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ABSTRACT

Laryngeal cancer remains one of the most common airway 
cancers. Although the incidence has generally declined, the 
overall survival has actually decreased over the last 40 years 
despite advancements in its treatment. Treating a malignancy in 
this region is challenging, and management involves a balance 
between primary oncological control, organ and functional 
preservation, and minimizing treatment morbidity. Patients 
with laryngeal cancer require a truly multidisciplinary team 
approach. Surgery remains an integral part of management, with 
several viable organ preservation-based surgical approaches 
evolving over recent years. There have also been significant 
advancements in other nonsurgical laryngeal preservation 
treatment modalities, such as radiation and chemotherapy. 
However, there still remains a need for further research in 
understanding the disease, and more innovation in its treatment. 
Future research in the treatment of laryngeal cancer should 
be focused on strategies to improve locoregional control and 
overall survival, while reducing patient morbidity and the impact 
on quality of life.
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INTRODUCTION

Laryngeal cancer is the second most common airway 
cancer after lung cancer and has an estimated global 
incidence of 157 000 per annum, making it the sixth most 
common cancer worldwide.1,2 The histopathology of 
laryngeal cancer consists almost entirely of squamous cell 
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carcinoma (SCC) in up to 95% of cases. There are gender 
and racial disparities with laryngeal cancer occurring 
almost five times more commonly in men than in women, 
and with the African-American population presenting at 
a younger age, with a higher incidence and with greater 
mortality compared with Caucasians.3-5 Several risk 
factors have been identified in the pathogenesis of laryn-
geal cancer, the most significant being tobacco and alcohol 
consumption, which have both been shown to have a risk 
proportional to the intensity and duration of consump-
tion, and in combination to have a multiplicative effect 
on risk.6,7 The oncogenic role of human papillomavirus 
(HPV) infection, specifically subtypes 16 and 18, is also 
recognized in the development of laryngeal cancer. It is 
estimated that the prevalence of HPV ranges between  
20% and 30% in laryngeal cancer; however, its biologic 
role in the development of malignancy and prognostic 
relevance remains unclear.8,9

The incidence of laryngeal cancer has generally 
declined over the last 40 years largely due to the reduc-
tion in rates of smoking.10 Historically, surgery has been 
the mainstay and still remains an integral part of treat-
ment, but other nonsurgical treatment modalities, such 
as radiation and chemotherapy have developed as viable 
organ-preserving options. The unique anatomy of the 
larynx is complex and contains structures responsible for 
vital functions, such as breathing, airway protection, and 
speaking. Treating a malignancy in this region is there-
fore, challenging, and management involves a balance 
between primary oncological control and aims to preserve 
and, where possible, restore form and function, while 
minimizing treatment morbidity. Nevertheless, unique 
morbidities are observed with this disease and the care 
of these patients truly requires a multidisciplinary team-
based approach. Although there have been significant 
advancements in treatment, unfortunately, the overall 
5-year survival rate has actually decreased over the past 40 
years, perhaps highlighting the need for further research 
in understanding the disease, and more innovation in its 
treatment.11,12 In this article, we review current treatment 
concepts, and discuss new and potential future develop-
ments in the management of laryngeal cancer.

SURGERY

The principles of oncologic surgery in the larynx have 
evolved as our understanding of the pathways of tumor 
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spread has developed and improved surgical techniques 
have become available. Early-stage laryngeal tumors were 
traditionally treated with radiotherapy (XRT), but there 
is now considerable evidence that supports the use of 
organ preservation-based surgical approaches.13 These 
may involve transoral surgery, which may be micro-
scopic or endoscopic, laser or robotic, or open laryngeal 
procedures, such as supraglottic, supracricoid, vertical 
or partial laryngectomy. Conservation surgery relies on 
the principles of the preservation of the cricoid cartilage, 
which is necessary to maintain integrity of the airway, 
and conservation of a cricoarytenoid complex (consist-
ing of a single arytenoid, intact cricoid, full complement 
of muscles, and recurrent laryngeal nerve innervation), 
essential to maintain a safe airway.14 Early-stage localized 
tumors in carefully selected patients are more amenable 
to organ preservation surgery and have equal, if not more, 
favorable locoregional disease control, overall survival, 
and functional outcomes.

Transoral Laser Microsurgery

Transoral laser microsurgery (TLM) has become an estab-
lished surgical treatment modality for early-stage glottic 
and supraglottic tumors (Tis, T1a, T1b, and T2).12 It has 
also increasingly been used for more radical resections of 
advanced tumors. It offers precise cutting and coagula-
tion with a CO2-laser and enhanced microscopic exposure 
permitting excellent oncological control, low morbidity 
rate, and good functional outcomes. Two-millimeter 
surgical margins have been shown to be adequate for 
transoral excision of tumors; however, it may be difficult 
to achieve safe margins with excision of tumors in certain 
anatomical areas, such as the anterior commissure, which 
remains best treated with XRT, but may still be associated 
with worse outcomes compared with other early-stage 
laryngeal tumors.15 Local control rate and overall survival 
have been shown to be equivalent to XRT alone, but with 
the added advantage that further surgery or XRT could 
both remain treatment options in the future should there 
be recurrence.14,16 Voice recovery and outcomes have also 
been shown to be comparable to those after XRT.17,18 A 
further advantage of TLM is that excision will usually 
involve a single procedure, whereas XRT would involve 
multiple treatments over several weeks.

Transoral/Open Partial Laryngectomy

Several variations of organ preservation surgical tech-
niques exist. Open conservation procedures, such as 
supraglottic and supracricoid laryngectomy are increas-
ingly less indicated, especially with greater advances in 
performing this type of surgery via a transoral approach, 

which, although technically more challenging, carries 
with it less morbidity and greater cost efficiency. An 
open approach may, however, be appropriate in patients 
who wish to avoid XRT, but may not be candidates for a 
transoral approach. However, patients with significant 
pulmonary or systemic comorbidities, or who are at 
high risk for pulmonary aspiration may not be suit-
able. Tumors which extend to the subglottis involve 
the posterior commissure, have through-and-through 
cartilage involvement, or involve a fixed cricoarytenoid 
complex would also be unsuitable for partial or suprac-
ricoid laryngectomy.13 Locoregional control and overall 
survival outcomes after supraglottic and supracricoid 
laryngectomy, however, have been shown to be compara-
tive to patients treated with XRT for early-stage tumors.19 
Intensive rehabilitation is often required to aid restora-
tion of swallowing and speech, with voice outcomes, 
although substantially different postoperatively, thought 
to be equivalent to patients treated with XRT. Partial 
laryngectomy techniques could also be considered in the 
salvage setting when XRT or chemotherapy has failed. 
In comparison with patients with total laryngectomy, 
quality of life, function, and voice outcomes have been 
shown to be far greater, although the subset of patients 
in which this type of surgical resection is possible is 
relatively small.20

Transoral Robotic Surgery

Transoral robotic surgery (TORS) has become increas-
ingly popular over the last two decades and is gaining 
increasing importance in head and neck surgical onco
logy. The advantages of robotic surgery are a wider 
three-dimensional surgical field through smaller surgi-
cal access, allowing very precise, tremor-free movement 
in spaces that may not be accessible using nonrobotic 
instruments. It provides an alternate approach to open 
surgery and conventional transoral techniques. Although 
there is a lack of published data on the application 
of TORS in laryngeal cancer, preliminary individual 
surgeon and institutional experiences on the feasibi
lity and adequacy of this surgical technique have been 
promising.21,22 However, the role of TORS in the surgi-
cal management of laryngeal cancer needs to be further 
defined, and the long-term oncological and functional 
outcomes investigated.

Management of the Neck

Treatment of the neck in laryngeal cancer has not changed 
much in recent years, and still depends on the laryngeal 
subsite and knowledge of its lymphatic drainage. Patients 
with nodal metastasis (N+) require definitive treatment 
either by a comprehensive neck dissection or definitive 
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chemoradiotherapy (CRT). As a general rule, elective 
treatment of a N0 neck is only necessary if the risk of 
developing occult metastasis is greater than 20%. Tumors 
in each laryngeal subsite have different clinical behaviors. 
The supraglottis has a rich bilateral lymphatic drainage; 
therefore, relatively early-stage disease (T2 or greater) 
would carry with it risk of bilateral nodal metastasis 
and would require bilateral treatment of the neck. The 
glottis, in comparison, has poor lymphatic drainage and 
would only require unilateral management of the neck 
for tumors T3 or greater.

Salvage Surgery

Patients who fail nonsurgical organ preservation tech-
niques require salvage surgery in the form of a total 
laryngectomy, which serves as the only viable treat-
ment option with curative intent. Local recurrence of 
the primary tumor occurs in approximately 30% of 
patients with advanced-stage laryngeal cancer submit-
ted to nonsurgical organ-preserving treatments.23 Rates 
of complications after salvage surgery tend to be higher, 
thought to be as a result of impaired wound healing 
secondary to poor vascular supply following XRT or 
CRT. The rate of pharyngocutaneous fistula can be as 
high as 30%, and fistula formation can result in signifi-
cant morbidity with a delay in oral intake and extended 
inpatient stay.24 A local pedicled flap could be used as 
an overlay if primary pharyngeal closure is achieved, 
but there are concerns regarding tissue vitality to both 
reinforce the closure and deliver an enhanced vascular 
supply. Pharyngeal reconstruction may be necessary 
and can be achieved through several reconstructive 
options, each with its own advantages and disadvan-
tages. Multi-institutional studies have demonstrated a 
significant reduction in fistula rates with local pedicled 
and free flaps, and a reduction in the duration of a 
fistula in the presence of free tissue graft.25 Controversy 
exists with regard to the elective management of the 
neck for N0 disease in patients undergoing salvage 
laryngectomy. There are variable data and treatment 
philosophies in the literature; however, on balance, it 
would be reasonable to consider elective neck dissection 
for locally advanced tumors. Two-year overall survival 
rates following salvage surgery have been shown to be 
up to 76%, and 5-year disease-specific survival in early-
stage disease up to 70%, and in advanced-stage cancer, 
55%.24,26 Functional outcomes, especially swallowing 
may be poor, but vocal rehabilitation has advanced 
over recent years with the use of tracheoesophageal 
prosthesis, which is considered superior to esophageal 
and electrolarynx speech. Preoperative counseling and 
postprocedure intensive speech and swallow therapy is 

essential to avoid the psychosocial implications of this 
type of surgery.

Tissue-engineered Larynx

The limitations of current treatment modalities have led 
some to explore the idea of tissue engineering as a thera-
peutic option. This involves the application of biological 
and material science to engineer a synthetic replacement 
to a nonfunctional organ. The transplant of a cadaveric 
larynx has been described in the literature, however, with 
poor long-term outcomes.27 The concept of transplanting 
a biocompatible cartilage scaffold covered in the patient’s 
own epithelium, which integrates with the host tissue 
thereby negating the rejection process, would revolution-
ize the treatment of laryngeal cancer and improve the 
prospect of organ and functional preservation.28 There 
are multiple challenges which exist, however, before this 
concept can be transferred into clinical practice, and this 
may take at least another 10 years to see fruition.

RADIOTHERAPY

The XRT plays an integral role in curative-intent therapy 
of laryngeal cancer, either as a definitive nonsurgical 
organ preservation treatment or as an adjuvant therapy 
in the postoperative period. The XRT techniques, field, 
dose, and fractionation vary depending on the primary 
site and extent of the laryngeal cancer and its spread to 
the neck. The primary sites of laryngeal cancer are either 
supraglottic or glottic, while disease in the subglottis is 
generally considered to be tumor extension rather than a 
primary cancer in its own right, which, although possible, 
is rare. The main aim of XRT is to achieve local control 
while minimizing damage to surrounding normal tissues 
and structures, which can present a treatment chal-
lenge paradigm owing to the close proximity of critical 
organs in an anatomically complex region. Early and late 
radiation-related morbidity, including dysphagia, xeros-
tomia, and mucositis, among others, can have a significant 
impact on quality of life and functional outcomes, which 
certainly require thought when managing patients with 
laryngeal cancer.

Early-stage glottic primaries can be treated effectively 
with either single-modality XRT or surgery with similar 
excellent outcomes. Five-year control rates for T1 glottic 
tumors treated with definitive XRT have been reported 
up to 93%, and T2 tumors up to 73%.29,30 As the glottis 
has fairly poor lymphatic drainage, early disease in this 
region rarely spreads through adjacent lymphatics; there-
fore, elective treatment of the neck is often unnecessary. 
For T1 and T2 lesions, XRT is generally delivered via 
opposed lateral fields comprising the thyroid cartilage 
superiorly, the cricoid cartilage, or first tracheal ring 
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inferiorly, with the vertebra forming the posterior field 
limit. The combination of this method and the anterior 
contour of the neck may result in underdosing of the 
anterior commissure; therefore, an augmented dose 
should be considered for disease in this region owing to 
its greater risk of recurrence and association with worse 
local control compared with other T1 tumors.31 A higher 
dose per fraction has been shown to give improved 
local control, with the generally accepted total dose for 
T1 lesions being 63 Gy, and for T2 lesions, 65 Gy.31,32 A 
disadvantage of XRT worth considering is the degree 
of posttreatment tissue edema which may impair both 
visual and histological examination during subsequent 
surveillance and potentially result in a delay in diagnosis 
of recurrent disease, increasing the chance that surgical 
salvage would necessitate total laryngectomy.33,34

Early-stage supraglottic tumors can also be effec-
tively treated with definitive XRT, with local control rates 
for T1 tumors ranging between 73% and 100% and for 
T2 tumors, between 60% and 89%.35 The supraglottis, 
in contrast to the glottis, has a rich lymphatic drainage, 
and even early-stage supraglottic disease may present 
with nodal metastasis or harbor subclinical nodal 
disease requiring elective management with XRT at the 
same sitting to bilateral neck levels II through IV. The 
standard radiation treatment volumes for early-stage 
supraglottic cancer is a total dose of 70 Gy to the primary 
site, and 50 Gy to bilateral neck if lymph node negative 
or a higher dose of 60 Gy to involved lymph node or 
high-risk areas.12

The XRT has a role in adjuvant therapy after surgery 
for advanced-stage laryngeal cancer. Pathological risk 
factors which are taken into account when considering 
postoperative XRT include multiple positive nodes, peri-
neural invasion, lymphovascular invasion, close resection 
margins, or soft tissue or thyroid cartilage involvement. 
The addition of chemotherapy, if there are positive resec-
tion margins and extracapsular nodal extension, has 
been shown to benefit locoregional control and improve 
overall survival.36

Intensity-modulated Radiation Therapy

Radiation oncology in the head and neck has evolved 
considerably over recent years with the advent of 
intensity-modulated XRT (IMRT) and volumetric arc 
therapy (VMAT), now favored over traditional three- 
and two-dimensional techniques, which are able to offer 
precise radiation delivery, while minimizing the dose to 
surrounding normal structures without compromise of 
target coverage.37 Furthermore, image-guided planning 
and specific patient immobilization and positioning 
techniques with the use of a thermoplastic mask are 

able to expose the larynx and minimize dose delivery 
to surrounding tissues, while creating a reproducible 
set-up for the whole duration of XRT treatment. These 
new techniques avoid exposure to salivary glands, upper 
aerodigestive mucosa, and pharyngeal constrictors and 
several studies have reported reduced radiation-related 
side effects and improved functional and quality-of-life 
outcomes.38-40 Through reducing the burden of normal 
tissue toxicity, a higher dose of radiation is acceptably 
delivered to the target, hence improving XRT effective-
ness and improved locoregional control.

Fractionation

The XRT alone is a viable option not only for early-stage 
glottic and supraglottic disease, but also in patients with 
advanced disease who are not candidates for surgery 
or CRT. In this setting, customization of techniques, 
such as altered dose or fractionation schemes could be 
considered. Conventional fractionation consists of daily 
fractions of up to 2 Gy. The main alternate regimes which 
have been suggested include hyperfractionation and 
accelerated fractionation. Hyperfractionation involves 
two or more smaller doses of radiation on each treatment 
day, thereby allowing a higher biologically effective dose 
to be delivered to the tumor. Accelerated fractionation 
refers to the reduced overall treatment time over which 
the total radiation dose is administered. The rationale 
for this is that the accelerated dose administration is able 
to reduce the time available for tumor cell regeneration. 
Both of these schedules have been shown to be associ-
ated with significantly higher locoregional control and 
survival rates when compared with standard fractiona-
tion schedules, although they are associated with more 
severe acute radiation side effects, such as mucositis, but 
no greater incidence of late radiation-related complica-
tions.41,42 However, although considerable variation in 
practice among different institutions does exist, there is 
still no optimal treatment structure decisively described, 
with this area remaining a source of ongoing debate 
despite extensive research efforts.

Proton Beam Radiation Therapy

The future direction of XRT would be the optimization 
of IMRT and VMAT techniques through dose reduction 
to normal tissues, dose escalation to tumors, and by 
clearly defining altered fractionation schemes. Despite 
these measures, a large proportion of patients may still 
experience radiation-related morbidity with a significant 
negative impact on quality of life. An exciting area of 
development in radiation oncology is the use of proton 
beam radiation therapy (PBRT) which has been used 
with success in a few centers around the world. Due to 
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the unique inherent physical properties of protons, PBRT 
has the advantage of delivering precise radiation to the 
tumor but for a significantly lower normal surrounding 
tissue dose, thereby improving the therapeutic ratio. This 
is especially relevant for tumors in the head and neck, 
where preliminary evidence on the use of PBRT has 
shown significantly reduced radiation-related morbidity 
compared with conventional XRT, without sacrificing 
target coverage.43,44 The expectation is that PBRT will be 
more widely available in the future, although there are 
greater costs compared with conventional XRT, which 
will need to be rationalized in order for it to be finan-
cially viable within the context of the current UK health 
economy.

CHEMOTHERAPY

Total laryngectomy was historically the mainstay treat-
ment for advanced-stage laryngeal tumors and remains 
associated with significant morbidity including a per-
manent stoma, loss of voice, swallowing difficulties, as 
well as the associated psychosocial consequences. The 
implications of many of these factors on a patient’s quality 
of life prompted several trials in the early 1990s which 
changed the focus of treatment to nonsurgical organ 
preservation through using induction or concurrent 
chemotherapy with radiation.23,45 Many of the clinical 
trials, however, showed little difference in locoregional 
recurrence or overall survival in patients with advanced-
stage laryngeal cancer treated with CRT compared 
with patients who underwent total laryngectomy and 
adjuvant XRT. The VA Larynx Cancer Study Group trial, 
however, importantly showed that 66% of those who 
received induction chemotherapy were able to preserve 
their larynx, which from a quality-of-life perspective 
was a considerable gain for this patient group.23 Subse-
quent clinical trials with concurrent chemotherapy with 
cisplatin and XRT demonstrated far superior laryngeal 
preservation (81%), when compared with induction 
chemotherapy regimens or XRT alone, therefore, now 
being established as the standard of care with this treat-
ment technique.46

Despite this paradigm shift and widespread use 
of nonsurgical treatment protocols, as well as data to 
support its use, there has continued to be a decrease in 
survival for patients with laryngeal cancer. This higher 
rate of long-term mortality and equivocal survival benefit 
in this group unrelated to the disease and laryngeal 
preservation compared with other treatment regimens 
may be as a result of late chemotherapy toxicity. There 
still remains a lack of prospective trials to support  
nonsurgical organ preservation treatment, and many of 
the patient groups involved in previous clinical trials 

may not be entirely reproducible, especially, for example, 
patients with T4 disease who were often excluded from 
these studies. Nevertheless, concurrent CRT remains a 
viable treatment option for a select group of patients, 
which includes those with a functional larynx, T3–T4 
disease with or without neck disease. However, at present, 
there is no clear high-quality evidence able to guide clini-
cians in their selection of patients with advanced-stage 
laryngeal tumors who may benefit from concurrent CRT. 
Interestingly, some studies have emerged demonstrating 
a statistically significant survival benefit in patients with 
advanced-stage laryngeal cancer (T3 and T4a) who under-
went total laryngectomy rather than CRT.47,48 Although 
laryngeal preservation should be considered in patients 
with locally advanced T3 and T4 disease, upfront surgery 
in those patients with significant functional deficit of the 
larynx or those unable or unwilling to undergo CRT may 
be the only option.

Targeted Therapy

Greater research is needed to develop newer chemo-
therapeutic agents and combination of drugs which have 
greater clinical effectiveness and less toxicity. Targeted 
therapy focusing on inhibition of molecular targets 
expressed on cancer cells, such as epidermal growth 
factor receptor is an exciting new area of chemotherapeu-
tics. Agents, such as cetuximab, a monoclonal antibody, 
have been shown to be as effective as cisplatin in the 
treatment of head and neck SCC, but with less toxicity.49 
However, further prospective studies are required to 
elucidate its oncological effectiveness as an individual 
agent or in conjunction with others, before its use becomes 
more widespread.

The role of molecular biological markers in predicting 
the behavior of certain tumors, measuring response to 
treatment, and to identify which patients may be resist-
ant or responsive to treatment is also an area of further 
interest. If a reliable marker could identify a potential 
nonresponder or a poor response to treatment, then a 
more aggressive treatment strategy or earlier surgical 
salvage could be considered to improve overall survival 
in this cohort.50,51 However, further study is required to 
assess the reliability of currently identified biological 
markers.

CONCLUSION

The management of patients with laryngeal cancer 
requires a truly multidisciplinary team effort includ-
ing medical and surgical oncologists, specialist nurses, 
radiologists, as well as wider healthcare professionals, 
including speech and language therapists and dieticians. 
During the past three decades, treatment paradigms in 
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the management of laryngeal cancer have evolved. The 
anatomical complexity of the head and neck presents a 
treatment challenge due to the close proximity of tumors 
to surrounding normal tissues and structures. Before 
considering a treatment strategy, the tumor site, stage 
and individual patient factors, and treatment preference 
should to be taken into account. Several surgical and 
nonsurgical treatment modalities for early-stage laryn-
geal cancers have developed with excellent outcomes 
and reduced morbidity. In advanced-stage laryngeal 
cancers, however, there has been a move away from open 
surgery to multimodal techniques with the aim of organ 
preservation. The implications of a total laryngectomy 
including the psychological and social aspects of losing 
the ability of voice, and impaired swallow plays a signifi-
cant role in a patient’s decision regarding treatment of 
their cancer. The CRT has increasingly been offered as an 
alternative in order to preserve the larynx and improve 
quality of life. However, there is a disparity between 
the aim of organ preservation, locoregional control, and 
overall survival. There still remains a lack of evidence 
that demonstrates organ preservation techniques in 
advanced-stage laryngeal cancer improve overall sur-
vival. At present, no other treatment technique confers 
a survival advantage over total laryngectomy with adju-
vant therapy. Patients should be fully informed with the 
advantages and disadvantages of laryngeal preservation 
options in comparison with treatments which include 
partial or total laryngectomy.

Although there have been considerable advances in 
the treatment of laryngeal cancer, there is still a need 
for further research in understanding the disease, and 
more innovation in its treatment. Future research in the 
treatment of laryngeal cancer should be focused on the 
exploration of strategies to improve locoregional control 
and overall survival, while reducing patient morbidity 
and the impact on quality of life.
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