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Evaluation of lasersurgery and radiotherapy as treatment
modalities in early stage laryngeal carcinoma: tumour

outcome and quality of voice
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Abstract For treatment of early stage (Tis-T2) laryngeal
cancer the main choice is between microlaryngoscopy with
carbon dioxide laser resection (laser surgery) and radiotherapy.
Because both treatments provide excellent tumour control,
secondary outcome variables such, as quality of voice may be of
importance in treatment preference. In this study tumour out-
comes and quality of voice were analysed for a cohort of
patients with early stage (Tis-T2) laryngeal (glottic) carcinoma.
The “physical subscale” of the voice handicap index ques-
tionnaire (VHI) and a validated five-item screening question-
naire were used. Analysis of 89 patients treated with laser
surgery and 159 patients treated with radiotherapy revealed a
5-year local control of 75 and 86 % (p = 0.07). Larynx pres-
ervation (5-year) was, however, superior in patients treated with
laser surgery, 93 vs 83 % (p < 0.05). Tumour outcomes were
also analysed per tumour stage and none were of significant
difference. Quality of voice was analysed in 142 patients. VHI
scores were 12.4 £ 8.9 for laser surgery and 8.3 + 7.7 for
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radiotherapy (p < 0.05), with a higher score reflecting a worse
outcome. VHI scores per tumour stage for laser surgery and
radiotherapy were, respectively, 12.0 & 9.9 and 7.9 & 7.5 in
Tla (p = 0.06), 16.7 = 9.0 and 4.9 £ 6.6 in T1b (p < 0.05).
Outcomes of the five-item questionnaire showed voice defi-
ciency in 33 % for laser surgery and 23 % for radiotherapy in
Tla (p = 0.330) and 75 and 5 % for T1b (p = 0.001). Onco-
logic outcomes of laser surgery and radiotherapy were com-
parable. Larynx preservation is, however, preferable in patients
initially treated with laser surgery. According to subjective
voice analysis, outcomes were comparable in Tla lesions.
Depth of laser resection is of influence on voice deficiency
displayed by a significantly higher percentage of voice defi-
ciency in patients treated with laser surgery for T1b lesions.
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Introduction

Within the group of head and neck squamous cell carci-
noma, the larynx is the most frequently affected site in
Western Europe accounting for approximately 30 % of the
cases. In 56-75 % the disease is diagnosed in an early stage
(T1 and T2), most frequently arising from the glottis [1-3].

Treatment of early stage laryngeal carcinoma consists of
carbon dioxide endoscopic laser surgery (henceforth laser
surgery) radiotherapy or open partial laryngectomy with
the intent to preserve laryngeal function. These treatment
modalities have advantages and disadvantages. Laser sur-
gery has the advantage that it can be repeated or succeeded
by radiotherapy for recurrent disease: furthermore laser
surgery is a 1-day treatment and costs of treatment are low
in comparison to the other treatment modalities [4-7].
However, its dependency on patient anatomy and surgical
expertise are disadvantages. For radiotherapy, there is no
need for treatment under general anaesthesia, though
treatment time is significantly longer and more surrounding
healthy tissues can be damaged, sometimes leading to
laryngeal edema, fibrosis or long-term damage of neck
vessels [8]. Open partial laryngectomies have as main
limitation the enlarged risk of deteriorated functional out-
comes, combined with the necessity for postoperative tra-
cheotomy. This operative approach, however, is less
dependent on patient’s anatomy in comparison to laser
surgery [7, 9, 10]. All treatment modalities provide
excellent effectiveness in tumour outcomes. Local control
rates range 71-100 % for laser surgery and 73-95 % for
radiotherapy in T1 tumours without involvement of the
anterior commissure [11-15]. The average local control
rate of open partial laryngectomies is 89.9 % following
from the review of Thomas et al. [9]. Ultimately preser-
vation of the larynx is often reported to be higher with use
of laser surgery, 93-100 % [3, 16-19]. So far no ran-
domized trials comparing treatment options for early
glottic cancer have been reported. All data are derived from
retrospective series.

Because there appears to be little or no difference in
oncologic outcomes between laser surgery and radiother-
apy, treatment costs, side effects, patient preferences and
functional outcome in terms of quality of voice may have
an important role in the choice between laser surgery and
radiotherapy. Several studies have addressed these issues,
but results are not equivocal. One meta-analysis [20], one
study [4] and a review of 15 studies [21], of which 12, did
not find a (significant) difference in voice outcome between
both treatment modalities, whereas others claim that either
radiotherapy [22, 23] or laser surgery [24, 25] has a better
outcome in terms of voice quality.

The aim of this retrospective study was to evaluate
treatment outcomes for early stage (T1 and T2) glottic
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laryngeal carcinoma in an 8-year period within The Neth-
erlands Cancer Institute. Tumour outcomes and subjective
quality of voice following radiotherapy or laser surgery
were analysed.

Patients and methods
Patient characteristics

The study population consists of 260 patients with early
stage (<T2) glottic laryngeal carcinoma treated at The
Netherlands Cancer Institute between January 2000 and
July 2008. In this retrospectively collected database, 12
patients were excluded from further analyses because of
previous/synchronous malignancy of the head and neck
(n = 8), laryngeal cancer of unusual (neuro-endocrine)
histology (n = 2) or regional involvement at presentation
(n = 2). Of the 248 eligible patients, 159 were treated with
radiation and 89 with laser surgery.

Tumour staging

Classification was performed according to the 2002 UICC
TNM staging system. Tumour stage ranged from carci-
noma in situ (henceforth discussed as Tis), Tla, T1b and
T2 for glottic carcinomas (Table 1). Staging modalities
were direct laryngoscopy, (stroboscopy), ultrasound of the
neck (combined with FNAC in case of suspicion of
regional involvement) and chest x-ray. CT-imaging was
performed in all T1b or T2 tumour stages.

Treatment

In 89 patients treatment consisted of direct microlaryn-
goscopy with complete resection of the lesion with CO,
laser surgery. A Sharplan CO,-laser 30C with Acuspot 712
micromanipulator and super-pulse, continuous, mode was
used. Power setting varied from 2-9 W. The technique as

Table 1 Patient characteristics

Characteristics Laser- Radiotherapy p
surgery (n = 159)
(n = 89)
Mean age (years) (range) 67 (41-87) 64 (39-89) 0.026
Sex ratio (male:female) 88:12 % 87:13 % 0.578
Primary tumour stage 23/49/15/2 3/54/27/75 <0.001
(glottic, NO) Tis/T1a/T1b/
T2
Mean follow-up (months), 44 (3-89) 48 (2-108) 0.108
(range)
Loss to follow-up 3 8 0.398
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described by Steiner [13], resecting the tumour after tran-
section, was used. In small lesions the tumour was resected
in one piece.

Radiotherapy was delivered to a total of 159 patients
with a 4-MV (n = 212) or 6-MV (n = 4) photon linear
accelerator. Patients were treated in a supine position,
using a thermoplastic immobilization mask. Target areas
included the larynx, using a standard parallel opposing
technique with a field size of 6 cm x 6 cm for Tis and
Tla/b glottic carcinomas without nodal disease (NO). For
patients with T2 glottic carcinoma, target areas included
the larynx and bilateral neck nodes, using either a parallel
opposing beam technique with or without an adjacent
anterior field covering the supraclavicular (level 4) area or
a technique using intensity modulated radiotherapy
(IMRT). Radiotherapy schedules were based upon Dutch
national guidelines and radiotherapy was applied according
to two schedules: schedule 1:25 x 2.4 Gy, total dose
60 Gy in 5 weeks (n: 104, for node-negative glottic car-
cinoma, <TI1b, treated with 6 cm x 6 cm field), median
overall treatment time 32 days, (fractions were delivered
during 5 days a week) and schedule 2: 35 x 2.0 Gy, total
dose 70 Gy in 6-7 weeks (n: 50, for T2 glottic carcinoma
treated to larynx and nodal areas) overall treatment time
41 days. The total delivered dose ranged from 52.8 to
70 Gy. Five patients did not receive the hospital standard
practice dose scheme because of change of schedule (n: 1),
death during treatment (n: 1) or irradiation outside our
centre (n: 3).

Voice evaluation

Patients with glottic cancer alive at last follow up without
recurrent disease (n = 179) were contacted by telephone to
participate in an analysis regarding voice quality. A total of
142 patients (response rate 79 %) consented to this.
Excluded from this evaluation were patients with current
laryngeal cancer (n: 1), linguistic barrier (n: 5) or patients
treated with both modalities discussed in this article or
laryngectomy (n: 15). Evaluation of voice impairment
experienced by patients was performed using two validated
questionnaires; the “physical subscale” of the “voice
handicap index” (henceforth VHI) and a five-item
screening questionnaire (henceforth five-item question-
naire), designed by van Gogh et al. [24]. VHI is a widely
used self-administered questionnaire with a Likert-type
scale indicating how frequently each situation is experi-
enced. The ‘physical’ subscale consists of ten questions,
with responses grading from O to 4, with higher scores
representing severe voice handicap. The maximal score on
this domain is 40 points [26]. The five-item questionnaire is
composed of five questions on a ten-point scale covering
vocal abilities and related social situations [24]. An

overview of both questionnaires is given in Appendix 1.
Due to the retrospective design of the study, no data for
baseline voice quality evaluation were available.

Follow-up

The minimal duration of follow-up was 12 months from
diagnosis, with the exception of patients who were lost to
follow-up or died during this period. Regular follow-up
ended 60 months after start of initial treatment. Follow-up
included physical examination, laryngoscopy with the
flexible endoscope and an annual chest x-ray. Details
regarding follow-up are described in Table 1.

End points and statistical analysis

All patients were followed at the Netherlands Cancer
Institute. Patient characteristics were compared by Fisher’s
exact test, Chi-square test and Kruskal-Wallis test.
Recurrences were categorized as local recurrence, regional
recurrence and/or distant metastases. A local recurrence
was defined as a recurrence involving the initial tumour
site, with a maximal recurrence interval of 5 years between
initial presentation and date of recurrence. Recurrence-free
interval was calculated from the date of therapy to the date
of local recurrence, regional recurrence or distant metas-
tases. Patients without any of these events were censored at
the time of death from any cause or at last follow-up.
Larynx preservation and disease specific survival were also
used as end-points. The probabilities of local control (with
initial treatment modality), larynx preservation, disease-
specific survival and overall survival were calculated using
Kaplan—-Meier with the log-rank test assessing equality of
distributions. Students’# test was used to compare averages
and the Chi squared test for comparing proportions. p val-
ues <0.05 were considered significant. All analyses was
performed by SPSS for windows, version 18.0.

Results
Patient and tumour characteristics

Patient and tumour characteristics of the group treated with
laser surgery (n = 89) and the group treated with radio-
therapy (n = 159) were compared (Table 1). There were
no statistically significant differences in sex or duration of
follow-up. However, primary and regional tumour stages
were not distributed equally between the two groups.
Tumour stage was higher in the radiotherapy group, which
contained the vast majority of patients with stage T2 car-
cinomas as well as the majority of T1b carcinomas.
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Table 2 Tumour outcome for laser surgery and radiotherapy in all
patients

Laser Radiotherapy p
surgery (n = 159)
(n = 89)
Local recurrence 17 18 0.091
Mean time to 1315 1615
recurrence £ SD (months)
Regional recurrence 2 2 0.620
Mean time to 4+£2 7+1
recurrence £ SD (months)
Distant metastases - 0.641
Mean time to - 7
recurrence = SD (months)
Local control (with initial 77 142
treatment modality)
5-year local control 75 % 86 % 0.070
Larynx preservation 87 142 -
5-year larynx 93 % 83 % 0.049
preservation
Disease specific survival (DSS) 95 196
5-year disease specific 99 % 94 % 0.054
survival
Overall survival (OS) 80 125
5-year overall survival 90 % 72 % 0.106

Table 3 Outcomes for glottic Tis

Laser surgery Radiotherapy p

(n =24) (n=3)

Local recurrence 6 0 0.277
Mean time to 18 + 18 - -

recurrence = SD

(months)
Local control (with initial 20 3

treatment modality)

5-year local control 86 % 100 % 0.566
Larynx preservation 23 3

5-year larynx preservation 95 % 100 % 0.808
Disease specific survival 22 3

(DSS)

S-year disease specific 100 % 100 % -

survival

Overall survival (OS) 21 3

5-year overall survival 96 % 66 % 0.084

Tumour outcomes

Recurrent disease was observed in 19 patients (21 %) in
the laser surgery group: 17 local and 2 regional recur-
rences. For the radiotherapy group recurrent disease was
observed in 21 patients (13 %); 18 local, 2 regional- and 1
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Table 4 Outcomes for glottic Tla

Laser surgery Radiotherapy p

(n = 50) (n = 54)

Local recurrence 7 3 0.307
Mean time to 20 + 28 20 + 11

recurrence £ SD (mth)
Local control (with initial 45 51

treatment modality)

5-year local control 81 % 93 % 0.382
Larynx preservation 50 52

5-year larynx preservation 100 % 93 % 0.267
Disease specific survival 50 53

(DSS)

S-year disease specific 100 % 96 % 0.519

survival

Overall survival (OS) 45 44

5-year overall survival 86 % 89 % 0.561

distant recurrences. There was no significant difference
between CO, laser and RT in local control. Larynx pres-
ervation (p < 0.05), disease-specific survival and overall
survival were less favourable in the radiotherapy group
(Table 2). Local recurrences and control, larynx preserva-
tion, disease-specific survival and overall survival were
analysed separately for different T categories.

Patients with glottic Tis carcinoma (n = 27) developed
local recurrence in the laser surgery group in 6 out of 24
(25 %) and in the radiotherapy group in O out of 3. In 3 of 6
patients recurrence was diagnosed within 3 months after
initial treatment. Salvage therapy of the recurrences con-
sisted of endoscopic re-treatment (n = 3) or radiotherapy
(n = 3) with total control of disease. In one patient even-
tually a total laryngectomy with postoperative radiotherapy
(n = 1) was necessary. None of the outcomes differed
statistically significant between both treatment modalities
(Table 3).

Patients with glottic Tla carcinoma (n = 104) devel-
oped local recurrence in the laser surgery group in 7 out of
50 (14 %) and in the radiotherapy group in 3 out of 55
(6 %). Local recurrences in the laser surgery group were
treated with endoscopic re-treatment (n = 4) or radiother-
apy (n = 3). Local recurrence after radiotherapy was
treated with total laryngectomy (n = 2) and laser surgery
(n = 1). Eventually one patient died due to secondary
recurrent disease in the radiotherapy group. There were no
significant differences in outcome measures between both
treatments (Table 4).

Patients with glottic T1b carcinoma (n = 42) developed
local recurrence in the laser surgery group in 3 out of 15
(20 %) and in the radiotherapy group in 4 out of 27 (15 %).
Local recurrences in the laser group were treated with
laryngectomy (n = 2) or radiotherapy (n = 1). In the
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radiotherapy group the local recurrences were treated with
a laryngectomy (n = 3) or laser surgery (n = 1). There
were no regional recurrences in the radiotherapy group and
two regional recurrences (13 %) in the laser surgery group
(» 0.052). One was treated with a neck dissection (n = 1)
whereas the other patient died before treatment of an
unrelated cause. Except for these regional recurrences there
was no significant difference in oncologic outcome
between both groups (outcomes combined with T2 are
shown in Table 5).

Patients with glottic T2 (n = 77) carcinoma were mainly
treated with radiotherapy (75/77), whereas only two were
treated with laser surgery. Therefore in Table 5 this group is
taken together with T1b tumours. A total of 11 patients
(14 %) developed local recurrence, one in the laser surgery
group. This patient was repeatedly treated with CO, laser. In
the radiotherapy group, of the ten patients with a local
recurrence, all were treated with a laryngectomy. Two of the
78 patients developed regional recurrences and one distant
metastases as first recurrence. One laryngectomy was per-
formed for recurrent pneumonia’s due to chronic aspiration
resulting in a total of 11 laryngectomies.

Quality of voice

Table 6 shows the outcomes obtained from the voice hand-
icap index ‘“VHI’ “physical subscale” questionnaire and the
five-item questionnaire designed by van Gogh [24]. Both
questionnaires show an overall superior outcome of voice
subjective quality of voice in patients treated with radio-
therapy. For the VHI median scores were 8.3 and 12.4
respectively for the patients treated with radiotherapy or
laser surgery, with a higher score reflecting a worse outcome
(p value < 0.05). If split between T1la and T1b, only for the

Table 5 Outcomes for glottic T1b and T2

Laser Radiotherapy  p
surgery (n =102)
n=17)
Local recurrence 4 14 0.288
Mean time to 20 + 16 18 £ 16
recurrence = SD
(months)
Local control (with initial 14 89
treatment modality)
5-years local control 78 % 80 % 0.310
Larynx preservation 15 88
5-year larynx preservation 67 % 75 % 0.097
Disease specific survival 16 96
S-year disease specific 100 % 91 % 0.980
survival
Overall survival 14 77
5-year overall survival 85 % 81 % 0.885

T1b subgroup these results were of significance. For the five-
item questionnaire the percentage of patients with voice
deficiency was 37 % in the group treated with laser surgery,
versus 23 % in the group treated with radiotherapy. Only in
the T1b group this difference was statistically significant
(p value 0.001). Two patients in the T2 subgroup (n 40) were
treated with laser surgery, therefore we did not perform a
comparative statistical analysis on this group.

Discussion

Several treatment options are currently available for early
laryngeal cancer and the optimal treatment is still under
debate [27]. In this retrospective study, we compared tumour
outcomes and voice quality in patients with Tis-T2 glottic
larynx carcinoma treated with radiotherapy or CO,-laser
surgery to analyse the results of these treatment modalities.

For the whole study population it appears that larynx
preservation, disease-specific survival and overall survival
are less favourable in the radiotherapy group than the CO,
laser surgery group. Larynx preservation is significantly
better in patients treated with laser surgery, 93 versus 83 %
(p < 0.05). Although literature points out that larynx
preservation is higher in patients treated with laser surgery,
we also think that this is influenced by the selection bias in
our study; more advanced tumours were treated with
radiotherapy [15, 19]. The recurrence and mortality rates
found in our study are in accordance with those reported in
other studies, with the exception of the recurrence rates
regarding carcinoma in situ treated with laser surgery. Our
finding that in 6 of the 24 patients local disease recurred
within 5 years after treatment is high compared to reported
recurrence rates [1, 2, 4, 19, 28]. Additional analysis
reveals that in three out of six patients local disease
recurred within 3 months after initial treatment. Due to this
brief interval between treatment and relapse we suspect
that resection margins influence our outcome. In all of
these cases pathological assessment regarding surgical
margins was inconclusive due to cauterization effects. We
chose to monitor these patients by means of close follow-
up instead of re-resection or treatment with radiotherapy.
Examination of specimens resected with laser surgery is
considered difficult [29]. Remacle et al. [30] investigated
the reliability of frozen section and conclude that this is a
reliable method to evaluate margin status. Although this
assessment has drawbacks, in particular its time consuming
nature, it can be considered in case of suspected irradical
resection. The oncologic outcome in this study confirms
that laser surgery is a safe technique in Tla and a selection
of Tlb glottic tumours. In this study, no modality was
superior oncologically. Ample evidence is available about
the similar effectiveness of laser surgery and radiotherapy
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Table 6 Quality of voice in
patients with glottic localisation

* Median time to voice
evaluation; laser surgery
51 months, radiotherapy

Tumour stage Questionnaire Laser surgery Radiotherapy P
Tis (n = 13) (n=13)
VHI, mean £ SD (range) 10.6 £ 6.1 (0-20) - -
five-item 31 % - -
Tla (n = 67) (n = 36) (n =31)
VHI, mean & SD (range) 12.0 & 9.9 (0-28) 79 £ 7.5 (0-24) 0.06
five-item 33 % 23 % 0.330
T1b (n = 22) (n=28) (n = 14)
VHI, mean + SD (range) 16.7 £+ 9.0 (0-26) 49 + 6.6 (0-21) 0.003
five-item 75 % 7 % 0.001
T2 (n = 40) n=2) (n = 38)
VHI, mean + SD (range) 10.0 £ 4.2 (7-13) 9.9 + 8.0 (0-30) -
five-item 0 % 29 % -
Total (n = 142) (n=159) (n = 83)
VHI, mean £ SD (range) 12.4 £+ 8.9 (0-28) 8.3 £ 7.7 (0-30) 0.005
five-item 37 % 23 % 0.0 62

66 months (p 0.02)

as treatment for Tla larynx carcinomas [3, 11-13, 15-18,
28, 31]. Also for T1b and T2 carcinomas similar results can
be obtained using either radiotherapy or laser surgery [32—
35]. Peretti et al. [36] evaluated clinical outcomes of laser
surgery in 595 patients with glottic tumours stage T1-3,
revealing a local control of respectively 86 and 72 % in the
T2 and T3 group. Laryngeal preservation was 95 and 73 %
in the T2 and T3 group. In general it can be stated that local
control of laser surgery is comparable to radiotherapy [34,
37, 38], although some studies report higher local control
with laser surgery [19]. As laser surgery can be repeated
and radiotherapy can be kept in reserve, in most reports the
organ preservation rate is better when using CO, laser [39].
Laser surgery as treatment for T1b and T2 carcinoma is
incidental in our institute; therefore no conclusions can be
extracted from the data comparing these treatment
modalities. However, we can conclude that radiotherapy is
an effective method in these patients and CO, laser can be
used in selected cases.

In this study, quality of voice after treatment was analysed
by means of the “physical subscale” of the voice handicap
index (VHI) [26] and a five-item questionnaire designed by
van Gogh et al. [24]. Because patients were contacted by
telephone, we chose to restrict the interview to the two
questionnaires. This enabled us to restrain the duration of the
interview and thereby reduce the threshold for patients to
participate. Secondly we decided to refrain ourselves from an
observer assessment of quality of voice by a research tool as
GRBAS as we feared that the distortion of the sound pro-
duced by the telephone transmission could influence this
assessment. The analysis resulted in a significantly higher
score on the “physical subscale” of the VHI in the group
treated with laser surgery, reflecting a worse outcome for
voice quality. This group also had a poorer outcome in the
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five-item questionnaire with borderline significance. Anal-
ysis per tumour stage showed that this was mainly caused by
the T1b patients, as the scores in the T1a group did not differ
significantly. However, one should consider that in deeply
infiltrative T1a lesions, we generally opted for radiotherapy.
Several studies addressed the issue of voice quality in
patients treated with laser surgery or radiotherapy. Our
search revealed one meta-analysis and a large number of
retrospective studies. In the article of Peeters et al., also
discussed in the meta-analysis of Cohen et al., a significantly
better VHI score was found in patients with glottic Tla
tumours treated with laser surgery as compared to radio-
therapy [20, 25]. However, in this study, mainly very
superficial T1a glottic carcinomas were treated. The majority
of articles addressing this issue conclude that voice outcomes
do not differ (significantly) between both treatment modal-
ities. The most recent one of Sjogren et al. found no differ-
ence in voice outcome after laser surgery and radiotherapy
when using perceptual (VHI), acoustic (GRBAS), aerody-
namic and subjective examinations such as videostrobos-
copy in patients with glottic T1a laryngeal carcinoma [40].
Cohen et al. conclude in their meta-analysis of six retro-
spective studies that both treatment modalities offer com-
parable VHI scores for patients with T1 glottic carcinoma
[20]. Five other studies also conclude that outcomes are
comparable or not significantly different [4, 24, 41-43].
Tamura et al. found an increased fundamental frequency and
air flow rate in patients with glottic T1a carcinoma treated
with laser surgery, however this difference was not signifi-
cant [42]. Van Gogh et al. found higher voice impairment
after radiotherapy when using a self-designed five-item
questionnaire; however this difference was not significant
either [24]. Three other studies conclude that quality of
voice, when analysing acoustic (GRBAS) and/or perceptual
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(VHI) outcomes in patients with T1 (a) glottic carcinoma, is
significantly better when patients are treated with radio-
therapy [22, 23, 44].

A crucial point when comparing outcomes after laser
surgery and radiotherapy is that all studies are retrospective
and treatment allocation is not random. Analysis of quality of
voice is influenced by treatment selection biases. In general,
as in our study, radiotherapy is used more frequently in more
extensive tumours. Peretti et al. showed that mean VHI
scores doubled when resection included more than the
superficial vocalis muscle [45]. In this study, the major
contributor to inferior voice quality in the laser group is the
group with tumour stage T1b. This confirms that a more
extensive resection influences quality of voice negatively.

Conclusion

Oncological outcomes of both laser surgery and radio-
therapy are similar in Tla laryngeal cancer. Larynx pres-
ervation is preferable in patients initially treated with laser

surgery. The numbers in this study are too small to allow
any conclusions on oncological outcomes in stage Tlb
laryngeal cancer, although we believe laser surgery can be
a safe procedure in selected cases. In treatment choice
therefore other considerations play an important role. Apart
from treatment duration, costs and toxicity, for glottic
cancer, the estimated voice outcome is the most important
issue. According to subjective voice analysis outcomes
were comparable in Tla lesions. For T1b lesions patients
treated with laser surgery had a significantly higher per-
centage of voice deficiency. Therefore patients with deeply
infiltrative Tla lesions and T1b lesions should be made
aware that their voice quality might be worse when a laser
resection is carried out.

Conflict of interest The authors have no conflict of interest.

Appendix 1

See Tables 7 and 8.

Table 7 Overview of five-item questionnaire (designed by VUmc: Amsterdam, The Netherlands)

Question Answer

1. Does your voice sound deviant Very much 1 2 4 5 6 7 8 9 10 Not at all
(e.g. breathy or rough)?

2. Do you encounter problems Very much 1 2 4 5 6 7 8 9 10 Not at all
holding conversation due to your
voice?

3. Do you encounter problems Very much 1 2 4 5 6 7 8 9 10 Not at all
making a
telephone call due to your voice?

4. Do you encounter problems Very much 1 2 4 5 6 7 8 9 10 Not at all
shouting?

5. Do you have to strain to Very much 1 2 4 5 6 7 8 9 10 Not at all
produce voice?

Overall voice impairment: >1 question answered with or below 5

Table 8 Overview of voice Question Answer

handicap index (VHI)

questionnaire, physical subscale I run out of air when I talk

. The sound of my voice varies throughout the day
. People ask, “what is wrong with your voice”?

. My voice sounds creaky and dry

. The clarity of my voice is unpredictable
. I try to change my voice to sound different
. I use a great deal of effort to speak

Normal: 1 point, mild: 2 points,
moderate: 3 points, severe: 4
points (total: 40 points)

1
2
3
4
5. I feel as though I have to strain to produce voice
6
7
8
9

. My voice is worse in the evening
10. My voice “gives out” in the middle of speaking

Normal/mild/moderate/severe
Normal/mild/moderate/severe
Normal/mild/moderate/severe
Normal/mild/moderate/severe
Normal/mild/moderate/severe
Normal/mild/moderate/severe
Normal/mild/moderate/severe
Normal/mild/moderate/severe
Normal/mild/moderate/severe

Normal/mild/moderate/severe

@ Springer



2086

Eur Arch Otorhinolaryngol (2013) 270:2079-2087

References

10.

11.

12.

13.

14.

15.

16.

. Bray F, Sankila R, Ferlay J, Parkin DM (2002) Estimates of

cancer incidence and mortality in Europe in 1995. Eur J Cancer
38(1):99-166 (pii: S0959804901003501)

. Parkin DM, Bray F, Ferlay J, Pisani P (2005) Global cancer

statistics 2002. CA Cancer J Clin 55(2):74-108 (pii: 55/2/74)

. Sjogren EV, Wiggenraad RG, Le Cessie S, Snijder S, Pomp J,

Baatenburg de Jong RJ (2009) Outcome of radiotherapy in T1
glottic carcinoma: a population-based study. Eur Arch Otorhi-
nolaryngol 266(5):735-744. doi:10.1007/s00405-008-0803-9

. Goor KM, Peeters AJ, Mahieu HF, Langendijk JA, Leemans CR,

Verdonck-de Leeuw IM, van Agthoven M (2007) Cordectomy by
CO; laser or radiotherapy for small T1a glottic carcinomas: costs,
local control, survival, quality of life, and voice quality. Head
Neck 29(2):128-136. doi:10.1002/hed.20500

. Smith JC, Johnson JT, Cognetti DM, Landsittel DP, Gooding

WE, Cano ER, Myers EN (2003) Quality of life, functional
outcome, and costs of early glottic cancer. Laryngoscope
113(1):68-76. doi:10.1097/00005537-200301000-00013

. Higgins KM (2011) What treatment for early stage glottic car-

cinoma among adult patients: CO, endolaryngeal laser excision
versus standard fractionated external beam radiation is superior in
terms of cost utility? Laryngoscope 121(1):116-134. doi:10.10
02/lary.21226

. Karatzanis AD, Psychogios G, Zenk J, Waldfahrer F, Hornung J,

Velegrakis GA, Iro H (2009) Comparison among different
available surgical approaches in T1 glottic cancer. Laryngoscope
119(9):1704-1708. doi:10.1002/lary.20537

. Dorresteijn LD, Kappelle AC, Scholz NM, Munneke M, Scholma

JT, Balm AJ, Bartelink H, Boogerd W (2005) Increased carotid
wall thickening after radiotherapy on the neck. Eur J Cancer
41(7):1026-1030. doi:10.1016/j.ejca.2005.01.020

. Thomas L, Drinnan M, Natesh B, Mehanna H, Jones T, Paleri V

(2012) Open conservation partial laryngectomy for laryngeal
cancer: a systematic review of English language literature. Can-
cer Treat Rev 38(3):203-211. doi:10.1016/j.ctrv.2011.05.010
Agrawal N, Ha PK (2008) Management of early stage laryngeal
cancer. Otolaryngol Clin N Am 41(4):757-769, vi-vii. doi:
10.1016/j.0tc.2008.01.014

Ansarin M, Zabrodsky M, Bianchi L, Renne G, Tosoni A,
Calabrese L, Tredici P, Jereczek-Fossa BA, Orecchia R, Chiesa F
(2006) Endoscopic CO, laser surgery for early glottic cancer in
patients who are candidates for radiotherapy: results of a pro-
spective nonrandomized study. Head Neck 28(2):121-125. doi:
10.1002/hed.20301

Ledda GP, Grover N, Pundir V, Masala E, Puxeddu R (2006)
Functional outcomes after CO, laser treatment of early glottic
carcinoma. Laryngoscope 116(6):1007-1011. doi:10.1097/01.
MLG.0000217557.45491.BD

Steiner W, Ambrosch P, Rodel RM, Kron M (2004) Impact of
anterior commissure involvement on local control of early glottic
carcinoma treated by laser microresection. Laryngoscope
114(8):1485-1491. doi:10.1097/00005537-200408000-00031
Rodel RM, Steiner W, Muller RM, Kron M, Matthias C (2009)
Endoscopic laser surgery of early glottic cancer: involvement of
the anterior commissure. Head Neck 31(5):583-592. doi:
10.1002/hed.20993

Schrijvers ML, van Riel EL, Langendijk JA, Dikkers FG, Schu-
uring E, van der Wal JE, van der Laan BF (2009) Higher lar-
yngeal preservation rate after CO, laser surgery compared with
radiotherapy in Tla glottic laryngeal carcinoma. Head Neck
31(6):759-764. doi:10.1002/hed.21027

Hafidh M, Tibbo J, Trites J, Corsten G, Hart RD, Nasser J, Wilke
D, Mark Taylor S (2009) Radiotherapy for T1 and T2 laryngeal

@ Springer

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

cancer: the Dalhousie University experience. J Otolaryngol Head
Neck Surg 38(4):434-439

Yamazaki H, Nishiyama K, Tanaka E, Koizumi M, Chatani M
(2006) Radiotherapy for early glottic carcinoma (TINOMO):
results of prospective randomized study of radiation fraction size
and overall treatment time. Int J Radiat Oncol Biol Phys
64(1):77-82. doi:10.1016/j.ijrobp.2005.06.014

Cellai E, Frata P, Magrini SM, Paiar F, Barca R, Fondelli S, Polli
C, Livi L, Bonetti B, Vitali E, De Stefani A, Buglione M, Biti G
(2005) Radical radiotherapy for early glottic cancer: results in a
series of 1087 patients from two Italian radiation oncology cen-
ters. I. The case of TINO disease. Int J Radiat Oncol Biol Phys
63(5):1378-1386. doi:10.1016/j.ijrobp.2005.05.018

Thurnher D, Erovic BM, Frommlet F, Brannath W, Ehrenberger
K, Jansen B, Selzer E, Grasl MC (2008) Challenging a dogma—
surgery yields superior long-term results for Tla squamous cell
carcinoma of the glottic larynx compared to radiotherapy. Eur J
Surg Oncol 34(6):692-698. doi:10.1016/j.€js0.2007.06.008
Cohen SM, Garrett CG, Dupont WD, Ossoff RH, Courey MS
(2006) Voice-related quality of life in T1 glottic cancer: irradi-
ation versus endoscopic excision. Ann Otol Rhinol Laryngol
115(8):581-586

Spielmann PM, Majumdar S, Morton RP (2010) Quality of life
and functional outcomes in the management of early glottic
carcinoma: a systematic review of studies comparing radiother-
apy and transoral laser microsurgery. Clin Otolaryngol
35(5):373-382. doi:10.1111/j.1749-4486.2010.02191.x

Rydell R, Schalen L, Fex S, Elner A (1995) Voice evaluation
before and after laser excision vs. radiotherapy of T1A glottic
carcinoma. Acta Otolaryngol 115(4):560-565

Jones AS, Fish B, Fenton JE, Husband DJ (2004) The treatment
of early laryngeal cancers (T1-T2 NO): surgery or irradiation?
Head Neck 26(2):127-135. doi:10.1002/hed.10361

van Gogh CD, Verdonck-de Leeuw IM, Boon-Kamma BA,
Langendijk JA, Kuik DJ, Mahieu HF (2005) A screening ques-
tionnaire for voice problems after treatment of early glottic
cancer. Int J Radiat Oncol Biol Phys 62(3):700-705. doi:
10.1016/j.ijrobp.2004.10.027

Peeters AJ, van Gogh CD, Goor KM, Verdonck-de Leeuw IM,
Langendijk JA, Mahieu HF (2004) Health status and voice outcome
after treatment for Tla glottic carcinoma. Eur Arch Otorhinolar-
yngol 261(10):534-540. doi:10.1007/s00405-003-0697-5
Verdonck-de Leeuw IM, Kuik DJ, De Bodt M, Guimaraes I,
Holmberg EB, Nawka T, Rosen CA, Schindler A, Whurr R,
Woisard V (2008) Validation of the voice handicap index by
assessing equivalence of European translations. Folia Phoniatr
Logop 60(4):173-178. doi:10.1159/000127836

Hartl DM, Ferlito A, Brasnu DF, Langendijk JA, Rinaldo A,
Silver CE, Wolf GT (2011) Evidence-based review of treatment
options for patients with glottic cancer. Head Neck. doi:
10.1002/hed.21528

Sjogren EV, Langeveld TP, Baatenburg de Jong RJ (2008)
Clinical outcome of T1 glottic carcinoma since the introduction
of endoscopic CO, laser surgery as treatment option. Head Neck
30(9):1167-1174. doi:10.1002/hed.20852

Howell R, Hammond R, Pryse-Davies J (1991) The histologic
reliability of laser cone biopsy of the cervix. Obstet Gynecol
77(6):905-911

Remacle M, Matar N, Delos M, Nollevaux MC, Jamart J, Lawson
G (2010) Is frozen section reliable in transoral CO(2) laser-
assisted  cordectomies? = Eur  Arch  Otorhinolaryngol
267(3):397-400. doi:10.1007/s00405-009-1101-x

Motta G, Esposito E, Motta S, Tartaro G, Testa D (2005) CO,
laser surgery in the treatment of glottic cancer. Head Neck
27(8):733. doi:10.1002/hed.20266


http://dx.doi.org/10.1007/s00405-008-0803-9
http://dx.doi.org/10.1002/hed.20500
http://dx.doi.org/10.1097/00005537-200301000-00013
http://dx.doi.org/10.1002/lary.21226
http://dx.doi.org/10.1002/lary.21226
http://dx.doi.org/10.1002/lary.20537
http://dx.doi.org/10.1016/j.ejca.2005.01.020
http://dx.doi.org/10.1016/j.ctrv.2011.05.010
http://dx.doi.org/10.1016/j.otc.2008.01.014
http://dx.doi.org/10.1002/hed.20301
http://dx.doi.org/10.1097/01.MLG.0000217557.45491.BD
http://dx.doi.org/10.1097/01.MLG.0000217557.45491.BD
http://dx.doi.org/10.1097/00005537-200408000-00031
http://dx.doi.org/10.1002/hed.20993
http://dx.doi.org/10.1002/hed.21027
http://dx.doi.org/10.1016/j.ijrobp.2005.06.014
http://dx.doi.org/10.1016/j.ijrobp.2005.05.018
http://dx.doi.org/10.1016/j.ejso.2007.06.008
http://dx.doi.org/10.1111/j.1749-4486.2010.02191.x
http://dx.doi.org/10.1002/hed.10361
http://dx.doi.org/10.1016/j.ijrobp.2004.10.027
http://dx.doi.org/10.1007/s00405-003-0697-5
http://dx.doi.org/10.1159/000127836
http://dx.doi.org/10.1002/hed.21528
http://dx.doi.org/10.1002/hed.20852
http://dx.doi.org/10.1007/s00405-009-1101-x
http://dx.doi.org/10.1002/hed.20266

Eur Arch Otorhinolaryngol (2013) 270:2079-2087

2087

32.

33.

34.

35.

36.

37.

38.

Frata P, Cellai E, Magrini SM, Bonetti B, Vitali E, Tonoli S,
Buglione M, Paiar F, Barca R, Fondelli S, Polli C, Livi L, Biti G
(2005) Radical radiotherapy for early glottic cancer: results in a
series of 1,087 patients from two Italian radiation oncology
centers. II. The case of T2NO disease. Int J Radiat Oncol Biol
Phys 63(5):1387-1394. doi:10.1016/j.ijrobp.2005.05.013
Dinshaw KA, Sharma V, Agarwal JP, Ghosh S, Havaldar R
(2000) Radiation therapy in T1-T2 glottic carcinoma: influence
of various treatment parameters on local control/complications.
Int J Radiat Oncol Biol Phys 48(3):723-735 (pii: S0360-
3016(00)00635-0)

Yao M, Dornfeld KJ, Buatti JM, Skwarchuk M, Tan H, Nguyen
T, Wacha J, Bayouth JE, Funk GF, Smith RB, Graham SM,
Chang K, Hoffman HT (2005) Intensity-modulated radiation
treatment for head-and-neck squamous cell carcinoma—the
University of Iowa experience. Int J Radiat Oncol Biol Phys
63(2):410-421. doi:10.1016/].ijrobp.2005.02.025

Mantsopoulos K, Psychogios G, Koch M, Zenk J, Waldfahrer F,
Iro H (2012) Comparison of different surgical approaches in T2
glottic cancer. Head Neck 34(1):73-77. doi:10.1002/hed.21687
Peretti G, Piazza C, Cocco D, De Benedetto L, Del Bon F, Re-
daelli De Zinis LO, Nicolai P (2010) Transoral CO(2) laser
treatment for T(is)-T(3) glottic cancer: the University of Brescia
experience on 595 patients. Head Neck 32(8):977-983. doi:
10.1002/hed.21278

Mendenhall WM, Amdur RJ, Morris CG, Hinerman RW (2001)
T1-T2NO squamous cell carcinoma of the glottic larynx treated
with radiation therapy. J Clin Oncol 19(20):4029-4036

Fein DA, Mendenhall WM, Parsons JT, Million RR (1993) T1-
T2 squamous cell carcinoma of the glottic larynx treated with
radiotherapy: a multivariate analysis of variables potentially
influencing local control. Int J Radiat Oncol Biol Phys
25(4):605-611

39.

40.

41.

42.

43.

44,

45.

Mabhler V, Boysen M, Brondbo K (2010) Radiotherapy or CO(2)
laser surgery as treatment of T(la) glottic carcinoma? Eur Arch
Oto—Rhino-Laryngol (Off J Eur Fed Oto—Rhino-Laryngol Soc)
267(5):743-750. doi:10.1007/s00405-009-1135-0

Sjogren EV, van Rossum MA, Langeveld TP, Voerman MS, van
de Kamp VA, Friebel MO, Wolterbeek R, Baatenburg de Jong RJ
(2008) Voice outcome in Tla midcord glottic carcinoma: laser
surgery vs radiotherapy. Arch Otolaryngol Head Neck Surg
134(9):965-972. doi:10.1001/archotol.134.9.965

McGuirt WF, Blalock D, Koufman JA, Feehs RS, Hilliard AJ,
Greven K, Randall M (1994) Comparative voice results after
laser resection or irradiation of T1 vocal cord carcinoma. Arch
Otolaryngol Head Neck Surg 120(9):951-955

Tamura E, Kitahara S, Ogura M, Kohno N (2003) Voice quality
after laser surgery or radiotherapy for Tla glottic carcinoma.
Laryngoscope 113(5):910-914. doi:10.1097/00005537-2003050
00-00025

Wedman J, Heimdal JH, Elstad I, Olofsson J (2002) Voice results
in patients with Tla glottic cancer treated by radiotherapy or
endoscopic measures. Eur Arch Otorhinolaryngol 259(10):547—
550. doi:10.1007/s00405-002-0478-6

Nunez Batalla F, Caminero Cueva MJ, Senaris Gonzalez B, Llo-
rente Pendas JL, Gorriz Gil C, Lopez Llames A, Alonso Pantiga R,
Suarez Nieto C (2008) Voice quality after endoscopic laser surgery
and radiotherapy for early glottic cancer: objective measurements
emphasizing the voice handicap index. Eur Arch Otorhinolaryngol
265(5):543-548. doi:10.1007/s00405-007-0512-9

Peretti G, Piazza C, Balzanelli C, Mensi MC, Rossini M, Anto-
nelli AR (2003) Preoperative and postoperative voice in Tis-T1
glottic cancer treated by endoscopic cordectomy: an additional
issue for patient counseling. Ann Otol Rhinol Laryngol 112(9 Pt
1):759-763

@ Springer


http://dx.doi.org/10.1016/j.ijrobp.2005.05.013
http://dx.doi.org/10.1016/j.ijrobp.2005.02.025
http://dx.doi.org/10.1002/hed.21687
http://dx.doi.org/10.1002/hed.21278
http://dx.doi.org/10.1007/s00405-009-1135-0
http://dx.doi.org/10.1001/archotol.134.9.965
http://dx.doi.org/10.1097/00005537-200305000-00025
http://dx.doi.org/10.1097/00005537-200305000-00025
http://dx.doi.org/10.1007/s00405-002-0478-6
http://dx.doi.org/10.1007/s00405-007-0512-9

	Evaluation of lasersurgery and radiotherapy as treatment modalities in early stage laryngeal carcinoma: tumour outcome and quality of voice
	Abstract
	Introduction
	Patients and methods
	Patient characteristics
	Tumour staging
	Treatment
	Voice evaluation
	Follow-up
	End points and statistical analysis

	Results
	Patient and tumour characteristics
	Tumour outcomes
	Quality of voice

	Discussion
	Conclusion
	Conflict of interest
	Appendix 1
	References


