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Clinical Outcomes of Curative Intent Radiotherapy by Helical 
Tomotherapy for Laryngeal Squamous Cell Carcinoma: A 

Retrospective Analysis in a Tertiary Referral Center

Atsuto Katanoa, b , Hideomi Yamashitaa

Abstract

Background: The management of laryngeal cancer involves balanc-
ing curative treatment with preserving essential functions. This study 
aimed to evaluate the clinical outcomes of helical tomotherapy, an 
advanced form of radiation therapy, as a primary treatment modality 
for laryngeal squamous cell carcinoma (LSCC).

Methods: A retrospective analysis of data obtained from a tertiary 
referral center was performed to assess treatment response rates, sur-
vival outcomes, disease control, and treatment-related adverse events.

Results: The study included 45 patients with LSCC treated with heli-
cal tomotherapy between May 2015 and September 2022. The 5-year 
overall survival (OS) rate and disease-free survival (DFS) rate were 
89.2% and 71.1%, respectively. Local control and laryngeal preserva-
tion rates at 5 years were 79.7% and 84.7%, respectively. Subgroup 
analysis revealed higher DFS rates in early-stage patients (84.2%) 
compared to advanced-stage patients (58.9%).

Conclusions: The results indicate that helical tomotherapy offers 
effective tumor control and potential for laryngeal preservation in 
LSCC. Further prospective studies and longer follow-up are needed 
to validate these findings and optimize treatment strategies for LSCC 
patients.

Keywords: Laryngeal squamous cell carcinoma; Helical tomothera-
py; Radiation therapy; Survival rate

Introduction

The larynx is one of the major organs of the upper respiratory 

tract and plays important roles in functions such as phonation, 
swallowing, and respiration. Laryngeal cancer, when it occurs, 
impairs these functions, and hoarseness is the most frequent 
symptom for medical consultation [1]. The treatment of laryn-
geal cancer has evolved within the balance of pursuing a cure 
and preserving function [2].

Total laryngectomy is one of the most established surgical 
approaches for advanced laryngeal cancer [3]. However, per-
manent tracheostomy resulting from alteration of the natural 
airway and the loss of inherent vocal function imposes signifi-
cant physical and psychological burdens on patients. Various 
efforts have been made to avoid the indications for total laryn-
gectomy. Along with the advancement of functional preserva-
tion surgery through external approaches, transoral microsur-
gery for early-stage laryngeal cancer using techniques such as 
carbon dioxide lasers has also been developed [4].

Radiation therapy is a key treatment modality for larynge-
al cancer. Recently, helical tomotherapy, an advanced form of 
image-guided intensity-modulated radiation therapy (IMRT), 
has gained considerable attention as a potential treatment mo-
dality for head and neck cancer [5]. Helical tomotherapy pro-
vides precise and conformal radiation doses while minimizing 
exposure to surrounding healthy tissues compared to normal 
IMRT [6]. However, despite its increasing use, comprehen-
sive, long-term clinical outcome data to substantiate its effi-
cacy are scarce.

Therefore, this retrospective analysis aimed to compre-
hensively evaluate the clinical outcomes associated with heli-
cal tomotherapy for laryngeal cancer through a retrospective 
examination of data obtained from a tertiary referral center. By 
assessing treatment response rates, survival outcomes, disease 
control, and treatment-related adverse events, this study aimed 
to shed light on the effectiveness of helical tomotherapy com-
pared to standard treatments for laryngeal squamous cell car-
cinoma (LSCC). The inclusion of a substantial patient cohort 
in this analysis enabled a robust assessment of the long-term 
outcomes linked to helical tomotherapy, providing valuable in-
sights into its potential as a primary treatment modality.

Materials and Methods

This study employed a retrospective analysis design to in-
vestigate the clinical outcomes of helical tomotherapy in pa-
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tients with LSCC. This study was conducted in accordance 
with the ethical principles outlined in the Declaration of Hel-
sinki. The study protocol was approved by the Institutional 
Review Board of the tertiary referral center. Medical records 
were thoroughly reviewed to identify patients diagnosed with 
LSCC who underwent helical tomotherapy as part of their 
treatment. The study included patients treated between May 
2015 and September 2022 at the tertiary referral center. Data 
were collected for various variables, including patient demo-
graphics, tumor characteristics, treatment details, and clinical 
outcomes.

Patient selection

Patients were selected based on the following criteria: 1) his-
tologically confirmed LSCC; 2) receipt of curative intent ra-
diotherapy by helical tomotherapy as the primary treatment 
modality; 3) availability of complete medical records, includ-
ing follow-up date; and 4) treatment received at the tertiary 
referral center during the specified period.

All patients in the study received a unique radiotherapy 
protocol conducted by helical tomotherapy as the primary 
treatment modality for LSCC with the simultaneous integrated 
boost technique. The planning target volume (PTV) delinea-
tion was conducted, according to the international consensus 
guidelines for primary target and prophylactic lymph node lev-
els [7, 8]. A dose of 70 Gy to high-risk volume (PTV1), 59.4 

Gy to intermediate-risk volume (PTV2), and 54 Gy to low-risk 
volume (PTV3) were delivered simultaneously in 35 fractions. 
PTV1 consists of the primary and positive lymph node with ap-
propriate margins, while PTV2 consists of prophylactic lymph 
node levels on the ipsilateral side of the lymph node-positive 
side, if present. PTV3 consists of a prophylactic lymph node 
of a node-negative case or the contralateral side of the positive 
lymph node. Figure 1 shows one case of helical tomotherapy 
treatment planning for T2N1M0 LSCC.

After the radiotherapy, the patients were clinically as-
sessed every 1 - 3 months for less than 2 years post-radiother-
apy and every 4 - 6 months up to 5 years post-radiotherapy, in 
general. The clinical outcome measures were overall survival 
(OS), disease-free survival (DFS), local control, and laryngeal 
preservation rates. OS was defined as the time from the start of 
helical tomotherapy to the date of death or the last follow-up. 
DFS was calculated as the time from the start of helical tomo-
therapy to any first relapse. Local control was determined by 
assessing disease recurrence or progression within the larynx. 
The laryngeal preservation rate was defined as the time to total 
laryngectomy as salvage therapy.

Statistical analysis was performed to summarize patient 
demographics, tumor characteristics, treatment details, and 
clinical outcomes. Kaplan-Meier curves were used to esti-
mate OS, DFS, local control, and laryngeal preservation rates. 
Subgroup analyses were conducted to assess the potential as-
sociations between clinical outcomes and patient and tumor 
characteristics. Statistical analyses were performed using R 

Figure 1. Treatment plan of helical tomotherapy: the primary and positive lymph node covered by a dose of 70 Gy. The prophy-
lactic lymph node levels of the ipsilateral side of the lymph node-positive side (right side) are covered by 59.4 Gy. The contralat-
eral side of the positive lymph node (left side) is covered by 54 Gy.
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software, and P-values less than 0.05 were considered statisti-
cally significant.

Results

A total of 45 patients diagnosed with LSCC were included 
in this retrospective analysis conducted at a tertiary referral 
center. The median age of the present cohort was 69 years 
(range 41 - 84 years). The patient characteristics are presented 
in Table 1. The distribution of tumor subsites within the larynx 
was as follows: 28 patients had supraglottic involvement, 14 
had glottic involvement, and three had subglottic involvement. 
Regarding the clinical stage of the disease, it was stage I in 
nine (20.0%), stage II in 14 (31.1%), stage III in 16 (35.6%), 
and stage IV in six (13.3%) patients (Table 2). Combination 
therapy was decided based on the clinical stage and factors 
such as age, performance status, pre-existing comorbidities, 
living environment, and patients’ preferences. Fifteen patients 
received concurrent chemotherapy with triweekly cisplatin 
(CDDP). Among the 15 patients, 13 were administered 80 mg/
m2 CDDP per cycle, one was administered 100 mg/m2 CDDP, 
and one was administered 60 mg/m2 CDDP. Six patients re-
ceived induction therapy consisting of a docetaxel plus 5-fluo-
rouracil and cisplatin (DCF)-based regimen. Neck dissection 

was performed prior to radiotherapy for two patients with 
stage IV disease.

The 5-year OS rate and DFS were 89.2% (95% confidence 
interval (CI): 57.9-97.6%) and 71.1% (95% CI: 52.3-83.6%), 
respectively. During the follow-up period, recurrences were 
observed in 10 patients: seven had local recurrence, one had 
regional lymph node recurrence, and two developed distant 
metastasis. Salvage therapy for recurrence was as follows: five 
patients underwent laryngectomy, three patients underwent 
systemic therapy, one patient underwent salvage microsur-
gery, and one patient chose the best supportive care. Notably, 
the local control rate at 5 years was 79.7% (95% CI: 61.4-
90.0%), indicating effective tumor control within the treated 
field. Moreover, the laryngeal preservation rate at 5 years was 
84.7% (95% CI: 66.1-93.5%). These Kaplan-Meier plots are 
represented in Figure 2.

Subgroup analysis based on tumor stage revealed that pa-
tients with early-stage (I/II) disease had a 5-year DFS rate of 
84.2% (95% CI: 57.9-94.7%), while those with advanced stage 
(III/IV) disease had a 5-year DFS rate of 58.9% (95% CI: 31.7-
78.3%). However, there were slight differences in 5-year OS 
in early (94.1% (95% CI: 65.0-99.1%)) and advanced groups 
(85.7% (95% CI: 33.4-97.9%)). These findings suggest that 
appropriate salvage therapy was conducted after the first re-
lapse and influenced the prognosis of patients undergoing heli-
cal tomotherapy for LSCC.

Discussion

LSCC is a common malignancy of the head and neck region 
that accounts for a significant proportion of all cases. The 
management of LSCC has evolved over the years, and vari-
ous treatment modalities are available, including surgery, ra-

Table 1.  Patient Characteristics of the Present Cohort

Variables N (%)
Age, median (range) 69 (41 - 84)
Sex
    Male 37 (82%)
    Female 8 (18%)
Karnofsky performance status
    100 1 (2%)
    90 36 (80%)
    80 8 (18%)
Tumor location
    Supraglottic 28 (62%)
    Glottic 14 (31%)
    Subglottic 3 (7%)
Clinical T stage
    1 9 (20%)
    2 19 (42%)
    3 16 (36%)
    4 1 (2%)
Clinical N stage
    0 34 (76%)
    1 5 (11%)
    2 5 (11%)
    3 1 (2%)

Table 2.  Combination Therapy With Curative Intent Radiother-
apy, Stratified by Clinical Stage

Variables N (%)
I
    RT alone 9 (100%)
II
    RT alone 13 (93%)
    CCRT 1 (7%)
III
    CCRT 11 (69%)
    IDC and RT alone 4 (25%)
    ND and CCRT 1 (6%)
IV
    RT alone 1 (17%)
    CCRT 3 (50%)
    IDC, ND, and CCRT 2 (33%)

CCRT: concurrent chemoradiotherapy; ND: neck dissection; IDC: in-
duction chemotherapy.
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diotherapy, and chemotherapy [9]. Radiation therapy is vital 
in treating laryngeal cancer by providing local tumor control, 
facilitating organ preservation, offering a noninvasive treat-
ment option, and combining effectively with other modalities. 
Its versatility makes it an essential component in managing 
this type of cancer, with the aim of achieving optimal patient 
outcomes. Especially in early-stage LSCC, radiotherapy has a 
favorable treatment outcome for patients, with a good overall 
and locoregional control rate [10].

The concept of helical tomotherapy originated from the 
development of a treatment unit designed to streamline com-
putations, resulting in a system that not only simplified cal-
culations but also introduced the capability for image-guided 
radiotherapy [11]. Recently, helical tomotherapy was found to 
be superior to other IMRT techniques, specifically in reducing 
radiation doses to normal organs in post-mastectomy radiation 
therapy for breast cancer patients [12]. A prospective study 
conducted by Chatterjee et al revealed favorable outcomes, 
with 5-year local recurrence-free survival rate of 75.1% us-
ing helical radiotherapy for early-stage laryngeal cancers [13]. 

Bolukbas et al investigated 45 patients with laryngeal cancer 
at any clinical stage, all of whom were treated with helical to-
motherapy [14]. They reported that the 3-year OS and DFS 
rates were 71.7% and 60.4%, respectively, with acceptable 
radiation-induced toxicity.

Radiotherapy and surgery, including technologies such as 
endoscopic resection or open partial laryngectomies, continue 
to be the primary recommendations for managing early-stage 
glottic cancer according to the National Comprehensive Can-
cer Network guidelines [15]. A review conducted by Menden-
hall et al also reported that radiation therapy stands out as a 
favorable treatment choice for individuals diagnosed with ear-
ly-stage and low-volume locally advanced stage LSCC [16]. In 
cases of higher volume cases, optimal management typically 
involves a combination of surgery followed by postoperative 
radiation therapy. Shelan et al reported that for patients with 
advanced-stage laryngeal cancer, the locoregional control rates 
at 5 years were 95% for primary surgery and 50% for primary 
concurrent chemoradiotherapy, indicating a statistically sig-
nificant difference (P < 0.01) [17].

Figure 2. Kaplan-Meier curves for overall survival (a), disease-free survival (b), local control (c), and laryngeal preservation (d) 
rates in all patients.
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For early-stage treatment, several treatment options exist. 
Gong et al reported the clinical outcomes of transoral laser mi-
crosurgery in patients with early-stage glottic carcinoma [18]. 
They reported a 5-year OS of 88.4%, which is not statistically 
different from other surgical modalities such as vertical par-
tial laryngectomy and cricohyoidoepiglottopexy. Hanna et al 
conducted multivariable analysis of early-stage LSCC from 
the National Cancer Database investigating clinical outcome 
of transoral robotic surgery [19]. Transoral robotic surgery had 
the higher 5-year OS, comparing with open surgery (68.7% vs. 
59.1%; P = 0.01).

For advanced-stage treatment, one of the most widely used 
concurrent regimens is triweekly cisplatin administration [20]. 
As a result of the Radiation Therapy Oncology Group (RTOG) 
91-11 trial, concurrent chemoradiotherapy was proposed as a 
new standard treatment for functional preservation in advanced-
stage LSCC [21]. However, in the long-term follow-up study of 
RTOG 91-11, Forastiere et al reported that it is necessary to 
fully recognize that while chemotherapy and radiation therapy 
can improve cure rates, they are also associated with a high 
frequency of late-stage complications [22]. The late toxicities 
affecting voice and swallowing function among the treatment 
groups could affect non-cancer-related deaths. In recent years, 
novel surgical techniques for laryngopharyngeal cancer, known 
as endoscopic laryngopharyngeal surgery and transoral video 
laryngoscopic surgery, have been developed using endoscopic 
approaches [23]. Both approaches are suitable for early-stage 
cases of laryngeal and hypopharyngeal cancers.

Mohamed et al compared weekly and triweekly cispla-
tin treatments for advanced head and neck cancer [24]. They 
found no significant difference in effectiveness between the 
two regimens; both weekly and triweekly cisplatin regimens 
were considered viable options for treatment, with tolerabil-
ity being an important factor in deciding which regimen to 
use. Recently, Patil et al evaluated the use of docetaxel as a 
radiosensitizer in patients with advanced head and neck can-
cer who could not receive cisplatin. They found that concur-
rent docetaxel showed promising results as a treatment option 
for cisplatin-ineligible patients with advanced head and neck 
cancer treated with radiotherapy [25]. A rigorous review by 
a multidisciplinary specialist treatment team is required when 
deciding on a treatment plan for LSCC.

Our results also demonstrated favorable clinical outcomes 
in terms of OS, with a 5-year survival rate of 89.2%. These 
findings are comparable to those reported in previous studies 
investigating helical tomotherapy for LSCC. Bolukbas et al 
also investigated the use of helical tomotherapy for treating 45 
patients with LSCC. Their results indicated that the 3-year OS 
and DFS were 71.7% and 60.4%, respectively [14].

Our study has several limitations. First, its retrospective 
design introduced inherent biases and potential confounders. 
Second, the study focused on a single tertiary referral cent-
er, which may have limited the generalizability of the find-
ings. Third, the sample size may have influenced the statisti-
cal power of some analyses. Fourth, the heterogeneity of the 
follow-up schedule might affect the OS and DFS results, due 
to retrospective nature of the study. Despite these limitations, 
this study provides valuable insights into the clinical outcomes 
of helical tomotherapy for LSCC in a tertiary referral center.

Conclusion

Helical tomotherapy demonstrated favorable clinical outcomes 
as a primary treatment modality for LSCC. The high 5-year 
OS, DFS, and local control rates indicate its efficacy in achiev-
ing disease control and improving patient survival. However, 
careful monitoring and management of treatment-related tox-
icities are necessary to ensure optimal patient outcomes. Fur-
ther prospective studies and longer follow-up periods are war-
ranted to validate these findings and refine treatment strategies 
for patients with LSCC.

The findings of this study will augment the existing body 
of evidence surrounding the application of helical tomo-
therapy in the treatment of LSCC and provide a comparative 
analysis with standard treatment approaches. This research 
endeavor has the potential to enhance our understanding of 
the optimal treatment strategies for LSCC and provide cli-
nicians with evidence-based guidance for making informed 
treatment decisions. Ultimately, this research aimed to im-
prove patient prognosis and enhance their quality of life by 
implementing the most effective and personalized treatment 
approaches.
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