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Introduction: Currently, there is no consensus on the specific effect of Extrathyroidal Extension (ETE) on prognosis. The purpose of
our study was to study the relationship between different states of ETE and its disease-free survival rate and to determine the basic
standard of Micro ETE (tumor extends through capsule only) in risk stratification.

Material and Methods: We conducted a retrospective and single-center study that included the clinical data of all papillary thyroid
carcinoma (PTC) patients with ETE in our hospital from 2013 to 2017 and followed them up after rigorous screening. According to
ETE state, it is divided into four groups: Microscopic, Micro, Minimal, Macro. Kaplan—Meier method was used to calculate disease-
free survival (DFS). Log-rank test was used to compare the differences between the groups and to polt the survival curves. P<0.05 was
considered statistically significant. Micro ETE was included in different risk stratification subgroups and their DFS was compared.
Results: A total of 436 patients were included: Microscopic group N=50 (11.47%), Micro group N=74 (16.97%), Minimal group
N=135 (30.96%), and Macro group N=177 (40.60%). The frequency of ETE was in strap muscles N=191, trachea N=114, laryngeal
recurrent nerve N=92, and capsule N=74, etc. The 5-year DFS rate in Micro group was 95.3%, higher than that in Macro group
(P<0.05). The 5-year DFS rate of Micro ETE was 90.0% in the intermediate-risk group and 84.9% in the high-risk group when Micro
ETE was included in different risk stratification subgroups.

Conclusion: Micro ETE deserves more attention, has a batter prognosis than Macro ETE, and may have little effect on recurrence. It
seems more appropriate to treat Micro ETE as the intermediate-risk group in risk stratification.
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Introduction

For nearly half a century, thyroid carcinoma has become the most common surgical solid tumor, with a sharp spike in global
incidence.' Differentiated Thyroid Carcinoma (DTC) has mild biological behavior, including Papillary Thyroid Carcinoma
(PTC) and Follicular Thyroid Carcinoma (FTC).? As the most common type of thyroid cancer pathology, PTC’s treatment
mainly relies on surgery, and the overall cure rate is high, with a 10-year survival rate of more than 95%.> However, there
are also some risk factors that have an impact on prognosis, with Extrathyroidal Extension (ETE) of thyroid cancer being
a hot topic of concern for clinicians.* ETE was defined as breakthrough of the thyroid capsule and infiltration of other
tissues.”

In the latest eighth edition of the American Joint Committee on Cancer (AJCC) TNM staging, T3 staging was first
divided into T3a and T3b, and “minimal” thyroid invasions were removed from the T3 staging.® The reason was probably
based on the understanding that “minimal” ETE did not affect survival or recurrence.” Meanwhile, what did not change
was the clinicopathological features associated with ETE as prognostic recurrence risk grouping. As microscopic ETE
was intermediate-risk and macroscopic ETE was high-risk group, however, the extent of ETE was not clearly stated.®
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Less controversially, both microscopic ETE and macroscopic ETE are strongly associated with lymph node metastasis.
Arora suggested that it should be stratified into groups of none, microscopic, and macroscopic ETE, even the significance
of microscopic ETE is undetermined.’

Moreover, the stratification of recurrence risk in ETE varies from country to country. Differences in ethnic genetics,
ethnic differences, living environments, and regional medical technology levels of patient groups analyzed in different

studies make the treatment approach and prognosis impact of ETE still controversial."

The TSH suppression treatment
standards taken by different intermediate-risk and high-risk recurrence risk stratifications are also different, and long-
term TSH treatment also has certain risks, and more aggressive therapies may result in overtreatment posing a risk to
some patients. In this study, relevant clinical data were collected from single centers in China, and patients were strictly

followed up. Disease-free survival (DFS) was used as an indicator to explore the impact of Micro ETE on prognosis.

Methods
Setting and Population

In order to ensure a longer follow-up period, the clinicopathological data of patients with PTC who were admitted to our
hospital at least five years ago (2013—2017) were collected. The collected clinicopathological features include age, sex,
maximum tumor diameter, unilateral or bilateral lesions, single or multiple lesions, with or without ETE, lymph node
metastasis and 1131 conditions, etc.

The inclusion criteria were as follows: Adults, older than 18 years old; patients who underwent thyroid surgery for the
first time, and the routine results of postoperative pathology confirmed to be PTC; the clinical feature data and follow-up
data of the case were complete.

The exclusion criteria included: The first surgical treatment in the outer hospital; other pathological types such as
FTC, medullary thyroid carcinoma (MTC) and other anaplastic thyroid cancer (ATC); case data are incomplete and there
are no follow-up records.

Patients were stratified by degree of ETE into 1 of 4 groups: “Microscopic” (Microscopic invasion of tumor into the
perithyroidal soft tissues), “Micro” (tumor extends through capsule only), “Minimal” (tumor extends into any of the strap
muscles, including the omohyoid, sternohyoid, sternothyroid, or thyrohyoid), and “Macro” (tumor extends to soft tissues
or other anatomy beyond the strap muscles). Multiple tumors can be identified as ETE if any of the lesions are
accompanied by invasion.

Treatment Modalities

All patients were treated with a combination of surgery—I131-TSH suppression therapy. All patients were operated on by the
same experienced thyroid surgery team. Total thyroidectomy was performed on all patients with ETE. For patients with CNO
(lymph node negative), preventive central lymph node dissection (cervical VI lymph node) is routinely performed. Patients
with partial CN1 (enlarged lymph nodes) may undergo modified (enlarged) radical thyroidectomy ranging from cervical zone
I to cervical zone VI lymph node resection.'' The presence of ETE was assessed by either intra- or post-operative pathology
findings. Surgical safety is a main concern. RO should be excised as far as possible, and the complications should be strictly
controlled.'? Further radiation iodine-131 consolidation therapy were given after surgery, depending on the patient’s

13,14

condition and TSH suppression was given to all patients according to the ATA guideline for risk stratification .'>

Follow-Up Mode

Thyroid hormone and antibody tests should be performed at least every three months, thyroid neck ultrasound should be
reviewed every six months, and chest CT should be reviewed at least once. According to the latest ATA Guidelines,
disease-free status is defined as follows: Thyroglobulin (Tg) was not detected in negative anti-thyroglobulin antibody
(TgAb) (<10ng/mL), no residual lesions or enlarged lymph nodes were found on cervical ultrasound, and negative
systemic iodine-131 scans.'® Recurrence was defined as metachronous lesions with a postoperative interval of more than
three months, ie local recurrence (residual thyroid tissue recurrence or regional lymph node metastasis) and distant
metastasis (lung or bone, etc.). For suspected recurrence, oral levothyroxine tablets may be discontinued for two weeks
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until TSH levels are elevated and a systemic diagnostic iodine-131 scan, or FNAB, is performed for confirmation. The
initial time to surgery is defined as the initial event, and the time to recurrence is defined as the end event. For patients
without recurrence, strict follow-up criteria were applied, with the end time defined as the time since the patient was last
seen at our hospital for a negative ultrasound. Follow-up time and disease status (asymptomatic or recurrent) were
obtained and DFS recorded.

Statistical Methods

SPSS26.0 statistical software was used for data analysis. Continuous variables are reported as median and range, and
categorical variables as frequency and proportion. The DFS was calculated by the Kaplan—-Meier method, the differences
between different groups were compared using by the Log-rank test and the recurrence survival curves wee plotted.
P<0.05 is considered statistically significant.

Ethics Approval and Guidelines Statement

The study was approved by the Medical Ethics Committee of Zhengzhou University (Approval No.2021-KY-0202-002).
All of the procedures performed with human participants conformed to the research committee’s ethical standards and to
the 1964 Declaration of HELSINKI and its subsequent amendments and comparable ethical standards.

Informed Consent Statements

All data was queried by the hospital system, was only open only to medical practices, not to private individuals, and all
patients have signed informed consent forms. When it comes to privately identifiable information, it is only represented
by numbers, so this study will not cause harm to the interests of the individuals concerned.

Results
A total of 35,227 patient medical records were detected from 2013 to 2017. After screening and statistics, a total of 436
cases meeting the criteria were included in this study (Figure 1).

Figure 2 shows the distribution of different states of aggression in 436 PTC patients with ETE, which is dominated by
Macro ETE (40.6%). The frequency of invasion was strap muscles, trachea, recurrent laryngeal nerve and extends
through capsule only, etc. (Figure 3) Of 46 cases of invasion of two kinds of tissues and organs at the same time, more
than three and three kinds of tissues and organs 38 cases, 16 cases of lymph node invasion organ.

Table 1 shows the sample’s baseline characteristics. All the patients with ETE were mainly female (76.6%), aged 49
(19-80) years, 54.6% of them were associated with lymph node metastasis, and almost 86.7% of them were associated
with BRAF600E gene mutation. Group, as the degree of invasion becomes more severe, the maximum diameter of the
tumor becomes larger, and more bilateral and multifocal tumors are accounted for, suggesting that the primary tumor is
becoming more aggressive. All patients received a total thyroidectomy in principle, but 11 of them underwent only a
lobectomy due to postoperative routine pathological findings with microscopic ETE, so these patients also did not receive
iodine-131 treatment. The reason why one patient in the Micro ETE chose lobectomy was that the patient was a young
woman and strongly requested unilateral lobectomy before surgery. Eight patients abandoned iodine-131 treatment
because their bodies could not tolerate it.

The last follow-up was in April 2022, with follow-up periods ranging from 6 to 105 months and median follow-up of
46 months, during which 79 cases were lost to follow-up.Among the remaining patients with complete follow-up data, a
total of 38 patients with recurrence(8.7%), including 34 patients had lymph node recurrence, one patient had lymph node
metastasis in the muscle of the left shoulder chest wall, one patient had mediastinal metastasis and two patients had lung
metastasis. There were no death and the overall survival rate was 100%. A total of 130 patients with temporary
hypocalcemia were improved after calcium supplement therapy, and 24 patients with hoarseness recovered within half
a year.

Guidelines for risk stratification of ETE vary from country to country, and the effect of ETE on prognosis was not
differentiated in detail (Table 2). Therefore, we first calculated and plotted disease-free survival curves of four groups
and compared them. Results show that the Macro and Microscopic group, Macro and Micro group contrast was
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35,227 patients hospital records were retrieved

!

18,232 patients underwent thyroid surgery

8387 Excluded
6290 Benign
755 Graves disease
503 HT
428 FTC
398 MTC
13 ATC

\

9845 PTC

»1 689 <18 Years old Excluded

\
9156 adult with PTC

»| 8536 Without ETE Excluded

\
620 with ETE
105 Excluded
< 67 Secondary surgery
= 27 PTC with other specific thyroid cancers
11 R2 resection
Y

515 Enter the follow-up cohort

»1 79 Lost to follow-up Excluded

Y
436 In the cohort

Figure | Flow diagram for study participants.
Abbreviations: ETE, Extrathyroidal Extension; HT, Hashimoto’s thyroiditis; PTC, Papillary thyroid microcarcinoma; FTC, Follicular thyroid carcinoma; MTC, Medullary
thyroid carcinoma; ATC, anaplastic thyroid carcinoma.

Hl 11.47% Microscopic
B 16.97% Micro

Bl 30.96% Minimal
[ 40.60% Macro

Total=436

Figure 2 Extrathyroidal extension state.
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Figure 3 Frequency histogram of each site of extrathyroidal extension.

statistically significant (P<0.05) (Figure 4A). Micro group of 5-year disease-free survival rate was 95.3%. To further
discuss the effect of Micro ETE on prognosis, we innovatively included Micro ETE into different subgroups, that is,
only intermediate-risk group or only high-risk group, and analyzed disease-free survival curves of different subgroups
with ETE. The results showed that if the Micro ETE was included in the intermediate-risk group, the 5-year disease-
free survival rate was 90.0%, as shown in Figure 4B, and the 5-year disease-free survival rate was 84.9% in the high-
risk group, as shown in Figure 4C. It seems that inclusion in the intermediate-risk group is closer than 95.3%.

Discussion

The incidence of PTC is increasing year by year, and up to 30% of PTC patients are found to be accompanied by
ETE, which makes the population accompanied by ETE more and more large. It has been suggested that this increase
may be partly due to environmental factors and lifestyle changes. In addition, studies have reported that Asians are
more prone to ETE than whites and blacks.'**?* However, in this study, the ETE ratio is only 4.7% (436/9156). Mete
believed that there are two thin layers of fibrous tissue covering the surface of normal thyroid gland tissue, namely
“true capsule” and “false capsule”.?® There are neurovascular and parathyroid structures between the two capsular
layers. This special anatomical structure leads to the lack of accuracy and objectivity in ETE judgment. Kowalski
believed that ETE could be divided into the “eye ETE” and “microscopic ETE”, that is, judging from the naked eye
during imaging or clinical operation and direct postoperative microscopic pathological evidence.’® The “eye ETE”
can be evaluated and judged by experienced clinicians, but due to the “adhesion” of tumor and tissue and the
limitation of operation in special position, there is a great interference on whether the tumor really “invaded”,
especially micro ETE. On the other hand, the microscopic ETE was relatively accurate, and could be accurately
judged if words such as “invasion” and “infiltration” appeared in the pathological report. However, the level of
medical treatment varies greatly in different countries and regions, especially in the department of pathology, and it is
still unknown whether the microscopic ETE can be accurately diagnosed. Thyroid invasion of the capsule is
a common feature in thyroid surgery, which is most common in PTC. In the case of capsule invasion, the cancer
foci protruded outwardly and broke through the outer capsule during the operation, and sometimes the gray and white
cancer foci were seen, which were tough and difficult to push.>” With the improvement of the accuracy and popularity
of high-resolution ultrasound instruments, more and more nodules facing the capsule have been found, and these
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Table | The Sample’s Baseline Characteristics

Variable Extent of ETE, N=436

Microscopic, Micro, Minimal, Macro,

N=50(11.47%) | N=74(16.97%) | N=135(30.96%) | N= 177(40.60%)
Age at diagnosisa® (years) | 44(27-61) 49(24-70) 51(22-68) 49(19-80)
<55 41(82%) 51(69%) 98(73%) 127(72%)
255 9(18%) 23(31%) 37(27%) 50(28%)
Sex
Male 18(36%) 24(32%) 17(13%) 43(24%)
Female 32(64%) 50(68%) 118(87%) 134(76%)
Tumor size® (mm) 10.75(7-37) 11.75(5-47) 15(6-53) 16.6(4-72)
<20 32(64%) 59(80%) 94(70%) 106(60%)
220 18(36%) 15(20%) 41(30%) 71(40%)
Site of tumor
Unilateral 36(72%) 42(57%) 72(53%) 76(43%)
Bilateral 14(28%) 32(43%) 63(47%) 101(57%)
Multifocality
Yes 18(32%) 33(45%) 82(61%) 122(69%)
No 32(64%) 41(55%) 53(39%) 55(31%)
Surgery
Lobectomy 11(22%) 1(1%) 0(0%) 0(0%)
TT® 28(56%) 54(73%) 107(79%) 85(48%)
TT® + LLND® 11(22%) 19(26%) 28(21%) 92(52%)
RAI therapy
Yes 39(78%) 73(99%) 131(97%) 174(98%)
No 11(22%) 1(1%) 4(3%) 3(2%)
BRAF
Yes 35(70%) 62(84%) 127(94%) 154(87%)
No 15(30%) 12(16%) 8(6%) 23(13%)
Central cervical LN
Yes 25(50%) 33(45%) 59(44%) 118(67%)
No 25(50%) 41(55%) 76(56%) 59(33%)
Lateral cervical LN
Yes 7(14%) 11(15%) 17(13%) 71(40%)
No 43(86%) 63(85%) 118(87%) 106(60%)
Recurrence
Yes 0(0%) 2(3%) 15(11%) 21(11%)
No 50(100%) 72(97%) 120(89%) 156(89%)
Follow-up time (months)® | 49(22-98) 49.5(7-97) 54(7-99) 44(6—105)

Notes: *Median and range. ®Total thyroidectomy. “Lateral lymph node dissections.
Abbreviations: ETE, Extrathyroidal Extension;LN, lymph nodes; RAI, Radioactive lodine.

nodules are often not recommended for conservative observation, which makes the occurrence of micro ETE less and
less during surgery. Therefore, whether micro ETE really affects prognosis deserves further consideration.

Tran showed that regardless of the age of patients, the risk of recurrence in patients with ETE increased by two times
compared with patients without ETE.?® Relevant studies have shown that micro ETE and minimal ETE are not important
influencing factors for staging, but there are significant differences in local recurrence and survival rate, which may be
the reason why micro ETE was removed from T3 staging in the eighth edition of AJCC guidelines.?’ Other studies held
different opinions, arguing that micro ETE did not affect survival and recurrence rates. Therefore, comprehensive
consideration could be taken according to individual differences and tumor characteristics to ensure the integrity of

tumor resection and individualized treatment.*’
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Table 2 Guidelines for Risk Stratification of ETE in Different Country

Intermediate risk High risk

Microscopic invasion of tumor into the perithyroidal | Macroscopic invasion of tumor into the perithyroidal soft tissues (gross extrathyroidal

soft tissues at initial surgery extension)

Intermediate risk High risk

Microscopic invasion of perithyroidal soft tissues Gross ETE (macroscopic invasion of perithyroidal soft tissues) Extranodal extension

Low risk High risk
No Tumor invasion of locoregional tissues or Tumor invasion of locoregional tissues or structures
structures

Intermediate risk High risk

Microscopic invasion of tumor into the peri-thyroidal | Extrathyroidal invasion
soft tissues (T3) at initial surgery

Intermediate risk High risk

Microscopic invasion of tumor into the perithyroidal | Macroscopic invasion of tumor into the perithyroidal soft tissues
soft tissues

Intermediate risk High risk
Not belonging to the very low-, low-, or high-risk Extra-thyroidal extension to adjacent structures except for the sternothyroid muscle, or
class extra-nodal extension of tumor in metastatic lymph node

Intermediate risk High risk

Minimal invasion of the perithyroidal tissue Obvious involvement of perithyroidal soft tissue

From Table 2, we can see that every guideline only defines microscopic invasion and macroscopic invasion, micro
ETE was ignored. ETA risk stratification even removes microscopic invasion, and only a Chinese guideline for risk
stratification of thyroid cancer appears to classify microscopic ETE as intermediate-risk. The results of this study
showed that the 5-year disease-free survival rate of micro ETE was 95.3%, which was close to 90.0% in the
intermediate-risk group and much higher than 84.9% in the high-risk group. Higher risk stratification is faced with
more stringent TSH inhibition treatment. Subclinical hyperthyroidism is the consequence of patients taking super-
physiological dose of thyroid hormone after thyroid surgery. In particular, when TSH of some high-risk patients needs
to be maintained at <0.lmu/L for a long time, the heart load of patients, especially elderly patients, may be
aggravated, leading to arrhythmia, atrial fibrillation and other cardiovascular diseases, resulting in an increased risk
of death.*' The 2015ATA guidelines strongly recommend 1311 therapy for patients with ETE in high risk of
recurrence. Radiation 1311 treatment may cause acute complications and long-term side effects, and the incidence

and severity of adverse reactions are related to the accumulation of therapeutic doses.*?
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Figure 4 Kaplan—Meier survival plots stratified by extent of ETE for patients with PTC. (A) Disease-free survival of four groups; (B) Disease-free survival of Micro ETE was
included in the intermediate-risk group; (C) Disease-free survival of Micro ETE was included in the high-risk group.

In those PTC with ETE, the microscopic-micro-minimal ETE process may be a gradual process, all of which are
manifestations of different stages of tumor high aggressiveness. Microscopic is difficult to detect in surgery, and Micro
and Minimal do not have a unified diagnostic standard. Today, precision therapy is gradually advocated, and the effect of
subdivision ETE on risk stratification is particularly important. It is not controversial that macro ETE has a worse
prognosis than microscopic and micro ETE (P<0.05). The ATA included trachea and recurrent laryngeal nerve invasion
in macro ETE. However, the ETE caused by the special location of the tumor in some patients may not be caused by the
aggressiveness of the tumor itself, and it remains to be seen whether these patients have received excessive treatment.
ETE is a manifestation of high aggressiveness of tumor, which is equivalent to “external appearance”, while high-risk
subtypes are its “core”. It seems that the emphasis on highly invasive subtypes as the criteria for diagnosis and inclusion
of relapse risk stratification may be more intuitive than the clinical characteristics of ETE, which have a greater impact on
prognosis. It is expected that future guideline studies will be updated.

We should develop an appropriate comprehensive treatment plan according to the individual situation, find a balance
between tumor eradication and surgical risk, avoid over-conservative or over-treatment, guarantee the postoperative
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quality of life of patients, and improve long-term survival rate. Long-term regular follow-up of ETE patients, strict
monitoring of TSH inhibition treatment, neck ultrasound and serum Tg monitoring for early detection of possible
recurrence and timely intervention. To establish a dynamic risk assessment model for PTC patients with ETE and actively
explore the impact of different ETE levels and clinical characteristics on prognosis, so that patients will benefit most
from refined patient management in the future.

The conclusion of this study is that micro ETE may have little impact on recurrence, and it should pay more attention
to, risk stratification as intermediate-risk group seems to be more appropriate. Clinical studies of the scope of surgery
associated with micro ETE will continue in order to maximize the benefit to patients.

Our study has many limitations. This was a retrospective and single-center study, for example, with insufficient
number of cases and insufficient follow-up. This is because we try to include cases by very strict selection criteria, and
the evidence from patient descriptions from telephone follow-up alone is hardly convincing. Therefore, we consider our
data to be highly valid.
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