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Cover figure. Axial T2-weighted MRI of the glottic larynx, depicting the virtual plane (inter-
rupted line) tangential to the arytenoid (Ac) vocal process and perpendicular to the ipsilateral
thyroid cartilage (tc) lamina, dividing the iPGS in an anterior and posterior compartments. Thy-
roarytenoid vocal muscle (vm) is also indicated for clarity.

Summary

Involvement of the paraglottic space (PGS) in laryngeal cancer has been considered the hallmark of
T3 category since the 6" Edition of the TNM Staging System in 2002 (6TNM). Recent evidence has
emerged, mainly in the surgical literature, supporting the value of distinguishing the inferior (glottic
and subglottic) part of the PGS (iPGS) into anterior and posterior compartments divided by a line
tangential to the arytenoid process and perpendicular to the thyroid lamina. The aim of this review
was to collect all existing evidence from both the surgical and non-surgical literature supporting
the prognostic significance of such a compartmentalisation, in order to propose an amendment to
the current 8TNM by distinguishing T3a (glottic tumours with anterior iPGS involvement endoscopi-
cally characterised by vocal fold fixation with normal arytenoid movement and radiologically by
involvement of the iPGS in front of the above mentioned line) from T3b (glottic tumours endoscopi-
cally characterised by impaired arytenoid movement and radiologically by involvement of the iPGS
beyond the same line).
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Prognostic value of anterior and posterior paraglottic space in glottic cancer

Introduction

Paraglottic space (PGS) involvement by glottic tumours
has been recognised as a hallmark of advanced disease (ra-
diological ¢T3 and pT3), together with inner erosion of the
thyroid cartilage (again both radiological ¢T3 and pT3), and
arytenoid cartilage fixation (an exclusively endoscopic cT3
criterion taken as a surrogate of major involvement of the
crico-arytenoid unit [CAU]) dating back to the Sixth Edition
of the AJCC UICC TNM Staging System (6TNM) in 2002 '
and up to the current 8" Edition (§TNM) 2. This is logical
if one considers that PGS, in conjunction with the pre-epi-
glottic space (PES), is a visceral space of the larynx, located
deep to the quadrangular membrane, vocal ligament, conus
elasticus, and thyro-arytenoid muscle, extending in a vertical
direction in between these fibro-muscular structures and the
external cartilaginous framework 3. Moreover, its continuity
both antero-superiorly with the PES, as well as infero-later-
ally with the thyro-crico-arytenoid space (TCAS) and extra-
laryngeal tissues, make the PGS one of the most probable
routes for tumour spread not only within different subsites
of the larynx (supraglottis, glottis, and subglottis), but also to
the extra-laryngeal anatomical structures of the neck °.

For all these reasons, the PGS is a crucial pathway for tumour
progression in laryngeal cancer, and a thorough evaluation
of its status is of paramount importance in staging and treat-
ment selection. This manuscript is aimed at highlighting that
there is still ample room to improve our understanding of the
real impact of different ways of glottic tumour progression
relative to the PGS and describe the nuanced influence of
involvement of this visceral space on oncological outcomes
after surgical and non-surgical treatments.

Anatomy of the PGS

The PGS is a visceral compartment that is oriented verti-
cally cranio-caudal within the laryngeal framework. It is
bounded laterally by the thyroid cartilage, dorsally by the
piriform sinus, and medially by the quadrangular mem-
brane, vocal ligament, thyro-arytenoid muscle (TAM), and
conus elasticus. This space extends from the level of the
superior aspect of the thyroid cartilage to the cricothyroid
space. Superiorly and medially it continues without any
macroscopic boundary with the PES, forming a unique
horseshoe-shaped visceral space that plays a critical role in
tumour spread within the supraglottic larynx, from one side
to the opposite one.’

Anatomically, the PGS is divided into 2 main portions: the
inferior or glottic PGS (iPGS), which lies below the level
of the laryngeal ventricle, and the superior or supraglottic

PGS (sPGS), located lateral to the quadrangular membrane
of the false vocal cord *. In the iPGS, adipose tissue may
create an escape route for tumour spread beyond the larynx.
Anteriorly, this may occur in contact with the discontinu-
ous cricothyroid membrane, while posteriorly the tumour
may follow a pathway between the lateral cricoarytenoid
and cricothyroid muscles toward the CAU “. To further de-
lineate the posterior region of the iPGS, some authors have
proposed the concept of TCAS, which should be herein
considered analogous to the posterior part of the iPGS 3. On
the top of this, CAU should be clearly defined as the sum
of the arytenoid cartilage with underlying crico-arytenoid
joint and ipsilateral half of cricoid plate, adjacent lateral
and posterior crico-arytenoid muscles, with corresponding
blood, lymphatic vessels, and recurrent laryngeal nerve °.
From a pathological perspective, the CAU — along with
other cartilage insertion sites of ligaments and muscles,
such as the dihedral angle of the thyroid cartilage at the
anterior commissure — is subject to ossification due to me-
chanical stress stimuli. These ossified regions contain adi-
pose and well-vascularised haematopoietic tissue, forming
points of minor resistance that favor tumour infiltration. In
contrast, hyaline cartilage, with its compact structure and
lack of vessels, serves as a natural barrier against neoplastic
spread 378,

Proposal for iPGS compartmentalisation

Recent studies have reported that cT3 glottic lesions ex-
tending into the iPGS anterior to a plane passing through
the vocal process of the arytenoid and perpendicular to the
ipsilateral thyroid lamina have better prognosis compared
to those that extend into the posterior compartment, caus-
ing CAU involvement with fixation of the corresponding
hemilarynx (vocal fold and arytenoid) (Cover figure) *!°.
Given these anatomical relationships, it is evident that tu-
mours invading the posterior iPGS can exhibit cricoaryt-
enoid joint invasion, cricoid plate infiltration, and lateral
cricoarytenoid muscle involvement, often leading to aryt-
enoid fixation. These factors contribute to tumour extension
beyond the laryngeal framework, promoting spread toward
the hypopharynx and extra-laryngeal neck compartment '°,
Furthermore, extra-laryngeal involvement of neurovascular
structures, such as the recurrent laryngeal nerve, branches
of the superior and inferior laryngeal arteries and veins, and
associated lymphatic vessels, may facilitate a cranio-caudal
tumour spread with lymph node metastases '*!1,

Therefore, the distinct anatomical and histopathological
nuances of the anterior vs posterior iPGS and CAU play
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a pivotal role in tumour progression. Several studies have
laid the scientific foundation for the compartmentalisation
of the iPGS and established its prognostic significance. A
comprehensive understanding of this anatomy not only en-
hances surgical decision-making and improves the effec-
tiveness of non-surgical laryngeal preservation strategies,
but also has the potential for ensuring optimal oncological
and functional outcomes in patients with glottic cancer.

Differentiating anterior vs posterior
iPGS tumour involvement by endoscopy
and imaging

The literature consistently highlights that arytenoid fixation
is one of the most reliable predictive factors for posterior
iPGS invasion and CAU involvement. Thus, arytenoid fixa-
tion, which manifests as immobility of the arytenoid carti-
lage on endoscopic exam, is often used as a clinical marker
to anticipate the extent of tumour spread, particularly to the
posterior laryngeal structures %1216,

Various authors, including Katilmis et al. ' and Succo et
al. '8, have reported several causes of arytenoid fixation.
These include supraglottic carcinomas extending down-
ward from the sPGS and immobilising the arytenoid due
to the weight of the tumour without actual invasion, glottic
cancers invading the posterior iPGS and extending toward
the CAU, glottic-subglottic carcinomas directly invading
the cricoarytenoid joint, glottic carcinomas with direct in-
volvement of intrinsic laryngeal muscles inserting on the
arytenoid, and tumours infiltrating the recurrent laryngeal
nerve with ensuing laryngeal palsy. Given these various
possible mechanisms of arytenoid fixation, it is clear that
proper treatment planning is imperative, particularly when
considering conservative surgery. It is thus fundamental to
assess the underlying cause of arytenoid fixation using a
combination of comprehensive endoscopic evaluation and
imaging 71719,

A key study by Marchi et al. 2 demonstrated a strong and
statistically significant association between arytenoid fixa-
tion and radiological evidence of posterior iPGS involve-
ment with a p value of less than 0.0001. Notably, arytenoid
fixation acted as a predictor of posterior extension, with a
specificity of 99%, sensitivity of 50%, positive predictive
value of 93%, and negative predictive value of 84%.
Another important contribution was from Fermi et al. !
who prospectively compared endoscopic, radiological, and
pathological findings in patients with glottic cancer under-
going open partial horizontal laryngectomy (OPHL) types
II-IIT 22 or total laryngectomy (TL). Their findings demon-
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strated that endoscopic evaluation is reliable for identify-
ing histopathological involvement of the iPGS. Endoscopic
evaluation achieved a sensitivity of 89.1%, specificity of
87.5%, positive predictive value of 89.1%, and negative
predictive value of 87.5%, underscoring its utility in clini-
cal practice. However, for patients with reduced or fixed ar-
ytenoid mobility, the diagnostic values were 78.9%, 88.1%,
65.2%, and 93.7%, respectively. This highlights that endos-
copy remains a useful tool for clinical staging of T3 laryn-
geal cancer.

Lucioni et al. » reported that endoscopic findings of a re-
duced (impaired or absent) vocal cord motility proved to
be more sensitive, with better positive and negative predic-
tive values, but less specific than the radiological finding
of complete arytenoid sclerosis in detecting infiltration of
the arytenoid cartilage. However, a large multi-institutional
study published by Ferrari et al. >* on behalf of the ARYFIX
Collaborative Group evaluating 366 videolaryngoscopies
and their rating from 22 expert Otorhinolaryngologists,
showed concordance of clinical assessment in an aston-
ishingly low 22.7% of cases. Both endoscopic intra- and
inter-observer concordance were exceedingly weak, thus
prompting a timely scrutiny of the clinical implications
of vocal fold/arytenoid impaired mobility/fixation and the
need for more objective proxy methods to quantify clinical
findings >%.

Cross-sectional imaging is the natural complement to clini-
cal evaluation in laryngeal cancer pre-treatment assessment.
Imaging, in fact, may significantly contribute to stratifying
anterior vs posterior iPGS invasion and detect clinically oc-
cult extra-laryngeal extent. While the natural anatomical
width of the posterior iPGS generally allows visualisation
and thus direct evaluation of its relationships with the tu-
mour, involvement of the anterior iPGS, which is thinner
and often less visible, may only be indirectly inferred.

In most cases, computed tomography (CT) is the modality
used for glottic tumour staging. However, in spite of opti-
mised acquisition protocols, CT may prove insufficient in
discriminating tumour from muscle and oedema, especially
if the administration of contrast does not produce signif-
icant density contrast between such entities. In these cir-
cumstances, magnetic resonance imaging (MRI) proves to
be a valuable complement: the multiparametric nature of
this technique, resulting in high contrast resolution, increas-
es the possibility to map tumour spread in greater detail;
furthermore, the accuracy of MRI may be boosted by the
use of surface coils. Ravanelli and coworkers '#!¢2” demon-
strated that MRI with surface coils accurately assesses the
involvement of the posterior iPGS and CAU (Figs. 1-2). In
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Figure 1. Axial T2-weighted (A) and unenhanced T1-weighted (B) images of squamous cell carcinoma of the right vocal cord (T) invading the most
anterior part of the iPGS (effacement of fat signal, thin white arrow). In Figure 1B, a focal low signal in the anterior right thyroid lamina can be seen
(thick white arrow), corresponding to high signal in Figure 1A (finding consistent with reactive chondritis). The lesion lies in front of the dashed line
dividing the anterior and posterior compartments of the iPGS. Black arrowheads, posterior paraglottic fat. A: arytenoids; vm: vocal muscle.

Figure 2. Axial T2-weighted MRI of a right glottic tumour (t) with en-
doscopically fixed vocal cord and arytenoid, involving both the anterior
and posterior iPGS through the interrupted white line tangential to the
arytenoid (a) vocal process and perpendicular to the thyroid cartilage
lamina (ThC). On the left healthy side, the normal fat tissue filling the
iPGS lateral to the thyroarytenoid vocal muscle (vm) is shown for clarity.

the presence of clinically detected arytenoid fixation, MRI
assessment of cartilage signal intensity is crucial: T2 inter-

mediate signal and restricted diffusion on diffusion weight-
ed imaging indicate invasion, whereas their absence sug-
gests mass effect and/or inflammatory reaction. When the
tumour involves the iPGS, contrast resolution of MRI may
also be exploited to detect extra-laryngeal spread through
the narrow corridor between the thyroid cartilage superi-
orly, and cricoid cartilage, lateral cricoarytenoid and crico-
thyroid muscles inferiorly.

Moreover, it should be emphasised that, in a series includ-
ing 237 CT or MRI scans assessed by 6 radiologists, Fer-
rari et al. 2* found a low intra-observer variability, but quite
weak inter-rater agreement. This observation highlights the
importance to include dedicated head and neck radiologists
in the multidisciplinary team and to always correlate state-
of-the-art imaging with an adequate endoscopic evaluation
associated with videorecording.

Evidence supporting iPGS
compartmentalisation from a surgical
perspective

About 20 years ago, Peretti et al. 2 first compared rates of
disease-free survival (DFS), ultimate local control with la-

ser surgery alone (LCL), and laryngeal preservation (LP)
between pT2 and pT3 with anterior iPGS invasion treat-
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ed by carbon dioxide (CO,) transoral laser microsurgery
(TOLMS) *. The survival outcomes of the few patients
who were in the cT2/pT3 category (tumours with impaired
vocal cord but normal arytenoid mobility due to involve-
ment of the anterior iPGS) showed statistically significant
differences compared to the entire cT2/pT2 group (2-year
DFS 16.7%, LCL 16.7%, and LP 16.7% for pT3 vs 5-year
DFS 80.5%, LCL 84.7%, and LP 93.3% for the whole pT2
group).

In 2010, Vilaseca et al. ° reported their oncological results
in 147 patients treated by CO, TOLMS for pT3 glottic and
supraglottic tumours, stratifying the cohort based upon PES
involvement, infiltration of the thyroid cartilage, and aryte-
noid fixation. The authors reported a 5-year overall survival
(OS), disease-specific survival (DSS), and LP of 73.1%,
86.3%, and 51%, respectively for the entire cohort. Moreo-
ver, their multivariate analysis highlighted the negative im-
pact of vocal cord fixation (odds ratio [OR] = 2.586; 95%
confidence interval [CI] = 1.225-5.457; p = 0.013) as an
independent significant predictor of recurrence, organ pres-
ervation (OR = 0.184; 95% CI = 0.082-0.411; p = 0.000),
and function preservation (OR = 0.198; 95% CI = 0.090-
0.435; p = 0.000).

In the same year, Peretti et al. *° reported a series of 120
glottic tumours, involving 109 pT2 patients (56 with nor-
mal, 53 with impaired vocal fold mobility) and 11 pT3 pa-
tients with anterior iPGS involvement, all treated by CO,
TOLMS. Five-year DSS, LCL, and LP were 98.3%, 85.6%,
and 96.1% for pT2 and 100%, 71.6%, and 72.7% for pT3,
thus confirming the worse outcomes for the latter category.
In a subsequent study involving 89 T2-T3 glottic tumours
treated by TOLMS, the same authors 3! found that anterior
iPGS involvement was also a negative prognostic factor for
LCL. However, it did not significantly impact the LP rate,
as open conservative salvage surgery remained a viable op-
tion for this subset of patients.

Vilaseca et al. 32 further confirmed through logistic regres-
sion and chi-square automatic interaction detection tree
analysis that invasion of the iPGS was independently cor-
related with local recurrence (hazard ratio [HR] = 2.42, CI
95%=1.41-4.15; p=0.001) and LCL (HR =0.25, CI=0.14-
0.43; p < 0.001). This observation is supported by Ansarin
et al. ¥ who analysed 590 patients with cTis-T3 glottic can-
cers treated by TOLMS with curative intent. Specifically,
their study confirmed the negative oncologic outcomes of
TOLMS for recurrence-free survival (RFS) in pT3 lesions
with arytenoid fixation, as previously reported in the litera-
ture. Arytenoid cartilage invasion has also been identified
as an independent predictor of local recurrence (HR = 6.5;
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95% CI=2.1-26.6) in the cohort reported by Chang et al. 3.
In the study by Piazza et al. ¥ which first analysed the differ-
ent laryngeal isoprognostic zones in the context of TOLMS,
the pT3 category with anterior iPGS invasion had a signifi-
cantly increased risk of local recurrence (HR =9.2) in com-
parison to T1-T2 tumours. This subcategory also showed
a significantly reduced probability of achieving LCL
(HR =73.6) and LP (HR = 6.4), underscoring the difficulty
of managing tumours within the iPGS by TOLMS alone.
The most recent update of the isoprognostic zones proposed
by the multi-institutional effort of Marchi et al. %, which
assessed a larger cohort of 637 pT2-T3 glottic tumours
treated by TOLMS, highlighted that tumours involving the
posterior iPGS had significantly poorer DSS (HR = 3.24,
95% CI=1.01-10.42; p = 0.05) and LCL (HR =4.03, 95%
CI=1.77-9.18; p < 0.001), as well as a higher probability of
requiring TL (HR =3.70; 95% CI = 1.33-10.32; p = 0.012)
compared to other tumour categories. This study concludes
that involvement of the posterior iPGS with arytenoid fixa-
tion is associated with worse outcomes for all endpoints,
underlining that TOLMS alone as a treatment for this par-
ticular group of lesions should be considered with great
caution. Recent evidence has shown that a selected group
of patients with anterior and/or posterior T3 treated by up-
front TOLMS may have therapeutic benefit from adjuvant
(chemo-)radiation [(C)RT] in the presence of close or R1
margins that are not amenable to wider surgical resections
due to anatomical constraints (e.g. tumours reaching but
non involving the thyroid or cricoid cartilages) ¥’.

Vilaseca et al. in 2021 reviewed 262 patients with local-
ly advanced (pT3-T4a) glottic and supraglottic tumours
treated by TOLMS 2. In multivariate analysis, anterior
(HR =0.278, 95% CI = 0.128-0.605; p = 0.001) and poste-
rior (HR = 0.269, 95% CI = 0.115-0.630; p = 0.003) iPGS
invasion were independent factors of reduced LCL. Fur-
thermore, anterior (HR = 3.613, 95% CI = 1.537-8.495;
p = 0.003) and posterior (HR = 5.196, 95% CI = 2.167-
12.455; p <0.001) iPGS involvement were also independent
predictors for TL. Patients with posterior iPGS involvement
did not differ in DSS from those without posterior iPGS
involvement, but did significantly in 5-year laryngectomy-
free survival (LFS).

More recently, several studies have focused on iPGS com-
partmentalisation into an anterior and posterior portion
even through an OPHL perspective. It has been thus dem-
onstrated that ¢T3 lesions extending into the anterior iPGS
behave better than those involving the posterior compart-
ment even when treated by open partial laryngectomies 6.
In particular, Succo et al. '° analysed 479 patients with la-
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ryngeal cancer, treated by different types of OPHLs, cat-
egorising them into 4 groups: I (anterior pT3 with normal
arytenoid mobility), II (posterior pT3 with impaired/absent
arytenoid mobility), III (anterior pT4a with extra-laryngeal
extension and normal mobility), and IV (posterior pT4a
with extra-laryngeal extension and impaired/absent mobil-
ity). Five-year OS, DSS, DFS, local control (LC), LFS, and
laryngo-oesophageal dysfunction-free survival (LEDFES)
were significantly better in anterior pT3-T4 tumours (sub-
categories I and III) compared with the corresponding pT3-
T4 posterior ones (subcategories II and IV). Kaplan-Meier
estimates of 5-year oncologic outcomes stratified according
to the subcategories I and III (anterior tumours) were re-
spectively OS, 95% vs 82.9%; DSS, 97% vs 93.6%; DFS,
91.5% vs 74.6%; LC, 96% vs 78.1%; LES, 93% vs 77.2%;
and LEDFS, 93.1% vs 70.4%. The same 5-year oncologic
outcomes stratified according to the subcategories II and
IV were respectively OS, 82% vs 79.9%; DSS, 90.7% vs
86.5%; DFS, 81.2% vs 64.2%, LC, 89.1% vs 81.6%; LFS,
77.7% vs 64.1%; and LEDEFES, 76.6% vs 64.7%. Moreover,
tumours with posterior iPGS involvement were at a higher
risk of neck metastases and the rate of pathologic lymph
nodes with extranodal extension was also significantly
higher in posterior compared to anterior pT3 glottic carci-
nomas (OR 2.03) '°,

Del Bon et al. ' analysed 85 patients with pT3-T4a laryn-
geal cancer treated by OPHL, dividing them into anterior
and posterior lesions according to the previously mentioned
definition. Five-year OS, DSS, RFS, and LFS in patients
with anterior pT3-T4a cancers were 91%, 94.1%, 72.6%,
and 70.2%, respectively. Conversely, in case of posterior
pT3-T4a lesions, 5-year OS, DSS, RFS, and LFS were
60.3%, 66.3%, 49.1%, and 52%, respectively. Multivariate
analysis confirmed that posterior tumour extension was a
significant adverse prognostic factor for OS (HR = 3.10,
95% CI = 1.23-7.80; p = 0.02), DSS (HR = 9.10, 95%
CI = 2.00-41.43; p = 0.004,), and RFS (HR = 2.51, 95%
CI=1.12-5.64; p = 0.03).

In the study by Lucioni et al. 3, pT3-T4 lesions with in-
volvement of the TCAS (i.e. posterior iPGS) treated by
conservative surgery showed a higher recurrence rate (22%
vs 8%) and lower DFS (mean 24.1% =+ standard deviation
[SD] 23.8 vs 31.9% + SD 28.6, p = 0.06), compared to tu-
mours without TCAS involvement.

De Vincentis et al. * in 2022 presented a series of 170 pT2-
T4a tumours treated by OPHL type 122, The 5-year OS rates
were 80.9%, 79.3%, and 70.4% for T2, T3, and T4, respec-
tively. DSS rates were 90.4%, 85.3%, and 77.4%. Compari-
son of outcomes for anterior vs posterior T3-T4a showed

a significant reduction in survival outcomes for the latter
category. OS, DSS, RFS, and LFS for anterior vs posterior
T3 were 86.6%, 89.7%, 92%, and 87% vs 55.5%, 70%,
55.5%, and 55.5%, respectively. OS, DSS, RFS and LFS
for anterior vs posterior T4a were 79.1%, 83.3%, 70.8%,
and 79.1% vs 42%, 57.8%, 57.1%, and 57.1%, respectively.
Uni- and multivariate analysis confirmed that posterior tu-
mour extension was a significant prognosticator for all end-
points: OS (HR = 5.27, 95% CI = 2.64-10.53; p < 0.001),
DSS (HR = 4.41, 95% CI = 1.97-9.84; p < 0.001), RFS
(HR = 5.04, 95% CI = 2.54-10.01; p < 0.001), and LFS
(HR =5.92,95% CI = 2.92-11.98; p < 0.001).

In contrast, in the study by Marchi et al. *°, which analysed
149 patients with pT3-T4 laryngeal cancer treated with up-
front TL, no significant differences in survival outcomes
were found when comparing tumours with anterior vs pos-
terior PGS involvement. In fact, 5-year OS and DSS for
anterior vs posterior tumours did not significantly differ in
either uni- or multivariable analysis. This observation is not
unexpected, as TL radically encompasses the entire PGS
thereby neutralising the discrepancies in biological behav-
iour and pathways of spread of anterior and posterior iPGS
cancers that are observed in more conservative surgical ap-
proaches such as TOLMS and OPHLs.

Evidence supporting iPGS
compartmentalisation from the
non-surgical therapeutic modality
perspective

There is little or no data about iPGS compartmentalisation
or isoprognostic zones and outcomes after RT for glottic
cancer. There are several reasons for this lack of data: 1)
contrary to surgical series, which can analyse and report
pTNM staging, RT series have to rely on non-pathologic,
clinical or radiological features that are often subjective;
2) unlike surgical resection, where a precise definition of
tumour extent is crucial for the decision of the “technical
resectability” and the type of surgical procedure to be per-
formed (e.g. TOLMS vs OPHL vs TL), the possibility to
irradiate laryngeal tumours is not affected by the precise
tumour extent within the larynx; 3) much of the available
data are from the pre-intensity modulated RT era, during
which patients were treated with 2D RT without a precise
delineation (thus a precise localisation) of the gross tumour
volume on planning images.

With this caveat in mind, in glottic tumours treated by 2D
RT, iPGS infiltration has been identified as a significant
prognostic factor **. Therefore, a more intense treatment
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with concomitant CRT has been shown to provide better
LC compared to RT alone for this subset of T3 tumours !4,
Whether posterior iPGS infiltration is worse than anterior
involvement after RT is unknown. However, vocal cord
impaired mobility (cT2) * or fixation (cT3) have been tra-
ditionally acknowledged as adverse prognostic factors fol-
lowing RT alone 447,

The prognostic implication of vocal cord/arytenoid im-
paired mobility or fixation in patients treated with RT is
often unclear because the aetiology of this clinical sign may
be difficult to discern without histopathologic confirmation,
whether there is mass effect limiting the movement of the
arytenoid cartilage or a true infiltration of the CAU. It is al-
so unclear whether improved LC after RT in former T2a vs
T2b, and in overall T2 compared to T3, reflects a progres-
sive increase in the target tumour volume or simply a worse
prognosis associated with tumour involving the posterior
iPGS. In this context, it has been shown in a randomised
controlled trial that hyperfractionated RT (allowing an in-
crease in the radiation dose) was associated with a better
LC (although non-significant) for T2 glottic cancers . The
prognostic impact of tumour volume has also been docu-
mented as a potential surrogate of the extent of iPGS infil-
tration, and perhaps also indirectly of CAU infiltration, in
a Canadian study of 319 patients with T3 glottic tumours
from 7 centres ¥. Almost half of the patients received con-
comitant CRT. Each 1 cm?® increase in tumour volume was
associated with an HR of 1.07 (95% CI, 1.03-1.11) for OS
and of 1.04 (95% CI, 1.01-1.07) for DFS.

Altogether, although less precise and accurate than the data
from the surgical series, the evidence coming from RT se-
ries also suggests that somehow integrating the tumour vol-
ume and/or the exact laryngeal tumour localisation within
the iPGS could possibly refine staging and prognosis, and
thus the selection for non-surgical treatment. Whether this
knowledge would help deciding between RT alone or more
intense concomitant CRT, however, remains unknown.
Similar to RT, the role of systemic therapy in the context
of laryngeal cancer with iPGS involvement is uncertain.
Several randomised trials have been conducted in the past,
investigating organ preservation in patients with locally ad-
vanced laryngeal cancer. Patients were included in the stud-
ies based on TNM classification, specifically Stages III and
IV, without any specific information about the iPGS involve-
ment. In fact, even though iPGS was included in the TNM
classification for the first time in 2002 ! as a hallmark of T3
category, it has been and still continues to be considered
as a single entity, without distinguishing between anterior
vs posterior compartment or accounting for arytenoid mo-
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bility impairment. The efficacy of systemic therapy can be
therefore only indirectly inferred by considering arytenoid
fixation as a surrogate of posterior iPGS involvement. In
organ-preservation trials, systemic therapies were adminis-
tered either concurrently with RT (platinum-based CRT) or
sequentially, as induction chemo- (CHT) or immunotherapy
followed by RT, with or without concomitant CHT. In the
RTOG 91-11 trial, 3 different treatment approaches were
evaluated: sequential therapy, CRT, and RT alone . Post-
hoc analyses examined local failure rates in patients with
T3 disease, stratified by the presence of vocal cord mobil-
ity, classified as normal or impaired *. Among patients with
vocal cord fixation, the lowest rate of local failure was ob-
served with CRT (28.5%), compared with sequential thera-
py (cisplatin + 5-FU [PF] followed by RT) (49.4%) and RT
alone (44.1%). In contrast, among patients without vocal
cord fixation, local failure rates were lower with either in-
duction PF (29%) or CRT (29%), but remained higher with
RT alone (49%). These findings suggest that the efficacy of
systemic therapy may be influenced by vocal cord mobility
(and therefore by the site of tumour involvement in terms of
anterior iPGS with vocal cord fixation but normal arytenoid
mobility vs posterior iPGS with vocal cord and arytenoid
fixation), highlighting its potential role in treatment plan-
ning. A prior randomised trial directly comparing induction
PF with TL in patients with T3 laryngeal cancer and vocal
cord fixation, further highlighted these differences 3'. Both
DEFES and OS were significantly better with upfront surgery,
and the trial was terminated early due to poor accrual, con-
firming the limited activity of sequential therapy in patients
with fixed vocal cords. Recent trials have used return of vo-
cal cord mobility as a marker of response to induction CHT
to identify patients who are suitable for organ-preservation
approaches >34 In the GORTEC 2000-01 trial, patients
with Stage III-IV laryngeal and hypopharyngeal cancers
were randomised to receive induction CHT with docetaxel,
cisplatin, and 5-FU versus PF alone. The triplet regimen
achieved a higher vocal cord remobilisation rate (42.7%)
compared with the PF regimen (29.1%).

In aretrospective, multi-institutional, collaborative study on
406 patients with T2-T4 laryngeal tumours with impaired
mobility (ranging from pure vocal cord impaired mobility
to complete hemilaryngeal fixation), non-surgical organ
preservation strategies performed better than OPHLs with
or without adjuvant (C)RT only in presence of high burden
neck disease (N2-N3). Organ preservation surgery in terms
of OPHL, on the other hand, performed better than a non-
surgical approach in this subset of patients (most of whom
had some indirect evidence of posterior iPGS involvement)
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for all the oncologic outcomes considered (5- and 10-year
OS, DSS, RFS, time to distant recurrence, and cumulative
incidence of cancer-unrelated deaths) 3.

More recently, immunotherapy, either alone * or in com-
bination with CHT %, has emerged as a promising option
for head and neck cancer, both in locally advanced and in
relapsed/metastatic disease. In KEYNOTE-689, 22.3% of
363 patients with Stages III-IVA laryngeal cancer received
pembrolizumab. A major pathological response was report-
ed in 13.7% of the entire cohort; however, no specific details
were provided for laryngeal and hypopharyngeal cancers,
nor was a more detailed analysis correlating disease site,
stage, and immunotherapy activity reported . Preliminary
results of the ICoLP trial were presented at the 2023 ASCO
meeting by Ferrarotto and coworkers. Patients with Stage
II-1IT disease who were candidates for larynx preservation
were treated with pembrolizumab in combination with cis-
platin and docetaxel. A total of 24 patients were enrolled,
54.2% of whom had T3 disease. Among the 23 evaluable
patients, complete clinical remission was observed in 52%,
while 77.3% achieved a pathological complete remission
that lasted at least 1 year in 5 patients. In another phase II
trial, toripalimab was evaluated in combination with cispl-
atin and paclitaxel, followed by platinum-based CRT and
adjuvant toripalimab for 8 cycles . The study enrolled 27
patients with Stage III-IV laryngeal or hypopharyngeal can-
cer. Notably, 33% of patients had T4a disease and 48.1%
had T4b disease. The primary endpoint was achieved, with
a 3-month LP rate of 88.9%. The authors emphasised that
the activity of CHT-immunotherapy depends more on pre-
existing functional impairment of the larynx rather than
on tumour extension. Based on the evidence from these 3
recent studies, it is likely that immunotherapy will play a
role in the future management of advanced laryngeal and
hypopharyngeal cancer, even though, at present, its contri-
bution in treatment of tumours infiltrating the iPGS is still
unclear.

Conclusions

Based on a review of the existing evidence from both the
surgical and non-surgical literature, it seems reasonable to
assume that:

* ¢T3 glottic tumours with anterior iPGS involvement (en-
doscopically characterised by vocal fold fixation with
normal arytenoid movement and radiologically by in-
volvement of the iPGS anterior to a line tangential to the
arytenoid process and perpendicular to the thyroid lam-
ina) have better prognosis and may be defined as cT3a;

e ¢T3 glottic tumours involving the posterior iPGS and
CAU (endoscopically characterised by impaired aryt-
enoid movement and radiologically by involvement of
the iPGS posterior to a line tangential to the arytenoid
process and perpendicular to the thyroid lamina) have
poorer prognosis and may be defined as cT3b.

As a consequence, for pT criteria, we propose that:

* pT3a glottic tumours are those with full-thickness TAM
invasion, infiltration of the iPGS anteriorly to a plane
passing through the arytenoid vocal process, or inner
thyroid cartilage plate infiltration;

e pT3b glottic tumours are those with full thickness TAM
and iPGS invasion posteriorly to a plane passing through
the arytenoid vocal process.
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