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Abstract

Purpose Early-stage glottic cancer can be treated with radiotherapy only. Modern radiotherapy solutions allow for individu-
alized dose distributions, hypofractionation and sparing of organs at risk. The target volume used to be the entire voice box.
This series describe the oncological outcome and toxicity of individualized vocal cord-only hypofractionated radiotherapy
for early stage (cT1a-T2 NO).

Methods Retrospective cohort study with patients treated in a single center between 2014 and 2020.

Results A total of 93 patients were included. Local control rate was 100% for cT1a, 97% for cT1b and 77% for cT2. Risk
factor for local recurrence was smoking during radiotherapy. Laryngectomy-free survival was 90% at 5 years. Grade III or
higher late toxicity was 3.7%.

Conclusion Vocal cord-only hypofractionated radiotherapy appears to be oncologically safe in early-stage glottic cancer.

Modern, image-guided radiotherapy led to comparable results as historical series with very limited late toxicity.
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Introduction

Early-stage glottic laryngeal squamous cell carcinoma
represents about 80% of all laryngeal carcinomas [1].
Most patients present with early-stage disease (stage I-II),
because glottic tumors cause dysphonia even with a small
irregularity of the vocal cord. Main risk factors for laryngeal
cancer are smoking [2] and/or alcohol consumption [3, 4].
Predominantly, males are diagnosed with laryngeal cancer
[5]. In the Netherlands, there is a trend towards decreased
incidence, mainly in male patients [6], presumably because
of a stricter smoking policy in public areas, and further dis-
couragement from the government since last decades. Treat-
ment of early-stage laryngeal cancer is either surgically or
with radiotherapy. In choosing one treatment over another,
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one should consider the cure rate, larynx preservation rate,
post-treatment voice quality, morbidity and treatment costs.
Surgery, by means of transoral microscopic laser surgery
(MLYS), is mostly the preferred treatment option for medi-
cally fit patients, with cT1a (limited to one cord) carcino-
mas. Although radiotherapy results in similar oncological
outcomes [7], for most patients the one-stop benefit of MLS
outweighs radiotherapy in most of the cases. In addition,
there are some hints that MLS for cT1a glottic cancer may
have a slightly higher larynx preservation rate compared to
radiotherapy [8], and total costs are lower for MLS than for
radiotherapy [9]. Furthermore, transoral microscopic laser
surgery can be repeated in selected cases. For some patients,
surgery under general anesthesia may not be feasible due
to severe comorbidity. In addition, surgery is not always
technically feasible due to insufficient exposure, especially
due to limited view of the anterior commissure caused by
patient-related factors, e.g. limited mobility of the neck, ret-
rognathia, a smacking jaw, a large tongue, or combinations
of these. Peroperatively, if there is insufficient exposure, it
is decided not to perform laser surgery, but only to take a
biopsy to confirm the diagnosis of cancer and to register the
patient for treatment by means of radiotherapy. If a tumor
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spreads via the anterior commissure to the contralateral side,
a two-temp MLS may be considered to avoid webbing at the
anterior commissure site, resulting in a poorer voice, making
radiotherapy treatment a good alternative.

For patients with cT1b or cT2, clear data about larynx
preservation and primary surgery is lacking [10, 11] and
most institutes will advise radiotherapy in such cases. Espe-
cially for ¢T2 tumors, or tumors located in the anterior com-
missure it might be challenging to achieve adequate surgical
margins with acceptable remaining glottic function. Long-
term functional outcome after radiotherapy for cT1b or cT2
is good [12]. Individual patient or physician preferences
could be of influence on this decision, so well-informed
shared decision making plays an important role in regional
treatment variation of cT1b and cT2 glottic cancer patients.

Historically patients were irradiated with opposing lat-
eral fields covering the entire voice box. With the introduc-
tion of 3D-conformal and intensity modulated radiotherapy
(IMRT), dose distributions improved and organ-at-risk
(OAR) dose decreased [13]. With this improvement in dose
distributions, hypofractionated radiotherapy was possible
and found to be equally effective or maybe even better in
terms of oncological outcome [14]. Improved diagnostic
imaging and the possibility of image-guided radiotherapy
(IGRT) opened up the way to rethink target definition for
early-stage glottic laryngeal squamous cell carcinoma. For
T1a carcinomas, the group from Erasmus University in Rot-
terdam (the Netherlands) developed a novel technique called
single vocal cord irradiation (SVCI) [15]. With this tech-
nique, only the affected vocal cord is irradiated with limited
margins. Local control, voice outcome and toxicity of this
technique appeared to be excellent [15]. Studies that cor-
relate histopathology with imaging (computed tomography
(CT) and magnetic resonance (MR) imaging) showed that
it is not necessary to include to entire voice box as clinical
target volume (CTV), but a 6 mm margin is appropriate to
cover all microscopic spread [16, 17]. In our institute, we
started with hypofractionated vocal cord-only irradiation for
early-stage glottic cancer in 2014.

The aim of this study was to evaluate the oncological
outcome and toxicity of vocal cord-only hypofractionated
radiotherapy for cT1a-T2 glottic laryngeal squamous cell
carcinoma.

Patients and methods

Patients

Between 2014 and 2020, 93 patients with cT1a-T2 NO glottic
laryngeal squamous cell carcinoma were treated with vocal

cord-only radiotherapy in our department. All patients were
previously unirradiated. Previous laser surgery for another

@ Springer

vocal cord lesion was not an exclusion criterion, but there
had to be (a new) macroscopic tumor. Patients that needed
postoperative radiotherapy after laser surgery were not
included. All patients had histopathological proof of squa-
mous cell carcinoma. Patients with carcinoma in situ (severe
dysplasia) were excluded.

Permission for retrospective data collection was given by
the Medical Ethical Committee of the Utrecht University
Medical Center.

Diagnostic workup, treatment and follow-up

All patients underwent full examination by a head and neck
surgeon and radiation oncologist with flexible laryngoscopy
and when in doubt examination under general anesthesia.
Since 2020 we have started using office-based narrowband
imaging (NBI) assessment of the vocal cords. Imaging of
the larynx was performed using CT scans and in limited
cases with MRI. Only for cT2-tumors, cervical lymph node
examination was done with ultrasound.

Patients with a cT1b, low volume (<2 cc) ¢T2 with nor-
mal vocal cord mobility or cT1a not suitable for laser exci-
sion due to tumor volume, exposure, anatomy or comorbid-
ity were offered vocal cord-only radiotherapy. All patients
were immobilized using a thermoplastic 5-point mask with
slight hyperextension of the neck and individualized base.
All imaging was performed in treatment position.

Gross tumor volume (GTV) was defined based on clini-
cal examination as well as imaging. The clinical target
volume (CTV) margin was 5 mm with a breathing motion
4D-CT-based internal target volume (ITV) (until mid-2018)
or 6 mm isotropic margin (from mid-2018 till 2020). The
planning target volume (PTV) was 3 mm left-right, 4 mm
anterior—posterior and 6—8 mm cranio-caudal. The CTV was
cropped within the laryngeal cartilage and excluding air cav-
ity (Fig. 1).

Prescribed total dose was 60 Gy in 25 fractions of 2.4 Gy,
which is an EQD2 (a/b 10 Gy) of 62 Gy and a BED (a/b
10 Gy) of 72 Gy.

Treatment planning was done using a 2 arc volumetric arc
therapy (VMAT) technique with 6 MV photons, aiming at a
coverage of the V95% of the PTV of 98%.

Setup verification was done by online correction protocol
with cone beam CT before each fraction.

Patients underwent 5 fractions each week with an overall
treatment time of 33-35 days.

Follow-up was standardized for 5 years with alternating
visits at the departments of head and neck surgical oncology
and radiotherapy. In the first year, patients were checked
every 2 months, in the second year, every 3 months, in
the third year, every 4 months and the last 2 years, every
6 months. Each consecutive follow-up visit consisted of
physical examination with flexible laryngoscopy.
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Fig. 1 An example of the target volume definition of an early glottic cancer. The inner red line represents the GTV, whereas the outer red line

represents the CTV. Other delineations are OARs

Study endpoints

Primary endpoint was local control.

Secondary endpoints were disease specific and overall
survival, grade III late toxicity and regional control.

The following grade III (CTCAE 4.0) toxicities were
retrospectively scored: soft tissue ulcer, hypothyroidism,
dysphagia and radionecrosis.

Statistical analysis

Follow-up time was calculated from end of radiotherapy
till date of last follow-up visit, death, tumor progression,
or diagnosis of a new primary tumor. For overall sur-
vival, laryngectomy-free survival and local control, the
Kaplan—Meier method was used to estimate the actuarial
rates. p-values < 0.05 were considered as statistically sig-
nificant. Toxicity was evaluated upon last follow-up visit,
death, tumor progression, or diagnosis of a new primary
tumor, whichever came first. Baseline risk factors for
developing local recurrences were evaluated using Cox
regression. For the statistical analyses, SPSS software was
used (version 25, IBM Corporation, Armonk, NY).

Results

A total of 93 patients were included in the study. The
median follow-up of patients was 48 months with a
range of 2-94 months. A total of 6 patients were lost to
follow-up.

Baseline characteristics of the patients are shown in
Table 1. The majority (84%) had been active or prior
smokers at baseline and 17 patients (18%) continued
smoking during radiotherapy.

Table 1 Patient and treatment characteristics

Gender
Male 84 90%
Female 9 10%
Age
Median 68
Range 48-91
cT
cTla 30 32%
cT1b 33 36%
cT2 30 32%
ACI
Yes 29 31%
No 64 69%
Prior laser
Yes 19 20%
No 74 80%
Smoking
Active 31 33%
Prior 47 51%
No 15 16%
Smoking during RT
Yes 17 18%
No 76 82%
GTV volume
Mean 1.88
Range 0.34-7.10
CTV volume
Mean 15.09
Range 2.58-38.65
PTV volume
Mean 31.72
Range 12.79-63.88

ACI anterior commissure involvement, RT radiotherapy, GTV gross
tumor volume, CTV clinical target volume, PTV planning target vol-
ume
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Clinical T-stages were 30 cT1a (32%), 33 cT1b (36%)
and 30 cT2 (32%). About a third (n=29) of the patients
had tumor involvement of the anterior commissure (ACI).

The mean GTV volume was 1.88 cc and the mean PTV
volume was 31.7 cc. In total, 33 patients (36%) had a tumor
volume above 2 cc. All patients finished the course of radi-
otherapy with a median overall treatment time of 33 days
(range 32-37).

Local control

In total, 7 patients developed a local recurrence. Of these,
5 were isolated local recurrences, 1 patient had local and
distant failure, and 1 patient had local, regional and distant
recurrent disease. All local failures were within the first
2 years. Local control at 5 years was 92%.

Patients with cT1a disease had a local control at 5 years
of 100%, for cT1b disease, it was 97% and for cT2, it was
77% (Fig. 2).

All 5 patients with isolated local failure underwent sal-
vage total laryngectomy and were alive at last follow-up
(median 49 months). The 5-year local control after irradia-
tion and including patients with salvage surgery was 98%.

One patient with local failure underwent salvage laryn-
gectomy and is still alive after treatment with pembroli-
zumab (FU 21 months) for subsequent distant metastases.

1w
08 H

Another patient with local, regional and distant failure died
of disease.

Univariable Cox regression analyses showed the follow-
ing risk factors for local recurrence (Table 2): cT2 stage (HR
8.0, 95% CI 1.6-39.8) and smoking during radiotherapy (HR

Table 2 Univariate Cox’s proportional hazard model for local recur-
rence

HR (95% CI) P-value
Age 0.98 (0.91-1.06) 0.629
Gender

Male (ref)

Female 0.99 (0.12-8.0) 0.992
Stage

cT1a/cT1b/cTis (ref)

cT2 8.0 (1.6-39.8) 0.011
ACI

Not involved (ref)

Involved 0.7 (0.2-2.9) 0.623
PTV volume 1.02 (0.97-1.07) 0.385
Smoking during RT

No smoking (ref)

Continued smoking 9.2 (2.2-38.3) <0.001

ACI anterior commissure involvement, ref reference

Smoking
during
RT

—No
—IYes

06

04

LOCAL CONTROL

02

00

p < 0.05 (Log Rank)

.00 12.00 24.00

36.00 48.00 60.00

Follow-up in months

Fig.2 A Kaplan—Meier plot estimating local control for patients that smoke during radiotherapy compared to patients that did not smoke during

radiotherapy
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Fig.3 A Kaplan—Meier plot for local control by T-stage

9.2,95% CI 2.2-38.3) (Fig. 3). Patients with a tumor volume
below 2 cc showed a non-significant trend for superior local
control (95% vs. 85%, p=0.194). Small numbers did not
allow any further subgroup analyses.

Regional control

In total, 4 patients developed a regional recurrence. In 1
patient, this was an isolated neck recurrence, for which a sal-
vage neck dissection was performed 21 months after initial
treatment and the patient remained free of disease (FU after
neck dissection 33 months). Three patients with regional
and distant recurrence were treated with reirradiation, but
died of disease.

The actuarial regional control rate at 5 years of the entire
cohort was 95%.

There was no difference between initial T-stage groups
and risk of nodal recurrence.

Toxicity

Total number of patients with grade 3 or higher late toxic-
ity was 4 out of 93 (4.3%). One patient (1.1%) developed
laryngeal cartilage necrosis 6 months after radiotherapy,
for which the patient was treated with hyperbaric oxygen
therapy and laryngectomy. The pathology report of the

laryngectomy showed no vital tumor, only radiation induced
necrosis.

In total, 3 patients (3.2%) developed late laryngeal edema
(> 2 years after treatment) for which a temporary tracheos-
tomy was needed. All patients were decannulated and free
of tracheostomy at last follow-up. Two of these patients were
also in need for temporary tube feeding during the period
of edema. None of the patients developed hypothyroidism
during follow-up.

Survival

Of the 93 patients, a total of 25 patients died during follow-
up. The estimated 5-year overall survival was 64%. Overall
survival was not impacted by T-stage (p =0.974).

Of the 27 patients who died during follow-up, 3 patients
died of their larynx tumor and 24 of intercurrent disease.
Estimated 5-year disease-specific survival was 96%.

Laryngectomy-free survival was 90% at 5 years.

Discussion
This series describes the oncological outcome of 93 patients

with early-stage glottic laryngeal squamous cell carcinoma
treated with vocal cord-only radiotherapy (treated between
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2014 and 2022 in our department). It shows excellent onco-
logical outcomes with an estimated disease specific survival
of 96% at 5 years. Patients with cT1a and cT1b disease had
a local control at 5 years of 100% and 97%, respectively. For
patients with ¢T2 tumors, this was 77%. These oncological
outcomes are comparable with historical series published
[18-23]. A study from Chera et al. included 585 patients
treated in a single institution between 1964 and 2006 [20].
All of the patients were treated with radiotherapy only, cov-
ering the entire larynx. The local control rates for T1a (95%)
T1b (94%), T2 (74-81%) and the results of our study are
comparable. A more recent study from Elicin et al. included
a total of 761 patients treated between 1990 and 2015 [22].
Patients were included from 10 different centers across
Europe. In this study, there was some heterogeneity in frac-
tionation and dose, but all patients were treated with whole
larynx radiotherapy. Reported local control was comparable,
possibly slightly lower (cT1a 89%, cT1b 83% and cT2 79%)
compared to the present study. An Italian bi-institutional
series of 256 patients with cT2 glottic cancer showed a local
control rate of 73% at 5 years [18]. The study period of this
study was quite long (1970-1999), therefore, the radiation
technique used in these patients vary and are most often not
comparable to the current standard. The majority was treated
with Cobalt sources and parallel fields. A more recent study
[19] from the Netherlands described oncological outcome
of 94 c¢T2 glottic cancer patients treated with radiotherapy
between 2000 and 2012. Local control rate in this study was
comparable to the Italian series, with a local control rate at
5 years of 70.5%. There are two main differences with the
above mentioned series and the present series. The first is
a possible bias regarding the tumor stage in relation to the
treatment and fractionation. In our series we included only
low volume cT?2 tumors for hypofractionated radiotherapy.
More bulky cT?2 or those with impaired mobility are treated
with conventional radiotherapy in our institute. According
to our institutional guidelines, patients with a tumor with a
volume of 2 cc or less should be treated with hypofraction-
ated radiotherapy; nonetheless, 36% of the patients had a
tumor volume above 2 cc. Most of these patients had tumors
with volumes between 2 and 3 cc, but a subgroup analysis
showed a non-significant trend towards loss of local control
above 2 cc.

In addition, most of the cT1 tumors in our series are
more bulky cT1a or cT1b, since most cT1a are preferably
treated with CO,-laser surgery in our hospital. Therefore,
most cT1 tumors are possibly the more unfavorable and for
the ¢T2 tumors the more favorable. Besides, about a third
of the patients had tumor involvement of the anterior com-
missure, a negative predictive factor (Bradley). Nonetheless,
our results are comparable to published series in literature.

The second difference is the radiation technique used.
The use of conventional fields or target volumes covering the
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conventional fields (i.e. whole larynx) with IMRT/VMAT in
early-stage glottic cancer is still widespread and commonly
used. A more conformal treatment of a margin based plan-
ning (vocal cord only) has led to a debate on safety versus
benefit of this treatment [21]. Major concern in this respect
was the risk of geographical misses due to delineation inac-
curacy in combination with target motion. Target delineation
is considered the weakest link in the chain of radiotherapy.
Multimodal imaging could contribute to improved target
delineation [24], but does not always lead to decreased inter
observer variation [25]. Nonetheless, the use of diffusion
weighted imaging in laryngeal cancer is promising and
could possibly lead to more conformal delineations between
observers since it provides sharper edges of tumorous tissue
on imaging [17]. Target motion is a known problem in the
head and neck area, especially in laryngeal cancer [26]. This
intrafraction motion can be covered with patient-specific
PTV margins based upon respiratory phase binned 4D-CT
[27] or cine-MRI [28], or with (an)isotropic PTV margins of
typically 5-7 mm. For fractionated radiotherapy, swallowing
motion does not affect dose distribution, since swallowing
occurs only rarely and takes a very short amount of time
[26]. Therefore, most of the concerns raised in literature can
be overcome with modern possibilities of radiotherapy like
DWTI and motion tracking. The present study shows that the
clinical outcome is comparable to historical series. Nonethe-
less, this is not a randomized clinical trial meaning that firm
conclusions cannot be drawn regarding the non-inferiority.
Mildly hypofractionated radiotherapy for cT1-2 tumors
shows equivalent results in multiple series, including the
present series. Nonetheless, results are significantly worse
for ¢T2 tumors compared to cT1 tumors, so improvements
for ¢cT2 tumors are necessary in order to limit the need
for salvage surgery. Patient selection for a hypofraction-
ated schedule is a key factor. A clear volume cutoff of the
GTV was not found in this study, but the clinically used
2 cc might be a useful cutoff. The finding that persistent
smokers have had a higher risk of local failure is previously
described [29]. Especially in larger tumors (cT?2), this find-
ing could suggest a negative role of hypoxia and radiation
resistant subclones in T2 tumors. Future work need to focus
on improvement of treatment results in this specific group
of patients. The debate on more extreme hypofractionation
towards stereotactic treatment of early-stage glottic larynx
cancer is already ongoing. In the light of hypoxia as cause of
treatment failure, stereotactic radiotherapy could be a solu-
tion to this, since hypoxia seem to play less of a role in the
radiobiology of stereotactic radiotherapy [30]. A phase 1
dose-finding study [31] in 29 patients with Tis-T2 glottic lar-
ynx cancer already showed that a stereotactic radiotherapy
regimen of 5 times 8.5 Gy was tolerable and resulted in
good oncological outcomes. Median follow-up in the highest
dose group was 25.7 months. Currently, a phase 2 study is
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enrolling patients to further study stereotactic radiotherapy
for laryngeal cancer.

Toxicity in our series was very limited (4.3% grade III
or higher late toxicity), and due to the retrospective charac-
ter of the study, it was only possible to reliably report late
toxicity. One patient underwent total laryngectomy due to
organ dysfunction. In the series from Elicin et al., there were
3/761 patients who underwent total laryngectomy because
of laryngeal dysfunction of whom one was treated with
hypofractionated radiotherapy and two conventionally frac-
tionated radiotherapy [22]. In the series from Hendriksma
et al., late toxicity was reported in 5.3%, of which 2 patients
developed laryngeal necrosis [19]. The laryngectomy-free
survival at 5 years in that series was lower (74.7%) compared
to the results of our series (90%). Although in the series
from Hendriksma et al., only cT2NO glottic carcinomas were
included, which could explain the higher laryngectomy rate.
The single vocal cord series on cT1a tumors reported 6.5%
late grade III toxicity, with 4.5% laryngeal necrosis [15].
Although the 5-year laryngectomy-free survival was 98%.
These numbers are slightly different due to the prospective
design (higher reported toxicity) and the cT1la tumors (less
laryngectomies).

Limitations

Since this study is retrospectively performed, there is selec-
tion bias that may be of influence on the outcome of the
study. Although we included consecutive patients, there may
be some selection based on none definable factors. In addi-
tion, toxicity was not scored in a standardized manner, there-
fore, it was chosen to only report objective toxicity like tube
feeding, hypothyroidism, tracheostomy and laryngectomy. In
addition, voice quality (e.g. by scoring the voice handicap
index) is not registered in all patients. Lastly, the statistics
were hampered by limited number of patients included in
the study. Multivariable analysis was not possible, due to
the low number of recurrences in our cohort.

Conclusion

Vocal cord-only hypofractionated radiotherapy appears to
be oncologically safe in early-stage glottic laryngeal squa-
mous cell carcinoma. The use of modern, image-guided
radiotherapy led to comparable results as historical series
on entire larynx and single cord irradiation with very limited
late toxicity. Oncological outcomes in patients with cT1 and
T2 glottic laryngeal carcinoma are good, but in patients with
cT2 tumors, besides the proposed 2 cc volume cutoff, better
patient selection criteria should be developed.

Acknowledgements None to disclose.

Author contributions MR: concept, data collection, analyses, interpre-
tation of data, writing. JR: interpretation of data, writing. HS: data col-
lection, review. ES: interpretation of data, review. PD: concept, inter-
pretation of data, review. RB: concept, interpretation of data, review.

Availability of data and materials The datasets generated during and/or
analysed during the current study are available from the corresponding
author on reasonable request.

Declarations
Conflict of interest Nothing to disclose.

Identification of meetings None.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Lyhne NM et al (2016) Pattern of failure in 5001 patients treated
for glottic squamous cell carcinoma with curative intent—a
population based study from the DAHANCA group. Radiother
Oncol 118:257-266. https://doi.org/10.1016/j.radonc.2016.02.
006

2. Di Credico G et al (2019) Joint effects of intensity and duration of
cigarette smoking on the risk of head and neck cancer: a bivariate
spline model approach. Oral Oncol 94:47-57. https://doi.org/10.
1016/j.oraloncology.2019.05.006

3. La Vecchia C, Zhang ZF, Altieri A (2008) Alcohol and laryngeal
cancer: an update. Eur J Cancer Prev 17:116-124. https://doi.org/
10.1097/CEJ.0b013e3282b6fd40

4. Talamini R et al (2002) Combined effect of tobacco and alcohol
on laryngeal cancer risk: a case—control study. Cancer Causes
Control 13:957-964. https://doi.org/10.1023/a:1021944123914

5. Bosetti C et al (2006) Trends in laryngeal cancer mortality in
Europe. Int J Cancer 119:673-681. https://doi.org/10.1002/ijc.
21855

6. van Dijk BA, Karim-Kos HE, Coebergh JW, Marres HA, de Vries
E (2014) Progress against laryngeal cancer in The Netherlands
between 1989 and 2010. Int J Cancer 134:674-681. https://doi.
org/10.1002/ijc.28388

7. Pakkanen P et al (2022) Survival and larynx preservation in
early glottic cancer: a randomized trial comparing laser surgery
and radiation therapy. Int J Radiat Oncol Biol Phys 113:96-100.
https://doi.org/10.1016/j.ijrobp.2022.01.010

8. Ding Y, Wang B (2019) Efficacy of laser surgery versus radio-
therapy for treatment of glottic carcinoma: a systematic review
and meta-analysis. Lasers Med Sci 34:847-854. https://doi.org/
10.1007/s10103-018-2695-2

9. Goor KM et al (2007) Cordectomy by CO, laser or radiotherapy
for small T1a glottic carcinomas: costs, local control, survival,

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.radonc.2016.02.006
https://doi.org/10.1016/j.radonc.2016.02.006
https://doi.org/10.1016/j.oraloncology.2019.05.006
https://doi.org/10.1016/j.oraloncology.2019.05.006
https://doi.org/10.1097/CEJ.0b013e3282b6fd40
https://doi.org/10.1097/CEJ.0b013e3282b6fd40
https://doi.org/10.1023/a:1021944123914
https://doi.org/10.1002/ijc.21855
https://doi.org/10.1002/ijc.21855
https://doi.org/10.1002/ijc.28388
https://doi.org/10.1002/ijc.28388
https://doi.org/10.1016/j.ijrobp.2022.01.010
https://doi.org/10.1007/s10103-018-2695-2
https://doi.org/10.1007/s10103-018-2695-2

3352

European Archives of Oto-Rhino-Laryngology (2023) 280:3345-3352

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

quality of life, and voice quality. Head Neck 29:128-136. https://
doi.org/10.1002/hed.20500

. Hendriksma M, Heijnen BJ, Sjogren EV (2018) Oncologic and

functional outcomes of patients treated with transoral CO, laser
microsurgery or radiotherapy for T2 glottic carcinoma: a system-
atic review of the literature. Curr Opin Otolaryngol Head Neck
Surg 26:84-93. https://doi.org/10.1097/M0O0.0000000000000438
Campo F et al (2021) Laser microsurgery versus radiotherapy
versus open partial laryngectomy for T2 laryngeal carcinoma: a
systematic review of oncological outcomes. Ear Nose Throat J
100:51S-58S. https://doi.org/10.1177/0145561320928198
Hendriksma M et al (2022) Long term functional outcomes in T2
glottic carcinoma after radiotherapy. J Laryngol Otol. https://doi.
org/10.1017/50022215122001682

Amini A et al (2021) Outcomes between intensity-modulated radi-
ation therapy versus 3D-conformal in early stage glottic cancer.
Head Neck 43:3393-3403. https://doi.org/10.1002/hed.2684 1
Suzuki G et al (2020) Comparison of three fractionation schedules
in radiotherapy for early glottic squamous cell carcinoma. In Vivo
34:2769-2774. https://doi.org/10.21873/invivo.12101

Tans L et al (2022) Single vocal cord irradiation for early-stage
glottic cancer: excellent local control and favorable toxicity pro-
file. Oral Oncol 127:105782. https://doi.org/10.1016/j.oraloncolo
2y.2022.105782

Caldas-Magalhaes J et al (2015) The accuracy of target delineation
in laryngeal and hypopharyngeal cancer. Acta Oncol 54:1181—
1187. https://doi.org/10.3109/0284186X.2015.1006401
Ligtenberg H et al (2018) Target volume delineation using diffu-
sion-weighted imaging for MR-guided radiotherapy: a case series
of laryngeal cancer validated by pathology. Cureus 10:62465.
https://doi.org/10.7759/cureus.2465

Cellai E et al (2005) Radical radiotherapy for early glottic can-
cer: results in a series of 1087 patients from two Italian radiation
oncology centers. I. The case of TINO disease. Int J Radiat Oncol
Biol Phys 63:1378-1386. https://doi.org/10.1016/j.ijrobp.2005.05.
018

Hendriksma M et al (2019) Survival and prognostic factors for
outcome after radiotherapy for T2 glottic carcinoma. Cancers
(Basel). https://doi.org/10.3390/cancers11091319

Chera BS, Amdur RJ, Morris CG, Kirwan JM, Mendenhall WM
(2010) TINO to T2NO squamous cell carcinoma of the glottic
larynx treated with definitive radiotherapy. Int J Radiat Oncol Biol
Phys 78:461-466. https://doi.org/10.1016/j.ijrobp.2009.08.066
Chera BS, Amdur RJ, Morris CG, Mendenhall WM (2010)
Carotid-sparing intensity-modulated radiotherapy for early-stage
squamous cell carcinoma of the true vocal cord. Int J Radiat Oncol
Biol Phys 77:1380-1385. https://doi.org/10.1016/j.ijrobp.2009.07.
1687

@ Springer

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Elicin O et al (2019) Influencing factors on radiotherapy outcome
in stage I-II glottic larynx cancer—a multicenter study. Front
Oncol 9:932. https://doi.org/10.3389/fonc.2019.00932

Al Feghali KA et al (2020) Outcomes after radiation therapy
for T2NO/stage 1II glottic squamous cell carcinoma. Head Neck
42:2791-2800. https://doi.org/10.1002/hed.26308

Chauhan D et al (2015) Improving the accuracy of target volume
delineation by combined use of computed tomography, magnetic
resonance imaging and positron emission tomography in head and
neck carcinomas. J Cancer Res Ther 11:746-751. https://doi.org/
10.4103/0973-1482.163679

Cardenas CE et al (2022) Comprehensive quantitative evaluation
of variability in MR-guided delineation of oropharyngeal gross
tumor volumes and high-risk clinical target volumes: an R-IDEAL
stage O prospective study. Int J Radiat Oncol Biol Phys. https://
doi.org/10.1016/j.ijrobp.2022.01.050

van Asselen B, Raaijmakers CP, Lagendijk JJ, Terhaard CH
(2003) Intrafraction motions of the larynx during radiotherapy.
Int J Radiat Oncol Biol Phys 56:384-390. https://doi.org/10.1016/
s0360-3016(02)04572-8

Keall P (2004) 4-Dimensional computed tomography imaging and
treatment planning. Semin Radiat Oncol 14:81-90. https://doi.org/
10.1053/j.semradonc.2003.10.006

Bruijnen T et al (2019) Intrafraction motion quantification and
planning target volume margin determination of head-and-neck
tumors using cine magnetic resonance imaging. Radiother Oncol
130:82-88. https://doi.org/10.1016/j.radonc.2018.09.015
Al-Mamgani A et al (2014) Radiotherapy for T1a glottic cancer:
the influence of smoking cessation and fractionation schedule of
radiotherapy. Eur Arch Otorhinolaryngol 271:125-132. https://
doi.org/10.1007/s00405-013-2608-8

Song CW et al (2021) Biological principles of stereotactic body
radiation therapy (SBRT) and stereotactic radiation surgery
(SRS): indirect cell death. Int J Radiat Oncol Biol Phys 110:21—
34. https://doi.org/10.1016/j.ijrobp.2019.02.047

Sher DJ et al (2019) Phase 1 fractional dose-escalation study of
equipotent stereotactic radiation therapy regimens for early-stage
glottic larynx cancer. Int J Radiat Oncol Biol Phys 105:110-118.
https://doi.org/10.1016/].ijrobp.2019.03.010

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1002/hed.20500
https://doi.org/10.1002/hed.20500
https://doi.org/10.1097/MOO.0000000000000438
https://doi.org/10.1177/0145561320928198
https://doi.org/10.1017/S0022215122001682
https://doi.org/10.1017/S0022215122001682
https://doi.org/10.1002/hed.26841
https://doi.org/10.21873/invivo.12101
https://doi.org/10.1016/j.oraloncology.2022.105782
https://doi.org/10.1016/j.oraloncology.2022.105782
https://doi.org/10.3109/0284186X.2015.1006401
https://doi.org/10.7759/cureus.2465
https://doi.org/10.1016/j.ijrobp.2005.05.018
https://doi.org/10.1016/j.ijrobp.2005.05.018
https://doi.org/10.3390/cancers11091319
https://doi.org/10.1016/j.ijrobp.2009.08.066
https://doi.org/10.1016/j.ijrobp.2009.07.1687
https://doi.org/10.1016/j.ijrobp.2009.07.1687
https://doi.org/10.3389/fonc.2019.00932
https://doi.org/10.1002/hed.26308
https://doi.org/10.4103/0973-1482.163679
https://doi.org/10.4103/0973-1482.163679
https://doi.org/10.1016/j.ijrobp.2022.01.050
https://doi.org/10.1016/j.ijrobp.2022.01.050
https://doi.org/10.1016/s0360-3016(02)04572-8
https://doi.org/10.1016/s0360-3016(02)04572-8
https://doi.org/10.1053/j.semradonc.2003.10.006
https://doi.org/10.1053/j.semradonc.2003.10.006
https://doi.org/10.1016/j.radonc.2018.09.015
https://doi.org/10.1007/s00405-013-2608-8
https://doi.org/10.1007/s00405-013-2608-8
https://doi.org/10.1016/j.ijrobp.2019.02.047
https://doi.org/10.1016/j.ijrobp.2019.03.010

	Oncological outcome of vocal cord-only radiotherapy for cT1-T2 glottic laryngeal squamous cell carcinoma
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Patients
	Diagnostic workup, treatment and follow-up
	Study endpoints
	Statistical analysis

	Results
	Local control
	Regional control
	Toxicity
	Survival

	Discussion
	Limitations

	Conclusion
	Acknowledgements 
	References


