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Aim:  The  aim  of  this  study  was  to  compare  the outcomes,  patterns  of failure  and  laryngeal  preservation
rates  in  patients  with  T1N0  glottic  cancer  treated  with  surgery  or radiotherapy.
Materials/methods:  Retrospective  study  of  T1N0 glottic  cancer  patients  treated  in  our institution  between
January  2007  and  December  2017.  Histologically  proven  squamous  cell  carcinoma  patients,  treated  with
upfront  cordectomy/partial  laryngectomy  (S group)  or radiotherapy  (RT group)  were  included.  Elec-
tive  treatment  of  the  neck  was  not  permitted.  Local  failure  (LF),  disease-free  survival  (DFS),  ultimate
disease-free  survival  (UDFS),  laryngectomy-free  survival  (LFS), disease-specific  mortality  (DSM)  and
overall survival  (OS) were  evaluated.
Results:  Two  hundred  and  one  patients  were  eligible  (172  S group,  29 RT group),  with  a median  follow-up
of  38.8  months.  Overall,  33  (16%)  patients  had  a recurrence,  30 (17%)  in the  S group  and  3  (10%)  in the
RT  group.  Local  failure  was  the predominant  site  of failure  (28  S,  2 RT).  Overall,  of  all  those  that  were
salvaged,  17  (8%)  underwent  total  laryngectomy  (15 S,  2  RT).  There  was  no  significant  difference  in the

5-year  cumulative  incidence  of LF  (20.8% S, 8.1%  RT, p = 0.138),  5-y  LFS  (85.0%  vs. 91.7%,  p  =  0.809),  5-y  DFS
(67.5%  vs. 82.1%,  p = 0.343),  5-y UDFS  (82.5%  vs. 90.3%,  p  =  0.647)  and  5-y  OS  (84.5%  vs. 90.3%,  p =  0.892).
Multivariate  analysis  showed  no correlation  between  initial  treatment  and  the  analyzed  outcomes.
Conclusion:  Primary  surgery  or radiotherapy  were  similar  first line  options,  since  they  do  not  differ  in  all
outcomes.  Patients’  and  physician’s  preferences  must  be considered  when  choosing  first  treatment.

© 2020  Greater  Poland  Cancer  Centre.  Published  by Elsevier  B.V. All  rights  reserved.
. Introduction

Worldwide, there are estimated 238,000 cases of laryngeal can-
er and 106,000 deaths annually.1 It is one of the most common
alignancies of the head and neck and its incidence is increas-

ng over time. Laryngeal cancer, even in locally advanced stages,
as a relatively high cure rate if managed appropriately. Disease
ontrol is not the only consideration in the management of this
isease, as voice preservation and avoidance of tracheal stoma are
lso important priorities. Therefore, it has become the paradigm
or the concept of organ preservation in oncologic patient manage-
ent.
Glottic cancer accounts for approximately two-thirds of all

aryngeal cancers.2 The management of early (T1-2) glottic carci-

∗ Corresponding author at: Instituto Português de Oncologia de Lisboa, Rua Prof.
ima Basto, 1099-023 Lisboa, Portugal.

E-mail address: nelson2357@gmail.com (N. Ferreira).

ttps://doi.org/10.1016/j.rpor.2020.08.007
507-1367/© 2020 Greater Poland Cancer Centre. Published by Elsevier B.V. All rights res
nomas is controversial and is often determined by an anticipated
functional outcome, general medical condition, patient’s wishes,
preferences and expertise of the attending physicians and tumor
factors. It should be treated with the intent to preserve the larynx,
generally with a single modality, either radiotherapy (RT) or transo-
ral laser microsurgery (TLM), with 5-year cause-specific and overall
survival (OS) rates of approximately 95% and 80%, respectively.3

Local control (LC) rates are similar with both modalities, commonly
exceeding 90% for T1 tumors, and ultimate control rates after sal-
vage surgery for recurrences range from 90% to 95%.4–8 Although
some patients can be salvaged with larynx-preserving procedures
after RT, total laryngectomy is necessary in more than one half of
the cases.9

This study aims to compare larynx-preserving surgery (cordec-
tomy or partial laryngectomy) and RT in cT1N0 glottic cancer

patients treated at a single academic institution, by analyzing their
outcomes regarding disease control, patterns of failure, survival
outcomes and laryngeal preservation rates.

erved.

https://doi.org/10.1016/j.rpor.2020.08.007
http://www.sciencedirect.com/science/journal/15071367
http://www.elsevier.com/locate/rpor
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rpor.2020.08.007&domain=pdf
mailto:nelson2357@gmail.com
https://doi.org/10.1016/j.rpor.2020.08.007
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. Material and methods

.1. Patients

Using a Regional Cancer Database, patients with early laryngeal
ancer treated at a single academic tertiary referral center between
he 1st January 2007 and 31st December 2017 were identified.

edical records of all patients were reviewed, and demographic,
linical, histopathological, treatment and follow-up data were col-
ected.

The inclusion criteria for this study were: age ≥ 18 years, histo-
ogically proven squamous cell carcinoma restricted to the glottis,
tage cT1N0 (according to the seventh edition of the American
oint Committee on Cancer), curatively treated with RT or surgery.
atients with synchronous second primary malignancies were
xcluded.

.2. Treatments

Patients were primarily treated with surgery or glottic radio-
herapy. Surgical patients were either submitted to TLM or open
artial laryngectomy. In case of close (1 mm or less) or positive mar-
ins, re-resection or adjuvant RT was indicated. Two-dimensional
adiotherapy was used until June 2008. Since then all patients were
reated with 3D conformal radiotherapy techniques. Patients with
lective treatment of the neck (irradiated or dissected) or with
ther prior treatment were excluded.

.3. Outcomes and endpoints

Local, regional (neck) and distant failures were noted. Events
onsidered in each time-to-event outcome were: recurrence at the
rimary site for local failure (LF) with death by any cause defined
s a competing event; any recurrence or death from any cause
or disease-free survival (DFS); death from any cause for over-
ll survival (OS); death from laryngeal cancer for disease-specific
ortality (DSM), with death unrelated to laryngeal cancer con-

idered as a competing event; total laryngectomy or death from
aryngeal cancer for laryngectomy-free survival (LFS). Incidence
f total laryngectomy was also calculated, using death from any
ause as a competing event. Date of surgery or first day of RT, as
pplicable, were the starting point for calculating time-to-event
ndpoints. Ultimate disease-free survival (UDFS) was  defined as
he time between the primary or salvage treatment, whichever is
ast, and any tumor recurrence or death from any cause.

.4. Statistical analysis

Statistical analysis was undertaken using the R statistical
oftware. LF, total laryngectomy and DSM were calculated as cumu-
ative incidence functions using the competing risk analysis. The
aplan Meier method was used for DFS, LFS, UDFS and OS. To assess
rognostic values of different variables, the log rank test and Gray
est were used for univariate analysis. We  also conducted a multi-
ariable analysis, using the proportional hazards Cox model and
he Fine and Gray competing risks model, to assess the impact
f the primary treatment on DFS, LF and LFS controlling for the
onfounding factors defined a priori age, T stage and smoking
tatus. Detection of differences in the clinical-demographic vari-

bles between the surgical and RT groups was performed using the
isher’s exact test and the Wilcoxon rank sum test. All tests were
wo-sided and a p value < 0.05 was considered to be statistically
ignificant.
y and Radiotherapy 25 (2020) 860–866 861

3. Results

3.1. Patients and treatment characteristics

Patient and tumor characteristics are summarized in Table 1. A
total of 205 patients met  the inclusion criteria. Four patients had
insufficient data or were lost to follow-up, leaving 201 total patients
eligible for analysis, 172 in the surgery group and 29 in the RT
group, with a median follow-up for living patients of 38.8 months
(inter-quartile range 24.5–64.9). The vast majority were men (97%)
with a median age of 64 years (range 41–84). Most were former or
active smokers (88%) of a median of 45 pack-years (2–120), with the
Eastern Cooperative Oncology Group Performance Status between
0 and 1 in 75%. T1a was the predominant T stage, occurring in
86% of patients, versus 14% for T1b. When comparing clinical and
demographic variables between treatment groups, a statistically
significant difference was  detected for age and T stage. RT patients
were older (p = 0.0257) and had a higher proportion of T1b tumors
(p = 0.0026).

Surgery was  the initial treatment in 172 patients, 135 cordec-
tomies and 37 partial laryngectomies. For 27 of the operated
patients, the margin status was not reported, and they were not
measurable (due to fragmentation) in 12 cases. Of the remaining
133, 15 had positive margins, 16 close margins and 102 had neg-
ative margins. Overall, 17 patients had adjuvant glottic RT and 32
underwent a second resection (and obtained tumor-free margins)
due to close or positive margins.

Twenty-nine patients were primarily treated with RT, the
majority (81%) with 3D conformal techniques. The median
dose was  63 Gy (range 63–70) in 2.25 Gy  per fraction (range
2.0–2.25 Gy/fraction). Median overall treatment time was 43 days
(range 37–50).

3.2. Patterns of failure and salvage therapies

The patterns of failure and salvage therapies are summarized
in Table 2. Overall, 33 (16%) patients experienced a recurrence, 30
(17%) in the surgery group and 3 (10%) in the RT group. Curative
salvage treatment was given to 94% of the patients that had failed.
Ten patients had two  or more relapses, all in the surgical group.

In the surgical group (n = 172), 28 patients had a local relapse,
22 of them isolated. Seven patients had regional failure, of whom
two had local control. Only three patients eventually developed
distant metastasis, all with local and/or regional failure. Median
time to first recurrence was  23.5 months (range 1.4–88.4). Most of
the local relapses were treated, at the first recurrence, with larynx-
preserving surgery (13) with or without adjuvant treatment. Total
laryngectomy was the first choice in 10 patients, definitive RT in 4
patients, and concurrent chemoradiotherapy in 1 patient. Overall,
15 patients (9%) were submitted to total laryngectomy in the course
of the disease.

Of the 15 patients with positive margins, 6 received postoper-
ative RT and are disease-free. The remaining 9 did not receive any
adjuvant treatment, and 6 of them had local failure (1 also with
regional and distant failure). Of the 16 patients with close margins,
10 had less than 1 mm margins, in 7 of these no further treatment
was given and 2 of them relapsed locally. All 6 patients with 1 mm
margins did not receive additional treatment and are disease-free.
Only 1 of the 102 negative-margin patients received adjuvant RT
(due to estimated 2 mm fragmented margin) and 10 of these 102
had local failure (8 isolated) and 1 isolated nodal failure. Ten of the

39 patients with combined unmeasurable or missing data margins,
had local relapse.

Median time to recurrence was 27.6 months (range 5.6–60.9) in
the RT cohort. Two patients had an isolated local relapse that was
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Table  1
Patient and tumor characteristics.

Characteristic Total
n = 201 (%)

Surgery
n = 172 (%)

Radiotherapy
n = 29 (%)

p-value

Age (years)
Median 64 63 71 0.0257
Range  41–84 41–84 47–83

Gender
Male  195 (97) 166 (97) 29 (100) 0.5961
Female 6 (3) 6 (3) 0

PS  ECOG at presentation
0–1 150 (75) 135 (79) 15 (52) 0.4834
2–3  25 (12) 21 (12) 4 (14)
Unreported 26 (13) 16 (9) 10 (34)

Smoking history
Yes 176 (88) 151 (88) 25 (86) 1.000

Median pack-years (range) 50 (2–120) 50 (2–120) 55 (15–120)
No  17 (8) 15 (9) 2 (7)
Unreported 8 (4) 6 (3) 2 (7)

T  stage
T1a 172 (86) 153 (89) 19 (66) 0.0026
T1b  29 (14) 19 (11) 10 (34)

Abbreviation: PS ECOG: Performance Status Eastern Cooperative Oncology Group.

Table 2
Patterns of failure and salvage treatments by treatment modality.

Parameter Total
n = 201 (%)

Surgery
n = 172 (%)

Radiotherapy
n = 29 (%)

Follow-up (years)
Median 3.2 3.1 4.0
Range  (0.3–10.1) (0.3–10.1) (0.7–10.0)

Recurrences 33 (16) 30 (17) 3 (10)
Local  30 (15) 28 (16) 2 (7)
Regional 8 (4) 7 (4) 1 (3)
Regional (w/o local) 3 (1) 2 (1) 1 (3)
Distant 4 (2) 3 (2) 1 (3)
2  + recurrences 10 (5) 10 (6) 0

Time  to 1st recurrence (months)
Median – 23.5 27.6
Range  – (1.4–88.4) (5.6–60.9)

Treatment of 1st recurrence
RT alone – 4 0
Cordectomy/Partial laryngectomy alone – 11 0
CRT  (definitive) – 1 0
Total  laryngectomy ± RT ± CT – 10 2
Larynx-preserving surgery + RT ± CT – 3 0
Palliative/None – 1 1

Treatment of 2nd recurrence
RT alone – 0 0
Cordectomy/Partial laryngectomy alone – 3 0
CRT  (definitive) – 0 0
Total  laryngectomy ± RT ± CT – 4 0
Larynx-preserving surgery ± RT ± CT – 1 0
Palliative/None – 2 0

Total  laryngectomy 17 (8) 15 (9) 2 (7)

Deaths  29 (14) 24 (14) 5 (17)

A

s
a

3

a
l
a

Cancer  related 7 (3) 

bbreviation: RT = Radiotherapy; CT = Chemotherapy.

uccessfully salvaged with total laryngectomy. One patient died
fter regional and distant relapse in the lungs and bone.

.3. Outcomes
The overall 2- and 5-year cumulative incidence of LF was 8.4%
nd 18.8%, respectively, and for the cumulative incidence of total
aryngectomy it was 3.1% and 13.8%. Overall, 93.6% and 84.0%
chieved ultimate disease control at 2- and 5-year, respectively.
6 (3) 1 (3)

The 2- and 5-year DSM was 1.6% and 3.9%. Other 2- and 5-year
outcomes are summarized in Table 3.

There were more local failures in the surgically treated patients
(2- and 5-year cumulative incidence of 9.1% and 20.8%, respec-
tively) compared to the RT group (3.4% and 8.1%), but it was not

statistically significant (p = 0.138).

Patients treated with upfront surgery also had lower 5-year
LFS (85% vs. 91.7%), but again it was not statistically significant
(p = 0.773). Nor was there any statistically significant difference
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Table  3
The 2- and 5-year outcomes of patients with T1 glottic cancer treated with surgery or radiotherapy.

Surgery
(%)

RT
(%)

Overall
(%)

p-value

LFa 2y 9.1 3.4 8.4 0.138
5y  20.8 8.1 18.8

DFS 2y 88.5 92.2 88.9 0.343
5y  67.5 82.1 70.0

UDFS 2y 93.3 95.7 93.6 0.647
5y  82.5 90.3 84.0

LFS  2y 97.0 96.6 96.9 0.809
5y  85.0 91.7 86.1

DSMa 2y 1.8 0 1.6 0.890
5y  4.6 0 3.9

OS  2y 95.7 95.7 95.7 0.892
5y  84.5 90.3 85.5

a Cumulative incidence function.

Fig. 1. Outcomes by upfront treatment: Cumulative incidence of local failure (a). Kaplan Meier estimates of Laryngectomy-free survival (b), disease-free survival (c) and
overall  survival (d).



864 N. Ferreira et al. / Reports of Practical Oncology and Radiotherapy 25 (2020) 860–866

Table  4
Multivariate analysis for local failure, disease-free survival and laryngectomy-free survival.

Variable LF DFS LFS

HR 95% CI p HR 95% CI p HR 95% CI p

Primary treatment (S/RT) 0.53 0.13–2.25 0.39 0.86 0.38–1.95 0.98 0.97 0.28–3.40 0.96
Age  (per additional year) 0.97 0.93–1.01 0.19 

T  stage (T1a/T1b) 0.41 0.08–1.71 0.3 

Smoker or former Smoker/never smoker 0.33 0.09–1.09 0.11 

Table 5
The 2- and 5-year outcomes of patients with T1 glottic cancer submitted exclusively
to  upfront surgery (i.e. no adjuvant RT) and TLM only.

Upfront surgery only (%) TLM only (%)

LFa 2y 9.4 8.6
5y  22.6 20.0
p  value 0.138 0.135

DFS 2y 88.6 88.2
5y  67.0 70.4
p  value 0.400 0.600

LFS  2y 96.7 97.6
5y  83.0 84.6
p  value 0.740 0.690

p
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a Cumulative incidence function.
 values of univariate analysis comparing these surgical subgroups to the RT group.

n 5y-DFS (67.5% vs. 82.1%, p = 0.343) and 5y-OS (84.5% vs. 90.3%,
 = 0.892), between the surgery and RT group (Fig. 1).

On univariate analysis, only the T stage classification had an
mpact on DFS (but not LF or LFS), as T1b patients had higher DFS
han T1a (p = 0.021). No other clinical variables showed a meaning-
ul impact in LF, DFS LFS, as there was no correlation between age
t diagnosis, T stage, smoking status and the above endpoints.

On multivariate analysis (Table 4), there was no association
etween the choice of the first treatment (surgery vs. RT) and LF
HR = 0.53, 95%CI: 0.13–2.25), DFS (HR = 0.86, 95%CI 0.38–1.95) or
FS (HR = 0.97, 95%CI: 0.28–3.40).

A couple of subset analysis was also performed. When compar-
ng the group of patients submitted exclusively to upfront surgery
i.e. no adjuvant RT) versus the upfront RT group, both in univari-
te and multivariable analyses, although the risk of LF (HR = 0.53,
5%CI: 0.13–2.18, p = 0.370), the DFS (HR = 0.92, 95%CI: 0.40–2.11,

 = 0.843) and LFS (HR = 0.98, 95%CI: 0.28–3.40, p = 0.970) seem
o favor RT, we could not demonstrate a statistically significant
esult. The same trend was observed when comparing the patients
hat had undergone TLM only to the RT patients, considering LF
HR = 0.54, 95%CI: 0.13–2.25, p = 0.400), DFS (HR = 0.96, 95%CI: 0.41-
.27, p = 0.929) and LFS (HR = 0.94, 95%CI: 0.25–3.50, p = 0.930),
ut again with no statistically significant difference. More detailed
esults are provided in Table 5.

. Discussion

An analysis of the five year outcomes of cT1N0 glottic can-
er patients treated at our institution suggests that both surgery
nd radiotherapy, as initial treatments, provide similar outcomes.
egarding disease control, it is important to distinguish between

ocal control and ultimate local control rates. While local control is
inked to the first treatment efficacy, ultimate local control refers
o the disease control after the last treatment, accounting for all
he relapses and salvages the patient might undergo. Despite the
omparable ultimate local control rates between the two modal-

ties, upfront treatment with surgery can have its disadvantages.
n our series, 10% of patients treated with surgery were submitted
o adjuvant radiotherapy. They also had more local recurrences,
s suggested by the 20.8% cumulative incidence at 5 years, com-
1.01 0.98–1.05 0.89 1.0 0.96–1.05 0.94
0.22 0.05–0.93 0.14 1.04 0.21–5.2 0.96
0.48 0.20–1.16 0.97 2.35 0.24–23.34 0.47

pared to 8.1% for the RT group. None of the RT patients had two
or more recurrences, as opposed to 10 (6%) in the surgery group.
Similarly, Low et al.10 noted that patients undergoing TLM more
frequently needed a second resection for involved margins, and
had more local recurrences requiring two  or more procedures,
despite its not having an impact on the 5-year ultimate local con-
trol and DFS, compared to RT. They did, however, detect a statistical
difference in laryngectomy-free disease-specific survival favoring
surgery, explained by the most common type of salvage treatment
after each treatment modality. In our series all RT patients that
failed locally were salvaged by total laryngectomy, as opposed to
the predominant larynx-preserving options in the surgical recur-
ring patients. Although we used a similar definition for LFS, both
treatments resulted in similar LFS in our cohort. Furthermore, half
of the 16 patients with either positive or less than 1 mm  margins
that had not received additional treatment, relapsed locally. In con-
trast, all 9 patients that had received adjuvant RT did not relapse.
This emphasizes the importance of additional treatment in this
population and might account for the higher cumulative incidence
of local failure in the surgical group, as can the under-reporting of
the margin status.

In contrast, Shelan et al.11 reported a higher relapse-free sur-
vival with RT compared with surgery for stage I glottic cancer,
even though the authors acknowledge possible selection bias in
their institutional analysis. The same trend was demonstrated in a
Korean study,12 as RT was associated with better LC and DFS rates
than cordectomy, in T1 glottic cancer patients. The RT patients did
appear to perform better in every clinical endpoint in our series,
but it was not statistically significant. Another recent retrospec-
tive analysis includes a study by De Santis et al.13 that did not
demonstrate a difference in 5-year DSS, DFS and LFS between the
TLM and RT early glottic cancer patients treated in a Canadian cen-
ter. Similar outcomes were also observed in T1 glottic carcinoma
patients treated with either RT or KTP (potassium titanyl phos-
phate) TLM.14

As no proper randomized controlled trial exists, a number of
meta-analysis and systematic reviews have recently been pub-
lished to aid in decision-making. A 2016 meta-analysis15 selected
11 comparative studies between TLM and RT for T1 glottic cancer,
and higher OS and laryngeal preservation rates were associated
with TLM, but the authors question the selection bias in some
studies. A more extensive and recent meta-analysis also favored
TLM in Tis/T1a glottis cancer patients, having better OS, DSS and
lower incidence of total laryngectomy, albeit with no difference in
LC.16 Similarly, a recent Surveillance, Epidemiology and End Results
(SEER) database analysis reported that surgery yielded better sur-
vival outcomes in early stage laryngeal cancer in patients who  were
≤60 years old or had T1a or well-differentiated tumors.17 On the
other hand, the last Cochrane reviews showed that, despite the
poor quality of the existing evidence, the two  treatment modalities
perform equally in terms of 5y-OS.18

As it appears that no detectable difference exists in disease

control and survival, these outcomes might not be the primary
focus when treating this population. The higher burden of proce-
dures in the surgically treated patients can have an impact in the
voice quality, swallowing outcomes and overall quality of life. The
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nticipated voice quality after treatment is an important factor in
electing therapy for individual patients. RT might result in better
oice quality using objective measures, at least for T1a tumors.16,19

 randomized trial that compared RT with laser surgery in 60
en  with stage I disease found that patients treated with RT

eported less hoarseness-related inconvenience two years after
reatment, with no differences in oncologic outcomes.20 However,
t is a complex assessment due to the multiple tools and endpoints
sed in the studies to evaluate voice quality, and lack of prospec-
ive data, but considering voice self-perception and its impact in
ife quality (Voice Handicap Index), results are similar with both

odalities.16,21,22

Results concerning quality of life (QoL) have also been some-
hat conflicting, as there are studies using the EORTC QoL

uestionnaires that favor RT,23 others reporting higher QALYS
Quality Adjusted Life Years) for surgery,24 and others showing no
ifference in overall QoL between the two treatment modalities.25

Ultimately, one has to look for cost-effectiveness of treatment,
s an increasingly important aspect in decision-making. On this
atter, the laser surgery alternative is clearly favored over RT in

everal studies.24,26–28

.1. Limitations

The retrospective nature of this study is one of its limitations,
nd intrinsically related, the lack of toxicity data. The selection
ias is always present in studies that compare surgery to RT, as
lder patients or with multiple comorbidities or who  are unsuit-
ble for general anesthesia could have been treated preferentially
ith RT. More related to this specific cancer patients is the fact

hat those who have inadequate endolaryngeal exposure, patients
ith tumor extending to anterior commissure or more extensively

o both cords, are also less ideal candidates to surgery. The under-
eporting of the margin status and the imbalance in the groups,
xplained by our institutional policy, are also limitations. The small
umber of events in the RT group could have affected the observed
esults and makes it difficult to detect any statistically significant
ifference between the groups, if any exists. We  also acknowledge
hat there have been technological advances in the past decade,
oth in surgery and in radiation oncology, although not within the
cope of this manuscript, which may  mandate further reassessment
f outcomes in the future.

. Conclusion

Patients with T1 glottic cancer treated with surgery or RT have
imilar control and survival outcomes in our group. Rigorous deter-
ination of the margin status is essential to guide further actions. In

he absence of a high level of evidence from randomized controlled
rials, the decision between the two modalities for the optimal
reatment of T1 glottic cancer patients continues to be based on
he patients’ preferences, the institutions’ expertise and policy, and
umor and patient related factors.
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