated Thyroid Cancer. Ann. Surg. Oncol. 2016, 23, 1446-1451. [CrossRef] [PubMed]

Woo, C.G.; Sung, C.O.; Choi, YM.; Kim, W.G.; Kim, TY.; Shong, YK.; Kim, W.B.; Hong, S.J.; Song, D.E.
Clinicopathological Significance of Minimal Extrathyroid Extension in Solitary Papillary Thyroid Carcinomas.
Ann. Surg. Oncol. 2015, 22 (Suppl. 3), 5728-S733. [CrossRef]

Radowsky, J.S.; Howard, R.S.; Burch, H.B.; Stojadinovic, A. Impact of degree of extrathyroidal extension of
disease on papillary thyroid cancer outcome. Thyroid 2014, 24, 241-244. [CrossRef]

Santos, M.].; Bugalho, M.]. Papillary thyroid carcinoma: Different clinical behavior among pT3 tumors.
Endocrine 2016, 53, 754-760. [CrossRef]

Youngwirth, L.M.; Adam, M.A_; Scheri, R.P; Roman, S.A.; Sosa, J.A. Extrathyroidal Extension Is Associated
with Compromised Survival in Patients with Thyroid Cancer. Thyroid 2017, 27, 626—631. [CrossRef]

Nixon, L].; Ganly, I; Patel, S.; Palmer, F.L.; Whitcher, M.M.; Tuttle, R M.; Shaha, A.R.; Shah, ].P. The impact
of microscopic extrathyroid extension on outcome in patients with clinical T1 and T2 well-differentiated
thyroid cancer. Surgery 2011, 150, 1242-1249. [CrossRef]

Hay, L.D.; Johnson, T.R.; Thompson, G.B.; Sebo, T.J.; Reinalda, M.S. Minimal extrathyroid extension in papillary
thyroid carcinoma does not result in increased rates of either cause-specific mortality or postoperative tumor
recurrence. Surgery 2016, 159, 11-19. [CrossRef]

Kim, J.W,; Roh, J.-L.; Gong, G.; Cho, K.-J.; Choi, S.-H.; Nam, S.Y.; Kim, S.Y. Extent of Extrathyroidal Extension
as a Significant Predictor of Nodal Metastasis and Extranodal Extension in Patients with Papillary Thyroid
Carcinoma. Ann. Surg. Oncol. 2017, 24, 460-468. [CrossRef]

Diker-Cohen, T.; Hirsch, D.; Shimon, I.; Bachar, G.; Akirov, A.; Duskin-Bitan, H.; Robenshtok, E. Impact of
Minimal Extra-Thyroid Extension in Differentiated Thyroid Cancer: Systematic Review and Meta-analysis.
J. Clin. Endocrinol. Metab. 2018. [CrossRef] [PubMed]

Seo, M.; Kim, Y.S.; Lee, J.C.; Han, M.W.; Kim, E.S.; Kim, K.B.; Park, S.H. Low-Dose Radioactive Iodine
Ablation Is Sufficient in Patients With Small Papillary Thyroid Cancer Having Minor Extrathyroidal Extension
and Central Lymph Node Metastasis (T3 N1a). Clin. Nucl. Med. 2017, 42, 842-846. [CrossRef] [PubMed]
Hughes, C.J.; Shaha, A.R.; Shah, ].P; Loree, T.R. Impact of lymph node metastasis in differentiated carcinoma
of the thyroid: A matched-pair analysis. Head Neck. 1996, 18, 127-132. [CrossRef]

Mallick, U.; Harmer, C.; Yap, B.; Wadsley, J.; Clarke, S.; Moss, L.; Nicol, A.; Clark, PM.; Farnell, K,;
McCready, R.; et al. Ablation with low-dose radioiodine and thyrotropin alfa in thyroid cancer. N. Engl.
J. Med. 2012, 366, 1674-1685. [CrossRef]

Schlumberger, M.; Catargi, B.; Borget, I.; Pharm, D.; Deandreis, D.; Zerdoud, S.; Bridji, B.; Bardet, S.;
Leenhardt, L.; Bastie, D.; et al. Strategies of radioiodine ablation in patients with low-risk thyroid cancer.
N. Engl. ]. Med. 2012, 366, 1663-1673. [CrossRef]

Henke, L.E.; Pfeifer, ].D.; Baranski, T.].; DeWees, T.; Grigsby, P.W. Long-term outcomes of follicular variant vs.
classic papillary thyroid carcinoma. Endocr. Connect. 2018, 7, 1226-1235. [CrossRef]

Yu, X.-M.; Schneider, D.F,; Leverson, G.; Chen, H.; Rebecca, S. Follicular variant of papillary thyroid carcinoma
is a unique clinical entity: A population-based study of 10,740 cases. Thyroid 2013, 23, 1263-1268. [CrossRef]


http://dx.doi.org/10.3322/caac.21388
http://dx.doi.org/10.1089/thy.2015.0020
http://www.ncbi.nlm.nih.gov/pubmed/26462967
http://dx.doi.org/10.3322/caac.21439
http://www.ncbi.nlm.nih.gov/pubmed/29092098
http://dx.doi.org/10.1245/s10434-015-4998-x
http://www.ncbi.nlm.nih.gov/pubmed/26628431
http://dx.doi.org/10.1245/s10434-015-4659-0
http://dx.doi.org/10.1089/thy.2012.0567
http://dx.doi.org/10.1007/s12020-016-0927-4
http://dx.doi.org/10.1089/thy.2016.0132
http://dx.doi.org/10.1016/j.surg.2011.09.007
http://dx.doi.org/10.1016/j.surg.2015.05.046
http://dx.doi.org/10.1245/s10434-016-5594-4
http://dx.doi.org/10.1210/jc.2018-00081
http://www.ncbi.nlm.nih.gov/pubmed/29506045
http://dx.doi.org/10.1097/RLU.0000000000001812
http://www.ncbi.nlm.nih.gov/pubmed/28832376
http://dx.doi.org/10.1002/(SICI)1097-0347(199603/04)18:2&lt;127::AID-HED3&gt;3.0.CO;2-3
http://dx.doi.org/10.1056/NEJMoa1109589
http://dx.doi.org/10.1056/NEJMoa1108586
http://dx.doi.org/10.1530/EC-18-0264
http://dx.doi.org/10.1089/thy.2012.0453

Cancers 2020, 12, 3357 11 of 11

28. Robinson, T.J.; Thomas, S.; Dinan, M.A.; Roman, S.; Sosa, J].A.; Hyslop, T. How Many Lymph Nodes Are
Enough? Assessing the Adequacy of Lymph Node Yield for Papillary Thyroid Cancer. J. Clin. Oncol. 2016,
34, 3434-3439. [CrossRef]

29. Ruel, E.; Thomas, S.; Dinan, M.; Perkins, ].M.; Roman, S.A.; Sosa, ].A. Adjuvant radioactive iodine therapy
is associated with improved survival for patients with intermediate-risk papillary thyroid cancer. J. Clin.
Endocrinol. Metab. 2015, 100, 1529-1536. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1200/JCO.2016.67.6437
http://dx.doi.org/10.1210/jc.2014-4332
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Group Analysis 
	Patient Characteristics 
	Outcome Analysis 

	Subgroup Analysis 
	N0/Nx-Subgroup Outcome Analysis 
	N1a/N1b-Subgroup Outcome Analysis 
	Uni- and Multivariate Analysis 


	Discussion 
	Materials and Methods 
	Study Population 
	Ethics Statement 
	Treatment 
	Follow-Up and Outcome 
	Subgroup Analysis 
	Statistical Analysis 

	Conclusions 
	References

