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Introduction

The incidence of hypopharyngeal cancer (HPC) is rare, less 
than 0.7 per 100,000 people [1,2], and is generally associated 
with poor prognosis [2,3]. This could be explained by the 
characteristics of early cancer cell spread into one or more 
subsites of the hypopharynx and deeper tissues [4,5] and 
frequent lymphatic metastasis even with the small primary 
tumor [6], which frequently lead to diagnosis at the loco-
regionally advanced stages [1-3]. Moreover, approximately 
40% of the patients with HPC are known to suffer from a 
secondary cancer during their clinical course [7]. 

Due to the anatomical vicinity, the local therapeutic extent 
frequently includes the uninvolved larynx [4,5]. Conven-
tional radical surgery for advanced primary tumor usually 
requires total laryngectomy to achieve an acceptable surgi-

cal safety margin, resulting in the permanent loss of laryn-
geal voice. Thus, non-surgical approach, upfront radia-
tion therapy (RT) with or without chemotherapy, has been  
accepted as a larynx-preserving approach [6,8-14]. In addi-
tion, larynx-preserving surgery (LPS) has become an alterna-
tive to upfront RT with the advances in surgical techniques 
[15-17]. However, most previous comparative reports, in 
which treatment modality selection was based on mainly 
tumor-node-metastasis (TNM) staging, should have had 
unavoidable selection biases [6,8,11,13,14]. Assuming that 
the patients had tumors of the same T classification, upfront 
surgery would have been more frequently recommended to 
the patients with localized tumors and with favorable per-
formance status. Meanwhile, upfront RT would have been 
applied to those with rather diffuse or infiltrative tumor or 
with poor performance status. Therefore, larynx-preserving 

Original Article

Cancer Res Treat. 2022;54(1):84-95https://doi.org/10.4143/crt.2020.1197

pISSN 1598-2998, eISSN 2005-9256

Purpose  Larynx-preserving surgery (LPS) have recently gained popularity and achieved comparable oncologic outcomes to conven-
tional radical surgery for localized hypopharyngeal cancer (HPC). In the current study, the role of LPS has been assessed thoroughly 
in comparison with upfront radiation therapy (RT). 
Materials and Methods  We retrospectively reviewed 185 candidates for LPS with cT1-2 disease; 59 patients underwent upfront LPS 
while 126 patients received upfront RT, respectively. Oncological and functional outcomes were investigated and compared.
Results  Following LPS, safe margin (≥ 5 mm) was achieved in 37.3% of patients. Overall, better clinical outcomes at 5 years were 
achieved following upfront LPS than those following upfront RT: overall survival (OS) (72.7% vs. 59.0%, p=0.045), disease-free surviv-
al (DFS) (59.8% vs. 45.0%, p=0.039), and functional laryngeal preservation (100% vs. 89.7%, p=0.010). Although similar outcomes 
were observed in patients with cT1 disease, better 5-year DFS was achieved following upfront LPS in patients with cT2 disease (57.0% 
vs. 36.4%, p=0.023) by virtue of better local control. Despite frequent cN2-3 disease in upfront LPS group, comparable outcomes 
were observed between upfront RT and LPS group. However, multivariable analyses revealed that performance status and double 
primary cancer diagnosed within 6 months of HPC diagnosis affected OS significantly, while treatment modality per se did not.
Conclusion  Although upfront LPS could provide better local control than upfront RT in patients with cT2 disease, overall outcomes 
were comparable following either modality. Treatment selection of larynx-preserving approach for HPC should be individualized based 
on tumor and patient factors.
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approaches including LPS and RT should be re-evaluated  
objectively, considering tumor and host factors.

In this context, we intended to evaluate the role of LPS, 
which has not previously been adequately addressed, in 
comparison with upfront RT. We specifically focused on the 
patients whose tumors could be a potential candidate for 
LPS, based on the initial tumor characteristics. 

Materials and Methods
 
1. Study patient

A full electronic search identified 262 patients who under-
went curative larynx preserving treatment for biopsy-proven 
hypopharynx squamous cell carcinoma from 1996 till 2018 
at the authors’ institute: 85 underwent upfront LPS; and 177 
underwent upfront RT, respectively (Fig. 1). The actual treat-
ment decision was made largely depending on the disease 
extent as well as the patients’ factors. In order to endorse 
the objective and unbiased comparisons, the suitability of 
LPS was thoroughly re-evaluated on each patient through a 
careful joint review by two head and neck surgeons (D.K., 
H.S.J.), based on clinical data, laryngoscopic findings, and  
radiological studies (computed tomography, positron emis-
sion tomography/computed tomography, or magnetic reso-
nance imaging). Following criteria was considered for the 
suitability of LPS: the surface dimension of tumor, the depth 
of invasion, the involvement of larynx cartilage frame, func-
tion (movability) of vocal fold, the proximity to larynx carti-
lage (surgical safety margin), and the characteristics of tumor 
border. Taking the aforementioned criteria into considera-
tion, 77 patients were excluded from the current analyses: 26 
in the upfront LPS group; and 51 in the upfront RT group, 
respectively. Fifty-three patients (seven in upfront LPS group 
and 46 in upfront RT group) were mistakenly under-staged 
as cT2 tumors but actually turned out to have had cT3-4  
tumor following the thorough reevaluation. Additional rea-
sons for exclusion were incomplete clinical information in 
15 patients (ten and five), non-compliance to the treatment 
recommendation by the patients in seven (seven and none), 
and ineligible histologies (synovial sarcoma and carcinoma 
in situ) in two (two and none), respectively. Finally, 185  
patients (59 in the upfront LPS group and 126 in the upfront 
RT group) were analyzed. 

2. Diagnostic work-ups and treatment decisions
The diagnostic work-ups included physical examination, 

endoscopic examination of the upper aerodigestive tract (lar-
yngopharyngoscopy and esophagoscopy), computed tomo- 
graphy or magnetic resonance imaging, and positron emis-
sion tomography/computed tomography (or chest comput-

ed tomography, when necessary). Any suspicious metastatic 
lymph node detected by physical examination and/or radio-
logical images was evaluated by aspiration cytology (ultra-
sonography guided or not). 

The decision on the actual treatment modality, in princi-
ple, was to be made through the multidisciplinary tumor 
board, with the consideration not only of tumor extent, but 
also of the general condition and preference of each patient. 
However, the decision to conduct upfront LPS was mainly 
determined by the surgeon’s opinion on the expectancy of 
adequate surgical exposure and achieving clear resection 
margin while preserving the functioning larynx.

3. Surgical treatment: larynx-preserving partial hypophar-
yngectomy

Surgical approach was determined based on the primary 
tumor location and extent: trans-oral approach was chosen 
in 25 patients (42.4%); while trans-cervical pharyngotomy 
(open partial hypopharyngectomy) was in 34 (57.6%), res-
pectively (S1 Table). Surgical microscope or endoscope was 
used, for magnification, in trans-oral approach, but did not 
use robotic assistance. The surgical defect was left denuded 
for secondary healing in 46 patients (78.0%), and was recon-
structed with regional or free flap in 13 (22.0%), particularly 
in cases with connections between the hypopharyngeal and 
neck wounds, respectively. The extents of neck dissection 
were individually determined: radical neck dissection was 
performed in six patients (10.2%); modified radical neck dis-

Fig. 1.  Study scheme and subject enrollment. CCRT, concurrent 
chemoradiation therapy; HPC, hypopharyngeal cancer; LPS, 
larynx-preserving surgery; RT, radiation therapy.

262 HPC patients larynx-preserving
curative treatment (1996-2018)

Exclusion (n=26)
- cT3-4 (n=7)
- Incomplete clinical 
  information (n=10)
- Non-compliance to treatment
  recommendation (n=7)
- Ineligible histology (n=2)

Upfront LPS (n=85)

Exclusion (n=51)
- cT3-4, or not suitable 
  for LPS (n=46)
- Incomplete clinical 
  information (n=5)

Eligible for analysis (n=59)
- LPS alone (n=5)
- LPS+adjuvant RT (n=26)
- LPS+adjuvant CCRT (n=28)

Eligible for analysis (n=126)
- RT alone (n=49)
- CCRT (n=77)

Upfront RT (n=177)
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section in 25 (42.4%); selective neck dissection in 16 (27.1%); 
and not done in 12 (20.3%), respectively. The addition of 
contralateral neck dissection and its extent was individually 
determined and applied in 39 patients (66.1%). The patients 
in upfront LPS group underwent curative surgical resec-
tion, with the intent to achieve adequate, defined as ≥ 5 mm 
tumor-free margins, through intra-operative frozen section 
analyses. Following LPS, the margins were adequate in 22 
patients (37.3%), close (< 5 mm) in 19 (32.2%), and positive in 
13 (22.0%), respectively. 

4. Adjuvant or definitive radiation treatment
Among 59 patients in upfront LPS group, adjuvant RT 

with or without concurrent chemotherapy was performed in 
54 (91.5%) with one or more pathologic risk factors: multiple 
lymph node metastases in 34 (57.6%); positive or close mar-
gin in 32 (54.2%); and extracapsular extension of involved 
lymph node in 28 (47.5%), respectively (S1 Table). Adjuvant 
concurrent chemoradiation therapy (CCRT) was performed 
in 28 patients (47.5%). Depending on the patient’s general 
condition and wound healing, RT was to start in 4-6 weeks, 
but not later than 8 weeks after surgery. The clinical target 
volume of RT/CCRT included the primary tumor bed with 
dissected lymph node levels. The typical RT/CCRT dose 
schedule was to deliver median 60.0 Gy (interquartile range 
[IQR], 59.4 to 66.0) with 2.0 Gy per fraction. Intensity-modu-
lated RT (IMRT) without simultaneous integrated boost was 
applied to 38 patients (70.4%), while the rest underwent 3-D 
conformal RT (3DCRT).

Regarding definitive RT or CCRT, the gross tumor vol-
ume of the primary tumor and lymph node metastasis was 
delineated based on clinical information. Next, we adopted 
selective neck node irradiation in clinical target volume  
encompassing 2.0-2.5 cm margins from grossly involved 
lymph node station, followed by reduced field with 1.0-1.5 
cm margins to lymph node metastasis after 36 Gy, as we 
previously reported [18]. IMRT was applied in 68 patients 
(54.0%), while 3DCRT was in 58 (46.0%) to deliver the  
median dose of 68.4 Gy (IQR, 68.4 to 70.0) with 2.0-2.2 Gy 
per fraction.

5. Chemotherapy regimens
The most common systemic therapy regimen consisted 

of cisplatin (40 mg/m2 every 3 weeks or 40 mg/m2 week-
ly) delivered to 99 patients (28 in LPS+CCRT, 71 in CCRT). 
Cetuximab (20 mg/m2) delivered to six patients (all in the 
CCRT group). Other regimens were combination therapy 
with cisplatin. Those regimens included Taxotere combina-
tion therapy (40 mg/m2) in 16 patients (two and 14 in the ad-
juvant and definitive CCRT), Cetuximab in one (LPS+CCRT), 
5-fluorouracil (20 mg/m2) in seven (one and six in the adju-

vant and definitive CCRT), or Pembrolizumab (20 mg/m2) in 
one (definitive CCRT), respectively. 

6. Collection of clinical and functional data
We collected data regarding not only the oncologic out-

comes (treatment failures and survival status), but also the 
post-treatment complications and functional status. Severe 
complications were defined as any clinical situation requir-
ing hospitalization, intensive care, intervention or surgery, 
and included aspiration pneumonia, dyspnea, dysphagia, 
and wound problems (flap failure or necrosis). Restoration of 
oral diet of more than blended food without assistance was 
defined as normal swallowing without dysphagia. Function-
al laryngeal preservation was defined as voluntary speech 
pronunciation without any assisting device. Any patients 
who retained tracheostomy tube were regarded as having 
non-functional larynx. Both voice quality and swallowing 
function were assessed in 12-18 months of the completion 
of initial treatments. The voice quality was evaluated by an  
auditory-perceptual evaluation method for hoarseness. In 
this analysis, we used the G (Grade of hoarseness) score 
among the GRBAS scale (Grade of hoarseness, Roughness, 
Breathiness, Asthenia, and Strain): 0 is normal; 1 is a slight 
degree; 2 is a medium degree; and 3 is a high degree, respec-
tively [19]. In addition, the swallowing function was tested 
by a modified barium swallowing test, giving a seven-point 
swallowing performance scale [20].

7. Statistical analysis
A Wilcoxon rank sum test was used to compare continu-

ous variables between the two groups, because the data for 
each variable were not normally distributed. We used Fish-
er’s exact test or chi-squared test to examine differences in 
discrete variables. 

All events were measured from the date of surgery  
(upfront LPS group) or the first date of RT (upfront RT 
group) to the time of the event. The rates of overall survival 
(OS) and disease-free survival (DFS) were estimated using 
the Kaplan-Meier method. Then, we conducted univariable 
and multivariable survival analyses using Cox proportional 
hazard models to identify potential prognostic factors. The 
outcomes are presented as p-values, hazard ratios (HRs) and 
95% confidence intervals (CI). In the multivariable models, 
we included all variables with p < 0.05 in the univariable 
analysis. Potential multi-collinearity among variables was 
tested by calculating the variance inflation factor. In statisti-
cal comparisons, a p-value of less than 0.05 was considered 
significant. All statistical analyses were performed using 
IBM SPSS Statistics ver. 25 (IBM Corp., Armonk, NY) and R 
(ver. 3.6.3, R Foundation for Statistical Computing, Vienna, 
Austria).
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Table 1.  Baseline characteristics of patients

Characteristic Upfront LPS (n=59) Upfront RT (n=126) p-value
Patient characteristics     
    Age (yr) 63 (58-70)  68 (58-72)  0.121
    Sex   
        Male 58 (98.3) 119 (94.4) 0.439
        Female 1 (1.7) 7 (5.6) 
    ECOG performance status   
        0-1 55 (93.2) 110 (87.3) 0.340
        2-3 4 (6.8) 16 (12.7) 
    Underlying diseasea) 31 (52.5) 81 (64.3) 0.148
    Alcohol drinking historyb)   
        None or weak 37 (62.7) 70 (55.6) 0.289
        Moderate 21 (35.6) 51 (40.5) 
        Heavy 0 ( 4 (3.2) 
        Unknown 1 ( 1 ( 
    Smoking history   
        Ex-/Current smoker 49 (83.1) 96 (76.2) 0.387
        Never smoker 10 (16.9) 30 (23.8) 
    Double primary malignancy   
        No 31 (52.5) 70 (55.6) 0.740
        Within 6 mo 10 (16.9) 16 (12.7) 
        More than 6 mo 18 (30.5) 40 (31.7) 
Tumor characteristics   
    Clinical staging   
        cT1 19 (32.2) 31 (24.6) 0.291
        cT2 40 (67.8) 95 (75.4) 
        cN0 19 (32.2) 38 (30.2) 0.001
        cN1 5 (8.5) 36 (28.6) 
        cN2 26 (44.1) 52 (41.3) 
        cN3 9 (15.2) 0 ( 
    Pathologic staging   
        pT1 18 (30.5)  
        pT2 39 (66.1)  
        pT3 1 (1.7)  
        pT4 1 (1.7)  
        pN0 18 (30.5)  
        pN1 7 (11.9)  
        pN2 21 (35.6)  
        pN3 13 (22.0)  
    AJCC staging   
        I-II 18 (30.5) 46 (36.5) 0.106
        III 7 (11.9) 27 (21.4) 
        IV 34 (57.6) 53 (42.1) 
Radiation therapy     
    Modality   
        3DCRT 16 (29.6) 58 (46.0) 
        IMRT 38 (70.4) 68 (54.0) 
    Total dose (Gy) 60.0 (59.4-66.0)  68.4 (68.4-70.0)  
    Fractional dose, median (IQR, Gy) 2.20 (2.00-2.20)  2.20 (2.00-2.28)  

Values are presented as median (IQR) or number (%). 3DCRT, three-dimensional conformal RT; AJCC staging, American Joint Committee 
on Cancer staging manual, 8th edition; ECOG, Eastern Cooperative Oncology Group; IMRT, Intensity-modulated radiation therapy; IQR, 
Interquartile range; LPS, larynx-preserving surgery; RT, radiation therapy. a)Details of underlying disease is summarized in S2 Table, b)Clas-
sification according to the Federal Government Dietary Guidelines for Americans 2015-2020; None, weak=less than moderate drinking, 
moderate=one drink per day for women and up to two drinks per day for men, heavy=more than three drinks on any day or more than 
seven drinks per week for women and more than four drinks on any day or more than 14 drinks per week for men.
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Results

1. Baseline characteristics of patients in the comparison 
groups

The baseline characteristics of the patients at diagnosis are 
summarized in Table 1. With a male predominance (95.7%), 
the median age of the entire cohort was 65 years (IQR, 58 
to 70) and 165 patients (89.2%) had favorable Eastern  
Cooperative Oncology Group (ECOG) performance status of 
0-1. There was no difference in ECOG performance status, 
underlying disease, history of alcohol drinking and under-
lying disease between treatment groups (Table 1, S2 Table).  
Although most baseline characteristics including cT stage 
were comparable, the proportion of cN2/N3 disease were 
more frequent in upfront LPS group (59.3% vs. 41.3%, 
p=0.001). 

There were 84 patients (45.4%) who developed malignancy 
other than HPC: 28 (47.4%) in the upfront LPS group; and 

56 (44.4%) in the upfront RT group, respectively. Twenty-six 
patients (14.1%) were diagnosed with another malignancy 
within 6 months before or after diagnosis of HPC. The most 
common cancer types included esophageal cancer in 49  
patients (26.5%), followed by other head and neck cancer in 
26 (14.1%), lung cancer in 10 (5.4%), and stomach cancer in 
nine (4.9%), respectively. All patients with history of other 
malignancy was judged to tolerate the treatment plans for 
HPC, and treatment interruption was necessary in no patient.

2. Oncological outcomes
With a median follow-up of 37.0 months (IQR, 11.0 to 70.0) 

for the entire cohort, there was no difference in follow-up  
period between the upfront LPS group (median, 37.0 months 
[IQR, 13.0 to 65.0]) and the upfront RT group (median, 35.0 
months [IQR, 10.0 to 71.0]) (Table 2). There were no differ-
ences in the rates of local recurrence, regional recurrence, and 
distant metastasis between the groups. Forty-three patients 

Table 2.  Overall treatment outcomes

Characteristic Upfront LPS (n=59) Upfront RT (n=126) p-value

Treatment modality LPS alone (n=5), RT alone (n=49),
   LPS+RT (n=26),   CCRT (n=77)
   LPS+CCRT (n=28)
Follow-up period (mo) 37.0 (13.0-65.0) 35.0 (10.0-71.0) 0.637
Pattern of failure   
    No evidence of disease 45 (76.3) 86 (68.3) 0.301
    Local recurrence/Progression 5 (8.5) 19 (15.1) 
    Loco-regional recurrence 0 ( 2 (1.6) 
    Regional recurrence 4 (6.8) 13 (10.3) 
    Regional and distant metastasis 2 (3.4) 2 (1.6) 
    Distant metastasis 3 (5.1) 4 (3.2) 
Patient status   
    Alive without disease 41 (69.5) 65 (51.6) 0.026
    Alive with disease 2 (3.4) 4 (3.2) 
    Death, cancer-specific 9 (15.3) 36 (28.6) 
    Death, other causes 7 (11.9) 21 (16.7) 
Functional outcome   
    Functioning larynx 59 (100) 113 (89.7) 0.010
    Oral feeding (more than blended diet) 56 (94.9) 109 (86.5) 0.126
    Voice quality score  0.565±0.080 0.564±0.063 0.987
    Swallowing score  1.565±0.080 1.609±0.070 0.683
Severe treatment complication 6 (10.2) 11 (8.7) 0.788
    Aspiration pneumonia  1 ( 0 ( 
    Flap failure  2 ( 0 ( 
    Dyspnea  1 ( 3 ( 
    Dysphagia  1 ( 2 ( 
    Wound infection/Radionecrosis 1 ( 6 ( 
 Values are presented as median (IQR), number (%), or mean±SE. CCRT, concurrent chemoradiation; IQR, interquartile range; LPS, larynx-
preserving surgery; RT, radiation treatment; SE, standard error.
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developed local and/or regional recurrence component 
without distant metastasis: nine in the upfront LPS group 
and 34 in the upfront RT group, respectively. Among these, 
38 patients (88.4%) underwent local salvage therapy, where 
28 (five and 23) underwent mainly surgery, and 10 (three 
and seven) did mainly RT, respectively. Among 26 patients 
who developed local recurrence component, salvage total 
laryngopharyngectomy was performed in nine patients, all 
of who belonged to the upfront RT group. The 5-year rates 
of OS and DFS following upfront LPS were better than those 
following upfront RT (72.7% vs. 59.0%, p=0.045, and 59.8% 
vs. 45.0%, p=0.039, respectively) (Fig. 2).

3. Functional outcomes
Functioning larynx was more frequently preserved in 

the upfront LPS group (100% vs. 89.7%, p=0.010) (Table 2), 
however, swallowing function was similar in two groups. 
Among the patients with functioning larynx, the scores for 
voice quality and swallowing function were comparable  
between the groups. The incidences of severe complications, 
which required hospitalization, intensive care, or surgical 
intervention, were comparable between groups (10.2% vs. 
8.7%, p=0.788).

4. Subgroup analysis 
Further analyses based on subgroup stratified by cT and 

cN status were performed (Table 3). The rates of loco-region-
al recurrence and DFS among cT1 subgroup were similar 
between the groups. In contrast, among cT2 subgroup, loco- 
regional recurrence was more frequently observed in the  
upfront RT group (12.5% in the upfront LPS group vs. 31.6% 
in the upfront RT group, p=0.030), and the 5-year DFS rate 
was better following upfront LPS (57.0% vs. 36.4%, p=0.023) 

(Fig. 3A and B). Although neck dissection was more fre-
quently performed in the cN2-3 patients than cN0-1 patients 
(100.0% vs. 63.0%), the crude incidence rates of regional 
recurrence were similar between groups: 14.8% vs. 5.4% in 
cN0-1 subgroup (p=0.205); and 6.3% vs. 19.2% in cN2-3 sub-
group (p=0.120), respectively. In addition, comparable rates 
of OS and DFS were achieved in cN subgroups following 
both approaches (Fig. 3C and D).

5. Prognostic factors affecting the OS and DFS rates
Univariate analyses revealed that upfront LPS showed 

benefit over upfront RT in OS (p=0.041) and DFS (p=0.053), 
which, however, were not proven in multivariate analysis 
(HR, 0.61; 95% CI, 0.33 to 1.15; p=0.127 and HR, 0.66; 95% 
CI, 0.39 to 1.13; p=0.127), respectively (Table 4). In addition, 
treatment modality had little impact on HPC-specific surviv-
al in univariate analysis (p=0.122) (S3 Table). In multivariate 
analyses, poor performance status of ECOG 2-3 (HR, 2.89; 
95% CI, 1.47 to 5.68; p=0.002) and diagnosis of subsequent 
malignancy within 6 months (HR, 3.48; 95% CI, 1.78 to 6.84;  
p < 0.001) were significantly factors to worse OS. Further-
more, poor performance status of ECOG 2-3 remained as sig-
nificantly adverse factors in DFS (HR, 2.07; 95% CI, 1.13 to 
3.80; p=0.019) (Table 4) and HPC-specific survival (HR, 2.53; 
95% CI, 1.12 to 5.73; p=0.026) (S3 Table). 

Discussion

In this study, we investigated the clinical outcomes follow-
ing larynx-preserving approach, either upfront LPS or RT, in 
patients with cT1-2 HPC. Within the same cT status, the act-
ual tumor burden could be different based on the nature of  

Fig. 2.  Survival plots: overall survival (A) and disease-free survival (B). LPS, larynx-preserving surgery; RT, radiation therapy.
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tumor growth, and well-defined tumors are easily assumed 
to have smaller tumor burden than diffuse and/or infil-
trative ones. Even though we thoroughly re-evaluated all  
patients’ information with regard to cT status, there might 
have been a preference toward upfront LPS over upfront RT 
for patients with favorable performance status and localized 
primary tumor. Consequently, favorable outcomes follow-
ing LPS could have reflected aforementioned selection bias 
that happened in real-world clinical practice. Subsequent 
subgroup analyses based on cT status also revealed that DFS  
advantages following upfront LPS were apparent only in 
cT2, but not in cT1 subsets. However, there was no signifi-
cant difference between treatment groups for survival out-
comes after adjusting baseline clinical characteristics. 

The basic assumption of larynx preserving partial hypo-
pharyngectomy seems contrary to the infiltrative and exten-
sive mucosal/submucosal spreading nature of HPC [21]. It 

also differs from the surgical concept of endolaryngeal sur-
gery for laryngeal cancer, which has minimal nearby tissue 
invasion and justifies a narrow surgical safety margin [22]. 
Recently, LPS via trans-oral techniques has been introduced 
for the management of selected HPC cases (usually T1-2, 
but also selected T3) [23-26]. However, there has not been 
enough evidence to determine whether LPS itself (or LPS 
alone) is adequate for locally aggressive HPC or whether it 
is really beneficial to change the RT dose from the definitive 
(usually 70 Gy) to the adjuvant setting (around 60 Gy). In 
oropharyngeal cancer, an RT dose reduction of 10-15 Gy had 
only a small effect on patients in terms of RT toxicity [27].

Therefore, the current study addresses an important clini-
cal issue in the management of HPC. Our first question was 
whether LPS is oncologically safe. Based on the currently  
accepted guideline, LPS seems to be suboptimal (clear resec-
tion in 37.3% of cases in our series), and frequently requires 

Fig. 3.  Disease-free survival plots according to T and N status: cT1 (A), cT2 (B), cN0-1 (C), and cN2-3 (D). LPS, larynx-preserving surgery; 
RT, radiation therapy.
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adjuvant treatments (91.5%). In cT2 tumors, LPS with adju-
vant treatment seemed to offer better disease control than 
the upfront RT, perhaps because the addition of surgery to 
RT/CCRT led to a rapid decrease in the tumor burden. How-
ever, the surgical wound itself can have a negative impact on 
the effectiveness of RT for tumor control [28], because most 
wounds after LPS in our series healed secondarily without 

reconstruction (78.0%). Furthermore, LPS can distort the 
anatomy and deteriorate laryngeal function further even 
with the preservation of functional speech and swallowing, 
as indirectly revealed by the occurrence of treatment-related 
complications in the upfront LPS group. Thus, the risks and 
benefits of LPS should be weighed carefully.

The next clinical question was the effectiveness of each 

Table 4.  Prognostic factors for overall survival and disease-free survival

               Overall survival          Disease-free survival
 No.  Univariate analysis   Multivariate analysis  Univariate analysis  Multivariate analysis
  HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value
Treatment modality
    Upfront RT 126  Reference   Reference   Reference   Reference 
    Upfront LPS   59 0.552 0.313-0.975   0.041 0.614 0.327-1.150   0.127 0.628 0.385-1.026 0.053 0.661 0.389-1.125 0.127
Age (continuous)  1.034 1.008-1.061   0.010 1.018 0.990-1.046   0.208 1.014 0.991-1.037 0.245   
Sex              
    Male 177  Reference      Reference    
    Female     8 0.484 0.117-2.006   0.317 - - - 0.556 0.170-1.812 0.330 - - -
ECOG performance              
    0-1 165  Reference   Reference   Reference   Reference 
    2-3   20 4.107 2.252-7.492 < 0.001 2.886 1.465-5.683   0.002 2.508 1.405-4.476 0.002 2.068 1.125-3.802 0.019
Charlson comorbidity 
  index             
    0-1 103  Reference      Reference    
    ≥ 2   82 1.349 0.843-2.161   0.212 - - - 1.130 0.716- 1.736 0.575 - - -
Alcohol drinking             
    None/Weak 107  Reference      Reference    
    Moderate/Heavy   78 1.269 0.794-2.029   0.323 - - - 1.074 0.700- 1.647 0.741 - - -
Smoking history             
    Ex-/Current 145  Reference      Reference    
    Never   40 1.689 0.917-3.113   0.093 - - - 1.591 0.971-2.760 0.099 - - -
T classification              
    cT1   50  Reference   Reference   Reference   Reference 
    cT2 135 1.910 1.102-3.308   0.021 1.591 0.874-2.899   0.129 1.850 1.121-3.054 0.016 1.584 0.913-2.748 0.102
N classification               
    cN0-1   98  Reference      Reference    
    cN2-3   87 1.144 0.717-1.826   0.572 - - - 1.075 0.852-1.356 0.542 - - -
AJCC stage              
    I-II   64  Reference      Reference    
    III   34 1.049 0.592-2.081   0.892 - - - 0.992 0.537-1.833 0.979 - - -
    IV   87 1.283 0.771-2.135   0.338 - - - 1.183 0.746-1.876 0.476 - - -
Double primary cancer              
    No 101  Reference   Reference   Reference    
    Within 6 mo   26 2.222 1.196-4.129   0.012 3.484 1.776-6.836 < 0.001 1.433 0.806-2.546 0.220 - - -
    Others   58 1.037 0.613-1.755   0.891 1.059 0.616-1.820   0.836 0.890 0.552-1.435 0.634 - - -
RT modality
   3DCRT   74  Reference   Reference   Reference   Reference
    IMRT 106 0.616 0.366-0.988   0.149 0.871 0.423-1.794   0.708 0.507 0.322-0.798 0.003 0.625 0.341-1.145 0.128
Treatment era              
    ~2007 135  Reference   Reference   Reference   Reference 
    2008~   50 0.579 0.358-0.934   0.025 0.595 0.290-1.217   0.155 0.631 0.407-0.980 0.040 0.904 0.502-1.629 0.738

3DCRT, three-dimensional conformal RT; AJCC, American Joint Committee on Cancer; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; 
HR, hazards ratio; IMRT, intensity-modulated radiation therapy; LPS, larynx-preserving surgery; RT, radiation therapy. 
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treatment for the high nodal disease which is commonly seen 
in HPCs. Since the neck node metastases could also affect the 
therapeutic decision, upfront neck dissection was frequently 
performed in patients with bulky neck tumor (cN2-3). How-
ever, there was no apparent difference in oncologic outcomes 
based on subgroup analyses regarding cN status (Tables 3 
and 4). Thus, even with bulky or multiple neck diseases, non-
surgical treatments achieved regional control comparable to 
an initial neck dissection in HPC.

In real clinical practice, both performance status and clini-
cal tumor extent are recognized as determinants of the treat-
ment modality. In the current study, the survival outcomes 
did not differ significantly according to the treatment modal-
ity, with multivariable analyses. Therefore, we could pos-
tulate that the treatment modality selection based on both 
patient and tumor factors is appropriate in real-world prac-
tice. The treatment and prognosis for multiple primary can-
cers in HPC patients could also affect therapeutic decision. 
The oncological outcomes of patients with other primary 
malignancies following upfront LPS were superior to those 
following upfront RT (data not shown) suggesting that mul-
tiple primary cancer patients with favorable prognostic fac-
tors could have been more frequently included in the upfront 
LPS group.

Another factor for treatment decision is functional pres-
ervation of voice and swallowing. It is easily agreeable that 
the voice quality tends to be better following non-surgical 
therapy than following LPS. Although we did not investigate 
the quality of voice in detail, the ultimate rate of preserving 
functional larynx in the upfront RT group was inferior to 
that of upfront LPS group (Table 2). This could have been 
related with salvage treatment modality for local recurrence, 
which can be largely dependent on the initial modality. The 
patients developing local recurrence following upfront LPS 
could have another chance of larynx preservation by apply-
ing salvage RT. However, those following upfront RT are 
generally recommended surgical salvage, which frequently 
includes total laryngopharyngectomy. In addition, an unno-
ticed selection bias could have existed in real-world practice 
setting: the patients with advanced primary tumor could 
have been allocated to upfront RT and the necessity of total 
laryngopharyngectomy for local recurrence following upfr-
ont RT could have increased.

However, our findings are limited by the small number of 
patients, unnoticed selection bias, the retrospective nature of 
our study, and the experiences, resources, and preferences 
of our individual clinic. Although moderate to high alcohol 
consumption and presence of comorbidity were well-known 
unfavorable factors in the HPC patients, there was no signifi-
cant correlation between outcomes and these factors in the 
current study [29,30]. As our study is in retrospective nature, 

there might have been ‘recall bias’ by the patients regard-
ing quantitative alcohol drinking history, which could have 
caused difficult subgroup analyses on the degree of alcohol 
assumption (i.e. none, weak, moderate, and heavy drinker). 
Likewise, information on comorbidity could have been inac-
curate and insufficient in our study. 

Similar to technical advances in RT, LPS procedures are 
still evolving from the use of conventional magnification 
(microscope or endoscope) to robotics and image-guided 
surgery (we did not use robotics for the trans-oral approach 
in our series) [25,26]. The surgical precision offered by these 
modern surgical tools could achieve better outcomes with 
less morbidity than current findings, which could lead to a 
different conclusion from our study. 

We could suggest that upfront LPS with adjuvant treat-
ment as an effective treatment option for disease control 
and functional preservation in selected patients. However,  
upfront LPS may need to be limitedly applied in considera-
tion of tumor factor, patient performance status, and the pres-
ence of multiple primary cancers, as this approach frequently 
required additional adjuvant treatment. Thus, the selection 
of treatments for resectable HPC should be individualized 
based on both patient and tumor factors. This preliminary 
finding should be validated in a further prospective trial 
with large series. 
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