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ABSTRACT

Purpose: In clinical practice the assessment of the “vocal cord-arytenoid unit” (VCAU) mobility is crucial in the
staging, prognosis, and choice of treatment of laryngeal squamous cell carcinoma (LSCC). The aim of the present
study was to measure repeatability and reliability of clinical assessment of VCAU mobility and radiologic analysis
of posterior laryngeal extension.

Methods: In this multi-institutional retrospective study, patients with LSCC-induced impairment of VCAU
mobility who received curative treatment were included; pre-treatment endoscopy and contrast-enhanced im-
aging were collected and evaluated by raters. According to their evaluations, concordance, number of assigned
categories, and inter- and intra-rater agreement were calculated.

Results: Twenty-two otorhinolaryngologists evaluated 366 videolaryngoscopies (total evaluations: 2170) and 6
radiologists evaluated 237 imaging studies (total evaluations: 477). The concordance of clinical rating was
excellent in only 22.7% of cases. Overall, inter- and intra-rater agreement was weak. Supraglottic cancers and
transoral endoscopy were associated with the lowest inter-observer reliability values. Radiologic inter-rater
agreement was low and did not vary with imaging technique. Intra-rater reliability of radiologic evaluation
was optimal.

Conclusions: The current methods to assess VCAU mobility and posterior extension of LSCC are flawed by weak
inter-observer agreement and reliability. Radiologic evaluation was characterized by very high intra-rater
agreement, but weak inter-observer reliability. The relevance of VCAU mobility assessment in laryngeal
oncology should be re-weighted. Patients affected by LSCC requiring imaging should be referred to dedicated
radiologists with experience in head and neck oncology.

Introduction

Intermediate and advanced stage laryngeal squamous cell carcinoma
(LSCQ) is frequently associated with impairment of mobility of true
vocal cord and arytenoid. This alteration depends on the site and
extension of the tumor and can be detected through laryngeal
endoscopy.

In clinical practice, mobility impairment of the true vocal cord and
arytenoid is classified as “paresis”/“hypomobility” or “paralysis”/*fix-
ation”. Succo et al. identified four potential mechanisms underlying this
clinical finding, each with different prognostic and therapeutic impli-
cations.[1] According to their observations, only some LSCC deter-
mining laryngeal mobility impairment actually extend into the posterior
laryngeal compartment. Tumor extension into this compartment is best
assessed through imaging and is conventionally defined when LSCC
invades the posterior portion of the inferior paraglottic space by crossing
the so-called “magic plane”, which is a virtual paracoronal plane
perpendicular to the thyroid lamina and passing through the vocal
process of the arytenoid cartilage.[2] This extension is crucial in
laryngeal oncology since it has heterogeneous prognostic relevance
relative to the surgical procedure that is undertaken: while posterior
LSCC showed poor prognosis in patients treated with open partial hor-
izontal laryngectomy (OPHL) [3,4] or transoral laser microsurgery,[5,6]
such a prognostic difference was not observed after total laryngectomy
(TL).[7] Conversely, little is known about the prognostic effect of pos-
terior laryngeal involvement in patients undergoing radiation therapy
(RT) with or without sequential/concomitant combination with
chemotherapy.

In the 8th Edition of the TNM classification of glottic LSCC, T2 tu-
mors are characterized by incomplete impairment of true vocal cord
mobility, while a tumor determining its fixation is designated as T3.
[8,9] Interestingly, this criterion is not limited to the clinical classifi-
cation of the tumor (i.e., cT), but it is also incorporated into the criteria
of postoperative classification (i.e., pT). In other words, an intra-
laryngeal LSCC determining fixation of the true vocal cord at pre-
treatment endoscopy (i.e., ¢T3) should currently be defined as pT3
even in the absence of other criteria at definitive pathology pertaining to

1 MF and FM equally share the first authorship.

T3 category. The same applies to T2 glottic cancers when partial
mobility impairment is diagnosed.

Currently, there is no distinction within the classification between
true vocal cord and arytenoid mobility.[10] Although different patterns
of mobility impairment could be surmised, granular distinction between
true vocal cord and arytenoid mobility is challenging and likely flawed
by substantial subjectivity. Moreover, the likelihood of involvement of
intrinsic muscles and the cricoarytenoid joint is similar in patients with
true vocal fold and in those with arytenoid fixation.[11] Thus, in the
present study the true vocal cord and arytenoid will be considered as a
single morphofunctional unit referred to as “vocal cord-arytenoid unit”
(VCAU), consistent with TNM classification.[8,10].

VCAU fixation has been traditionally considered as a tumor-related
contraindication to organ preservation surgery.[12-14] However, with
the identification of different mechanisms determining VCAU mobility
impairment and clarification of the involved anatomical structures, this
dogma has been challenged.[1] Similarly, mobility impairment is
recognized as an adverse prognostic factor in patients undergoing non-
surgical organ preservation treatment.[15].

Given these premises, clinical examination with videolaryngoscopy
plays a pivotal role in staging and therapeutic decision-making in pa-
tients affected by intermediate-to-advanced LSCC. However, the
assessment of VCAU mobility is based on the subjective interpretation of
the examiner, and no data on the repeatability of this evaluation are
available. The aim of the present multi-institutional retrospective study
was to measure the repeatability and reliability of clinical assessment of
VCAU mobility by concordance and agreement analysis. The study also
assessed reliability of radiologic classification of LSCC relative to the
“magic plane”.

Materials and methods
ARYFIX dataset

The dataset of ARYFIX, which is a collaborative study detailed in
Table 1, was exploited to perform the following analyses. Data were
pseudonymized and transferred to the coordinating center (University of
Padua - “Azienda Ospedale Universita di Padova”; Padua, Italy) for fully
anonymized analysis. Analysis of data was conducted in accordance
with the 1964 Helsinki declaration and its later amendments and was
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Table 1

Design, inclusion period, and inclusion and exclusion criteria of the ARYFIX
collaborative study. CRT, chemoradiotherapy; LSCC, laryngeal squamous cell
carcinoma; OPHL, open partial horizontal laryngectomy; RT, radiotherapy; TL,
total laryngectomy; VCAU, vocal cord-arytenoid unit.

ARYFIX collaborative study

Study design Retrospective cohort analysis

Inclusion period 2004-2021

Participating o University of Padua - “Azienda Ospedale Universita di
centers Padova” (Padua, Italy)

University of Genoa — “IRCCS Ospedale Policlinico San
Martino” (Genoa, Italy)

“IRCCS Istituto di Candiolo” (Candiolo, Italy)

“Ospedale San Giovanni Bosco di Torino” (Turin, Italy)
“Ospedale di Vittorio Veneto - ULSS 2 Marca Trevigiana”
(Vittorio Veneto, Italy)

University of Bologna — “IRCSS Policlinico Sant’Orsola-
Malpighi” (Bologna, Italy)

University of Modena — “Policlinico di Modena” (Modena,
Italy)

Erciyes University (Kayseri, Turkey)

University of Cagliari — “Azienda Ospedaliero-Universitaria
di Cagliari” (Cagliari, Italy)

University of Brescia — “ASST Spedali Civili di Brescia”
(Brescia, Italy)

Non-recurrent LSCC

Clinical diagnosis of partial or total VCAU mobility
impairment made in the center where treatment was
delivered

Any of the following treatments with curative intent:

o TL w/o adjuvant RT/CRT

o Type II/IIl OPHL w/o0 adjuvant RT/CRT

o RT/CRT w/o salvage TL
o
o

Inclusion criteria

Induction CT followed by RT/CRT w/o salvage TL
Induction CT followed by TL w/o adjuvant RT/CRT
Availability of pre-treatment videolaryngoscopy and/or
contrast-enhanced local imaging
Previous cancer of the head and neck and/or oncologic
treatment involving the head and neck
cM1 at presentation
Hypopharyngeal cancers
Unavailable follow-up information

Exclusion criteria

endorsed by the Institutional Review Board (approval code: 190n/AQ/
21).

Clinical and radiologic rating

Otorhinolaryngologists, head and neck surgeons from the partici-
pating institutions were asked to evaluate videolaryngoscopies to assess
VCAU mobility using the 4- and 3-category classifications reported in
Table 2.

Radiologists from the participating centers were asked to analyze
pre-treatment contrast-enhanced local imaging (i.e., computed tomog-
raphy [CT] and/or magnetic resonance [MR]) sequences and classify
tumor extension as reported in Table 2.[2,16].

Concordance and agreement analysis

The following outcomes of agreement between raters were
measured: concordance, number of assigned categories (NOAC), inter-
rater agreement, intra-rater agreement. Details on outcomes are re-
ported in Table 2.[17] In view of the main declared aim of the study and
the need to account for likelihood of by-chance-agreement, inter-rater
agreement was considered the primary outcome.

Mode-based reclassification of cases

The mode of rates per single case was calculated to classify VCAU
mobility as interpreted by the majority of raters. Overall survival (OS),
defined as survival from the date of diagnosis, was measured with the
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Kaplan-Meier method and stratified according to the initial classification
(intended as the actual classification of VCAU mobility attributed in the
center where the patient was treated) and mode-based re-classifications
of VCAU mobility with log-rank test. Locoregional control (LRC),
defined as the time to local and/or regional recurrence (with death
considered as censoring episode), was analyzed analogously. Five-year
survival estimates are reported with 95 % confidence interval (95 % CI).

Impact of mobility assessment on T category assignment

To measure the impact of VCAU mobility on T category assignment,
each case was re-evaluated using the principles reported in Supple-
mentary Table 1. Cases with mobility-dependent T category were
counted and studied to check whether at least one of the VCAU mobility
rates provided by clinicians (referring to the 4-category classification)
would have implied a change in T category (i.e., up-classification or
down-classification).

Results
Study cohort and expert evaluations

The study included 366 patients whose pre-treatment video-
laryngoscopies were available. According to medical records, 192 (52.5
%) and 174 (47.5 %) VCAU mobility was considered as partially (i.e.,
paresis/hypomobility) or totally deficient (i.e., paralysis/fixation),
respectively. Pre-treatment videolaryngoscopies were acquired with
either a front transnasal fiberoptic technique (158, 43.2 %), back
transnasal fiberoptic technique (131, 35.8 %), or transoral endoscopy
with 70° scope (77, 21.0 %). Videolaryngoscopies were evaluated by 22
otorhinolaryngologists - head and neck surgeons from 8 institutions,
with heterogeneous experience in laryngeal oncology (mean: 6.7 years,
range: 3-22). Each videolaryngoscopy received between 4 and 9 eval-
uations (mean and median: 6 evaluations), for a total of 2170 evalua-
tions. Pre-treatment imaging was available in 237 (64.8 %) patients
(168/237 [70.9 %] CT, 49/237 [20.7 %] MR, 20/237 [8.4 %] both) and
was evaluated by 6 radiologists with experience in head and neck
oncology (mean: 5.5 years, range: 4-11). Each case received between 2
and 3 evaluations (mean: 2.3; median: 2.0) for a total of 477 evaluations.

Concordance

When applying the 4-category classification of VCAU mobility,
concordance was excellent in 83 (22.7 %) cases, good in 102 (27.9 %),
poor in 104 (28.4 %), and very poor in 77 (21.0 %) (Figure 1). According
to the 3-category classification, the concordance profile was as follows:
163 (44.5 %) cases showed excellent concordance, 95 (26.0 %) good, 67
(18.3 %) poor, and 41 (11.2 %) very poor (Figure 1). Based on the
radiologic classification of tumor extension, concordance was excellent
in 115 (61.2 %), poor in 29 (15.4 %), and very poor in 44 (23.4 %).

Number of assigned categories
The NOAC distribution was as follows:

e 4-category classification: 1 category (83, 22.7 %), 2 categories (210,
57.4 %), 3 categories (68, 18.6 %), and 4 categories (3, 1.4 %).

e 3-category classification: 1 category (163, 44.5 %), 2 categories
(175, 47.8 %), and 3 categories (28, 7.7 %).

Inter- and intra-rater agreement

Inter-rater agreement of clinical VCAU mobility assessment was
weak, with k = 0.46 and 0.40 with the 4- and 3-category classifications,
respectively. Details on sub-cohort analyses are reported in Table 3.
Intra-rater agreement was minimal and weak, with mean x = 0.30 and
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Table 2
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Classifications and agreement outcomes employed in the study. NA, not available; VCAU, vocal cord-arytenoid unit. “Owing to the mass effect of the tumor, inadequate
framing during the videolaryngoscopy, or other reasons. **Selected based on the non-unique nature of raters (i.e., raters assigning ratings to a particular subject are not

assumed to be the same raters assigning ratings to another subject);

Ten clinical raters were asked to re-evaluate 52 cases, each after a 6-month period from the first

evaluation, when the results were blinded; two radiologic raters were asked to re-evaluate 59 cases after a 12-month period from the first evaluation, when the results

were blinded.

Classification VCAU mobility Description Synonyms
4-category Normal VCAU displays a physiological motion NA
classification Partially reduced VCAU displays reduced mobility, but some movement ~ VCAU paresis
can be detected VCAU hypomobility
Totally reduced VCAU displays no mobility (both true vocal cord and ~ VCAU paralysis
arytenoid are fixed) VCAU fixation
Not evaluable VCAU mobility cannot be evaluated* NA
3-category Normal VCAU displays a physiological motion NA
classification Reduced VCAU displays any degree of reduced mobility NA
Not evaluable VCAU mobility cannot be evaluated* NA
Radiologic Anterior The tumor is limited to the anterior laryngeal NA
classification compartment, defined according to the “magic plane”
[2,16]
Posterior The tumor involves the posterior laryngeal NA
compartment, defined according to the “magic plane”
[2,16]
Not evaluable Tumor extension relative to the “magic plane”[2,16] NA
cannot be determined
Outcome Definition Note
Single-case The ratio, expressed in percentage, between  Concordance was arbitrarily defined as excellent if 100 %, good between 80 % and 99 %, poor between 51 %
concordance the maximum number of concordant and 79 %, and very poor if 50 % or lower
evaluations and the total number of
evaluations per single case
Mean The average of single-case concordance Used to provide data on the entire series and sub-cohorts
concordance values
Number of The number of categories assigned by raters ~ Used to express the variability of interpretation of VCAU mobility. For instance, in a given case with VCAU
assigned mobility classified as either partially or totally reduced by raters, the NOAC was 2. If in another case VCAU
categories mobility was classified as normal, partially reduced, totally reduced, and not evaluable by different raters, then

Inter-rater
agreement

Intra-rater
agreement

Fleiss® k**

Cohen’s k***

the NOAC was 4, indicating a higher propensity to different mobility interpretation.

Kappa statistics, which is considered the gold
standard to assess consistency of judgement in the
research and clinical environment, was employed to
account for the probability of by-chance-agreement

As per international standard, level of agreement was
classified according to the following thresholds of x:
none (0-0.20), minimal (0.21-0.39), weak
(0.40-0.59), moderate (0.60-0.79), strong
(0.80-0.90), and almost perfect (>0.90). The
k-dependent rate of reliable data was also estimated
by squaring « value, according to McHugh et al.[17]

0.44 with the 4- and 3-category classification, respectively. Most raters
(7/10, 70.0 %) showed a none-to-weak repeatability in terms of clinical
VCAU assessment with the 4-category classification, whereas 6/10

4-category classification

102

(27.9%)

Concordance
@® 33-50% ® 51-79%

80-99% @ 100%

3-category classification

95

(26.0%)

Concordance

(60.0 %) raters showed moderate-to-strong repeatability with the 3-

category

classification

(Supplementary Table

2). Inter-rater

® 33-50% ® 51-79%

80-99% @ 100%

Fig. 1. Pie-charts displaying the distribution of per-single-case concordance according to the 4- and 3-category classifications.

agreement of radiologic assessment was minimal, with x = 0.36, and did
not vary with technique (Table 3). Intra-rater agreement of the radio-
logic evaluation was strong-to-almost perfect (x = 0.83-0.97).
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Summary of concordance and Fleiss’ k values of the inter-rater agreement analysis (2170 evaluations). Cat., category; CI, confidence interval. *Estimated fraction of
reliable information is calculated by squaring « value, as reported by McHugh et al.[17].

Cluster Sub-cohort Classification = Mean
concordance
Entire cohort 4-cat. 74.9 %
3-cat. 83.8 %
Radiologic 71.5%
Site (epicenter) Supraglottis 4-cat. 80.8 %
3-cat. 88.0 %
Glottis 4-cat. 75.1 %
3-cat. 85.2 %
Experience (years) <4 4-cat. 69.2 %
3-cat. 85.1 %
4-6 4-cat. 65.1 %
3-cat. 85.5 %
>6 4-cat. 54.4 %
3-cat. 86.2 %
Endoscopy Front fiberoptic 4-cat. 72.2 %
technique
3-cat. 82.5%
Back fiberoptic 4-cat. 74.9 %
3-cat. 86.2 %
Transoral rigid 4-cat. 80.3 %
endoscopy
3-cat. 93.1 %
Imaging technique CT alone Radiologic 62.7 %
MR w/o CT Radiologic 72.5%

Fleiss’ k (95 Level of Estimated fraction of reliable
%-CI) agreement information*
0.46 (0.41-0.52) Weak 21.2%
0.40 (0.34-0.46) Weak 16.0%
0.36 (0.22-0.50) Minimal 13.0%
0.39 (0.30-0.48) Minimal 15.2 %
0.24 (0.13-0.35) Minimal 5.8 %
0.52 (0.45-0.58) Weak 27.0 %
0.33 (0.26-0.40) Minimal 10.9 %
0.52 (0.42-0.62) Weak 27.0 %
0.30 (0.22-0.38) Minimal 9.0 %
0.39 (0.31-0.48) Minimal 15.2%
0.23 (0.16-0.31) Minimal 5.3%
0.52 (0.33-0.71) Weak 27.0 %
0.25 (0.18-0.32) Minimal 6.3 %
0.45 (0.37-0.53) Weak 20.3 %
0.27 (0.19-0.35) Minimal 7.3%
0.47 (0.38-0.57) Weak 221 %
0.36 (0.20-0.35) Minimal 13.0 %
0.33 (0.21-0.46) Minimal 10.9 %
0.01 (-0.04-0.06) Minimal 0.0 %
0.36 (0.20-0.52) Minimal 13.0 %
0.33 (-0.06-0.73) Minimal 10.9 %

Mode-based re-classification and its prognostic significance

Mode-based re-classification of VCAU mobility according to the 4-
category classification was distributed as follows: normal mobility (67,
18.3 %), hypomobility (146, 39.9 %), fixation (144, 39.3 %), and
mobility not evaluable (9, 2.5 %) (Table 4, Figure 2). Thus, 290 (79.2 %)
patients fell under the “reduced mobility” category according to the 3-
category classification. Overall, 145 (39.6 %) cases were reclassified
differently to their initial classification of VCAU mobility. Mode-based
re-classification of tumor extension based on available contrast-
enhanced imaging was distributed as follows: anterior in 57 (30.3 %)
tumors, posterior in 81 (43.1 %), extension with respect to the “magic
plane” not evaluable in 6 (3.2 %), mode not calculable (i.e., equal
number of different evaluations) in 93 (39.2 %). OS and LRC outcomes
of groups generated through mode-based re-classification are detailed in
the Table 4 and Supplementary Data.

Impact of mobility assessment on T category assignment

In 25 (6.8 %) tumors, T category was classified as mobility-
dependent with no other factors determining assignment to T2 (11
cases) or T3 (14 cases) category. Of these cases, the entirety received at
least one VCAU mobility evaluation that would have led to down-
staging, whereas only 2 (0.5 %) received at least one VCAU mobility
evaluation that would have led to up-staging from T2 to T3.

Table 4

Discussion

The present collaborative study aimed to test the reliability of a very
basic assessment in laryngeal oncology, namely VCAU mobility. Pro-
gressive loss of VCAU mobility is an important phase in the natural
history of LSCC. Impairment of vocal fold mobility is initially deter-
mined by paraglottic space and vocal muscle infiltration.[18-22] Sub-
sequent fixation of the arytenoid can be caused by 4 different
mechanisms, including 1) a “weight effect” determined by supraglottic
LSCC; [14,19,23] 2) extension into the posterior portion of the inferior
paraglottic space, where the thyroarytenoid muscles are located and
where the vocal process should rotate during vocal fold abduction;
[4,19,20] 3) cricoarytenoid junction and lateral cricoarytenoid muscle
involvement;[11,24] 4) posterior cricoarytenoid muscle infiltration
with hypopharyngeal and recurrent laryngeal nerve involvement.[1,11]

Impairment of VCAU mobility represents a sign of LSCC progression
to an intermediate-to-advanced stage. This is well expressed by its long-
term inclusion in the criteria to stage laryngeal cancer. The terms
“impaired cord mobility” and “vocal cord fixation” have appeared since the
1st Edition of Cancer Staging Manual was published by the American
Joint Committee on Cancer, in 1977.[25] These VCAU mobility alter-
ations were introduced to identify T2 cancers in the glottis and T3
cancers in any laryngeal subsite, respectively. The founding Editors of
the Cancer Staging Manual adroitly noted that “as new information be-
comes available about etiology and various methods of diagnosis and treat-
ment, the classification and staging of cancer will change”.[25] To date,
however, “impaired cord mobility” and “vocal cord fixation” were main-
tained throughout all TNM Editions and are part of the nomenclature

Contingency table displaying the results of re-classification according to the 4-category classification alongside with 5-year overall survival (5-y OS) and locoregional

control (LRC) estimates.

Re-classification 5-y OS 5-y LRC
Normal mobility Hypomobility Fixation Not evaluable
Initial classification Hypomobility 60 101 25 6 75.5 % 86.5 %
(n =192) (5-y OS: 78.9 %) (5-y OS: 75.9 %) (5-y OS: 70.5 %) (5-y OS: 60.0 %)
Fixation 7 45 119 3 63.1 % 83.8 %
(n=174) (5-y OS: 68.6 %) (5-y OS: 67.6 %) (5-y OS: 59.9 %) (5-y OS: 100.0 %)
5-y OS 78.0 % 73.5% 61.8 % 80.0 %
5-y LRC 90.9 % 82.5 % 86.5 % 100.0 %
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Fixation
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Mode-based
reclassification

Fig. 2. Alluvial plot displaying the re-classification process from the initial classification to the 4-category classification. Freq, absolute frequency; hypom.,

hypomobility.

pertaining to laryngeal physiopathology.[26] Impaired mobility of the
true vocal cord was also advocated to further stratify T2 glottic cancers
into T2a (with normal mobility) and T2b (with impaired mobility), with
the second group displaying a worse prognosis.[27-29] Although this
prognostic stratification was corroborated by a meta-analysis,[30] these
subcategories were not incorporated into the TNM classification. A
prognostic gradient from VCAU normal mobility to fixation has also
been observed in the present study, with OS decreasing from 78.0 % to
61.8 % and LRC from 90.9 % to 82.5-86.5 % at 5 years (Table 4;
Figure 3).

Besides having implications on tumor staging and prognosis, the
degree of VCAU mobility impairment has always been considered to be a
relevant factor for treatment selection. For instance, patients with LSCC
with impaired vocal fold mobility are potential candidates to OPHL,
[31,32] whereas fixation generally suggests the need for total laryn-
gectomy.[33] However, vertical laryngectomy and more recently OPHL,
with special reference to type II + ARY or type III + ARY/CAU OPHL,
[34] was demonstrated to be effective in highly selected cases of LSCC
with VCAU fixation.[1,16,35,36] Although there is no consensus in this
regard, some authors suggested neoadjuvant chemotherapy prior to
OPHL in such circumstances.[37-40] On the non-surgical side, neither
impaired mobility nor fixation are absolute contraindications to organ
preservation strategies.[15,41] VCAU remobilization during induction

or definitive treatment is considered a sign of response to treatment.[41 ]
However, pretreatment VCAU fixation substantially reduces locore-
gional control.[42] When comparing the results of the Veterans Affairs
Laryngeal Cancer Study Group and RTOG 91-11 studies with a trial
conducted by “Groupe d’Etude des Tumeurs de la Téte et du Cou”
(GETTEC) (rate of VCAU fixation: 188/332 [56.6 %],[43,44] 240/518
[46.3 %],[45,46] and 68/68 [100 %] [47], respectively), one could
argue that the non-inferiority of non-surgical treatment to total laryn-
gectomy is questionable in patients with VCAU fixation. Indeed, the
GETTEC study showed that the 2-year OS of the total laryngectomy
group was higher compared with the induction chemotherapy group in
patients with VCAU fixation.[47] Consistently, a recent National Cancer
Database study on 10,216 patients reported that those with vocal cord-
fixed ¢T3MO LSCC who underwent surgery had higher survival
compared with those receiving non-surgical treatment.[48].

Although the correlation between VCAU mobility and LSCC stage,
prognosis, and response to treatment is unquestionable, the findings on
inter- and intra-observer reliability presented herein pose substantial
doubts on whether its clinical assessment should have a key role in
laryngeal oncology. When using the 4-category classification of VCAU
mobility, almost half of cases showed a low concordance (181/366,
49.5 %), which means that one in two cases would have a high chance of
receiving a dissimilar judgement if evaluated by a different physician.
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Fig. 3. Survival plots showing overall survival for the entire series and stratified according to the initial classification, 4-category classification, and 3-category

classification.

Consistently, inter-rater k was low (x = 0.46) and was not improved by
simplifying the classification to 3 categories (x = 0.40). Of note, the fact
that k values did not improve with years of experience suggests that
VCAU mobility assessment is scarcely trainable in terms of inter-
observer reliability. The causes responsible for this poor inter-observer
reliability are potentially numerous, including: 1) lack of defined vi-
sual criteria to diagnose and grade mobility reduction; 2) lack of a
standardized methodology to perform laryngeal endoscopy; 3) con-
founding effect determined by exophytic tumors and/or pooling (as
witnessed by lower inter-rater agreement values in supraglottic LSCC);
and 4) the fact that real-time clinical judgement can be influenced by the
full picture of the case (e.g., history, symptoms, imaging) to a greater

extent than the asynchronous evaluation of a recorded video. Irre-
spective of the specific cause, these data unveil the urgent need for more
reliable and reproducible methods to assess VCAU mobility. Of note, this
would likely be more relevant to prognosis and therapy of LSCC with
VCAU mobility impairment, since the impact on staging is rather limited
with only 6.8 % of tumors being mobility-dependent in terms of T
category assignment in the present cohort. Overall, subjective evalua-
tion of LSCC-induced mobility impairment leads to inconsistencies in
interpretation among healthcare providers, possible misclassification of
cancer stage, lack of reproducibility of scientific results, and the po-
tential for overly aggressive or insufficient treatment.

Interestingly, intra-rater agreement seemed to be more dependent
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upon simplicity of VCAU mobility classification, with 60.0 % of raters
showing a moderate-to-strong repeatability with the 3-category classi-
fication. These findings suggest that longitudinal evaluation of a patient
affected by LSCC, as happens during induction or definitive non-surgical
treatment, should be performed by the same operator and by adopting a
simple classification in order to minimize the risk of inconsistent eval-
uations. Moreover, reliability of videolaryngoscopies was higher when
the exam was conducted with a transnasal fiberoptic technique, irre-
spective of the front or back setting, compared with transoral endoscopic
evaluations. Transoral endoscopy of the larynx might easily elicit the
pharyngeal and/or laryngeal adductor reflex,[49,50] which could both
impact VCAU mobility and somehow influence its evaluability.

Radiologic assessment of anterior-posterior extension of LSCC did
not show a satisfactory inter-rater agreement (x = 0.36), with no rele-
vant differences in cases studied with CT alone versus MR with or
without CT. However, intra-rater agreement was very high (x =
0.83-0.97). Since the “magic plane” is well defined and relatively easy
to be delineated,[2] poor inter-observer reliability might be related to
different criteria used by radiologists to contour the macroscopic border
of the tumor within the paraglottic space. Thus, implementation of
radiologic techniques that optimize delineation of the tumor, such as
diffusion weighted imaging-including MR and dual-layer spectral de-
tector CT,[51,52] would be relevant to overcome this potential limita-
tion. These data suggest that transversal (i.e., of different patients) and
longitudinal (i.e., of the same patients at different time points) imaging
evaluation should be performed by a selected group of radiologists with
high expertise in head and neck radiology, and not dispersed throughout
diverse radiology services and institutions. Moreover, assessment of
LSCC local extension may be unnecessarily challenging if the neck is not
imaged following the recommended anteriorly oriented plane parallel to
the true vocal cords.[53] This suboptimal scenario did not represent an
exclusion criterion for the present study and might have impacted inter-
rater agreement. As a final remark, taking into account the poor reli-
ability of clinical VCAU assessment and the additional information
provided by imaging, the logical conclusion is that radiologic analysis
should be prioritized over endoscopic evaluation of VCAU mobility to
infer posterior laryngeal extension.[1,2,54,55].

Based on the results presented herein, some potential solutions can
be proposed, the first being the omission of laryngeal mobility from the
TNM classification of LSCC in view of the poor intra- and inter-observer
reliability of videolaryngoscopic assessment. However, VCAU mobility
impairment is an undisputable clinical sign of deep cancer extension and
its exclusion from the criteria to stratify patients in different T categories
should be considered cautiously. One potential strategy might be to
consider instead the radiologic involvement of key anatomic areas that
are strategic in the physiopathology of VCAU paresis/paralysis (e.g., the
posterior portion of the paraglottic space and cricoarytenoid joint). In
this setting, mobility impairment would be used as guidance for radio-
logic assessment of specific patterns of local cancer spread and not as a
criterion for T classification. Another solution might be to resort to an
artificial intelligence-based tool capable of classifying videolaryngos-
copies in terms of laryngeal mobility[56-58]. This strategy would
bypass the subjectivity of human judgement, but would require large-
scale applicability to be incorporated among the criteria for staging
LSCC.

The present study has three main limitations that warrant comment.
First, the concept of VCAU included both the true vocal cord and
arytenoid. This inclusive definition does not differentiate fixation of
only one among these two structures (with the other maintaining some
mobility) from partial mobility deficit of both of them. This implies, for
instance, that the scenario consisting of a fixed true vocal cord with
mobile arytenoid was classified as VCAU with partially reduced
mobility, but, according to the TNM classification criteria,[9,10] it
would have been categorized as T3 LSCC. However, this limitation could
have influenced only the analysis of the impact of mobility assessment
on T category assignment: within the 11 T2 mobility-dependent LSCC
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there might be cases with fixed true vocal cord and mobile arytenoid, to
be actually classified as T3. This potential misclassification does not
significantly affect any of the results of the present study. Moreover, the
poor reliability observed using a more simplistic approach based on the
concept of VCAU suggests that sophistication of mobility assessment by
differentiating true vocal cord and arytenoid could even worsen repro-
ducibility. Second, videolaryngoscopies and imaging were not uniform
in terms of technical features, including the execution technique and
resolution; this might have influenced agreement to some extent. Third,
the experience of raters ranged considerably, possibly impacting on
results such as mode-based re-classification. However, these limitations
confer a “real-world” nature to the study, which is in line with the need
for universal applicability of staging and prognostic systems such as
TNM.[9].

Conclusions

The present study demonstrated, through a large number of clinical
and radiologic evaluations, that the current methods to assess VCAU
mobility and posterior extension beyond the “magic plane” in LSCC are
flawed by weak inter-observer agreement and reliability. This finding
challenges the role that is currently attributed to VCAU mobility
impairment in terms of staging, prognosis, and selection of treatment.

Supraglottic LSCC were associated with lower inter-rater agreement
than cancers of the glottis. Transnasal fiberoptic techniques conferred
higher reliability, irrespective of the front or back setting, compared
with transoral endoscopy. Years of experience in laryngeal oncology
were not directly associated with inter-observer reliability. Intra-rater
agreement of VCAU mobility assessment was substantially improved
when adopting a classification distinguishing only normal, impaired or
not valuable motion. Thus, longitudinal evaluation of patients should
preferably be performed by a single operator.

Radiologic evaluation was characterized by very high intra-rater
agreement but weak inter-observer reliability, regardless of imaging
technique adopted. Accordingly, patients with intermediate-to-
advanced LSCC should be referred to dedicated radiologists with expe-
rience in head and neck oncology; radiologic analysis rather than
endoscopic evaluation of VCAU mobility should be relied on to infer
posterior laryngeal extension.

As a step forward of this project, the ARYFIX collaborative group will
perform a retrospective survival analysis to assess the outcomes of
different treatment strategies on patients with VCAU mobility-impaired
LSCC.
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