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Abstract

Objective. To determine oncological and functional outcomes in patients with T3 and T4
laryngeal carcinoma, in which choice of treatment was based on expected laryngeal function
and not T classification.
Methods. Oncological outcomes (disease-specific survival and overall survival) as well as
functional outcomes (larynx preservation and functional larynx preservation) were analysed.
Results. In 130 T3 and 59 T4 patients, there was no difference in disease-specific survival or
overall survival rates after radiotherapy (RT) (107 patients), chemoradiotherapy (36 patients)
and total laryngectomy (46 patients). The five-year disease-specific survival rates were 83 per
cent after RT, 78 per cent after chemoradiotherapy and 69 per cent after total laryngectomy,
whereas overall survival rates were 62, 54 and 60 per cent, respectively. Five-year larynx pres-
ervation and functional larynx preservation rates were comparable for RT (79 and 66 per cent,
respectively) and chemoradiotherapy (86 and 62 per cent, respectively).
Conclusion. There is no difference in oncological outcome after (chemo)radiotherapy or total
laryngectomy in T3 and T4 laryngeal carcinoma patients whose choice of treatment was based
on expected laryngeal function.

Introduction

Since the introduction of organ preservation for advanced laryngeal cancer, it has been
debated which primary treatment modality, larynx preserving (chemo)radiotherapy (i.e.
radiotherapy with or without chemotherapy) or larynx sacrificing surgery, results in a
superior clinical outcome.1–4 Studies showed that patients with locally advanced laryngeal
carcinomas, staged as T3 or T4, can be treated with (chemo)radiotherapy to preserve the
larynx without compromising survival.5 However, patients who present with impaired
swallowing and/or airway obstruction, and in whom a functional larynx after treatment
is not expected by a multidisciplinary team (MDT), total laryngectomy should be per-
formed.5 In contrast to these studies, the current National Comprehensive Cancer
Network guidelines advises treating all T4a tumours with total laryngectomy.6

In our institution, the choice of primary treatment for T3 or T4 laryngeal cancer is
based on MDT advice, which considers N classification and the estimated functionality
of the larynx after definitive (chemo)radiotherapy. It should be emphasised that it is
the expected laryngeal function, rather than the T classification, that is critical in the deci-
sion to refer a patient for laryngeal preservation treatment or laryngectomy. Currently,
there is a lack of recent data about oncological and functional outcomes in laryngeal can-
cer patients treated with such an approach.

Most studies of the optimal treatment strategy for advanced laryngeal cancer focus on
overall survival.7 However, laryngeal cancer patients are prone to co-morbidities and
other malignancies, therefore disease-specific survival provides better insights regarding
oncological outcome after treatment for laryngeal cancer.8 Functional outcomes after lar-
ynx preserving treatment are often evaluated by anatomical larynx preservation. However,
functional larynx preservation would provide better indirect insight into quality of life
over time.9 The combined data of disease-specific survival and functional larynx preser-
vation of a recently treated cohort could reveal possible progress in the treatment of
advanced laryngeal cancer.

This retrospective study aimed to provide updated laryngeal cancer treatment results
by investigating both oncological and functional outcomes of patients with a T3 or T4
laryngeal squamous cell carcinoma, diagnosed and treated between 2010 and 2018, and
recently treated by (chemo)radiotherapy or total laryngectomy. The choice of treatment
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was based on an MDT meeting that estimated laryngeal func-
tion after definitive (chemo)radiotherapy.

Methods

Patients

This retrospective cohort contained 200 consecutive patients
treated with curative intent for a T3 or T4 laryngeal squamous
cell carcinoma in a single tertiary referral centre at the Head
and Neck Cancer Centre of the University Medical Centre
Groningen between 2010 and 2018. Follow up continued
until March 2021.

All patients were discussed in an MDT meeting (involving
dedicated head and neck oncologic surgeons, radiation oncol-
ogists, medical oncologists, pathologists, (nuclear medicine)
radiologists, nurses and dentists) to select the treatment of
choice, based on estimated laryngeal function definitive
(chemo)radiotherapy. The estimated post-treatment laryngeal
function was based on signs of aspiration, dysphagia, stridor
and tumour involvement in the laryngeal skeleton before treat-
ment. Aspiration was assessed by swallowing water with or
without methylene blue, or, in cases of doubt, swallowing
and aspiration were evaluated by videofluorography.
However, T3 or T4 classification itself did not determine the
choice of treatment.

The advice of the MDT was extensively discussed with each
patient and his/her family by the head and neck oncological
surgeon, a dedicated nurse and a speech pathologist, and add-
itional information regarding chemotherapy and radiotherapy
was provided by radiation and medical oncologists. Most
patients received additional (comprehensive) geriatric assess-
ment. Patients could give informed consent at least a week
after receiving all the information.

Eleven patients were excluded for the following reasons:
died before treatment (one patient), died during radiotherapy
(four patients), received cetuximab instead of chemotherapy
(four patients), could not undergo post-operative radiotherapy
(one patient) or lost to follow up (one patient).

The following variables were registered: age, sex, date of
diagnosis, date of first treatment, last date of follow up,
tumour–node–metastasis staging according to the seventh edi-
tion of the American Joint Committee on Cancer Staging
Manual (2009), treatment characteristics, follow-up status,
tumour location, American Society of Anaesthesiologists clas-
sification, laryngeal function (i.e. tracheostomy and/or feeding
tube dependency at date of last follow up) and, if applicable,
salvage surgery.

Based on Dutch medical research law (Wet Medisch-
Wetenschappelijk Onderzoek met mensen), our Institutional
Review Board concluded that this retrospective study
(202200055) fulfilled all the requirements and was in accord-
ance with the regulations.

Treatment

Patients received standardised treatment regimens, but some
variation within this treatment regimen was inevitable.
In summary, laryngectomy, with or without additional neck
dissection, was performed under general anaesthesia by dedi-
cated and registered head and neck oncological surgeons.
Patients who were treated with primary radiotherapy received
a total dose of 70 Gy (in 35 fractions of 2.00 Gy) to the pri-
mary tumour and pathological lymph nodes. A bilateral

elective dose of 35 × 1.55 Gy (total dose of 54.25 Gy) was
given to cervical lymph node levels II, III and IV. In the
case of pathological lymph nodes, more lymph node levels
received an elective dose. Radiotherapy, using an intensity-
modulated radiotherapy technique, was prepared by using
planning computed tomography, magnetic resonance imaging
and/or 18F-fluoro-deoxy-glucose positron emission tomog-
raphy of the head and neck region in radiotherapy positioning.

All patients had an indication for post-operative radiother-
apy (with or without chemotherapy) after total laryngectomy.
Thirty-three fractions of 2.0 Gy (total dose 66.0 Gy) or 28 frac-
tions of 2.0 Gy (total dose 56.0 Gy) were delivered to the pri-
mary tumour, depending on tumour-free margins and the
presence of adverse prognostic factors (perineural growth,
lymph- and/or angio invasion and spidery growth). An elect-
ive dose of 33 fractions of 1.6 Gy (total dose 52.8 Gy) was
delivered to cervical lymph node levels II, III and IV in
cases of N0 (i.e. without lymph node metastases). In cases of
lymph node metastases (N+), more lymph node levels received
an elective dose. In the case of lymph node metastases with
extra nodal spread, the total dose to these lymph node areas
was 33 × 2.0 Gy (total dose 66.0 Gy). Lymph node metastases
without extranodal spread were treated with a 56 Gy equiva-
lent dose (i.e. 28 × 2 Gy or 33 × 1.8 Gy).

Chemotherapy consisted of three cycles of cisplatin
(100 mg/m2) or carboplatin (300–350 mg/m2) with 5-fluor-
uracil (5-FU; 600 mg/m2 as a continuous infusion for 96
hours) in a three-week cycle. Chemotherapy was considered
for patients younger than 70 years with nodal involvement
or large T3 or T4 tumours. Post-operative chemoradiotherapy
was considered for patients with extranodal extension or resec-
tions with no clear margins. A speech pathologist treated each
patient after total laryngectomy and patients with speaking or
swallowing problems after (chemo)radiotherapy.

Statistical analysis

For statistical analysis, patients were divided into three treat-
ment groups: (1) radiotherapy (RT), (2) chemoradiotherapy
or (3) total laryngectomy with post-operative (chemo)radio-
therapy. In every survival analysis primary RT was used as
the reference category. N classifications were grouped into
(1) N0 and (2) N+ (containing N1, N2 and N3). Descriptive
statistics were used to describe the patient cohort. Pearson chi-
square and the Mann–Whitney U-test were used to compare
the baseline characteristics of the treatment groups.

The primary endpoints of this study were disease-specific
survival and overall survival. Disease-specific survival was
defined as the time from start of first therapy until death due
to laryngeal cancer or treatment-related death. All other cases
were censored at the date of other cause of death or the date
of the last follow up. Overall survival was defined as the time
from start of first therapy until death from any cause. All
other cases were censored at the date of the last follow up.

Secondary endpoints were larynx preservation and func-
tional larynx preservation. Larynx preservation was defined
as the time from start of first therapy until total laryngectomy.
Functional larynx preservation was defined from start of first
therapy until date of local recurrence or total laryngectomy,
at any time, or tracheostomy and/or feeding tube dependency,
two years after therapy.

The Kaplan–Meier method was used for assessment of sur-
vival rates and survival curves. Cox regression was used for
univariate and multivariate analysis of disease-specific
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survival, overall survival, larynx preservation and functional
larynx preservation. Univariate statistically significant vari-
ables and treatment modalities were included in the multivari-
ate analysis using a significance level of 5 per cent (two-tailed).
Statistical analysis was performed using IBM SPSS Statistics 23
for Microsoft Windows (SPSS, Chicago, Illinois, USA) and
StataCorp 2009 Stata Statistical Software, Release 11
(StataCorp LP, College Station, Texas, USA). Figures were
drawn using GraphPad Prism (v9.3.1, GraphPad
Software, La Jolla, California, United States).

Results

In total, 189 patients were included, of whom 130 (69 per cent)
were registered with a T3 tumour and 59 (31 per cent) were regis-
teredwith a T4 tumour (Table 1).Of all the included patients, 104
(55 per cent) were registered with a supraglottic carcinoma, 71
(37 per cent) with a glottic carcinoma, 5 (3 per cent) with a sub-
glottic carcinoma and 9 (5 per cent) with a transglottic carcin-
oma. Patient and tumour characteristics are shown in Table 1.

Treatment regimens

Patients were treated with primary RT in 107 cases (57 per
cent), chemoradiation in 36 cases (19 per cent) and total lar-
yngectomy in 46 cases (24 per cent). Ten per cent (13 out of
130) of T3 staged tumours were treated with total laryngect-
omy, compared with 56 per cent (33 out of 59) of T4 staged
tumours ( p < 0.01).

The treatment groups differed significantly in age, T classi-
fication, N classification, tumour location and American
Society of Anaesthesiologists classification (Table 1). Patients
in the chemoradiation group were younger (median age, 60.6
years) than patients in the RT (median age, 66.8 years) or
total laryngectomy (median age, 66.3 years) groups. The
total laryngectomy group included more patients with T4
tumours than the RT and chemoradiation groups. The che-
moradiation and total laryngectomy groups comprised more
patients with lymph node metastasis compared with the RT
group. Patients treated by chemoradiotherapy had significantly
more American Society of Anaesthesiologists 2 classifications
compared with the RT and total laryngectomy groups.

Table 1. Patient and tumour characteristics for the treatment regimens RT, CRT and TL, including age, gender, T classification, N classification, American Society of
Anaesthesiologists classification, tumour location (i.e. supraglottic, glottic, subglottic or transglottic) and total radiotherapy dose (Gy, post-operative patient usually
received 56 or 66 Gy)

RT (N = 107) CRT (N = 36) TL (N = 46) p value

Age (n (IQR)) 67 (61–73) 61 (57–66) 66 (60–72) <0.01

Gender (n (%)) 0.386

– Male 88 (82) 26 (72) 38 (83)

– Female 19 (18) 10 (28) 8 (17)

T classification (n (%)) <0.01

– T3 93 (87) 24 (67) 13 (28)

– T4 14 (13) 12 (33) 33 (72)

N classification (n (%)) <0.01

– N0 88 (82) 7 (19) 22 (48)

– N1 6 (6) 8 (22) 7 (15)

– N2 13 (12) 21 (58) 15 (33)

– N3 0 (0) 0 (0) 2 (4)

– N+ 19 (18) 29 (81) 24 (52)

American Society of Anaesthesiologists classification (n (%)) 0.01

– 1 12 (11) 3 (8) 1 (2)

– 2 59 (55) 29 (80) 26 (57)

– 3 35 (33) 4 (11) 16 (35)

– 4 1 (1) 0 (0) 3 (7)

Tumour location (n (%)) <0.01

– Supraglottic 48 (45) 27 (75) 29 (63)

– Glottic 54 (51) 7 (19) 10 (22)

– Subglottic 3 (3) 0 (0) 2 (4)

– Transglottic 2 (2) 2 (6) 5 (11)

Total radiotherapy dose (n (%)) <0.01

– 56 Gy 0 (0) 0 (0) 18 (39)

– 60 Gy 0 (0) 0 (0) 1 (2)

– 66 Gy 0 (0) 0 (0) 26 (57)

– 70 Gy 107 (100) 36 (100) 1 (2)

Values in bold are statistically significant. Abbreviations: RT radiotherapy, CRT chemoradiotherapy, TL total laryngectomy; IQR = interquartile range; Gy Gray
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The RT-treated group contained more glottic tumours and
fewer N+ cases compared with the chemoradiation group or
the total laryngectomy groups.

Disease-specific survival and overall survival

Of the 189 patients, 102 (54 per cent) survived, 37 (19 per cent)
died of laryngeal carcinoma, 42 (22 per cent) died of other
causes and 8 (4 per cent) were lost to follow up. Of the 8
patients of 70 years or older with N+ disease (i.e. an indication
for chemotherapy in younger patients), 6 received radiotherapy
without chemotherapy and 3 died of disease. Two of the older
patients who were judged fit for chemotherapy had no evidence
of disease during follow up ( p > 0.05). Of the 20 patients
younger than 70 years of age, 17 received chemotherapy (4
died of disease) and 3 were judged not fit for chemotherapy,
2 of whom died of disease during follow up ( p > 0.05).

The median follow-up time was 41.9 months (range, 3–
124). The 5-year disease-specific survival rate after RT was
83 per cent (95 per cent confidence interval (CI), 83–91 per
cent), after chemoradiation was 78 per cent (95 per cent CI,
60–96 per cent) and after total laryngectomy was 69 per
cent (95 per cent CI, 55–83 per cent) (Figure 1a). The
5-year overall survival rates were 62 per cent (95 per cent
CI, 52–72 per cent) for RT, 54 per cent (95 per cent CI, 34–
74 per cent) for chemoradiation and 60 per cent (95 per
cent CI, 44–76 per cent) for total laryngectomy (Figure 1b).

There was no significant difference in disease-specific sur-
vival ( p = 0.387) or overall survival ( p = 0.748) rates between
any of the treatment groups. Five years after treatment, the
disease-specific survival rate was 80 per cent (95 per cent CI,
72–88 per cent) for T3 and 75 per cent (95 per cent CI, 63–
87 per cent) for T4 staged tumours, whereas the 5-year overall
survival rate was 60 per cent (95 per cent CI, 50–70 per cent)
for T3 and 59 per cent (95 per cent CI, 45–73 per cent) for T4
staged tumours (Figure 1c,d). There was no significant differ-
ence in disease-specific survival ( p = 0.752) or overall survival
( p = 0.920) rates between patients with T3 or T4 laryngeal
carcinomas.

Larynx preservation and functional larynx preservation

Out of a total of 189 patients with a T3 or T4 laryngeal carcin-
oma, larynx preservation was achieved in 62 per cent and
functional larynx preservation was achieved in 50 per cent at
5 years after treatment. Of the 143 patients who underwent
larynx preserving treatment, the 5-year larynx preservation
rate was 81 per cent (95 per cent CI, 73–89 per cent) and
the 5-year functional larynx preservation rate was 65 per
cent (95 per cent CI, 57–73 per cent). As shown in
Figure 2a, the 5-year larynx preservation rates for the RT
and chemoradiation groups were 79 per cent (95 per cent
CI, 71–87 per cent) and 86 per cent (95 per cent CI, 74–98
per cent), respectively.

Figure 1. Kaplan–Meier curves for (a) DSS and (b) OS for each treatment regimen and (c) DSS and (d) OS for T3 and T4 staged tumours. DSS = disease-specific
survival; RT = radiotherapy; CRT = chemoradiotherapy; TL = total laryngectomy; OS = overall survival
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Five years after treatment, the functional larynx preserva-
tion rate was 66 per cent (95 per cent CI, 56–76 per cent)
for RT-treated patients and 62 per cent (95 per cent CI,
46–78 per cent) for chemoradiotherapy-treated patients
(Figure 2b). In patients with T3 stage tumours, the 5-year lar-
ynx preservation and functional larynx preservation rates were
83 per cent (95 per cent CI, 75–91 per cent) and 66 per cent
(95 per cent CI, 56–76 per cent), respectively, and in patients
with T4 stage tumours the 5-year larynx preservation and
functional larynx preservation rates were 72 per cent (95 per
cent CI, 52–92 per cent) and 58 per cent (95 per cent CI,
36–80 per cent), respectively.

Failure of functional larynx preserving treatment

Failure of functional larynx preservation treatment occurred in
32 out of 107 patients (29.9 per cent) who received RT and in
13 out of 36 patients (36.1 per cent) who received chemoradia-
tion. In 32 out of 45 of these cases (71 per cent), patients had a
local recurrence, 8 out of 45 patients (18 per cent) were feeding

tube dependent, 10 out of 45 (22 per cent) had a persistent
tracheostomy and 3 (7 per cent) had a life-threatening non-
functional larynx after RT. Of the 32 patients with a local
recurrence, 24 were initially treated with RT (75 per cent)
and 8 with chemoradiation (25 per cent). A salvage laryngect-
omy could be performed in 20 patients. The other 12 patients
did not undergo salvage surgery because the tumour was inop-
erable because of gross tumour extension (n = 4) or proven dis-
tant metastasis (n = 2), the patient died (n = 2), the patient
decided not to have surgery (n = 2) or the patient had a
poor condition (n = 2).

Predictors of disease-specific survival and overall survival

Apart from N classification and American Society of
Anaesthesiologists classification, no other significant predic-
tors for disease-specific survival and overall survival were iden-
tified using univariate analysis. Multivariate analysis showed
that the only independent predictive factor for worse disease-
specific survival was N+ ( p = 0.002; Table 2). Patients

Figure 2. Kaplan–Meier curves for (a) LP and (b) FLP for RT and CRT. LP = larynx preservation; RT = radiotherapy; CRT = chemoradiation; FLP = functional larynx
preservation

Table 2. Multivariate analyses for disease-specific survival and overall survival

Parameter

Disease-specific survival
Overall survival

HR (95% CI) p value HR (95% CI) p value

Treatment

– Radiotherapy Reference Reference

– Chemoradiotherapy 0.47 (0.16–1.39) 0.12 0.61 (0.30–1.24) 0.168

– Total laryngectomy 0.87 (0.39–1.97) 0.74 0.61 (0.33–1.14) 0.119

ASA classification

– ASA 1 Reference Reference

– ASA 2 1.10 (0.24–5.15) 0.90 1.21 (0.37–4.00) 0.76

– ASA 3 2.01 (0.41–9.88) 0.39 2.61 (0.78–8.77) 0.20

– ASA 4 4.53 (0.52–39.41) 0.17 7.4 (1.31–41.78) 0.023

N classification

– N0 Reference Reference

– N+ 3.24 (1.47–7.32) 0.005 3.05 (1.70–5.50) <0.001

Variables included in the analysis were treatment regimen (i.e. radiotherapy, chemoradiotherapy and total laryngectomy), ASA classification and N classification. HR = hazard ratio; CI =
confidence interval; ASA = American Society of Anaesthesiologists
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diagnosed with N+ and patients with an American Society of
Anaesthesiologists 4 score had significantly worse overall sur-
vival rates, with p < 0.001 and p < 0.05, respectively (Table 2).

Discussion

Our study shows that larynx preserving treatment and larynx
sacrificing treatment yield high rates of both disease-specific
survival and overall survival in T3 or T4 laryngeal cancer
patients. In contrast to previous studies, our study shows
that oncological outcome did not significantly differ between
patients treated with radiotherapy, chemoradiotherapy or
total laryngectomy, nor between T3 and T4 laryngeal cancer
patients.7 More than 80 per cent of the patients treated with
(chemo)radiotherapy achieved anatomical larynx preservation,
while two-thirds of larynx preservation patients had a func-
tional larynx 5 years after treatment.

Our results suggest that oncological and functional out-
comes in patients with laryngeal squamous cell carcinomas
may have improved over the past decade. This could be
explained by improved treatment regimens and discussing
the potential chance of a functional larynx after definitive
(chemo)radiotherapy for each patient in an MDT, resulting
in better patient selection for larynx preservation. In addition,
MDT-guided treatment selection is associated with better sur-
vival rates and has been recently recommended.10–12 During
an MDT meeting, the patient’s general condition and
comorbidities are taken into account when considering
treatment.11

In recent decades, multiple studies have focussed on over-
all survival, demonstrating controversial results.7 The major-
ity of the studies showed favourable outcomes for total
laryngectomy for T4 laryngeal cancer, but for T3 tumours
the choice of treatment did not seem to influence overall sur-
vival.7,13,14 For the last 10 years, only a few studies have
focused on disease-specific survival as the main indicator of
oncological outcome.7 The study by Lorenzo et al. showed
similar findings in T3 laryngeal cancer, but detected lower
disease-specific survival rates (RT 66.1 per cent and chemor-
adiation 71.6 per cent) for larynx preservation than our study
for T3 and T4 combined (RT 83 per cent and chemoradiation
77 per cent).15 In a meta-analysis, also combining T3 and T4
laryngeal carcinomas, total laryngectomy was found to be
superior to larynx preservation with regard to disease-
specific survival.7 However, this meta-analysis is charac-
terised by heterogeneity and 2 out of the 4 included studies
were conducted before 2000, therefore they did not include
recent improvements in radiotherapy and patient selection
for larynx preservation.3,7,16

Our study shows that functional larynx preservation rates
are substantially lower than larynx preservation rates, there-
fore using just larynx preservation as a marker for successful
therapy would result in overestimation of functional out-
comes. As a non-functional larynx negatively affects quality
of life, functional larynx preservation is a better readout for
functional outcome.1,9,17 A nationwide Dutch study showed
larynx preservation rates in line with our study, ranging
from 77 to 87 per cent, with a trend favouring chemoradia-
tion.18 Results from a study by Rosenthal et al. showed that
larynx preservation in T4 laryngeal cancer patients resulted
in 5 years of freedom from local recurrence–tracheostomy–
gastrostomy rate of 50 per cent, which is comparable to the
58 per cent for 5-year functional larynx preservation found
in the present study.19

• There is still a debate whether larynx preserving (chemo)radiotherapy
results in superior clinical outcome compared with larynx sacrificing
surgery

• Decisions on treatment of T3 and T4 laryngeal carcinoma can also be
determined by the expected laryngeal and pharyngeal function after
(chemo)radiotherapy

• No differences in disease-specific survival and overall survival were
observed after a weighted choice for a larynx preserving or sacrificing
treatment based on expected laryngeal function after definitive
(chemo)radiotherapy

• The 5-year larynx preservation after (chemo)radiotherapy for T3/T4
laryngeal carcinoma was 80 per cent with a functional larynx in 65
per cent

• Only 19 per cent of the patients died of T3-T4 laryngeal cancer and 54
per cent of the patients were alive after 5 years

According to the institutional practice covered in this study,
patients above 70 years of age do not receive chemotherapy,
based on the results of the meta-analysis of Pignon et al.,20

therefore chemoradiation patients are significantly younger
and have a lower American Society of Anaesthesiologists classi-
fication than patients who only received radiotherapy. Also, T4
stage tumours are more likely to cause laryngeal dysfunction
and are therefore treated more often with total laryngectomy.
This could result in worse survival rates for total laryngectomy
patients compared with chemoradiation patients. Another limi-
tation of this study is the limited number of patients in the total
laryngectomy and chemoradiation groups, which meant it was
not possible to perform a valid subgroup analysis.

Conclusion

Current treatment regimens based on estimated laryngeal
function after definitive (chemo)radiotherapy, continues to
improve disease-specific survival and overall survival rates in
T3 or T4 laryngeal cancer patients. No differences in disease-
specific survival and overall survival rates were observed
between (chemo)radiotherapy and total laryngectomy treat-
ments. Five years after primary (chemo)radiotherapy,
two-thirds of patients had a functional larynx.
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