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Abstract
Purpose  According to American Thyroid Association (ATA) guideline, papillary thyroid cancer (PTC) with minimal 
extrathyroidal extension (mETE) is classified at “intermediate risk” of persistent/recurrent disease. However, the impact of 
mETE per se on patients’ outcome is not fully understood. The aim of our study was to evaluate the prognostic significance 
of mETE in patients with PTC not submitted to therapeutic or prophylactic lymph node dissection, according to tumor size 
and other prognostic factors.
Patients and methods  We retrospectively evaluated a total of 514 PTC patients: 127 (24.7%) had mETE (pT3Nx) and 387 
(75.3%) had negative margins (pT1-2Nx). At a median follow-up of 9.1 years, patients were divided in two groups: patients 
with “good outcome” (no evidence of disease) and patients with “poor outcome” (persistent structural disease or recurrent 
disease or tumor-related death).
Results  The rate of patients with “poor outcome” was significantly higher in patients with mETE compared with patients 
with negative margins (11.8 versus 5.1%; OR 2.4576, 95% CI 1.2178–4.9594, p = 0.01). However, mETE was significantly 
associated with poor outcome only in patients with tumors larger than 1.5 cm.
Conclusions  mETE is an unfavorable prognostic factor in tumors larger than 1.5 cm, suggesting that, in the absence of other 
unfavorable characteristics, smaller tumors with mETE should be classified and managed as “low risk” tumors.

Keywords  PTC · Micropapillary thyroid cancer · Minimal extrathyroidal extension · Tumor diameter · Aggressive 
histology

Introduction

Extrathyroidal extension of PTC is one of the pathological 
features predicting a poor prognosis, and has been classified 
in two grades of extension: “minimal extrathyroidal exten-
sion (mETE)” (primary tumor extension to the sternothyroid 
muscle and/or perithyroid soft tissue) or “extensive extrathy-
roidal extension” (primary tumor extension to subcutaneous 
soft tissue, trachea, larynx, esophagus or laryngeal nerves) 
[1].

While extensive extrathyroidal extension has been associ-
ated with mortality and recurrence in patients with PTC [2, 
3], the real impact of mETE on clinical outcome is less clear, 
in particular for small PTC [4–19]. Some studies report that 
the presence of mETE carries a worse outcome [4–8]. How-
ever, other studies did not confirm these data and reported 
that mETE is not associated with reduced disease-free sur-
vival (DFS) [9–18] or increased mortality [19]. In particular, 
Ito et al. [9], found no difference in DFS between patients 
with or without mETE, even when adjusted for tumor size.

Recently the American Thyroid Association (ATA) 
guidelines [20], confirmed that mETE should be considered 
as a criterion for classifying patients at intermediate risk of 
recurrence, possibly leading to completion thyroidectomy 
and radioactive iodine (RAI) ablation [21, 22]. On the con-
trary, in the recent updated of AJCC/TNM Staging System 
for Differentiated thyroid cancer, mETE detected only on 
histological examination was removed from the definition of 
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T3 disease, and therefore, has no impact on either T category 
or overall stage [23].

The aim of the present study was to evaluate the prognos-
tic significance of mETE in patients with PTC not submitted 
to prophylactic lymphadenectomy, according to tumor size 
and other prognostic variables.

Patients and methods

Study group

Epidemiological and clinical features of patients are reported 
in Table 1. We retrospectively reviewed 514 patients with 
PTC treated with total thyroidectomy without therapeutic 
or prophylactic lymph node dissection at the Section of 
Endocrinology, University of Siena, Italy. Inclusion cri-
terion was the absence of clinical lymph node metastases 
at the pre-surgical evaluation and at histology. Exclusion 
criterion was the presence of macroscopical extrathyroidal 
extension. There were 375 females (73%) and 139 males 
(27%), aged 6–84 years (mean ± SD = 48.5 ± 15.4) at the 
time of diagnosis. After surgery, 418/514 patients (81.3%) 
received RAI ablation therapy at median activity of 2627 

Mbq (range 555–5550 MBq). One hundred and eighty-
five/514 (36%) patients had multifocal PTC in one lobe 
and 126/514 (24.5%) had bilateral tumors. Aggressive vari-
ants of PTC were present in 49/514 (9.5%) patients. mETE 
(defined as tumor cells extending to the sternothyroid mus-
cle and/or parathyroid soft tissue) [1] was documented in 
127/514 (24.7%) patients. Median follow-up was 9.1 years. 
As a standard procedure, patients had given their consent for 
using their data for research purpose.

Criteria used to define the clinical status

At the end of follow-up patients with undetectable basal 
and/or stimulated serum thyroglobulin (Tg), negative AbTg 
and no evidence of disease (at clinical examination, neck 
ultrasound (US), and diagnostic 131-I whole body scan 
(WBS) when performed) were defined in complete remis-
sion. Patients with detectable basal and/or stimulated serum 
Tg but no evidence of disease at cross sectional imaging (at 
chest X-ray, 131I WBS, 18FDG-PET, CT, MRI, bone scan) 
were classified as having biochemical disease. Structural dis-
ease was defined as the presence of radiological, cytological 
or histological evidence of disease. Both biochemical and 
structural disease was defined as recurrence when detected 
in patients previously defined in clinical remission.

Statistical analysis

Epidemiological data are presented as the mean ± SD and 
median when needed. The t test for independent data was 
performed for normal variables. To evaluate significant dif-
ferences in data frequency we analyzed contingency tables. 
Tables with size larger than 2 × 2 were examined by the 
Chi-squared test or a numerical approximation of the Fisher 
exact test, when all cell frequencies were greater than 4 or 
not, respectively. The following variables were studied by 
univariate analysis: age at diagnosis, sex, mETE, multifo-
cality, bilaterality, tumor diameter and adverse histology. 
Statistically significant variables found in univariate analy-
sis were entered into a binary logistic regression analysis 
to identify those with independent prognostic significance 
and to calculate the odds ratio. To perform this analysis, 
patients were classified as having a “good outcome” when 
they did not have structural evidence of disease. Patients 
with structural persistent disease, with recurrent disease or 
patients dead for thyroid cancer were classified as having 
“poor outcome”. A CHAID (Chi-squared Automatic Interac-
tion Detection) decision tree analysis was applied to identify 
prognostic factors and to determine their relationship with 
the clinical outcome.

For this analysis, clinical outcome (“good outcome” or 
“poor outcome”) was the dependent variable and patient/
tumor characteristics statistically significant at univariate 

Table 1   Epidemiological, clinical and pathological data of 514 PTC 
patients submitted to total thyroidectomy without prophylactic central 
neck dissection

Age (years)
 Mean ± SD 48.5 ± 15.4
 Median 48
 Range 6–84

Sex (n; %)
 Male 139 (27.0%)
 Female 375 (73.0%)

RAI ablation (n; %) 418 (81.3%)
Multifocality (n; %)
 Yes 185 (36.0%)
 No 329 (64.0%)

Bilaterality (n; %)
 Yes 126 (24.5%)
 No 388 (75.5%)

Aggressive histology (n; %)
 Yes 49 (9.5%)
 No 465 (90.5%)

Minimal extrathyroidal extension (n; %)
 Yes 127 (24.7%)
 No 387 (75.3%)

Follow-up (years)
 Mean ± SD 9.5 ± 5.4
 Median 9.1
 Range 1.0-55.2
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analysis were included as covariate. Statistical analysis was 
performed using the software StatView for Windows version 
5.0.1 (SAS Institute, Cary, NC, USA) and the SPSS Statistics 
version 22.0. A p value < 0.05 was considered statistically 
significant.

Results

Comparison of patients with (Group 1) 
and without (Group 2) minimal extrathyroidal 
extension (mETE)

According to the pathology report, patients were divided in 
two groups: Group 1 including 127 (24.7%) patients with 
mETE (pT3) and Group 2 including 387 (75.3%) patients 
with negative margins (pT1-T2). Clinical and pathologi-
cal data (age, sex, use of adjuvant RAI, tumor size, mul-
tifocality, bilaterality, aggressive histology, tumor stage 
and follow-up duration) are shown in Table 2. Ablation 

Table 2   Clinical and 
pathological features according 
to the presence (Group 1) 
or the absence of minimal 
extrathyroidal extension (Group 
2)

NA not applicable
a According to the 7th edition of the AJCC cancer staging system (#1)
b Intrathyroidal tumors classified as T3 for tumor diameter > 4 cm

514 PTC patients

Minimal extrathyroidal extension

Yes (Group 1) No (Group 2)

n = 127 (24.7%) n = 387 (75.3%)

Age (years) 0.57
 Mean 49.1 ± 15.3 48.2 ± 15.5
 Median 50 48
 Range 6–79 11–84

Sex (n; %) 0.35
 Male 30 (23.6%) 109 (28.2%)
 Female 97 (76.4%) 278 (71.8%)

RAI ablation (n; %) 122 (96%) 296 (76.5%) < 0.0001
131I dose (MBq) 0.64
 Mean 2571.5 ± 1309.8 2630.7 ± 1217.3
 Median 1850 2960
 Range 555–5550 555–5550

Tumor size (cm) 0.44
 Mean 1.6 ± 1.27 1.7 ± 1.22
 Median 1.5 1.2
 Range 0.2–10 0.1–8.2

Multifocality (n; %) 56 (44.1%) 129 (33.3%) 0.03
Bilaterality (n; %) 46 (36.2%) 80 (20.7%) 0.0008
Aggressive histology (n; %) 25 (19.7%) 24 (6.2%) < 0.0001
Tumor stagea NA
 T1a – 174 (45.0%)
 T1b – 117 (30.2%)
 T2 – 75 (19.4%)
 T3 127 (100%) 21 (5.4%)b

Follow-up (years) 0.02
 Mean ± SD 8.6 ± 4.7 9.8 ± 5.6
 Median 8.2 9.2
 Range 1.0–28.8 1.0–55.2
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patients in Group 1 (pT3) were more likely to have multi-
focal PTC (44.1 versus 33.3%, p = 0.03), bilateral disease 
(36.2 versus 20.7%, p = 0.0008), aggressive variant of 
PTC (19.7 versus 6.2%, p < 0.0001) and were more likely 
to receive radioactive ablation therapy (96 versus 76.5%, 
p < 0.0001) when compared with Group 2 patients.

Clinical outcome in patients with (Group 1) 
and without (Group 2) minimal extrathyroidal 
extension (mETE)

At the end of follow-up, the clinical outcome was signifi-
cantly different between the two groups (p = 0.03). This 
difference was due to the higher rate of persistent struc-
tural disease (7.1 versus 2.0%, p = 0.02) and a lower rate 
of clinical remission (80.3 versus 89.7%, p = 0.008) in 
Group 1 patients when compared with Group 2. On the 
contrary, the rate of persistent biochemical disease, recur-
rent disease and mortality was not statistically different 
between Group 1 and Group 2 (Fig. 1).

Risk factors for poor outcome at last follow‑up 
(univariate and multivariate analysis)

At univariate analysis significant risk factors for “poor out-
come” were age greater than 55 years (p = 0.04), mETE 
(p = 0.01), tumor diameter (p < 0.0001) and aggressive 
variant of PTC (p = 0.01) but not male sex (p = 0.32), 
multifocality (p = 0.17) and bilaterality (p = 0.44). With 
multivariate analysis, only mETE, tumor diameter and age 
greater than 55 years were significantly and independently 
associated with the clinical status at the last follow-up. 
However, the large tumor diameter was found to be the 
strongest predictor for poor outcome (Odd ratio 1.77; 95% 
CI 1.415–2.224, p = 0.000) (Table 3).

Final outcome according to tumor margins (mETE 
yes/not) and tumor size

To evaluate the clinical impact of mETE according to the 
tumor size, we compared the clinical status according to 
the presence/absence of mETE in 3 subgroups of patients: 
PTC patients with tumor diameter ≤ 1 cm, with tumor diam-
eter > 1 and ≤ 1.5 cm and with tumor diameter > 1.5 cm. 
The rate of patients with “poor outcome” was similar in 
Group 1 and 2 when patients had tumor diameter ≤ 1 cm 
[1/39 (2.5%) and 2/163 (1.2%), p = 0.47] or between 1 and 
1.5 cm [1/38 (2.6%) versus 4/81 (1.2%), p > 0.99] whereas 
a significant worse outcome was observed in Group 1 with 
tumor diameter > 1.5 cm compared with Group 2 patients 
[13/50 (26.0%) versus 14/132 (10.6%), p = 0.01] (Fig. 2).

Identification of patients’ subgroups with different 
clinical outcome using a “CHAID tree‑building 
algorithm”

We analyzed whether the mETE was associated with the 
clinical outcome also in a multivariate model, using a 
“CHAID tree-building algorithm”, integrating different 
prognostic factors significantly associated at univariate anal-
ysis such as: older age, tumor size, minimal extrathyroidal 
extension and adverse histology. A CHAID (Chi-squared 
Automatic Interaction Detection) decision tree analysis was 

Fig. 1   Final outcome according to the presence (mETE yes) or the 
absence of minimal extrathyroidal extension (mETE not)

Table 3   Multivariate analysis for prognostic factors predicting the 
poor outcome at last follow-up

Variable Odds ratio CI 95% p

Minimal extrathyroi-
dal extension (no/
yes)

2.642 1.204–5.797 0.015

Tumor diameter 1.774 1.415–2.224 0.000
Age at diagnosis 

(</> 55 years)
2.165 1.029–4.555 0.040

Fig. 2   Final outcome according to tumor margins (mETE yes/not) 
and tumor size. “Poor outcome” included patients with persistent 
structural disease, patients with recurrent disease or dead patients
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applied to identify prognostic factors and determine their 
relationship with clinical outcome of PTC patients.

The CHAID algorithm first split the patients exclusively 
according to the tumor size. The rate of poor outcome rose 
from 6.8% in the whole cohort to 14.8% in patients with 
tumors > 1.5 cm (p = 0.000, x2 = 29). mETE was predic-
tor of poor outcome only in tumor larger than 1.5 cm. The 
rate of poor outcome rose from 6.8% in the whole cohort 
to 26.0% in patients with tumors  >  1.5  cm and mETE 
(p = 0.009, x2 = 6). In the cohort of patients with tumor 
diameter ≤ 1 cm the rate of poor outcome rose significantly 
in patients older than 55 years (from 1.4 to 3.9%; p = 0.019; 
x2 = 5) (Fig. 3).

Discussion

mETE is a controversial prognostic factors in PTC. Although 
some studies reported that the presence of mETE is related 
to a lower rate of disease-free-survival [4, 5, 7, 8] and over-
all survival [6], other authors have reported that mETE is 
not correlated with worse outcome in PTC patients [9–19]. 
A recent metanalysis concluded that mETE is a risk fac-
tor for poor prognosis in patients with PTC [8]. However, 
the authors hypothesized that a worse prognosis could be 
due to the higher rate of bilateral involvement, the larger 

tumor size and the higher rate of lymph node metastases in 
patients with mETE compared with patients without mETE 
[8]. In the majority of the studies evaluating the prognostic 
significance of mETE, using a multivariate analysis, lymph 
node metastases were found to be the only or the strongest 
predictor factor for poor outcome in PTC patients [9, 13, 
15, 16, 18].

For this reason and to better understand what is the 
impact of the presence of mETE in PTC, we excluded from 
the study group, patients with lymph node metastases at 
diagnosis. According to previous studies [13–15, 17, 18], 
our patients with mETE were more likely to have multifo-
cal PTC, bilateral disease, and aggressive variant of PTC. 
At a median follow-up of 9.1 years, the rate of patients 
with poor outcome (structural disease/death/recurrent dis-
ease) was significantly higher in patients with mETE com-
pared to patients with negative margins. This difference 
was due to a higher rate of persistence structural disease 
while the persistent biochemical disease, the mortality and 
the recurrence rates were similar between PTC patients 
with and without mETE. The clinical impact of mETE has 
been also confirmed at binary logistic regression analysis 
together with older age (> 55 years) and tumor diameter. 
However, using a CHAID decision tree analysis, tumor 
size was the strongest predictor of poor outcome, indicat-
ing that tumor diameter > 1.5 cm increased the risk of 

Fig. 3   Tree diagram based on CHAID analysis. “Poor outcome” included patients with persistent structural disease, patients with recurrent dis-
ease or patients dead at last follow-up. “Good outcome” included patients with no evidence of structural disease
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poor outcome in PTC patients. mETE was predictor of 
poor outcome only in tumor larger than 1.5 cm and the 
risk of poor outcome is further increased in patients with 
tumors larger than 1.5 cm and mETE. On the contrary, 
in smaller tumor (≤ 1.5 cm) with mETE, older age was 
the best prognostic indicator of poor prognosis. Accord-
ingly to our results, several studies performed in patients 
with microPTC, did not report any association between 
mETE and poor outcome [12, 14, 16]. Similarly, Kluijf-
hout et al. [18] reported that a microscopic positive mar-
gin found only on final pathology does not increase the 
risk of recurrence in T1-T2 differentiated thyroid carci-
noma. More recently, it has been reported that patients 
with tumor diameter < 4 cm with mETE had no significant 
worse survival compared to patients with tumor diame-
ter < 4 cm without mETE [19]. Our results support the 
recent update of the TNM/AJCC staging system where 
minor extrathyroidal extension detected only on histo-
logical examination was removed from the definition of 
T3 disease, and therefore, has no impact on either T cat-
egory or overall stage [23]. The TNM/AJCC system is 
optimized to predict survival in patients with cancer and, 
in our study, the mortality rate was not different in patients 
with and without mETE. On the contrary, our results do 
not completely support the recent ATA risk stratification in 
which all patients with mETE are upgraded to intermediate 
risk group regardless the tumor size [20]. We demonstrate 
that the prognostic impact of mETE is related to tumor 
diameter and that small tumor size (≤ 1.5 cm) with mETE 
did not have any greater risk of persistent structural/recur-
rent disease when compared with small tumor size without 
mETE. According to our results, patients with small tumor 
(< 1.5 cm) should be classified as low risk. After sur-
gery, the management of these patients should be defined 
according to their real risk of persistent/recurrent disease. 
Radioiodine remnant ablation could not be necessary in 
most of them. For this reason a selective use of radioiodine 
based on serum Tg levels and neck US after surgery, might 
be useful in these patients.

Some limitations of this study are intrinsic to its ret-
rospective nature, particularly the performance of initial 
surgery at different institutions. Nonetheless, the data 
have several strengths including a similar post-surgery 
therapeutic approach and follow-up strategies in the same 
institution. In addition, to our knowledge, this is the first 
study evaluating the clinical impact of mETE in patients 
with PTC after exclusion of patients with lymph node 
metastases.

In conclusion, according to our results, in patients with 
PTC without lymph node metastases at diagnosis, mETE is 
an unfavorable prognostic factor only in tumor larger than 
1.5 cm. On the contrary, in tumor ≤ 1.5 cm mETE is not 
an unfavorable prognostic factor and thus, in the absence 

of other unfavorable characteristics, these tumors should be 
classified and managed as “low risk” tumors.
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