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Abstract

Objectives. The recurrence rate of T4a papillary thyroid cancer (PTC) is relatively high, but research on the prognosis of T4a
PTC is rarely investigated. This study aims to analyze the prognosis of T4a PTC patients with recurrent laryngeal nerve (RLN)
invasion.

Methods. Univariable and multivariable Cox proportional hazard models were employed to identify prognostic factors for the
progression-free-survival (PFS) of PTC patients. A nomogram was constructed based on essential prognostic factors to predict
the risk of disease progression in T4a PTC patients with RLN invasion.

Results. A total of 418/602 (69.4%) T4a PTC patients with RLN invasion underwent surgery, the 5-year PFS rate was 89.8%.
The multivariable analyses showed that age =55 years, preoperative vocal cord paralysis (VCP), microvascular invasion, and the
number of cervical lymph node metastases (CLNM) > 10 were prognostic risk factors of PFS in T4a PTC patients with RLN
invasion. Our nomogram provided good discrimination, with a C-index of 0.778 in the training set and 0.793 in the validation
set. No statistical difference (P=.918) was found between PFS and the surgical methods of RLN. By following up on the patient’s
voice condition, the RLN function was restored in approximately 82.7% of patients after RLN separation.

Conclusion. T4a PTC patients with RLN invasion are prone to disease progression under the following conditions: age =55 years
old, preoperative VCP, microvascular invasion, and CLNM >10. The RLN nerve preservation surgery does not increase the risk
of disease progression.
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Graphical Abstract

NOMOGRAM PREDICTION OF RESPONSE TO
NEOADJUVANT CHEMOTHERAPY PLUS
PEMBROLIZUMAB IN LOCALLY ADVANCED
HYPOPHARYNGEAL SQUAMOUS CELL CARCINOMA

OBIJECTIVES

To investigate whether the addition
of pembrolizumab could increase
the objective response rate, and to
develop a nomogram to predict the
response of pembrolizumab
addition.

Hu, Z., Chen, Y., Ma, R, Sun, W.,, Chen, L., Cai, Z., Wen, W, Lei, W.

METHODS

Retrospective cohort study of
patients treated with neoadjuvant
chemotherapy (NACT) *
pembrolizumab (n=129). A
nomogram based on pretreatment
blood parameters was created.

RESULTS

Independent Predictors

e High ORR:
o Lymphocytes
o Red Blood Cells

e Low ORR:
o Basophils

CANADIAN SOCIETY OF
OTOLARYNGOLOGY -
HEAD &NECK SURGERY

THE OFFICIAL JOURNAL OF THE CANADIAN SOCIETY OF OTO-HNS

1A

Introduction

Thyroid cancer is a common malignant tumor within the endo-
crine system, with papillary thyroid cancer (PTC) being the
most prevalent type of thyroid neoplasm. Generally, individu-
als diagnosed with PTC carry a good overall prognosis; how-
ever, 10% to 15% of PTC cases are locally advanced, leading
to a high risk of recurrence in the local region, distant metasta-
sis, and mortality.'* According to the AJCC eighth edition
staging system, T4a cancer is defined as the extrathyroidal
extension (ETE) into the subcutaneous soft tissue, larynx, tra-
chea, esophagus, or recurrent laryngeal nerve (RLN).> Patients
diagnosed with T4a PTC tend to have a poor prognosis.
Previous studies show that the 10-year disease-specific sur-
vival (DSS) rate for T4a PTC patients aged = 55 years ranges

e Pembrolizumab + NACT: 66.0%

(31/47, p = 0.044)

* NACT alone: 47.6% (39/82) .

Nomogram Performance

e C-Index: 0.925
e Area under the curve (AUC): 0.925

between 60% and 70%.° Additionally, the 10-year recurrence
rate in T4a PTC patients is approximately 29.9%.°

The RLN is the most frequently invaded in T4a PTC
patients.” However, the surgical procedure in the RLN region
is a complicated and challenging technique. Preserving nerves
during surgery may result in residual tumors, whereas com-
plete resection of tumors may lead to vocal cord dysfunction,
and even difficulty breathing, which significantly affects the
quality of life of the patient.® Therefore, it is necessary to
establish a predictive model for the prognosis in T4a PTC
patients with RLN invasion. This model will facilitate early
diagnosis and treatment and ultimately play a pivotal role in
optimizing treatment strategies and improving the overall
health of patients.



Song et al

Patients and Methods

Patients

A consecutive cohort study of patients with T4a PTC at the
China National Cancer Center(CNCC)/Cancer Hospital
Chinese Academy of Medical Sciences between January 2010
and December 2022 was retrospectively recruited. The follow-
ing were the inclusion criteria: (1) All patients had pathologi-
cally confirmed PTC and received surgery; (2) patients had
T4a disease; (3) patients pathologically confirmed RLN inva-
sion. The following were the exclusion criteria: (1) synchro-
nous distant metastases. (2) incomplete clinicopathological
information or lost to follow-up. A total of 418 patients with
T4a PTC with RLN invasion were ultimately included
(Supplemental Figure 1). The ethics committee of the CNCC
has approved the study and written consent was obtained from
all patients (Figure 1).

Methods

Clinicopathologic characteristics of all patients were recorded
and analyzed, including age, sex, preoperative vocal cord
condition, primary tumor size, RLN invasion location, sur-
gical methods of RLN, trachea/esophagus/larynx invasion,
N stage, tumor characteristics (multifocality/extracapsular
spread), exist Hashimoto thyroiditis/nodular goiter, pathol-
ogy, microvascular invasion, thyroid surgery method, lymph
node dissection method, postoperative radiotherapy, and
received radioactive iodine (RAI). Histopathological slides
for each case were reviewed by two pathologists from our
institution. All of the specimens were assessed for diagnosis
using the AJCC eighth edition criteria for PTC classification.
Microvascular invasion, also known as microvascular tumor
thrombus, mainly refers to nests of cancer cells seen under a
microscope in the lumen of blood vessels lined by endothelial
cells. RLN invasion is defined as the tumor’s slight invasion
or adherence to the epineurium. The tumor tissue and epineu-
rium are delicately separated from the nerve in such cases.
Pathological biopsy confirms infiltration of the epineurium
by papillary thyroid carcinoma. Alternatively, during surgery,
if it is observed that the tumor completely envelops the nerve
and separation is not possible, the affected nerve is sacrificed
and removed along with the tumor. Pathology examination
subsequently confirms the tumor’s invasion of the nerve.

Outcomes and Follow-Up

The primary outcome isprogression-free-survival (PFS) defined
as the period from primary surgery to the date of local recurrence
or distant metastasis disease during the follow-up time. Local
recurrence was confirmed by puncture pathology or after surgery,
and distant metastasis was verified by nuclear bone scan, mag-
netic resonance imaging, or computed tomography. Follow-up
was performed according to National Comprehensive Cancer
Network recommended schemes and included postoperative out-
patient or telephone interviews. The last follow-up date was the
date of death or April 10, 2023, whichever came first.

Statistical Analysis

To investigate the impact of various variables on PFS, we uti-
lized univariable and multivariable Cox proportional hazard
models. Statistically significant factors (P <.05) identified by
univariate analysis were included in the multivariate analysis.
A nomogram for predicting PFS was drawn based on the inde-
pendent predictors identified by multivariate Cox regression
analysis. All 418 patients were divided into training and test
sets in a ratio of 7:3 (Supplemental Figure 1). The Cox regres-
sion analysis was employed to generate hazard ratios (HR) and
their associated 95% confidence intervals (95% CIs). The sig-
nificance level was set at P<<.05. R software version 4.3.1
was used for Cox regression analysis and construction and
evaluation of the nomogram. The bootstrap method was used
for internal and external validation to evaluate the prediction
model’s performance. The bootstrap-corrected PFS rates were
calculated by averaging the Kaplan—Meier estimates based on
2000 bootstrap samples. Discrimination was estimated by
Harrell’s concordance index (C-index=0.5-1). The calibration
curve mainly reflected the consistency between the predicted
risk of the model and the observed risk. All statistical tests
were 2-sided in all results, and P-values <.05 were considered
statistically significant.

Results

Patient Characteristics

A total of 418 T4a PTC patients with RLN invasion were
enrolled. The clinicopathologic features of the patients are
summarized in Table 1. There were 158 (37.8%) male patients,
140 (33.5%) aged =55years, 62 (14.8%) patients with a pri-
mary tumor size =4 cm, and 92 (22.0%) patients with preop-
erative vocal cord paralysis (VCP). In 177 (42.3%) patients,
the site where the primary tumor invaded the RLN was the
larynx entry point. Notably, tracheal invasion was observed in
144 (34.4%) patients, esophageal invasion in 141 (33.7%)
patients, laryngeal invasion in 13 (3.1%) patients, and micro-
vascular invasion in 59 (14.1%). Multifocality tumors were
observed in 238 (56.9%) patients. There were 73 (17.5%) and
291 (69.6%) patients with Hashimoto thyroiditis and nodular
goiter, respectively. According to the pathological classifica-
tion, classic, follicular, diffuse sclerosing, clear cell, solid, tall
cell, oncocytic, and mixed PTC were observed in 266 (63.6%),
34 (8.1%), 6 (1.4%), 2 (0.5%), 100 (23.9%), 1 (0.2%), 4
(1.0%), 5 (1.2%) patients, respectively. In terms of N staging
of recurrent tumors, 52 (12.4%) patients were classified as NO,
104 (24.9%) patients as Nla, and 257 (61.5%) patients as N1b.

The median follow-up time was 52 months. By the end of
the follow-up period, disease progression occurred in 41
(9.8%) patients, including 34 cases of local recurrence and 11
cases of distant metastasis. Among patients with local recur-
rence, recurrence in lateral cervical lymph nodes was found in
16 patients, recurrence in the surgical bed in 13 patients, and
recurrence in the upper mediastinum in 5 patients. The lung
was the most common metastatic organ, with lung metastases
in 9 patients and bone metastases in 5 patients.
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Figure 1. Kaplan—Meier estimates of disease-free survival according to (A) age (B) MVI (C) number of CLNM >10 (D) preoperative VCP
(E) different risk factors. MVI, microvascular invasion; CLNM, cervical lymph node metastases; VCP, vocal cord paralysis.

Predictive Factors for PFS

According to univariable analysis, PFS was highly correlated
with the following factors: age (HR=3.790, 95% CI: 1.973-
6.974, P < .0001), primary tumor size (HR=3.660, 95% CI:
1.934-6.927, P <.0001), preoperative VCP (HR=2.960, 95% CI:
1.597-5.486, P=.001), surgical methods of RLN (HR=2.007,

95% CI: 1.061-3.795, P=.032), laryngeal entry point invasion
(HR=0.394, 95% CI: 0.188-0.826, P=.014), tracheal invasion
(HR=3.407, 95% CI: 1.816-6.389, P <.0001), esophageal inva-
sion (HR=1.917, 95% CI: 1.039-3.539, P=.037), laryngeal inva-
sion (HR=4.061, 95% CI: 1.592-10.359, P=.003), microvascular
invasion (HR=2.781, 95% CI: 1.413-5.473, P=.003), number of
cervical lymph node metastases (CLNM) >10 (HR=1.978, 95%
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Table I. Clinical and Pathologic Characteristics of All T4a PTC Table I. (continued)
Patients with RLN Invasion.
Variable N=418, N (%)
Variable N=418, N (%) .
Nodular goiter
Diagnostic year Yes 291 (69.6)
2010-2016 158 (37.8) No 127 (30.4)
2016-2022 260 (62.2) Pathology
Age (years) Classic 266 (63.6)
<55 278 (66.5) Follicular 34 8.1)
=55 140 (33.5) Diffuse sclerosing 6 (1.4)
Sex Clear cell 2 (0.5)
Male 158 (37.8) Solid 100 (23.9)
Female 260 (62.2) Tall cell 1 (0.2)
Preoperative vocal cord paralysis Oncocytic 4 (1.0)
Yes 92 (22.0) Mixed 5(1.2)
No 326 (78.0) Microvascular invasion
Primary tumor size (cm) Yes 59 (14.1)
<4 356 (85.2) No 359 (85.9)
=4 62 (14.8) Central neck dissection
RLN invasion location Unilateral 179 (42.8)
Larynx entry point 177 (42.3) Bilateral 226 (54.1)
Others 241 (57.7) No 13 (3.1)
Surgical methods of RLN Lateral neck dissection
Separation 218 (52.2) Unilateral 163 (39.0)
Resection or resection and anastomosis 200 (47.8) Bilateral 11 (26.6)
Trachea invasion No 144 (34.4)
Yes 144 34.4) Thyroid surgery method
No 274 (65.6) Lobectomy 51(12.2)
Esophagus invasion Total thyroidectomy 367 (87.8)
Yes 141 (337) Postoperative radiotherapy
No 277 (66.3) Yes 14 (3.3)
Larynx invasion No 404 (96.7)
Yes 13 3.1) RAI
No 405 (96.9) Yes 261 (62.4)
N stage No 157 (37.6)
NO 52 (12.4)
Abbreviations: PTC, papillary thyroid cancer; RAI, radioactive iodine; RLN,
Nla 104 (24.9) recurrent laryngeal nerve.
NIb 257 (61.5)
Unknown 5(1.2) CI: 1.070-3.655, P=.030), and postoperative RAI (HR=3'.03§,
IEE— 95% CI: 1.345-6.848, P=.007) (Table 2). Based on the multivari-
UEIEEN CIBEEEE able Cox analysis, factors such as age =55years, preoperative
Yes 238 (56.9) VCP, microvascular invasion, and number of CLNM >10 were
No 180 (43.1) independent risk factors for PFS. Specifically, patients with age
Hashimoto thyroiditis =55years (HR=3.191, 95% CI: 1.553-6.558, P=.002), preoper-
- 73 (175) ative VCP (HR=2.337, 95% CI: 1.141-4.783, P=.020), presence
’ of microvascular invasion (HR=2.318, 95% CI: 1.104-4.866,
No 345 (82.5) P=.026), and CLNM >10 (HR=2.480, 95% CI: 1.204-5.108,
(continued) P=.014) were more likely to experience disease progression.
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Table 2. Cox Univariable and Multivariable Analysis for Progression-Free-Survival.

Univariable analysis

Multivariable analysis

Variable HR 95% Cl P-value HR 95% Cl P-value
Diagnostic year

2016-2022 1.437 0.667-3.092 .354 — — —
Age (years)

=55 3.709 1.973-6.974 <.0001 3.191 1.553-6.558 .002
Primary tumor size (cm)

=4 3.660 1.934-6.927 <.0001 1.589 0.788-3.203 .196
Preoperative vocal cord paralysis

Yes 2.960 1.597-5.486 .001 2.337 1.141-4.783 .020
Surgical methods of RLN separation 2.007 1.061-3.795 .032 0.964 0.474-1.958 918
Larynx entry point

Yes 0.394 0.188-0.826 0l14 0.789 0.350-1.782 .569
Trachea invasion

Yes 3.407 1.816-6.389 <.0001 1.634 0.762-3.503 207
Esophagus invasion

Yes 1.917 1.039-3.539 .037 0.861 0.435-1.703 .667
Larynx invasion

Yes 4.061 1.592-10.359 .003 1.432 0.466-4.407 531
Nodular goiter

Yes 0.651 0.330-1.282 214 — — —
Hashimoto thyroiditis

Yes 0.541 0.191-1.534 .248 — — —
Microvascular invasion

Yes 2.781 1.413-5.473 .003 2318 1.104-4.866 .026
Number of cervical lymph node metastasis >10

Yes 1.978 1.070-3.655 .030 2.480 1.204-5.108 014
Postoperative RAI

Yes 3.035 1.345-6.848 .007 2.280 0.962-5.399 .061

Abbreviations: Cl, confidence interval; HR, hazard ratio; RAI, radioactive iodine; RLN, recurrent laryngeal nerve.

Oncological Outcomes

The 5-year cumulative PFS rate of all T4a PTC patients with
RLN invasion was 89.8%. The median interval between sur-
gery and disease progression was S50months (range:
4-149 months). The 5-year PFS rate was 93.5% in patients
under 55years and 82.1% in older patients (Figure 1A). The
5-year cumulative PFS rates in patients with preoperative VCP
and microvascular invasion were 83.4% and 76.2%, respec-
tively (Figure 1B and D). In addition, Kaplan—-Meier analysis
showed that patients with CLNM >10 had a worse prognosis.
Additionally, the 5-year PFS rate for patients with more than
10 CLNM was 84.4%, whereas the PFS rate in patients with
less than or equal to 10 CLNM was 93.1% (Figure 1C).
Additionally, the 5-year PFS rates in patients with no risk, 1
risk factor, 2 risk factors, and 3 risk factors were 99.0%,

91.6%, 78.4%, and 72.9%, respectively (HR=3.116, 95% CI:
1.977-4.919, P <.0001) (Figure 1E).

Nomogram Construction and Validation

All 418 patients were divided into training and test sets in a
ratio of 7:3 (Supplemental Figure 1). The prognostic nomo-
gram for T4a PTC patients was created in the training set,
which was then validated in the testing set. Nomogram models
were developed by incorporating several factors, including
age, preoperative VCP, microvascular invasion, and number of
CLNM >10 to predict the risk of disease progression in T4a
PTC patients with RLN invasion in 2 sets (Figure 2). Harrell’s
C-index of the model in the prediction of disease progression
in the training set and validation set were 0.778 (95% CI:



Song et al 7
A 0 10 20 30 40 50 60 70 80 90 100
POIntS L . I . 1 . . . 1 . . . 1 . 1 . . . 1 . . . 1 n . . 1 . . . 1 . . . 1 . . . 1
>=55
Age T !
<55
Yes
VCP l g
No
>10
LNM i !
<=10
Yes
MVI l !
No
Total Points l T T T T T 1
0 50 100 150 200 250 300
1-Year Survival I | !
0.9 0.8 0.7
3-Year Survival I v T ] ]
0.9 0.8 0.7 0.6 05
5-Year survival T T T T "
0.9 0.8 0.7 0.6 0.5 0.4
B 0 10 20 30 40 50 60 70 80 920 100
POIntS L . . n 1 . n n 1 n . n 1 . 1 . . . 1 . n n 1 . . . il n . . 1 . . . 1 . . n 1
>=55
Age " d
<55
Yes
VCP l !
No
>10
LNM l |
<=10
Yes
MVI l )
No
Total Points " T T T T T ]
0 50 100 150 200 250 300
1-Year Survival ——
0.9 0.8
3-Year Survival T T T T !
0.9 0.8 0.7 0.6 0.5
5-Year survival T T T T T !
0.9 0.8 0.7 0.6 0.5 0.4

Figure 2. Nomogram for predicting |-, 3-, and 5-year disease-free survival after surgery. (A) training cohort (B) testing cohort. VCP, vocal
cord paralysis;LNM, lymph node metastases; MVI, microvascular invasion.

0.700-0.857) and 0.793 (95% CI: 0.654-0.933), respectively.
The calibration plots showed good consistency between the
actual and nomogram-predicted PFS (Figure 3).

Risk Stratification

The T4a PTC patients with RLN invasion were divided
into a high-risk group and a low-risk group based on the

risk scores of the nomogram model, with the median risk
score used as the cutoff in the training set and verified
them in the test set. This simple classification can help
determine appropriate treatments for patients. According
to the risk scores from both nomogram models, T4a PTC
patients with RLN invasion in the low-risk group all had
better PFS than those in the high-risk group (P <.0001)
(Figure 4).
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Figure 3. The AUCs of nomogram model in (A) training cohort; (B) validation cohort for predicting disease-free survival. The I- (C), 3-
(D), and 5- (E) year calibration curves in training cohort. The |- (F), 3- (G), and 5- (H) year calibration curves in validation cohort.

Prognosis and the Voice of Patients on RLN
Surgical Procedures

In this cohort, 218 (52.2%) patients underwent RLN separation,
and 200 (47.8%) patients underwent RLN resection or resection
and anastomosis (Table 1). Based on the univariable analysis,
the 5-year PFS rates were 92.5% and 87.0% in patients who
underwent RLN separation and RLN resection or resection and
anastomosis, respectively (HR=2.007, 95% CI: 1.061-3.795,
P=.032). Conversely, according to the multivariable analysis,
RLN surgical methods were not associated with the risk of dis-
ease progression (HR=0.964, 95% CI: 0.474-1.958, P=.918)
(Table 2).

Among patients with preoperative VCP by laryngoscope,
28 (12.8%) patients underwent RLN separation, and 64

(32.0%) patients underwent RLN resection or resection and
anastomosis. After surgery, hoarseness was observed in 133
(61.0%) and 177 (88.5%) patients in the separation and resec-
tion groups, respectively. In the late follow-up, hoarseness
persisted in 23 patients in the separation group (10.6%) and 67
patients (33.5%) in the resection group (Table 3). The median
follow-up time was 50 months. In the RLN separation group,
the RLN function was restored in 82.7% of patients, and their
voices almost returned to normal.

Discussion

Approximately 5% to 15% of patients with PTC progress to
stage T4a with low long-term survival rates.’!> In this cohort
study, the 5-year cumulative PFS rate of all T4a PTC patients



Song et al

A Risk stratification ~+ low-risk =+ high-risk

Survival probabilities (%)
&

p <0.0001

0 12 24 £ ) % 108 120 132 144

0 72 8
Survival time in months
Number at risk
164 160 134 125 97 65 40 22 17 8 2 1 1

high-risk | 129 115 920 83 61 48 31 12 8 1 [} 0 [

B Risk stratification — low-risk — high-risk

075+

Survival probabilities (%)
g

p<0.0001

) 2 % % a8 60 72
Survival time in months
Number at risk
69 66 54 52 39 28 22 15 8 5 2

high-risk 56 49 36 33 28 20 15 8 3 [ o

Figure 4. Kaplan—Meier curves of disease-free survival for patients in high-risk and low-risk groups in (A) training cohort; (B) testing

cohort.

Table 3. Association Between Voice and RLN Surgical Method.

Surgical procedures N (%)
RLN separation
Preoperative VCP 28 (12.8)
Hoarseness after surgery 133 (61.0)
Follow-up hoarseness 23 (10.6)
RLN resection or resection and anastomosis
Preoperative VCP 64 (32.0)
Hoarseness after surgery 177 (88.5)
Follow-up hoarseness 67 (33.5)

Abbreviations: RLN, recurrent laryngeal nerve;VCP, vocal cord paralysis.

with RLN invasion was 89.8%. Our result is consistent with a
previous study.!* We assessed the association between risk
factors and PFS in 418 T4a PTC patients with RLN invasion,
and the results showed that age =55 (HR=3.191), preopera-
tive VCP (HR=2.337), microvascular invasion (HR=2.318),
and CLNM >10 (HR=2.480) were associated with an
increased risk of T4a PTC disease progression.

Based on the AJCC classification system, the 10-year DSS
of T4a patients aged =55 years ranges from 60% to 70%, and
the 10-year DSS rate for patients aged <55 years (without dis-
tant metastases) is between 98% and 100%.! Ito et al. discov-
ered that age, particularly over 55 years of age, was correlated
with the cause-specific survival rate of T4a PTC.!* Moreover,
2 studies discovered that age (above 55 years) was a risk factor
for postoperative recurrence in PTC patients with RLN inva-
sion.'>!> QOur study also identified that age =55years was
associated with poor PFS in T4a patients with RLN invasion.
Therefore, special attention should be paid to this population,
particularly older patients.

Two small sample-size studies reported that preoperative
VCP was not an independent risk factor for recurrence in T4a
patients with RLN invasion.!*!¢ A recent study of =1cm PTC

found that preoperative VCP was a predictor of RLN invasion,
and that patients with RLN invasion had poorer recurrence-
free survival.!” Our analysis revealed that preoperative VCP
increased the risk of disease progression in T4a PTC patients
with RLN invasion. Additionally, our study first proved that
the presence of microvascular invasion increased the risk of
disease progression by 2.318 times in T4a PTC patients with
RLN invasion.

Previous studies reported that the number of metastatic
lymph nodes was not related to recurrence.!®!” In contrast,
another study discovered that PTC patients with 5 or more
metastatic lymph nodes have a significantly higher risk of
recurrence (19% vs 8%).2° According to the 2015 ATA guide-
lines, CLNM >5 is an important prognostic factor for PTC
patients.?! However, no studies investigate the effect of the
number of CLNMs on the prognosis of T4a patients with RLN
invasion. Our study revealed that T4a patients with RLN inva-
sion who had CLNM >10 showed a significantly higher risk
of disease progression than those with CLNM =10. Moreover,
the 5-year PFS rates of T4a patients with RLN invasion who
had CLNM >10 and patients with CLNM =10 were 84.4%
and 93.1% (P=.014), respectively.

Several studies have developed models to predict the prog-
nosis of PTC patients?>?}; however, no studies have reported
a prediction model for T4a patients with RLN invasion. In
this study, a nomogram model was established using variables
identified through multivariable Cox regression analysis. The
C-index value of the model was 0.778, suggesting favorable
predictive performance. In addition, all patients were divided
into high-risk and low-risk groups for subgroup analysis, and
the results showed that patients in the low-risk group had a
significantly lower risk of disease progression than those in
the high-risk group. The results further validate the strong
predictive capacity of our model. Our model can assist clini-
cians in identifying individuals with a low risk of disease pro-
gression and thus developing more conservative surgical
approaches to preserve their organ function and improve their
overall quality of life.
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The optimal surgical approach for papillary thyroid carci-
noma invading the RLN remains controversial, particularly
concerning the decision to perform nerve shaving. RLN shav-
ing is technically challenging, and even if the nerve remains
intact, it may result in organ dysfunction.’**> Hence, the
impact of nerve preservation on the long-term survival of
patients” needs to be further investigated. Previous studies
have suggested that the RLN should be preserved as much as
possible.?*?” A recent study reported that 73 of 171 T4a
patients with RLN invasion underwent RLN separation or par-
tial layer resection, with an RLN retention rate of 42.7%.'3
Previous studies indicated that RLN function was preserved in
more than 80% of patients after nerve shaving, and their voices
nearly returned to normal.?®? Regarding the impact of RLN
surgical methods on the prognosis of patients, many studies
demonstrate similar recurrence and survival rates in patients
on RLN separation or partial layer resection compared to those
on full resection.'®*%32 In our study, the RLN retention rate
was 52.2% (218/418), and nerve preservation did not increase
the risk of disease progression. Additionally, in the RLN sepa-
ration group, the RLN function was restored in 82.7% of
patients, and their voices nearly returned to normal.

There are several limitations to this study. First, it is a retro-
spective design, and potential confounding factors may affect
prognosis. Second, the incidence of T4a PTC disease is low,
which results in a limited number of studies reporting this dis-
ease. Besides, the surgical skills of different surgeons may
affect the patient’s prognosis. In addition, while internal veri-
fication of the nomogram model showed certain feasibility,
external validation is still required. Unfortunately, obtaining
data from external sources for verification is currently chal-
lenging. Nevertheless, we are committed to securing external
data for validation in the future.

Conclusions

This study reveals that at age =55 years, preoperative VCP,
microvascular invasion, and the number of CLNM >10 were
associated with a higher risk of disease progression in T4a
PTC patients with RLN invasion. The model constructed
based on these factors can help clinicians identify high- and
low-risk patients, thereby developing appropriate treatment
strategies and improving the prognosis of patients with T4a
PTC with RLN invasion. Additionally, the preservation of the
RLN nerve does not increase the risk of disease progression.
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