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Laryngeal cancer (LC) is among the most common cancers of the head and neck,
with about 110.000 to 130.000 new cases diagnosed worldwide annually, representing the
2% of the malignant neoplasms &hd60% of cervicecephalic tumors In Italy everyyear
around 5200 new caseslafyngealcancer are diagnosed. Of these5B886 are early cancers
(defined by the American Joint Committee on Cancer as cT1 or cT2 tumors without nodal
involvement or distant metastases), while the remaining are aasas locally advanced
(cT3 - cT4, without nodal involvement), loegionally advanced (any T with nodal
metastases) and disseminated (any T, any N with distant metastases).

Survival rates of LC patients range from33% for the early stage disease (I) to 50-
64% for the advanced stage disease-(IW)2. The latter is associated with a high rate of
loco-regional relapse and canaetated death. The overall survival (OS) of advanced stage
LC is negatively affectedby T status and the N status, which have been recognized as
independent prognostic factors in the literature
The LC treatment relies on many available therapeutic approaches: the overarching goal of
all of them is to maximize survival and, whenever fgaess preserve voice and swallowing
function.

The National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines in

Oncology indicate the follows:

1. patients suffering from T1, T2 and selected T3 LC should be initially treated with the
aim to preserve the larynx, using transoral laser microsurgery (TLM), partial
laryngectomy (OPHL) or radiotherapy (RT)

2. patients suffering from T3 LC amenable to totalyhgectomy (TL) can of course be
treated with ugront surgery but better should be addressed to organ sparing protocol
by concurrent chemoradiotherapy (CCRT) or induction chemotherapy followed by
radiotherapy (IGRT) in order to preserve the larynx amsifunctions.

3. TNM classification system of LC (Miledition) divided T4into twocategories: T4a,
moderately advanced local disease, defined as tumors invading through the thyroid
cartilage and/or invading tissues beyond the larynx (e.g. trachea, soft tissues of neck
including deep extrinsic muscle of the tongue, strap muscles, dhgra@sophagus)
and T4b, very advanced local disease, not eligible for surgery.
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Patients suffering from T4a LC should be treated witffrapt TL in the majority of cases,

leaving the organ sparing options to selected patients who decline surgery

For acenturyuntil the 1980s, wfront total laryngectomy (TLyvas considered the
only therapy for patients with locally advanced®L@lthough this strategy can provide a
good disease loeregional control (LRC), it is associated with a negative impacton@at t s 0
quality of life (permanent tracheostomy and loss of natural Voi€ey this reason, organ
sparing protocols, including nesurgical options, as chenmmadiotherapy, and surgical
options, adransoral laser microsurgery (TLM) open partial horizal laryngectomies
(OPHL), have begun to be considered as reliable alternatives to TL.

Starting from 1991, several clinical studies (Table 1) had analyzed-spgaimg
potentialities in the nosurgical management of advanced LC, with confident results;
consequently, the therapeutic trend for the treatment of advanced laryngeal cancer had
progressively shifted from primary TL toward neargical organ preservation approaches.
The era of chemoadiation therapy in laryngeal oncology had taken off.

In 1991, the first pivotal study was conducted by the Laryngeal Cancer Study Group of the
Department of Veterans Affair (VA). They investigated in good responder patients with
locally-advanced LC whether IRT could represent a better approach respectlio T
followed by postoperative radiotherapy (FEORT) in terms of OS and organ sparing. This
study showed a new role for chemotherapy in patients with advanced disease, demonstrating
that a treatment strategy involving-KT could be effective in preservirige larynx in a

high percentage of patients, without compromising overall sufvival

The Radiation Therapy Oncology Group (RTOGII) confirmed the feasibility and the
effectiveness of a chemradiation approach. In a large trial published in 2003, in, fac
RTOG compared the outcomes obtained with cisplatin plus fluoroura&MCCCRT and

RT alone, detecting a higher laryngeal preservation and locoregional control after the
treatment with CCRY.

The efforts to improve patient quality of life without @dting the OS clearly altered the
perception about treatment modalities. Clinical trials, and consequently guidelines that
derived from, demonstrated that-HORT had better results in terms of OS on T4a tumors

with evident progression through cartiladfe'’* Notwithstanding, many countries and
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institutions perceived the organ preservation protocols as a TL replacement in the treatment
of locally advanced LC. Thus, during the last 20 years, TL was increasingly considered just
as a salvage surgery aftenet failure of organ preservation treatméhtsCountries
extensively adopting organ sparing protocols have seen a sharp increase in LC mortality
rates, but they have persisted stable or reduced, where TL continued to be the standard
treatment for advancddCte.

Starting from these considerations, controversies concerning the correct treatments
of T4a LC, and the role of TL as #dipnt treatment are arguments nowadays deeply felt.
The most recent literature explored these critical issues, bringing arguméanter of the
return to more traditional surgical approaches in the treatment of locally advanced laryngeal
cancer. Meanwhile, it was highlighted the therapeutic possibility to undergo partial laryngeal

surgery forcT3 - cT4atumors after a rigorous sel&on of patients.

The larynx loss due to surgical treatment brings several functional morbidities. Thus,
it was one of the first cancer sites in the head and neck district to be consfdered
preservation by the employment on rergical therapeutic approaches. This scenario was
also spurred by a greater potential of salvage surgery if compared with other caner sites

In the last five years, several studies (Table 2) compared suamgafunctional
outcomes of patients affected by advanced stagecL8 {cT4a) and treated distinctly by
total laryngectomy and poesperative radiotherapy (FBEORT), open partial laryngectomy
(OPHL), concurrent radichemotherapy (CCRT) or RT alarighe nain analyzed engoint
taken into accounts weraverall survival (OS), diseadeee survival (DFS), disease specific
survival (DSS), locoregional control (LRC), and different functional outcomes (e.g.
laryngectomy free survival LXFS, laryngoesophageal sfyunction free survival LED,
actuaral freedom from laryngectomy FFL, actuarial freedom from laryngoesophageal
dysfunctionfree survival FFLED).

The majority of them detected significant improvements in terms of oncological outcomes
(OS, DFS, DSS, ahLCR) only for patients affected lmyf4a LC undergoing TIPORT, if
compared to those treated by CCRT or RT alone. This is in agreement with the Larynx
preservation Consensus Panel recommendations for clinicHl it consider patients with

cT4a diseae as ineligible for laryngeal preservation protocols, and with the recent National
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Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines in Onéplogy
American Society of Clinical Oncology (ASCO) guidelitfeand Italian Association of
Medical Oncology (AIOM) guideline¥, which recommend ufyont TL-PORT incT4a
glottic and supraglottic LC and listed CCRT and IC as options only if TL is declined.

Nevertheless, some Authors concluded that disappointing results regarding OS of
patients with locdy intermediated advanced stage LC after neargical treatment could
be due to an etiological shift, leading to a progressive reallocation of cases between the
different sites of the larydX However, these studies were based on-teng analyses of
patient cohorts from countries in which employment rate of TL was substantially unchanged
and chemaadiotherapy was used in a minority of cases. This situation made them unable
to verify the improved survival associated with the TL.

Nowadays, the most reak literature recommends caution in indicating hon
operative chemaadiotherapy to treat patiemst only suffering from T4a LCbut also by
cT3 LC. Furthermore, when pursued, this challenging option requires both a
multidisciplinary case evaluation andrank discussion about options and expectations with
the patient. Critical is, indeed, not only the tumor extent or the laryngeal function prior the
treatment, but also the expected tolerance to treatment on the basis of recorded performance
and nutritioral status, as well as the presence of comorbidities, particularly cardiopulmonary
chronic disease that is common in this popul&ttn

Beyond oncologic engoints, some Authors noticed many other disadvantages. First
of all, suffering from numerousomorbidities (e.g. low renal and hepatic functions, poor
performance status and insufficient compliance) old and very old patients could not tolerate
chemeradiotherapy approaches. Furthermore, in case of locally advanced LC with deranged
laryngeal functn prior the treatment or large cartilage destruction, any attempt to preserve
the larynx by means of RT or CCRT protocols is hazardous. In fact, it should be always
provided enough residual laryngeal cartilage to afford a high likelihood of mechanical
stebility and / or postherapy regeneratiéfi’1°, This finding, according to some Authors,
associates laryngeal preservatiorncida LC with a high incidence of acute toxicity and
disruption in laryngeal function, in term of significant pharyngeal anglesgeal edema,

fibrosis and stenosis, xerostomia with diminished perception of swallowing functions and
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aspiration, acute mucositis and dysphagia. Table 3 reported acute and late toxicities observed
in the same studies previously mentioned encouragings@gring protocols.

On the other hand, patients undergone TL develop some irrefutable sequelaes: loss
of normal voice, swallowing problems, loss of nasal function, altered smell and taste, poor
cough, lung function changes, tracheostomal complicatiors litabong functional and
psychological consequené@sHowever, the preservation of the laryajone does not
guarantee its function. A patient with an intact but functionless larynx may be unable to
swallow, with consequently respiratory complicationse Tquality of life of an individual
with complications after a chemradiation protocols may be worse than that of a patient
who has undergone a successful TL, who is able to eat and to breathe normally and who can
talk with the aid of tracheesophagealyncture or by esophageal voite
Voice rehabilitation in laryngectomy patients has been achieved in the past with surgical
shunts, esophageal speech, electrolarynx devices, and others. Each of these methods has its
advantages and disadvantages. Howesmece the introduction of voice prosthesis, tracheo
esophageal speech with voice prosthesi& (Jpeech) is the accepted standard of care in
voice rehabilitation after laryngectomy. In fact, it provides a ipagered speech and,
hence, a physiologicallyeiter voice qualitsf.

Based on these considerations and focusing the attention oolanLC, the up
front surgery with posbperative radiotherapy is the best treatment choice.

As indicated by the most adopted worldwide guidelines, TL remains thdasthof care,
even with the cost of laryngeal organ loss; cheathation protocols are treatment options
for the minority of highly selected patients with smalleiume cancers, intact airway
protection and swallowing function, good performance statdsreadequate compliance to

a surgical option as well as for patients who firmly reject the radical surgery.

Emerging role for partial laryngeal surgery in selected T4 laryngeal cancer

The same overarching goals of rgurgical organ preservation, meaning to spare the
function without compromising the oncological outcome, have always spurred surgeons to

look for technical solutions, which brought to a renaissance of conservative ldryngea
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surgery. Born from the brilliant intuitions of true Pion&&f§ this type of surgery has been
acknowledged in recent years of multiple published studies (sometimes from large multi
centric series), which gave a significant boost in the understamdiitg benefits and
drawbacks. In fact, these procedures had proven to be viable options for the management of
earlystage LC, but showed reasonable limits especially with advestagd cases.

The main clinical difficulty in facing advanceslage tumorsiés in preoperative
diagnosis, since the efficiency of imaging techniques-¢€ah and MRI) in detecting
infiltration of the thyroid cartilage does not achieve a total diagnostic acéBir&adical
control of disease by a transoral approach (TLM and TQfa8jot be achieved when the
lesion involves the laryngeal framework and/or when it tends to grow outside the laryngeal
box?%2C In fact, anterioinvolvementof the thyroid cartilage, cricthyroid or thyrehyoid
membranes makes the tumor at risk of js¢esce after TLM even when removals of a
cartilage fragment or its extensive vaporization is carried out. Therefore, Peretti and
colleagues stated that involvement of the posterior paraglottic space with encroachment of
the cricearytenoid joint and inftration of the laryngeal framework negatively influence
both oncological and functional results, thus limiting the role of TLM to anecdotaftases
Supracricoid laryngectomy and the more recent supratracheal laryngectomy emerged as
options for these advaad cancers inasmuch as they still achieve acceptable levels of
locoregional control rate and contextually allow the maintenance of a functional larynx.

The factors that must be taken into account before offering the OPHL option to a
patient suffering from locally advanced LC are diagnosis of a tumor belonging to favorable
T-related disease subsets, performance and functional status of the patient, presence of
comorbidities, compliance to a sometimes demanding rehabilitation protocol, plausible need
of aduvant RT.

A multidisciplinary team evaluation, in a highxperienced Center, as well as an
accurate diagnostic woilip resulting from the strong collaboration with Radiologists, are
the key to achieve good functional outcomes and minimize the risk ofreece
development and the consequent need of salvage laryngectomy, albeit in a limited number
of LC in stagecT4&™.

Despite many T4a cases had been successfully treated with OPHL and had been

reported on single institution series (Table 4), the cueeilencebased guidelines do not
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suggest their employment for the management advanced LC cases, even when the patient
refuses the radical surgery.

Recently, Succo et al. carefully analyzed results achieved in different subcategories
of ¢T3 and cT4a LC &ated with OPHL, which were conducted using the principle of a
modular approach. The Authors stated that glottic or supragtitttea tumors with ful
thickness involvement of the thyroid lamina and/or minimal extralaryngeal extension, but
not interestinghe posterior paraglottic space and not affecting the mobility of the arytenoid,
are those amenable to be treated by OPHL, showing the greater probability of*8Li€hess
principle underlying the modular approach means that the resection is alwaysgrepar
standard mode and the larynx is opened from the side less affected by disease. At this point,
under visual control, the stdites involved are removed and the radicality checked by the

frozen sections.

In the clinical practice, such cases are theeséimt current guidelines consider as
amenable to nesurgical organ sparing protocol, if the patient refuses the TL. The choice of
OPHL with a modular approach instead of CCRT in favorable disease subsets could be
considered to be viable not only in pragtic terms, but also as functional results, e.g. a
reduction in the number of total laryngectomies.

Furthermore, Authors stated also that the radicality is the same achievable with more
demolitive interventions, but the selection of patients must be neagecarefully. Indeed,
at the end of the worlap, the surgeon must be able to ensure safe margins with sufficient
certainty, thus avoiding an tfpont TL.
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Table 1

Studies analyzing organ sparing protocols

Autggrr i N° of Cancer site Treatment Lp oS
year patients and staging modalities
publication
PF-> RT vs
iy 3320z | Larynk, kv 64% 68%/2 ys
(8] S->RT
EORTC Hypo pharynx, | PF-> RT vs -PF->RT38%/5ys
202 pz, 22%/5 ys
24891[42] -1V S->RT -S->RT 33%/5 ys
PF->RT vs
GEITEC 68 pz Larynx, -1V 42% -PF->RT 69%/2ys
[43] S->RT
-S->RT 84%/2 ys
PF-> RT vs -PF->RT 71%/5ys |-PF->RT 59%/5ys
RTO[C;]Ql,ll 547 pz Larynx, lll-IV | CRT vs - CRT 84%/5 ys - CRT 55%/5 ys
RT - RT 66%/5ys - RT 54%/5ys
GORTEC Larynx, PF->RT vs -PF->RT57%/3ys |-PF->RT 60% /3 ys
213 pz
200001[44] :'I'Kﬁ’\c/’ pharynX, | rpe  rT - TPF-> RT 70%/3 ys | - TPF-> RT 60%/3 ys
EORTC Larynx, PE-> RT Vs - PF-> RT 48%/5ys |- PF-> RT 53%/5ys
2495422950 | 450 pz Hypo pharynx, aPF-> RT (6w) - aPF-> RT (6w) - aPF-> RT (6w)
[45] -1V 529/5ys 60%/5ys
Larvnx -PF->CRT 32% LFS| - PF-> CRT 40% / 3
POSNER 166 ynx, PF-> CRT vs / 3ys ys
pz
[46] ;'KFI’\(/’ pharynX, | 1pe s crT -TPF->CRT52% |- TPF->CRT 57% /3
LFS/3ys ys
Larvnx -TPF->CRT 93% 3 |-TPF->CRT 85% 1,5
TREMPLIN ynx, TPF-> CRT vs months ys
153 pz
[47] ;'KFI’\‘; PharymX, | 1oe 5 Cet+RT |- TPF-> Cet+RT 93% | - TPE-> Cet+RT 86%
3 months 15ys
- PF-> S DFS36%%2
- PF-> S 68%%2 ys
PRADES 71 pz Pyriform sinus, PF->SorRTvs g ys
- 0,
[48] -1V PRT RTVSPRT92%72 | RT vs RRT DFS41%
Y /2ys

YS= years, S= surgery, LP= larynx preservation, OS= overall survival, DFS= disease free survival, LFS= laryngectamjviage
CRT= chemo radiation, PF=platindflaorouracil, T= Taxotere, Cet= Cetuximab
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Table 2

Studies analyzing total laryngectomy and orgassparing protocols for
cT3 - cT4a laryngeal cancer

Author Type of Cancer .
yp N : Treatment oS DSS e DFS| LRC LP , LEDFS Conclusions
year study staging
T4a3ys TL 78% T3+T4a:
. DSS In whole series no stat|
BUS[%]ZOB Retrospetive | 166 T3T4a | TL, OPHL, CRT | - OPHL 68% CRT 45% sign in the 3 arms for
Y 87%/2ys OS and DSS.
- CRT 54% OPHL 77%
81%/2 ys
60%I/5 ys
108 Review: P_rimary TL provides a
Retrospective high survival rate for
F'a"lcz'gi 2014/ Cohort study Tia TLRT,CRT | /2aa: Taa.
and review )
24 LT 30-100% High rate of laryngeal
studies ) ° dysfunction after CRT.
-RT 1221%
- CRT 3065%
DFS /2ys T3:
- TL-PORT/CT
2ys-5ys T3:
94% LRC- 0%
- TL-PORT /CT 2ys89% | Lp
5ys 70% -RT
-RT 2ys 48% 66% LRC- 28%
LP
5ys 18%
-CRT
- CRT 2 ys 66%
LRC 53% LCR-
5ys 52% 48% LP X
TL-R/CT provides
Dziegielewski | Longitudinal TL-PORT/CT, . superior survival for
.2012[50] | cohort study | 228 T3T4 RT, CRT 0S/2e/5aaTa T3 and T4a LC versus
RT or CRT.
- TL-PORT/CT 2 ys 60% DFS/ 2ys Ba:
5ys 49% - TL-PORT/CT
-RT 2ys 12% 67% LRC- 0%
LP
5ys 5%
-RT
-CRT 2ys 32%
30% LRC- 3%
5ys 16% LP
-CRT
54% LRC- 29%
LP
Patients with T4a LC
receiving LRCRT had
) more advanced nodal
Median OS: disease and worse OS|
. Previous studies of
Grm{g;] 2015 Sggﬁfgﬁfgve 969 T4a -II.—IF_’-ES'IBT and - TL-PORT 61months (nonT4a) locally
y advanced LC showing
- LP-CRT 39 months no difference in OS
between LFCRT and
TL may not apply to
T4a disease.
0S/5ysTs: No differences in
T3+T4a: survival.
" . - TL-PORT 49%
Timmermans, | Retrospectie 182 T3and T4 TL-PORT (91% CTL-
2015[19] cohort study T4), RT, CRT -RT 47% PORT T3:>CRT
87% .
_CRT 45% T4:>TL-PORT
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0OS/5ys T4a: -RT
65%
- TL-PORT 48%
-CRT
-RT 34% 76%
- CRT 42%
OS/5ysT3: LFIT3:
- TL-PORT/CT 49% - RT 81%
-RT 47% -CRT 77%
N . 2072 T3 - CRT 45% For T4 disease, TL
T'?Onl]g[?;ins' Egg;lja;ﬁﬂj and T3-T4 -Igl'_l'-Zr?dR(-:r{'\(’;I'Tv PORT showed the bes|
Y 172274 0S/5ys T4a: survival
- TL-PORT/CT 48% LFI T4a:
- RT 34% - RT 81%
- CRT 42% - CRT 87%
/5ysT3:
- 0,
TL or PL 41% LP total CRT 79%
Timme, Retrospective - CRT 40% E\E/Eg;:;?grzzte o
2015[53] cohort study & T3-T4 TLorPL, CRT 5 vs Taa: oesophageal
ye T LEDFS 40% T3, | dysfunction.
0,
-TL or PL 54% 33% T4a
- CRT 53%
ys:
median OS DSS/5 ys TL-PORT can produce
- TL- substantial longerm
Rosenthal, | Retrospective TL-PORTand | . _ T o | PORT cancer control and
2015[14] cohort study 221pz | T4a LP-CRT TL-PORT 4748 months TL-PORT 60% 84% survival rates for
. patients with T4 larynx
- LP 38 months - LP 48,5% _RT cancer.
63%
DFS:
Os: - TL-PORT RT alone better OS,
56,6% DFS, and LFS in
- TL-PORT 66% patients with locally
. TL-PORT, IG -IC-RT 41% advanced LC. TL
"“‘[’éf]OlS gﬂnedte::c;%m 2013pz | T3T4a | RT,CRT,RT | - IC-RT 60,8% >DFS, but OS were
alone - CRT 44,9% similar across the
- CRT 61% different larynx
- RT alone preserving treatments
- RT alone71,6% 57,8% and TL.
DSS 5570%/5ys
TL is an effective
Rodrigo, treatment for the
80 pz T3-T4a TL 0S/5 ys 55% DSS/5ys 72% management of
2015[55] patients with locally
advanced LC
LCR/ 2
0/ 0,
0S/2 ys 65% DFS/2ys55% | ys 77%
Gorphe, . Surgery for T4a larynx
Retrospective 100 pz | Tda TL-PORT 0OS/5ys 52,4% DFS/5ys 42,6%| LCR/5 cancer remains a
cohort study ys 74%
2016[56] DFS/10ys standardf care
0S/10ys 33,3% 31,8% LCR/10
ys65,9
0S/2ys LC/2ys
- TL-PORT 78,8% STL-
PORT Lo
TL-PORT significant
- | 0/ 0,
Fu, 20161] | Metaanalysis T3 and T4a| | c-PORT and HPCRT 52.%% e advantagén OS and
g Y LP-CRT LCR T4a laryngeal
0S/5ys - LP- cancer
CRT
stat sign only T4a 54,6%
LC/5ys
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Not stat
sign

Sanabria

2016[57]

Review

T3 and T4a

TL, CRT

26%

Evidence supports totg
laryngectomy for
patients with T4
cancers. T3 possible
CRT

Al-Gilani,
2016[58]

Retrospective
cohort study

487 pz

T3

Surgery vs LP
CRT

0S 5/ys
- surgery 41%

- CRT 36%

OS >in pz with T3
glottic SCC who
underwent surgery
compared with a
nonsurgical treatment.
Furthermoreadjuvant
and nonsurgical
treatment result in a
dysfunctional larynx

Succo, 2016
[34]

Retrospective
cohort study

pT3-pT4a

OPHL

84,6%/5Yys
pT387,8%

pT4a 71,2%

DFS 84,2%
pT3 87,9%

pT4a68,1%

LRC
86,3%

pT3
89,7%

pT4a
71,7%

LFP 91,2%

pT4a 78,0%

LFS 93,3%

Evidence supports
open partial
laryngectomy for
selected patients with
T4a cancers with
anterior extension

YS= years, PZ= patients, OS= overall survival, DFS= diseasestfmeé/al, DSS= disease specific survival, LP= larynx
preservation, LFI = laryngectomy free interval, LEDFS = laryngoesophageal dysfuftegogurvival
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Table 3

Acute and delayed toxicities

EORTC 24954
22950[45]

aPF-> RT (6w)

Mucositis 21%, skin reaction 0%,
dysphagia 20%

Author - year Treatment . .
; _y - Acute toxicity Late toxicity
publication modalities
- . iti 0,
VALCSG, 199 PF->RT TD 3; mucaositis 38%
(8] S->RT TD 5 ; mucositis 24%
EORTC 24891 PF-> RT vs 7 toxic effects, 1 TD
[42] S->RT 1 vascular disease, 1 depressive iknes
PF-> RT vs Digestive3%, hematological 1%
GETTEC[43]
S->RT Digestive 0%, hematological 0%
PF-> RT vs Hematological 52% mucositis 34%,
laryngeal 13%
Skin toxicity 50%, mucosal %, larynx toxicity t
6%, dysphagia 8%, subcutaneous 1%
CRT vs
RTOG 91,119] Hematological 47% mucositis 43%, Skin toxicity 1-0%, mucosal %, larynx toxicity 17
' laryngeal 18% 6%, dysphagia 23%, subcutaneous %
RT Skin toxicity 21%, mucosal 2%, larynx toxicity 21
3%, dysphagia 22%, subcutaneous®%
Hematological 3% mucositis 34%,
laryngeal 16%
PF-> RT vs 2TD, neutropenia 17,6%, infections 5,8%| G4 larynx toxicity 13,6%, mucosal 0%, xerostomia
stomatitis 7,8%, thrombocytopenia 7,8%,| 2,2%, subcutaneous 6,6%
creatinine elevation 2%
GORTEC 2000
01[44]
5TD, neutropenia 31,5%nfections10,9%,
stomatitis 4,6%, thrombocytopenia 1,8%,| G4 larynx toxicity 6,2%, mucosal 1%, xerostomia
TPF->RT creatinine elevation 0% 6,1%, subcutaneous 4%
Mucaositis 32%, skin reaction 6%,
PF->RT vs dysphagia 33% Mucosal 25%, neuropathy 14%, subcutaneous 31%

Mucosal 28%, neuropathy 11%, subcutaneous 28%

TREMPLIN [47]

TPF-> CRT vs

TPF-> Cet+RT

Mucositis 433%

Mucositis 522%

Mucosal3,5%, xerostomia 10,3%, subcutaneous
fibrosis 7%, neuropathy 3,4%, laryngoesophageal 8,

Mucosal 1,8%, xerostomia 8,9%, subcutaneous fibrg
2%, neuropathy 0%, laryngoesophageal 9,0%

TD = toxic deaths
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Table 4 Studies analyzing OPHL potentiality alsofor advanced laryngeal cancer
Author N Cancer | Treatmen os DSS e LC/LRC LEP LES % %
year staging t DFS Complications | Recurrence
Bocca, 198359] | 467 T2-Tda OPHLtype | | OS/5ys 75,0%
Ti-T4a
T12
) 0S/3ys 83%
Che"?é'g]" 997 61 | 2m OPHL type Il 3,0%
0S /5ys 79%
T314
Ta4
Laccourreye, Neo-adjuvant CT- 87.9%/3ys
1098[61] 60 T3-T4a OPHL type Il 98,3% 91,7% 8,3% local failure
72,7%15ys
OPHL type Il 2 groups:
De Vincentiis, |, g (CHP 98pz | OS 1°88,1% 98% 6,0%
1998[62] p A7 0 0%
CHEP51pz) | OS 2°95,0%
Ti-T4a
pT110
0S /5ys 66,5% | DSS /5 ys 80,1%
OPHL type Il
pT2 30 ype LCI5 ys 84,0%
- glottic : 69,1% - glottic : 83,2% o o o
Bron, 200063) | 69 | o LCR no RT P2 87,0% 49,1% 6,1%
o At - supraglottic : - supraglottic : 94,5%
pT45 13% adjuvant RT 45.6% 51.4%
local
relapsel5
Ti-T4a
85,8%/3ys
T127 OPHL type Il
79,1%/5ys
Gallo, 200564] | 253 | T2147 180 CHP LRC 91,3% 92,1% 8,7%
57,6%/10ys
T3 64 73 CHEP
57,6%/16ys
T415
OPHL type Il DSS/5ys 78,0%
Lima, 2006[65] | 43 | T3-T4a glottic LRC /5 ys 85,0% 25,5%
(CHEP) DFS /5ys 83,0%
TibT4a
DFS /3ys 85,4%
T1b 66 OPHL Type II
' pT388,7% DFS /5ys 85,0%
"a”df[’gé‘]” 2008|206 | T289 9,2% CHP 15,0%
pT4 78,9% pT3 77,6%
T346 90,8% CHEP
pT4a 53,8%
T45
T2-Tda
0/ 0/ 0/ 0, 0
Rizzotto, 2015 pT2 14 78,9%/5ys DFS 68,5% /5ys | 69,6%/5ys LFP 78,3% 6,1% acute
7] 115 OPHL Type Il
pT3 50 pT4a 80,4% pT4a 60,8% pT4a 62,7% pT4a59,3% | 24,4% late
pT4a 51
Succo, 201634] | 555 | pT3pT4a OPHL 84,6%/5ys pT4a 68,1% pT4a71,7% pT4a 78,0% 93,3%

LFP= laryngeal functiopreservation, LFS = laryngectomy free survival, LC = local control
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The present thesis simmarizes the candi
during the 4year PhD program at the Doctoral School in Life and Health Sciences of the
University of Turin (PhD Programme in Biomedical Sciences and Oncology), under the

supervision of Professor Marco Volante.

The research interest has been mainly focused onpde partial laryngectomies
(OPHL), procedures thastill play an important role in contemporary conservative
management of laryngeal cancer, closing the gap between transoral approaches on one hand
and total laryngectomy or nesurgical organ preservatiostrategies on the other
Furthermore, with increasy utilization of organ preservation strategies to treat laryngeal
cancer, OPHLs have established an important and oncologically reliable role in the
management of recurrent radiesistant laryngeal carcinoma
The goal ofmy research activitiewas to denonstratehatis nowpossible to considdghe
horizontal partial surgicgroceduress anntensitymodulated surgidaystemtreatment of
laryngeal tumors- from horizontal supraglottic laryngectomy (HSL), smpracricoid
laryngectomy (SCL) and supratteeal one$TL) 8 which allows surgical management of
the majority of endolaryngeal cancers. It can also be considefedctionrsparing surgical
protocol,oncologicallycomparable to orgasparingprotocols based on chemoradiotherapy,
especially fo intermediate stages of laryngeal cangaovidinga substantial reduction in

the number of tatl laryngectomies.

| have divided this thesis into three chapter:

Thefirst chapteris dedicated to oncological outcomes of open partial laryngectomies in the
treament of intermediated / advanced laryngeal tumors.

The current trend for management of laryngeal cammicates that pursuing therapeutic
options able to preservaryngeal functionality provides the best qualitylite for patients.

To realize thigjoal, differentapproaches have been pursued, in terms of chemoradiotherapy
or surgical treatmenfhe former is able t@pare laryngeal function and patient outcome
seems satisfactorynevertheless, locoregional control is compromiseding longterm

follow-up. On the other handemolitive surgery provides better control of diseakbpugh
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incurring a higher percentage of laryngeal functiopairment and late sequelae that hamper
thepati entsd quality of [|ife.

Even though preservation of laryngeahétions is oneof the major advances
achieved over the past decades the management of laryngeal cancer,
intermediate/advanced stage lesions still present a major challetegensof controlling
the disease and preserving the laryregardless of théherapeutic option. In factpany
glottic cT3 tumors with subglottic extent (voaard and arytenoid fixation) often result in
early pT4a forextralaryngeal extent, making their management with chemoradiotharapy
supracricoid laryngectomy difficulToward the end of the 1990s, a comparative analysis
(unpublished data) of total laryngectomy and supracrigp@timens in relation to arytenoid
fixation and subglotticswelling triggered the idea of extending tlsipracricoid
laryngectomy downward to obtagafermargins. In 2006, this led to the introduction of a
newtype of open partial horizontal laryngectomy, the supratrathsaigectomy, otherwise
known as open partidorizontal laryngectomy type lll, according to the redémtopean
Laryngological Soiety Qassification.

As recently demonstrated by Schindler et al and Rizzsittal, this is able to spare
laryngeal function withoutompromising locoregional control during leterm follow-up.

As a consequence of the diffusion of supracricogdtial laryngectomies (open partial
horizontallaryngectomy type 1), the advent of supratracheal pddrghgectomies (open
partial horizontal laryngectomyype Ill), and the consolidated role of conventional
nonsurgicalorgansparing protocols, the role ofté laryngectomyin the treatment of
endolaryngeal neoplasrhas considerably decreased.

The 5year OS of 84.6% observedonr studiess higher than that reported in the literature
for both concomitant chemoradiotherapy and inducteremotherapy follone by
radiotherapy (approximate§0%). More advanced pT4a tumors hadyear DFSf 68.1%,

a result in agreement with that obtained wibhal laryngectomy; of note, patients with
extensive extralaryngeajpread were not considered amenable to gaetid horizontal
laryngectomy. These data show thateeful selection can make a good number of patients
eligible for the partial modular surgical approach, eversio me we | | selected
cases. 0 -yeardESwipatientsivith pT4a tumors (68.19As significantljjower
than that of patients with pT3 (87.9%), tmigher than that reported for radiotherapy and/or
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chemotherapyywhich ranges from 26% to 38%, respectivéinally, the number of patients
that were subjected tiotal laryngectomy for éner functional or oncologic purposess
extremely low (6.2%). The high laryngectosfrge survivakate here achieved demonstrates
the great potential obpen partial horizontal laryngectomy approaches in presettimg

l arynx. | n summaapeceblieveewblodyel alsle. 0

Thesecond chaptes dedicated to functional results open partial laryngectomies in
the treatment of intermediated / advanced laryngeal tumors.

The real Achilles heel of open partial horizontal laryngectonsiespresented by a
greater proportion of functiongroblems compared with nesurgical treatmerptions
Benito et al reported that persistent slight dysphagdaspiration pneumonia still represent
major complications in patients undergoing open pati@alizontallaryngectomy type II.
The same findings were obseniedthe our awhort of patients; furthermore, the voiegas
significantly deteriorated, and generally quite hoanseé breathy, especially in open partial
horizontal laryngectomtype Il1.
Geneal, swallowingrelated, and voiceelated QOLwere comparable in patients who
underwent OPHL typ#a or type llla with no statistically significant differenbetween the
two groups.
Perceived QOL is strict | wtretchendtreetingodrtanteoof p at i €
precise and exact informatioon functional outcomes during the preoperatied
postoperative counseling. This information is aseential to guide patients in the choice of
which type ofsurgery to undergo.

Thethird chapter finally, is dedicated to the importance of Informed Consent about
these procedures.
Nowadays, open partial horizontal laryngectomies (OPHLSs) areastblished procedures
for treatment of laryngeal cancer. Theiniqueness is the possibility to modulate the
intervention intraoperatively, according to eventual tumour extension. An OPHL procedure
is not easy to understand: there are several types of procedures and the possibility to

modulate theoperationcan produce confusion atatck of adherence to the treatment from
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the patient. Even i f the surgery is tai
form thatdiscloses any possible extensions, including a total laryngectomy, is still needed
The patientsurgeon relatinship is based otrust A correct Informed Consent permits
improve the levebf patientsurgeon cooperation and to avoid any posdibilgation by

improving comprehension of the procedard reaching complete agreement on surgical
planning
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Overview of the subtasks / projects

Chapter, | Working hypothesis Aim Results Conclusions

paper

1

1.1 The current surgical treatment| To identify subcategories in ¢T3 Fiveyear OS, DSS, DFS, LRC, L{Q Anterior ¢T3 tumors  are
guidelines for laryngeal cancer in i cT4a supraglottic/glottic cancerd FFL, LFS were significantly better if manageable by OPHL, and th
intermediate/advanced categori describing their different spreadir] anteriao tumors (subcategories | and Il approach could also be propos
distinguish T3 lesions in thog patterns, and local and locegional| when compared to the correspondi in the treatment of early anteri
amenable to partial versus tof recurrence modes. posterior ones (subcategories Il and Iy cT4aNO.  Despite  promisin
laryngectomy. On the other hand, to results, OPHLs should b
laryngectomy remains the firg considered under investigation
therapeutic option for the T4 posterior ¢T3 tumors due f
category leaving norsurgical organ clinical and biological behavio
preservation protocols for selecty similar to cT4a tumors.
patients refusing surgery. A lack |
evidencebased cleacut consensu:
still exists on how to differentiate T3
T4a patients amenable to laryngg
conservation surgery from thog
requiring tdal laryngectomy

1.2 Even though some of OPHL surgic To propose a classification as ba§ The classification identifies three typ The  principles  chosen t

techniques date back more than hal
century and their use in somart of
the world is progressively expandin
a comprehensive classification has |
been attempted in the literature

for obtaining a common languag
among the head and neck surgi
community and to present th
classfication system as a simple al
intuitive teaching instrument, and
tool to be able to compare surgig
series with each other and with ng
surgical data.

of surgical procedures basezh the
lower limit of resectin (Type | Y
Supraglottic laryngectomie$ype I1'Y
Supracricoid laryngectomiegype |l
Y Supratracheal laryngectomjes
Moreover, each type may be extendeq
adjacent laryngeal and/or pharyngg
sites; the extension of surgical remo

is indicated by abbreviatiofsARY Y

distinguish one procedure fro
others have been essentially bas
on laryngeal anatomy and tf
lower extent of surgicalesection.
In this way, we subdivided OPHL
according to the cranicaudal
extension of resection, focusing
the accessorial elemen
(arytenoids and cricarytenoid
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to involve one arytenoid fecifying the
side of resectionyBOT Y to involve
the base of tonguePIR Y to involve
one piriform sinus (specifying the siqg
of resection)+CAU Y to involve one
crico-arytenoid unit composed b
arytenoid, cricearytenoid joint, and
underlying hemicricoid platg
(specifying the side of resection)

For Type Il and Il OPHLs,hHe suffix
fad means that th
has been spared,
indicates its removal.

units, base of tongue, piriforrs
sinuses) removed or not togeth
with the essential ose

1.3

OPHL have been increasingly mo
adopted by head and neck surgeon
a type of function preserving surge
for the treatment of early (glottic Tk
T2; supraglottic T2) or locally
advanced (glottic and supraglott
selected T3) laryngeal tumors. Ma
surgeons have shown that SCL, wh
faced with the planned sacrifice of tl
larynx compared to other therapeu
options, provides good, reproducik
loco-regional control, and preserve
laryngeal  function, with  the
tracheostomy eventually closed
almost all patients

To demonstrate the safety a
reproducibility of oncologic ang
functional outcomes of subtot
laryngectomies on a large number
patients, while introducing th
concept that functiosparing
surgical protocols permit, especial
for intermediate stages dfsease, g
substantial reduction in the numb
of total laryngectomiesLong-term
oncological and functional resul
from a retrospective study on 4¢
patients over a 1Qear period of
subtotal laryngectomies (SL), 39
supracricoid partial laryngectomig
(SCL) and 70 supratracheal part
laryngectomies (STL) are presentg

The mean followup time was 97
months (range 6@65 months). The
observed longerm results were: SCL
5-year OS and DFS: 95.6, and 90.9%
respectively; 2year posbperative
LFP: 95.7%;STL, 5yearOSandDFS

80 and 72.9%, respectively;-y&ar
postoperative LFP. 80%. The
performance status scale forLFP

showed very high-3ear scores, with n
significant differences depending on't
type and extent of surgery. The adop
type of functonsparing surgery
provided OS and DFS rates that werg
somewhat better than those reported
studies based on orgaparing
protocols with chemoradiotherapy. T
rate of total laryngectomy of completig
in this series was 4.4%.

In comparison with orgasparing
protocols, inclusion criteria 0o
surgical protocols are usually le
stringent; the mortality rate i
likely to be lower (zero in ou
experience); the rate of acute a
late morbidities is nearly same

lower; the number of totg
laryngectomies fooncological or
functional purposes i
significantly less; functiona

outcomes are good (with the on
variable the poorer quality ¢
voice) although survival rates a
even higher
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1.4

Laryngeal squamous cell carcinor
(SCC) accounts for the 1.9%
cancers worldwide. Most of these (1
to 60%) are diagnosed in early stag
(T1-T2, NO). For these laryn
preserving/conserving  option
preferable. Beyond transoral las
microsurgery (TLM), open partial
horizontal laryngectomy (OPHL) is
functionsparing surgical technique |
treat them.

To perform a retrospective analyg
of clinical outcomes of 216 patien
who underwent OPHL for glotti¢
cT2 laryngeal cancer from 1995
2011.

5 yearsOS, DSS LRC, LC, LFP and
LFS rates were 93.1%, 98.0%, 97.1
97.5%, 97.8% and 98.5%, respective
Disease controls are significant
affected by previous treatment and ty

of surgery employed

Although TLM for cT2 laryngeal
cancermwith unimpaired vodscord
mobility still represents a soun
option, OPHL with a modular
approach offer higher local contr
and laryngeal preservation rate
for selected patients with impaire
mobility of vocal cord combinec
to an involvement of the
paraglottic space

1.5

Cancer of the larynx in th
intermediate/advance  stage S|
presents a major challenge in terms
controlling the disease and preservi
the organ. Among therapeutic optior
open partial horizontal laryngecton
(OPHL) is proposed as functiof
sparing sugical technique.

To perform a etrospective analysi
of clinical outcomes of 555 patien
with laryngeal cancer staged gT

pT4a who underwent eithg
supracricoid  or  supratrache
OPHL.

5 yearsOS DSS LRC, LC, LFP rates
were 84.6%, 84.2%, 86.3%, 90.6%da
91.2%, respective\DFS, LRG LC and
LFP prevalences were significant
affected by pT4a staging (68.1%, 71.7
and 78.0% respectively), while pN
influenced onlyDFS ( 07 2. 69
LRC( O7 9. 6 %) .

In cases of laryngeal tumors

intermediate and selecte
advanced stage, also with su
glottic extension, the choice ¢
OPHL with a modular approac
can be considered effective

terms of prognostic and function
results.

1.6

Laryngeal cancemanagement shoul
pursue functiorsparing therapeuti
options. Even though demolitiv
surgery provides better control
disease at intermediate to advang
stages when compared

chemoradiotherapy, it does n
preserve laryngeal functior
Supratracheal grtial laryngectomy
has been described as a functig

sparing surgical technique fq
laryngeal cancer with subglotti
extension.

To perform a retrospective analys
of clinical outcomes of 115 patien
who underwent supratracheal part
laryngectomy.

At 5 years,OS DFS, andLRC rates
were 78.9%, 68.5%, and 69.69
respectively; DFS andRC prevalences
were greatly affected by pT4
classification (49.0% and 51.49
respectively); and.FP was maintaineg
in 78.3% of patients despite beir
affected by pT4alassification (59.3%)
and age > or 85 (64.6%).

For cases with glottic tumors ar|
with subglottic extension, th

choice of supratracheal parti
laryngectomy versu
chemoradiotherapy can ¢

considered to be effective in tern
of prognostic and functiong
results
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1.7 Cancer of the larynx in th{ To focus on the indications an Five-year OS, DSS, DFS and LRC raf For patients with glottic o
intermediate/advanced stage sl contraindications, both local ar were: glottic pT2 [71.4%, 95.2% transglottic tumows and with sub
presents a major challenge in termg general, folSTPLbased on the long 76.0%, 76.0%], glottictransglottic pT3| glottic extension, the choice ¢
controlling the disease and preservi term oncological and functiong [85.3%, 91.1%, 86.4%, 88.7%], an STPL can be considered to
the organ. Supratracheal part| results. We analysed the clinic| pT4a [73.2%, 88.1%, 52.7%, 60.7% effective, not only in prognosti
laryngectomy (STPL) has bee outcomes of 142 patients wil respectively. DFS and LRC prevalend terms, but also in terms ¢
described as a functiesparing| laryngeal cancer staged ppZ4a| at 5 years were greatly affected by gT| functional results.
surgical pocedure for laryngeg who underwent STPL staging. Fiveyear LFP and LFS were:
cancer with suglottic extension. glottic pT2 [90.9%, 95.2%], glottic

transglottic pT3 [84.4%, 93.1%)], an
pT4a [63.7%, 75.5%], respectivel
being affected by pT staging and age
O years (LFP 54.1

2

2.1 Patients undergoing STL coul To report preliminary longerm| Aspiration was found in 10, 2, and| After STL, swallowing was
experience dysphonia and sol results of swallowing, voice, an patients, respectively, for liquidg sufficiently restored and QOL
degree of dysphagia withspiration.| quality of life (QOL) after STL semisolids, and solids. Neoglot] was satisfactory, whereas t
In the literature, different studie motility was generally preserve( voice was severely impaired eve
reported longterm functional whereas vibration was impaire( if oral communication was wel
outcomes after SCL, showin Aerodynamic measures showed a p{ preserved.
satisfactory functional results, bi performance. Perceptual assessn
with inevitable significant alteration revealed highly dysphonic voices.
of both swallowing and voice only 8 patients, a harmonic structy
requiring several months to restg was visible in the spectrogram
thesefunctions Aspiration pneumonia occurred in

patients. [Reoperative weight wa
maintained in 16 patients. Gener
voicerelated, and swallowingelated
QOL revealed satisfied patients.
2.2 Supracricoid laryngectomies (SCL| To aalyse the literatre on| The analysis of the length of hospif There is a need for clearer clinic

are  conservative  orgasparing
surgical techniques for the treatme

functional results after SCLs 4
knowledge on functional results wi

stay, feedingube removal time an
time to eventual tracheotom

recommendations on early pos

surgical

management, trache
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of selected TRT4 laryngeal
carcinomas. Although thes
procedures allow preserving tk
larynx and itsfunctions, in severa
countries SCLs are not adopted
oncological protocols. One of th
possible reasons to account for tl
choice is the complexity of pos
surgical irhospital management ar|
the variability in functional results

help in focusing on what is need:s

in the future to reach mon
standardized posturgical
procedures and homogened
outcomes.

decannulation showed a mark
variability across authors and centr
The review on swallowing functiong
outcomes showed marked variability,
well as a lack of consensus on how
assess swallowing &ft SCLs. The
analysis of voice functional outcomg
also revealed a marked variabilit
surprisingly, the tools applied in th
assessments were very often
adequate for substitution  voic
Literature review showed that voic
and swallowingrelated quaty of life
are often satisfactory but the variabili
among centres is still too large

cannula and feedingtube remov
criteria, voice and swallowing
assessme protocol, rehabilitation
need and timing.

2.3

Open partial horizonta
laryngectomies (OPHLs) ar
conservative surgical techniques f
the treatment of selected larynge
carcinomas. In particular, OPHL tyg
Il or supracricoid laryngectomy an
OPHL type Il or supratrachea
laryngectomy are indicated in th
treatment of T2 to T4 larynged
tumors with glottic and subglottij
extension.

Both voice and swallowing function
are affected by these types of surg
and patients could experient
dysphonia and soe degree of
dysphagiawith a possible impact ol

QOL.

To compare longerm swallowing,
voice results, and quality of Iif
(QOL) after open partial horizontg
laryngectomy (OPHL) type lla an
type llla.

Significant differences were found on
for the residue with solidand for the
intelligibility parameter of the overa
quality impression and intelligibility
additive and unnecessary noise, spe
fluency, and presence of voicg
segments scale with patits of the
OPHL type llla group showing wors
performances than the OPHL type

group

Patients who underwent OPH
type lla and type llla shoy
comparable longerm functional
outcomes. OPHL type lllg
represents a valid surgic
alternative to OPHL typda.
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2.4

After open partial horizontal
laryngectomy(OPHL), many patients
experience deterioration of larynge
function over time

To evaluate laryngeal functiong
outcome at least 10 years afi
surgery in a cohort of 80 elder
patients.

The incidence of aspiration pneumor
(AP) and objective/subjective larynge
functional assessments were carried (
Eight patients experienced AP includi
four with repeated episodes.
significant association was observ
between AP and severity of gjjhagia
(p <0.001). Dysphagia was mo
pronounced than in a normal populati
of similar age but less than would
expected. There was a significg
association between type of interventi
and grade of dysphagia / dysphon
difference in voice handicapas found,
depending on he extent of glottig
resection.

After OPHL, laryngeal function
was impaired but this did ng
significantly affect quality of life.
AP is more frequent in the initig
postoperative period, decreasir
in subsequent years.

2.5

Surgical and noisurgical treatmen
for laryngeal cancer can lead to voi
impairment, with a severe impact ¢
oral communication. This aspect c|
play a critical role affecting
communicatiorrelated quality of life
(QOL). People aging with verbe
communiation disabilities  face
demanding challenges in areas sucl
maintaining social roles, identitgnd
accessing daily services The
telephone is certainly one of the mg
impactful interaction tools withir
verbal communication

Laryngeal cancer treatment m
impact on the control of both pitch ar

intensity of voice, with a significan

To investigate telephonic voic
intelligibility in patients treated fo
laryngeal cacer using different
approaches, by acrosssectional
outcome study

Regarding words, the poore
intelligibility was noted for type Il ope
partial  horizontal laryngectomie
followed by total laryngectomies. Th
best intelligibility was found for
transorallaser nicrosurgery, followed
by radiotherapy alone. For sentenc
the poorest intelligibility was noted fqg
type Il open partial horizontg
laryngectomies, followed by chem
radiotherapy. The best intelligibilit
was found forradiotherapy alone an
transoral laer microsurgery.

More aggressiveurgery as well a;
chemoradiotherapy  correlate
with significantly poorer
outcomes. Transoral las
microsurgery or radiotherap
alone ensured the best telepho
voice intelligibility. Intermediate
advanced T stages at diagno
also showed significantly poorg
intelligibility outcomes,
suggesting that T stage represe
an independent  negative
prognostic factor for voice
intelligibility after treatment
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deterioration of voice quality, prosod
and 7 as a consequencei
intelligibility.

2.6

The management of head and n¢
cancer in the elderly has bet
historically heterogeneous, ofte
marred by many preglices, mainly
based on both patient age and gen
health perceptions.

Nowadays, the exclusion of elder
patients from standard therapeu
options is becoming less justifiabli
taking advantage potentially of g
therapeutic alternatives available afi
a proper screening. It is therefo
essential to better establish the risk
which the patient is subjected for eq
proposed therapeutic option, be
surgical or non surgical

To compare patient outcomasdto

identify predictive factors that ca
be used by surgeons to choose 1{
most appropriate treatment option

Patients affected with more advanc
tumour and hence treated by invas
open neck surgeries (above all TL) 3
more prone to develop complicatio
and undergo fatal outcome than thg
with early disease treated by lag
microsurgery, independently of age
surgery

Elderly patients affected b
laryngeal cancer can be treat
similarly to younger patients
keeping in mind that mor
invasive surgeries are associal
with a higher risk of deveping
complications. The advantages
mini-invasive surgery make it
possible first choice treatment
very old and frail patient
suffering from laryngeal cance
especially considering the rece

success in treatment of son
advanced stage tumour
Furthermore, comorbidities, b

themselves, should not be used
exclusion criteria for subjecting a
elderly patient to a differen
treatment that is from standa
therapy.

Open partial horizontal
laryngectomies (OPHLs) are wel
established procedures for treatm
of laryngeal cancer. Their uniquene
is the possibility to modulate th
intervention intraoperatively
according to eventual tumoy

extension. An OPHL procedurenst

To review the English literature o
informed consent, antio propose
comprehensive Information ar
Consent Forms for OPHLs.

The Information Formis intended to
answer any possible questions about
procedure, while remaining easy to re
and understand for the patient.
includes sections on laryngeal anato
and physiology, surgical aims ar
indications, alternatives to surge

complications,and physiology of the

The primary gobof OPHLs is
always oncological safety. For th
reason, the surgeon must
allowed to extend the procedure
far as needed, according to t
possible extensions reported 5
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easy to understand: there are sewvg
types of procedures and the possibil
to modulate the intervention cg
produce confusion and lack ¢
adherence to the treatment from t
patient. Even if the surgery is tailore
to a patient asified
consent form that discloses al
possible extensions, including a to
laryngectomy, is still needed.

operated larynxThe Consent Form
written in a fimod
defines the precise extension of t
lesion, chooses the best OP}
procedure and highlights all possih
expected extensions specific for t
patient. Our ingntion, providing thesé
forms both in Italian and in English,
to optimise communication between t
patient and surgeon, improving surgid
procedure arrangements and prevent
any possible misunderstandings g

medicolegal litigation.
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Paper 1
Treatment of T3T4a laryngeal cancer by open partial horizontal

laryngectomies: prognostic impact of different pT subcategories

ABSTRACT

Background: The aim of this retrospective study was to identify subcategories ircTt48
supraglottic/glottic cancers, describitigir different spreading patterns, and local and-legional

recurrence modes.

Methods Patients (N=489) who underwent open partial horizontal laryngectomies (OPHLS) were
retrospectively classified as: subcategory | (anterior pT3 with normal arytenolality),
subcategory Il (posterior pT3 with impaired/absent mobility), subcategory Ill (anterior pT4 with

normal mobility), and subcategory IV (posterior pT4 with impaired/absent mobility).

Results: Five-year overall, diseasgpecific, diseaséree surviwals, loceregional, local control,
freedom from laryngectomy, and laryngectefmge survival were significantly better in anterior
tumors (subcategories | and 1ll) when compared to the corresponding posterior ones (subcategories
IIand IV).

Conclusions Anterior cT3 tumors are manageable by OPHL, and this approach could also be
proposed in the treatment of early anterior cT4aNO. Despite promising results, OPHLs should be
considered under investigationposterior cT3 tumors due to clinical and biologicathavior similar

to cT4a tumors.
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INTRODUCTION

The current surgical treatment guidelines for laryngeal cancer in its intermediate/advanced
categories distinguish T3 lesions in those amenable to partial versus total larynge®tomy.
the other hand, total laryngectomy remains the first therapeutic option for the T4a category,
leaving nonrsurgical organ preservation protocols for selected patients refusing surgery.
Nevertheless, to complicate matters furtleetack of evidencéased cleacut consensus

still exists on how to differentiate TB4a patients amenable to laryngeal conservation
surgery from those requiring total laryngectomy. Different factors related to both the tumor
and the patiedt® should indeed be osidered when making an appropriate selection
between patients treatable by the wide spectrum of open partial horizontal laryngectomies
(OPHLsY and those requiring organ saaéiOne possible source of confusion is related to
the great heterogeneity of JI3la categories including a wide gamut of different lesions
ranging from T3 with minimal versus massive paraglottic space involvement (with normal
or impaired/fixed vocal cordnd arytenoid mobility), T3 with preepiglottic space infiltration,

T3 with thyroid cartilage erosion, T4 with purely anterior extralaryngeal extension, and T4
with posteriorinferior spreading through the lateral portion of the cricothyroid membrane
and tre cricothyro-arytenoid space. The contemporary endosédtand imaging ’ work-

ups have dramatically reduced the diagnostic uncertainty level in thieeptenent setting.
Notwithstanding this, no endoscopic technique or imaging refinement is as yet able to
objectively quantfy the degree and causes of reduced/absent motility of the vocal cord/crico
arytenoid unit

Nowadays, several surgical and reurgical options are available for treatment of T
laryngeal cancer, with comparable results in terms of-tegamnal control, overall, and
laryngectomyfree survivaP!!* Some large series published byfelient authors ¢ have

shown that OPHI%sallow sound and reproducible arlogical outcomes to be obtained.
Furthermore, these techniques are characterized by a high laryngdotensurvival,
relatively low morbidity and mortality rates, and acceptable functional outcomes, if a careful
preoperative patient selection is carroad.

The aim of this multinstitutional retrospective study on 3la laryngeal cancer patients

treated by OPHLs was to identify, in the vast group of these lesions, some homogeneous
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subcategories describing their different patterns of spreading atetirelades of local, and

loco-regional recurrence.
PATIENTS AND METHODS
Patients

After comprehensive preoperative counseling, 479 patients (Table 1) underwent surgery
between January 2000 and December 2012 at the Hospitals of Vittorio Veneto, Martini of
Turin, and Policlinic Hospital of Modena. As previously describapitient selection was
based on superficial and deep tumor extent, assessed by endoscopic and imaging evaluation
performed less than 3 weeks before surgery. Computedgtapioy (CT) or magnetic
resonance (MR) imaging was used to define infiltration of the cartilaginous framework,
involvement of the prepiglottic (PES) and/or paraglottic spaces (PGS), as well as
extralaryngeal spreading. Prand intraoperative videolaryngcopic examination, by
flexible endoscope in the office, and 0° and 70° rigid endoscopes in the operating theater,
were employed to evaluate both vocal cord/arytenoid mobility and superficial tumor extent.
Concerning arytenoid mobility, 293 patients shdwmpaired mobility/fixed vocal cord

with mobile arytenoid, and 186 presented both vocal cord and arytenoid fixation. Patient
characteristics, distribution according to the involved laryngeal sites, as well as their pT and

pN categories, are reported inbla 1.

The general eligibility criteria for OPHL were a histological diagnosis of
intermediate/advanced (c¥3 4a) categories of glottic and supraglottic laryngeal squamous
cell carcinoma (SCC), and Karnofsky indékigher than 80. Exclusion criteria were: purely
supraglottic T3 with limited extension to the PES (and therefore amenable to OPHL type |
or transoral laser microsurgery), previousitneent(s) for laryngeal carcinoma with curative
intent, severe diabetes mellitus, severe bronchopulmonary chronic obstructive disease,
neurological problems impairing the ability to expectorate and/or swallow, or severe cardiac

disease.

44



pT subcategories

Clinical, endoscopic, radiologic, surgical, and pathological reports were retrospectively
assessed to divide patients into four subcategories based on a laryngeal
compartmentalization using a vertical virtual plane tangential to the arytenoid vocal process
and perpendicular to the ipsilateral thyroid lamina. We defined anterior and posterior
laryngeal compartments as the portions located, respectively, anteriorly or posteriorly to
such a plane (Fig. 1). The four subcategories identified are thereforéoassfol

[) Supraglottic/glottic/subglottic pT3, involving the anterior laryngeal compartment, with
PES and anterior PGS involvement with/without inner cortex thyroid infiltration, but with

normal arytenoid mobility (n=233 patients) (Fig. 2);

II) Supraglotti¢glottic/subglottic pT3, involving the posterior laryngeal compartment, with
infiltration of the whole PGS with/without inner cortex thyroid invasion, and with impaired

(reduced or absent) arytenoid mobility (n=157 patients) (Fig. 3);

[II) Supraglottic/gldtic/subglottic pT4a, involving the anterior laryngeal compartment, with
extralaryngeal extension (through the thynmid membrane, thyroid cartilage, and/or c¥ico
thyroid membrane), but with normal arytenoid mobility (n=60 patients) (Fig. 4);

IV) Supragbttic/glottic/subglottic pT4a, involving the posterior laryngeal compartment,
with extralaryngeal extension (through or around the posterior portion of the thyroid lamina,
through the lateral cricthyroid membrane, cricoid cartilage, and/or at the lef/#ecrice
thyroid-arytenoid space), and with impaired (reduced or absent) arytenoid mobility (n=29

patients) (Fig. 5).
Surgical procedures

All 479 patients underwent OPHL typeslll according to the European Laryngological
Society Classificatiochfor curative purposes. Indications and contraindications of such
procedures have already been described in previous stédies> 18 1The different types

of surgical operation performed are reported in Table 2.

Neck dissetton (ND), graded according to the American Academy of Otolaryngoiogy
Head and Neck Surgery Foundation Classificatfomas performed in 419 patients (87.5%),
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and was unilateral in 347 (82.8%) and bilateral in 72 (17.2%). ND was performed dective
(ND levels IFIV) in 368 cNO patients (87.8%) and for curative purposes in 51 cN>0 (12.2%).

In 391 patients (93.3%), level VI or unilateral paratracheal lymph node clearance was added.
No ND was performed in 60 cNO patients (12.5%).

Adjuvant treatments

Based on pathological findings, 62 patients (12.9%) were subjected to adjuvant radiotherapy.
The indications were: pN+>1 (n=43 patients), gross extralaryngeal extension (n=17, of
whom six showed positive margins), and positive margins elsewhere (n=2yeA/@lume
encompassing the primary site and all draining lymph nodes were irradiated with a dose of
up to 54 Gy. Regions at higher risk for malignant dissemination received a 12 Gy boost
(total, 66 Gy; range, 658 Gy).

Furthermore, chemotherapy was adde87 patients who received 100 md/af cisplatin
on days 1, 22, and 43, concomitantly with radiotherapy because of a higher risk of local
recurrence (five with Delphian nodes pN+, 20 pN2 with extracapsular spread, and 12 more

extended pT4a showing positive/close margins towardgpyagealtissuesy!
Statistical methods

Clinical, endoscopic, and radiologic follewp was performed fa mean of 5.3 years (range,

6 month$16.4 years). Overall (OS), disedsee (DFS), diseasgpecific (DSS) survivals,

local (LC) and loceregional (LRC) controls with OPHL alone, laryngectefrge (LFS),

and laryngeesophageal dysfunctienee survivals (EDFSY? were assessed by Kapi

Meier curves. Logank (LR) and, for early events, GekhBreslowWilcoxon (GBW) tests

were used to compare Kapldveier estimates among the different subcategories. The end
points considered were: the date of death (OS); the date of the first rec{DEX)e the

date of death from disease (DSS); the date of the first local recurrence (LC); the date of the
first locoregional recurrence (LRC); the date of salvage total laryngectomy or the date of
death (LFS); the date of salvage total laryngectomyeuddte of tracheostomy and/or PEG

for functional reasons or the date of death (LEDFS). The association of prognostic factors
for recurrence and subcategories was evaluated by odds ratio, meanwhile the corresponding

incidences were compared by -dguared (2) test.
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All analyses were performed with GraphPad Prism version 6.0e (GraphPad Software, San
Diego, CA, USA), with p<0.05 as the threshold for statistical significance.

RESULTS
Pathology

Pathology reports showed close margins (<2 mm on the specimgmsi@®ecases (12.3%)
and positive margins (negative at frozen sections but positive at the definitive

histopathologic examination) in 16 (3.3%).

Comparison between clinical and pathological staging showestaging of the primary
tumor in 73 (15.2%) cT3esions that became pT4a (49 in subcategory Ill and 24 in

subcategory 1V), while 6 cT4a tumors became pT3 (3 in subcategory | and 3 in subcategory
I1).

In total, 428 patients (89.3%) had been staged as cNO. In contrast, 40 (9.3%) of them became
pN+ after ND. Overall, lymph node metastases were detected in 72 (15%) patients of whom
41 (8.6%) had multiple metastases (Table 1).

Patterns of failure

In total, 70 (14.6%) patients developed recurrences: 28 (40%) were local, 18 (25.7%)
regional, and 4 (5.7%) loemgional. Seven (10%) had local and distant recurrences, 2
(2.8%) were regional and distant, whereas 10 (14.3%) developed distant metastasis only.

One patient (1.4%) developed both leegional and distant recurrences.

Survival and disease control accandito different subcategories

The 5year estimates of the abovementioned oncologic outcomes for each subcategory are
reported in Table 3. OS was significantly higher (p<0.01, with LR and GBW tests) in patients
affected by anterior tumors (subcategoried &, 92.7%) when compared with those
treated for posterior ones (subcategories Il and 1V, 82.3%) (Fig. 6A). Moreover, anterior pT3
tumors (subcategory 1) had better OS than posterior pT3 tumors (subcategory Il, p<0.001,
with LR and GBW tests), althougjto significant difference was detected among pT4 tumors
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(subcategories Il vs. IV). Finally, OS was hampered by T classification in anterior tumors
(subcategories | vs. lll, p<0.01, with LR and GBW tests), but not in posterior ones

(subcategories Il vs. IV

In the same way, DSS was affected by the described laryngeal compartmentalization: it was
96.3% in anterior (subcategories | and 1ll) and 90.1% in posterior tumors (subcategories Il
and 1V) (p<0.05, with LR and GBW tests) (Fig. 6B). A statistically sigant difference

was also demonstrated when comparing anterior (subcategory I) and posterior (subcategory
[I) pT3 tumors (p<0.05, with LR and GBW tests), but not when analyzing pT4 tumors
(subcategories 1l vs. IV), even though they had a similar trEmally, no difference in

terms of DSS was detected by comparison of pT3 and pT4 tumors located in the same

laryngeal compartment (subcategories | vs. lll and Il vs. V).

DFS was significantly reduced in posterior (subcategories Il and IV, 78.8%) contpared
anterior tumors (subcategories | and Ill, 88.3%) (p<0.05, with LR and GBW tests) (Fig. 6C).
Likewise, posterior pT3 (subcategory Il) had worse DFS (p<0.05, with LR and GBW tests)
than anterior pT3 tumors (subcategory I), although no significant differeras detected
among subcategories 1ll and IV. Moreover, patients treated for pT4 tumors had more
recurrences than those with pT3 neoplasms independently from the -posézaor
localization of the disease (subcategories | vs. lll, p<0.01; subcatefjorgedV, p<0.05,

with LR and GBW tests).

LRC was not significantly different between anterior (subcategories | and Ill, 88.6%) and
posterior tumors (subcategories Il and 1V, 83.3%) (Fig. 6D). Nevertheless, it was better in
subcategory | than isubcategory Il (p<0.05, with LR test), although pT4 (subcategories IlI

and IV) had comparable results. Finally, T status affected LRC of anterior tumors
(subcategories | vs. Ill, p<0.01, with LR and GBW tests), but not that of posterior ones

(subcategorieB vs. V).

Likewise, LC was similar in anterior (subcategories | and lll, 92.7%) and posterior tumors
(subcategories Il and IV, 88.1%) (Fig. 6E). Again, subcategory | had better control than
subcategory Il (p<0.05, with LR test), whereas no significéferénce was detected when
comparing pT4 (subcategories Il vs. V).
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Patients affected by anterior tumors were less prone to fatal outcomes and had less need of
salvage total laryngectomy than those with posterior ones (LFS 90.1% for subcategories |
and Il and 75.7% for subcategories Il and IV; p<0.001 with LR test and p<0.01 with GBW
test) (Fig. 6F). Subcategory | had better LFS than subcategory Il (p<0.001, with LR and
GBW tests), but no significant difference was detected between subcategoriesIMl and
Finally, LFS was higher in anterior pT3 than in anterior pT4 tumors (p<0.01, with LR and
GBW tests), whereas posterior pT3 had better LFS with respect to posterior pT4 tumors as

an early event only (p<0.05, with GBW test).

Similarly, the LEDFS was highr in anterior (subcategories | and Ill, 88.8%) than in
posterior tumors (subcategories Il and IV, 74.9%, p<0.001, with LR test and p<0.01, with
GBW test) (Fig. 6G). Again, despite no significant difference being detected between pT4
tumors (subcategoriell vs. 1V), anterior pT3 (subcategory 1) had better LEDFS than
posterior pT3 tumors (subcategory I, p<0.001, with LR and GBW tests). Furthermore, only
anterior tumors were affected by T classification: anterior pT4 (subcategory IIl) had worse
LEDFS (p<0001, with LR and GBW tests) than anterior pT3 (subcategory I).

Correlation between each subcategory and factors affectingriegional recurrence

The associations between positive or close margins, pN+, level VI pN+, extracapsular spread

(ECS) andsubcategories have been evaluated and results are summarized in Table 4.

Tumor localization was generally associated with the occurrence of ECS alone: its risk of
occurrence was indeed higher in posterior (subcategories Il and IV) than in anterior tumors
(subcategories | and 1ll) (p<0.05). Despite being not significantly different, the occurrence

of ECS appeared to be more frequent in subcategory IV.

The prevalence of positive margins was homogeneous amongst the subcategories, but their
occurrence was siditantly more frequent in pT4a when compared with pT3 tumors
(subcategory 11l vs. I, p<0.05; subcategory IV vs. Il, p<0.001). Similarly, no statistically
significant difference was detected in terms of pN+ prevalence amongst the subcategories,

but lymph nale involvement at level VI was more common in patients affected by pT4a
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tumors, with respect to those with pT3 tumors (subcategory Il vs. I, p<0.001; subcategory
IV vs. Il, p<0.01).

DISCUSSION

The last two decades have gradually witnessed a paradigrmgh#ttreatment of laryngeal
cancer, with a progressively increasing significance given to organ and function
preservatiorf.}t 1> 1®Focusing on advanced stages, all the therapeutic approaches, non
surgical aswell as surgical by OPHLs, have demonstrated that larynx preservation is
feasible, even though some disappointing temgn results of chemoradiotherapy (CRT)
protocols deserve further evaluation and investigatiéh.

Despite the undoubted advantages deriving from the laryngeal function preservation
approach in terms of quality of lifeatyngeal oncology has struggled to develop like other
subspecialties in oncology, probably because of the major push towards organ preservation
by nontsurgical modalities. In fact, this paper clearly demonstrates that excellent results can
be obtained evethough the application of surgical function sparing strategies like OPHLs
maintained that particular accuracy in their indications and limits are observed. From this
perspective, the implementation of correct OPHL indications, rather than the surgical

technique itself, is probably one of the most important keys to success in this type of surgery.

Assuming that total laryngectomy is the safest treatment for laryngeal cancer in intermediate
and advanced stages, any therapeutic approach attempting to pteedargnx should be

based on careful case selection, where a pivotal role is taken by patidrittimosrelated
parameters. For this reason, meaningful direct comparisons between the oncologic and
functional outcomes of CRT, total laryngectomy and OPHiss lacking in the current
literature for the very reason that they are quite difficult, if not impossible, to be
comprehensively made. For the innate diversity (in terms of staging, comorbidity,
willingness, age, gender, profession, previous treatmettts,of those patients considered
amenable to one treatment versus another, a true comparison of crude data like survival or
swallowing/voice (just to mention the most obvious) is far beyond the real possibilities of

any prospective or retrospective arsidy
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OPHL can be offered to patients as a valuable alternative to preserve part of the larynx and
its functions, even in advanced T categories, avoiding the negative physical and psychosocial
impacts of a permanent tracheostémy 1% After a strict slection of patients (based on the
assessment of good general and functional conditions, the absence of clinically positive neck
nodes and a good compliance to an intensive rehabilitation protocol), different types of
partial laryngectomy can be proposathen a patient accepts a conservative surgical
management approach, in fact, an OPHL type I, lla, lIb, llla or lllb may be performed guided
by intraoperative evaluations confirmed by frozen sections. This kind of flexibility and
customized surgical apprdacequires specific expertise and, therefore, centralization of

such cases in sufficiently large reference centers

Further aspects to be considered duringtmatment multidisciplinary visit are the well

known absolute contraindications to OPHL typarid Ill, which are based on T and N stage.

In our experience, these are represented Bsions extended to base of tongue or pyriform
sinus ii) lesions with major invasion of prepiglottic space involving the hyoid bone, lesion
involving the interarytenoid space, the posterior commissure and both arytenoid cartilages;
iii) large extralaryngeal spread of cancer involving thyroid glandpstmascles, cervical

skin, internal jugular vein or common carotid artery; and iv) lesions reaching the first
tracheal ring.

The suspected presence of clinically positive nodes >cNL1 is not an absolute contraindication.
However, it does not represent a gaodication to OPHL due to the probable need for a
postoperative RT: the first goal of a function sparing surgical approach should indeed be to
get a singleshot therapy.

In the present series, stringent clinicatliological selection criteria have beatopted to
identify homogeneous cT3 and cT4 subcategories that may be treated by OPHL type I

with the best chance of success. For both supraglottic and glottic T3 and T4 tumors, the most
crucial prognosticator appears to be involvement of the poste6GS, usually associated

with reduced mobility or fixation of the ipsilateral arytenoid. This simple criterion of anterior
vs. posterior laryngeal compartmentalization has herein been demonstrated to be a useful

adjunctive parameter to be included ieg@perative therapeutic planning.
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In fact, when dealing with anterior T3 tumors with normal vocal cord/arytenoid mobility
(subcategory I), OPHL compares favorably with transoral laser microsurgery (TLM) (whose
local control has been shown to be in the raofyd4i 72% for glottic and 7087% for
supraglottic tumorsjt?” and with CRT (whose-gear laryngeesophageal dysfunctieiree
survival has been repoddo be around 409¥.The inner thyroid lamina infiltration does

not negatively impact on the possibility to attain adequate disease control by such-an open
neck conservative approach, while this is definitely thse for TLM and the issue is still
debated for CRT.

Considering anterior T4 tumors (subcategory Ill), OPHL allows quite favorable oncologic
outcomes that can only be compared with those described after total laryngectomy. Here the
difference is in term®f a better quality of life and function preservation of the larynx.
Interestingly, our series highlights that there is not a great difference in terms of OS, DSS,

and LFS between subcategory | and Il when these lesions have been addressed by OPHL.

In contrast, the posterior lesions are much more troublesome and definitely represent the
most difficult clinical scenario. Posterior T3 tumors with vocal cord/arytenoid fixation
(subcategory Il) have been shown to offer very poor outcomes when treated by elthe

or CRT. Even using OPHLs, the oncologic outcomes are significantly worse in this
subcategory when compared to anterior tumors (OS p<0.001, DSS p<0.05, and DFS
p<0.001).

OPHLs for T3 cancer affecting arytenoid motility requires a detailed knowlefdigenor

growth and diffusion patterns. Traditionally, arytenoid fixation was adopted as an exclusion
criterion for OPHLs. However, in a study on 77 cases, Katilmis et al. focused on the possible
different causes of arytenoid fixation: involvement of irdiinlaryngeal muscles with
insertion on the arytenoid, cri@rytenoid joint invasion, and recurrent nerve infiltratfon.
Beyond these, another cause of reduced/absent arytenoid mobility is represented by the
tumor mass effect, which is present in about 60% of supraglottic lesions. Therefore, an
adequate preoperative endoscagic imaging workup able to reliably distinguish among

such different causes of arytenoid fixation is strongly warranted and might in future greatly
help in subclassifying these lesions according to more detailed etiologies. This may also

mean that postest T3 tumors could be considered more similar to T4 from an oncologic as
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well as from a functional point of view. Even from an anatomic perspective, posterior T3
tumors can present cricoarytenoid joint invasion, cricoid pidiération, as well as lated
cricoarytenoid muscle involvement, or perineural spreading along the recurrent nerve. These
factors allow tumors to grow outside the laryngeal box, towards the hypopharynx and
cervical soft tissues. Once the tumor has gained the-timgoarytenoid gaway, it is

indeed almost outside the larynx and, in this sense, it is prognostically more similar to T4
cancer. Moreover, in posterior 913} tumors, the risk of occurrence of lymph nodes with
ECS is 2.5 times higher than in anterior lesions, and the recw# of close margins is 2.4
times higher in anterior pT4 than in pT3, and 8.1 times higher in posterior lesions. In light
of this, OPHL should be reserved for very carefully selected cases of posterior T3 (and even
less frequently in posterior T4 or sabegory 1V) since, even from a functional point of
view, OPHL type Il + CAU (removal of one cricoarytenoid unit) definitively represents an
ARextremeo conservative surgery wi t h sever
unpredictable outcomes. Therefore,posterior T3T4 tumors, total laryngectomy (with
adjuvant CRT or RT) should remain the mainstaigredétment.

Another advantage of OPHLs typeilllll is their respectable functional outcomes whose
occurrences have been summarized in Table 5. As ampétact, use of OPHL allows quite

good results to be obtained in terms of the composite end point represented by LEDFS. Even
from this point of view, anterior pT3 (subcategory I) had better LEDFS than posterior pT3
tumors (subcategory 11, p<0.001, witlR and GBW tests).

Recently, comparing CRT versus primary surgery, Timme shaled that some selected
patients with locally advanced laryngeal cancer can be offeredsurgical organ
preservation without compromising survi¥al.However, these have higher rates of

laryngeal and esophageal dysfunction than those obtained by OPHLs.

CONCLUSIONS

OPHLs tyge Il 7 1l for intermediate/locally advanced laryngeal cancer provide good
oncological and functional outcomes only if strict patient and tumor selection criteria are

followed. Concerning the cT3 category, anterior tumors sparing the posterior PGS and not
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affecting arytenoid mobility are definitely manageable by such a surgical approach with
excellent oncologic outcomes. OPHLs could also be offered to patients affected by early
anterior cT4aNO, strongly motivated to avoid total laryngectomy and declinmguoent

CRT.

Even though associated with more than promising results, probably due to the strict criteria
used to select the subset of patients more suitable for partial laryngectomies, this
conservative surgical approach should be carefully appliedsesaaf cT3 tumors reaching

the posterior PGS and causing arytenoid fixation. In fact, the subset of patients belonging to
subcategory Il comprises tumors characterized by biological behavior as well as oncologic

results that appear very similar to thos& & cancers.

Anyway, a new method of selecting cases amenable to OPHL should first keep in mind the

absolute local and general contraindications to this type of surgery.
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Table 171 Epidemiologic and clinical characteristics of patients treated by OPHL
in the present series (N=479).
No. of patients (%)
Age Meanstandard 60.0£9.2
Range 16-83
Gender Male 434 (90.6%)
Female 45 (9.4%)
Karnofsky 100 298 (62.2%)
90 181(37.8%)
mﬁ?gid Normal 293 (61.2%)
Impaired/fixed 186 (38.8%)
pPTN Glottic Supraglottic
pT3 NO 290 (60.5%) 46 (9.6%)
N1 15 (3.1%) 8 (1.7%)
N2 18 (3.8%) 13 (2.7%)
pT4a NO 69 (14.4%) 2 (0.4%)
N1 8 (1.7%) 0 (0.0%)
N2 7 (1.5%) 3 (0.6%)
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Table 21 Surgical procedures performed

No. of patients (%)

Subcategory | Subcategory Il Subcategory lll  Subcategory IV

OPHL type (N=233) (N=157) (N=60) (N=29)
lla 33 (14.2%) 15 (9.6%) 7 (11.7%) 4 (13.8%)
lla + ARY 125 (53.6%) 69 (43.9%) 11(18.3%) 6 (20.7%)
lib 19 (8.2%) 6 (3.8%) 6 (10%) - (0%)
lIb + ARY 49 (21%) 37 (23.6%) 19 (31.7%) 5 (17.3%)
llla 1 (0.4%) 2 (1.3%) 3 (5%) 1 (3.4%)
llla + CAU 6 (2.6%) 28 (17.8%) 10 (16.7%) 10 (34.5%)
liib - (0%) - (0%) 2 (3.3%) 1 (3.4%)
llib + CAU - (0%) - (0%) 2 (3.3%) 2 (6.9%)

Legendi lla: supracricoid partial laryngectomy with crityyoido-epiglottopexy; llb: supracricoid
partal laryngectomy with cricbyoidopexy; llla: supratracheal partial laryngectomy with tracheo
hyoido-epiglottopexy; llIb: supratracheal partial laryngectomy with traclgoidopexy; ARY:
extension to one arytenoid; CAU: extension to one cricoarytenoid unit.
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Table 37 Oncologic outcomes stratified according to subcategory

Subcategory
I Il 1 v
oS 95% 82.8% 82.9% 79.9%
DSS 97% 90.7% 93.6% 86.5%
DFS 91.5% 81.2% 74.6% 64.2%
LRC 91.9% 84.2% 74.6% 77.3%
LC 96% 89.1% 78.1% 81.6%
LFS 93% 77.7% 77.2% 64.1%
LEDFS 93.1% 76.6% 70.4% 64.7%

Legendi OS = overall survival, DSS = disease specific survival, DFBiseasdree
survival; LRC = loceregional control; LC = local control; LFS = laryngectoiinge
survival; LEDFS = laryngesophageal dysfunction free survival
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Table 47 Prognostic factors for recurrences. ODDS Ratio and2 analyses amongst

subcategories.

ODDS Ratio

Subcategories Ilvs. | IV vs. I llvs. | IVvs. Il |II+IV vs. I+
Close margins 0.65 2.20 2.41 8.13 0.93
Positive margins 2.70 1.40 3.12 1.61 2.08
pN+ 1.69 2.13 1.74 2.20 1.32
Lev VI+ 3.77 2.32 11.69 7.20 2.14
ECS 2.03 7.51 1.09 4.05 2.53

2

Subcategories Ilvs. | IV vs. lll Il vs. | IVvs. Il |I+IV vs. I+
Close margins 0.349 0.172 0.032 0.000 0.907
Positive margins 0.196 0.899 0.312 0.927 0.233
pN+ 0.514 0.470 0.330 0.179 0.353
LevVI+ 0.106 0.418 0.000 0.006 0.118
ECS 0.292 0.062 0.766 0.076 0.047




Fig. 1 Anatomical drawings representing the anterior and posterior laryngeal
compartments defined by a vertical plane tangential to the arytenoid vocal

process and perpendiculato the ipsilateral thyroid lamina: A) axial; B) sagittal

views.
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Fig. 2 Anatomical drawings representing the possible tumor presentations in
subcategory I. A) Supraglottic ¢T3 extending to the PES and anterior
commissure; B) supraglottic cT3 with PESand anterior PGS involvement; C)
glotto-supraglottic cT3 with anterior PGS and infrapetiole region involvement;
D) glottic cT3 with anterior PGS involvement; E) glottic cT3 with anterior PGS,
internal thyroid lamina, and anterior commissure involvement; F) glottic-

subglottic ¢T3 with anterior PGS and subglottic mucosa involvement
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Fig. 3 Anatomical drawings representing the possible tumor presentations in
subcategory ll. A) Supraglottic cT3 with superior and posterior PGS and
arytenoid involvement; B) glottic cT3 with whole PGS involvement; C) glottic
cT3 with whole PGS and internal thyroid lamina involvement; D) glotte
subglottic ¢T3 with posterior PGS and cricearytenoid joint involvement.
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Fig. 4 Anatomical drawings representing the possible tumor presentations in
subcategory Ill. A) Anterior supraglottic cT4a with extension through the
thyro-hyoid membrane and thyroid cartilage; B) anterior glottic cT4a with

extension through the thyroid cartilage and cricethyroid membrane.

65



Fig. 5 Anatomical drawings representing the possible tumor presentations in
subcategory IV. A) Posterior glottic cT4a with extension through the crice
thyroid membrane; B) posterior transglottic cT4a with extension through the

thyroid cartilage and cricoid involvement.
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Fig. 6 A) Overall survival, B) diseasespecific survival, C) diseasdree survival, D)

locoregional control, E) local control, F) laryngectomyfree survival, and G)

laryngo-esophageal dysfunctioffree survival for the entire cohort. Log-Rank
test: *p<0.05; **p<0.01; ***p<0.001. Gehan-Breslow-Wilcoxon test: #p<0.05;
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Paper 2
Open partial horizontal laryngectomies: a proposal for classification by the

working committee on nomenclature of the European Laryngological Society

Abstract

We presenherein the proposal of the European Laryngological Society working committee
on nomenclature for a systematic classification of open partial horizontal laryngectomies
(OPHL). This is based on the craniocaudal extent of laryngeal structures resected oihstea

a number of different and heterogeneous variables present in existing nomenclatures, usually
referring to eponyms, types of pexy, or inferior limit of resection. According to the proposed
classification system, we have defined three types of OPHUse Tyformerly defined

horizontal supraglottic laryngectomy), Type Il (previously called supracricoid
| aryngectomy), and Type |11 (al so named suy
and Abo in Type |1 and | | | up@Bdidepiglottie f | ect s s

Various extensions to one arytenoid, base of tongué&rm sinus, and cricarytenoid unit

are indicated by abbreviations (ARY, BOT, PIR, and CAU, respectively). Our proposal is
not intended to give a comprehensive algorithm ofieg@ion of different OPHLs to specific
clinical situations, but to serve as the basis for obtaining a common language among the head
and neck surgical community. We therefore intend to present this classification system as a
simple and intuitive teachinigistrument, and a tool to be able to compare surgical series

with each other and with nesurgical data.

Introduction

Open partial laryngectomies still play an important role in contemporary conservative
management of laryngeal cancer, closing the gapdsetiwransoral approaches on one hand
and total laryngectomy or nesurgical organ preservation strategies on the other [1, 2].
Furthermore, with increasing utilization of organ preservation strategies to treat laryngeal
cancer, OPHLs have established ampamant and oncologically reliable role in the
management of recurrent radiesistant laryngeal carcinoma [3, 4]. Even though some of
these surgical techniques date back more than half a centd4] [&nd their use in some

part of the world is progres®ly expanding, a comprehensive classification of open patrtial
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laryngectomies has not been attempted in the literature. At the same time, the European
Laryngological Society (ELS) has established the nomenclature for transoral glottic [15, 16]
and supragldic resections [17], nowadays commonly used in papers and meetings at least
all over Europe, and we therefore felt that a similar effort was needed also for open partial
laryngectomies. Traditionally, open partial laryngectomies have been placed in three
subgroups:

1. Vertical partial laryngectomies: This approach has been used for
treatment of glottic carcinomas. By dividing the thyroid cartilage in the
midline or in a paramedian sagittal plane, access to the glottis is achieved,
allowing for resection of am or both vocal cords, the anterior
commissure, and the adjacent portions of the thyroid cartilage. Open
cordectomy via a midline thyrotomy approach without cartilage resection
may be considered the least invasive type of procedure in this subgroup.
All other interventions include some degree of thyroid cartilage sacrifice.
Some of these techniques include the use of local or free flaps to
reconstruct the glottis and improve phonation. Many different subtypes of
this approach have been described in the cad¢tierature, and have been
coined with the names of their describers [18]. However, they do not
represent the object of the present nomenclature and will not be further

addressed in this paper.

2. Horizontal partial laryngectomies: This approach has paed still is,
widely used to resect tumours arising from the supraglottic structures of
the larynx. The procedure is closely linked to the name of Alonso [5] who
popularised it in the 1950s [19]. The indications include tumours of the
supraglottic endolgnx with at least one unaffected arytenoid cartilage,

without extension to the glottic plane.

3. Atypical open partial laryngectomies: Apart from grevious two major
subgroups, some additional afidat ypi cal 6 procedur es,

categorisationnt he fAvertical 0 or Ahori zont
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published over the years. These include subtotal laryngedieugrded

by some aut hor slanmgectomy didente she naturalt al 0
postoperative persistenoétracheotomy) [20], combinezhdoscopi@and

open approaches [21], and procedures usingrfieeovascular flaps to
reconstruct major laryngedefects following partial laryngectomy [22

24].

This generally accepted classification, however, is suitable to implement innovative
pattial procedures thadpply the idea of transverse (horizontal), draliles, resectiongo
nonsupraglottic carcinomas, i.e. to glottic and subgldttimours. This concept was first
suggested by Majeand Rieder in Vienna [8] and became popular throughineclinical
application to intermediate category tumoofsthe glottis and infrahyoid supraglottis in
France [12, 25hnd ltaly [11, 26], and later in the USA [27] and other paftthe world.
While many of the traditionally used vertigadrtial proedures have meanwhile become
obsolete dudo the widespread use of transoral procedures, these intervenisuadly
referred to as fAsupr abavd novogaided magor impoahce forar y n g
thetreatment of intermediate and selected adea laryngeatarcinomas. In fact, this type
of laryngeal surgery is nothe surgical standard for laryngeal cancer that is not accessible
via a transoral routd.o date, the terminology used in the literature to classége surgical
techniques identiés only the inferior limibf resection (e.qg., supraglottic, supracricoid, and
supratrachealaryngectomies) or the type of pexy accomplistiedachieve laryngeal
reconstruction (e.g., crieyoidoepiglottopexygrico-hyoidopexy, and so on). As a resuit o
such heterogeneous nomenclature, variants of every proca@usdt vaguely undescribed.
A working party ofthe Nomenclature Committee of the ELS was establisbguovide
systematic and widespread nomenclature farge of laryngological surgicafqgredures
including transoralaryngeal resections and open partial laryngectoriigs.authors of this
proposal attempt to establish a compreheniivestraightforward classification system of
thesesurgical procedures. The aim is not to define or @ginerapeutic indications but,
using a common system, & in teaching these procedures to residents and nosite &)

interpreting and comparing the postoperative resultseved by different institutions.
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Principles of classification
The commondenominator of every open partial laryngectoohgscribed herein is its
modulated resection in @anioccaudal direction, being the horizontal upper and inferior
limits of excision the most adequate to be used for description of each surgical procedure.
For this reason, we have comprehensively indicated these techniques with the term OPHL.
In order to simplify the nomenclature of the different types of OPHL, and to clarify the extent
of surgical removal, the present classification identifies three typesrgical procedures
based on the lower limit of resection:

- Type IY Supraglottic laryngectomies

- Type I'Y Supracricoid laryngectomies

- Type lllY Supratracheal laryngectomies

Moreover, each type may be extended to adjacent laryngeal and/or pharynge#hesites;
extension of surgical removal is indicated by abbreviations as follows:
- +ARY Y to involve one arytenoid (specifying the side of resection)
- +BOTY to involve the base of tongue
- +PIRY to involve one piriform sinus (specifying the side of resection)
- +CAU Y to involve one cricearytenoid unit composed by arytenoid, crico
arytenoid joint, and underlying hemicricoid plate (specifying the side of

resection)
For Type 11 and | I1 OPHL s, the suffix fAao
spared, whilde he suffix fAbo indicates its removal

Classification

OPHL Type I(horizontal supraglottic laryngectonuy

Entails the resection of the whole supraglottis, including theepiglottic space and the
upper half of the thyroid cartilage. Inferiorly, the @eson encompasses the petiole of the
epiglottis, down to the anterior commissure, and the ventricular folds. Posteriorly, the limit

of resection passes in front of the arytenoids, sectioning the ventricular and aryepiglottic
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folds. Superiorly, the incisiotransects the valleculae along the posterior aspect of the hyoid
bone (Fig. 1a, b). Larynx reconstruction is accomplished by a -thwomopexy. In
individual cases, resection of the hyoid bone may be necessary. In these cases, the pexy will
approximatethe inferior thyroid and the base of tongue. Wound complications and
pharyngecutaneous fistulae as a consequence of a disruption of this pexy are more
frequently encountered as in thymgoidopexy. Therefore, this variant should only be used

if the tumourreaches the hyoid bone. A partial hyoidectomy can be also considered in these

cases.

OPHL Type +ARY (horizontal supraglottic laryngectomy extended to one arytgnoid
Represents an extension of the former procedure to one arytenoid. To prevent agpidation
enhance the loudness of the voice, the disconnected vocal fold should be fixed- postero

medially to the cricoid plate. ALefto or Ar

- OPHL Type +BOT (horizontal supraglottic laryngectomy extended to lbase
of tongug: Represents an extension of the classic OPHL Type | to a limited
portion of the base of tongue.

- OPHL Type +PIR (horizontal supraglottic laryngectomy extended to the
piriform sinug: Represents an extension of the OPHL Type | to the mawalaior
lateral aspects of the piriform sinus.

- OPHL Type ll(supracricoid laryngectomig@sEntails the resection of the entire
thyroid cartilage, with the inferior limit represented by the upper edge of the
cricoid ring. The differences between the varisubtypes of OPHL Type Il are
related to the amount of supraglottis removed and their extension, if any, to
include one arytenoid.

- OPHL Type lla(supracricoid laryngectomy with cricohyoiggpiglottopexy.
Superiorly, the thyrdwyoid membrane is entered fmntally, and the pre
epiglottic space and epiglottic cartilage are transected so that the suprahyoid part
of the epiglottis is spared. On both sides, the inferior constrictor muscles are
incised, the piriform sinuses are dissected, the inferior hortig/afid cartilage

cut, and the ventricular and vocal folds divided down to the lower limit of
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resection in the subglottic region. Larynx reconstruction is achieved by crico
hyoido-epiglottopexy (Fig. 2a, b).

OPHL Type Ill&ARY (supracricoid laryngectomy Wi crico-hyoido
epiglottopexy extended to one arytenoRepresents an extension of OPHL Type
lla to one arytenoid. #ALefto or Aright
OPHL Type lib(supracricoid laryngectomy with cricohyoidopéx$uperiorly,

the thyrohyoid membrane is horizontally divided along the lower border of the
hyoid bone. The posterior aspect of the hyoid is dissected, and the valleculae and
the entire epiglottis are included in the surgical specimen. Laterally and inferiorly
the procedre is carried out as in OPHL Type lla. The entire supraglottis and the
pre-epiglottic space are removed. Larynx reconstruction is achieved by crico
hyoidopexy (Fig. 3a, b).

OPHL Type IIFARY (supracricoid laryngectomy with criebyoidopexy
extended to anarytenoid: Represents an extension of OPHL Type IIb to one
arytenoid. ALefto or #Arighto specify t
OPHL Type lli(supratracheal laryngectomig<ntails the resection of the entire
supraglottic, glottic, and part of tleibglottic sites, sparing both or at least one
functioning cricearytenoid unit (i.e. half of the posterior cricoid plate, with the
corresponding arytenoid and the intact inferior laryngeal nerve of the same side).
Inferiorly, the limit of resection encomapses the cricoid ring and/or part of the
cricoid plate and/or the first two tracheal rings. The various types of OPHL Type
Il differ each other for the amount of supraglottis resected and for the postero
lateral extension, if any, to include one cragtenoid unit. Laryngeal
reconstruction is accomplished by either trachgoidoepiglottopexy or tracheo
hyoidopexy.

OPHL Type llla (supratracheal laryngectomy with trachégoido
epiglottopexy. Inferiorly, after the section of ventricular and vocal folthe

cricoid ring is divided on both sides, medially to the cftiegroid joints, from

the cricoid plate. The inferior limit of the resection is either the membrane

between the cricoid cartilage and the first tracheal ring or the second/third
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tracheal ring Laryngeal reconstruction is achieved by trachgoido
epiglottopexy (Fig. 4a, b).

- OPHL Type lllaaCAU (supratracheal laryngectomy with trachégoido
epiglottopexy extended to one cricoarytenoid Jufitepresents an extension of
OPHL Type lllatoonedaco-ar yt enoi d unit (Fig. 5). nl
side of the resected cri@ytenoid unit.

- OPHL Type Illb (supratracheal laryngectomy with trach&égoidopexy.
Represents the complete removal of thyroid cartilage, epiglottis and other
supraglatic structures except for the arytenoids, and part of the cricoid cartilage
up to the first two tracheal rings. Laryngeal reconstruction is obtained by a
tracheehyoidopexy (Fig. 6a, b).

- OPHL Type llIB-CAU (supratracheal laryngectomy with trachégoidopey
extended to one criearytenoid unij: Represents an extension of OPHL Type
llibtoonecricear yt enoi d unit (Fig. 5). ALeft o
resected cric@rytenoid unit.

Discussion

Classification is defined as the systemaiticangement of different entities into categories
according to differing characteristics. A good classification should make life more efficient
and facilitate the study of the corresponding units or elements. It should also be able to draw
meaningful compasons, allow scientists and clinicians to apply a common language, be
easy to learn, use, and subsequently expanded if needed. In recent years, traditional open
partial laryngectomies have been largely replaced by transoral laser microsurgery. For most
T1 and some T2 lesions of the larynx, this minimal access approach has been shown to be
oncologically reliable while significantly reducing the complication rates of laryngeal
surgery. However, intermediate size tumours, including some T2 and most T3 ,lesions
arising from the anterior commissure and the infrahyoid portion of the epiglottis, frequently
cannot be removed safely via a transoral approach. For these tumours, OPHLs have gained
major clinical importance in many parts of Europe as they allow for enpnd safe
resection of intermediate and selected advanced primary neoplasms of the glottic and

supraglottic sites.
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A number of reports in the international literature have already demonstrated the oncologic
validity of OPHLs, both in primary and in lsage treatment scenarios, as well as their
predictability and reproducibility in terms of functional outcomes. However, direct
comparisons with other surgical and reargical treatment modalities are particularly
difficult for many reasons. In fact, ttiéerature addressing this topic is extremely abundant
and a large number of treatment options have been described, coping with the different
possible patterns of laryngeal tumour spread. This represents one of the most insidious
caveats when trying to cquare different series, since the risk is truly to compare completely
different clinical entities.

We stress that the aim of our classification system is not to define or restrict surgical
indications, since in the same patient the procedure chosen asshadaquate may vary
according to specific preferences, while respecting both functional and oncological
purposes. A comprehensive classification of OPHLs must rather help in understanding and
comparing literature reports dealing with functional and argiobl outcomes obtained by
various OPHLs, and to possibly cumulate rremtalytic figures to retrospectively compare
surgical series among one another, or surgical anesagical data. To this intent, the
adopted system has been kept as simple as pagssigpprerequisite is to offer laryngologists

and head and neck surgical oncologists, especially those in training, a systematic and
organized scheme of the most widely used OPHLs, as an aid in teaching and training

programs

Conclusions

The principleshosen to distinguish one procedure from others have been essentially based
on laryngeal anatomy and the lower extent of surgical resection. In this way, we subdivided
OPHLs according to the cran@audal extension of resection, focusing on the accessorial
elements (arytenoids and criaoytenoid units, base of tongue, piriform sinuses) removed

or not together with the essential ones. The declared intention of this ELS Committee for
Classification project is to facilitate circulation of comparable data gnsomgeons and

researchers on one of the most debated issues in contemporary laryngeal cancer treatment.
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Figure 1

OPHL type I:

a) frontal view

b) sagittal view
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Figure 2

OPHL type lla:

a) frontal view

b) sagittal view
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Figure 3

OPHL type llb:

a) frontal view

b) sagittal view
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Figure 4

OPHL type llla:

a) frontal view

b) sagittal view
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Figure 5

OPHL type Ill + CAU: axial view
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Figure 6

OPHL type lllb + CAU: a) frontal view b) sagittal view
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Paper 3

Subtotal laryngectomy: outcomes of 469 patients and propuesal a

comprehensive and simpliwed classiWcation of surgipedcedures

Abstract

Longterm oncological and functional resuiitsm a retrospective study on 469 patients over
a 10yearperiod of subtotalaryngectomies (SL), 399 supracric@drtial laryngectomies
(SCL) and 70 supratracheal parti@atyngectomies (STL) are presented. The mean fellow
uptime was 97 months (rangei@®5 months). Acute complicatiortgpes and rates of late
sequelae, functial results2-year postoperative scores of laryngeal function and quality
of life are reported. The observed letegm results wereSCL, 5year overall and disease
free survival: 95.6, an®0.9%, respectively; -Rear posioperative laryngeafunction
preservation: 95.7%; STL, -$ear overall anddiseasdree survival: 80 and 72.9%,
respectively; 2year postoperativiaryngeal function preservation: 80%. The performance
status scale for laryngeal function preservasbowed very lgh 2year scores, with no
significant diferencesdepending on the type and extent of surgery. dthepted type of
functionsparing surgery provided overalind diseasé&ee survival rates that were
somewhat bettethan those reported in studies based on espaming protocolswith
chemoradiotherapy. The rate of total laryngectaingompletion in this series was 4.4%. A
new classfication of the current horizontal partial laryngectomiesl$® proposed, namely
AHori zont al L ar (HOISE basea wrythe xtett ok gwal removal of
laryngealstructures.

Introduction

In Italy, each year around 4,040 new cases of laryngeal cancer are diagnosed [1}e,0Of thes
551 60% are early cancers (dedid by the American Joint Committee on Cancer as T1 or T2
tumors without nodal wWolvement or distant metastaseashile the remaining are classfi

as locally advanced (T34, without nodal involvement), loe@gionally advanced (any T

with nodal metastases) and disseminated (any T, any N with distant metastases). In Italy,
startingin the 19Ds following the efforts of Seratfi [2], supracricoigartial laryngectomies
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(SCL) have been increasingly more adopted by head and neck surgeons as a type of
functionpreserving surgery for the treatment of early (glottici TRy supraglottic T2)r

locally advanced (glottic and supraglottic selected T3) laryngeal tumors. Many surgeons
have shown that SCL, weh faced with the planned saa#iof the larynx compared to other
therapeutic options, provides good, reproducible 4mgional control, ad preserves

laryngeal function, with the tracheostomy eventually closed in alabgtatients [37].

Beyond classical SCLs, in 2006 our group describetew type of horizontal partial
laryngectomy, i.e., subtotahryngectomy withtracheehyoido-epiglottopexy (THEP)or
tracheehyoidopexy (THP), which, by extending timéerior limit of the resection to include

a large part of the cricoid cartilage, expanded the indications of the horizontal partial
laryngectomies to some T3 and st[€4a supraglottic and glottic tumors.

Reported as subtot al i s uTHER or rTEHR) dh eha lterml ar y n g
Asupratracheal 06 was <coined by A.R. Ant onel
interventions on the larynx, which are named adicy to the inferior limit of the resection

(e. g., Asupr agl ot BTiLs Rave shHownupgromeiegr onoological and
functional results [8].

By grouping together all the horizontal partial surgical procedures on the larynx, it is now
possible toconsider thei Hor i zont al Laryngectomy Systemo
modulated surgida treatment of laryngeal tumors from horizontal supraglottic
laryngectomy (HSL), to SCand STLd which allows surgical management of thajority

of endolaryngeal camecs. It can also be consideradfunctionsparing surgical protocol,
comparable to organsparipgotocols based on chemoradiotherapy.

The goal ofthis retrospective study was to demonstrate the safetyeggrdducibility of

oncologic and functional outcas ofsubtotal laryngectomies on a large number of patients,

while introducing the concept that functisparing surgicagbrotocols permit, especially for
intermediate stages of diseaaesubstantial reduction in the number of total laryngectomies.

In fad, in institutions such as ours that have adopt#dLS, the number of total
laryngectomies has drasticatlgcreased.

The present study is focused on the kbaign oncologicand functional results of 469

patients subjected to SCL a&d’L over a 16year peiod, during which the conventional

86



therapeutic alternatives for early stage tumors would Hasen radiotherapy alone,
traditional partial laryngectomias transoral laser endoscopic procedures, while for locally
advanced tumors orgageservation protod® with radiochemotherapyor total
laryngectomy would have beapplied. Based on these outcomes, and considering the
preliminary results obtaiad with STLs, an updated classdtion of horizontal partial

laryngectomies is proposed.

Materials and methods

From 1976 to the time of writing, 1,081 partial laryngectomies (supraglottic, supracricoid
and supratracheal) have been performed at the Departments of Otorhinolaryngology of the
Hospital of Vittorio Veneto (Italy) and the Martini Hospital in Turin (Ifalyrhe present
retrospective study has a minimum follap of 60 months and extends over the period
1995 2005, during which 469 patients aVected by laryngeal cancer were treated, 399 using
SCL with cricohyoideepiglottopexy (SCLCHEP) or cricehyoidopexy SCL-CHP) and 70

using STL with trachetyoido-epiglottopexy (STETHEP) or trachedyoidopexy (STE

THP).

The age of the patient cohort ranged from 18 to 87 years, with a median of 59.4 years. 435
patients were male (92.8%) and 34 females (7.2%). All patiead a biopsyproven
laryngeal squamous cell carcinoma, previously treated or untreated, stage from | to IVa
according to the 2002 UICC staging classiWcation system [9] (Table 1).

During the 3 weeks preceding surgical treatment, all patients underwsaintleediagnostic
work-up that included dect or indirect laryngoscopy €kible and/or rigid
videolaryngoscopy), direct microlaryngoscopy and biopsy, laryngeal and neck CT scan or
MRI, bronchoscopy and esophagoscopy to rule out synchronous tumors, ¢aganCT

scan to exclude lung tumors or distant metastases, assessment of bronchopulmonary function
and of comorbidities for aisk patients, and nutritional evaluation. Karnofsky performance
status index had to be at least 80 (i.e., patient ablerpaatrnormal activities, evethough

with diffi culty) [10].

For 400 patients, SCL or STL was the Wrst treatment, while 69 patients (14.7%) were

subjected to surgery for failure of a previous treatment of the laryngeal tumor [27 with CO2
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laser transoralsgery (39.1%), 21 with radiation therapy (30.4%), 3 with open neck partial
laryngectomy (4.3%), and 18 (26.1%) with cordectomy via laryngoWssure].

Exclusion criteria were, in addition to a Karnofsky index less than 80, severe diabetes
mellitus, severe brchopulmonary chronic obstructive disease and severe cardiac disease.
Advanced age, even if historically an age of 70 years has been an imporavitage for
relative surgical indication of some partial laryngectomies, in our experience it is no longer,
in itself, an exclusion criterion.

After accurate selection of patients on the basis of the absence of important comorbidities
and the strong desire of the patient @eoid permanent tracheostomy, age was also
considerea |l ong wi th t heondgient i ent 6s gener al

The indications for SCLs and STLs according to the 2002 TNM UICC T stage are reported
in Table 2. Absolute contraindications for SCLs and STLs were posterior commissure
involvement, involvement of both arytenoids, massive invasion oinfleeior paraglottic
space with inWltration of the submucosa of pyriform sinus, or involvement of the
retrocricoid area or trachea.

Surgery

Three hundred and ninetyne patients underwent SCL and 70 underwent STL. The
supracricoid laryngectomies includ@d2 SCI-CHEP (58%) and 127 SCGCHP (27%),

while the supratracheal laryngectomies included 62 STLTHEP (13.2%) and GKHL
(1.7%). Removal of one arytenoid was indicated, in surgical records, by adjoining to the
symbol A+A0 t he acr qspgalfyingthe side) keft of rght,yohtgee c t o m
removed arytenoid. Neck dissection (ND), classiWed according to the classiWcation of the
AAO-HNS [11], was performed in 412 patients (87.8%), and was monolateral in 279
(67.7%) and bilateral in 133 (32.3%) casheck dissection was elective in 378 (91.7%)
cNO patients, and curative in 34 cN >0 patients (8.2%). No neck dissection was performed
in an additional 57 patients (12.1%) with cNO disease and glottic early cancer.

Overall, lymphnode metastases were désecin 46/412 patients (11.2%); in 25 patients
(6.1%) metastases were bilateral. The pT and pN stage distribution among patients with

supraglottic and glottic tumors is reported in Table 3.
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In all patients, resection margins were examined intraoperatiefsozen sections; when
positive, the resectiomvas expanded until margins were negative. The marginheof
surgical specimen were always checked again dpdvinitive pathology. Pathology reports
indicated that themargins were either close (<3 mm) in X2.3%) or positive
(microinWltration) in 11 patients (2.3%).
Postoperative course and adjuvant treatmeAtk patients were monitored for early
complications (localand general) and late sequelae. Patients underwent the same
rehabilitation protocol, wit the obvious exception of thoswith serious, early
complications.
The postoperative protocol consisted of the following:
(a) postop days 14: insertion of an uncuZed tracheal cannaited beginning of
phonation;
(b) postop days #6: duringdaytimeintermittent occlusion of the tracheostoma with
a salinesoaked gauze and starting of feeding withoutreeheal cannula in position.
(c) postop day 6 onwards, thBIGT was removed as soon as a good level of

deglutition ofboth solids and liquids was lsieved.

On the basis of pathological Wndings, 78 patigi#s.6%) were subjected to adjuvant
radiotherapy. A largevolume encompassing the primary site and all drailymgph nodes
at risk was irradiated with a dose of up5#h Gy/2 Gy. Regions that weegg high risk for
malignantdissemination (pN + and/or ECS), or with positive reseatiangins received a
12-Gy boost (total 66 Gy/Byirange 6268 Gy). Eleven of 78 patients also receivéd
mg of cisplatin per m2 of bodsurface area on days 22, and43 of the course of
radiotherapy12, 13].

Functional assessment

Functional status was quantiWed at the end of the Wrsthensecond posiperative year

by two members of eacktaV, a physician and a nurse, in each department using the
Performancé&tatus Scale as reported by List et B] [ This is a simple, practical, clinician
rated assessment taminsisting of three subscales: speech comprehension, nowhdiey

and eating in public.
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Statistical methods

The minimum followup was 60 monthsy(ean 97, rang&0i 165 months). The endpoint for
overall survival was thdate of death (regardless of cause) or the date of thillast-up
examination for patients who were alive. Fbseasdree survival, patients who died of
unrelated causegere cmsidered as censored at the date of death. The enfipoiligease

free survival was the date of local/regional/distant recurrence/second primary. Regarding
preservation of laryngeal function, the following critasiere adopted: for patients requiring
sdvage total laryngectomyhe endpoint for laryngeal function preservation wWessdate of
eventual total laryngectomy, while for themaining patients the functional data at the last
follow-up were considered [tracheostomy (Y/N), NGT or PEG feed¥i§yl), intelligible

voice (Y/N)]. The simultaneousbsence of tracheostomy and NGT or PEG, and the presence
of comprehensible voice were considered as presdawatgeal function.

The curves for overall and disedasee survival wergalculated from theate of the surgery
using the KaplaiiMeier method. The impact on disedsee survival, tumostage, laryngeal

site of tumor, and type of surgery wassessed by univariate analysis with armgk test.

Results

Patient cohort

From 1 Jan 1995 to 31 Dec Z)M69 patients were subjectem subtotal laryngectomy.
After providing informedconsent, all patients were always oVered the most conservative
surgical or norsurgical therapy (e.g., radiotherapigser surgery, partial vertical
laryngectomy, orgassparing protocols with radiochemotherapy or, in advanced casesd,

laryngectomy), explaining the advantages and disadvanthg@ash therapeutic option.

Survival outcomes

The mean follomup among surviving patients wag months. At 5 years, overall (O&)d
diseasdree survivalDFS) were, respectively, 95.6 and 90.9% for $€itsus 80 and 72.9%
for STL. Figurela and b shows the OS and DFS curves obtained using the Kedplan
method according to the type of surgery. Figure 2 shows the DFS curvediagtorcancer
stage (UICC 2002) and tumor site [supraglottic (Fig. 2a) and glottic (Fig. 2b)].
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Figure 3a and b shows the logegional control databtained using the KaplaWeier

method according to thgpe of surgery.

Patterns of failure

Supracricoidpartial laryngectomies

The overall recurrence rate was 11.0% (44/399), whillotteg and regional recurrence rates
were 3.2% (13/399) an@.5% (10/399), respectively. Simultaneous local asgional
recurrence was observed in 7 of the 13 patieiitis local recurrence. The overall rate of
distant metastasegas 1.0% (4/399) (three in lung and one in bone). The ovezgliency
of second primary tumors was 4.3% (17/399).

At 5 years, the locoegional control rate according to thyge of surgery was SGCHEP
89.3% (243/272), SCLCH82.9% (118/127).

In 13 patients with local recurrence, the following salvimgatments were performed: total
laryngectomy anddjuvant radiation therapy 8 chemotherapy in 11 patarddaser surgery
in 2 cases. Three patisrdied from furthelocal recurrence (average 25.5 months, rarige 9
42 months). At the last followp, 9 patients were alive aniseasdree and 1 patient was
alive with locoregionaldisease; overall local control after salvage therapyaghgeved in

9 of the 13 patients (69.2%).

Regional control was obtained in 389/399 (97.58a)ients. Recurrence in the neck was
observed in 1@atients: 7 patients previously classiWed as cNO, 3 pat&hts0. Seven of
these patients at the time of primary resectimhnot receive ND, whereas two patients
underwenbne ipsilateral and one bilateral neck dissection each.

Eight recurrences in the neck were treated with neck disseatidnadjuvant radiation
therapy, and two with radiatictherapy 8§ chemotherapy. Fourtieats died fronregional
recurrence (rangel 34 months, mean 24 months).

At the last followup, six patients were alive and diseasefoeerall, after salvage therapy

neck control of disease was achieved in six of ten patients (60%).
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Supratracheal grtial laryngectomies

The overall recurrence rate was 25.7% (18/70). The tecalrence rate was 21.4% (15/70).
The regional recurrenaate was 4.2% (3/70). Simultaneous local and regim@lrrence
was observed in 2 of 15 patients with logadurrence. No distant metastases were detected
(0/70 patients). At 5 years, the logegional control rate accordirtg the type of surgery
was: STLTHEP 83.9% (52/62and STL-THP 62.5% (5/8).

Local control was obtained in 60/70 (85.7%) patientdSrpdients with local recurrence,
the following salvagéreatments were performed: total laryngectomy and adjuadidtion
therapy 8 chemotherapy in eight patiesntsl chemotherapy in Wve cases. Ten patients died
from furtherlocal recurrence (average 18.&mths, rangei®5 months). At the last follow

up, 5 patients were alive amliseasdree; overall local control after salvage therapy was
achieved in 5 of 15 patients (33.3%).

Regional control was obtained in 67/70 (95.7%) patieRescurrence in the neckas
observed in three cases: quaient previously classiWed as cNO and two cNpatents.

All these patients, at the time of primary resecti@teived bilateral neck dissection. All
recurrences in theeck were treated with radiation therapy 8§ chérapy,and all patients

died from regional recurrence (range2& months and mean 15 months).

Acute complications and late sequelae

Overall, acute complications during hospitalization occuime®B of the 469 patients (7%)
(Table 4). The mean hospitaizon time for patients with acute complications was 32 days,
which was signiWcantly longer than that of patientghout acute complications (18 days;

p < 0.01).

Late sequelae following discharge were observed in 43 of thecd66s (9.1%). Among
these the following treatments wenequired: endoscopic revision by transoral CO2 laser
surgery(33/43; 76.7%), openeck revision of the pexy (4/43; 9.3&nd total laryngectomy
(2/43; 4.6%). Eight late sequelagere seen in patients that had acute ppstraive

complicationsThere were no perioperative deaths.
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Preservation of laryngeal function

At the end of the second year, preservation of a satisfad¢grge of laryngeal function was
achieved in 438 of the 468ases (93.4%). The rates of preservatiblaryngeal function
according to the type and the extension of resegtene: SCLCHEP (with both arytenoids
spared), 98/108ases (95.1%); SCCHEP +A, 165/169 cases (97.699CL-CHP (with

both arytenoids spared), 33/36 ca@k.7%); SCECHP +A, 86/91cases (94.5%); STFL
THEP (with both arytenoids spared), 10/11 cases (90.9%); STLTHEP +A, 41/51 cases
(80.4%); STL.THP +A, 5/8 cases (62.5%) (Table 5).

The rate of preservation of laryngeal function was slightly better for SCL compared to STL
in the 461 paents that were eventually decannulated (98.3%). The mean duration of
trachestomy intermittent occlusion was 24.9 days (raingé@ldays), and the average time

of tracheostomy closure was 73.4 days (rand&38 days).

In our protocol progressive closurd the tracheostomy is preferred, which occurs
spontaneously in the majority of patients following occlusion. For patients, this leads to
about a sensation of greater safety, especially ifirsteveeks after discharge, concerning
small episodes of fooehhalation which are relatively frequent. When the tracheostuasy
almost closed, a small plastic surgery can theperformed.

Nearly all patients (466/469, 99.4%) had tH&T or PEG removed. The NGT or PEG
remained in placér an average of 15.9 dagimnge 4161 days) (Table 6).

438 of the 441 patients who were disefise on the larynswallowed almost normally at

the end of thdirst year.

Occasional aspiration was reported in 26/469 pati{@®¥86) when drinking, and by 13/469
patients (2.8%) evewhen eating solid foods. Overall pneumonia ab ingess observed

in 15/469 cases (3.2%)n three cases, total laryngectomy was proposed for persistent
aspiration: two patients accepted and one refused, preféorkeep the PEG and maintain
voice.

Table 7 detailshe data concerning functional assessment. The distriboftipatient scores

as well as median scores for the three substapgesented according to the type of surgery.
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Discussion

After the first total laryngectomy performed IByllroth assisted by Heidelberg (quoted by
Weir [15]) in 1873, theproblem of voice preservation and airway restorapashed the
surgeonso i nvent i-sparingithougtaanablogicalysoundy praceduresn
In the present study, we considerethrge series of SL&cluding both SCLs (which are
the most common, reproducibénd consolidated type of surgical procedure) &ids
(which have more selective indications and for thsson are less numerous).

In our series of SCLs, thabserved 5/ear overall survival was 95.6% and was @&soellent

in patients with stage Ill cancers. Moreover, ovesalivival was good for patients treated
with STLs (even ifLl5.7% of the patients experienced a recurrence after preveaisient),
where the obsged 5year overall survivalvas 80%, compared to 86.4% in previously
untreatedpatients.

Several oncologic and functional considerations of @alrort of patients are necessary.
Based on pathologic stagehich can provide the most precise prognostic iogtions,
305/469 (65%) patients had early stage cancersmarstl (252) were glottic cancers, while
164 cases (35%ere grouped in stages lll and IV. Radiation alone combiniéd laser
surgery could have cured about 80% of tfeients with early stageisgase, without
resorting to tracheostomwith better results in terms of quality of voieed swallowing,
and a treatment plan that is much eafiethe patient.

However, less aggressive protocols are characterizad@e of total laryngectomy that is
about 11% [16] afteradiotherapy andi®% after laser surgery [17, 18].

The pattern of greatest failure with these protocols is sdemn the tumor involves the
anterior commissure (glottitlb) [19] and the paraglottspace posteriorly (glottic TR 7].
Thus, it can be reasonably assumed that in caseseuiilyr stage tumors, the use of less
invasive therapies woulde expected, considering the slightly poorer prognostic outcomes,
a greater number of total laryngecti@s but generallwith better quality of voice and
swallowing.

The results areasnewhat diférent for cases of locallgdvanced disease. In these cases,
organsparing protocolsvith radiochemotherapy show prognostic results thahlboet 10%
less with avariable but much greater percentagéotal laryngectomies (from 20 to 50%);

long-term functionakesults are also entirely unsatisfactory [20].
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Thus, in terms of global morbidity, the extensive ussuijtotal laryngectomy can be-re
considered for earlgtagedisease in which there are valid and proven-iegssivesurgical
and nonrsurgical alternatives that can provide gdodctional results with fewer problems
in functional recovery.

In these cases, sulbal laryngectomy is only justdiblefor casesat risk such & T1b glottic
tumors with signiftantinvolvement of the anterior commissure and/or with diYculies
exposition in direct microlaryngoscopy andvath suspect involvement of the prelaryngeal
lymph node(19), T2 glottic tumors that involvéhe paraglottic spacsuperiorly and/or
inferiorly and that tend to behave biologicadly authentic T3 cancers [21].

The choice of subtotal laryngectomy can be considasexktremely competitive not only in
prognostic terms budlso in terms ofunctional results such as a reduction intkenber of
total laryngectomies, especially for intermedistages and some advanced stages (T3 and
selected T4a)There were no signdant dfferences according to tiygpe of surgery, SGL
CHEP or CHP and STFIHEP orTHP. 5year overall survival rate for all types of SL was
about 10% higher than that reported in published studiesgamsparing protocols based
on chemoradiotherapy. Furthermosepratracheal laryngectomy in cases at risklose
margins iftreated by SCL, allowed widening thesection both downward and laterally.
Moreover, the proportioof patients subjected to total laryngectomydaher functional or
oncological purposes, was sigodntly lower (4.4%) and there was no perioperative
mortality.

Our data on the patterns of failure show that SLs can be tatloesth patient, depending
on the extent of the lesion, aridat all types of SCL and STL (in previously untreated
patients) provide similar rates of local control. Thisis possblence t he | ar ynx
tumorfree margins of ¥5 mm: inthe present study, the radicality of surgical removal was
alwaysroutinely checked intraperatively by frozen sections.

The necessity of neck dissection in NO tumors, mostlglattic tumors,is worthy of
comment. In our cohort gdatients, 475 of 545 neck dissections were unnecessaryn But
terms of regional control, it should be noted thatgteatest percentage of recurrenceslon
was seen wittSCL-CHEP +A, which was also the largestbgroup ofpatients (169/469,
36%).
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This could indicate, also for NO tumors and even in considerafidime low morbidity of
selective neck dissectiothat greater attention should be given to stage Il anditiors,
utilizing bilateral dissection aevels IV 11T 1V for supraglottic tumors when the midline of
the larynx isnvolved, and ipsilateral dissection of the same levels in lateradigeichglottic
and glottic tumors.
In case of subglottic extension, honoo bilateral paratracheBimph node dsection should
be performed considerirte high prevalence of occult metastases [22].
Acute complications were seen in 7% of the patiefit® most frequent were pneumonia
(almost 39% of all theomplications in agreement with the observations of Bestitd. [23]
who reported that the most frequent complicatednSL is aspiration), wound or neck
infections and neckemorrhage (36%). This observation highlights the needdozful
preoperative assessment of comorbidities, especiallabetes mellitus rad
bronchopulmonary chronigbstructive disease.
In the present series, 159/469 patients (33.9%) were6@veears of age, and in this subset
the Syear rate of overaliurvivalwas 88.1%, which was not significantly dfentfrom the
subset of youngepatients. Late sequelae occuriedd.1% of the patients. Of these, the
majority was due ttaryngeal obstruction (65% of late sequelae), most of wiere relagd
to chronic edema or mucosadfls of the neolarynx.
Only 9.3% suféred from intermittent opersistenaspiration. It should be stressed that the
majority of latesequelae were rescued by one or two transoral proceuu@®2 laser. In
patients that developed late sequelae péreentage of laryngeal sparing was 95.3%, and
only 2 patients hado be subjected to total laryngectomy. (Tpessibility to undergo
reconstructive revision of the airwé&y resolve problems related to severe aspiration should
alsobe mentioned; the revision of the pexy with restoratioswadllowing was successfully
performed in four cases in th@esent study).
Concerning functional results, we stress the need tonely and vigorous rehabilitative
protocol consisting:

- The use of an uncu#fd tracheal cannula just at the esfdsurgery or in the

immediate posbperatve period, tdavor coughing, as a defense mechanism;
- T The early (1 or 2 days pesp) starting of phonatiorehabilitation, to improve

t he pati ent Orecovary a ryngealdsensory Yeedback;
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- T The occlusion of the tracheostomy during thetutag, starting from post
operative daysi3!, which contributeso restore laryngeal sensory feedback and
improvescoughing reféxes;

- T Early rehabilitation of swallowing without the tracheahnula in position, that

would hinder the rising of thiaryngotracheal axis at each swallow.

In the subgroup of patients that failed previous treatrfogithe same laryngeal cancer, SCL
and STL provided, as mscue procedure, good local control and preservatitaryfgeal
function (overall survival, 60/6%atients, 86.9%diseasdree survival, 57/69 patients,
82.6%, preservationf laryngeal function, 58/69 cases, 84.1%; acute complicatifS,
cases; 11.6%, late sequelae, 10/69 cd<es%).
Thisfnding is in agreement with the study by Spriahal [24], and demonstrates that SCL
and STL can beised as salvage surgery, even after oggaring protocolsas well as in
locally extended lesions (e.g., rT2 and selecid).
For laryngeal cancer, since the frequency of distaetastasis is low, theuce rates will
depend mainly oroco-regional control, attained by modulating the extentsofgical
removal, as in HOLS. For this reason, it is importartighlight two factors. If because of
the T stage thers a risk of obtaining close margins withmeore limited surgicatemoval,
it is preferable to widen the resectionfalfows:
1. SCL-CHEP A SCL-CHEP +A
SCL-CHEP A SCL-CHP
SCL-CHEP A STL-THEP

Functional outcomes are similar, but the radicalityresater and more certain.

2. Concerning N statug,should be taken for granted thatients with supraglottic
cancers greater than Tghould undergo elective neck clearance. Substantial
importance should be given to level VI lymph nodesurative and elective, thier
selective or radicaimodified reck dissections, whenever the cancer involves the

inferior paraglottic space and/or subglottis. In theiseations, even though a neck
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dissection may not haveeen planned, exploration of the central compartiyenth

nodes is recommended.

3. For all anerior tumors without posterior involvemebiyth SCL and STL provide
very good local controlThis suggests the radicality that can be obtained Siitis
nearly identical to that obtained with more radicérventions. Therefore, in these
cases, if notffectedby diseas, it is not necessary to saardi the cricearytenoid

units, which are fundamental for functiomatovery.

4. Functional data obtained from both objective (99M@&T and PEG removal,
13.9% among late sequelaelated to chronic/intermittent aspiration, 98.3%
tracheostomyclosure), and subjective (evaluation of dispeech and eating in
public) outcomes have demonstratied validity of SL in sparing laryngeal function,
albeitathe obvi ous e x peednosrgealtrefimeveork.ilisid shopd thef i
anatomical redundan®f the laryngeal structure and the vast abilityia$ organ to
recover the essentials of its function after pagiaigical mutilation, provided that
tissue hasheethe st r oyed ac c olr dd rigt d roi iatfidasifeh ii so nlae
preservation of at least a single functiocrato-arytenoid unit with its corresponding
recurreninerve, the integrity of the superior laryngeal nervessgiaging of as much

as possible of the pyriform sinusucosaadequate reconstruction of the pyriform

sinus andhe restoring of the airway continuity through the pexy.

5. One disadvantage of subtotal laryngectomy is the qualityoice, which is

unsatisfactory in 3040% of the cases.

Conclusions

With the dffusion, at least among European head and msecgeons, of supracricoid
laryngectomies, the advent of thgpratracheal laryngectomies, and the consolidated role of
conventional nossurgical orgarsparing protocols anendoscopic procedures, the role of
total laryngectomy irthe treatment of endolaryngeal neoplasms has decreassiderably.

On the other hand, there is a growing proportbpatients to whom the choice between
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organsparingand surgical functiosparing protocols (open surgery dader sugery) can
now be ofered. The oncological resultstbk two treatment strategies are nearly equivalent,
a fact thais due to the application of orgaparing protocols that avogilirgical trauma and
risks, and assure laryngeal preservation.

The psycholgical impact of this possibility is demonstratadthe fact that the surgical arm
of randomized perspectivstudies on orgasparing protocols féers the only surgical
alternative to total laryngectomy. While waiting for ttesults of a perspective, raodized
study on the entire rangg subtotal partial laryngectomies, our data, even thoatyieved
from retrospective case reports, appearfteresome considerations that may be important
in patient counseling.

In comparison with orgasparing protocd, inclusioncriteria of surgical protocols are
usually less stringent; thaortality rate is likely to be lower (zero in our experiendbg
rate of acute and late morbidities is nearly same or Idtvemnumber of total laryngectomies
for oncological orfunctional purposes is signiéantly less; functional outcomes ageod
(with the only variake the poorer quality of voicalthough suriwal rates are even higher.
To fill the above gapa randomized clinical perspective trial comparing the tveatmem
modalities is warranted, with the set of surgifahctionpreserving procedures in the
surgical arm. Alonghese lines, our group is actively participating in a trial leGlyseppe
Spriano, from the Istituto dei Tumori of Ronfealy). Until the resuls of this trial are
available, our currenpolicy with patients with early (T1b with massive invasiontioé
anterior commissure, T2 with posterior paraglottic spaoelvement or subglottic
extension) or selected advanc@@i T4a) laryngeal cancers wlawe candidates for surgical
protocols that preserve laryngeal function is to proposseuhgical or norsurgical options
and allow the patient tohoose the preferred treatment modality [25].

Analysis of the National Cancer Data Base [26] shihastin tre US survival has decreased
among patients witllaryngeal cancer during the past two decades, in paraitbl the
increased use of orgaparing protocols wittcombined chemoradiotherapy. The most
notable decline inhe 5year relative survival occurredr®ng advanced stagglottic
cancers, early stage supraglottic cancers and supraglattoers classiid as T3NOMO. In
contrast, in thestiaree tumor groups, horizontal supraglottic laryngectang, supracricoid

and supratracheal laryngectomy provideigher degree of loeceegional control.
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In order to simplify the recording of theftkrent types ohorizontal laryngeal function
sparing procedures, anddlarify the extent of surgical removal, we propose that horizontal
partal laryngectomies can béassified into thredypes, in a manner similar to that adopted
for endoscopicordectomies by the ELS [27]. In all three types, the exterdi@urgical
removal is indicated by symbols as follows:

- +AA To comprise one arytenoid

- +BA Upward

- +CA Downward

- +DA Laterally

Type | Horizontal laryngectontyorizontal supraglottiaryngectomy A HSL
Possible extensions:
- +AA to one arytenoid
- +BA to base of tongue
- +CA to one vocal cord

- +DA to pyriform fossa mucosa

Type lIHorizontal laryngectomies
Type lla: supracricoid partial laryngectomy with cricohyesjmglottopexy and both
arytenoids spared A SCL-CHEP
Possible extension:
- +AA to one arytenoid = SGCHEP + A

Type llb: supracricoid partial laryngectomy with ttemoval of the entire epiglottis

and preepiglottic spacawith crico-hyoidgpexy and both arytenoids sparéd
SCL- CHP

Possible extension:

- +AA to one arytenoid = SGCHP+ A
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Type lllHorizontal laryngectomies
Type llla: supratracheal partial laryngectomghtracheehyoido-epiglottopexy and
both arytenoidspared A STL-THEP
Possible extension:

- +AA to one cricearytenoidunit = STLTHEP + A

Type llIb: supratracheal partial laryngectomy with teeoval of the entire epiglottis
and preepiglottic spacand with trachednyoidopexy A STL-THP
Possible extension:

- +AA to one cricearytenoid unit = STETHP + A

The classftation system is simple, and easy to apply. §ystem also takes into account the
need to consider an organizecheme for horizontal lgngectomies, as there avger 16
different types, and each has eiffint indicationgccording the degree of extension, site,
pathology andjrade of the lesion.
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Table 1 Characteristics of the 469 patients undergoing subtotal laryngectomy

according to age, gender and Karnofsky performance status

Characteristic n/IN To
Age
<55 144/469 30.7
55-75 302/469 64.4
>75 23/469 4.9
Median (year) 59.4
Range (year) 18-87
Gender
Male 435/469 92.8
Female 34/469 7.2
Karnofsky performance status
100 301/469 64.1
90 115/469 24.6
80 53/469 1.3
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Indications for each type of subtotal laryngectomy according to 2002

TNM UICC clinical staging

Table 2
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Table 3

Characteristics of the 469 patients undergoing subtotal laryngectomy

according to postoperative pathological findings

pT Glottic Supraglottic
N % N %

pT1 40 8.5 - -
pT2 191 40.7 53 11.3
pT3 86 18.3 55 11.7
pT4 39 8.3 5 1.1
pN

pNO 337 T1.8 86 18.3

pNI1 10 2.1 11 23

pN2 9 1.9 16

pN3 — —
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Table 4 Acute postoperative complicatomns and late sequelae

s

Acute complications N %

Acute cervical bleeding 4 12.1
Acute renal failure 1 3.1
Blood infection 1 3.1
AMI 1 3.1
Pulmonary failure + pneumonia 2 6.2
Pneumonia ab ingestis [T 333
Pulmonary failure 3 9

Stroke 1 3.1
Wound infection + cardiac failure 1 3.1
Wound infection 8 242

Late sequelae

Frequent aspiration 4 9.3
Laryngeal fibrosis with stenosis 5 116
Laryngeal soft tissue stenosis + occasional aspiration 2 4.7
Laryngeal soft tissue stenosis 21 48.8
Persistent dyspnea 5 116
Recurrent cervical infection 2 4.7
Aspiration pneumonia 4 9.3
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Table 5 Preservation of laryngeal function

Type of surgery n/N %
SCL
CHEP 98/103 95.1
CHEP + A 165/169 97.6
CHP 33/36 91.7
CHP + A 86/91 94.5
STL
THEP 10/11 90.9
THEP + A 41/51 80.4
THP - -
THP + A 5/8 62.5

SCL-CHEP supracricoid laryngectomy with crico-hyoido-epiglot-
topexy

SCL-CHP supracricoid laryngectomy with crico-hyoidopexy

STL-THEP supratracheal laryngectomy with tracheo-hyoido-epiglot-
topexy

STL-THP supratracheal laryngectomy with tracheo-hyoidopexy
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Functional results according to the type of surgery

Table 6
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Table 7 Performance status scale for head and nech cancers patients: a)

Supracricoid partial laryngectomies b) Supratracheal
laringectomies
SCL-CHEP SCL-CHEP +A SCL-CHP SCL-CHP +A
LFP 95/103 LFP 165/169 LFP 8691 LFF 33134
{a) Supracricoid partial laryngectomies
Eating in publics N % N % N % N %
1100 59 90.3 149 903 76 8.4 28 248
7 & 6.1 1 &7 3 7 3 91
50 ] 3 5 3 4 46 2 6.1
5 - - - - - - - -
(1] - - - - - - - -
Understandability of speech®
1106 62 633 104 63 49 57 19 516
7 1 6 52 35 13 384 11 333
50 4 4l 9 55 4 46 2 6.1
5 - - - - - - - -
(] - - - - - - - -
Mormalcy of diat®
1100 0 0.6 120 TRE &0 0.8 24 727
o0 15 153 n 133 19 71 5 152
50 3 3l g 55 5 58 4 12.1
0 1 ] 3 LE 2 23 1 3
& - - 1 06 - - - -
50 - - - - - - - -
£ - - - - - - - -
0 - - - - - - - -
n - - - - - - - -
i} - - - - - - - -
i) - - - - - - - -
STL-THEP STL-THEP + A- STL-THP STL-THP + A
LFP IV11 LFP 41/51 LFP 040 LFP 5/%
{b) Supratracheal partial laryngectomies
Eating in public® N (%) N (%) N (%) N (%)
i} ] &0 35 854 - - 3 &0
7 z 20 3 73 - - 1 0
50 - - 3 73 - - 1 0
5 - - - - - - - -
i — — — — — — - —
Understandability
of speach®
11000 5 50 28 684 - - 2 40
7 2 20 7 17.0 - - 2 40
50 1 10 3 144 - - 1 0
5 — — — — — — — —
(1] - - - - - - - -
Mormalcy of diet®
1106 7 T0 35 854 - - 1 0
a0 2 20 1 24 - - 2 40

partiale
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STL-THEP STL-THEP + A- STL-THP STL-THP + A
LFP 1v11 LFP 41451 LFP #D LFP 58

- - 2 49 - - 2 40
1 10 [ 24 - - - _
- - 2 49 - - - -

SEE2E2ZL 2B
|
i
1
1
i
1
1
i

LFP laryngeal funchion preservation

® 100 Mo restriction of place, food or companion (eats out at any opportunity)y; 75 no restriction of place, but restricts diet when in public (eats
anywhere, but may limit intake o less “messy™ foods, eg. liquids; 50 eats only in the presence of selected persons in selected places; 25 eats only
at home in presence of selected persons; 0 always eats alone

E 100 Always understandable; 75 understandable most of the time, occasional repetition necessary; 50 usually understandable. face-to-face con-
trct necessary; 25 difficult to understand; 0 never understandable, may use writien communication

= 100 full diet {no restriction); 90 peanats; B0 all meat; 70 carrots and celery; 60 dry bread and crackers; 50 soft, chewable foods (e.g., macarond,
canned/soft fruits, cooked vegetables, fish, hamburger and small pieces of meat); 40 soft foods requining no chewing (e.g.. mashed potatoes, apple
sauce, and pudding); 30 pureed foods (in blender), 20 warm kiguids, 10 cold liguids; O normal feeding (tube fed)
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Figure 1
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Figure 2 Diseasefree survival probability according to stage and laryngeal site in
subtotal laryngectomies (N = 469)
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Figure 3 A) Locoregional control probability according to the type of surgery
in supracricoid laryngectomies (N = 399)
B) Locoregional control probability according to the type of surgery in
supratracheal laryngectomies (N = 70)
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Paper 4

Benefits and drawbacks of Open Partial Horizontal Laryngectomies, Part A:

early-intermediatestage glottic carcinoma

Abstract

Background.Laryngeal squamous cell carcinoma (SCC) accounts for the 1.9% of cancers
worldwide. Most of these (up to 60%) are diagnosed in early stageBEX;TN0). For these
larynx preserving/conserving option is prefdea Beyond transoral laser microsurgery
(TLM), open partial horizontal laryngectomy (OPHL) is a functparing surgical
technique to treat them.

Methods We retrospectively analyzed the clinical outcomes of 216 patients who underwent
OPHL for glottic cT2 laryngeal cancer from 1995 to 2011.

Results.5 years overall survival, diseaspecific survival, loceegional control, local
control, laryngeal function preservation, and laryngectdreg survival rates were 93.1%,
98.0%, 97.1%, 97.5%, 97.8% and 98,5%spectively. Disease controls are significantly
affected by previous treatment and type of surgery employed.

ConclusionsAlthough TLM forcT2 laryngeal cancewith unimpaired vocal cord mobility

still represents a sound optic@PHL with a modulaapproach offer higher local control

and laryngeal preservation rates, $etected patients with impaired mobility of vocakd

combined to an involvemenf the paraglottic space

Introduction

Laryngeal squamous cell carcinoma (SCC) accounts fot.8% of cancers worldwide.

Most of these are glottic (51%) of which a great many (up to 60%) are diagnosed in early
stages (T4r2, NO, MO) due to noticeable voice changes that underlie lesions in true vocal
cords?* For these locally spread laryngeal tumors laryngeal functions piegeaption is
preferable. As a consequence, the National Comprehensive Cancer Network Guidelines

foresee the employment of either radiotherapy or partial laryngectomy. However, Misono et
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al. recently highlighted greater overall survival and disspseific survival in patients
whose treatment included local surgery with respect to those who receive radiotherapy
alone? In particular, surgical option includes either open neck partial laryngectomy and/or
transoral laser microsurgery (TLM). Theegter part of the former, especially in Europe, is
represented by open partial horizontal laryngectomy (OPHbjereas the latter is
performed usually by carbon dioxide la8dihe choice of procedure between open neck and
transoral approches is very challenging because of the extreme heterogeneity of the lesions
and variety of variables related to the patient.

OPHL were able to partially spare the laryngeal functions without compromising loco
regional contrdt ° reaching a good compromise between oncological radicality and
functional outcome. To standardjzbe European Laryngological Society recently proposed

a classification of the more commonly adopted OPHL according to extent of re¢&gpen

| i supraglottic, Type IT supracricoid, and Type ITl supratracheafy’

On the other handhe advantages of TLM iretms of laryngeal preservation rate and early
and faster recovery of laryngeal functions have already been reported, as well as the negative
impact on local control for T3 lesions extending laterally to the thyroarytenoid (TA) muscle,
with involvement of he paraglottic space (PGS)+14

The heterogeneity in term of local extent and prognosis of glottic cT2 tumors is well known.
In particular the impaired vocal cord mobility remamsrucial issue in the therapeutic
planning. Even if accurately performed by new technologies the endoscopic evaluation is
subjective and debated among specialists in distinguish the different causes of vocal cord
impairment such as bulky tumor, vocal mlesmfiltration, PGS involvement, and crico
arytenoid joint invasion. Moreover the early assessment of the PGS invasion represents
another hot topic in the staging of glottic cancer even by means of the most sophisticated
imaging studies.

Therefore, whenamparing clinical and pathological staging, a significant number of cases,
accordingly to the UICC/AJCC classification, show arstgging of the primary tumor from

cT2 to pT3,resulting as false negative at the preoperative imaging. In this light in 2005
Peretti and colleagues proposed to-slassify the cT2 tumors in 5 pT subcategories in
relation to the size, site and patterns of superficially and submucosally diffusion analyzed by

clinical, radiologic, surgical and pathological examinatibhdde demonstrated that
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unimodal endoscopic laser resection provides a good oncological outcome in the majority of
cT2; by contrast tumors, upstaged pT3, for involvement of the PGS, represent a
completely different disease which negatevely influnces the proghosis.

Based on these observations, we followed the policy of staging and the propeshl of
classification of cT2 proposed by Peretti in a cohort of patients treated by OPHL, with the
aim to underline the role of OPHL in patients affected by T2 and selected T3 and compare
the oncological and functional outcomes with those obtained by TLM.

Hence, a multicentric retrospective outcomes analysis of 216 patients with glottic laryngeal
SCC classified as cT2 and managed by TypBIIDPHLs is presented. The analysis was
conducted over a 1gear period during which TLM or radiotherapy were applisd a

alternative therapeutic optiofts®

Material and methods

Patients

All patients were from the Hospital of Vittorio Veneto (Treviso) or bertini Hospital of

Turin (Italy). Selection was based on routinely performed clinical assessment lasting 3 weeks
prior surgery, in order to evaluate the superficial and depth extent of the tumor, as previously
described.

Inclusion criteria were: histological diagnosis of glottic cT2 laryngeal SCC, with Karnofsky
indext” higher than 80 (Table 1). Exclusion criteria were severe diabetes mellitus, severe
bronchopulmonary chronic obstructive disease, neurological problems impairing the ability
to expectorate and/or swallow, or severe cardiac disease. Advanced age, amtnopérta

off for relative surgical indicatidi, has not been considered, in itself, as an exclusion
criterion.

After informed consent had been obtained, 216 patients with glottic squamous cell
carcinoma classified as cT2 according to the 2002 TNM classification systaderwent

a modular function sparing surgical approach between 1 January 1995 and 31 December
2011. Thirtynine patients (18.1%) included in the present analysis had been treated
previously for laryngeal carcinoma by TLM (20/39, 51.3%), radiation the(agy39,
30.8%) or cordectomy (7/39, 17.9%).
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Vocal fold mobility assessment resulted in 71 cases with normal vocal cord mobility, and
145 cases with impaired vocal cord mobility and mobile cricoarytenoid joint.

All patients were submitted to neck computedography (CT) or magnetic resonance
imaging (MRI) to rule out infiltration of the cartilaginous framework and evaluate the extent
of the preepiglottic space and/or paraglottic space.

The preoperative records, radiologic images as well as all surgieaingns were
retrospectively reviewed to allowhe reclassification of all cases, accordingly to the
UICC/AJCC classification. Moreover after the final histology the entire cohort opd B2

were divided intdive subtypesas suggested by Peretti and eatjues (Fig.1y

Surgery
Open neck procedures were classifiedoading to the European Laryngological Society

Classification

- Type lla (supracricoid partial laringectomy/cribgoido-epiglottopexy) =
76/216 (35.2%)
- Type lla + ARY = D2/216 (47.2%)
- Type llb (supracricoid partial laringectomy/cridoyoido-pexy) = 12/216
(5.55%)
- Type llb + ARY = 12/216 (5.55%)
- Type llla (supratracheal partial laryngectomy/trachgoido-epiglottopexy) =
1/216 (0.5%)
- Type II'la + CAU = 13/ 216 ( eemovlof,onewher e

arytenoid and A+CAUO0 the removal of on

The indications adopted for Type [l OPHLs were the classical ones, applied according to
tumor extent, now being accepted and advocated by numerous AufidtsAlthough
definitions forthe Type Ill OPHLs wereonly recentlyintroducecf the precise indications

for tumors at theT2 classification werkesionswith anterior or lateral subglottic extension,
spreading downward above the conus elasticus and reaching the cricoid ring.

In all patients, resection margins were examined intraoperatively with frozen sections: when

positive, the resection was expandedilithe margins were negative. The margins of the
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surgical specimen were always checked again upon definitive path@logynterventions

were conducted using the principles of a modular approach. The resection is always prepared
in standard mode and tharynx is opened from the side less affected by disease. At this
point, under visual control, the subsites involved are removed and the resection can be
enlarged as followg1) Type lla/bA Type lla/b + ARY; (2) Type llld4 Type llla + CAU;

(3) Type llaA Type lib; (4) Type lla + ARYA Type llla + CAU.

Neck dissection (ND), graded according to the American Academy of Otolaryngelogy
Head and Neck Surgery Foundation classificattomas performed in 204 patients (94.4%),

and was monolateral in 168/204 (82.4%) and bilateré86/204 (17.6%) cases. ND was
elective (ND levels HIV) in 198 cNO patients (97.1%) and curative (ND leveld/ Ik

Internal Jugular Vein in one case) in 6 cN>0 patients (2.9%). In nine patients, whole level
VI or unilateral paratracheal lymph node clea@was added. No ND was performed in an
additional 12 patients (5.55%, elderly and/or cNO disease or in previously treated neck)
(Tablel).

Postoperative care

All patients were monitored for early complications (local and general) and late sequelae.
Patents underwent the same rehabilitation protocol, apart from those with serious early
complications. The postoperative protocol was in accord with our previous ¥eport.

Briefly: (1) insertion of an uncuffed tracheal cannula and beginning of phonation (days 1 to
4); (2) intermittent occlusion of the tracheostomy with satioaked gauze and starting of
feeding without the tracheal cannulapasition (days 4 to 6); (3) nasogastric (NG) tube
removal as soon as a good level of swallowing of both solids and liquids was achieved (day

6 onwards). Post per ati ve aspiration was graded 1in
none; | = occasional coudbut no clinical problems; Il= constant cough worsening with
meal or swallowing; 1ll= pulmonary complicatiors).

Adjuvant treatments
On the basis of patholal findings (pN+ and/or extracapsular spread extension, positive

margins), 9 patients (4.2%) were subjected to adjuvant radiotherapy. The indications for
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adjuvant therapy were: 5 N+ (1 pN1 and 4 pN2, all with extracapsular spread) and 4 cases
with positve margins.

A large volume encompassing the primary site and all draining lymph nodes was irradiated
with a dose of up to 54 Gy/2 Gy. Regions at higher risk for malignant dissemination received
a 12Gy boost (total 66 Gy/2 Gy range 6268 Gy). Six of 9 paents (5 pN+ with
extracapsular spread, and 1 multiple positive margins toward cricoid) also received 100
mg/n cisplatin on days 1, 22, and 43 of the course of radiothéfapy.

Larynx oncologic and functional assessment

All patients were followed for a mean period of 5.71 years with periodic videolaryngoscopic
examinations, scheduled every 3 months in the first 3 years and with decreasing frequency

in the subsequent period.

During the 5 post opeleavhluatioa wag eepeated, andPayax s o n C
functional status was evaluated with the Performance Status®Scale.

The latter is a simple, practical, cliniciaaited assessment tool consisting of three subscales:
speech comprehension, normalcy of diet and eating in public, graduated from 0 to 100 on

the basis of predefinquarameters.

Statistical methods

Overall survival (OS), disease free survival (DFS), disease specific survival (DSS),
locoregional control (LRC), local control (LC), laryngectoifinge survival (LFS) and
laryngeal function preservation (LFP), were assesgetheans of Kaplaieier curves.
Log-rank and GehaBreslowWilcoxon tests (for early events) were used to compare
KaplanMeier estimates between groups (cT2 subtypes, clinical history of previous
treatmant, type of surgery, and agdhe end points conséded were obtained as the length

of time from the date of diagnosis to: OS) the date of death; DFS) the date of the first
recurrence; DSS) the date of death from the disease; LRC) the date of the first locoregional
recurrence; LC) the date of the first &cecurrence; LFS) the date of total laryngectomy;
LFP) the date of total laryngectomy or presence of tracheostomy, NG tube, gastrostomy

feeding, or nofintelligible voice.
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All analyses were performed with GraphPad Prism version 5.00 (GraphPad So8esare,

Diego CA), with p < .05 as the significant cutoff.

RESULTS

Pathology, survival and disease control

Comparison between clinichdings (CT-scan or MRI)and pathological staging proved
up-stagingon the primary tumor from cT2 to pT3 in 36 cases (16.7%). The review of
radiologic images after the definite histology showed a suspect PGS involvement in only 21
patients.Pathology reports indicated close margins (<2 mm) in 9/216 cases (4.2%) and
positive margins in 4/216 cases (1.9%). Six patients (2.7%) developed recurrence between
11 and 33 months. The recurrences were observed in 5 out 180 pT2 (2.7%) and 1 out 36 pT3
(2.7%).

In particular, n the subtype ho recurrences were observéul.the subtypdl, one local
recurrence was observed among 13 patients. The patient was successfully treated by TLM
and was free from recurrence at 46 months. In the subtype Ill, 3 out of 40 patients (7.5%)
experienced local (1), regional (1), or locoregional (1) recwesSalvage therapy for local
recurrence included total laryngectomy and adjuvant chemoradiation therapy. The first
patient died of other disease 15 months later; the second patient showed a second recurrence
22 months later and died of the disease &tm® later, while the third is free of disease at

32 months. Among the patients with regional recurrence (neck), both were previously
classified as pNO. At the time of primary resection, both received monolateral neck
dissection. One recurrence was obsematthe VI level. Recurrences in the neck were treated
with surgery and radiation therapy; one patient died due to regional recurrences 22 months
later, and one is alive and disedisee. In the subtype IV, 1 out of 116 patients (0.8%)
experienced both t@l and regional recurrenceBhe patient was previously classified as

pNO and was treated with surgery, including total laryngectomy, and radiation therapy; the
patient died due to distant metastaseshe subtype V (cT2/pT3), among 36 patients, there

is a patien{previously classified as pN@uffering of both local and regional recurrences

(2.7%).Salvage therapy included total laryngectomy and adjuvant chemoradiation therapy,
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but the patient died of the disease 14 months later. Overall, lymph nddstases were
detected in 9/204 patients (4.4%), of whom 4 (2.0%) had multiple metastases

The 5year OS, DSS, LRC and LC were 93.1%, 98.0%, 97.1%, and 97.5%, respectively (Fig.
2). A total of 13 patients had died:of them for the laryngeal cancer andd® tinrelated
causegTable 2). As DFS and LRC were overlapping in our patient cohort, we reported LRC
only in our analyses.

Although DSS prevalence 5 years after surgeag not affected by any of the variables
analyzed, the history of previous treatmendl adhe employment of more invasive surgery
provided little but significant impairments in both local and regional control (the former also

as early event, p <.0GehanBreslowWilcoxon test)(Fig. 3).

Postoperative course and morbidity

Overall acute coplications during hospitalization occurred in 18 out 216 patients (8.3%)
and there were no perioperative deaths. The mean hospitalization time for patients with acute
complications was 29 * 6 days, which was significantly longer than that for patierasitwith
acute complications (19 * 4 days). Late sequelae following discharge were observed in 26
out of 216 cases (12.0%) (Table 3). All were successfully treated with TLM (8/10, 80%),
and injective laryngoplasty using Vamplants, which successfully treatdgsphagia (2/10,

20%).

Laryngeal function preservation

At 5 years after surgery, LFP was maintained in 97.8% of patients whereas the use of total
laryngectomy was avoided in the 98.5% (figure 4). In addition, we evaluated whether pT
subtypes, previougseatment, age, and the type of surgery could affect LFP or even the use
of total laryngectomy (Table 4). None of these variables were able to significantly affect the
preservation of laryngeal function. Nevertheless, the history of previous treatmesgdndu

a slight but significant early enhancement in the number of total laryngectomy within the
first two years from the OPHL (p < .05, GeHareslowWilcoxon test).

After the first posoper ati ve mont h, nor mal swal |l owi ng
achieed in 134 patients (62.0%), Grade | and Il were observed in 43 (19.9%) and 35 (16.2%)
patients, respectively, while aspiration pn
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in 4 patients (1.9%). After the second year, a satisfactory degree of larjunget#n (i.e.

Li stds scale: eating in public >50, ¥nder st
was achieved in 179 out of 211 patients without local disease (84.8%). Out of the 211
patients evaluated for subjective aspiration with the Pe@rson £°®@% (B5¢0%) had no
aspiration (Grade 0), 94 (44.5%) had occasional cough without clinical problems (Grade I),
20 (9.5%) had constant cough that vemrsd during meals (Grade 1l), and 2 patients (0.9%)
had frequent pulmonary complications (Grade lll). All patients had the NG tube or
gastrostomy removed. The NG tube remained in place for an average of 18.5 daysi(range 9
130 days).

Overall, AP was obserden 6/216 cases (2.8%), 4 cases during hospitalization and 2 cases
during followrup. Completion total laryngectomy for persistent aspiration was not required
in any patient. Two patients were subjected to the endoscopic procedure of injective
laryngoplasy using Vox implants, which successfully resolved the dysphagia.

The mean time to intermittent occlusion of the tracheostomy was 22.6 days (idfege 5
days), and the average time to tracheostomy closure was 71.4 days (fal@f @dys). In

our protocolprogressive closure of the tracheostomy is preferred, and occurs spontaneously
in the majority of patients following occlusion. For patients, especially in the first weeks
after discharge, this leads to a sensation of greater safety concerning minoesepidodd
inhalation, which are relatively frequent. When the tracheostomy has almost closed, minor

plastic surgery can then be performed.

DISCUSSION

In the early 1970s, by systematically applying whole organ sections in the study of total
laryngectomyspecimens, Kirchner and Oloffson et al. well described the patterns of spread
of laryngeal cance®® ® PGS invasion is a critical point of weakness, above all when the
lesion reaches base and roof of the ventricle: this constitutes the gateway for the tumor
spreading toward the thyroarytenoid space and cricoarytenoid jdiese lesionsgven
though clinically defined as cT2, are actually pT3, showing a more aggressive behavior.
According to the literature about transoral laser treatment for intermediate staged glottic
cancer (T2/T3), TLM has shown a signicant increase of recurrences in those cases with

involvement of PGS and impairment and/or fixation of the true vocal cordstbmg of 55
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patients with glottic cT2, Peretti et ®lconcluded that TLM can be considered effective
when the pT2 stage has been confirmed. By contrast in cT2/pT3 patients, after the first
transorakesection that allows the correct pT staging, additional treatment should always be
considered. Ambroséheported in a cohort of 167 patients treated by TLM local control
rate of 74% and laryngectomy rate of 13.4% was observed in the 97 patients staged pT2
while a 5year local control rate of 68% and laryngectomy rate of 14.3% was observed in
the 70 patientstaged pT3. Canis et al reported a retrospective study of 391 previously
untreated patients affected by cT2/T3 glottic: they noted a 93% larynx preservation rate
among pT2a and 83% among pT2b and pT3 turhts

The preoperative undestaging, in the glottic cT2 category, occurs with some frequency
because of radiologdata misinterpretation among suspicious involvement of PGS; the lack
of sensitivity on early PGS involvement is greater usings€dn compared to MRI
Thereforeintermediatestage glottic cancer requires patients for TLM to be selected very
carefully, reserving open neck surgery or 1somgical treatments for patients in whom a up
staging of the lesion is presumed.

In our seles, upstaging of cT2 to pT3 was found in specimens from 16.7% of cases, in whom
early invasion of the PGS was not detected by imaging before the operation. The
misdiagnosis of selected cT2 lacking the assessment of the PGS may possibly explain the
gap interm local control between OPHLs and TLM as therapeutic options.

Our data show that the outstanding oncological outcomes obtained by OPHL reproduced by
other Authors? %?justify the opemeck procedures in terms of local control particularly in
selectedpT3 lesions. In fact in this cohort any variables analyzed have shown a negative
impact on the end points evaluted.

By contrast the functional outcomes in terms of complications rate and hospitalization time
are negatively influenced in some cases aft®tHO Persistent slight dysphagia and
aspiration pneumonia still represent major complications in patients undergoing OPHLSs,
especially Type llIl while voice was significantly deteriorated, and generally quite hoarse
and breathy® ?* 22 Moreover,the functional outcome of OPHLs, especially for extended
interventions (Type llIb, Type lll) is generally associated with slower recovery a longer

hospitalization compared to TLM.
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For this reason, despite tarcellent oncological results, the surgeon faced with intermediate
staged tumors must be considered TLM as alternative option for all pT2, especially in elderly
and fragile patients no fit for OPHL. In case of risk lesions (subtypedf2/pT3) the TLM

coud play a role of a definitive staging procedure with outstanding precision in
microscopically detecting deep neoplastic invasion and consequently, possible patterns of
cancer progression.

When discussing conservative surgical options with the patiemtedfdy cT2 tumowith
unimpairedmobility of vocal cord he should be clearly informed that TLM is equally as
safe with respect to open neck surgery, with a more rapid recovery and with less impact on
quality of life, even if the further complementagpresented by reesection and/or open

neck procedures should be kept in mind in case of upstaging to pT3.

In conclusion, our results demonstrate that, in every case of glotticQRFHAL with a
modularapproach can be considered a very safe opfionsideringhatOPHLsdetermine
moredysfunctionakequelaeompared td LM, the open neck options shoulddssentially

aimed at carefully selected patients affected by glottic cT2 with impaired mobiktycaf

cord and suspected extension to the PGS.
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Table 1. Characteristics of the 216 patients undergoing open partial horizontal
laryngectomies according to age, sex, Karnofsky performance status,

pathological grade and pT subcategory

No. of Patients (%]

Age,y

Mean 59.8+9.9
Range 2387

Sex

Male 201/216 (93.1%)
Female 15/216 (6.9%)

Karnofsky Performance

Status

100 128/216 (59.3%)
90 65/216 (30.1%)
80 23/216 (10.6%)

Pathological Grade

pT2 180/216 (83.3%
pT3 36/216 (16.7%)
pNO 195/204 (95.6%
pN1 5204 (2.5%)
pN2 41204 (2.0%)
Level VI pN+ 1/9 (11.1%)

pT sub-Category
I 11/216 (5.1%)
Il 13/216 (6.0%)
1 40/216 (18.5%)
\Y 116/216 (53.7%)
\Y, 36/216 (16.7%)
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Table 2 Cause of death

No. of patients (%)

Laryngeal cancer 4/216 (1.8)
Postoperative death 0/216 (0.0)
Il primary cancer 4/216 (1.8)
Unrelated to laryngeal cancer 9/216 (2.3)
Total deaths 13/216 (6.0)
Table 3  Acute postoperative complications and late sequelae
Complications No. of patients (%)
Acute complications
Cervical bleeding 5/216 (2.3)
Aspiration pneumonia 4/216 (1.8)
Wound infection 5/216 (2.3)
Others 4/216 (1.8)
Late sequelae
Laryngeal soft tissue stenosis 23/216 (10.6)
Aspiration pneumonia 2/216 (0.9)
Dyspnea 1/216 (0.5)
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Five years incidences and KaplaiMeier estimates stratifiedlaryngeal

Table 4

function preservation and laryngectomyfree survival

Laryngeal function preservation Laryngectomy-free survival
Variables No. of patients
Incidence (%) Estimates (%) Incidence (%) Estimates (%)

pT subtypes

_ 11/216 11/11 (100) 100 1111 (100) 100
I 13/216 13/13 (100) 100 13/13 (100) 100
1] 40/216 38/40 (95.0) 93.8 39/40 (97.5) 97.4
v 116/216 115/116 (99.1) 99.1 115/116 (99.1) 99.1
V 36/216 35/36 (97.2) 96.9 35/36 (97.2) 96.9
Previous freatment

Untreated 177/216 1751177 (98.9) 98.6 176/177 (99.4) 99.4
Treated 39/216 37/39 (94.9) 94.6 37/39 (94.9) 94.6*
Age,y

<65 144/216 1401144 (97.2) 94.7 1417144 (97.9) 100
>65 72/216 72/72 (100) 97.8 72/72 (100) 100
Open partial horizontal laryngectomy

Type lla 178/216 1751178 (98.3) 98.0 176/178 (98.9) 98.8
Type lIb 24/216 23124 (95.8) 95.8 23/24 (95.8) 95.8
Type llla 14/216 14/14 (100) 100 14714 (100) 100

* Log-rank test = p< .05,
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Fig. 1 Drawing representing of T2 glottic carcinoma subtypes: (I) pT2 with superficial
supraglottic extension to thebase and roof of the ventricle and/or ventricular
band; (II) pT2 with superficial lateral subglottic extension; (Ill) pT2 with
anterior supracommissural and/or subcommissural extension; (IV) pT2 with
deep thyroarytenoid muscle infiltration; (V) pT3 for superior and/or inferior

paraglottic space invasion lateral to the thyroarytenoid muscle
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Fig. 2. End point analysis (overall survival, disease specific survival, loe@gional

control, and local control) of the patient cohort using Kaplari Meier curves.
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Fig. 3. Patient cohort stratification for pT subtypes (first column), history of previous
treatment (second column), age (third column), and type of surgery (fourth
column) using Kaplani Meier curves. The end pointconsidered were (from top
to bottom) disease specific survival, loceegional control, and local control. * =
p<.05 *=p<.01
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Fig.4 End point analysis of laryngeal function preservation and laryngectomyree

survival in the patient cohort using Kaplari Meier curves.
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Paper 5

Benefits and drawbacks of Open partial Horizontal Laryngectomy, Part B:
intermediate and selected advanced stégygngeal carcinoma

Abstract

Background Cancer of the larynx in the intermediate/advance stage still presents a major
challenge in terms of controlling the disease and preserving the organ. Among therapeutic
options, open partial horizontal laryngectomy (OPHL) is proposed as fursgiaring
surgical technique.

Methods We analyzed the clinical outcomes of 555 patients with laryngeal cancer staged
pT3 pT4a who underwent either supracricoid or supratracheal OPHL.

Results5 years overall survival, diseafflee survival, loceregional controljocal control,

and laryngeal function preservation rates were 84.6%, 84.2%, 86.3%, 90.6% and 91.2%,
respectively. Diseaskee survival, loceregional control and laryngeal function

preservation prevalences were significantly affected by pT4a stagingq681.7% and

78.0% respectively), while pN+ influenced only disehse e e sur vi val - (07 2.

regional control (0O79.6%).

Conclusionsin cases of laryngeal tumors at intermediate and selected advanced stage, also
with subglottic extension, the clwe of OPHL with a modular approach can be considered
effective in terms of prognostic and functional results.

INTRODUCTION

The first and basic common step in the managemearyigeal squamous cell carcinoma
(SCCQC) is assessmeatt the type, extent, anghttern of growth of the neoplasithe second

step is the choice of treatment tretould be as conservative as possible, above all for
surgical approaches. In fact, after the first total laryngectopeyformed by Professor

Theodor Billroth on Decemb&1, 1873,1 the problems of voice preservation and airway
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restoration spurred surgeons toward the developmeatgain/functiorsparing, although
oncologically soundprocedures. Currently, their use represents the contrand among
therapeutic approaché$,having significantlyincreased the survival from laryngeal SCC,
although poor prognosis and loss of laryngeal functiares still common features of
advanceestage disease. Generallyp p e n neck demol i tive or
| ar yngect omihesu@ical peopedueefeicd. Especially in Europe, most are
included in thegroup of open partial horizontal laryngectomies. The literatgicressing
this topic is rich, and a number of surgipabcedures have been introduced based on the
different patterns of endolaryngeal tumor site aspread”® Recently, the European
Laryngological Societproposed a classification of the more commonly adoptededures
according to the extent of resectihincluding 3 types of open partial horizontal
laryngectomy: typd5supraglottic, type lI5supracricoid, and tyféssupratracheal. The
latter, described in 2006, is basmuresection of the entire glottic and subglottic sites and
of the thyroid cartilage, sparing both or at least 1 functioomgpaytenoid unit.11 In our
practice, open partiddorizontal laryngectomy type 11l expands the indicatisnggested by
the National Comprehensive Cancer Netwankl Italian Head and Neck Society guidelines
for the treatment of laryngeal cancer with conseveasurgery(T1i T2, NO, or selected T3):
some glottic cT3 (iesubglottic extension and cricoarytenoid joint invasiamd some
supraglottic cT3 (ie, large transglottic extensi®®came manageable by open partial
horizontal laryngectomyshowing promisingoncologic and functionatesultst?*® With
great caution, the same intervention ta@nconsidered as an upfront option in very limited
cT4acases, with minimal anterior extralaryngeal extensidren adjuvant treatment would
not be reasonablydicated.In this study, we present a multicentric retrospectivicome
analysis of 555 patients with supraglottic/glotéicyngeal SCC in the intermediate/advanced
stage, manageby open partial horizontal laryngectomy type Il ldr The analysis was
conducted wer a 16year period, during which orgaspreservation protocols with
chemoradiotherapgr total laryngectomy were applied as conventighatapeutic options

for similar locally advancetimors?#
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MATERIALS AND METHODS

Patients

Five hundred fiftyfive patients (512 men and 48men) were treated at the Hospital of
Vittorio Veneto,Treviso, or at the Martini Hospital of Turin. Selectiwas based on clinical
and radiologic evaluation performedthin 3 weeks from surgery, in order to assess the
superfical and deep extent of the tumor, as previowgcribed.12nclusion criteria were
histological diagnosis of intermediate/advanséabe glottic or supraglottic laryngeal SCC,
with Karnofsky index14 higher than 80. The tumors wglddtic (considering ats those
with transglottic extensionbut clearly arising from glottis) in 506 patients and supraglottic
in 49 patients. The distribution of patients in relatiorvocal fold mobility was as follows:
30 showed a normalr impaired (19 supraglottic pT3 add supraglottic pT4anobility,

443 had a fixed vocal cord with mobile cricoarytengaiht (15 supraglottic pT3; 4
supraglottic pT4a; 152ransglottic pT3; 207 glottic pT3; and 65 glottic pT4a), &&l
presented fixation of both vocal cord and cricoargtd joint (48 glotticsubglottic pT3; 33
glottic pT4a; and ltransglottic pT3; Table 1)Exclusion criteria were severe diabetes
mellitus, severebronchopulmonary chronic obstructive disease, neurologioathlems
impairing the ability to expectorate andswallow, or severe cardiac disease. Advanced
age, anmportant cutoff for relative surgical indication,15 hasloe¢n considered, in itself,

an exclusion criterion.

Surgery

After informed consent had been obtained, 555 patigets selected tondergo a modular
function-sparing surgicabpproach from January 1, 1995, to December2811. Despite
that most of these cases were alrdgadjuded in previous reports?the preoperative and
intraoperative records and the pathological reports wergewed to allow proper
reclassification according to th2002 TNM classification systef.Ninety-six patients
(17.2%) included in the preseamalysis had been treated previously for laryngeal carcinoma
by CO2 transoral laser surgery (38 of 96; 39.586hemo)radiation therapy (35 of 96;
36.4%), open partidhryngectomy (8 of 96; 8.3%), or cordectomy (15 of B5,6%).
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Resections were classified according to the Europagmgological Society Classification,
10 inwhichi ARY O r epr es e ntlarytenbicand+t€ MOy at hefr emov al
cricoarytenoid unit. In particulaonly type Il and Ill open partial horizontal laryngectomies
were performed: type lla (supracricoid partayngectomy/cricohyoidoepiglottopexy), 62
(11.1%); type llatARY, 243 (438%); type |llb (supracricoid partial
laryngectomy/cricohgidopexy), 32 (5.8%); type IIbARY, 117 (21.1%); type llla
(supratracheal partial laryngectomy/tracheohyoidoepiglottopexy), 9 (1.6%)]leyp€EAU,

82 (14.8%); type llIb (supratracheal partiatyngectomy/tracheohyoidopexy), 4 (0.7%);
and typelllb+CAU, 6 (1.1%).

The indcations adopted for type 1l (&) open partiahorizontal laryngectomies were the
classical ones, appliegccording to tumor extent, now being accepted and advobgted
numerous atinors® 21" Although definitions for type 1l (ak#) open partialhorizontal
laryngectomies were only recently introducttir indications and contraindications were
alreadydescribed in our previous study for tumors in the intermediate/selected advBnc
classificationt? Additional contraindicationdor type Ill (a+b) open partial horizontal
laryngectomies were supraglottic T4a tumors reachinfdke of the tongue or invading the
hyoid bone.In all patients, resection margins were examimgchoperativelywith frozen
sections: when positive, the resectiwas extended until the margins were negative. As the
interventions followed the principles of a modukgsproach, the resection was always
prepared in a standafashion and the larynx wapened from the side leaffected by the
disease. At this point, under visual contrible subsites involved were removed and the
resectioncould be easily enlged as follows: (1) type lla/B, type lla/b+ARY; (2) type
llla/b A type llla/b1CAU; (3)typella A type llib; (4) type lla/b1ARYA type lllab+CAU;

and (5) type lllad type lllb. The margins of the surgical specimen were alwehecked
again upon definitive pathology. Neck dissectigmaded according to the American
Academy of Otolaryngology Head and Neck Surgery Foundatiarassification, was
performed in 503 patients (90.6%), amds monolateral in 324 cases (64.4%) and bilateral
in 179 cases (35.6%). Neck dissection was elective (desection levels illV) in 447
patients with cNO disea$88.9%) and curative (neck dissection level¥Iinternal jugular
vein in 1 case) in 56 patients witftNO disease (11.1%). In 123 patients, level VI or

unilateralparatracheal lymph node clearance was addedeNk dissection was performed
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in an additioml 52 patients (9.4%; in the elderly and/or those with cNO disesisi

previously treated necks).

Postoperative care

All patients were monitored for early complicatiofi@cal and general) and late sequelae.
Apart from thosewith serious earlycomplications, patients underwent tlsame
rehabilitation protocol, which included: (1) insertiohan uncuffed tracheal cannula and
beginning of phonatiorfdays 14); (2) intermittent occlusion of the tracheostomigh
salinesoaked gauze and the starfeedingwithout the tracheal cannula in place (days 4
6); and (3)nasogastric (NG) tube removal as soon as a good lewstalfowing of both
solids and liquids was achieved (dagnward).12 Postoperative aspiration was graded in
accordance with Pearsdrs s ¢ a | e 158ccagidn& ooagh but no clinical problems;

[I5constantcough worsening with meal or swallowing; ah8pulmonary complications).

Pathology

All patients suffered from a biopgyroven supraglottior glottic laryngeal SCC, which was
classified as pT3 opT4a, according to the 2002 TNM classification systerfilable 1).
Furthermore, pathology reports indicated clas&rgins (<2 mm) in 13 cases (2.3%) and
positive marginsat the definitive histopathologic examination incéses (0.9%). dur
hundred ninetynine patients (89.9%jad been staged as cNO by palpation and neck CT scan
or MRI. Overall, lymph node metastases were detectetl inf 555 patients (12.8%), of
whom 40 (7.2%) had multipimetastases. Furthermore, the comparison betalgecal and
pathological staging showed upstaging ofghenary tumor in 83 cases (14.9%) and lymph
nodes inl5 cases (2.7%).

Adjuvant treatments

On the basis of pathological findings (pN1 andéotracapsular spread, extralaryngeal
extent, positive m@ins), 72 patients (12.9%) were subjected to adjuvadiotherapy. The
indications for adjuvant therapy weré0 N1 (14 level VI pN1, 26 pN2), 27 cases with
extralaryngeaéxtent (3 supraglottic pT4a and 24 glofiit4a), and 5 glottic pT3 cases with
positive marginsDespite that 113 patients had pT4a tumors, the mapispiayed only a
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limited extralaryngeal spread, which wasanageable with strap muscles and thyroid
resection(isthmus6ipsilateral lobe) as well as central compartmeck dissectio. For this
reason, adjuvant radiotherapyas added only in those cases with more extensive
extralaryngeal extent. A large volume encompassingtineary site and all draining lymph
nodes was irradiatedith a dose of up to 54 Gy/2 Gy. Regions at higle for malignant
dissemination received a 12y boost (totab6 Gy/2 Gy; range, 658 Gy). Furthermore,
chemotherapyvas also scheduled in selected patients becausehigfhar risk of local
recurrence: 42 of 72 (9 level YDelphiannode pN1, 6 pN2 witlkextracapsular spreadnd

27 with more extended pT4a showing close margmsard prelaryngeal tissues) received

100 mg/m2 cisplation days 1, 22, and 43 of the course of radiothetapy.

Larynx functional assessment

Pear sonds s c arépeated and laryfanctionalrstatusavas evaluated with the
Performance Statuscale throughout 5 postoperative years. The lattesiimple, practical,
clinicianrated assessment tool consistoid subscales: speech comprehension, normalcy

of diet, arl eating in public, graduated from 0 to 100 onlibsis of predefined parameters.

Statistical methods

Overall survival (OS), diseadeee survival (DFS),diseasespecific survival (DSS),
locoregional controllocal control, laryngectomifree survival,and laryngealfunction
preservation were assessed by means of Kablamer curves. Logank and Gehdn
Breslow Wilcoxon tests (for early events) were used to compare Kaplarer estimates
between groups (staging, clinical histayprevious treatment, tgpof surgery, and age).
The endpointgonsidered were obtained as the length of firom the date of diagnosis to:
OS, the date of death; DR®g date of the first recurrence; DSS, the date of deatinthe
disease; locoregional control, the date offtrst locoregional recurrence; local control, the
date of the firslocal recurrence; laryngectonisee survival, the date ¢btal laryngectomy;
laryngeal function preservation, tbate of total laryngectomy or presence of tracheostomy;
NG tube, gastraesmy feeding; or nonintelligible voic&lnpaired t test was used to compare
hospitalization timeof patientsAll analyses were performed with GraphPad Prism version
5.00 (GraphPad Software, San Diego CA), with05 as the significant cutoff.
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RESULTS
A cohort of 555 patients undergoing type Il or Ill ogeartial horizontal laryngectomies was
considered (Tabl&). Current or former smokers made up 93% ofcibigort. Patients were

followed for a mean period of 5.%@ars.

Survival and disease control

The 5-year OS, DSS, DFS, locoregional control, dodal control were 84.6%, 92.8%,
84.2%, 86.3%, an80.6%, respectively (see Figure 1). At the last follguy atotal of 89
patients (16.0%) had died, 39 (7.0%) foritgex cancer, and 50 (9.0%) for unrelhtauses
(Table 2).

Patterns of failure

Within 5 years of surgery, 66 patients (11.9%) developedcurrence: 40 (60.6%) were
local, 5 (7.6%)ocoregional, and 21 (31.8%) regional.

Local recurrences were observed in 35 of 4f@reated patients (7.6%n@ 10 of 96
pretreatedoatients (10.4%). Among them, 8 of 45 (18.7%) had infguemaglottic space
involvement, 4 of 45 (0.8%) hadternal thyroid lamina involvement, 10 of 45 (22.286d
transglottic extension, 3 of 45 (6.7%) had subglo@iiension ad inclusion of a
cricoarytenoid joint, 2 of 4%4.4%) had surface extension as far as the inferior efitfe
cricoid ring, 15 of 45 (33.3%) had extralaryngeatension (9 of 15 anterior and 6 of 15
posterior), and ®f 45 (6.7%) showed surface extenstoward the posterioccommissure.

As a result of type 11l open partial horizonkatyngectomies, the typical sites of local failure
inside the larynx were the mucosa at the junction betweeresidual larynx and trachea (6
of 20; 30.0%), thenucosa attte level of the posterior commissure (4 of 20;0%), and the
contralateral CAU (2 of 20; 10.0%)hereas outside the larynx (8 of 20; 40.0%) the tumor
typically recurred at the level of the outer surface ofrésdual larynx. The most frequent
site of close marginsvas the posterior commissure mucoba.all patients with local
recurrence, salvage therapyluded total laryngectomy and adjuvant radiation therapy
and/or chemotherapy in 29 of 45 patients (64.4%), radistierapy, and/or chemotherapy
in 11 of 45 (24.4%)and laser surgery in 5 of 45 (11.1%). Overall, 17 gbdents (37.7%)

died of laryngeal cancer from progressioindisease (average, 18.1 months; ran{d23
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months), 7of 45 patients (15.6%) died of other disease, wheretme dastfollow-up 1 of

45 patients (2.2%) was alive withe disease and 20 of 45 patients (44.4%) were alive and
diseasdree. Overall, local control after salvage therapy gears was achieved in 27 of 45
patients (60.0%Recurrence in the neck was obserwved6 of 555 casgg.67%), 19 (3.4%)

of whom were previously classifies cNO and 7 (1.3%) as >cNO. At the time of primary
resection, 2 of 26 patients (7.7%) had received unilatexek dissection, and 14 of 26
(53.8%) had bilateral neakissection. Ir8 of 26 patients (30.8%), recurrence waserved

at level VI. Four of 26 recurrences (15.4%}e neck were treated with surgery alone, 20
of 26(76.9%) with surgery and adjuvant radiation therapy and/or chemotherapy, and 2 of 26
(7.7%) with chemotherap Eleven of 26 patients (42.4%) died because of regional
recurrences (rangei 88 months; mean, 16.3 monthaind 2 of 26 (7.7%) for other diseases.
At the last followup,3 of 26 patients (11.5%) were alive with disease hid 26 patients

(3.8%) were ale and diseas@ee.

Correlation of pT category, pN category, and type of surgery with overall survival, disease
free survival, and locoregional control

Because intermediate/advanced laryngeal carcingresgly differ in surgical indications
and prognas, analyses were conducted on the basis of pathologteging in order to
obtain homogeneous prognostic da&g. stratifying the chart data, we evaluated whether
pT, pN, and type of surgery could affect the OS, DFS,laodregional control endpoints in
terms of prevalence (séggure 2).Five years after surgery, OS was significantly affected
by pT and pN classifications. In fact, it was 87.8% a&ad2% in pT3 and pT4a patients,
respectively, whereaswas only 51.5% in pN _2 patients, although simitgpoNO (88.3%)
and pN1 (88.5%). Moreover, the extentsafgery affected OS (87.7%, 84.6%, 74.3%, and
72.0% for patients undergoing type lla, type llb, type llla, agge lllb open partial
horizontal laryngectomy surgemgspectively). At any rate, nagsificant differences were
detected considering the DSS endpoint (from 94.6&pen partial horizontal laryngectomy
type llb to 87.6% obpen partial horizontal laryngectomy type IIB¥S was significantly
affected by locoregional stagirand surgicabpproach. In fact, patients with pT4a disease
had 68.1% DFS if compared with 87.9% of pT3; similalyl patients (72.6% pN1 and
71.1% pN _2) had worsmitcome than pNO (88.2%). As a consequence, typpédh partial
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horizontal laryngectomies (66.6% Iland 70.0% IlIb) were less effective than type Il
(85.1% llaand 91.8% lIb) in maintaining patients free from disease.

The same pattern was also evident for the locoregardtol endpoint: 71.7% pT4a versus
89.7% pT3; 72.09%N1 and 79.6% pN _2 versus 8% pNO; 72.1% opepartial horizontal
laryngectomy type llla, and 70.0% Iliersus 87.6% type lla and 92.5% Ilb.

We also assessed the impact of previous treatmentiged 65 without observing any

significant difference¢data not shown).

Postoperative aurse and morbidity

Overall, acute complications during hospitalizatemcurred in 61 of 555 patients (11.0%)
and there were Berioperative deaths (2 myocardial infarctions argtréke). The mean
hospitalization time for patients witicutecomplications was significantly longer than that
for patients without acute complications (3266 day2i685 days; p<.001). Late sequelae
after discharge werebserved in 85 of 555 cases (15.3%; Table 3). All veaieezessfully
treated with transoral CO2dar surgery (6&f 85; 80%), revision of the pexy (2 of 85;
2.3%), injectivdaryngoplasty using Voxmplants, which successfultyeated dysphagia (5
of 85; 5.8%), completion laryngectonffy of 85; 5.8%), or other endoscopic procedures (5
of 85; 5.8%).

Laryngeal function preservation

Five years after surgery, the laryngeal functwaservatiorrate was 92.6% (514 of 555
patients), whereasryngectomyfree survival resulted in 93.3% (524 of 5patients; see
Figure 3). In addition, we evaluated whetharyngeal function preservation could be
affected by locabr regional staging, presence of previous treatmergger_65 years (see
Figure 4). Patients affected bgvanced pT stage were significantly more prorarimgeal
function loss (78.0%) thandlse with intermediatpT stage (94.2%), whereas pN status had
no impact.

The type of surgery and age affected laryngeal fungireservation at 1 year, whereas no
differences werealetected at subsequent visits. Although therlotk testdid not provide
significant results in the comparisbetween younger (92.6%) and older patients (88.5%),

we could appreciate a significant difference using the GiEBaaslow Wilcoxon test.
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Finally, laryngeal function preservatiomas not biased by previous treatmentstgdaot
shown).

After the first postoperative month, normal swallowihgP e ar sonés scal e g
achieved in 333 patien{®$0.0%), grade | and Il were observed in 115 (20.2%g 91
patients (16.4%), respectively, whereas aspiragome u mo ni a gfadedlh wason 6 s
recorded in 1@atients (2.9%). After the second year, a satisfaalegree of laryngeal
function was achieved in 460 of 5p@atients without local disease (82.9%). Of the 528
patients evalwuated f or s ustaie&27tpatients (4a%)padr at i ¢
no aspiration (grad@), 231 patients (43.8%) had an occasional cough witblnital
problems (grade I), 62 patients (11.7%) hazbastant cough that worsened during meals
(grade Il),and 8 patients (1.4%) had frequent pulacy complicationggrade Ill). Nearly

all patients (547 of 555; 98.6%)ad the NG tube or gastrostomy removed. The NG tube
remained in place for an average of 19.5 days (ran@d611days).

Overall, aspiration pneumonia was observed in 4555 cases74%), 16 cases during
hospitalization and 26ases during follovwp, which required a percutaneayestrostomy

(PEG). In another 3 patients (0.5%), a prophylaPtG was performed in view of their
advancedge. Overall, in 30 of them, PEG was removedhinithefirst postoperative year.

In 14 cases, it was maintaineécause of repeated episodes of aspiration pneumonia and
severe dysphagia for liquids. In 7 cases, total laryngectwwas/ proposed for persistent
aspiration: 5 patientsccepted this treatmewhereas 2 refused, preferringkeep the PEG

and maintain their voice. Five patientsderwent endoscopic injective laryngoplasty using
theVox implant, which successfully resolved dysphagiiwing the PEG removal

The mean time to intermittent occias of the tracheostomyas 24.6 days (rangei 806

days), and the averagieme to tracheostomy closure was 82.4 days (rangel&glays). In

our protocol, progressive closure of the tracheostigrpyeferred, and occurs spontaneously

in the majorityof patients after occlusion. For patients, especially infitlse weeks after
discharge, this leads to a sensationgdater safety concerning minor episodes of food
inhalation,which are relatively frequent. When the tracheostomyah@®st closed, minor

plastic surgery can then be performed.
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DISCUSSION

Even though preservation of laryngeal functions isafrtbe major advances achieved over
the past decadestine management of laryngeal cancer, intermediate/advanced stage lesions
still present a majochallenge irterms of controlling the disease and preserving the larynx,
regardless of the therapeutic optfoh®’:22°23 |n fact, many glottic ¢T3 tumors with
subglottic extent (vocaktord and arytenoid fixation) often result in early pT4a for
extralayngeal extent, making their management with chemoradiothemapypracricoid
laryngectomy difficult. Toward the end of the 1990s, a comparative anafysisublished
data) of total laryngectomy and supracricsjecimens in relation to arytenoid fixatiand
subglotticswelling triggered the idea of extending gupracricoid laryngectomy downward
to obtain safemargins. In 2006, this led to the introduction of a rgpe of open partial
horizontal laryngectomy, the supratrachkeayngectomy, otherwisknown as open partial
horizontal laryngectomy type lll, according to the redeatopean Laryngological Society
classification'® As recently demonstrated by Schindler éf and Rizzottoet all? this is
able to spare laryngeal function withaampromigng locoregional control during loRg
term followup. As a consequence of the diffusion of supracrigaidial laryngectomies
(open partial horizontallaryngectomy type 1), the advent of supratracheal partial
laryngectomies (open partial horizontal largetpmytype Ill), and the consolidated role of
conventional nonsurgicarganrsparing protocols, the role of total laryngectomythe
treatment of endolaryngeal neopladmas considerably decreased.

In this study, we have analyzed the outcomes of Hifiients affected by
intermediate/advanced stage laryng8&C undergoing different forms of open partial
horizontallaryngectomy. At surgery, the resection was tailaneder visual control to obtain
diseasdree safe marginsyhich can be as close as yd to 5 mm. It is noteworththat
such intraoperative flexibility can be usefuladdress the heterogeneity of tumors on the
base of theitrue extent. In fact, in our series, upstaging from cTpTda was found in
14.9% of specimens, generalhgcauseof the full thickness involvement of the thyroid
lamina, and from cNO to pN1 in 3% of cases, in spitprebperative neck CT and/or MRI.
This fact mightexplain the difference in terms of local control betwasmmcomitant
chemoradiation and open partiabrizontal laryngectomies in the management of

intermediate stageancer of the larynx. In fact, the present data on suraivélocal disease
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control confirm the results of our previoamalysist? but greatly differ from those of
nonsurgicalapproachesThe 5year OS of 84.6% observed in theesent study is higher
than that reported in the literatui@ both concomitant chemoradiotherapy and induction
chemotherapy followed by radiotherapy (approxima®@do)*2* More advanced pT4a
tumors had a fyear OFS of 68.1%, a result in agreement with that obtained vothal
laryngectomy; of note, patients with extensive extralaryngpedad were not considered
amenable to opepartial horizontal laryngectomy. These data show tleraful selection
can make good number of patients eligibier the partial modular surgical approach, even
insome well selected nywarDRSefpaientswitheRatomoldo we v €
(68.1%) was significantljower than that of patients with pT3 (87.9%), bigher tharthat
reported for radiotherapy and/or chemotherapshich ranges from 26% to 38%,
respectively*?*Finally, the number of patients that were subjectedttd laryngectomy for
either functional or oncologic purposess extremely low (6.2%) and there reeonly 3
perioperative deaths. The high laryngecteinge survivalrate here achieved demonstrates
the great potential obpen partial horizontal laryngectomy approaches in presetiimg

l arynx. I n summary,bidteveewblodyel alslesdoa pi ec
The real Achilles heel of open partial horizontal laryngectonsespresented by a greater
proportion of functionaproblems compared with nonsurgical treatmaptions. Benito et
al® reported that persistent slight dysphagal aspiration pneumonia stiépresent major
complications in patients undergoing open partial horizdéatghgectomy type Il. The same
findings were observeih the present cohort of patients; furthermore, the voiees
significantly deteriorated, and generally quite hoanseé beathy, especially in open partial
horizontal laryngectomyype 111.1* Despite the inclusion of the less extenagen partial
horizontal laryngectomy type Il, no differencesterms of acute complication and late
sequelae weréound with respect to ouprevious analysi& In fact, 190f 41 cases of
aspiration pneumonia occurred in eldepigtients. Fortunately, these phenomena are not
frequent,tend to sehrestraint, and to be wetblerated by patient€On the other hand, a
statistically significant dcrease itmospitalization time could be achieved by better tailoring
surgery to the extent of tumor. Indeed, a mean hospitalizet@nof 32 and 21 days, with
and without acute complicationgspectively, was observed, in contrast taB8 24 days

reported by Rizzotto et & for open partiahorizontal laryngectomy type llThe oncologic
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and functional results obtainable bpen partial horizontal laryngectomy approaches are
very robust and repeatable. Many experiences reported ipake20 yearsupport this
claim®® The gold standardndications are: supraglottic cT3 (open partial horizontal
laryngectomy type Il ARY); glottic cT3 with vocalcord fixation (open partial horizontal
laryngectomy typéla = ARY); and glottic cT3 with vocal cord fagion+ arytenoidfixation

and also subglottic extensi¢open partial horizontal laryngectomy type IH&L AU). In the
latter case, the option of a supracricoid partial laryngectomyd be very much at risk of
leaving positivanargins as the section épasses throughcaicoarytenoid joint. A different
and more cautiougpproach is required for anterior cT4a tumors with fullthickness
involvement of the thyroid lamina and/or minimaftralaryngeal extension: by adopting
open partiahorizontal laryngeamy, the radicality is the same as fotal laryngectomy,
provided that patient selection fiseticulous. In fact, after thorough workup, the surgeon
must be able to anticipate with a high accuracy if fnegrgins can be obtained, thus
minimizing the needo resort to a total laryngectomin all cases with subglottic extension
or spread of thgumor toward the posterior commissure that requireopen partial
horizontal laryngectomy type lll, a criticathical issue arises. In fact, in many specialized
centerst hese cases are consi dearreydh gtea tboemyioa naennda, t
are directed to nonsurgicaéeatment in order to spare the larynx. When discusaing
conservative surgical option with the patieriteey should be clearly informetiat if the
resectiormargins are positive at frozen sections, the intervemtithine converted to a total
laryngectomy. Thisdecisionmaking process would indeed exclude théernative of
concurrent chemoradiation, which has thede A recommendatioaccording to the
Scottishintercollegiate Guidelines Networka conclusion, herein we demonstrate that, in
case ofsupraglottic tumors with glottic involvement, any subtygbelottic cT3, and some
carefully selected glotticcumors with subglottic exterm, open partial horizontal
laryngectomy with a modular approach can be considexeable treatment option not only
in prognosticterms but also in terms of functional results, althotigl occurrence of

aspiration pneumonia should notheeglected.
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Table 1.

Characteristics of the 556 patients undergoing OPHLSss accding to age,

gender, Karnofsky performance gatus and pathological grade

Age (years) pTipN
Mean 59.9+9.4 pT Supraglottic Glottic

pT3 34/49 (69.4%) 408/507(80.5%)
Gender pT4a 15/49 (30.6%)  98/507 (19.3%)
Male 511/556 (91.9%)
Female 45/556 (8.1%) pN

pNO 37149 (75.5%) 406/454(89.4%)
Karnofsky Performance Status pN1 7149 (14.3%) 271454 (6.0%)
100 327/556 (58.8%) pN2 5/49 (10.2%) 21/454 (4.6%)
90 158/556 (28.4%)
80 71/556 (12.8%) Level VI pN+ 14/123 (11.4%)

Table 2 Cause of death

Cause

No. of patients (%)

Laryngeal cancer
Postoperative death
Second primary cancer
Others causes

Total deaths

39/555 (7.0)
3/555 (0.5)
31/555 (5.6)
16/555 (2.9)

89/555 (16.0)
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Table 3 Acute post-operative complications and late sequelae

Complications

Mo. of patients (%)

Acute complications
Cervical bleeding
Aspiration pneumonia
Wound infection
Postoperative death
Others

Late sequelae
Laryngeal soft tissue stenosis
Aspiration pneumonia
Dyspnea

18/555 (3.2)
16/555 (2.9)
14/555 (2.5)
3/555 (0.5)
10/555 (1.8)

54/555 (9.7)
25/555 (4.5)
6/555 (1.1)
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Figure 1

Overall Survival (%)

Disease-free Survival (%)

Local Control (%)
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Kaplan-Meier curves
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Figure 2 Patient cohort stratification for pT classification (left column), pN
classification (middle column) andtype of surgery (right column) using
Kaplan-Meier curves. The endpoints considered were (from top to

bottom) overall survival, diseasefree survival, locoregional control and

local control *p< .05; **p<.01; *** p< .001
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Figure 3 Endpoint analysis of laryngeal function preservation and laryngectomy
free survival in the patient cohort using KaplanMeier curves
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Figure 4 Evuluation of laryngeal function preservation in the patient cophort
stratified for pT classification (top), pN classification (middle) and age
(bottom) using Kaplan-Meier curves *** p<.0001

100+ =

804 ———————— ‘-m. =--- pT4a
60+

404

100- =

B o o
o o o
1 1 1

1
|
=
=
| —

X
T

Laryngeal Function Preservation (%)
<

0.0 1.0 2.0 3.0 4.0 5.0
Years

159



Paper 6

Oncologic outcomes of supratracheal laryngectonayitical analysis

ABSTRACT:

Background Laryngeal cancer management should purfsuetionsparing therapeutic
options. Even though demolitive surggasovides better control of disease at intermediate
to advanced stageshen compared to chemoradiotherapy, it does notepredaryngeal
function. Supratracheal partial laryngectomy has been describedfiasctaonsparing
surgical technique for laryngeal cancer with subglaitension.

Methods In this retrospective study, we analyzed the clinical outcah#&%5 patientsvho
underwent supratracheal partial laryngectomy.

Results At 5 years, overall survival (OS), disedsee survival (DFS), anébcoregional
control rates were 78.9%, 68.5%, and 69.6%, respectiiz#$g and locoregional control
prevalences were greatiyfected by pT4alassification (49.0% and 51.4%, respectively);
and laryngeal functiorpreservation was maintained in 78.3% of patients despite being
affectedby pT4a classification (59.3%) and ager =65 (64.6%).

Conclusion For cases with glotticumors and with subglottic extensiotine choice of
supratracheal partial laryngectomy versus chemoradiothezapybe considered to be

effective in terms of prognostic and functionasults.

INTRODUCTION

Laryngeal squamous cell carcinoma (SCC) repitss2®oto 5% of all diagnosed tumors
worldwide with a peakincidence in men aged between 55 and 65 years.1 Therapeutic
approaches developed in the 20th century have significampipved overall survival (OS)
from this typeof cancer, however, poor progmand loss of functionalitgf the larynx still
characterize the disease in #dvanced stag&* Treatment includes surgery alone or in
combination with chemotherapy and/or radiotherapy (R management of laryngeal
cancer varies depending twtalization and staging at diagnosis. Early stages (llrzde

treated with unimodal therapy, which can inclsiegery or RT, whereas for the advanced
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stages (Ill andV), chemoradiotherapy and demolitive surgery are considerbd the gold
standardherapeutic approach’ A third alternative, although not fully accepted worldwide,
is represented by functiesparing surgical protocols witbpen partial laryngectomy.
Despite encouraging oncologiesults, the main criticisms of this approach are titer@a

for patient selection and functional results, the ldigeng not easily repeatatsié?

To preserve laryngeal function surgically in intermediatel advanced stages, different
types of open partiddryngectomy have been proposed beginning thigtfirstsupratracheal
open partial laryngectomy described by Seraffrin 1972. In 2006, our group reported a
modifiedfunctional version, in which at least one functioning cricoarytennitivas spared

(ie half of the posterior cricoiglate, with tle corresponding arytenoid and th&ct inferior
laryngeal nerve on the same sidf&Gurrently, supratracheal partial laryngectomy is based
on resection of the whole glottic and subglottic sites aintthe thyroid cartilage, sparing
both or at least ondéunctioning cricoarytenoid unit. Inferiorly, the limit of resection
encompasses the cricoid ring sparing the firsicheal ring. The various types of
supratracheal parti#hryngectomies, also identified by the type of laryngealnthesis as
supratrachal partial laryngectomy/tracheohyoidpiglottopexy or supratracheal partial
laryngectomytracheehyoid-pexy, differ in the amount of supraglottissected and in the
lateral extent, if any, to includecricoarytenoid unit. Extending the inferior limitrefsection

to include a large part of the cricoid cartilagepratracheal partial laryngectomies expanded
the indicationswvith respect to open partial supracricoid laryngectonifes.

Some fAprobl emati c o0 extemsibrnt andricoaryteBoid(ointanvasieny b gl o't
and somaupraglottic cT3 (ie, large transglottic extension) rebelhce they are manageable
with supratracheal partial laryngectomidgéiese interventions have shown promising
oncologic and functional resuft3.

In this stidy, we present a multicentric retrospecivgcome analysis of 115 patients with
supraglottic/glottidaryngeal SCC managed by supratracheal partial laryngeftaictyeo
hyoid epiglottopexy or supratracheal parleyngectomy/trachebyoid-pexy over al0-
year period,during which orgaspreservation protocols with chemoradiotheragpytotal
laryngectomy were applied as conventiotta@rapeutic options for these types of locally

advanced tumot/ 16
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MATERIALS AND METHODS

Patients

All patients were fronthe Hospital of Vittorio Venetolreviso, or the Martini Hospital of
Turin. Selection wabased on the superficial and depth extent of the tubwing the 3
weeks preceding surgery, all patients underwiéexible videolaryngoscopy; intraoperative
rigid endoscopy with 0_/angled telescopes, and biopsy dariaiglaryngoscopy; laryngeal
and neck CT scan or MRhronchoscopy and esophagoscopy to rule out synchronous
tumors; chest Xay or CT scan to exclude lung tumorgigstant metastases; assessnuén
bronchopulmonary functiorand of comorbidities for aisk patients; and nutritional
evaluation.

Inclusion criteria were histological diagnosis of glotticsupraglottic laryngeal SCC, with
Karnofsky index1higher than 80Exclusion criteria were sere diabetes mellitus, severe
bronchopulmonary chronic obstructive disease, and seaediac disease. Advanced age,
an important cutoff forelative surgical indication, has not been considereisaff, as an

exclusion criteriort®

Surgery

After informed consent had been obtained, 120 patievgse selected to undergo
supratracheal partial laryngectomfesm January 1, 2002, to December 31, 2011. Eases
were excluded from analysis because of the presehaedifferent pathology: 4 cases of
low-grade chondrosarconaad 1 case of mucoepidermoid carcinoma.

Thirty-six patients (31.3%) included in the present analysse treated previously for
laryngeal carcinoma bghemoradiation therapy (12 of 36; 33.3%), CO2 transkasdr
surgery (16 of 3644.4%), open partial laryngector( of 36; 11.1%), or cordectomy (4 of
36; 11.1%).The tumors were glottic in 103 patients and supraglioitl® patients. The vocal
fold mobility was: 22 cases witiormal or impaired vocal cord mobility (8 supragloficia
and 14 glottic pT2), 44 cases with fixed vocal carmt mobile cricoarytenoid joint (1
supraglottic pT3, 3upraglottic pT4a, 5 transglottic pT3, 16 glottic pT3, dfdglottic
pT4a), and 49 cases with fixed vocal cord ancoarytenoid joint (29 gldic-subglottic pT3,
19 glotticpT4a, and 1 transglottic pT3).
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Resections were classified as follows: supratracpeaiial laryngectomy/trachewyoid
epiglottopexy= 10 (8.7%), supratracheal partial laryngectomy/trachgoid epiglottopexy
+ A = 95 (82.6%) supratracheal partial laryngectomy/traciswoid-pexy = 4 (3.5%),
supratrachealpartial laryngectomy/trachelmyoidpexy + A = 6 (5.2%),wher e @A 1AO0
represents the removal of 1 cricoarytenank.
The adopted indications for supratracheal partial laryiogeg interventions were as
follows:
(1) glottic T2tumors with anterior subglottic extension, spreadlognward above
the conus elasticus and reaching the cricioig;
(2) glottic subglottic T3 tumors spreadimgthin the paraglottic space and contrdlle
by the conuselasticus medially and the perichondrium of the thyroadtilage
laterally (tumor growth is directed downwaadd laterally, sometimes infiltrating the
inferior edge ofthyroid cartilage or escaping the larynx between the thyaoid
cricoid cartilages through the cricoarytenaigembrane: the scalled early glottic
pT4a); typical clinicaffeatures are fixed vocal cord, fixed arytenoid, antglottic
swelling;
(3) transglottic T3 tumors spreadiagperiorly into the deep tissue of the ventiar
bandunder the quadrangular membrane and progressinghetsubglottic area,
where they invade the internal lamioathe inferior edge of the thyroid cartilage or
the superioedge of the cricoid;
(4) T3 glottic tumors with paraglottispaceinvasion and surface extension toward
the posteriocommissure (a typical radiological feature is the ingizkiosis of the
cricoid hemiplate);
(5) supraglottic T3 othe infrahyoid epiglottis spreading laterally to the peti@nd
into the preepigloit space encompassing the antecmmmissure toward the cricoid
ring (often escaping théarynx through the thyroid cartilage or cricoarytenoid
membrane with fixation or impaired mobility of the anterocal cords but without

affecting the arytenoid mdlity: early supraglottic pT4a).
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The contraindications related to locoregional extensgiere:
(1) glotticsubglottic T3 tumors with massive invasiaf the paraglottic space
reaching the posterior cricoarytenamliscle and the pyriform sinus submugosa
(2) gross glotticsubglottic T4a with massive cricoid invasion reaching the first
tracheal ring;

(3) lymphnodes staged N3.

In all patients, resection margins were examined intraoperatidlyfrozen sections: when
positive, the resectiowas expaded until the margins were negative. Thargins of the
surgical specimen were always checlegin upon definitive pathology. Neck dissection,
gradedaccording to the American Academy of Otolaryngoladggad and Neck Surgery
Foundation classificatiotf,wasperformed in 75 patients (65.2%), and was monolateral in
42 (56%) and bilateral in 33 (44%) cases. Neck disseeti@s elective (neck dissection
levels 1 1V) in 70 cNOpatients (60.8%), and curative (neck dissection levelgllinternal
jugular vein inl case) in 5 cN >0 patien{d1.1%). In 55 patients, whole level VI or
unilateral paratracheftmph node clearance was added. No neck dissestismperformed

in an additional 40 patien{84.8%) with early disease, cNO disease, or in previdusated

necks.

Postoperative care and adjuvant treatments

All patients were monitored for early complicatiofi@cal and general) and late sequelae.
Patients underwerthe same rehabilitation protocol, apart from those wehous early
complications.

The postoprative protocol consisted of: (1) days l4tansertion of an uncuffed tracheal
cannula and beginningf phonation; (2) days 4 to 6: during daytime, intermittaztiusion

of the tracheostomy with salirsmaked gauzand starting of feeding without theatheal
cannula inposition; (3) day 6 onward: the nasogastric (NG) twhs removed as soon as a
good level of swallowing adboth solids and liquids was achieved. Grading of postoperative
aspiration was per f or meschle.4d @n tabasts ofipathmlogcad  wi t h
findings (pN1and/or extracapsular spread, large extralaryngeal extendanpatients
(26.9%) were subjected to adjuvant RT.
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The indications for adjuvant therapy were: 7 N1 (5 I&¥eeN1 and 2 N2b) and 24 cases
with gross extrala/ngeal extension (8 supraglottic pT4a and 16 glottic pT4®)arge
volume encompassing the primary site anddedining lymph nodes was irradiated with a
dose of up t®4 Gy/2 Gy. Regions at higher risk for malignant disseminagoaived a 12
Gy boost(total 66 Gy/2 Gy; rang&2i 68 Gy). Six of 31 patients also received 100 mg/m2
cisplatin on days 1, 22, and 43 of the course of®¥.

Laryngeal functional assessment
During the 5 postoperat i v wasyepeatedsandryfjeah r sono
functional status wasvaluated by the Performance Status S&ale.

Statistical methods

OS, diseas#ree survival (DFS), locoregional contraind laryngeal function preservation
were estimated aténhd 5 years using KaplaMeier curves. The engbintsconsidered were
obtained as the length of time from ttiate of diagnosis to: OS5the date of death; BFS
the date of the first recurrence; locoregional controlhe date of the first locoregional
recurrence; laryngeal functigareservation= the date of total laryngectomy or presenufe
tracheostomy, NG tube, gastrostomy feedingyaintelligible voice.

At the end of the study, the datesla$t consultation for patients still alive or free from
recurrencer without any laryngeal impairment veeused fortype-l censoring in the
corresponding end poinp.T classification, clinical history of previous treatmesmid age
were evaluated for their correlation with prevalen€®©S, DFS, locoregional control, and
laryngeal function preservation byog-rank test. The correspondingcidences were
evaluated by chsquare tests. All analysegere carried out with GraphPad Prism version
5.00(GraphPad Software, San Diego, CA), with p < .0fhassignificant cutoff.
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RESULTS

Patients

One hundrediwenty patients undergoing supratracheatial laryngectomies were initially
included in thisstudy. After excluding those treated for RBGC, acohort of 115 patients
was considered (Table 1). Patiewsre followed for a mean period of 3.37 years.r€uir

or former smokers made up 91% of the cohort.

Pathology

All patients had a biopsgroven laryngeal SCC stagbdtween Il and 1Va, according to the
2002 TNM classificatiosysten® (Table 1). Furthermore, pathology repanicated close
margins (<2mm) in 11 cases (9.6%) amd no case were found positive margins at the
definitive histopathologic examination. One hundred ten pati€B&6%) had been
classified as cNO by palpation and n€Ck scan or MRI. Overall, lymph node metastases
weredetectedn 7 of 115 patients (6.1%), of whom 3 (2.6B@d multiple metastases.

Disease control and survival
The 3year OS, DFS, and locoregional control wa4e6%, 72.3%, and 73.3%, respectively.
At 5 years, theyvere 78.9%, 68.5%, and 69.6%, respectively tsgare 1).

Correlation of pT category, previous treatment, and smeverall survival, diseastee
survival, and locoregionatontrol

Locally intermediate/advanced laryngeal carcinomasadneterogeneous group of lesions
in terms of superficiahnd @pth extent. As a consequence, they differ greatungical
indications and prognosis. Therefore, the analysese conducted on the basis of
pathological staging iarder to obtain homogeneous prognostic data. By stratitiimghart
data, we evaluatewhether they could affetite OS, DFS, and locoregional control in terms
of prevalencgsee Figure 2). We found that none of the factofsf ect ed pati ent
years. Indeed, theyear OS opT2 tumors was 75.0%, whereas those of pT3 and pT4a
SCCwere 82.2% and 73.7%, respectively. Thgear OSof previously treated patients was
very similar to that ofintreated patients (80.8% and 79.0%, respectively). Mese small
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but not statistically significant difference @S between older and youngstients (70.8%
and82.0%, respectively).

DFS and locoregional control prevalence at 5 yage greatly affected by local staging.
Despite the facthat pT2 and pT3 carcinomas displayed comparable pE®alences of
85.7% and 82.9%, theyear DFS of pTdtumors was only 49.0% (p < .01). Likewise, the
prevalenceof 5-year locoregional control was comparabktween pT2 and pT3 tumors
(85.7% and 82.9%, respectivelipyt significantly lower for pT4a SCC (51.4%; p< .05). On
the other hand, the clinical hisly of previoudreatment did not affect theyear prevalence
of DFS andocoregional control. In fact, the prevalences of DFS landregional control
were both 65.1% in pretreatpdtients, whereas they were 70.1% and 71.7%, respectively,
in patients udergoing supratracheal partial laryngectamsyprimary surgery. Similarly, age
also did notorrelate with DFS and locoregional control; olgatients had a prevalence of
62.4% for DFS and 65.6%r locoregional control, whereas younger ones hpictealece

of 71.8% for both.

Finally, in terms of incidence, the overall analysethefend points considered are reported
in Table 2.

Patterns of failure

Locoregional recurrences affected 28 patients withjadss from surgery. According to the
site of pathology,they were subgrouped as 20 local (71.4%) and 8 regi(@&6%)
recurrences.

Local recurrences were observed in 14 (17.dbb)eated and 6 (16.7%) pretreated patients.
Among them2 patients had subglottic extension and inclusion @i@arytenoidoint, 1
patient had surface extension asdarthe inferior edge of the cricoid ring, 14 patients had
extralaryngeal extension (9 anterior, 5 posterior), apdti&nts showed surface extension
toward the posteriacommissure.

Inside the &rynx, the typical subsites of local failumere the mucosa at the passage between
the remnant laryn:and trachea or the mucosa at the level of the postawiomissure, as
well as outside the larynx at the lewa#lthe outer surface of the remnant larfpxobably

one of these options: in transit metastasis, lymph node metasitasest he | ev el
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ligament, or direct invasioaf the thyroid gland). The most frequent site of closEgins
was the posterior commissure mucosa.

In all patients with loclarecurrence, salvage therajycluded total laryngectomy and
adjuvant radiation therand/or chemotherapy in 16 patients, and laser suigergases.
One patient was lost at follewup, 5 patientslied of laryngeal cancer from progression of
diseasgaverage 14.0 months; range, i734.1 months), 3 patientiied of other disease,
whereas at the last follewp, 3patients were alive with the disease and 8 patients aliese
and diseaséree; overall local control after salvatfeerapy was achieved in 8 20 patients
(40.0%), and a8 years the local control rate was 70.0%.

Recurrence in the neck was observed in 8 casesywhah were previously classified as
cNO and 2 as cN >patients. At the time of primary resection, 5 of thepatents received
bilateral neck dissection, and 5 of rBcurrences were observed at the VI level. Five
recurrencesn the neck were treated with surgery and adjuvadtation therapy and/or
chemotherapy, 3 recurrences witiemotherapy, 1 of whom also received radiatiengfy;

3 patients died because of regional recurrences (rége21.0 months; mean, 13.7
months), 1 patient died aither disease, whereas at the last follgy 1 patient waalive

with disease and 3 patients were alive and diseasefree.

Postoperativeourse and morbidity

Overall, acute complications during hospitalizatomcurred in 7 of 115 patients (6.1%) and
there were n@erioperative deaths. The mean hospitalization timgé&bients with acute
complications was 3866 dayshich was significantlyonger than that for patientgithout
acute complications (2465 days; p < .01). Llsequelae after discharge were observed in 28
of 115cases (24.4%; Table 3). All were successfully treatddtransoral CO2 laser surgery
(23 of 28; 82.1%)injective layngoplasty using Vox impants, which successfatgated
dysphagia (2 of 28; 7.1%), or totalyagectomy (1 of 28; 3.6%).

Laryngeal function preservation
At 5 years, laryngeal function preservation was maintam@® of 115 patients (78.3%). In
addition, we evaluate@hether laryngeal function preservation couldafected by local

staging, presence of previous treatmengge> 0 =65 years (see Figure 3). Patients affected
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by advanced pT or characterized by older age were statistsighificantly more prone to

lose laryngeal functio(p < .01) with respect to intermediate pT or younupggrents. In fact,
functionality was maintained in all pTahd in 91.2% of pT3 patients, but only in 59.3% of

pT4a patients. Moreover, laryngeal funati preservation wamaintained in 84.2% of

patients <65 years and in or$.6% of patients _65 years. On the other hand, no statistically
significant differences were observed when stratifypagients for previous treatment;
laryngeal functionwas presered in 79.0% and 75.8% of untreated drehted patients,
respectively.

After the first postoperative month, normal swallowihgP e ar sonés scal e g
achieved in 66 patien{57.4%), grade | and Il were observed in 25 patigits/%) and 20

patiens (17.4%), respectively, whereass pi r ati on pneumonia (Pear
recordedin 4 patients (3.5%). After the second year, a satisfaategree of laryngeal
function (i e, L public &50; usderstdndability efaspeieatn g~50;i amd
normalcyof diet >70) was achieved in 92 of 115 patiemithout local disease (80.0%). Of

the 92 patients evaluattdor subj ecti ve aspi r a25i0%)madimoy t he
aspiration (grade 0), 46 (50.0%) hacktasional cough without clinicaroblems (grade 1),

and20 (21.7%) had constant cough that worsened dumeals (grade II). Three patients

(3.7%) had frequent pulmonacpmplications (grade IIl). Nearly all patients (142115;

97.4%) had the NG tube or gastrostomy ttdrmoved. The NGube remained in place for

an averagef 21.5 days (range, 1261 days).

Overall, aspiration pneumonia was observed in 1118 cases (9.6%), 4 cases during
hospitalization and €ases during follovup. Because of intense dysphagia asgiration
pneumoim episodes, a temporary gastrostonas required in 8 patients (7.0%); for 5 of

them, it wasremoved within the first postoperative year. Only ina3es the gastrostomy

was maintained because of repeapisodes of aspiration pneumonia and severe dgspha

for liquids. In 2 cases, total laryngectomy was propdeegbersistent aspiration: 1 patient
accepted whereas tecond refused, preferring to keep the gastrostomyamthenaintain

voice. The third patient was subjected toghdoscopic procedudé injective laryngoplasty

using avox implant, which successfully resolved the dysphaajlawing gastrostomy tube

removal.
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The mean time to intermittent occlusion of the tracheostaany 26.9 days (rangei 406
days), and the averatjene to tracheostognclosure was 86.3 days (ran@&j 489 days). In

our protocol, progressive closure of thecheostomy is preferred, and occurs spontaneously
in the majority of patients after occlusion. For patients, espedciallge first weeks after
discharge, this leis to asensation of greater safety concerning minor episodésoaolf
inhalation, which are relatively frequent. When thecheostomy has almost closed, minor

plastic surgery cathen be performed.

DISCUSSION

The current trend for management of laryngesicerindicates that pursuing therapeutic
options able to preserviaryngeal functionality provides the best quality Ide for
patients> "1 To realize this goal, differerapproaches have been pursued, in terms of
chemoradiotherapfyor surgicatreatmen®®1°The former is able tepare laryngeal function
and patient outcome seems satisfactogyertheless, locoregional control is compromised
during longterm follow-up.”?*On the other handiemolitive surgery provides better control
of diseae,although incurring a higher percentage of laryngeal funatigrairment and late
sequelae that hampertheat i e nt s 6 °Withahle diffusion of Suprhcricoigartial
laryngectomies, the advent of supratracipeatial laryngectomies, and thensolidated role

of conventionahonsurgical organ sparing protocols and endosqmoicedures, the role of
total laryngectomy in thereatment of endolaryngeal neoplasms has decreasstierably.

In this study, we have analyzed the outcomes of ddttents affected by laryngeal SCC
undergoing supratrachgadrtial laryngectomy, a novel laryngeal sparing surgegyiously
described by our group in 2068.

Glottic tumors with subglottic extension (cT3 witbcal cord and arytenoid fixation) may
be aproblematiccategory to manage with supracricoid laryngectomyglt@moradiation,
inasmuch as they often result in eqlda for extralaryngeal extension. Indeed, the selected
cohort of patients considered in our study was composedhigher percentagd pT4a
cases, despite the fact thiaé amount of supraglottic cancers was lower than in previously

described trials.
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The 5year OS in the present study was 79%, békian the circa 60% observed for both
concomitant chemoradiotherapy induction chemotrapy and RP."?°These data were
also confirmed for more advanced pTdmors that displayed ayear OS of 74%. The DFS
observed in our study overlapped with that already demonstogt@ithe Department of
Veterans Affairs LaryngeaCancer Study Grodpusing the demolitive surgicapproach
(about 70%). These data show that carefsdligcted patients can achieve good results even
withanfiext reme partial 0 sur gifa pTlacanpep (A9 wak .
significantly lower than thoskr the other classifications considered (83% pT3; §6°2),

but higher than those obtained by managementRiitland/or chemotherapy (ranging from
26% to 38%respectively).* As a consequence, the possibilityd@velop recurrences was
reduced. In fact, th@-yearlocoregional control was maintained in 79% of patidmis
decreased to 69% at 5 years. Analyzing these @ataan observe that such a trend was due
to pT4a tumorswhose 5year locoregional control was only 51%. Nevertheld@sss
comparable wh the locoregional contraletected by Forastiere et"&in concomitant
cisplatin/RT management. From this point of view, the total incidehcecurrences after
supratracheal partial laryngectomyerlapped with that of total laryngectomgmonstrated
by the Department of Veterans Affairaryngeal Cancer Study Grodp.

In the present series, tipeoportion of patients subjected to total laryngectomyeither
functional or oncologic purposes was significantyw (14.8%) and there was no
perioperatie mortality.

Not surprisingly, the total amount of neck metastds&8%) was lower than in previously
reported statistickor demolitive surgery (17%) and demolitive surgery wetincomitant
chemoradiotherapy (12% to 22%). Thaserventions are normallgonsidered in cNO and
cN1 patients, which represent the majority of glottic tumex&n in intermediate/advanced
T classification. Finally, the 5year laryngeal function preservation obtained by
supratracheal partial laryngectomy was in line with thdtievable with concomitant
cisplatin/RT. Maintenance daryngeal function was critical in patients affecteddiya
cancer (59% at 5 years) and in those older thaye@®s (64% at 5 years). Although the
function of theremaining larynx is problematic some cases, botibjective and subjective

outcomes have demonstrated theite satisfactory validity of supratracheal partial
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laryngectomiesn sparing laryngeal function, albeit at thbvious expense of a simplified
laryngeal framework.

This shows the ipressive ability of this organ to recowbe essentials of its function after
partial surgical mutilation,provided that tissue has been sacrificed and digan
reconstructed according to functional criteria. Bas&dour experiences, supratracheal
partial laryngectomiesan be tailored to each patient, depending on the ecttéim¢ lesion.
This is possible because the larynx tolerate®orfree margins of only 4 to 5 mm.
Therefore, theadicality of surgery should always be routinely chedkécoperdévely by
frozen sections.

Nevertheless, persistent slight dysphagia and aspirati@amonia still represent major
complications in patientandergoing supratracheal partial laryngectomies, whereas
was significantly deteriorated, and generally qhibarse and breati.

In elderly patients (13 patients aged >70 years), cricoarytgomitdresection had a clear
impact, with worseningswallowing recovery: 5 of 11 cases of aspiratjpmeumonia
occurred in elderly patients, in whom gastrostdolye wa maintained in 1 patient owing
to repeatedepisodes of aspiration pneumonia, and 1 patient was subjéctéctal
laryngectomy. Higkgrade dysphagia arabspiration pneumonia occurred rarely in patients
undergoingsupratracheal partial laryngectomies ilquaredwith others type of surgical
technique, affecting the physicahd emotional condition of these patients.

In conclusion, our results demonstrate that, in the chggottic tumors with subglottic
extension, the choice stipratracheal partitdryngectomy versus chemoradiatiomotocols
can be considered to be viable not only in progndstims, but also in terms of functional
results, suclas a reduction in the number of total laryngectomies. djptisn must be aimed
at carefully selected fiants with astrong desire to avoid total laryngectomy and suffering
from laryngeal SCC in welllefined intermediate/advanced stages, often early pT4a for
extralaryngeakxtension. The gold standard indication is glottic evigh vocal cord and
arytenoidfixation and subglottiextension; the option of a supracricoid partial laryngectomy
Is very much at risk of leaving positive margins the section line passes through a
cricoarytenoid joint.

Nevertheless, even in these cases, it is possible to ajaihoncologic and functional

results, evenwithaine x t r eme parti al 0 s ur gpatedsimusiepr oac
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made very carefully because, at the ehthe workup, the surgeon should be able to ensure
safemargins with sufficient certainty, thwssoiding an upfrontotal laryngectomy. When
the tumor clearly extendgeyond the limits of the larynx, both the severity ofititervention

and the necessity for adjuvant radiotheralgynand that extreme caution be taken when

consideringhe indications
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Table 1 Characteristics of the 115 patients undergoing supratracheal partial
laryngectomy according to age, sex, Karnofsky performance status and
pathological grade

No. of patients (%)

Age,y
Mean 58.3 +=10.8
Range 16-78
Sex
Male 93/115 (80.9)
Female 22115 (19.1)
Karnofsky Performance Status
100 70115 (60.9)
90 30/115 (26.1)
80 15115 (13.0)
Pathological grade Supraglottic Glottic
pT2 0/115 (0.0) 14/115(12.2)
pT3 1/115(0.9) 49/115 (42.6)
pT4a 11/115 (9.6) 40/115 (34.8)
pNO 3/75 (4.0) 65/75 (86.7)
pN1 4/75 (5.3)
pN2 3!?5 (4.0)
Level VI pN+ 7 (71.4)
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Table 3 Acute postoperative complications and late sequelae

No. of patients (%)

Acute complications

Cervical bleeding 21115 (1.7)
Wound infection 1/115(0.9)
Aspiration pneumonia 4/115 (3.5)
Late sequelae
Laryngeal fibrosis with stenosis 6/115 (5.2)
Laryngeal soft tissue stenosis 14/115 (12.2)
Dyspnea 1/115(0.9)
Aspiration pneumonia 71115 (6.1)
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Figure 1 Endpoint analysis (overall survival, diseasefree survival and
locoregional conof the patient cohort using KaplanMeier curves
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Figure 2 Patient chort stratification for lesion classification (left column), previous
treatment (middle column) and age (right column) usg Kapln-Meier
curves. The end points considered were overall survival (top row),
diseasefree survival (middle row) and locoregional control (bottom
row). Statistically significant differences were seen for patients affected

by pT4a tumors in terms of bdh diseasefree survival and locoregional

control
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Figure 3

Evaluation of laryngeal function preservation in the patient cohort
stratified for lesion classification, previous treatment and age using
Kapla-Meier curves. Statistically significant impairments were seen in
patients affected by pT4a tumors or in thoselder than 65 years.
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Paper 7
Supratracheal laryngectomycurrent indications and contraindications

Summary

Cancer of the larynx in the intermediate/advanced stage still presents a major challenge in
terms of controlling the disease gméservinghe organ. Supratracheal partial laryngectomy
(STPL) has been described as a funesiparing surgical procedure for laryngeal cancer
with subglottic extension. The aim of the present mirstitutional study was to focus on

the indicationsand contraindications, both locahd general, for this type of surgery based
on the longterm oncological and functional results. We analysed the clinical outcomes of
142patients with laryngeal cancer staged fpliZla who underwent STPL. Fiyear overall
survival (OS), diseasspecific survival (DSS)diseasdree survival (DFS) and loeo
regional control (LRC) rates were: glottic pT2 [71.4%, 95.2%, 76.0%, 76.0%], @lottic
transglotticpT3 [85.3%, 91.1%, 86.4%, 88.7%)], and pT4a [73.2%, 88.1%, 52.7%, 60.7%],
respectively. DFS and LRC prevalences at 5 years grexaly affected by pT4a staging.
Five-year laryngeal function preservation (LFP) and laryngectomy free survival (LFS) were:
glottic pT2[90.9%, 95.2%], glottigransglottic pT3 [84.4%, 93.1%], and pA463.7%,
75.5%)], respectively, being affected by pT staging andéae O years (LFP
result of Type Il open horizontal partial laryngectomies (OPHLS) (supratracheal
laryngectomies), the typicalibsites of local failure inside the larynx wére mucosa at the
passage between the remnant larynx and trachea, the mucosa at tlo¢ fleegbosterior
commissure and the contralateral cricoarytenoid unit as well as outside the larynx at the level
of the outer surface of themnant larynx. For pants with glottic or transglottic tumours
and with sukglottic extension, the choice of STPL can be considered &ffbetive, not

only in prognostic terms, but also in terms of functional results.

Introduction
The subglottic extent of a glottic or trayhsttic tumour is often difficult to detect

preoperatively, has a large propensfty extralaryngeal spread and poor prognosis,
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especiallywhen adopting conservative therapeutic protosoish as chemoradiotherapy,
transoral laser surgery open partialaryngectomy-=,

In 1972, ltalo Serafirti reported a new type of open partikryngectomy called
tracheohyoidoepiglottopexy aimedraanaging laryngeal cancer with subglottic extension:
this procedure entailed the preservation of the suprahgpiglottisas well as the pexy of
the hyoid bone and the residugdiglottis to the first tracheal ring. Because of removal of
both arytenoids, the resulting functional outcomes were pndrSerafini abandoned this
technique in the early 1980s.

In the 199s, Laccourreye et alapplied a modification of conventionsuipracricoid partial
laryngectomy (SCPL), removirthe cricoid ring in the case of glottic tumours with anterior
subgl ot ti c extensi on: t his h asspratagheah ghal t h e
laryngectomies (STPL), whose curremrsion was descrildein 2006 by Rizzotto et &l.
Nowadays, STPL involves resection of the entire gladitic subglottic sites along the
thyroid cartilage, sparinigoth or at least one functioning cricoarytenaonk (i.e. half of the
posterior cricoid plate, with the correspondisuytenoid and the intact inferior laryngeal
nerve on thesame side). Inferiorly, the limit of resection encompa#isesricoid reaching
the first tracheal ring.

Recently, the Europeanatyngological Society proposea classification of the more
commonly adopted procedurascoding to the extent of resectigrincludingthree types of
OPHL: Type Ii supraglottic, Type IT supracricoidand Type llli supratracheal.

In our practice, OPHLType Ill expands the indicationsuggested by the National
Comprehensive Cancer Netwofi{CCN) and the Italian Head and Neck Soci@iyNS)
guidelines for the treatment of laryngeal caneéh conservative surgery (TT2, NO or
selected T3)some probleratic glottic cT3 (i.e. suglottic extensionand cricoarytenoid
joint invasion) and some large glotti@ansglottic cT3 now became manageable by OPHL,
showing promising oncological and functional res@lfs With great caution, the same
practice can beonsidered tde an upfront option in a very limited number of cT4a cases,
with minimal anterior extralaryngeal extension, witds reasonable to expect an exclusive
treatment.

The aim of the present study is to focus on the indicatiodscontraindic&ns, both local

and general, for this typef surgery. A multicentric retrospective outcome analg$i$42
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patients, suffering from glottic/transglottic laryngsguamous cell carcinoma (SCC) with
subglottic extensiom intermediate/advanced stage, wasried outover a 10year period
during which orgafpreservatiorprotocols with chemoradiotherapy or total laryngectomy
were applied as conventional therapeutic options for tlgses of locally advanced

tumours.

Materials and methods

Patients

All patients were from the Hospital of Vittorio Veneto, Trevislee Martini Hospital of
Turin, the San Raffaele Hospita Milan, and the Policlinico Hospital of Modena. Selection
was based on clinical and radiologic evaluation performithin 3 weeks ofsurgery, to
evaluate the superficial amipth extent of the tumour, as previously descried

Inclusion criteria were histological diagnosis of intermediate/advanced stage glottic or
transglottic laryngeaSCC 8, laryngeal chondrosarcoma 11 or othez tamoursand a
Karnofsky index 12 higher than 80.

The tumours were glottic in 113 patients and transglwttR9 patients. Vocal fold mobility
was: 31 cases withormal or impaired vocal cord mobility (22 glottic pT2 supraglottic
pT4a), 52 cases witlixed vocal cord ananobile cricoarytenoid joint (10 transglottic pT3,
3 supraglottigpT4a, 16 glottiesubglottic pT3, and 23 glotticT4a) and 59 cases with fixed
vocal cord and cricoarytenojdint (7 transglottic pT3, 31 glottisubglottic pT3,and 21
glottic pT4a).

Exclusion criteria were severe diabetes mellitus, seuwmnchopulmonary chronic
obstructive disease, neurologigatoblems impairing the ability to expectorate and/or
swallow, or severe cardiac disease. Advanced age, an impautaif for relative surgical

indication 13, was natonsidered, in itself, an exclusion criterion.

Surgery
After informed consent had been obtained, 142 patisate selected to undergo Type llI
OPHL between August9, 2002 and December 28, 20D2spite the faicthat most of these

cases had already beiaoluded elsewhere the preoperative and intraoperatigeords, and

185



pathological reports were reviewed to allpvoper reclassification of these cases according
to the2002 TNM classification systef.

Forty-eight patients (33.8%) included in the present anahgikbeen treated previously for
laryngeal carcinoma b§02 transoral laser surgery (27 of 142; 19.0%), (chewmuintion
therapy (12 of 142; 8.5%), open partial laryngectg¢mgf 142; 2.8%), ocordectomy (5 of
142; 3.5%).

Accordingly to the European Laryngological Soci€tgssification 7, only Type IIl OPHLs
were performedwh er e A+ CAUO represents t et Type mov al
[lla (supratracheal partial laryngectomy/tracHemido-epiglottopexy) = 13 (9.2%), Type
llla + CAU = 108 (76.1%), Type llIb (supratracheal parkalngectomy/trachebyoido-
pexy) = 7 (4.9%), Typellb + CAU = 14 (9.9%). In all patients, resection margimesre
examined intraoperatively with frozen secsowhen positive, the resection was expanded
until marginswere negative. The margins of the surgical specimen alarays checked
again upon definitive pathology.

Neck dissection (ND), graded according to the Ameriseedemy of Otolaryngologidead
andNeck SurgeryFoundation classificatiot?, was performed in 101 patier(&l.1%) and
was monolateral in 56 (55.4%) and bilatenad5 (44.6%) cases. ND was elective (ND levels
[171V) in 90 cNO patients (63.4%), and curative (ND level¥ H internal juglar vein in
one case) in 11 cN > 0 patien{8.7%). In 67 patients, whole level VI or unilateral
paratrachealymph node clearance was added. No ND wadormed in an additional 41

patients (28.9%) (elderlgnd/or cNO disease or in previously treated heck

Postoperative care and adjuvant treatments

All patients were monitored for early complications (loaatl general) and late sequelae.
Apart from those withserious early complications, patients underwent the same
rehabilitation protocol, whiclincluded: (1) insertion odn uncuffed tracheal cannula and
beginning of phonatiofdays 1 to 4); (2) intermittent occlusion of the tracheostarntly
salinesoaked gauze and starting of feeding withtbattracheal cannula in position (days 4
to 6); (3) n@ogastridNG) tube removal as soon as a good level of swallowigpth solids

and liquids had been achieved (dayrfvards) 12.
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Postoperative aspiration was graded in accordancet h Pear sonds scal
occasional couglbut no clinical poblems; Il = constant cough worseningth meal or
swallowing; Il = pulmonary complications).

Adjuvant treatments

On the basis of pathological findings (pN+ and/or extracapsspaeead (ECS), large
extralaryngeal extent), 4datients (28.9%) were subjedtto adjuvant radiotherapy.

The indications for adjuvant therapy were: 13 N+ (8 l&elN+ and 5 pN2) and 28 cases
with extralaryngeal exterf® supraglottic pT4a and 19 glottic pT4a).

A large volume encompassing the primary site andraihing lymph wdes was irradiated
with a dose of up t64 Gy/2 Gy. Regions at higher risk for malignant dissemina&oeived

a 12Gy boost (total 66 Gy/2 Giyrange62i 68 Gy).

Six of 41 patients (level VDelphian nod@N+ and pN2 with ECS, and pT4a showing close
marginstoward prelaryngeal tissues) also received 100 mg/m2 cisptatidays 1, 22 and
43 of the course of radiotherapy 17.

Statistical methods

Overall survival (OS), diseaspecific survival (DSS)diseasdree survival (DFS), loco
regional contro[LRC), local control (LC), laryngectomiree survival (LFS) antaryngeal
function preservation (LFP) were assessedaplari Meier curves. Logank and Gehan
BreslowWilcoxon tests (for early events) were used to compagari Meier estimates
between grops (staging, clinicaiistory of previous treatment, and age). The corresponding
incidences were evaluated by-dguared tests.

The endpoints considered were obtained as the lengitn®from the date of diagnosis to:
OSi the date of deatl)SSi thedate of death from the disease; DFthe dateof the first
recurrence; LRQ the date of the first locoregionegcurrence; LQ the date of the first
local recurrence FSi the date of total laryngectomy; LFRhedate of total laryngectomy
or presencef tracheostomyING tube, gastrostomy feeding, or Rimtelligible voice.

All analyses were performed with GraphPad Prism ver8ibn (GraphPad Software, San
Diego CA, USA),with p < 0.05 as the statistically significant -@iff.
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Results

Patients

In total, 148 patients undergoing STPLs were initiadistuded in this study. After excluding
those treated fononSCC, a cohort of 142 patients undergoing TypedRHLs was
considered. Current or former smokers made€2% of the cohort. Patients werddaled

for a mearperiod of 3.29 years.

Pathology

All patients suffered from a biopgyroven glottic or transglottiaryngeal SCC, which was
classified as pT2, pT3 @T4a, according to the 2002 TNM classification system 14.
Furthermore, pathology reporitsdicated close margin& 2 mm) in 13 cases (9.1%), and
positive margins wergot found in any case at definitive histopathologic examination.
One hundred and thidyne patients (92.3%) had bestaged as cNO by palpation and neck
CT scan or MRIQverall,lymph node metastases were detected in 13/142 pattehts),

of whom 5 (3.5%) had multiple metastases.

Survival and disease control
The 5year OS, DSS, DFS, LRC, and LC were 78.B.4%, 69.1%, 73.8% and 80.6%,
respectively (Fig. 1). Alastfollow-up, a total of 24 patients had died, of whonmh&# died

from the cancer under study.

Chart data stratification

Locally intermediate/advanced laryngeal carcinomiffer greatly in surgical indications
and prognosis. Thanalyses were hence condetton the basis of pathologicsthging to
obtain homogeneous prognostic data.dBwatifying the chart data, we evaluated whether
pT, previoustreatment, or age could affect the DSS, DFS, or IeR@ points in terms of
prevalence (Fig. 2).

We found that noe of the factors affected DSS at 5 ye&ndeed, the &ear DSS of pT2
tumours was 95.2%, whillnose of pT3 and pT4a SCC were 91.1 and 88.1%, respectively.
Similarly, the 5year DSS of previoustreated patientsvas very comparable to that of
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untreatedpatients (91.2 and 90.5%, respectively). Finally, slight differencesDSS
outcome, although not statistically significamigre found between older and younger
patients (88.2 anfl1.2%, respectively).

DFS and LRC prevalence at 5 years were gredictedby local staging. Despite pT2 and
pT3 carcinomas displayingpmparable DFS prevalence (76.0 and 86 #Xpectively), the
5-year DFS of pT4a tumours waslp2.7% (p < 0.05); the same pattern was also evident
or the LRC endpoint: 76.0% in pT2,.880 in pT3, bu64.8% in pT4a patients. Otherwise,
the clinical history ofprevious treatment or age did not affect thgear rateof DFS and
LRC. In fact, DFS and LRC were 61.0% an8.2% in pretreated patients, whereas they
were 71.3 and74.5%, respdovely, in patients undergoing OPHL Tyd# as primary
surgery. Similarly, age did not correlatgh DFS and LRC: older patients had a prevalence
of 67.3% for DFS and 72.3% for LRC, while younger ohad a prevalence of 70.6 and
74.7%, respectively.

Finally, in terms of incidence, the overall analyses ofdghdpoints considered are reported
in Table I.

Patterns of failure

Loco-regional recurrences affected 30 patients withiyears from surgery. According to
the site of pathologythey were sulgroupel as 21 local (70.0%) and 9 regior§dD.0%)
recurrences. Local recurrences were observe@i(i3.8%) untreated and 8 (16.7%)-pre
treated patients.

Among these, 3 had subglottic extension and inclusioa oficoarytenoid joint, 1 had
surface extensionsafar asthe inferior edge of the cricoid ring, 14 had extralaryngeal
extension (9 anterior, 5 posterior) and 3 showed suratension toward the posterior
commissure.

Inside the larynx, the typical subsites of local failure ikeemucosa at theassage between
the remnant larynand trachea, the mucosa at the level of the posterior comméssilitbe
contralateral CAU as well as outside thg/nx at the level of the outer surface of the remnant
larynx (probably one of these options: in transitastasislymph node metastasis at the

|l evel of B e r r yndasionlofi the ahgm@dngtand). @he mastcfrequent site

close margins was the posterior commissure mudosal patients with local recurrence,

189



salvage therapy includetbtal layngectomy and adjuvant radiation therapypd/or
chemotherapy in 17 patients, and laser surgefyuncases. One patient was lost to fohow
up, seven patientdied of laryngeal cancer from progression of dise@serage 14.0
months, range 7i184.1 months and threepatients died of other disease, while at the last
follow-up, three patients were alive with disease and seven paiven¢ésalive and disease
free; overall local control after salvagigerapy was achieved in 7 of 21 patients (33.3%),
and at 3 gars the local control rate was 66.6%.

Recurrence in the neck was observed in nine casegffweom were previously classified
as cNO and four asN > 0 patients. At the time of primary resection, fivetlidse nine
received bilateral neck dissectiomdasix ofnine recurrences were observed at level VI.
Five recurrences the neck were treated with surgery and adjuvadiation therapy and/or
chemotherapy, four recurrencesth chemotherapy, one of whom also received radiation
therapy; three patientiied due to regional recurrenggange 3.821.0 months, mean 13.7
months) while at thiast follow-up, one patient was alive with disease andpagents were
alive and diseasfee.

Postoperative course and morbidity

Overall, acute complicationguring hospitalisation occurrad 10 of 142 patients (7.0%)
(Table II) and thergvere no perioperative deaths. The mean hospitalistiienfor patients
with acute complications was 376tdays, which was significantly longer than that for
patientswithout acute complications (25 & days; p < 0.001). Latsequelae following
discharge were observed in 40 of lda@ses (28.2%) (Table Il). Of these, 37 were
successfullyreated with transoral CO2 laser surgery (33/37, 89.2fjextive laryngoplasty
using Vo-implants, which successfullytreated dysphagia (3/37, 8.1%), or total
laryngectomy(1/37, 2.7%).

Laryngeal function preservation

In our patient cohort, the-fear LFS and LFP were 85.4%nd 75.0%, respectively.
Furthermore, we evaluateghether LFP coul be affected by local staging, presemnde
previous treatment, or aferted b adgaBcedypd atags or ( Fi g

characterised by oldeage were more prone to lose laryngeal function than thate
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intermediate pT stage or youngeripats (p < 0.0%and p < 0.01, respectively). In fact,
functionality was maintaineth 90.9% of pT2 and in 84.4% of pT3 patients, bubmy
63.7% of pT4a patients. Similarly, laryngeal functiwas maintained in 83.8% of younger
patients compared ®4.2%o0f the elderly, a difference that can be considerdzbtan early
event, which was also significant with the GelBraslow Wilcoxon test (p < 0.01). Finally,
LFP was nobiased by previous treatments (not shown).

Overall, aspiration pneumonia (AP) wassebved in14/142 patients (9.9%), five cases
during hospitalisatiomnd 12 cases during folleup (Table II). Due to intensgysphagia
and AP episodes, a temporary gastrostomy negsaired in 10 patients (7.0%); for six of
these, it wasemoved within thdirst postoperative year. The gastrostowgs maintained

in only four cases due to repeatuisodes of AP and severe dysphagia for liquids. In two
cases, total laryngectomy was proposed for persiaigitation: one patient accepted this
treatment whildhe second refused, preferring to keep the gastrostomyreaickain voice.
The other two patients were subjecteth®endoscopic procedure of injective laryngoplasty
usinga Vox implant, which successfully resolved the dysphagjl@wing gastrostomy

removal.

Discussion

The basic goal of a partial intervention on the laryrw isbtain loceregional control of the
disease, sparing laryngdahctions'®2°, To this end, surgery offers eithteansoral excision

of the neoplasm, usually by carbon dioxideser 2., or open neck parti
laryngectomieg? 23 the greater part of which, especially in Eurdpegpresented by open
horizontal partial laryngectomig®©PHL). Literature addressing this topic is rich, and a
number of surgical procedes have been describeddope with the different patterns of
endolaryngeal tumousite and sprea®???°, Schematically, among the currendlyailable
surgical options, total laryngectomy (TEyandOPHL Type 112" are the more established
solutions forintermediateadvanced stage laryngeal tumours affectivggglottis. However,

in an attempt to tailor therapeutiboice to a number of variables related to the tumour and
the patient, a significant number of lesions are not amenalile treated safelyy OPHL
Type lI: (i) glottic/transglotticumours with subglottic extension when the lesiesches the

cricoid (anteriorly, the cricoid ring is aboi®5 mm from the glottis while posteriorly, the
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cricoid plateis about 58 mm from the vocal folds); (ii)lgttic/transglotticT4a because of
extralaryngeal progression throuijie caudal end of the thyroid cartilage and/or through the
cricothyroid membrane.

In this study, we considered 142 patients affectediby Btaged laryngeal SCC undergoing
OPHL Type II, which allows safer resection of subglottic extended lesiénBecause of
their superficial involvement of thericoid, glotticsubglottic pT2 are characterised by
normalor impaired vocal cord mobility. The latter candmbvantageously treated by &€
laser resectiof, or byOPHL Type 1123, by removing the mucosa from the cricoattilage.

In both cases, the deep margin couldtlose, but is often safe. Conversely, despite the fact
thatOPHL Type Ill might seem an overtreatment due torésedon of the corresponding
part of the cricoid, we mustmember that posterior subglottic lesions are difficuttémage
with any surgical solution. In the absence of cartilenyelvement, norsurgical treatment
should alway$e taken into serious considéion?® 2

The glottic/transglottic pT3 category with subglottic extengiepresents the actual core
group for OPHL Typdll. The clinical feature most often characterising thesaours is
vocal cord and arytenoid fixation with cricoarytengjoint and cricothyroid space
involvement, combineavith arytenoid and/or cricoid sclerosis. The choaxdean OPHL
Type |l procedure would result in a greatek of positive margins. The introduction of
OPHL Typelll has opened a useful window into functigparingsurgical protocols. In fact,
open neck partial surgery canw be conducted using the principles of a modular approach.
This states that the resection is always preparsthimdard mode and the larynx is opened
from the side lesaffected by disese. Suksites involved are removed atie resection can

be easily enlarged as follows: OPAILy pe || +ARY Y OPHL Type |11
l11la/b Y OPHL Type |11 aOPHLFypeAIlb, OPHL Type |
Resection margins must be examindgth frozen sedons: if positive, the resection can be
ex-panded until free margins are achieved. The systemapiptication of whole organ
sections represents the quatiyntrol for both the surgical procedure and imaging accuracy.
It demonstrates that the more extitpa OPHLType Il is mandatory for cancers affecting
the cricothyroidspace and reaching the upper limit of the cricoid.

In these cases, an OPHL Type Il would almost certa@dult in a positive margin along the
upper border of thericoid. In the presd study for pT3, thefyear OS andSS were 85.3
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and 91.1%, respectively, which are bettkan what was previously reported for both
concomitanthemoradiotherapy or induction chemotherapy and radioth¢r&p§6)2° 2°

More advanced pT4a tumours requareeries of consideratiorfgst, it must be noted that,

in all of the cases ithe present cohort, the extralaryngeal extent was minihhal.second

is the widespread agreement that total laryngectoouwld be the elective intervention for a
tumour with extralaryngeal spread, which occurs almost alwhysugh invasion of the
laryngeal framework. OPHL Typd results have demonstrated that a careful selection can
make a good number of patients eligible, even in afeavr y we | | selected i
Treating anterior cT4é&umours (fultthickness involvement of the thyroid lamiaad/or
minimal extralaryngeal extension) by OPHL requaesabsolutely comparable radicality to
that resultingrom total laryngectomy. At the end of the warkg, the surgeomust be able,

as much as possible, to ensgage margins thus avoiding an upfront total laryngectomy.
As the elective indication in these cases is extirpative surgatignts should be driven by

a strong desire to avotdtal laryngectomy and must befermed in advance.

Adopting these selection criteria in pT4a cases, OFMhe Il displayed 5year OS and
DSS of 73.2 and 88.1%espectively, which are in line with those achievable watial
laryngectomy. However, the DFS for pT4a cané&.7%) was gnificantly lower than that

for pT3 case$86.4%), but higher in comparison to what was obtaibgdadiotherapy
and/or chemoradiotherapy managem@etto 38%) 26 29. On the other hand, the absence
of major comorbidities and the ability to undergo a rigs postoperativeehabilitation
represent general prerequisitesdtimpartial laryngectomies.

More attention should be given to local contraindicatreteted to disease extension. OPHL
Type Il is not able tagyive a sufficient radicality in: (i) lesres arising from thepilarynx
(junction zone between the supraglottic laramxi the other regions); (ii) lesions with major
invasionof the preepiglottic space involving the hyoid bone,ittierarytenoid space, the
posterior commissure and bo#nytenoid cartilages; (iii) large extralaryngeal spread of
cancer; and (iv) lesions reaching the first tracheal ring.

Larynx function preservation has substantial advantagésiloring surgery to the actual
extent of the tumour. ltisaintenance was more critigal patients affected by pT4aancer
(63.7%) and in those older than 65 years (54.2%).
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Persistent slight dysphagia and aspiration pneumoniaegiiiesent major complications in
patients undergoingdPHLs 2° 25 3831 while voice was significantly deteridea, and
generally quite hoarse and breathyrortunatelythese phenomena are infrequent, tend to
be easily controllednd are well tolerated by patients.

In cases indicated for a more extreme OPHL Type lll, etldoakiderations can arise. In

fact,these cases are considefed menabl e with total dJpfiontyngect

directed to nossurgical treatment to spare the larynx.

The patient must be clearly informed that if the reseatiangins are positive from frozen
sections, the interveioin will be converted to a total laryngectomy, thtlg u mpi ng o
option of concomitant chemoradiotherafpgcommendation IA in the current guidelines).
For thesereasons, both the severity of the intervention and the necdssigdjuvant
radiotherapy dmand that extreme cautionust be taken in considering the indications.

In conclusion, we summarise the precise indicationscanttaindications for OPHL Type

lll (see OPHL Handbookn the Appendix 1). Furthermore, we demonstthtg the choice

of a modlar OPHL Type Ill approach cabe considered viable in comparison to
chemoradiatiomprotocols for some webtudied glottic and/or transglottiemours with sub
glottic extension. Advantages cha obtained in terms of prognosis (better identification of
upstaging and reduction in prevalence of recurrence) fandtional results such as a
reduction in the number abtal laryngectomies, even at the expense of voice quaiidy

occurrences of sequelae (aspiration pneumonia).

194

t

h



REFERENCES

10

11

Chen AY, Schrag N, Hao Y, et &hanges in treatment of advanced laryngeal
cancerl19852001 Otolaryngol Head Neck Surg 2006;135:881

The Department of Veterans Affairs Laryngeal Cancer Study Gitadpction
chemotherapy plus radiation compared wsilirgery plus radiation in patients
with advanced laryngeal canced Engl J Med 1991;324:168%5)

Forastiere AA, Goepfert H, Maor M, et aConcurrent chemotherapy and
radiotherapy for organ preservation in advanced laryngeal canfdétngl J Med
2003;3492091-8.

Serafini |. Reconstructive laryngectomyrev Laryngol Otol Rhinol (Bord)
1972;93:2338.

Laccourreye O, Brasnu D, Jouffre V, et 8upracricoid partial laryngectomy
extended to the anterior arch of the cricoid with traclweico-hyoido
epiglottgpexy. Oncologic and functional resultsAnn Otolaryngol Chir
Cervicofacl1996;113:15

Rizzotto G, Succo G, Lucioni M ,et alSubtotal laryngectomy with
tracheohyoidopexy: a possible alternative to total laryngectdrayyngoscope
2006;116:190717

Succo GPeretti G, Piazza C, et dpen partial horizontal laryngectomies: a
proposal for classification by the working committee on nomenclature of the
European Laryngological Societfur Arch Otorhinolaryngol 2014;271:2489
96.

Rizzotto G, Crosetti E, Lucioni M et @ncological outcomes of supratracheal
laryngectomy: critical analysis Head Neck 2014 May 16. doi:
10.1002/hed.23773. [Epub ahead of print].

Schindler A, Fantini M, Pizzorni N, et gwallowing, voice and qualityf life
after supratracheal laryngectomy: preliminary long term resuligad Neck
2015;37:55766.

Rizzotto G, Crosetti E, Lucioni M, et @ubtotal laryngectomy: outcomes of 469
patients and proposal of a comprehensiaed simplified classification of
surgical proceduresEur Arch Otorhinolaryngol 2012;269:163%.

Damiani V, Crosetti E, Rizzotto G, et aVell and intermediatdlifferentiated

laryngeal chondrosarcoma: towardconservative surgery? Eur Arch
Otorhinolaryngol 2014eb;271:33744.

195



12

13

14

15

16

17

18

19

20

21

22

23

Karnofsky DA, Burchenal JH.The clinical evaluation othemotherapeutic
agents in cancerin: MacLeod CM, editorEvaluation of chemotherapeutic
agents New York: ColumbidJniversity Press; 1949. p. 12D5.

Schindler A, Favero E, Capaccio P, et &lpracricoid laryngectomy:age
influence on longerm functional resultd.aryngoscope 2009;119:12-P%.

TNM classification of malignant tumouiSixth Edition.New York: Wiley-Liss
Editor; 2002.

Robbins KT, Clayman G, Levine PA, etlleck dissectionlassification update:
revisions proposed by the Americeiead and Neck Society and the American
Academy ofOtolaryngologyHead and Neck Surgeryrch OtolaryngolHead
Neck Surg 2002;128:758.

Pearson BWSubtotal laryngectomy.aryngoscopé981;91:190412.

Bernier J, Domenge C, Ozsahin M, et &ostoperative irradiationwith or
without concomitant chemotherapy focally advanced head and neck cancer
N Engl J Med2004;350:19452.

De Vincentiis M, Minni A, Gallo A, et alSupracricoid partiallaryngectomies:
oncologic and functional resultsleadNeck 1998;20:5046.

Mercante G, Grammatica A, Battaglia P, e&lpracricoidpartial laryngectomy
in the management of T3 laryngeahncer Otolaryngol Head Neck Surg
2013;149:7140.

Crosetti E, Garofalo P, BosiG, et al. How the operated larynages.Acta
Otorhinolaryngol Ital 2014;34:198.

Peretti G, Piazza C, Del Bon F, etRlinction preservationsing transoral laser
surgery for T2T3 glottic cancer: oncologicyocal, and swallowing outcomes
Eur Arch Otehinolaryngol2013;270:22751.

Laccourreye O, Brasnu D, Biacabe B, etMé&oadjuvantchemotherapy and
supracricoid partial laryngectomy withcricohyoidopexy for advanced
endolaryngeal carcinomalassified as T34: 5year oncologic resultsHead
Neck1998;20:5959.

Di Nicola V, Fiorella ML, Spinelli DA, et alAcoustic analysisf voice in patients
treated by reconstructive subtotalyngectomy. Evaluation and critical review
Acta Otorhinolaryngoltal 2006;26:598.

196



24

25

26

27

28

29

30

31

Lima RA, Freitas EQ, Dias FL, et alSupracricoid laryngectomywith
cricohyoidoepiglottopexy for advanced glott@ncer Head Neck 2006;28:481
6.

Benito J, Holsinger FC, Perddartin A, et al. Aspiration aftersupracricoid
partial laryngectomy: Incidencgeisk factorsmanagement, and outcométead
Neck 2011;33:6785.

Wolf G. Reexamining the treatment of advanced laryngmaicer: the VA
laryngeal cancer study revisiteHlead Neck010;32:714.

Pinar E, Imre A, Calli C, et aBupracricoid partiallaryngectomy:Analysis of
oncologic and functional outcomesOtolaryngol Head Neck Surg
2012;147:10938.

Ruberto M, AlicandrCiufelli M, Grammatica A, et aPartial laryngectomies:
when the problem is the pexjctaOtorhinolaryngol Ital 2014;34:2432.

Forastiere AA, Zhang Q, Weber RS, etladngterm resultsof RTOG 9111: a
comparison of three nonsurgical treatmetitategies to preserve the larynx in
patients with locallyadvanced larynx canced Clin Oncol 2013;31:8452.

deVirgilio A, Greco A, de Vincentiis MThe role of cricohyoidoepiglottopexy
the era of transoral laser surgeryand radio/chemotherapy Acta
Otorhinolaryngol Itak014;34:209.

Ricci Maccarini A, Stacchini M, Salsi D et aBurgical rehabilitationof

dysphagia after partial laryngectomyActa Otorhinolaryngol Ital 2007;27:294
8.

197



Table 1 Incidence of diseasespecific survival (DSS), diseas&ee survival (DFS) and
locoregional control (LRC) in terms of local staging, previous treatment and

age

o

Patients DSS

pT
pT?2 221142 21/22 (95.5%)
pT3 58/142  54/58 (93.1%)

pT4a 62/142  56/62 (90.3%)
Previous treatment

Untreated 94/142 87/94 (92.6%)
Treated 48/142  44/48 (91.7%)
Age (years)

< 65 97142 90/97 (92.8%)
> 65 45142  41/45 (91.1%)

DFS LRC

17/22 (77.3%)  17/22 (77.3%)
51/58 (87.9%) 52/58 (89.7%)
40/62 (64.5%) 43/62 (69.4%)

72/94 (76.6%) 75/94 (79.8%)
36/48 (75.0%) 37/48 (77.1%)

76/97 (78.4%)  78/97 (80.4%)
32/45 (7T1.1%)  34/45 (75.6%)

y2-test; " p < 0.05.

Table 2 Acute postoperative complications and late sequelae

Acute complications

Cervical bleeding

Wound infection

Aspiration pneumonia

Other

Late sequelae

Laryngeal soft tissue stenosis
Dyspnoea

Aspiration pneumonia

Patients (%)

1/142 (0.7%)
2/142 (1.4%)
5/142 (3.5%)
2/142 (1.4%)
25/142 (17.6%)

3/142 (2.1%)
12/142 ( 8.5%)
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Figure 1 Overall survival, diseasespecific survival, diseasdree survival, loco
regional control and local control over 5year period in 142 patients with
laryngeal cancer staged pTzT4a who undemwent supratracheal partial
laryngectomy
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Figure 2 Diseasespecific survival, diseasdree survival and loceregional control
in terms of local staging, previous treatment and age over ayear period
in 142 patients with laryngeal cancer stage@T2-pT4a who underwent

supratracheal laryngectomy
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Figure 3 Laryngeal function preservation in terms of local staging, previous
treatment and age over a 5/ear periodi in 142 patients with laryngeal
cancer staged pT2pT4a who underwent supratrachealaryngectomy
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Appendix 1

Type Il OPHL Handbook

Local indications

As definitions for the Type Il (a+b) OPHLs have onégently been introduced, the precise
T classificatiorrelated indications and contraindications are separaptyrted:

AGlottic T2 with subglottic extension

The OPHL Type Il option has been considered for tumwaitisanterior or lateral subglottic
extension, spreadingbove the conus elasticus and reaching the cricoid. thesdke cases,
vocal cord mobility has been noator impairedwhile arytenoid mobility has always been
normal.As a rule, the lesion has shown a superficial subglettiension, more than 10 mm
anteriorly and abouti® mm posteriorly. The CT scan shows a glottic lesion extending
downward, apparentlywithout involvement of the cricothyroid spaead/or extension
through the cricothyroid membrane, antich reaches the cricoid plate posteriorly and/or
the cricoid ring anteriorly. There is no evidence of direct involvemeanthe laryngeal
framework altlough it is possiblgo highlight sclerosis of the arytenoid or the cricoid

cartilage, indirect signs of the lesion reaching the cartiggehondrium (Fig. S1-a).

AGlottic/transglottic T3 with subglottic extension

This category is extremely heterogemnis and the majorityf lesions are manageable with
an OPHL Type Il (supracricoithryngectomy). In these cases, the most eviddinical
feature is the fixed vocal cord with mobile arytenoal,sign of no invasion of the
cricoarytenoid jointOPHL typelll was essentially adopted in two situations:

A. glottic-subglottic T3 tumours spreading within the paraglottic space and
controlled by the conus elasticus medially and the perichondrium of the thyroid
cartilage laterally (Fig. S2-d) (tumour growth is directed downward and
laterally; sometimes it can infiltta the inferior edge of the thyroid cartilage or
exit the larynx between the thyroid and cricoid cartilages through the
cricoarytenoid membrane: the-salled early glottic pT4a) (Fig. S3@. Surface
extension toward the posterior commissure can be widei ypical clinical
features are the fixed vocal cord, fixed arytenoid and subglottic sweligg.

S1.
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B. transglottic T3 tumours spreading superiorly into the deep tissue of the
ventricular band under the guadrangular membrane and progressing into the
subglottic area, where they reach the internal lamina and the inferior edge of the
thyroid cartilage or the superior edge of the cricoid (Fig. S4). Also in these cases,

both the vocal cord and arytenoid can be fixed.

C. AT4a with limited anterior or lateragxtralaryngeal extension
Gross extralaryngeal spread of cancer represents aadaaaindication to any type of
partial laryngectomy. HoweverQPHL type Ill has been advantageously adopted in
clinically T3 tumours but strongly suspected of havamgnitial extralaryngeal extension
through the laryngeditamework or cricothyroid space/membrane (Fig. £3.a
In these cases, because of the suspicion of extralaryexfealsion, the radicality provided

would be comparable that of total laryngectomy.

Other indications

OPHL Type Il was also successfully adopted for radieséction of lowintermediate grade
laryngeal chondrosarcomasgthout involvement of the whole cricopate 11 (Fig. S6) and
in a case of recurrent papillary thyrasdrcinoma withthyroid cartilage involvement and

intralaryngeal spread (Fig. S7ba

Contraindications

With respect to the local extent of the tumour, our absatotgraindications were as

follows:

A supraglottic T4a t utongue orsnvadirmgze hyoid toge (Righe bas
S8 ab);

A g I-sabglottic ¥3 tumours with massive invasiohthe paraglottic space reaching the

posterior cricoarytenoithuscle and the pyriform sinus submuc(iSig. S9);

A g r o s-subglptticoT#at withcmassive cricoidvasion(Fig. S10) or reaching the first

tracheal ringFig. S11);

A lymph nodes staged N3.
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Fig. S1. a-b) CT scan in axial view of right recurrent glottic T2
with impaired mobility of the vocal cord, extending superficially
to the subglottic site along the elastic cone toward the cricoid
cartilage. c) The tumour reaches the cricoid plate and ring.
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Fig. S2. a-b) CT scan in axial view of left glottic T3 with fixed vocal
cord and hypomobile arytenoid, extending downward and laterally
within inferior paraglottic space. Note the intense sclerosis of the
arytenoid without evidence of direct invasion of the cricoid. c) The
specimen of OPHL type lll + left CAU. d) Macrosection of the same
specimen: the lesion reaches the crico-arytenoid joint (arrow).
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Fig. S3. a-b) MRI in axial view of left glottic T3 with fixed vocal
cord and arytenoid, extending downward and laterally reaching
the crico-thyroid space. Note the intense sclerosis of the cri-
coid with suspect involvement of thyroid cartilage. ¢) Macro-
section on the specimen of OPHL type lll + left CAU: the lesion
involves the cricothyroid space, the inferior edge of the thyroid
cartilage and superior edge of the cricoid (arrows).
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Fig. S4. CT scan in coronal view of right transglottic T3 with
fixed vocal cord and arytenoid. The tumour clearly invades the
superior and inferior paraglottic space with transglottic exten-
sion toward the cricoid cartilage.
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Fig. S5. a) MRI in axial view of left glottic T4a with fixed vocal
cord and arytenoid, extending downward and laterally within
inferior paraglottic space. Note the involvement of the arytenoid
and the crico-arytenoid joint without evidence of direct invasion
of the cricoid. b) Anterior extralaryngeal spread through the
thyroid cartilage. c) The specimen of OPHL type Ill + left CAU.
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Fig. S6. MR in axial view of nght intermediated grade larynx chon-
drosarcomas without involvement of the whole cricoid plate.

Fig. S7. a-b) MRl in coronal and axial view of recurrent papillary
thyroid carcinoma with thyroid cartilage involvement and intra-
laryngeal spread.
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Fig. S8. a-b) CT scan of supraglottic T4a tumors reaching the
base of the tongue and involving the hyoid bone. a) Axial view.
b) Coronal view.

Fig. S9. a-b) MRl in axial and coronal view of right glottic T3
with fixed vocal cord and arytenoid, extending posteriorly to the
pyriform sinus submucosa and reaching the posterior commis-
sure and posterior crico-arytenoid muscles.
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Fig. S10. CT scan of large glottic-subglottic T4a with massive
cricoid invasion and extralaryngeal spread.

Fig. S11. CT scan of glottic-subglottic T4a reaching the first
tracheal ring and with extralaryngeal spread.
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Paper 1
Swallowing, voice, and quality of life after supratracheal laryngectomy:

Preliminary long-termresults

ABSTRACT: Background. The purpose of this study was to report prelimioagyterm
outcomes after supratracheal laryngectomy (SMethods. Twentytwo male patients who
underwent STL were involveth this study. Swallowing skills, neoglottis midi, and
vibrations were videoendoscopically assessed. Aerodynamic measures, spectrogram
analysis, aspiration pneumonia, body weight variations, and voice percapsassment
were performed. Generic, voicelated, angwallowingrelated quality of lifgfQOL) were
assessedResults. Aspiration was found in 10, 2, and 5 patients, respectivellygdiats,
semisolids, and solids. Neoglottis motility was generally presewkereas vibration was
impaired. Aerodynamic measureshiowed a poor performance. r@eptual assessment
revealed highlyysphonic voices. In only 8 patients, a harmonic structure was visitile in
spectrograms. Aspiration pneumonia occurred in 2 patients. Preoperatight was
maintained in 16 patients. Generic, voretated, andswalowing-related QOL revealed
satisfied patient<Conclusion. After STL, swallowing was sufficiently restored and QOL
was satisfactory, whereas the voice was severely impaired even¢baralunication was

well preserved.

INTRODUCTION

Supratrachealaryngectomies (STLs) are a recently introdutgek of horizontal partial
laryngectomy indicated inthe treatment for selected laryngeal tumors of locally
intermediate/advanced stage with subglottic extension. 8iHistain at least 1 functioning
cricoarytenoid unit (ie, halbf the posterior cricoid plate), with the corresponding arytenoid
and the intact inferior laryngeal nerve of the sasmde; therefore, STLs allow the
preservation of the maiaryngeal functions (respiration, phonation, and swallojamg a
permanent tracheostoma is not required.

The surgical technique is analog to the partial supracrianjdgectomies (SCLs) extending
toward the cricoid,which allows the treatment of: (1) glottic tumors wiskibglottic

extension, reaching the coid ring (T2 T3); (2) laryngeal tumors with involvement of 1
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cricoarytenoidjoint, characterized by arytenoid fixation (T3); and (8¢ally advanced
laryngeal tumors with anterior extensittmough the thyroid cartilage (T4a).

Two variations of STL havbeen described: (1) tracheohyoidop€XiiP) consisting in the
subtotal removal ofthe larynx maintaining both (SFLHP) or 1 (STLTHRA)
cricoarytenoid unit and subsequent tracheohyoidopéX);tracheohyoidoepiglottopexy
(THEP) in whichresection foresegzreservation of the suprahyoid epiglottiaintaining
both (STLTHEP) or 1 (STETHEP+A) cricoarytenoid unit and further suspension of the
trachealstump at the epiglottis and hyoid boheocal contraindications are T3 tumors
reaching bottarytenoid and psterior commissure and T4 tumors reachimg base of the
tongue and/or hypopharynx and/or trachidee presence of lymph node metastases does not
represent an absolute contraindication.

Overall survival has been shown to be good for patigatded withSTL and, at 5 years,
SCL and STL weredemonstrated to provide similar rates of local corfthdbreover, it was
found that STL can be used as salvagegery, even after orgasparing protocol$.A
previousstudy on immediate postoperative function@sultsshowed that 1 month after
surgery all the patients wem@ble to tolerate a soft diet, allowing nasogastric tube or
percutaneous gastrostomy removal before the 40th postopedatfyevhereas 6 months
after surgery, phonatoryesults were comparabl® those obtained with SCLThe
sphincteric action of the neoglottis is achievkbugh the approximation of the arytenoid
cartilage/cartilages and the base tongue, together with the epigi@&fit-THEP, providing

a mucosal source of vibratidor phonation during the airflow passage. As in SCLs, an

anatomic continuity is preserved between the orophaayxhe lower airways. Because of

thelargelaryngeal e secti on resul ting i n atisfeasonabpel i f i e

to suggest that pants undergoing STlcould experience dysphonia and some degree of
dysphagiawith aspiration. In the literature, different studreported longerm functional
outcomes after SCL, showirsgitisfactory functional results, but with inevitable significant
alterations of both swallowing and voiceequiring several months to restore these
functions®!® In a previous study, at the end of the second year after sutheryate of
laryngeal function preservation walsown to be slightly worse for STL compared3CL?2
However, no previous study carried out a detailed assessrhé&mctional outcomes in

patients who underweS(TLs. The purpose of this study was to report prelimilaarg-term
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results of swallowing, voice, and quality of li{f@OL) after STLTHP and STL-THEP.
Knowledge onlongterm functional and QOL outcomes will give insight the impact of
STLs on daily activities and social participatiohthe patients who underwent this type of
surgery.Furthermore, these data could guide cliniciart@preoperative and postoperative

counseling on longterrmutcomes of STLs.

MATERIALS AND METHODS
This crosssectional outcome study was carried actording to the Declaration of Helsinki
and was previouslgpproved by the institutional review board. pHtients enrolled in the

study gave their written informezbnsent; all data were collected prospectively.

Patients

A total of 22 male patients with a laryngeal tumor whmlerwent STL at least 6 months
before the study wenmecruited (Table 1). Selectiamiteria were: no evidenaaf disease at
the last followup, preservation of respirati@md speech, neenteral feeding (percutaneous
gastrostomy or nasogastric tube), absence of the tracheostamoa,salvage total
laryngectomy performed, and ovemtontls after surgery. The mean age was 60.5612.6
years (range, 284 years). Patients underwent the followomerations: 3 STITHEP; 16
STL-THEP1A; and 3TL-THP1A. The mean distance from surgery Was3627.8 months
(range, 794 months).

Swallowing assessmien

Swallowing was assessed through the fityetic endoscopicevaluation of swallowing
(FEES)!* The studywas conducted using an Olympus Evis Exera lefi@oscopy system
and an Olympus ENF VQ transnagkgxible endoscope (Olympus Corporation, Tokyo,
Japa); each FEES was vidgecorded. Swallowing dfquids, semisolids, and solids was
assessed using rodemperature blueyed water, pudding, and crackerss-&c bolus was
given to each participant 3 times feach consistency. Premature spillage andepieal
deglutition were scored as present or absent. Spilagedefined as bolus falling over the
base of the tonguer lower before whiteout; piecemeal deglutition vde$ined as division

of the bolus into 2 or more swallowsccessively rather than swallowing the entire bolus in
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1 swallow. Laryngeal penetration and aspiration andatsiéty to cough or clear aspirated

substances werassessed through thep8int PenetratioAspiration ScalgPAS); a score

of 1 is associatedvith no materialsentering the airway, whereas a score of 8 means

aspirationwithout any effort to reject materiats® Retentionof the bolus was evaluated
using the Pooling Scoré The Pooling Score, ranging between 4 and 1asssgned on the
basisof the site (from 14), the amounf{from 1i 3), and the management of the pooling
(from2i4) ; the higher t he s c the@eateritshamouht,candehe
lower the ability to cleatit.

The Dysphagia Outcome and Severity Scale (DO&8lidated and reliablefoint scale,
was used to ratiunctional severity of dysphagia.18 The DOSS levahging between 7
(Anor mal in alll Aisevanti dijpspri auritod,, urbleto
tolerateany per oral nutrition safely) |, I s d ebésis of ¢hd objeative askessment,
of the necessity adiet modifications, of the independence level, and ofythe of nutrition
required.

The onset of aspiration pneumonia after surgery rgasrded. The difference between

presurgey and postsurgenyeight was calculated.

Voice and speech assessment

A videolaryngoscopic examination of each patient masle using an Olympus Evis Exera
[I 18 endoscopy systeand an Olympus ENF VQ transnasal flexible endos¢@bgmpus
Corporation;Tokyo, Japan). The patiem&re asked to produce the following tasks in order:
a sustained/, a low-pitched /i/, a higkpitched /i/, alow-intensity /i/, and a higintensity

/il. The followingvariables were assessed: (1) vibratory characteristiteafeoglottis; (2)
degree of arytenoids motion; and §phincteric closure of the larynx. Each variable was
scored on a Jpoint rating scale from 1 (poor performande)5 (excellent ability), as
suggested by Zacharek al®

The maximum phonation time (®T) was measured dhe production of 3 sustained /a/.

The longest phonatioime was recordediadochokinesis was assessed by asking each

patient to utter the syllable /pa/ and the trisyllable /pataka/ as &sstpossible. The

Computerized Speech Labavay program(version 5.05) with a 4300 external module of
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Kay Elemetrics Corporation (Kay Elemetrics, Lincoln Pakd) was used. Syllable and
trisyllable diadochokinesiaere rated, respectively, in syll/sec and trisyll/sec.

The patients were askedread a 56vord and 99%yllable passagel9 and they were audio
recorded with anicrophone Samson Go Mic (Samson Technologdiesippauge, NY) and

the Apple Soundtrack Pro softwaversion 3.0.1 using a 50 kHz sample rate (Apple,
Cupertino,CA). The time needkto read the passage as welttassyll/sec speed in reading

were calculatedBoth the grade, instability, roughness, breathinasthenia, and strain
(GIRBAS) scale20 and the impressioojse, fluency and voicing (INFV0) rating scate?
wereused br the perceptual assessment of voice, onthebdsis t he readi ng pas
recordings. The GIRBAScale is a widely used scale that specifically assesses different
parameters of voice quality: grade, instabilitpighness, breathiness, astheniel strain;

the scorganges from 0 (normal voice) to 3 (severe dysphonia).

The INFVo rating scale is a perceptual scale specificiiyeloped for substitution voice; it
assesses: overall qualitpnpression and intelligibility, additive and unnecessapyse,

speech fluency, and presence of voiced segmeématsh parameter is scored on a visual
analog scale from (ninimally deviant) to 10 (maximally deviant substitutiamicing).

The Computerized Speech Laboratory program vesiah with a 4300 externaladule of

Kay Elemetrics Corporatiowas used to perform the spectrographic anabysiice. All

voices were recorded with a microphqiaced approximately 15 cm from the voice source.

A spectrograph of the sustained vowels /a/ and /i/ at FFZA pointganging between 0 and

8 kHz was performed; he sampl e frequency weecldadiedd 0 Hz.
into 4 categories on the basis of the spectrogrmaatysis, according to the recently proposed
modificationof Ti t zeds c | a sowingfcategaie¢siwera used3 (1) Typeel f o |
voices, periodic withowstrong modulations or subharmonics; (2) type 2 vomséh, strong
modulations, bifurcations, or subharmoni¢3) type 3 voices, smearing of energy across
harmonicswith visible fundamentarequency and 1 or 2 harmoni@s)d (4) type 4 voices,
aperiodic.

Perceptual assessment of video and audio recorBEES, videolaryngoscopies, and voice
recordings werassessed independently by 2 raters blinded to the sjpelych and language
pathologsts, who underwent a specifi@ining. In case of disagreement between the raters,

they jointly reassessed the parameter until a consevesiseached.
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Quiality of life

The ltalian Short Form 36 Items Health Survey-@f questionnaire was completed by

each participant to asse®®L, functional health, and welleing?*?°The ItalianSF36 is a

valid and reliable shoiffiorm health survey. i divided into 8 scales: Physical Functioning,
Role-Physical, Bodily Pain, General Health, Vitality, Sodrindioning, RoleEmotional,

and Mental Health. Eacubscale is scored from O (worst possible health stata§pt@hest

possible health status).

Dysphagiarelated disability was investigated throutje Italian MD Anderson Dysphagia
Inventory (MDADI). 262" The Italian MDADI is a reliable and clinicallyalid dysphagia

specific QOL questionnaire fdtialian-speaking patients with head and neck carieided

into a global, an emotional, a physical, andiactional subscale. The total score and each
subscalé score ranged from 20 (extremely low functioning) to {figh functioning).

Each patient completed the Italian version of the Véleadicap Index (VHA*?°and the

Italian version of th&elf-Evaluation of Communication Experiences ali@ryngealCancer
(I-SECEL)%%3! The VHI assessep at i ent s6 perception of di s
dysfunction.lt is made up of 3 subscales: emotional, physead] functional. A total score

(possible range,i@20poi nt s) and subscal &oaregvempthees ( po
higher the score, the greater the voice handicap.

The FSECEL questionnaire specifically assessesimunication dysfunction in patients

with laryngectomya nd t heir ef fects on paguestemdirsi® dai |
madeup of 34 items divided into 3 subscal€eneral (5 items), Environmental (14 items),
andAttitudinal (15 items). Scores range from 0 to 102 forttital score, from O to 15 for

the general subscale, from®42 for the environmental subscale, and fioto 45for the

attitudinal subscale. The higher the score, gheater the perception of communication
dysfunction. Acutoff of 60 for the total score was established to ideptfyents in need of

a specific counselingresults are reported as arithmetieantSD and rangef the variable.

RESULTS

Swallowing assessment

Results of the swallowing study with FEES are repoinebable 2. Premature spillage was

present in 8 patientwith liquid boluses, in 5 patients with semisolid bolusasd in 7
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patientswith solid boluses. Piecemeal deglutitimas recorded as present in 1 patient with
liquids, in 1patient with semisolids, and in 1 patient with solids. Aspirale&S > or =6)
occurred in 10 patients with the liquidlus, in 2 patients with th@emisolid bolus, and in 5
patients with the solid bolus. Penetration was recoodédin 1 patient with liquids, whereas
it was present in Batients with semisolids and in 9 patients with solid®o&ling Score of
10 or 11, corresponding to severe dysph,was assigned only to 2 patients with the solid
bolus.17 The DOSS scores showed that 5 patients alde2to tolerate a fujperoral
nutrition with normal die{fDOSS> or =6), 15 patient could tolerate a fyderoral nutrition
but with the necessitof a modified diet and/or independen@0OSS score between 5 and
3), whereas patients presented severe dysphagia (D86=2).

Aspiration pneumonia after surgery occurred pafients (patient #12 and #18). The mean

differencebetween presurgegnd postsurgery weight was 268kg (range;5 to 19 kg).

Voice assessment

Table 3 shows the results of vocal behavior assessthemtigh videolaryngoscopic
examination. In most of thpatients, arytenoid motion and sphincteric closure wesk
preserved, whereas vibratory characteristics ohdwaglottis were sometimes impaired.
Data on different aerodynamic measures are reportédble 4. MPT was <10 seconds for
all the patientsgxcept one. The reading time and rapidity data wereavaieble for 1
illiterate patient. Mean MPT was 33 seconds (range, 1.45.4 seconds); mean syllable
diadochokinesisvas 2.&0.5 syll/sec (range, 1i.8.8 syll/sec¥or the syllable /pa/ andtD.3
trisyll/sec (range, 012 trisyll/sec) for the trisyllable /paka/. The mean timeeeded for
reading the 9%yllable passage was 28515 seconds (range, 22.44.2 seconds), with a
mean speed &.5+0.5 syll/sec (range, 2.4.4 syll/sec).

Perceptual and acoust i ciaTableam Scbrgssoines IBFVo e s ul t
rating scale showed@eserved fluency and the absence of additiveusmmecessary noise
in many patients; the Vo parameveas altered in only 3 patients. At the GIRBAS scale, 18
patients were classified as G3 and 4 patients as G2. Instal@btpresent in only 4 patients.
Fifteen patients werassessed as R2 or R3 and 10 patients as B2 or B3. ®adiseof the

spectrogram analysis, a harmonic structurdghef voice signal was clearly visible in 8
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patients;pat i ent s0 Vv oi aseype lvbas tye 2; Atdypes3j ahd 3easltype
4.

Quality of life

Data on QOL assessment using the Italian36Fjuestionnairare reported in Table 6,
whereas results of theelassessment measurement for both voice and swalloswvimg
reported inTable 7. In the SB6 questionnaire he physi cal functi
higher mearscore, whereasthergleh y si cal 6 s s taah scord la the Italiare
MDADI, mean valueswere 75 f or both the total score
Thel-SECEL total score was >48 in 3 patients, whereasas >60 for none of the patients.

Mean values of th#alian VHI were 36.419.3 (range, iP1) for the totakcore.

DISCUSSION

Swallowing, voice, and QOL were assessed in a gafup2 male patients who
underwent STL. At the presetiine, no data on lorterm functional results after STéxist
in literature. Considering the important anatordemolition consequent to the surgical
procedure, swallowingestoration was achieved after STL in most ofghéents, whereas
postoperative voice was found to bighly dysphonic; patients reported only little impact
onQOL. A certain variability of swallowing and voice performamees found in the results.
The reason for the variabilitg not known, but it couldbe due to théeterogeneity of the
population included in the presestudy (reconstruction type, neck dissection, combined
chemotherapy and/or radiation therapy, rehabilitation tiamel from surgery). Although the
small number opatients cannot lead ttefinitive considerations, the preseasults did not
show large differences between STLTHRd STI-THEP or between patients who spared
both or 1 cricoarytenoid unit.

Swallowing was assessed through the FEES. Aspiraicmurred in just a few
patients wih solid and semisolidoluses, showing a generally good sphincteric actitheof
neoglottis to separate the lower airways from the orophatynxg swallowing. A poorer
performance waecorded with liquids asspiration was found in nearhalf of thepatients.
Similar results were reported f&CL&3? Retention of the bolus is associated with the risk
of postdeglutitive aspiration. The majority of the patiewesre scored as lower than 7

(corresponding to mild dysphagiia)the Pooling Score with alhe consistenciesevealing
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a low risk of aspiration because of pooled bafier swallow. Comparable results were
found by Simonelliet af® and by Zacharek etfor SCL, whereasther studies report a
higher presence of pooling aft8€L1320n thebasis of the DOSS score, 20 of @&ients
were judged as able to tolerate a-fudi-oral nutrition, although a diet modification was
necessary ithe majority of the patients. Therefore, it seems thabénlong term, enteral
feeding can be avoided most ofthe patients who underwent STL. The present findings are
comparable to data from literature on swallowing restoradfter SCL83334Furthermore,

the full-peroral nutritionwas found to be sufficient to give an adequait&itional supply

to the patients, as, at the time of theidy, the preoperative weight was unvaried in the
majority of the patients. Aspiration pneumonia occurred [paents after surgery, although
aspiration was found imore patients. This could be due to the fact thattpatients with
pulmonary complications had undergd®€L-THEP1A and were the only to be aged >70
yearsat the time of surgery. Benito efadlemonstrated thahe statistical risk of aspiration
and of pulmonary complicatiorsgnificantly increases wimea partial or total arytenoid
resection is performed in patients >70 yearagé. According to Simonelli et &f), some
patients withdysphagia are able to tolerate a certain degree of chagpication without
developing pneumonia because of éficient tracheopulmonary mucociliary action and
strongcough or of a general good condition of the patienth®f2 patients with pulmonary
complication, 1 underwemnadiation therapy before surgery (pT4a), whereas the second
underwent a postoperativdn@amotherapy (lungnetastases) and both patients underwent
selective necklissection. Schindler et®areported a moderate to sevéag/ngeal adductor
reflex in patients with additional neckissection and radiation therapy because of reduced
laryngealsensitivity that can be a complication of radiatitherapy or can depend on nerve
injury during lateral necklissection. Therefore, it is possible to speculate that tdbeors
besides STL significantly contributed to the developnodraspiration pneumaa in these

2 patients of oupopulation.

Vv ideolaryngoscopic examination showed a poor moderate vibration of the
neoglottis, whereas the anteropostevialving of the arytenoid/epiglottal/ventriculaand
complex and arytenoids mobility were genergtiseserved; similar results have been
reported by Zacharedt af and by Schindler et Hifor SCL.
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The measurement of MPT is reported to imply adequ@&ir support for speech.
MPT resulted to baighly reduced after STL, caused by the loss of air fabnmcompetent
neoglottis. Data from literature show thaPT is reduced after SCL, horizontal glottectomy,
andtotal laryngectomy. MPT after STL is comparable toMfeT after SCL, as reported by
So et al® and Makeieffet all° whereas it is shorter thahe MPT reported bgther authors
after SCL and after horizontal glottectoragd total laryngectomd?113638 Results on all
the otheraerodynamic measures are similar to those obtained 3ffér, horizontal
glottectomy, and total laryngectomgxceptfor the reading speed that was found to be
generallybetter than the reading speed after total laryngectéhi3Di adochoki nes
performance after STwas found to be fait®

For the perceptual evaluation of the voice, both@heBAS scale and theNIFVo
rating scale were useBresent results on the GIRBAS scale showed values similaose
of literature on SCL, horizontal glottectonand total laryngectomyt-3’Postoperative voice
was found to be significantly worsened after STL, with moderatesevere roughness
component and slight to sevdseeathiness. The higirade of dysphonia and the presence
of the breathiness component are consistent witeghetrogram analysis, as more than half
ofthe patientsyer e c | assi f i e dped,sorrdspondiig @periodicwignel> 3 or
Results on the INFVo rating scatenfirm the deterioration of vocal quality after STL.
However, the low scores of the unnecessary noise, fluandyyoice parameters reveal that
fluency and voicingare usually ot compromised after STL and nmintended additive
noises accompany voice productidine fact that fluency was found to have low values in
almost all patients reveals that, although the MPT sigrsificantly reduced after STL, it is
sufficient to allow anormal spontaneous speeBecause swallowing and voice are abilities
that impacton everyday social activities, such as eating and communicatitim,general
and specific selassessment instrumentgre included in the present study. Results of the
swdlowing selfassessment after STL, conducted throtlgh use of the Italian MDADI
guestionnaire, reveals thadtients were, on average, little disabled in eating, suggéistihg
from the pati ent s éabilpyasrssffigientdytrastoredn theslom@térin.o wi n g
Uniform results were found on the Italian MDADI subscaleganing that individual
affective response to swallowimtisorders, its impact on daily activities, and selfperception

of bolus transit play a similar role in QGifter STL. Comprable data on dysphaggpecific
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QOL were found by Schindler et alll after SCL. Similarly, It results revealed that
perceived disability related twoice disorders after STL is only moderate. Therefore,
although postoperative voice resulted to baificantly deteriorated, patients reported to be
relatively satisfiedspeakers on emotional, physical, and functional leeiggesting that
oral communication is not significantlimited after STL. A possible explanation for the
discordancebetween thevoice assessment, through the percepaaluation and the
aerodynamic measures, and flexceived voice handicap can be that voice impairment is
considered an inevitable consequence after laryngeal cancgery. Therefore, vocal
impairment is regardeasless important and consequently scored as havingngssct on
life. Moreover, it should be taken into accodimat many patients included in the present
study, beingver 60 years of age, were retired at the time oaisessment, therefore, they
donot have occupational communicatioeeds. VHI results were confirmed by tha$¢he
[-SECEL, in which almost all patients showedaod attitude toward their communication
dysfunction.

Present VHI results are comparable to those report&atipndler eal*'3"3%n SCL,
horizontal glottectomy,andot al | aryngect omy, whereas a wo
was found by Zacharek €t after SCL and byso et al® after SCL and total laryngectomy.
This can bedue to the fact that QOL brings many fastonto play,i ncl udi ng c | i
psychosocial traits and cultural and ethbackgrounds. General QOL was found to be
satisfactoryafter STL. Indeed, SB6 results reported in th@esent study are comparable to
those of the Italian genenabpulation, exept for the RP subscale (concerngrgblems with
work or other daily activities as a result piiysical health), revealing that QOL is only
slightly compromisedhfter STL3® The positive data on general percei@@L and self
assessment of voice and swaling after STL reported in the present study represent an
essential point to be addressed in the preoperative consultation.

SF-36 results after STL are lower than thosported by Weinstein et al40 after SCL,
but higher tharthose reported by the samethors after total laryngectomy.

This is in accordance with the study of Moscenial?* who found that conservative
treatments of laryngealancer have a positive impact on subjective hestiitus when
compared to total laryngectomy, althoughletéer causes less swallowing impairment. This

is mostlybecause of the fact that conservative laryngectonmebjding STL, avoid the
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potential limitation and emotionglroblems associated with a permanent tracheostoma,
which causes cosmetic disability andetefore, haa profound effect on the sense of social
acceptability othe patient?

Limitations of our study were: the small numbepafients; the population selection
bias related to the inclusionriteria used (no evidence of disease, no salvaga tot
laryngectomy, functional preservation); and the heterogepéitige study population for
age, length of rehabilitatiorgnd time from surgery. These limitations do atiow the
generalization of our preliminary results to pditients who undergo STEurther studies
should be conductedcluding a larger population and investigatinwgether the anatomic
differences because of the useSJ¥L-THP or STI-THEP and the number of arytenoids
spared correspond to significantly different functional outcomes.

Moreover, the study of factors, such as age, ¢hat influence functional outcomes, will
allow a moreaccurate selection of patient candidates for STL in daechieve not only
oncologic safety, but also better longtesatcomes.

In conclusion, longerm voice and swallowing resultafter STL showed that
swallowing was found to be sufficienthestored, often allowing a fufleroral nutrition,
whereas voice resulted to be significantly worsened, geneagaitg hoarse and breathy.
Patients reported aogd perception of disability related to voice disorders, suggesiag
oral communication was not significantiynited. General QOL after STL was generally
satisfactory.

Therefore, STL seems to have reduced the impad@OL, avoiding the socialisability

associated with @ermanent tracheostomy. However, the risk of aspiratiwhthe vocal
impairment are inevitable consequencethefanatomic modifications after STL, stressing

the needf a meticulous preoperative selection of the patiermtsdar to decrease functional

sequelae and to achieve beftarctional outcomes and of a careful postsurgseallowing

assessment before oral nutrition restoring.

The preliminary outcome data make it necessary, afteare s e fe xt rspanmgo f un
procedures, to be prepardédr subsequent endoscopic surgery, laser surgeryjextive
laryngoplasty, in order to correct the anatoama functional results and to achieve the best
laryngealfunction as possible. Future studies, including a lapg@ulaton, are necessary

to confirm present data.
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Study population characteristics

Table 1

Patientno.  Age,y  Educational degree Job Marital status ~ Months since surgery  Type of sumery ND RT  CT  Rehabillaon  TNM classification
1 65  Degree Retired Married 1 SIL-THEP+A  ISNDQ=M+V) = = 1 mo T3NOMO
2 41 Middle school Hydraulic Single 1 SIL-THEP+A  ISNDQ=N+V) - = 6 mo T2N0MO
3 65  High school Retired Married 1 STL-THEP - - - - T2NOMO
4 70 Mdde school Retired Married 14 STL-THEP - - - - TINMO
5 55 High school Self employed ~ Married 15 STIL-THP+A - r-SND(I1-) Post  Podt - TANOMO
b 49 Middle school Pzzamaker  Divorced 16 SIL-THP+A  r-LND (W) - - 1 mo T3NOMO
1 61 Degree Employee Married 19 STL-THEP+A - - - 3 mo TINMO
8 63 High school Retired Married % STL-THEP+A  r-SND (V) - - - T3NOMO
9 67 Hementary Retired Single 3 STL-THEP+A - - - = T3NMO
10 53 Midde school Employee Married B STL-THEP+A  r=SND (lI=IV, \1) - - - T3NOMO
1 69 Degree Selfemployed  Married 40 STL-THEP - - - 2mo T1bNOMO
12 17 Degree Retired Widower LY SIL-THEP+A  DI-SND I=V+W) - Post 2mo T3NOMO
13 50 Midde school Employee Married 8 SIL-THEP+A  r-SND(HN+V) - - - T2NOMO
14 69  Elementary Retired Widower 52 STL-THEP+A  1-SND (I-v) - - - T3NOMO
15 56 Midde school Unemplojed ~ Married 52 SIL-THEP+A  r-SND(HN+V) - - 1 mo T3NOMO
16 60 Middle school Barman Married 5 STL-THEP+A  r-SND (IHV) - - - T3NOMO
17 62 High school Self employed  Divorced i} SIL-THEP+A  r-SND(HN+V) - - - TANOMO
18 84 Elementary Retired Married L STL-THEP+A  1-SND (I-N) e - 1 mo T3NOMO
19 23 High school Unemployed ~ Single 74 STL-THEP+A  r-SND (IHV+W) - - 2mo T3NOMO
20 60 Elementary Laborer Married 80 SILTHEP+A  LSND(MV+V) - - = TZNOMO
21 63 High school Employee Single 85 STL-THEP+A - e - - T2NMO
22 68 Middle school Retired Widower 9 SIL-THP+A  r-SND (IHV) - - - T3NOMO

Abbresizfons: ND, neck dissection; RT, radatherapy; CT, chemotherapy; STL-THEP-+A, supraracheal laryngectomy-trachentyoidogpi giotiopexy + oné cricoarynoid unit reseced; 1-SND, left selective neck dissection; STL-THEP, supratracheal |aryngectomy-

tracheahyoidoepigiottopesy; STL-THP+A supratracheal lryngectomy-trachedhyoidapexy +one cricoarytencid unit resected; r-SNID, right selective neck dissection; r-LND, right limited neck dissection; bil-SND), bilateral selective neck dissection.
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Table 2 Outcome of swalloeing study with fiberoptic endoscopic evaluation of

swallowing
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Table 3 Vocal behaviourassessed endoscopically

Vibratory Sphincteric
characteristics Degree of closure
of the arytenoids of the

Patient no. neoglottis motion larynx
1 2 2 2

2 2 4 4

3 2 4 3

4 1 5 4

5 2 2 3

6 3 2 9]

7 2 3 3

8 4 3 4]

9 3 4 3
10 2 2 1
11 3 1 5
12 4 5 4
13 2 4 2
14 4] 3 3
15 2 2 3
16 4 3 3
17 3 4 4
18 3 3 3
19 1 2 2
20 9 4 4
21 2 2 9]
22 4 2 4]
Average 2.8 3.0 3.5
SD 1.2 1.1 1.1
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Table 4 Aerodynamic measures

Diadochokinesis

Reading Reading
Patient no. MPT  /pa/ /pataka/ time, s rapidity, syll/sec
1 14 23 0.9 40.7 243
2 52 2.8 1 23 4.30
3 2.4 3 1.2 24.9 3.98
4 154 3.2 0.9 29.1 3.40
5 2.9 2 0.8 24.9 3.98
6 7.8 3 1 44.2 2.38
7 39 38 2 29.1 3.47
8 6.7 2.8 0.9 29.5 3.36
9 56 2.2 0.5 36.4 2.72
10 22 29 1.4 27.4 3.61
11 5.8 29 0.8 25 3.96
12 25 24 0.8 32.8 3.17
13 6 3.7 1.1 28.1 3.52
14 42 21 0.8 30.2 3.28
15 84 29 0.9 22.4 442
16 6.3 2.8 1 28.2 3.51
17 7.7 31 1.3 29.2 3.39
18 25 15 0.4 N/A N/A
19 69 2.8 0.8 25 3.96
20 3.3 3 0.9 32.4 3.09
21 49 29 1 27.3 3.63
22 51 3.2 1.1 27.5 3.60
Average 5.3 2.8 1.0 29.4 3.5
SD 30 05 0.3 5.5 0.5

Abbreviation: MPT, maximum phonation time.
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Perceptual and acoustic voice analysis

Table 5
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Italian Short Form36

life assessment through the

Quality of

Table 6

questionnaire
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Paper 2

Functional outcomes after supracricoid laryngectomy: what do ma know

and what do we need to know?

Abstract Supracricoid laryngectomies (SCLs) are conservatvgansparing surgical
techniques for the treatmewnf selected TET4 laryngeal carcinomas. Althougimese
procedures allow preserving the larynx andutsctions, in several countries SCLs are not
adoped inoncological protocols. One of the possible reasorsctmunt for this choice is
the complexity of possurgicalin-hospital management and the variability in functional
results. The aim of this review is to analyse the literaturenoctional reslis after SCLs as
knowledge on functionaksults will help in focusing on what is needed in the futbireach
more standardized pestirgical procedures aimmogeneous outcomes. The analysis of the
length of hospital stay, feedingube removal time andime to eventual tracheotomy
decannulation showed a markeatiability across authors and centres. Several factors may
come into play, including heal$ystem organizations thifferent countries. In most studies
in-depth description othe criteria appéd for discharge, tracheotomy tubEmoval and
commencement of oral feeding were neported. Moreover,. Therefore, therés a need

for clearer clinical recommendations on egbstsurgical management, tracheainnula
and feedingtubeemovalcriteria, voice and swallowingassessmerrotocol, rehabilitation

need and timing.

Introduction

Supracricoid laryngectomies (SCLs) are conservative surgichhiques for the treatment
of selected laryngeatarcinomas, classified as iTP4. SCLs are argup of openpartial
horizontal laryngectomies characterized byrémection of the entire thyroid cartilage, with
the inferiorlimit represented by the upper edge of the cricoid ring.ditierences between
the various subtypes of SCLs amdated to tk amount of supraglottis removed and their
extension, if any, to include one arytenoid [1]. In SCL with cricohyoidoepiglottopexy
(CHEP) the thyrohyoid membraigentered horizontally from above and the preepiglottic

space and epiglottic cartilage are sacted sdhat the suprahyoid part of the epiglottis is
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spared. On botlsides, the inferior constrictor muscles are incised, the pirifsimases
dissected, the inferior horns of thyroid cartilagg, and the ventricular and vocal folds
divided dowrto the lower limit of resection in the subglottic region. Treehea is mobilized

by blunt dissection along the antertcaicheal wall and a cervieamediastinal release of the
tracheais performed; it is therefore allowed to pull the cricaplto the level othe hyoid

bone so that laryngeal reconstructisrachieved by CHEP. In SCL with cricohyoidopexys
(CHP), superiorly, the thyrohyoid membranda@izontally divided along the lower border

of the hyoidbone. The posterior aspect of the hyoid is disseated thevalleculae and the
entire epiglottis are included in teargical specimen. Laterally and inferiorly the procedure

Is carried out as SCL with CHEP. The entire supraglottisthedpreepiglottic space are
removed [25].

Previous studiedemonstrated a similar local control and survival rates of SCLs and total
laryngectomy (TL), the standard technique for advarstade laryngeal carcinoma {89

% survival rates for T3 cancers andi 80 % survival rates for T4a cancers) 1&]. In
particdar, Wang et al. [13] reported that the/&ar local recurrence rate was 5.77 %, the 5
year diseasspecific survival rate was 82.7 % and thgear overall survival rate was 84.1

%, in a group of T1bT4 patients with glottic and supraglottic cancer. Inliadn, SCLs

have also been shown to be an acceptable salvage surgical technique [14].

On the other hand, current literature reports somewhat confusing data on the functional
results after TL and SCLs [15]. In particular, Weinstein et al. [16] demonsthateslibjects
treated with SCL had significant higher domain scores than TL patients when general quality
of life (QOL) was analysed through &¥6. Furthermore, Torrejano et al. [17] found that TL
patients scored significantly better than SCL patientsrdisdicerelated QOL (VRQOL)
measures, while So et al. [18] reported no differences between voice characteristics of TL
and SCL patients. Nonetheless, since permanent tracheostoma is usually not required and at
least one arytenoid is spared (thus prasgrisoth voiceand swallowing), SCLs have to be
considered an important organ sparing treatment option. The alternative organpreserving
treatment for laryngeal carcinoma is (chemo)radiotherapy. This latter modality demonstrates
similar cure rates to thosd# TL in T2 T4 patients, with an overall survival rate of 75 % at

2 years and a metastasis free rates of 91, 92 and 84 % at 2 years in patients who had received
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induction cisplatin and -Buorouracil (5FU) followed by radiotherapy, radiotherapy with
concurent cisplatin and received radiotherapy alone, respectively [19].

However, a severe speech and swallowing impairment is often associated with these
aggressive protocols [20]. Fibrosis and oedema with a poorly functioning larynx could be a
possible reasorfor negative outcomes in organpreservation therapy particularly after
intensive concurrent chenradiation protocols [20]. In the last 15 years transoral
approaches for laryngeal cancer either through traditional CO2 laser surgery or through
robotic surgey have been increasingly used for glottic and supraglotticT 3laryngeal
cancers in experienced handsi[2%]. Local control and survival rates appeared optimal; in
particular Peretti et al. [21] reported with treoral laser surgery that theyear Iccal
recurrence rate was 16.8 %, thgdar diseasspecific survival ranged between 71.6 % for

T3 and 93.4 % for T1 and theygar overall survival was 87.5 % in a group of T2 patients

with glottic cancer. In TET3 glottic cancer treated through traoral laser functional
outcomes also appeared optimal: moderate dysphonia was found in 18 % of the patients,
while only 4 % presented signs of aspiration [23]. Vilaseca et al a2élysed the QOL in

401 diseaséree laryngeal cancerpatients 1 year aftensioral laser surgery and found on

the SF12 that most of the domains were around or altbbgenorms. More recently trans

oral robotic surgeryTORS) has been introduced as an alternative to statrdasbral laser
surgery and is a one of the fastesivgng areas of head and neck surgery [27]. Small case
series haveeen recently reported for TI3 supraglottic cancers witbhco-regional control

rates ranging from 80 to 100 %tinctional outcomes have not been thoroughly investigated,
but preliminary reorts suggest short hospital styd rapid transition to oral intake [28

31]. Application of TORS to glotti¢ supraglottic cancer is still in its infanchut newer
technical developments will probably allow thgread of this technique [32].

First developd and adopted in Europe, SCLs hgamed an increasing acceptance in North
America andaround the world [3335]. The theoretical advantage $€CLs vs TL is that

since at least one functioningicoarytenoid joint is maintained (facilitating neoglottal
competency), a permanent tracheostoma is not rego@ealse the main laryngeal functions
(respiration, phonatioand swallowing) are preserved. Volitional sphinctapproximation

of the mobile arytenoids cartilage and bagéongue (in the case of CHRY, epiglottis (in

the case ICHEP) provides mucosal source of vibration, allowingv/faice production [36].
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Compensatory mechanisms wi#organization of the stepwise sequence of neuromuscular
events, lasting several months, are necessary to rastailewing [37].

Although SCLs represent an important alternative inttb@tment of laryngeal cancers, in
several Northern Europeatountries as well as in the USA, SCLs are not adopted
oncological protocols. One of the possible readwetsnd this chae lies in the fact that
postoperativemanagement is complex and functional results vary arnentyes.

The aim of this review is to analyse the internatiditatature on functional results after
SCLs focusing on thremain areas: (1) length of hospitsthy, time of feeding tuband
trachealcannula removal; (2) swallowing functionalutcome; (3) voice functional
outcomes. Knowledge ofunctional results will help in focussing what is neededh&
future to have more standardized procedurestandogerous outcomes. As traosal
approaches (traditionabr TORS) are becoming increasingly popul&igmogeneous
outcome measures will be particularly usefwwhen comparing different treatment

modalities: TL, SCLiransoral laser surgery, TORS and (chemo)odagrapy.

Length of hospital stay, tube feeding and tracheostomy

At the end of SCL, a tracheostomy is performed and a feeding tube is inserted. Our literature
review revealed great variability in the mean hospitalization time, feeding tube removal time
and tracheotomy tube decannulation time (Table 1) [10, 11, 3588The mean length of
hospital stay (where indicated) varied from a minimum of 5 days (as reported by Gonc . alves
et al. [58]) to a maximum of 104 days (as reported by Nakayama et al.NE&{) feeding

tube removal time showed similar variability, ranging between 10 and 88 days [37, 40].
Additionally, great heterogeneity was found in mean decannulation times, varying between
8 days (as reported by Laccoureye et al. [43]) and 105 days (atedepy Gonc alves et al.

[58]). On the contrary, little variability was found in decannulation rates, which range
between 85.7 and 100 % [10, 40j 5], confirming good respiratory outcomes following
SCLs.

Some authors focussed on the analysis of tiiasables that may affect the mean hospital

stay duration, feeding tube removal time and tracbaahula removal time. In particular,

the literature shows that arytenoid resection, type of reconstruction and age may play a

critical role.
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CaicedeGranadoset al. [39] found a longer decannulation time in SCL patients who
underwent arytenoidectomy (median time 6 vs 3 weeks for no arytenoidectomy, p = 0.096).
Increased length of stay, duration of tube feeding and lower subjective voice and swallowing
satisfact on wer e associated with CHP and increa
Naudo et al. [46] analysed the factors affecting duration of hospitalization, decannulation
time and time of nasogastric tube in place. The duration of hospitalization \siscstiéy

more likely to increase with increased age (p = 0.0006), increased length of time during
which the tracheostomy tube was in place (p = 0.001) and increased length of time the
nasogastric feeding tube was in situ (p = 0.001). Moreover, the idetlcannulation was
statistically more likely to increase with increasing age (p = 0.02), and in the presence of
postoperative arytenoid oedema (p = 0.001). The length of time the nasogastric feeding tube
was kept in place was also statistically more ik increase with increasing age (p =
0.004), arytenoid cartilage resection (p = 0.001) and increased length of time the
tracheostomy tube was kept in place (p = 0.
time was significantly delayed in patiswith one arytenoid. Even in SCL (CHEP) patients,

the mean trachealannula and nasogastticbe removal times were significantly different,
according to the extended procedure of unilateral arytenoidectomy. In SCL (CHP) patients,
the mean trache@lannuh and nasogastricbe removal times were found to be delayed in

the extended group, but the differences were not statistically significant owing to the small
number of patients. Lur@rtiz et al. [35] reported that average time of tracltaainula and
naogastrictube removal between patients preserving only one or both arytenoids was
shorter for the latter, even if the difference found was not statistically significant. Finally,
Yuce et al. [57] in their series found statistically significant differencegecannulation

time, nasogastritube removal time and hospitalization tim&0(p5) with delay in patients

with one arytenoid. To the best of our knowledge, no study compared the time of hospital
stay and tube feeding among TL, SCLs, trard laser sigery, TORS and patients treated

with (chemo)radiotherapy.

In general, poor description was found regarding critedapted for the optimal time for
hospital stay, feeding tulend tracheatannula removal. Such criteria may helpeduce
postoperativecomplications as well as to shortére time for recovery. Their definition

might represent auture goal in the field of open partial laryngectomies.
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Swallowing functional outcomes

Although SCL leaves one functioning cricoarytenoid unit, defective glatosure still
represents one of the important causes of swallowing impairment. After SCL, neoglottic
closure can be achieved thanks to the posterior motion of the tongue base and of the epiglottis
(only in CHEP) and the forward and inward rotation moveinté one or both remaining
arytenoids [37]. Other neoglottic configurations are described in the literature, although they
can be observed less frequentlyi[69].

Presently, a standard for assessing swallowing function after partial laryngectomyt still
established. The review of the literature has shown a great variability in measures used to
investigate swallowing functional outcomes after SCLs, as reported in Table 2. Studies
mainly focused on the presence and severity of tracheal aspiraticeneed cough reflex

and diet restrictions. Out of 28 publications reporting swallowing outcomes, aspiwaison

only clinically assessed according to the Leipzig 2] Pearson [63] scale or to othernon
validated scales iten studies [35, 4318, 56, @, 64 72]; moreover thelinical assessment

of dysphagia was performed withousing any scale in three papers [10, 42, 55]. An
instrumentahssessment of swallowing was performed istudlies [3638, 44, 51, 60, 68

72], including either anodified bariumswallow test (MBS) [73] or a fiberoptendoscopic
evaluation of swallowing (FEES) [74]. Trachespiration, laryngeal penetration, efficacy

of coughreflex, pharyngeal pooling and premature spillage arenthia signs investigated;
swallowing recuperatin defectavere also studied [37, 44, 59, 60]. A scoring system: of 4

or 5-points was mainly used to report instrumental swallowirgs e s s ment 6 s r esul
62, 68, 70]; only a fewtudies graded dysphagia according to a validated stede,as the
penetration aspiration scale (PAS) [75] and tibg/sphagia Outcome and Severity Scale
(DOSS) [76].

Heterogeneous swallowing functional outcomes after &@Lreported in the literature. By

the first postoperativemontfaspiration ranged from 30 to 100 % [383, 44, 52, 60],
occurring more frequently with liquids than with solids aadolving spontaneouslywithin

6 months in 1680.4 %of thecases [43, 46, 56, 65, 66]. An unrestricted diet is safely
achieved between the 6th postoperative month and thm4perative year in the 5300

%of the patients [40, 45, 488, 60, 70, 71, 77]. In the lorgrm, between 12.9 and 67 %of
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the patients are reported to have occasional aspiration [367569, 71, 72]. However, a
certain degree of chronic aspiratismas gemonstrated to be well tolerated in patients after
SCL, with a rate of aspiration pneumonia ranging betweandd21.7 % only [43, 46, 48,
54, 56, 65, 67, 69, 72]. A moderategree of pharyngeal retention of food, the presence of
premature spillage anddémecessity of multiple swallows pleolus are also often reported
[36, 68, 71, 72].

Woisard et al. studied the recuperation of the everntsegpharyngeal phase of swallowing
[37]. After CHEP there were frequent recuperation defects consistingdoicel movement

of the back of the tongue, faulbackward tilting of the epiglottis, reduced anterior laryngeal
movement and reduced laryngeal elevation. ARElP, there was also reduced movement
of the back of théongue, reduced posterior motion of the temdasereduced anterior
laryngeal movement and reduced laryngelgvation. Reduced laryngeal elevation and
decreasetbngue base retraction were also reported by Lewin etalirring, respectively,

in the 45 and 27 % of the patieftisl]. Moreover, sght abnormalities during preparatory
and oral phases, impaired pharyngeal constrictionraddced upper esophageal sphincter
(UES) opening havbeen described [38, 60, 71].

During the last few decades, the interest in quality of (f®L) and disabilit s 6 | mpact
daily life hasprogressively increased. In spite of this, the current literagwiew has shown
that only a few studies included assessment of swallowisrglated QOL [35, 41, 60, 70,
71, 77, 78]. In these, the MD Anderson Dysphagia Itegn (MDADI) [79], the
swallowing-quality of life (SWALQOL) [80] and the Performance Status Scale for Head
andNeck cancer (PSSHN) [81] were used. The mean MDaial score is reported to range
between 78.4 and 92, suggestihat swallowing difficultiedave only little impacon daily
living activities [40, 51, 70, 78]. Moreover, it is be noted that between the 80 and the 90
% of the patientsindergoing SCL achieve the ability to eat out withestriction [35, 55].

In the majority of the studiepatients underwergwallowing rehabilitation with a speech
andlanguagetherapist (SLT); however, the mean rehabilitation duraiooften missing.
LunaOrtiz et al. showed that patientadergoing rehabilitation started oral feeding without
aspiration, a average, 8L3 days before patients nadergoing rehabilitation [35]. Lewin

et al. Demonstratedhat, in the shorterm, diet modifications alone did nobnsistently

reduce or prevent aspiration; on the ottend, aspiration reduction or eliminatioouéd be
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achievedthrough the use of swallowing strategies that the patesrned during the
swallowing rehabilitation course [44].

Different authors have investigated the role of differfamtors, such as age, arytenoid
resection, type of reconstructiaand radiotherapy on swallowing functional outcomes
following SCL. Clayburgh et al. showedstatistically significant association between age
[60 andworse scores on the MDADI (r .72) [40]. Benitoet al. reported a significant
statistical relationshipetweenaspiration and increased age (p = 0.001) [65]. On the other
hand, other authors did not find any correlation betvaggnand swallowing abilities, grade
of dysphagia andMDADI scores [64, 78, 82]. A significant impact of thgpe of
reconstructioron swallowing functional outcomegas reported by several authors [37, 64,
65]. In particularWoisard et al. found an aspiration rate and a rate of abséramigh
reflex to be double in patients who had undergoh¥’ compared to those who had a CHEP
[37]. CHP wasdemonstrated to significantly correlate with higher rateaspiration
(p\0.001) in the study of Benito et al. [65] awith worse grade of dysphagia (p = 0.006) in
the studycarried by Nemr et al. [64]. Other studies showed imituence of CHP
reconstruction vs CHEP on swallowifignction outcomes or on swallowinrglated QOL
[40, 44,78]. Topalolu et al. [51] reported statistically significdiiferences in food retention
and in general swallowingerformances between patients with both anytgs spare@nd
patients with only one arytenoid spared, with wggegormance in the latter. They did not
find any difference premature spillage, in the entrance of bolus in the lawverays and

in the MDADI. Moreover, arytenoid resectiovasdemonstrated to significantly influence
aspiration rat¢65] and correlate with higher aspiration rate [47]. Howemercorrelation
between arytenoid resection aswlallowing functional outcomes after SCL was reported in
several other studies [40, 44, %4, 71, 77, 78, 83].

Finally, AlicandriCiufelli et al. [83] found a statisticallgignificant correlation between
radiotherapy and a worslysphagia score, a higher score on the PAS and a soose on
the MDADI, while Topalolu et al. [51] found atatstically significant influence of
radiotherapy on foocketention, penetration and aspiration but not on premapillage and

on the MDADI. In contrast, no significamhpact of radiotherapy on swallowing outcomes
was alsareported by other authors [446,677]. Therefore, at theresent time, the role of

age, arytenoid resection, typeretonstruction and radiotherapy is still controversialthieo
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best of our knowledge there is little information abdut comparison of swallowing
function among patiesttreated with TL, SCLs, trangral laser surgery, TORS or
(chemo)radiotherapy alone. Only one study comparedwaiowing function in patients
treated with SCL andhdiotherapy, and concluded that even if a permanent tracheotasny
not required, the pients treated withradiotherapy experienced transient swallowing

problemsrelated to hypgharyngeal mucositis [84].

Voice functional outcomes

In spite of the fact that neoglottic swallowing and voicegeneratigghanisms after
undergoing SCLs are due @mytenoid movement and therefore more closely resethble
physiology of the normal larynx rather than thapafients who underwent a TL, laryngeal
function is still notnormal [40]. In particular, voice impairment has beeoognized as
major complicabns in patients subjected 8CL, and can significantly affect their physical
and emotionatondition [41]. The voice quality is one of the mostical aspects of SCL.
This surgical approach completalgmoves the anterior portion of the glottis plaaed
createsa neoglottis, composed of at least one arytenoid cartiladeeither the epiglottis or
the base of the tongudepending on whether the epiglottis is resected or not. Butal
folds are sacrificed at the time of tumour resection.

Voice is poduced by pulmonargiriven airflowthrough the reconstructed larynx. Sphincter
function of theneoglottis produces close approximation of the aryteoaitlages and the
base of the tongue, or the epiglotpspviding a mucosal source of vibration foroplation
[85].

Therefore, failure in the posterior positioning of the tonigage and the anterior suspension
of the arytenoids cacause severe naghottal insufficiency. Mucosal vibratiooan also be
variable [18]. In particular, Saito et al. [Sglentified different combinations of vibrating
regions (arytenoid, sinus, arytenoid/sinus, arytenoid/epiglottis and
arytenoid/epiglottis/sinus) and demonstrated that patiehtshad SCL as salvage surgery
after (chemo)radiotheragyave a richer variety of vibrian patterns, probablgecause of
the mucosal oedema of the neoglottis indusgg@reoperative (chemo)radiotherapy.

Thus, in SCL patients, the voice is produced usimgaglottis that is inherently patent at

rest and in turrdemonstrated substantially ¢esolitionally induced valvingactivity and
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resistance to airflow during voicing [15, 18, 580, 72, 86]. The loose and unstable
neoglottic closure resulis a significant loss of air during phonation that requiresarease

in expiratory pressure argirength in the closure tfie neoglottis to achieve rigidity and
improve the vibration.

The functional consequence is a strained, deep and asexualizeddifficult to modulate
and to raise) and a speetttat is composed of short sentences, becauspatientsgrow
short of breath rapidly [77].

Different authors have used different methods to asseise in SCL patients and the
definition of guidelines tevaluate the functional results of SCLs has been suggdsibk
3). In particular, maximum phation time (MPT)appears to be the most widely used
aerodynamic parameter.

Most authors reported similar data of a highly redud@&, with values ranging between 8
and 11 s [10, 17, 366, 68, 70, 77]. MPT implies adequacy of air supporsfmech anci
SCL patients is quite low, probably due tolesser resistance of the neoglottis with
consequent air losduring phonation [56]. Thus, to compensate for thevaistage during
phonation the SCL patient needsitarease the neoglottal resistance and dieglottic
pressuravith consequent vocal fatigue because of the incrgasggiological effort required
to phonate [36]. InterestinglyIPT appears not to be significantly affected by arytenoid
removal, suggesting wetblerated recovery of the glottalosure after removal of the
ipsilateral arytenoid andeconstruction of the neoglottis [17].

The GIRBAS scale is one of the most widely used sdaleperceptual voice evaluation.
The values reported in tleternational literature confirm that SCL voiseaharacterizelly
moderate to severe alterations in roughnessgrade, slight to moderate alterations in
breathiness, slightr practically absent alterations in asthenicity and slightnoderate
alterations in strain [48, 60, 77]. Only a festudies sed a more specific perceptual
assessment scalgych as the INFVo scale, to evaluate the voice characten$geients
treated with supracricoid partial laryngectoffg, 87].

Voice after SCLs has also been analysed acoustiéaltyrors reported a nmked degraded
voice signal characterizely wider fundamental frequency (Fo) range and Hithr,
shimmer and noise to harmonics ratio (NHR) valligs 35, 50, 68]. Fo depends on the

relation between pressuaé the lungs and vibratory source charastérs, which inturn
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relies on the activity of the laryngeal intrinsic musculattire,length of the vocal folds and
the passive tension tie vocal folds mucous membrane. As the vibrating socineages
substantially after surgery, this could expldime wider Fo range of the operated
patients.Adetermining factds the thickening of the vibrating neoglottis because the tfase
the tongue and the arytenoid mucosa and/or epiglottisosa are involved. The differing
vibratory capacity of theeoglottisis characterized by pitch and peak irregularities.
Because of incomplete closure, the linear vibratory characterdtasge to an unstable
vibratory pattern with amcrease in shimmer and jitter levels. It should also be rtbogd
other authors prefezd not to perform any perturbatiamalysis since a high percentage of
subjects treated witlsCLs showed nceharmonic voice, and therefore wetensidered
unsuitable for this kind of analysis [70].

Nonetheless, SCL patients possessed good speech inii@§igind only a minimal degree
of prosodic insufficiencyl7, 35, 36, 48, 87].

Seltassessment data revealed a moderate impact onretated QOL (VRQOL) in terms

of speech after SCLs, on tlkeenotional, physical and functional levels of the VHI, even i
some authors reported high degrees of vocal handicagt{]4it must be noted that-V
RQOL brings many factorsinpl ay, i ncluding the patientds
ethnic backgrounds. Therefore, it is not surprising that differetttos report different VHI
scores on a small numbei subjects studied in different countries. Besides, sincedice
ismainly used for every day verbal communication,passible that vocal QOL is perceived
by the patients as nbking very compromiseayven if the voice per se is rather p¢ds,

70]. It must also be noted that recently new tools hasen proposed to evaluate the
rehabilitation needs and thgsychosocial care for patients with laryngeal cancer. In
particular,the selfevaluation of cormunication experienceafter laryngectomy (SECEL)

is a short, but comprehensiself-report instrument thatmeasures the perceived adjustment
to communication experiences and is intended to adktermining counselling needs in
laryngeal cancer patientieated with laryngectomy [88, 89]. To the best of knwwledge,

no study tried to compare the functional resultspitients treated with SCL and
(radio)chemotherapy. A comparisohthe functional results of TL and SCL demonstrate a
few scarce and diveirtg results. Wenstein et al. [18¢monstrated that subjects treated with

SCL had significanhigher domain scores thanTLpatients in general quality o{@f@L)
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analysed through SB6. Torrejano et al. [17] founthat TL patients scored significantly
beter than SCL patienia VR-QOL measures. So et al. [18] compared the spegitomes

of partial and TL and reported a VHI score of 6dnd 49.8, respectively. Finally Schindler
et al. [15] whocompared functional vocal results among patients treate@®@th TL and
horizontal glottectomy, reported thatTL patiest®red significantly higher in the G and R
parameters of th&RBAS scale, while no differences were reported inadedynamic,
acoustic and QOL measures.

In conclusion, the poor voice functionasults of SCLremain one of the most critical
aspects in this type aurgery. For this reason a modification of the surgicatedure has
been recently proposed. Allegra et al. [BBfformed a modified supracricoid laryngectomy
(MSCL) using the sterrfoyoid muscles: they are isolated atetached from the hyoid bone
and then linked on thmidline, placed on the free margin of the cricoid, anchéoethe
vocal apophysis of the arytenoids and covered byréldeindant mucosa overlying the
arytenoids. Thigechniqguedemonstrated that the postoperative course of the patgents
similar to the patients treated by SCL, but patieréated by MSCL have a better voice
quality with a bettefluency, intelligibility and voicing. Patients treated MSCL also

scoed lower on the VHI.

Need for the future

The analysis on time of hospital stay, feeding tube remanwatracheotomy closure showed
a marked variability among@uthors and centres. Several factors may come into play,
including health system organizatiomsdifferent countries.

While in some centres, ad hoc rehabilitative departmenta\aéable after discharge, in
others patients are sent homathout any further support. Nonetheless, what is most
surprisingis the fact that the vast majority of authdrd notexplain the criteria adopted for
discharge, feedinrtuberemoval and trachealannula removal in detail. Thereforme of

the major needs for the future is to have clearer criterithese important clinical decisions
to be applied in atandartzed manner by those centres performing SCllargageal cancer
treatment modality. This might reducenportant complications, such as aspiration

pneumonias anchalnutrition, after undergoing SCLs.

247



The swallowing functional outcome review not oshowedwide variability, but also a lack
of consensus ohow to assess swallowing after SCL. Some authors ustdimental
assessments while some others employed dlittical ones often applying netalidated
outcome scales.

The major need for the future is teére to build consensdsr a common protocol to be
applied for the analysisf swallowing outcomes. The analysis of voice functianatomes
revealed interesting findings; as for the othesas of functional results there was a wide
variation. Whatwas most surprising, however, were the tools appliedHerassessment,
very often adopted from normal laryngeaicing and not adequate for substitution voice.
Forinstance some authors used traditional acoustic paranseitgrsas jitter and shimmer:
thes acoustic parameters arged in laryngeal voicing with regular vibratory functiont
often found in substitution voices [90, 91]. Also feerceptual assessment, the GIRBAS
scale was adopted lgany authors without considering the importance of othédated
tools such as the INFVo [87, 92, 93]. Even if ¥l is the most commonly used tool
worldwide for VRQOLanalysis, several authors found that its applicatiopaitnents post
laryngectomy was questionable and othehad validated tools, such #s SECEL, seem
better suited88, 89, 94 96]. The analysis on voice outcome revedled voice seems to be
the most severely impaired functi@aiter SCL; the possibility of surgical rehabilitation
strategiesncluding, injection laryngoplasty should bevestigatedn the future. Preliminary
data exist on the possibilityto fill areas of neoglottic incompetence with
polydimethylsiloxaneto improve airway protection duringwallowing; the possible
implications for voice productiornave not been measuredyththere is a theoretical
possibilityto improve glottis incompetence [97]. Other authiojected autologous fat or
bovine collagen into arytenomhucosa with the aim to increase thickness of the vibrating
mucosa; however, no data are available on theawgmenton voice production [98].
Throughout the review it appeared that SCLs allow satisfadtorgtional results but
surgical protocols need to balowed by adequate nursing and rehabilitation protocols. At
the moment there is, however, no evideoavhen rehabilitatioshould start,which are the
criteria to be adopted to staand to end it and what are the voice and swallowing

rehabilitationprocedures giving the best functional outcomes.
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In conclusion, SCLs are proven surgical procedurethimtreatment of selected laryngeal
cancers; voice answallowing functional results are often satisfactory, butvdeability
across centres is still too large. There is a fieethe future to have consensus and clinical
recommendationsn early possurgcal management, criteria adoptied tracheaicannula
and feeding tube removal, voi@nd swallowing assessment protocol and timing for
rehabilitation.

Further information regarding the comparisanong different treatment approaches (e.g.,
transoral lagr surgery, TORS, TL, SCL and chemoradiotherapy) are redsaled to help

the clinician to make a better decisionolving management of his or her patients
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Table 1

Duration of hospital day, feeding tube and tracheotomy after SCL
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Paper 3
Long-term functional results after open partial horizontal laryngectortype

lla and type llla: A comparison study

BackgroundThe purpose of this study was to comparerterm swallowing, voice results,
and quality of life (QOL)after open partial horizontal laryngectomy (OPHL) type lla and
typellla.

Methods.Twenty-three patients after OPHL typ&land 18 patients aft@PHL type llla
wer e Il nvol ved. Swal | owi ng aad ivibratisns wenred
videoendoscopically assessed. Aerodynamic measspegtrogram analysis, aspiration
pneumonia, body weight variationand voice percepéll assessment were performed.
Generic voicerelatednd swallowingelated QOL were assessed. Data were statistically
compared using MariVhitney U test or Fisher exact testsagpropriate.
Results.Significant differences were found only for the residuéh solidsand for the
intelligibility (I) parameter of the overall quality impressiand intelligibility, additive and
unnecessary noise, speech fluency, pmeence of voiced segments scale with patients of
the OPHL type lllagroup showing worse penfimances than the OPHL type lla group.
Conclusion.Patients who underwent OPHL type lla and type llla skomparable long
term functional outcomes. OPHL type llla representslal surgical alternative to OPHL

type lla.

INTRODUCTION

Several treatmentptions are available in the managemeitaryngeal cancer, including
surgical and nonsurgicalpproaches. Among these, orgaparing treatment and surgical
functionsparing protocols allow functional preservatiemd therefore avoid the necessity
of a pemanenttracheostoma, which causes cosmetic disability and rasudtslecreased
quality of life (QOL)Y 3 At the present timea consensus on the best treatment option for
laryngeal cancehas not been reached. Similar overall survival, diseasstreaval, and
locoregional control rates are reported literature after total laryngectomy, partial

laryngectomyyadiotherapy (RT), and chemotherdbl. Therefore, thestudy of longterm
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functional outcomes is essential to guadieicians in the choice dhe therapeutic option.
Open partial horizontal laryngectomies (OPHLSs) are conservatikgical techniques for
the treatment of selectdaryngeal carcinomas. In particular, OPHL type Il or supracricoid
laryngectomy and OPHL type Il or supratrachémiyngectomy are indicated in the
treatment of T2 to T4aryngeal tumors with glottic and subglottic extension.

Maintaining at least one functioning cricoarytenoid yng. half of the posterior cricoid
plate), with the correspondiragytenoid and the intaatferior laryngeal nerve of theame
side, OPHL type Il and type Il allow the preservatiointhe main laryngeal functions
(respiration, phonation arsvallowing) and not require a permanent tracheostonaP HL
type I, the resection interests the emtihyroid cartilagevith the inferior limit represented
by the upper edgef the cricoid ring, whereas in OPHL type lll, the resectoaxtended
toward the cricoid. The suprahyoid part of #pglottis and both cricoarytenoid units may
be spared; orthis basis, according to the classification proposed by Ebheopean
Laryngological Society, OPHL type Il and Ban be distinguished as follows: (1) in OPHL
type lla andype llla, both cricoarytenoid units and the suprahyoid pouidie epiglottis
are preserved; (2) in OPHL type lland type llla plus arytenoid resection (1A), the
suprahyoidportion of the epiglottis is preserved and the resectioaxtended to one
cricoarytenoid unit; (3) in OPHL type llland type llib, both cricoarytenoid units are
preserved anthe resection is extended to the whole epiglottis; and (©®HRHAIL type Ilb
and type llIb 1A, the resection is extendedhe whole epiglottis and to one cricoarytenoid
unit.®

With the first description of OPHL type Il in 2006, tlsenceptof extensioamodulated
surgery was introduced the field of laryngeal cancer treatméht®Therefore OPHL type

Il operations can be intraoperatively convertetd OPHL type Il by the surgeon, in order
toassure the tumor 6 sisreasonpts imporant €oXkrow whetbenar F o r
not an intraoperativenodification of the surgical procedure from type Itype Il can have

an impact on longerm outcomes.

Important laryngeal anatomic modifications are causst by OPHL type Il and typlll.

The sphincteric action ofhe neoglottis is achieved through the approximation of the
arytenoid cartilage(s) and the base of the tongue, togettiethe epiglottis in OPHL type

lla and llla, providing amucosal source of vibration for phonationridg the airflow
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passage. An anatomic continuity is preserved betteeoropharynx and the lower airways.
Therefore, botlvoice and swallowing functions are affected by these tgpasirgery and
patients could experience dysphonia anthe degree of dghagia, with a possible impact
on QOL.

In the literature, several authors investigated {mrghfunctional outcomes after OPHL type
116,112%: moreover,preliminary longterm functional results after OPHL tydd were
described’ However, to the best afur knowledgepnly 1 study has compared lotgrm
functional outcomeafter OPHL type Il and type I# Crosetti et &finvestigated voice and
swallowing function in 23 patientgho underwent OPHL type I, 45 patients who underwent
OPHL type Il, and 1patients who underwent OPHL tyfieaged over 70 years in order to
analyze the effects adging on the operated larynx. It is known that the phenoména
presbyphonia and presbyphagia can occur agihg. Therefore, results reported by Crosetti
et af® cannotbe generalized to all patients undergoing OPHL.

The purpose of the present study was to investigatecantpare longerm results of
swallowing, voice, and QO&fter OPHL type lla and after type llla. We focused on tjgpe
1A and type llla 1A as tlee are by far the surgical procedumesre frequently performed
within OPHLs!! We hypothesized that a wider extension of surgical resestiond be
associated with worse functional outcomes dhdrefore, that patients undergoing OPHL
type llla wouldexperience a higher level of dysphonia and dysphagiaelisas a greater
perceived disability than patients undergof@§HL type lla. Results of the study could
guide cliniciansn the conduction of preoperative and postoperaieseling on longerm
outcomes of OPHL type lla antype llla in order to give patients precise and realistic
information if intraoperatively modification of the surgical proceduisshypothesized,

according to the modular approach.

MATERIALS AND METHODS
This crosssectionabutcomes study was carried @atording to the Declaration of Helsinki
and it was previouslgpproved by the institutional review board. All subjestsolled in the

study gave their written informembnsent; all data were collected prospectively.
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PATIENTS

Patients were randomly selected from a database repdetagof patients who underwent
OPHL at the Department @ftorhinolaryngology of the Martini Hospital of Turin andtbé
Civil Hospital of Vittorio Veneto in the last 12 years.

Selection dteria were: OPHL type lla or type llla, arytenaoigksection, no RT performed,
no evidence of disease at thest follow-up, preservation of respiration and speech,
nonenterafeeding (percutaneous endoscopic gastrostomy or nasogabt); absence of
the tracheostoma, no salvage tdalyngectomy performed, and >6 months after surgery.
Twenty-three patients who underwent OPHL type Ila a8gatients who underwent OPHL
type llla were included the study. Sociodemographic and clinical factors ofwlegroups
were investigated and are reported in Talidedause of their impact on functional outcomes
and QOL.

Voice and swallowing rehabilitation with a speech and languyegleologist (SLP) was
performed in 13 of 23 patien{s6.5%) who underwent OPHLpg lla and in 9 of 1fatients
(50%) who underwent OPHL type llla, withnaedian duration of 12 weeks (rangéga

weeks) in thdirst group and 7 weeks (rangé,24t weeks) in the secomgloup.

Swallowing assessment

Swallowing was assessed through theeffiptic endoscopi@valuation of swallowing
(FEES)?® The study wagonducted using an Olympus Evis Exera Il 18 endossgpiem
and an Olympus ENF VQ transnasal flexil#ledoscope (Olympus Corporation, Tokyo,
Japan); eackREES was video recorde8wallowing of liquids, semisolidgnd solids was
assessed using room temperatlte dyed water, pudding, and crackers.-écholus was
given to each participant 3 times for liquids and semisolids.

Premature spillage and piecemeal deglutition wgeweal as present or absent. Spillage was
defined as bolugalling over the base of the tongue or lower before whitepiegemeal
deglutition was defined as division of thelus into 2 or more swallows successively rather
thanswallowing the entire bolus ime. Laryngeal penetratiand aspiration and the ability
to cough or clear aspirateslibstances were assessed through their@ Penetration
Aspiration Scale (PAS); a score of 1 is associated witmaterials entering the airway,

whereas a score of 8 mesaspiration without any effort to reject materi#i$!Retention of
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the bolus was evaluated using the Poolegre3? The Pooling Score, ranging between 4

and 11, isassigned on the basis of the site (ran@d),lthe amoun{range, 13), and the
manayement of the pooling (rangg,4 ) ; t he hi gher the score, t
the greater its amount, the lower the ability to clean it.

The Dysphagia Outcome and Severity Scale (DOS&)lidated and reliable-@oint scale,

was used to ratlunctional severity of dysphagif.The DOSS level, rangingetween 7

(Anor mal in all s i tysphagia, maperoral nuéitiod, unbble (tah s e v e |
tolerate anpper or al nutrition saf el gbjective assessmehe f i ne
the neessity of diet modificationshe independence level, and the type of nutrition required.

The onset of aspiration pneumonia after surgery rgasrded. The difference between

presurgery and postsurgesgight was calculated.

Voice and speech assessment

A videolaryngoscopic examination of each patient masle using an Olympus Evis Exera

[l 18 endoscopy systeand an Olympus ENF VQ transnasal flexible endos¢@bamnpus
Corporation). The patients were asked to prodoaader the following tasks: a sustath

Ai , O-pichetiniolw O -pai thcihgehd -ifinit,edn sai tlyowii , ofiianod Tah ehi
following variables were assessed: {#ratory characteristics of the neoglottis; (b) degree

of arytenoidgnotion; and (c) sphincteric closure of the larynx.

Each variable was scored on-adint rating scale from @poor performance) to 5 (excellent

ability), as suggested Bacharek et &t

The maximum phonation time (MPT) was measuredt dne pr oducti on of 3
The longest phonationme was reorded.Diadochokinesis was assessed by asking each
subject tout t er the syll able fipao0o a% possibld dhet ri sy
Computerized Speech Laboratory (CeLtdgram, version 5.05, with a 4300 external module

(Kay Elemetrics, Lincoln P&; NJ) was used. Syllable and trisyllabliedochokinesis were

rated respectively in syllable/second and trisyllable/second.

The patients were asked to read aMg6d and 9%yllable passage34 and they were audio
recorded with amicrophone Samson Go Micd®son Technologiesjauppauge, NY) and

the Apple Soundtrack Pro, versi@0.1, software using a 50 kHz sample rate (Apple,
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Cupertino,CA). The time needed to read the passage as witleayllable/second speed in
reading were calculated.

Both the gradeinstability, roughness, breathiness, astheaml strain (GIRBAS) scale35
and the overall qualitynpression and intelligibility, additive and unnecessaige, speech
fluency, and the presence of voiced segmeatiag scalé®3’were used for the pezptual
assessmentefoi ce on the basis of the reading pas
The GIRBAS scale is a widely used scale that specifiesbesses different parameters of
voice quality: graddG), instability (I), roughness (R), breathiness (B), asthéh), and
strain (S); the score ranges from 0 (normal vaic&)(severe dysphonia). The overall quality
impression anéhtelligibility, additive and unnecessary noise, speech fluesmogt,presence

of voiced segments rating scale is a percecalespecifically developed for substitution
voice;it assesses: overall quality impression and intelligibilitygt)ditive and unnecessary
noise (N), speech fluency (F), apdesence of voiced segments (Vo). Each parameter is
scored on a visual analog scdtem O (minimally deviant)to 10 (maximally deviant
substitution voicing).

The CSL program, version 5.05, with a 4300 extemmadlule of Kay Elemetrics Corporation
was used to perfortine spectrographic analysis of voice. All the voices wecerded with

a microphone that was placed approximaiéycm from the voice source. A spectrography
of the sustainedd o we | s i a-1024i pointsaranging Betweenahd 8 kHz was
performed; the sample frequency va® , 000 Hz. Patientsd voice:
categorieson the basis of the spectrogram analysis, according toetently proposed
modi fication of ®Titzeds classification.
The following categories were used: (1) type 1 voices, perigiimout strong modulations

or subharmonics; (2) tyggvoices with strong modulations, bifurcations, or subharmonics;
(3) type 3 voices, smearing of energy across harmavitbsvisible fundamental frequency

and 1 or Zharmonics; and (4) type 4 voices, aperiodic.

Perceptual assessment of video and audio recordings
FEES, videolaryngoscopy, and voice recordings wasgessed by 2 independent SLPs
blinded to each othemnd to the surgical procedure the patients underwent.

Each SLP was subjected to a specific training for vatebauditory perceptual assessment.
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Quality of life

The ltalian Short ForA36 Items Health Survey (S¥6) questionnaire was completed by
each participant to asse®®L, functional health, and welleing3°The Italian SF36 is a
valid and reliable shoffiorm health survey. It idivided into8 scales: Physical Functioning
(PF), RolePhysical (RP), Bodily Pain (BP), General Health (GHitality (VT), Social
Functioning (SF), RokEmotional(RE), and Mental Health (MH). Each subscale is scored
from O (worst possible health status) to 100 (pessiblehealth status).

Dysphagiarelated disability was investigated through ttaéian MD Anderson Dysphagia
Inventory (MDADI)*42The Italian MDADI is a reliable and clinically validysphagia
specific QOL questionnaire for Italisspeakingpatientswith head and neck cancer, divided
into a globalan emotional, a physical, and a functional subscale tdthéscore and each
subscal ebds s c(extramely lavfupaioning) to X0 @Gifh functioning).

Each subject completed the Italian versiaf the VoiceHandicap Index (VHi**and the
Italian version of th&elf-Evaluation of Communication Experiences altaryngeal Cancer
(I-SECEL)*546

The VHl assessgsat i ent s6 perception of ditsmdde | ity
of 3 abscales: emotional, physical, afuhctional. A total score (possible rangel@0
pointsland s ubscal e sid0) aecgvengetise highehe scgre, the greater the
voice handicap.

The FSECEL questionnaire specifically assesses communicatysfudctionin patients
with laryngectomy and their effectsn pati ent sé daily | iving ac
made of 34 items, divided into 3 subscales: Generdk(s), Environmental (14 items),
and Attitudinal (15tems). Scores range fromt® 102 for the total scoréom O to 15 for
the General subscale, from 0 to 42twe Environmental subscale, and from 0 to 45 for the
Attitudinal subscale. The higher the score, the greatepéneeption of communication
dysfunction. A cutoff of 6@or the total score was established to identify patientead of

a specific counseling.
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Statistical analysis

The statistical analysis was performed with the IEBBRSS Statistics 20.0 package for
Windows (SPSS, Chicagb, L ) . Pati ent 6 s uld ef the tywogayphwere an d
statistically compared using nonparamemManiWhi t ney U test or Fi sh
appropriate.

The differences were considered statistically signifiéana p<.05.

RESULTS

Patients

No significant differences were fodbetweenthegd r oups f or patient s ¢
and treatment variablegxcept for the T classification, as reported in TabléThe T
classification was statistically higher in tgeoup of the OPHL type llla than in the group

of the OPHL type lla.

Swallowing

Swallowing functional outcomes and the results ofdimparison between OPHL type lla
and type llla areshown in Table 2. A significant difference was fowmdy for the residue
with solid bolus, with patients of thHePHL type Illa group shoing a significantly higher
degree of food retention than patients in the OPHL tiggroup.

Aspiration pneumonia occurred only in 1 patient of @RHL type Illa group. On average,
patients maintainetheir preoperative weight. In both groups, premasidageoccurred
between 28% and 48% of the patients veithconsistencies, whereas fragmentation of the
bolus intomultiple swallows was observed in22% of the patients.

On average, PAS scores were higher with liquids, witledian score of 6 for theatients

in the OPHL type ligroup and 7 in the type Ill group corresponding to trachspiration,
and lower with semisolids, withraedian score of 1 in both groups corresponding to normal
swallowing. Median pooling score ranged betweerahd 7.5 wih all consistencies and in
both groups, corresponditgmild dysphagia. Finally, 5 of 23 patiel(gd.7%) in the OPHL
type Il group and 3 of 18 patients6.7%) in the OPHL type Il group were able to tolerate
a full peroral nutrition with normal diet (D&5 score> or =6), 15 of 23 patients (65.3%),
and 12 of 18 patieni$6.6%), respectively, could tolerate a full weal nutritionbut with
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the necessity of a modified diet and/or independéDCGSS score between 5 and 3), whereas
3 0f 23 patients (13%gnd 3 of 18 patients (16.7%), respectivehgsented severe dysphagia
(DOSS score or =2).

Voice and speech

Patients who underwent OPHL type lla and those whderwent type llla showed
comparable longerm voicefunctional outcomes, as reported in Tal3. Patients with
OPHL llla scored significantly higher than patients WitRHL type lla on intelligibility.

On average, patients who underwent OPHL typghtwed a good arytenoid motion and
sphincteric closurdut a poor vibration of the neoglottis;| #the 3 parametersere, on
average, moderate in patients who unden@itiL type Ill. Additional noise, fluency, and
unrequestedoicing were rarely present in both groupspatients, whereas intelligibility
was more impaired. Qine GIRBAS scale, 22 &3 patients (95.7%) who underwepPHL
type Il and all type Il patients showed moderatesevere degree of dysphonia, 18 of 23
patients(78.3%) and 15 of 18 patients (83.3%), respectiv@iygwed moderate to severe
roughness; irregularitygreathinessasthenia, and strain were almost absentM®RT <10
seconds was recorded in 18 of 23 pati€in&3%) undergoing OPHL type Il and in 17 of
18 patients (94.4%) undergoing OPHL type Ill. A harmaostizicture was clearly visible in
9 of 23 patients (39.1%i the OPHL type Il group and in 8 of 18 patie(M¢.4%) in the
OPHL type Il group.

Quality of life

QOL outcomes and results of the comparison betw@eHL type lla and type llla are
shown in Table 4. Netatistically significant difference was found fyeneralyoicerelated,
and swallowingrelated QOL.General QOL was welpreserved in both groups. Aedian
score >70 was found for all the 8B subscaleghe highest scores were obtained on the
Role-Physical andRole-Emotional subscales for patientstime OPHL typdl group and on
the RoleEmotional subscale for patients the OPHL type Il group, whereas the lowest
scoreswere obtained, respectively, on the General Health subandlen the Bodily Pain
subscale. SwallowingelatedQOL was also welpreserved. A median scor&0 was found

for the MDADI subscales and total scongth the highest score on the Functional subscale

275



and thelowest score on the Physical subscale in both groupsildreduction on voice
related QOL was found. MediavHI total score was 30 for the OPHL type Il group and
37.5 for the OPHL type Il group, with patients frdroth groups obtaining a lower score on
the Emotionakubscale than on the other ones. Finally, a median SEQB&ILscore <36,
corresponding to an adequatepmg with the new voice, was found for both groups; no

patientscored >60.

DISCUSSION

Longterm swallowing, voice, and QOL in patientsdergoing OPHL type lla and type llla
were comparedOnly one study previously compared different OPHLy p lengrgerm
functional outcome$; however, as fiocused on the elderly, its results cannot be generalized
to all patients undergoing OPHL. Therefore, the presardy reports the first data on this
topic. We hypothesizethat a greater extension of sum@icesection would correspornad
worse longterm outcomes. However, no statisticadiignificant differences were found
between OPHltype Ila and type llla, except for pooling with sobdluses and for the
general impression of voice, whigkere significatly worst in OPHL type llla. Therefore,
in the longterm, swallowing, voice, and QOL are supposede comparable in patients
undergoing OPHL type lland type llla.

Swallowing longterm functional outcomes were comparaibl¢he two groups of patients
for all the investigatedvariables, except for pooling with solid boluses. daneral,
swallowing was sufficiently restored in bothroups, with patients showing better
performances withsemisolid boluses and worse performances with ligoaduses.
Preopertive weight was maintained in most thfe patients. Premature spillage occurred
between 28%and 48% of the patients with higher rate of spillage \Wwithids because of
their lower viscosity. Aspiratiomccurred in just a few patients with solid and setidso
boluses, showing a generally good sphincteric actidheoheoglottis to separate the lower
airways from the oropharyrnduring swallowing. A poorer performance wasorded with
liquids, as aspiration was found in approximate§if of the patients. © average, low
poolingscores were assigned to patients undergoing both surggtaldiques; patients with

OPHL type llla scored significantlyigher than patients with OPHL type lla with solids.
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We hypothesize that the difference in the amount mwathagerant of pharyngeal and
laryngeal pooling may bdue to different degrees of upper esophageal sphioptaring
rather than to different laryngeal mechanisms.

However, the significant difference of pooling with soldtses not correspond to a higher
degree b postswallowingaspiration, as shown by PAS scores. A Imate of aspiration
pneumonia was found, suggesting thatients tolerate a certain degree of chronic aspiration
well, as already reported in the literatété\fter OPHLtype lla and type llla, &ll peroral
nutrition wasachieved in, respectively, 87% and 83.3% of the patiatispugh some
consistency modifications may be necessary.

Therefore, in the lonterm, enteral nutrition can lavoided in the major part of the patients
undergoingOPHL.

For concerns about voice and speech {@ng functionakesults, no statistically significant
differences werdound between OPHL type lla and type llla, except toe general
impression of voice investigated through theerall quality impression andtgilligibility,
additive andunnecessary noise, speech fluency, and presence of \smgetknts scale.
Voice was more compromised than swallowimépoth groups because of the removal of the
vocal folds. On average, patients who underwent ORjbe Ila andtype llla showed
moderate to good arytenoihotion and sphincteric closure of the neoglottis, whereas
vibration was more impaired. The results of the laryngoscaggessment are reflected by
the perceptual evaluatiaf voice: the GIRBAS scale describea p i eaicessa®severely
dysphonic and hoarse, and occasionblgathy, whereas instability, asthenia, and strain
wereonly rarely reported. The different surgical extendietween OPHL type lla and type
[lla significantlyimpacts the general impresasiof voice, as patientsidergoing OPHL type
llla scored significantly highethan patients undergoing OPHL type lla. Therefore, the
present result seems to suggest that not only the fooal d s 6 r e mo v a | but al
of adjacent structuresuch & the cricoid, is critical for voice quality. The deterioratain
vocal quality recorded with the perceptumdsessment of voices is consistent with the
spectrographi@analysis, which showed the absence of a clear harnstmicture in more
than half of he patients of both groups.

Fluency and voicing are usually not compromised a&tEHL and no unintended additive

noises accompanyoice production. An inadequate MPT (<10 seconds) faasd for the
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majority of the patienfS; however, it didnot impact onspontaneous speech as normal
fluency waggenerally preserved. Diadochokinesis performance @ftL was found to be
good3

General, swallowingelated, and voiceelated QOLwere comparable in patients who
underwent OPHL typ#a or type llla with no stistically significant differencbetween the
two groups. SE6 results reported in thesent study are comparable to those of the Italian
generalpopulation, revealing that QOL is generally satisfactmijowing OPHL32® On
average, patients perceivexhly mild to minimal dysphagia, suggesting that, from the
patientsd perspective, restoradidtleeviontprgp?’ oloe- | ity i
related QOL questionnairesvealed that perceived disability related to valisorders after
OPHL typella and Illa is only moderate.

Indeed, median VHI scores obtained by patients widerwent OPHL type lla and llla are
similar to thosegenerally obtained by patients with vocal fold nodupesyps, and cyst€

All patients showed a good attituttevardtheir communication dysfunction, as revealed by
SECEL scores. Therefore, although postoperative voeseilted to be significantly
deteriorated, patients reportedbe relatively satisfied speakers, on emotional, physioal,
functional levels, suggestirthat oral communicatiois not significantly limited.

Functional longterm results of our patients who underw@RHL type lla are similar to
those reported in literaturiwdeed, other studies had previously documentsitain degree

of chronic aspiraon in the longterm afterOPHL type lla, in particular with liquids, with a
percentagef patients experiencing aspiration between the afelthe 67%254%52|n our
study, pharyngeal and larynggeoling food was generally mild. This is in accorcawith
what was reported by Zacharek et'@nd bySimonelli et af® whereas Dworkin et a
reported ahigher degree of food pooling and in a higher percenvagatients. Premature
spillage occurred in 30% to 47.88bthe patients, dependingontheo | us & consi st el
Simonelli et at® reported a slightly lower frequency pfemature spillage, occurring only in
21.5% of thepatients2® whereas results of Dworkin ePatonfirm ourdata. Heterogeneous
rate of aspiration pneumonia af@PHL type Ilaare reported in literature, ranging from
0%, as in our study, to 21.7%255*%6 A full per-oral diet was achieved in 87% of the
patients undergoin@PHL type lla; similarly, in literature, the percentageges between

67% and 93.79%1°7% With regardtovoi ce, vi deol aryngoscopic
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showinga poor to moderate vibration of the neoglottis, wheggasl sphincteric closure
and arytenoids mobility, confirmeesults reported by Zacharek et*aind by Schindleet
al?* Values reportedn the international literatureonfirm that OPHL type lla voice is
characterized bynoderate to severe alterations in Roughness and Gilaytd,to moderate
alterations in Breathiness, slight practically absent alterations in Asthenia, and slight
alterationsin Strain?1:24:25.285057.586h\n MPT <10 secondsvere found for most of our
patients who underwe@PHL type lla; many authors reported a highly redud&I after
OPHL type lla, with average values betwéed seconds and 10.6 secortfs2>57.60

Our OPHL typel  a groupbés speech outcomes,and nvest
reading speed, are similar to those in literatéf€% Weinstein et &linvestigated general
QOL in patients who underwent OPHL type Il using the-3~questionnaire; values
reported by Weinstein et’recomparable to results of the present study. The MDv&x
previously used to assess swallownetated QOL impatients who underwent OPHL type Il
by several authorsyho obtained an average total scomaging from 78.4 t®224°%61|n
literature, different authors reported differafitll scores on a small number of subjects
studied in differentountries. On average, sel§sessment data reveamild to moderate
perception of vocal handicap af@PHLtype lla, as reported in our stifd¥®°C however,
other authors reported a higher degree of vocal handicalp therefore, higher VHI
scores’®°Besides the variabilitgf the results found in different studies, maibgcause of
the fact that studiegopulations were generallgmall, results from our study are in
agreement wittlpreviously reported data. Therefore, it seems reasotalai&irm that the
statistical comparability of patients whmderwent OPHL type lla and the patients who
underwentOPHL type llla was not due to specific characterisiéthe OPHL type lla
studied group.

In literature, many authors studied the impact of diffetedatment and sociodemographic
factors on functionabutcomes after OPHL; however, their role is still comérsial.
49,50.56,57,59.654 A5 previously reported by owvorking group, the same surgical techniques
were followedby surgeons (authors G.S. and G.R.), respectif@ipatients who underwent
OPHL type lla and fompatients who underwent OPHL type tllenoreover, allpatients
involved in the study underwent the same diagnostickup before surgery in order to

accurately selectandidates to OPHL type lla and type llla and the sashabilitation
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protocol in the postoperative courde® Patients whaunderwent OPHL type lla differed
from patients who underwent OPHL type llla only for the subglatticgical extension,
whereas both cricoarytenoidnits and the suprahyoid portion of the epiglottis were
preserved in all patients. All patients who underiy@roperativer postoperative RT were
excluded. No statisticallgignificant differences were found for distance freungery, neck
dissection, and TNM (except for the T classification).

The significant difference between the T classificatminOPHL type Ila and the T
classification oftype Illa was reasonable, as on the basis of the exteastbe tumor, the
surgeon selected the type of reconstructioperform. The two groups were comparable for
age, sex, educational degree, job, and marital status.

Because of the high homogeneity of the patients antheofblind assessment, it seems
reasonable to affirm thahe 2 groups differed only for the surgical extension mmather
factors have influenced present results.

Perceived QOL is strictly relatedt pat i e nt 0 stretahirgptieecimpartance of ,
precise and exact informatioon functional outcomes during the preoperataed
postoperative counselirfgThis information is als@ssential to guide patients in the choice
of which type ofsurgery toundergo. Therefore, data from our study argical in the
conduction of the preoperative and postoperatvenseling and in the informed consent
process.

Limitations of our study were the small numbepatients included and lack of precise data
on the pathophysiologicahechanisms leading to dysphagia and dysphionpatients who
underwent OPHL type lla anidla. In fact, videofluoroscopic (VFS) biomechanical and
temporal analysis is needed to cover this area. Howehemain purpose of this studias

on outcome; for thiseason, we preferred to use FEES rather the VF&ltlasugh FEES
and VFS are considered both gold stand&dind complementary proceduf@grevious
studiesin which FEES and VFS were used concurrently, FR&S proven to haveigher
sensibility for both penetration/aspirattérand residué® Nonetheless, further studies
should be conducted using VFS and include a lgpgpulation of patients who undergo
OPHL type lla andype llla and extending the comparison of ldagn functionalresults

to other OPHL reconstruction techniques.
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Moreover, as dysphonia is one of the most critical aspéietisOPHL type Ila and type llla,
even when voice rehabilitatiaa performed, it would be interesting to investigateether
guality of voice can be improved throughrgical or engineering techniques.

In conclusion, similar longerm functional outcomes iterms of swallowing, voice, and
QOL are achieved afté€dPHL type lla and OPHL type llla. Therefore, OPIdlpe llla
represents a valigurgical alternative to OPHiype lla. Present data could guide clinicians
in the conductiorof preoperative and postoperative counseling stmalild be taken into

account by surgeons in the intraoperatifieice of the surgical technique.
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Table 1

Sociodemographicand clinical factors in two samples of patients

OPHLIHla +A  OPHLIlla +A pvalue
Age' 65 (47-79)  61(23-77) .385
Sex' 243

Male 20/23 (87)  18/18(100)
Female 3/23 (13) 0/18 (0)

Educational degree’ AT6
Primary 4/23 (17.4)  5/18(27.8)
Secondary school 8/23 (34.8)  6/18(33.3)

High school 8/23 (34.8)  5/18(27.8)
Bachelor 3/23 (13) 2/18 (11.1)

Job* 706
Full time 4/23 (17.4)  4/18(22.2)

Part time 0/23 (0) 1/18 (5.6)

Self-employed 7/23 (30.5)  4/18(22.2)
Unemployed 1/23 (4.3) 2/18 (11.1)
Retired 11/23 (47.8)  7/18(38.9)

Marital status® .306

Single 1/23 (4.3) 3/18 (16.7)
Married 20/23 (87.1) 11/18(61.1)
Divorced 1/23 (4.3) 2/18 (11.1)

Widower - 1/23(4.3) 2/18 (11.1)

Distance from surgery, mo' 34 (6-97) 40.5(6-84) .599

Neck dissection’ 20/23 (87)  17/18(94.4) 618

T classification’ o017
1 2/23 (8.7) 0/18 (0)

2 12/23 (52.2)  4/18(22.2)
3 8/23 (34.8) 13/18(72.2)
4 1/23 (4.3) 1/18 (5.6)

N classification’ 890
0 20/23 (87)  16/18(88.9)

1 1/23 (4.3) 0/18 (0)
2 0/23 (0) 0/18 (0)
3 0/23 (0) 0/18 (0)
X ) 2/23 (8.7) 2/18 (11.1)

M classification’

0 23/23 (100)  18/18 (100)
1 0/23 (0) 0/18 (0)

Abbreviations: OPHL, open partial horizontal laryngectomy, +A, arytenoid resection.

Tfﬁn}.ﬂfwhimy Utest.

¥ Figher's exact test.

Note: Values are median (range) or numbers (%).
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Table 2 Comparison of swallowing functional outcomes between open partial
horizontal laryngectomy type lia and type llla

OPHL lla +A OPHLIlla +A  pvalue

Pneumonia* 0/23 (0) 1/18 (5.6) 439
A Weight, kg' 2(—12to+21) 0(—5to +25 .862
Spillage liquid* 11/23 (47.8) 7/18 (38.9) 752
Spillage semisolid* 9/23 (39.1) 5/18 (28) 520
Spillage solid* 7123 (30) 8/18 (44.4) 515
Piecemeal liquid* 5/23 (22) 2/18 (11.1) 438
Piecemeal semisolid* 3/23 (13) 2/18 (11.1) 1
Piecemeal solid* 4/23 (17.4) 3/18 (16.7) 1
PAS liquid® 6 (1-8) 7 (1-8) 860
PAS semisolid” 1(1-7) 1(1-8) 802
PAS solid" 2 (1-8) 3(1-8) 225
Pooling liquid® 7 (5-9) 7 (4-9) 322
Pooling semisolid” 6 (4-9) 5.5 (4-9) 968
Pooling solid" 6 (4-8) 7.5 (4-10) 043*
DOSS" 5 (1-7) 4 (1-6) 391

Abbreviations: OPHL, open partial horizontal laryngectomy; +A, arytenoid resection; PAS,
Penetration-Aspiration Scale; DOSS, Dysphagia Outcome and Severity Score.

*p<.05.

T Mann-Whitney U test.

Fisher’s exact test.

Note: Values are median (range) or numbers (%).
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Table 3 Comparison of voice functional outcomes between open partial
horizontal laryngectomy type lia and type llla using Mann-Whitney U
test

OPHL lla +A OPHL llla +A  pvalue

Vibration 2 (1-5) 2.5 (1-9) 153
Arytenoid motion 4 (1-5) 3 (1-5) .071
Closure 4 (1-5) 3 (1-5) .209
Intelligibility 3 (0-8.8) 5.7(1.1-9.7)  .037*
Noise 0.7 (0-2.5) 1.2 (0-6.4) 107
Fluency 1.3 (0-8) 1.55 (0-10) .357
Voiced segments 0 (0-2.7) 0 (0-10) 121
Grade 3 (1-3) 3 (2-3) 125
Instability 0 (0-1) 0 (0-0) .066
Roughness 2 (0-3) 2.3 (0-3) 451
Breathiness 0 (0-3) 0 (0-3) .831
Asthenia 0 (0-3) 0 (0-3) 444
Strain 0 (0-3) 0 (0-2) 494
MPT, s 7.3(1.9-189 6.1 (1.4-11.2) .248
“pa,” syllable/s 3.2(1.4-4.9) 29(21-42) 226
“pataka,” trisyllable/s 1.2 (0.6-2.2) 1(0.5-2) 310
Reading time, s 29.4 (21.9-54.5) 28.2 (22.4-44.2) .646
Reading rapidity, 3.4 (1.8-4.5) 3.5(24-44) .589

syllable/s
Titze's classification

1 4 (17.4%) 4 (22.2%) .389

2 5 (21.7%) 4 (22.2%)

3 9 (39.2%) 9 (50%)

4 5 (21.7%) 1(5.6%)

Abbreviations: OPHL, open partial horizontal laryngectomy; +A, arytenoid resection; MPT,
maximum phonation time.

*p<.05.

Note: Values are median (range) or numbers (%).
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Paper 4

How the operated larynx ages

Background: After open partial laryngectomy{HOPL), many patients experience
deterioration of | aryngeal funct ilaoymgead ver t
functional outcome at least 10 years after surgery in a cohort of 80 elderly patients.
Methods: The incidence of aspiration pneumonia (AP) and objective/subjective laryngeal
functional assessments were carried out.

Results Eight patients expeneed AP including four with repeated episodes. A significant
association was observed between AP and severity of dysphagia (p <0.001). Dysphagia was
more pronounced than in a normal population of similar age but less than would be expected.
There was a sigficant association between type of intervention and grade of dysphagia /
dysphonia; difference in voice handicap was found, depending on the extent of glottic
resection.

Conclusions After HOPL, laryngeal function was impaired but this did not signifigan

affect quality of life. AP is more frequent in the initial pagterative period, decreasing in

subsequent years.

Introduction
In the second half of the twentieth century, horizontal open partial laryngectomies

(HOPLs), including in this category, s@glottic laryngectomies (SLs), supracricoid
laryngectomies (SCPLs) and most recently, supratracheal laryngectomies (STPLs), have
become established as a viable surgical option, primary or salvage, for the treatment of
laryngeal cancer in its intermediatiage. Many authofs have reported the oncological and
functional results of HOPLs while others have reported data relating to complications and,
in particular, on more frequent and problematic complications, represented by chronic

aspiration of food andspiration pneumonia (AP).

Globally, HOPLs have demonstrated the possibility to obtain a high rateyetr5
local/regional control of disease, often in over 70% of cases and they were used widely in

the 1980s and 1990s, particularly for SCPIslt is therefore logical to assume that there is
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now the opportunity to observe a population of elderly patients, cured of laryngeal cancer,

and who have experienced aging with an operated larynx.

An accurate literature analysis was carmed and, to our knowledge, there are few
papers focusing on the interesting question how the operated larynx ages. Therefore, a
retrospective cohort study was carried out on a group of 80 elderly patients (age >70 years)
who underwent HOPLs at least 10ay®e before, focusing on swallowing and phonatory
results. Laryngeal function analysis was performed using objective and subjective methods,
comparing data on episodes of AP occurring during the felipweriod. Then a comparison
was carried out with liteture data about the swallowing impairment in elderly subjects who
had not undergone any laryngeal surgery, dysfunctions being considered an expression of

the physiological aging of the larynx.

The goal was to evaluate functional outcomes at least 18 g#tar HOPL in a cohort
of elderly patients looking for a possible statistically significant correlation between amount
of resection and grade of impairment of some swallowing and phonatory parameters detected
by selfevaluation and accurate functionalst® The goal was also to examine the
relationship between type of surgery and incidence of aspiration pneumonia (AP) during

follow-up.
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Materials and Methods

From 1976 to the time of writing, 1486 HOPLs (supraglottic, supracricoid,
supratracheal) have é&e performed at the Departments of Otorhinolaryngology of the
Hospital of Vittorio Veneto and the Martini Hospital in Turin (Italy). This group represents
a subset of 2986 patients suffering from invasive squamous cell carcinoma of the larynx

(SCC) treatedluring the same period.

The retrospective study was focused on a cohort of 80 patients with the following
characteristics: patients without evidence of disease with a minimum fafjoperformed
in the above mentioned departments of at least 120 maeniinent age greater than 70 years,
and previous interventions of SL, SCPL or STPL. At the time of the last follow up, the
current age of the cohort of patients ranged between 70 and 83 years with a mean age of 74.8

years.

Seventyone patients were male§8%) and nine female (11.2%); at the time of
surgery, 91% were current or former smokers, with a mean age of 63 years (fangg 56
all patients had a biopgyroven laryngeal SCC staged from Il to IVa according to the 2002
TNM staging classification syasmn®

During the 3 weeks preceding surgical treatment, all patients underwent the same
diagnostic workup that included: flexible videolaryngoscopy, intraoperative rigid
endoscopy with 0°/angled telescopes and biopsy during microlaryngoscopy under general
anesthesia, laryngeal and neck-&%&n or MRI, bronchoscopy and esophagoscopy to rule
out synchronous tumors, chestray or CTFscan to exclude lung tumors or distant
metastases, assessment of bronchopulmonary function and of comorbiditiesigtr at
patients, and nutritional evaluation. The Karnofsky Performance Status Index had to be at

least 80 (i.e. patient able to carry out normal activities, even though with diffiéulty).

In addition to a Karnofsky Index less than 80, exclusion criteria were stiabetes
mellitus, severe bronchopulmonary chronic obstructive disease and severe cardiac disease.

Even though historically an age of 70 years has been an importeoff agge for relative
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surgical indication of some partial laryngectomies, in our expeeieadvanced age is no
longer, in itself, an exclusion criterion. After accurate selection of patients on the basis of
the absence of important comorbidities and the strong desire of the patient to avoid

permanent tracheostomy, age was also considereglalomi t h t he pati ent 6s

On the basis opathological findings, 13 patients (16.3%) were subjected te post
operative radiation therapy with a mean dose of 64 Gy delivered to the larynx (three patients,
range 6266 Gy) and 54 Gy to the neck (10 patients, rang&6@Gy).

Surgery

Of the 80 patiets, 23 underwent SL, 45 underwent SCPL and 12 underwent STPL.
In the subset of SLs, there were 6 extended supraglottic laryngectomies (ESL), 4 to the base
of the tongue and 2 to the pyriform fossa. In the subset of SCPLs, the procedures used at the
time of reconstruction were cricohyoidoepiglottopexy (SGPHEP) and cricohyoidopexy
(SCPL-CHP). Removal of one arytenoid was indicated in the surgical records by adding the
notation A+ AO to the abbreviation htofr t he
the removed arytenoids. In the subset of ST®lise procedures used at the time of
reconstruction were tracheohyoidoepiglottopexy (STPEP) and tracheohyoidopexy
(STPL-THP). Removal of one cricoarytenoid unit was again indicated by addingtéteno

A+ A0 to the abbreviation for the | aryngec

removed cricoarytenoid unit. Interventions carried out are reported in Table 1

Neck dissection (ND), classified according to the ANNS 't was performed iall
of the patients and was unilateral in 36 and bilateral in 44 patients. Neck dissection was
elective (level H11-IV + ev. level VI in the case of subglottic extension) in 67 cNO patients
(83.8%) and curative (level-¥ + ev. level VI in the case dafubglottic extension) in 13

cN>0 patients (16.3%). Overall, lymph node metastases were detected in 12 patients.

In all patients, resection margins were examined intraoperatively by frozen sections;

when positive, the resection was expanded until the mawgere negative. The margins of
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the surgical specimen were always checked again until definitive pathology reports indicated

that the margins were closed (<3 mm) in four patients.

Functional assessment

All patients underwent the same rehabilitation protocol, with the obvious exception
of those with serious early complications. The pmstrative protocol consisted of the
following: a) Postoperative daysil: insertion of urcuffed tracheal cannula anddinning
of phonation; b) Postperative days i46: during daytime, intermittent occlusion of the
tracheostoma with a salirsmaked gauze and starting of feeding without the tracheal cannula
in position; c) Posbperative day 6 onwards: the nasogastric {iNBT) was removed as

soon as a good level of swallowing of both solids and liquids was achieved.

Gradingofposbper ati ve aspiration was pe¥®Ofor med
= none; | = occasional cough but no clinical problems; lI= constanthceogsening with

meal or swallowing; lll= pulmonary complications).

The study took place in 2011, and during the annual fellpwvisit, all patients
underwent the following evaluations: ENT clinical examination coupled with fiberoptic
videolaryngoscopyaccurate assessment of episodes of AP occurring during the -ighlow
period; evaluation of dysphonia using subjective and objective methods; evaluation of
dysphagia using subjective and objective methods.

All episodes of AP and acute pneumonia were consijalocumented by chest X
rays and/or by a medical report, in the period from the day of discharge to the date of the last

follow-up visit, whether the patient had required hospitalization or had been treated at home.

For the evaluation of dysphonia, phtients were administered the Voice Handicap
Index (VHI) questionnaire proposed by Benninger et al. in £d88the selfassessment of
their vocal disability. This is a questionnaire consisting of 30 items referring equally to three
different aspectsfovocal disorders: physical, functional and emotional. The patient can
provide five possible answers, from never to always, assigning a score from 0 to 4. Summing

the values assigned to the 30 responses, an overall score is obtained between a minimum
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valueof 0 and a maximum value of 120 that corresponds to the highest level of phonatory
disability perceived by the patient. Then a phoniatrician and a speech therapist evaluated the
voice in all patients by assigning to each a score based on the GIRBAS sdwlereading

a standard text from SIFEL (ltalian Society of Phoniatrics and Logopedics).

For the evaluation of dysphagia, all patients were administered the MD Anderson
Dysphagia Inventory (MDADI) questionnaitewhich consists of 20 questions relht®
three different aspects of dysphagia: functional, physical and emotional. Again, the patient
can provide five possible responses, ranging from never to always, assigning a score from 1
to 5, and obtaining an overall score between a minimum valuearid8@ maximum of 100,
which corresponds to the highest level of disability perceived by the patient swallowing. The
radiological study of swallowing was performed by videofluoroscopy. The radiographs
obtained for each patient were then evaluated togdiiea radiologist (CB) and a
phoniatrician (PC) and each patient was assigned a score based on the DOSS (Dysphagia
Outcome and Severity Scafé)The DOSS assigns 7 degrees (the highest level of dysphagia
corresponds to level 1) and is based on an objeetbgessment of dysphagia from the
videofluoroscopy, and the level of independence during the intake of food and type of food.
This score allows us to understand which patients need more attention and care to avoid the
risk of AP.

Statistical analysis

Statistical analyses were conducted using SAS System 9.2. The association between
AP and type of intervention was analyzed using theschiuar e t est . Fi scher
used since the number of cells with the expected frequency of less than 5 aiaes tien
50%. The association among the degree of dysphonia, dysphagia, and type of intervention
was analyzed using ANOVA tests, whereas the association between AP and degree of

dysphagia was analttested using the Studentds
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Results
At the time oflast followup, performed by clinical examination of the neck,

fiberoptic videolaryngoscopy and chestay, all 80 patients were free of disease.

At the end of the firstposiper ati ve mont h, nor mal swall
Grade 0) was achieved in /86 patients (70.0%), Grades | and Il were observed in 10
(12.5%) and 8 (10.0%) patients, respectivel
in 6/80 patients (7.5%). The nasogastric tube remained in place for an average of 15 days
after surgery (rage 6 67 days), the mean duration of tracheostomy intermittent occlusion
was 25 days (range 192 days), and the average time of tracheostomy closure was 57 days
(range 29131 days). In our protocol, progressive closure of the tracheostomy is preferred,
andoccurs spontaneously in the majority of patients following occlusion. For patients, this
leads to a sensation of greater safety concerning small episodes of food inhalation, which are
relatively frequent, especially in the first weeks after discharge nwhestracheostomy has
almost closed, a small plastic skin closure can then be performed. The tracheostomy tube
was removed an average of 39 days after surgery (rari@® Ifays), always when the
patient was able to feed themselves. Two months after sufgerPe ar sonés Gr ad ¢
were noted in four (5%) and two (2.5%) patients, respectively. Due to intense dysphagia and
AP episodes in 8/80 patients (10%), a temporary gastrostomy was needed and in 75% of the
cases, this was removed during the first jopstrative year. Only in one case was the
gastrostomy maintained for a longer period (4 years) due to repeated episodes of AP and
severe dysphagia for liquids. Two patients have been subjected to endoscopic procedures of
injective laryngoplasty using Vebmplant which has successfully resolved dysphagia,

allowing gastrostomy removal.

From the day of discharge and during the whole period of felipyeight patients
(10%) experienced at least one episode of AP, including four patients who experienced
repeatd episodes, for a total of 13 episodes of AP reported in the years after intervention
(Table 2). In three cases, hospitalization of the patient was necessary (ICHEPL+ A,
1 SCPLCHP + A, 1 STPLTHEP + A), while among the cases treated at home, orenpat

had undergone extended SL (extended to base of tongue), five patients had been subjected
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to SCPL (2 SCPICHEP, 2 SCPICHEP + A, 1 SCPiCHP + A), and two patients had been
subjected to STPL (1 STPLHEP + A, 1 STPLETHP). Analysis of AP episodes has
denonstrated that these occur more frequently in the early years after surgery, but are less
frequent a long time after the operation, as illustrated in Figure 1. There is a statistically
significant association between AP and type of intervention (FiscétePte 0.0131), since

a higher rate of AP was observed in the more extended procedures (one arytenoid resection,
one cricoarytenoid unit resection, enlargement at the base of the tongue, supratracheal

resection).

The results of the videofluoroscopy, assed using the DOS Scale and divided by
type of intervention, are shown in Table 3. The vast majority of patients (58/80; 72.5%)
achieved and maintained a very good level of rehabilitation over time, identified by grades
6i 7 on the DOS Scale. The SLs caach gradei& in 87.0% of cases (20/23), SCPLs in
77.8% (35/45), and STPLs in 25% (3/12); the more pronounced levels of dysphagia, grade
3i 4 of the DOS Scale, were found in SLs at a rate of 4.3% (1/23), in SCPLs at a rate of 8.9%
(4/45) and in STPLs atrate of 33.3% (4/12).

The study of swallowing function was completed by the astiessment of dysphagia
using the MDADI questionnaire and scores were stratified by type of intervention (Table 4).
Overall in 83.8% of patients, the degree of perceivedlswing disability was low with
MDADI scores of 20 to 40, and it was possible to observe statistically significant differences
between the various categories of intervention (100% of SLs, 82.2% of SCPLs, 58.3% of
STPLs). The most significant perceived seaing disability, with MDADI scores of 61 to
80, was observed in two interventions (4.4%) by SCPL. There was a statistically significant
association between type of intervention and degree of dysphagia, evaluated in an objective
manner using videofluorospy and with the DOS Scale (ANOVA test, P <0.001), both
perceived by the patient and saffsessed using MDADI (ANOVA test, P = 0.0125). Also,
in this case, the worst levels of dysphagia were associated with the most extensive
procedures resulting in anata-functional violation of the glottic sphincter, particularly
when such violation led to the removal of one arytenoid or the removal of the entire

cricoarytenoid unit as in supratracheal laryngectomies.
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The results of the voice analysis using the GIRB#&Sle as well as the results of
self-evaluation using the VHI questionnaire are shown in Table 5 stratified for each type of
intervention. Objective assessment with the GIRBAS scale showed that overall, HOPLs
enabled patients to achieve and maintain g&gd voice restoration (GIRBAS scorel)
in 20% of cases, only those patients who underwent SLs (16/23, 69.5%); 50% of patients
[the group consisting of 4/23 SLs (17.4%), 30/45 SCPLs (66.7%) and 6/12 STPLs (50%)]
showed a medium value of dysphonia (GIRBA&ore 1.012); the worst results for
dysphonia (GIRBAS score 2.03) were found in 30% of patients, the group consisting of
3/23 SLs (13.0%), 15/45 SCPLs (33.3%) and 6/12 STPLs (50%). Similar to what was
observed for selassessment of dysphagia, the gtatiphonatory function using the VHI
guestionnaire demonstrated that a large number of patients, representing 60% of the study
cohort (69.5% of SLs, 62.2% of SCPLs and 33.3% of STPLSs), perceived a low level of vocal
handicap (VHI scorei®0), while 11 o0 patients (13.8%) receiving SCPLs (8/45, 17.8%)
or STPLs (3/12, 25%) complained of a high degree of speech handicap. Since there is a
remarkable difference in voice handicap between HOPLs depending on the extent of glottic
resection, a statistically sigitant association was found between type of intervention and
grade of dysphonia, both perceived by the patients (ANOVA test, P = 0.0125) and evaluated
in an objective manner (ANOVA test, P <0.001). Also, in this case, a poorer functional
results were foad proportional to the amount of larynx resected downwards (best results for
SLs then for SCPLs and finally for STPLS).

To understand whether AP was associated with severity of dysphagia, the values of DOS
scale and MDADI of the eight patients who hadeleped AP during the followp were
considered (Table 6). A clear correlation was observed between pneumonia and severity of
dysphagia both eval uat ed t-test P&a0D0lydng perceivedv e ma
by the pat tteshP<00S.t udent 0s

Patients who complained of repeated episodes of pneumonia were those who had more
severe levels of dysphagia. The average DOS Scale value of patients who had at least one
episode of pneumonia was 4.38 (rang®)3 whereas in those patients who hademev

developed an episode of pneumonia, the value was 6.19 (ranpgerhe average MDADI
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score in patients with at least one episode of pneumonia was 56.38 (raiige 38ereas
in those patients who had never complained of any episode of pneumoniagréhevas
33.00 (range 2067). These data allow us to conclude that these episodes of pneumonia were

closely correlated with the degree of dysphagia.

Discussion

Over the last three decades, HOPLs have emerged as an important weapon in the
surgical treatmentf laryngeal cancer at intermediate/advanced stages and, especially in
Europe, there are now thousands of patients who have undergone HOPLs and are aging with
an operated larynX3 Dysphagia, dysphonia and aspiration pneumonia have been
recognized as theajor complications in patients subjected to these interventions and can

significantly affect their physical and emotional conditfdn.

Starting from the observation that the phenomena referred to as presbyphagia and
presbyphonia represent functiomadtierations that can occur even in normal elderly subjects

never subjected to laryngeal surgery, we asked a series of questions.

What can be expected for a patient subjected to HOPL and aging with his operated
larynx? Will the degree of dysphagia remaitabte over time or will it undergo a
physiological deterioration? What is the degree of AP observed in a cohort of elderly patients
undergoing HOPLs compared to a cohort of elderly subjects that were never subjected to
laryngeal surgery? During followp, is it necessary to use corrective behavior to ensure that
the patient has a good quality of life?

The quality of voice is one of the most critical aspects of HOPL, especially when the
resection is extended to the glottis or downward to the subgdfbttisa functional study on
64 patients who underwent SCPL, Makeieff efdbund that the intervention could have a
marked social and professional impact. Comparing voice analysis in patients subjected to
total laryngectomy and voice prosthesis {VP) vs SCPL, Yoon Kyoung et &P
demonstrated that the maximum phonation time was longer in théPTdgroup than in the

SCPL group. Finally, Schindler et&lconducted a crossectional study on 20 patients who
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underwent SCPL and in whom perceptual assessraesaled a very harsh voice, acoustic
analysis displayed an irregular signal, and aerodynamic measurements showed an inefficient

system.

A remarkable difference in voice handicap was found between HOPLs in the study
cohort depending on the extent of glotesection with a statistically significant association
between type of intervention and grade of dysphonia, both perceived by the patient and
evaluated in an objective manner. A poorer functional result was found proportional to the
extent of the larynxesected downwards (best results for SLs, then for SCPLs and finally for
STPLs).

There are several studies on swallowing impairment following HOPLs, especially
following SCPLs, demonstrating an overall incidence of temporary aspiration varying from
32% b 89%, regardless of patient age at surgésymilarly, the rate of AP in the initial
postoperative period ranges from 4.3% to 23%. In a large series of patients, Benifo et al.
have demonstrated that age (alone) should not be considered as a megimdioation for
SCPLs despite the fact that statistical analysis has demonstrated a risk of GHade I
aspiration (Pearsondés scale) only in patien
total arytenoid resection. In another study, Schinelleal. have compared 10 patients aged
>65 years at the time of surgery with 10 younger patients, concluding that age (alone) was

not a major drawback in these interventiéhs.

The case of the present study cohort is different. The patients undergoirgysurg
ranged between 56 and 73 years, were analyzed after a minimum-tiglperiod of 120
months (range 12@32 months) and were subjected to different types of open partial
interventions on the larynx (nine different types) that essentially differ iratth@unt of
resection and in the functional violation of glottic and-glddtic sites. This is therefore a
study that directly and indirectly analyzes the function of the neolarynx a considerable period
of time after surgery, when, in particular, the fuaotof swallowing may have stabilized
considerably and therefore be subjected to possible physiological deterioration of function,

referred to as O6presbyphagi ad.
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In 2011, Van der MaardNierink et al?® conducted a systematic literature review of
the risk fictors for aspiration pneumonia in the elderly and the results showed evidence of a
positive relationship between aspiration pneumonia and the risk of dysphagia.
In another literature review, Eisenstidbund that dysphagia and the resulting aspiration
may be prevalent in the older population, but symptoms are not always clinically evident. In
1995, using videofluoroscopy, Frederick et®alshowed an increase in swallowing
alterations with aging. In particular, in subjects older than 60 years, persistethe bolus
in the valleculae and pyriform fossa was observed with increased risk of laryngeal
penetration and aspiration, asymmetry and hypertrophy of themieyngeal muscle and,

i n some cases, the presence of a Zenker o6s d

These lattefeatures are the same as those found in a subset of our more dysphagic
patients who, statistically, were those undergoing more extended resections. In this series, at
theend of thefirstposiper at i ve mont h, nor mal swa$!| owi n
achieved in 70.0% of patients while 2 months after surgery, some difficulties of swallowing
were encountered with Pearsonds Grades | at
8/80 patients (10%), a temporary gastrostomy was needed and in 75&s@fcases, this
was removed during the first pegperative year. Only in one case was the gastrostomy
maintained for a long period (4 years) due to repeated episodes of AP and severe dysphagia
for liquids until the patient had been subjected to two erwms procedures of injective
laryngoplasty using Vo¥mplant that successfully resolved the dysphagia, allowing
gastrostomy removal.

After a longterm follow-up period, the swallowing analysis showed that, in patients
aging with a larynx subjected to HOPthe severity of dysphagia in those aged >70 years
was of course more pronounced than in a normal population of similar age but certainly less
than would be expected as 72.5% of patients, despite the previous intervention of HOPL,
achieved and maintainedvery good level of rehabilitation, identified by gradées 6f the
DOS Scale. Since all of these patients were elderly (mean age 74.8 years) at the time of the
videofluorographic study of swallowing, it is clear that, in patients who had achieved a good

level of swallowing rehabilitation after surgery, dysphagia remains stable over time and,
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compared to a population of the same age not suffering from particular diseases, is not
significantly worse.

These considerations do not apply to patients who hagadyl suffered important
swallowing disorders in the immediate pogterative period. The more severe levels of
dysphagia, gradei @ of the DOS Scale, were found in SLs at a rate of 4.3%, in SCPLs at a
rate of 8.8% and in STPLs at a rate of 33.3%. AP depisoccur more frequently in the early
years after surgery in the more extended procedures (one arytenoid resection, one
cricoarytenoid unit resection, enlargement to the base of the tongue, supratracheal resection)

but are less frequent a long time attex operation.

The latter data referring especially to supratracheal laryngectomies require careful and
cautious evaluatiorin a series of 70 consecutive supratracheal laryngectomies, Rizzotto et
al? observed acute complications in 7.1% of patients. Mhset frequent was AP, in 60%

out of all acute complications. Late sequelae occurred in 28.6% of patients. Of these, the
majority were due to laryngeal obstruction (70% of late sequelae), most of which were
related to chronic edema or mucosal flaps oftb@arynx while in 27.1% of cases, patients
suffered from intermittent or persistent aspiration. The authors emphasized that the majority
of late sequelae were treated by one or two transoral procedures usintpadtOn patients

who developed late sequelae, the larynx was spared in 17/20 (85%), and total laryngectomy
was proposed in only one patient for persistent aspiration but he refused preferring to keep
t he gastrostomy and maimetoaifrunwdii oer. shfatra rm gt
necessary to be prepared for subsequent endoscopic surgery, laser surgery or injective
laryngoplasty to correct the anatomical and functional results and to achieve the best possible
outcome. Fortunately, in only @W cases, persistent dysphagia and aspiration pneumonia
still represent major complications in patients undergoing STPLs and significantly affect

their physical and emotional condition.

The reality, therefore, is that, after a supratracheal laryngectomy with a cricoarytenoid unit
resection, it is difficult to achieve an optimal degree of recovery of swallowing (gi&de 7
of the DOSS in only 25% of cases), and, in most cases (>75% o),chsepatient still

manages to reach and maintain a sufficient level of rehabilitation from dysphagia over time
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(DOSS grade >4) which corresponds to an acceptable autonomy of the solid and liquid food
oral intake. This aspect can be understood by angyhie characteristics of supratracheal
laryngectomy extending to a cricoarytenoid dfin this case, from the side of the resected
hemycricoid plate, there is a clear lack of wall between the hypopharynx and larynx,
represented by the posterolaterattijpm of the cricoid cartilage, which is only replaced by
suturing the hypopharyngeal mucosa to the tracheal stump to recreate a good patency of the
pyriform sinus (Fig. 2). This defect may represent a route of food entry into the larynx that
can be treatkby maintaining a proper laryngopharyngeal sensation, recreating a functional
neoglottic valve with the contralateral cricoarytenoid unit, constructing a pexy between the

trachea and hyoid bone, and enhancing physiological coordination during swallowing.

Since the dysphagia observed in patients who underwent HOPL is undoubtedly the
product of anatomical and physiological alterations of the larynx but also due to
presbyphagia, what possible explanation can be given for the interesting phenomenon
representg by having a degree of dysphagia less than expected (taking into account the
amount of larynx resected) and in particular, that the dysphagia does not appear to deteriorate
during aging? And also why did data collected from patients usingassdfssment

guestionnaires of dysphagia report rates that were more than satisfactory in 97.5% of cases?

The explanation could be that, in addition to providing the cornerstone of functional
recovery, all horizontal partial laryngectomies offer the following surdiagtilights: (a)
preservation of the superior laryngeal nerves, (b) good patency of the pyriform sinuses, (c)
the presence of at least one functioning cricoarytenoid unit and finally, (d) the suspension of
the residual larynx to the hyoid bone. This lattendition involves the placement of the
cricoid at a level higher than what is physiologically found in the healthy adult, in a position
more similar to what is found in the newborn, where a facilitated swallowing act is favored
by the higher position dhe larynx and large patency of the pyriform sinuses. This is what
Is obtained by raising the cricoid closer to the base of the tongue, in a more advantageous
position for swallowing, and is equivalent to what is observed in the adult during the
pharyngeaphase of swallowing. As evidence of this statement, videofluorography frames

are shown during the respiratory phase in a newborn (Fig. 3A), in a normal elderly subject
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(Fig. 3B), and in an elderly patient who had already undergone &EH#P (Fig. 3C). As

can be seen, the lower edge of the cricoid both in the newborn and in the patient subjected
to SCPLCHEP is located at the level of the vertebral body of C5 and this is a consistent
condition in all patients subjected to HOPL; on the other hand, in tieel\elgatient, the

lower edge of the cricoid is located at the level of the vertebral body -@7Ctn a less
advantageous functional position. It can therefore be said that this condition, reproducing
the anatomical conditions found in the newborn, téad®unteract the physiological decay

of the laryngeal swallowing function, despite the fact that significant portions of the larynx

have been sacrificed.

In this way, it is possible to explain the low incidence of AP episodes observed during
long-term fdlow-up and the fact that the clinical evaluation of pulmonary function of
patients at last followap was still satisfactory (no cases of dyspnea at repose, only four
patients with Karnofsky Index less than 80, two patients with Karnofsky Index less0than 7
After discharge, 13 episodes of AP were observed, which occurred in only eight out 80
patients. Overall, three episodes of AP occurred in the last 3 years and 10 in the previous 12
years, nine of which occurred in the first 3 years after surgery.rlomuaion, this is related
to the adoption by physicians and patients of measures to reduce the risk of aspiration
(placement of temporary gastrostomy for patients suffering from severe dysphagia,
prolonged and repeated chest therapy and swallowing reatail, elimination of food at
risk in two patients with more than one episode of pneumonia during folvand the
possibility to carry out corrective endoscopic procedures (e.g. injective laryngoplasty in two
patients with more than one episode ofymenia during followup).

It is thus established on the basis of indirect findings on the AP episodes that the incidence
of these phenomena increases slightly with age but this is not statistically significant, while
a statistically significant correlain was confirmed between the extent of resection and the

risk of AP, as already observed by Benito €t al.

In conclusion, the results of laryngeal functionality in a sample of elderly patients

(age >70 years subjected to HOPLs and examined at least 6 aféer surgery) are
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undoubtedly stable and repeatable both for SLs and SCPLs, as already reported by many
authors. For STPLs, this is the first study in terms of functional outcome and, although the
function of the remaining larynx is poorer, both ohijjgetand subjective outcomes have
demonstrated the quite satisfactory validity of STPLs in sparing laryngeal function, albeit at
the obvious expense of a é6simplifiedd | aryn
of this organ to recover the essertial its function after partial surgical mutilation, provided

that tissue has been sacrificed and the org

The results of this study reveal that, despite the disruption of the normal anatomy of
the larynx in patients who underwent HOPLs (and aged with an operated larynx), laryngeal
functions, in particular swallowing, are impaired but this did not significantly affect quality
of life, especially when compared to the laryngeal functions of elderly suljbotdid not

receive any procedures on the larynx.

Aspiration pneumonia, the most dangerous complication of HOPL, seems to be more
frequent in the initial posbperative period and less so in subsequent years, thanks to the
maintenance of temporary gamsttomy, prolonged chest therapy and rehabilitation of

swallowing.

Finally, the injective laryngoplasty techniques can now offer effective solutions in

the more dysphagic patiertts.

307



REFERENCES

10.

Laccourreye O, Brasnu D, Biacabe B, Hans S, Seckin S, Weinstbiacadjuvant
chemotherapy and supracricoid partial laryngectomy with cricohyoidopexy for
advance endolaryngeal carcinoma classified a3 4:%-year oncologic result$lead
Neck 199820:595599.

Rizzotto G, Crosetti E, Lucioni M, Succo G. Subtotal laryngectomy: outcomes of
469 patients and proposal of a comprehensive and simplified classification of
surgical procedures. Eur Arch Otorhinolaryngol 2012;269(6):163%.

De Vincentis M, Minni A, Gallo A, Di Nardo A. Supracricoid partial
laryngectomies: oncologic and functional results. Head Neck 1998;20(&04

Benito J, Holsinger FC, Pérd#artin A, Garcia D, Weinstein GS, Laccourreye O.
Aspiration after supracricoid partial largectomy: Incidence, risk factors,
management, and outcomes. Head Neck 2011;33(558%9

Piquet JJ, Desaulty A, Decroix Q.a Cricohyoido-épiglottopexie. Tecnique
opératoire et résultats fonctionnefsn Otolaryngol Chir Cervicofac 1974;91:681
690.

Labayle S, Bismuth R.a laryngectomie totale avec reconstructidnn Otolaryngol
Chir Cervicofac 1971;88:21928.

Serafini . Reconstructive laryngectomy. Rev Laryngol Otol Rhinol 1972;93223

Union International Contre le Cancer. TNM classification of malignant tumors, 6th ed.
New York: Wiley-Liss; 2002.

Karnofsky DA, Burchenal JHC he clinical evaluation of chemotherapeutic agents in
cancerln: MacLeod CM, editor. Evaluation of chemotherapeagents. New York:
Columbia University Press; 1949. p 1905.

Rizzotto G, Succo G, Lucioni M, Pazzaia ®Bubtotal laryngectomy with
tracheohyoidopexy: a possible alternative to total laryngectobayyngoscope
2006;116:19071917.

11. Robbins KT,Clayman G, Levine PA, et al. Neck dissection classification update:

revisions proposed by the American Head and Neck Society and the American
Academy of Otolaryngologifead and Neck Surgery. Arch Otolaryngol Head Neck
Surg 2002;128(7):75158.

12. PearsoBW. Subtotal laryngectomy. Laryngoscope 1981;91:19942.

308



13. Benninger MS, Ahuja AS, Gardner G, Grywalski C. Assessing outcomes for dysphonic
patients. J Voice 1998;12(4):5450.

14. Hirano M. Clinical examination on voice. New York: Sprinyerlag; 1981.

15. Chen AY, Frankowski R, Bishdpeone J, Hebert T, Leyk S, Lewin J, Goepfert H. The
development and validation of a dysphagiecific qualityof-life questionnaire for
patients with head and neck cancer: the M.D. Anderson dysphagia inventohny. Ar
Otolaryngol Head Neck Surg 2001;127(7):85715.

16. O6 Nei | KH, Purdy M, Fal k JJ, Gall o L.
Dysphagia 1999;14:13945.

17. Simonelli M, Ruoppolo G, de Vincentiis M, et &wallowing ability and chronic
aspiration after supracricoid partial laryngectomy. Otolaryngol Head Neck Surg
2010;142(6):873878.

18. Kandogan T, Sanal A. Voice Handicap Index (VHI) in partial laryngectomy patients.
KBB Forum 2005;4(1):14.7.

19. Makeieff M, de la Breteque A, Guerrig, Giovanni A. Voice handicap evaluation after
supracricoid partial laryngectomy. Laryngoscope 2009;1197606

20. So YK, Yun ¥S, Baek GH, Jeong HS, Son ¥I. Speech outcome of supracricoid partial
laryngectomy: comparison with total laryngectomyd aanatomic considerations.
Otolaryngol Head Neck Surg 2009;141:771b.

21. Schindler A, Favero E, Capaccio P, Albera R, Cavalot AL, Ottaviani F. Supracricoid
laryngectomy: age influence on lotgrm functional results. Laryngoscope
2009;119(6):1218.225.

22. Lewin JS, Hutcheson KA, Barringer DA, et al. Functional analysis of swallowing
outcomes after supracricoid partial laryngectomy. Head Neck 2008;36&69

23. Van der MaaréWierink CD, Vanobbergen JNO, Bronkhorst EM, Schols IMGA de Baat
C. Risk factors for aspiration pneumonia in frail older people: a systematic literature
review. JAMDA 2011;12(5):34854.

24. Eisenstadt E®ysphagia and aspiration pneumonia in older adults. J Am Acad Nurse
Pract 201®2:17i 22.

25. Frederick MG, Ott DJ, Grishaw K, Gelfand DW, Chen MYM. Functional abnormalities

of the pharynx: a prospective analysis of radiographic abnormalities relative to age and
symptomsAJR Am J Roentgeonol 1996;166:3887.

309



26. AlicandriCiufelli M, Piccinini A, Grammatica A, et alVoice and swallowing after
partial laryngectomy: Factors influencing outcome. Head Neck 2012 Feb 6. doi:
10.1002/hed.22946 [Epub ahead of print].

310



TABLE 1 Surgical procedures in the study cohort

Type of procedure No. (%)
SLs 17 (21.2)
Extended SLs 6 (7.5)
to base of tongue 4
to pyriform sinus 2
SCPLs 45 (56.3)
CHEP 19
CHEP + A 17
CHP
CHP + A
STPLs 12 (15)
THEP 7
THEP + A 3
THP 2
TABLE Number (%) of patients with AP and associatiorbetween AP and type of

procedure

Surgical procedures

N° patients (%) No. AP (%)

SL
SCPL
STPL

Statistical analysis

1/23 (4.3) 2 (15.4)
5/45 (11.1) 6 (46.1)
2/12 (16.7) 5 (38.5)
P =0.0131
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TABLE 3 Videofluorographic study of swallowing assessed using the DOS scale
and listed by type of procedure

DOSS No. % Type of procedure
SL Extended CHEP CHEP CHP CHP THEP THEP THP
SL +A +A +A
7 34 425 15 T 12 4 1 2 I I I
6 24 300 1 4 3 11 1 1 1 2 I
5 13 16.3 T 2 3 1 1 1 5 I I
4 7 8.8 1 T 1 1 1 1 1 I 1
3 2 2.5 i i i i i i i 1 1
Statistical analysis P <0.001

TABLE 4 Results of dysphagia selassessment using the MDADI questionnaire
listed by type of procedure

MDAD No % Type of procedure

S Extende CHE CHE CH CH THE THE TH

L dSL P P+A P P+ P P+A P
A

20i40 67 83. 17 6 15 15 3 4 6 1 T
8

41i60 11 13. 7 T 3 1 1 1 1 2 2
8

61i80 2 25 1 T 1 1 ) T T T T

811100 T T T T T T ) ) )

Statistical analysis P =0.0125

312



TABLE 5 Results of voiceanalysis by GIRBAS scale and by sekévaluation using
the VHI questionnaire listed by type of procedure

No % Type of procedure
S Extende CHE CHE CH CH THE THE TH
L dSL P P+A P P+ P P+ P
A A
GIRBA
S
0-1 16 20 15 1 | | T | | T |
1.0:-2 40 50 1 3 12 11 4 3 4 1 1
2013 24 30 1 2 7 6 2 3 2 1
Statistical analysis P <0.001
VHI
0-30 48 60 13 3 10 10 3 5 1 2 1
3160 22 27. 4 3 4 5 1 i 4 1 i
5
6190 9 11. i i 5 2 | i 1 i 1
3
91-120 1 13 i i T | | i 1 i i
Statistical analysis P =0.0125

TABLE 6 Correlation between number of AP episodes and grade of dysphagia

Patient Procedure No. of AP episodes DOSS MDADI
grade grade

1 THP 3 3 58

2 THEP + A 2 3 55

3 Extended SL 2 5 38

4 CHEP 2 5 67

5 CHEP 1 4 58

6 CHP 1 4 43

7 CHEP 1 6 59

8 CHEP 1 5 73
Statistical analysis P <0.001 P <0.001
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Fig. 1. Frequency of AP episodes during the followp period.

Fig. 2. Supratracheal laryngectomy, highlighting the reconstructive step with suturing
of the hypopharyngeal mucosa to th&racheal stump in order to recreate a good
patency of the pyriform sinus.
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