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Abstract
Purpose To evaluate the functional and oncologic outcomes of adjuvant (chemo)radiation [(C)RT] after open partial hori-
zontal laryngectomies (OPHLs).
Methods Multicenter retrospective evaluation of 130 patients (116 males, 14 females) submitted between 1995 and 2017 
to OPHL Types II and III for laryngeal cancer and receiving adjuvant (C)RT for one or more of the following risk factors 
at histopathologic examination of the surgical specimen: pT4a and/or > pN2a categories, close/positive resection margins, 
or presence of both perineural (PNI) and lympho-vascular invasion (LVI). The primary study endpoints were evaluation of 
the presence of tracheostomy and/or gastrostomy at last follow-up, and calculation of laryngo-esophageal dysfunction-free 
survival (LEDFS).
Results Mean age of the study cohort was 60.8 ± 8.9 years (median, 62; interquartile range [IQR], 13). Mean follow-up 
was 50.7 ± 39.4 months (range 24–188; median, 38; IQR, 51). Adjuvant therapy consisted of CRT in 53 (41%) patients, and 
RT alone in 77 (59%). Five-year LEDFS was 85%. Overall survival was 71.5%, while 13% of patients remained tracheos-
tomy- and 3% gastrostomy-dependent at the last follow-up. The only significant variable in predicting survival (p = 0.020) 
was tracheostomy dependence: it was maintained in 7.5% of subjects after OPHL Type II and in 34% of those submitted to 
OHPL Type III (p < 0.001).
Conclusions In selected patients affected by advanced laryngeal cancer, OPHLs Type II and III have a relatively good laryn-
geal safety profile and provide favorable oncologic outcomes even in case of need for adjuvant (C)RT.

Keywords Head and neck cancer · Laryngeal cancer · Laryngectomy · Adjuvant radiotherapy · Adjuvant chemotherapy · 
Concomitant chemoradiotherapy · Speech · Deglutition · Radiation effects

Introduction

Advanced laryngeal cancers (LC) are a heterogeneous subset 
of lesions differing greatly in terms of biologic behaviors, 
patterns of diffusion, location, and possible host comorbid-
ity profile. These intrinsic differences have been tradition-
ally regarded as the most important source of difficulty in 
accurately delineating clear-cut and reproducible guidelines 
for treatment of LC, especially if one considers not only 

oncologic outcomes, but also functional and organ preserva-
tion issues. In line with this assumption, the latest American 
Society of Clinical Oncology (ASCO) position paper states 
that “for patients with locally advanced (T3, T4a) disease, 
organ-preservation surgery, combined chemotherapy and 
radiation, or radiation alone offer the potential for larynx 
preservation without compromising overall survival”. 
However, recommendation 2.2 points out that “for selected 
patients with extensive T3 or large T4a lesions and/or poor 
pre-treatment laryngeal function, better survival rates and 
quality of life may be achieved with total laryngectomy (TL) 
rather than with organ-preservation approaches and may be 
the preferred approach” [1]. Thus, after decades of organ-
preservation strategies and endless debates between surgical 
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and non-surgical enthusiasts, we are still far from having 
proper selection criteria.

In such a multifaceted scenario, the role of partial lar-
yngectomies, in spite of their long history and well-known 
oncologic soundness, has shown fluctuating results with 
unequal geographical distribution, in both Europe and 
the Americas. The wide variety of operations described 
and recent widespread diffusion of alternative therapeutic 
options (transoral laser microsurgery [TLM] on one hand 
and chemoradiation [CRT] on the other) have further com-
plicated this issue. Nowadays, the most frequently used tech-
niques for open partial horizontal laryngectomy (OPHL) are 
supracricoid laryngectomies, described back in the 1970s 
mostly by French authors [2–4] and, more recently, by 
supratracheal techniques, described mainly by Italian sur-
geons [5]. In 2014, the European Laryngological Society 
(ELS), confirming the diffusely perceived need for an easy 
classification tool, introduced a comprehensive nomen-
clature system of OPHLs as Type I (supraglottic), Type II 
(supracricoid), and Type III (supratracheal), with conserva-
tion (a) or sacrifice (b) of the epiglottis and/or resection of 
one arytenoid (+ ary) [6].

This has greatly helped in having a much clearer picture 
of the possible oncologic and functional outcomes obtain-
able by different types of OPHLs in carefully selected 
patients, as well as reporting on different patient series in the 
international literature [7, 8]. Though the mainstream sug-
gests the use of OPHLs in cT2-T3 N0-N1 LCs not eligible 
for TLM (due to suboptimal laryngeal exposure or borderline 
extension to certain delicate areas like pre-epiglottic and/or 
paraglottic spaces), for which the use of adjuvant therapy 
is not expected at all [9, 10], others reported remarkable 
oncologic and functional outcomes even for more advanced 
lesions such as cT3 with arytenoid fixation or frank T4a for 
anterior extension through the thyroid cartilage [8]. Clearly, 
when applied to such advanced LCs as an alternative to TL 
or CRT, OPHLs present the risk of needing adjuvant treat-
ments once the final pathologic report shows adverse risk 
factors like gross thyroid cartilage invasion, close margins, 
pN > 2a, extranodal extension, or presence of both perineural 
(PNI) and lympho-vascular invasion (LVI). To date, contro-
versies still persist in the surgical and scientific communities 
regarding the possibility to perform OPHLs when potentially 
at risk for adjuvant treatments, mainly due to the still poorly 
described side effects of (C)RT on the healing process after 
partial laryngectomies.

The purpose of the present study was, therefore, to eval-
uate the consequences of adjuvant therapies on laryngeal 
function after OPHLs. Towards this end, we retrospectively 
collected the data of patients undergoing Type II and III 
OPHLs followed by adjuvant treatments in 8 Italian high-
volume centers for LC, with the aim to assess the oncologic 
and functional outcomes obtained.

Materials and methods

Patients

Clinical charts of patients affected by LC and submitted 
between January 1995 and December 2017 to OPHL Types 
II and III followed by adjuvant (C)RT were collected from 
8 Italian referral high-volume centers for laryngeal oncol-
ogy. Inclusion criteria encompassed: patients affected by 
cT2-T4a LC not previously submitted to other surgical or 
non-surgical treatment(s) and never treated before for other 
head and neck cancers, completion of adjuvant (C)RT as 
suggested by the multidisciplinary tumor board without 
interruption or late start after surgery (> 3 months), and 
with a minimum follow-up of 2 years.

One-hundred and thirty patients fulfilled the above-
mentioned criteria and were included in the study. Pre-
operative work-up consisted of endoscopic and imaging 
evaluation performed no more than 4 weeks before sur-
gery. The diagnostic endoscopic work-up always included 
flexible videolaryngoscopy under local anesthesia to 
assess the superficial margins of the lesion under white 
light (WL) and, since 2005, Narrow Band Imaging (NBI, 
Olympus Medical System Corporation, Tokyo, Japan). 
Either computed tomography (CT) or magnetic reso-
nance (MR) imaging was used for preoperative staging 
[11]. Neck ultrasound (US) with or without fine-needle 
aspiration cytology was routinely performed. Patients also 
received intraoperative rigid endoscopy with 0°, 30°, and 
70° telescopes by WL and NBI under general anesthesia 
to obtain more information about tumor extension [12]. 
Selective (SND) or modified radical neck dissections 
(MRND) were performed simultaneously to the OPHL, in 
adherence with National Comprehensive Cancer Network 
guidelines for cT2-T4 LC [13]. Tumors were reclassified 
according to the 8th Edition of the TNM classification of 
malignant tumors [14]. We adhered to ELS guidelines for 
postoperative follow-up [15, 16].

Adjuvant therapy was indicated for pT4a tumors with 
gross extra-laryngeal extension, close or positive resection 
margins, > pN2a category, or presence of both PNI and 
LVI. A large volume encompassing the primary site and 
all the draining lymph nodes was irradiated with a dose 
of up to 54 Gy/2 Gy. Regions at higher risk for malignant 
dissemination received a 12 Gy boost (total 66 Gy/2 Gy; 
range, 62–68). If not contraindicated, platinum-based 
chemotherapy was offered to all patients with positive 
resection margins or extranodal spread, after proper clini-
cal evaluation taking into account age and comorbidities.

Patients were defined as having “no evidence of dis-
ease” (NED) if alive and without recurrence at the last 
follow-up, “alive with disease” (AWD) if alive with 
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recurrence, “died of disease” (DOD) in case of LC-related 
death, and “died from other causes” (DOC) when death 
occurred for any other reason than LC. Our primary end-
point was the presence of tracheostomy and/or gastros-
tomy at the last follow-up visit (range, 24–188 months), 
with ensuing calculation of 5-year laryngo-esophageal 
dysfunction-free survival (LEDFS), defined as survival 
with a functional neolarynx, i.e., without tracheostomy 
and/or gastrostomy.

The Ethic Committee’s approval for this study was 
deemed necessary at our Institutions after formal request to 
the appropriate parties.

Statistical analysis

Data are summarized as percentages for categorical data, or 
means, median, standard deviation and interquartile range 
(IQR) for quantitative data. A Cox regression was carried 
out to model the survival time, based on the following covar-
iates: gender, intervention, disease stage, presence of trache-
ostomy and/or gastrostomy at the last follow-up visit. Sta-
tistical analysis was repeated using the variables significant 
to the previous processing as covariates. The Kaplan–Meier 
method was then applied, with Log Rank test, divided by 
tracheostomy and disease stage. Associations between cat-
egorical data were evaluated with the Chi-square test or, 
when appropriate, Fisher’s exact test. SPSS-IBM package 
for Mac OS was used. The statistical significance threshold 
level was set at p < 0.05.

Results

We collected data on 130 patients (116 males, 14 females). 
Mean age of the study cohort was 60.8 ± 8.9 years (median, 
62; IQR, 13). Mean follow-up was 50.7 ± 39.4  months 
(median, 38; IQR, 51). The pathological TNM is summa-
rized in Table 1.

Adjuvant therapy consisted of CRT in 53 (41%) patients 
and RT alone in 77 (59%). Eighty percent of patients were 
submitted to an OPHL Type II, whereas 20% of cases 
underwent OPHL Type 3. In 75% of cases one arytenoid 
was resected, and in 42% the resection included the epiglot-
tis. Overall, at the last follow-up visit, 69% of patients were 
NED, 4% AWD, 12% DOD, and 14% DOC. Thirteen per-
cent of patients remained tracheostomy dependent and 3% 

maintained the gastrostomy in place. Five-year LEDFS was 
85%, while 5-year overall (OS) and disease-free survivals 
(DFS) were 71.5% and 68%, respectively.

Cox’s first regression to model survival time provided 
the survival function represented in Fig. 1. The only sig-
nificant variable in predicting survival was tracheostomy 
(p = 0.020). When the analysis was repeated, using tracheos-
tomy as the only covariate, statistical significance was con-
firmed (p = 0.037). The graph, divided according to patients 
with and without tracheostomy, is shown in Fig. 2. The 
Kaplan–Meier method was used, subdivided by the pres-
ence or absence of tracheostomy. Log Rank test showed that 
survival time of patients with tracheostomy was significantly 
lower (p = 0.031) than those without (Table 2). Finally, the 
Kaplan–Meier results, dividing the population into Stages 

Table 1  Pathological TNM 
according to the 8th Edition 
of the AJCC-UICC Staging 
System

pN pT 0 1 2 3 Tot

2 3 4 4 1 12
3 15 15 36 1 67
4 31 5 15 0 51
Tot 49 24 55 2 130

Fig. 1  Kaplan–Meier plot for disease-specific survival (DSS)

Fig. 2  Difference in patients with and without tracheostomy, with 
respect to disease-specific survival
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III and IV, are shown in Fig. 3. The Log Rank test was not 
significant (Table 3).

The Chi-Square test showed a significant associa-
tion between tracheostomy and type of OPHL performed 
(p < 0.001), as only 7.5% of subjects with OPHL Type II 
remained tracheostomy dependent, while 34% of those 
submitted to OHPL Type III maintained the tracheostomy 
(Fig. 4). In contrast, the correlation between tracheostomy 
and resection of one arytenoid, epiglottis, need for and 
modality of adjuvant therapy delivered (RT vs. CRT) did 
not show any significant association. Finally, the associa-
tion between tracheostomy and stage of disease was not 
significant. When the correlation analysis was repeated by 
replacing the variable tracheostomy with gastrostomy, no 

significant association was found, probably due to the small 
number of patients in this group.

Discussion

The potential for long-term survival among patients with 
advanced LC is nowadays significant and, consequently, the 
choice of the most adequate upfront treatment is essential 
for cancer control and optimization of subsequent functional 
outcomes. The role of OPHLs has been long debated in both 
surgical and non-surgical communities, especially when 
dealing with the controversial issue related to adjuvant (C)
RT. In particular, Laccourreye et al. reported a rate of per-
manent gastrostomy and tracheostomy of 16.6% and 1.1%, 
respectively, after a minimum follow-up of 10 years [17]. 
Alterio and coworkers [18] found late severe laryngeal tox-
icity in 34% of patients, although with laryngeal and func-
tion preservation obtained in 93% and 81%, respectively. 
Buglione et al. [19] compared the outcomes of early supra-
glottic cancer treated by curative RT (N = 132) with those 
of a smaller group of 30 patients submitted to conservative 
surgery and postoperative RT, finding no difference in func-
tional and oncologic outcomes. Even Costa et al., analyzing 
the outcomes of 532 patients with advanced supraglottic 
cancer treated by TL and RT, partial laryngectomies and RT, 
or RT alone, did not find significant functional differences 
between the latter two groups [20]. By contrast, a series from 
the National Cancer Institute of Milan, Italy, demonstrated 
some negative effects of postoperative RT on laryngeal func-
tional outcomes, the most remarkable of which was a longer 
permanence of the tracheostomy in place [21].

Flaws of the present study include its retrospective 
nature and recruitment of patients treated in different cent-
ers within a relatively long-time period. Nonetheless, this 
can also reflect a pro of this work since it tends to elimi-
nate (or reduce) referral and single-center biases. Moreo-
ver, the present multicenter series gathers a considerable 

Table 2  Mean value of disease-specific survival according to the var-
iable tracheostomy

Tracheos-
tomy

Mean 
survival time 
(months)

Standard 
error

95% confidence interval

Lower limit Upper limit

No 66.10 4.91 56.48 75.73
Yes 41.27 9.30 23.05 59.49

Fig. 3  Difference in Stage III and IV patients, with respect to disease-
specific survival (DSS)

Table 3  Mean value of disease-specific survival according to the var-
iable stage of disease

Stage Mean survival 
time (months)

Standard error 95% confidence interval

Lower limit Upper limit

3 66.19 9.42 47.73 84.65
4 59.09 4.77 49.75 68.44

Fig. 4  Histograms of patients after OPHL Types II and III according 
to tracheostomy dependence
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number of patients with advanced LCs treated by OHPLs 
and adjuvant (C)RT, with a follow-up adequately long 
and representative. The vast majority of patients included 
in the present study could have been considered unfit for 
OPHLs according to the most diffused guidelines, since 
frequently affected by T4a lesions or with N > 1. Such con-
ditions, in many institutions, would have most probably 
directed these patients to non-surgical organ-preservation 
protocols or upfront TL. However, as herein demonstrated, 
even in such advanced cases, when properly selected based 
on adequate age, cardiovascular/pulmonary profiles, and 
good Karnofsky performance status, OPHL Types II and 
III followed by (C)RT provide a chance of favorable onco-
logic outcomes with adequate laryngeal function preser-
vation. For comparison, indeed, an upfront CRT regimen 
typically achieves a 5-year OS around 60%, while the T4 
subgroup usually presents values < 30% [22, 23]. In line 
with such an assumption, a recent review of the literature 
by Riga et al. [7] demonstrated that in T3 LC surgical 
management provides better survival and organ-preser-
vation rates than non-surgical options. In 2019, Marchi 
et al. [10] published their series of 104 T3 LC treated by 
non-surgical regimens or surgery (TLM, OPHL, and TL). 
Both DFS and DSS were better in the surgical group as a 
whole, while LEDFS was superior in the TLM subgroup. 
Clearly, as in every non-randomized, retrospective series, 
patient selection undoubtedly biases the results, but the 
conclusion here is that, in absence of methods allowing 
virtual randomized surgical studies in an ethical way, 
they will be always conducted in a biased fashion, but 
still maintain their intrinsic value. As for every other com-
plex surgical procedure, in fact, even for OPHL (with or 
without adjuvant treatments), the key element to achieve 
the best oncologic and functional results is represented 
by the wisest and most scrupulous selection of adequate 
patients to be submitted to such a procedure. Therefore, 
their random assignment to one or another treatment arm 
of a presumed randomized control trial will never be pos-
sible, if not totally unethical.

With the above-mentioned caveat, in our series, the 
T category was not significantly correlated with sur-
vival. The only significant prognosticator, indeed, was 
the presence of tracheostomy after treatment which, not 
surprisingly, was maintained more frequently in patients 
submitted to the more advanced form of OPHL (Type 
III). However, tracheostomy was not significantly corre-
lated with T category. In fact, an OPHL Type II can be 
oncologically safe even for selected anterior T4a tumors, 
whereas a small posterior T3 can sometimes require an 
OPHL Type III. Moreover, it has been recently observed 
that “posterior” T3–T4 LCs (in respect to visceral spaces 
divided according to a coronal plane passing in front of the 
arytenoid vocal process, perpendicularly to the ipsilateral 

thyroid lamina) tend to have worse prognosis than the 
“anterior” ones [24].

Recent evidence suggests that T4 LC has better oncologic 
results after surgery [25, 26] and the updated guidelines of 
the ASCO Clinical Practice acknowledge this fact, recom-
mending TL for large volume T4 tumors and/or patients 
with poor pre-treatment laryngeal functions. However, 
even though TL results in better survival and quality of life 
compared to CRT or RT alone [27], a subgroup of carefully 
selected patients might benefit from OPHL followed by (C)
RT still achieving, as herein demonstrated, oncologic results 
that are at least comparable to those of TL, with all the 
advantages deriving from preservation of laryngeal function.

Nonetheless, some essential issues must be understood 
before erroneously assuming that such an organ-sparing 
approach could be safely applied to every advanced LC. 
In fact, in line with similar considerations for non-surgical 
organ-sparing strategies [1], if preservation of a functional 
larynx and normal swallowing after OPHL is of utmost 
importance, obtaining this with success must start from 
careful assessment of the causes and amount of arytenoid 
fixation. This element, together with other factors such as 
swallowing function and airway patency, plays a paramount 
role in defining a preoperative (and, even more, postopera-
tive) functional larynx. In accordance with these findings, 
an editorial of international experts endorsed the belief that 
patients with little prospect of regaining laryngeal function 
(whether because of a lack of support, compliance issues, or 
extensive destruction of the laryngeal framework with dete-
rioration of its physiologic functions) are poor candidates for 
non-surgical (and, for what concerns the present discussion, 
also surgical) laryngeal preservation strategies. For such 
patients, upfront TL should be strongly recommended [28].

Data regarding the impact of pre-treatment tracheostomy 
on OPHL oncological and functional outcomes are not very 
clear, as some authors have reported an adverse prognostic 
impact on survival [29, 30]. Moreover, there is a relatively 
unexplored field that refers to the real gain of adding (C)
RT after surgery for T3-T4a LC. As opposed to the clear 
evidence that adjuvant treatments would definitively add tox-
icity [31, 32], up to 20% of T4a patients may have no sur-
vival improvement from such a policy [33]. Moreover, Chen 
reported that adjuvant therapy might offer survival benefits 
for intermediate-risk advanced stage cancers patients who 
are < 70 years old with T1–4 N2–3 disease, but might not in 
older ones or in those with T3–4 N0–1 LC. In this scenario, 
age would seem to play a crucial role in predicting survival 
outcomes [34]. Association of elderly age and inferior OS 
could reflect the higher non-cancer related mortality, but, on 
the other hand, a significantly worse DSS could be explained 
by suboptimal treatment choice due to age-related clinical 
and social features as already described in other studies [35, 
36]. Finding which subgroup of OPHL patients, in whom 
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adjuvant (C)RT is indicated, would really benefit from these 
postoperative treatments will undoubtedly be of crucial 
importance to avoid useless toxicity and optimize resources 
for healthcare systems.

Conclusion

Patient selection before treatment of advanced LC must be 
wisely personalized, as there is no univocal therapeutic tool 
that can be applied as the optimal choice for all patients. 
This study underlines how, in a properly selected subgroup 
of patients affected by advanced LC, OPHL Types II and III, 
even when followed by adjuvant (C)RT, may be associated 
with favorable oncologic and functional outcomes.
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