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Abstract
Objective To investigate epidemiological, clinical and oncological outcomes of young patients with laryngeal cancer (LC).
Methods PubMed, Scopus and Cochrane Library were searched by three researchers for studies investigating epidemiologi-
cal, clinical and oncological outcomes of patients with age < 40 years old and LC. The following outcomes were investigated 
with PRISMA criteria: age; ethnicity; gender; tobacco/alcohol habits; anatomical, pathological, therapeutic and survival 
features. Authors performed a bias analysis of papers and provided recommendations for future studies.
Results Seventeen papers published between 1982 and 2021 met our inclusion criteria, accounting for 928 patients with 
age < 40 years (female/male ratio: 2:5). There were on average 54.2 and 45.8% of smokers and drinkers. The tumor location 
mainly consisted of glottis (70.1%), supraglottis (27.7%) and subglottis (2.2%). Radiation therapy was the main therapeutic 
strategy used in young adults with LC. The 2-year overall survival ranged from 50 to 100% and depended on tumor stage, 
treatment, and cohort features. Four studies reported better overall survival in young compared with old adults, while there 
were no significant differences in three studies. There was an important heterogeneity between studies regarding the inclu-
sion/exclusion criteria, epidemiological, clinical, pathological and treatment.
Conclusion It was suggested that young patients with LC had lower proportion of smokers and drinkers and better overall 
survival compared with older but both data of the current literature and heterogeneity between studies limit us to draw 
definitive conclusions.
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Introduction

Laryngeal cancer (LC) is the second most common head and 
neck cancer, accounting for 211,000 new cases and 126,000 
deaths per year worldwide, respectively [1]. Over the past 
3 decades, the incidence of LC significantly decreased in 
males and unchanged or increased in females according to 
world regions [1, 2]. LC is known to be a malignancy of 
sixth or seventh decade of life of individuals with tobacco 
and alcohol consumption histories [2]. Age appears to be an 
important prognostic factor because elderly patients report 

stronger therapeutic response and survival outcomes [3]. 
LC occurs in 2 to 10% of patients younger than 40 years 
old, who may report less smoking and alcohol consump-
tion compared with older patients [4, 5]. In this group of 
patients, the development of LC was furthermore suspected 
to be associated with DNA mutations and genetic abnormali-
ties [6]. Thus, an increasing number of otolaryngologists 
consider that young patients with LC may present a different 
oncological disease than elderly patients regarding tumor 
features, disease history and survival outcomes.

The aim of this systematic review is to investigate epi-
demiological, clinical and oncological outcomes of young 
patients with LC.
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Materials and methods

The criteria for consideration of study inclusion were based 
on the population, intervention, comparison, outcome, tim-
ing and setting (PICOTS) framework [7]. For each included 
study, two authors (JRL, CMCE and SH) independently 
reviewed and extracted data regarding the PRISMA check-
list for systematic reviews [8].

Eligibility criteria

Prospective and retrospective, controlled, uncontrolled, or 
randomized studies published between January 1980 and 
July 2021 were included in this systematic review. Studies 
were included if they investigated epidemiological, clinical, 
pathological or oncological characteristics in young adults 
with LC. In the majority of studies, young patients with LC 
were commonly defined as patients with age < 40 years old 
[6]. However, we also included studies where authors used 
another cut-off. Different types of LC were considered, such 
as laryngeal squamous cell carcinoma (LSCC), mucoepider-
moid carcinoma or sarcoma. The studies had to be published 
in English, Spanish, or French peer-reviewed journals. Only 
studies reporting data for more than ten individuals were 
considered.

Populations, inclusion/exclusion criteria

The authors had to provide inclusion criteria and definition 
of young patients. Retrospective, prospective, uncontrolled, 
or controlled studies were eligible if the study cohorts con-
tained at least a group of young adults with LC. Controlled 
studies comparing young and older patients were considered. 
The type of study was classified according to the levels of 
evidence for prognostic studies (I–V) [9].

Outcomes

Three authors (JRL, CC and SH) reviewed the following 
outcomes: number of patients, definition of young patient, 
gender ratio, proportion of smoker/drinker in the young 
patient group, mean or median age, tumor location (glottis, 
supra- or subglottis, transglottis), histopathology of tumor, 
tumor stages, treatment and oncological outcomes.

The Tool to Assess Risk of Bias in Cohort Studies devel-
oped by the Clarity Group and Evidence Partners was used 
by two authors (JRL and CC) for the bias/heterogeneity anal-
yses of the included studies [10]. The bias analysis consisted 
of evaluation of cofactors that may impact the comparison of 
studies, i.e. epidemiological (comorbidities, tobacco/alcohol 
use, etc.), clinical, histopathological and therapeutic charac-
teristics of patient age groups.

The following oncological outcomes were evaluated: over-
all survival (OS), disease-free survival (DFS), disease-spe-
cific survival (DSS), recurrence and second malignancy rates.

Intervention and comparison

The following therapeutic approaches were reviewed and 
analyzed for each study: surgery, radiation, combined 
treatments, and no treatment. The time of the inclusion of 
patients was considered in the therapeutic analysis regarding 
the evolution of some therapeutic approaches over the past 
four decades (i.e. chemotherapy, radiation).

Timing and setting

There was no criteria for specific stage or timing in the ‘dis-
ease process’ of the study population. Data from population-
based registries or clinical hospital studies were considered.

Search strategy

The paper search was conducted on PubMED, Scopus, and 
Cochrane databases by three independent authors (JRL, SH 
and CC). The databases were screened for abstracts and titles 
referring to the description of data of young patients with 
LC. The authors analyzed full texts of the selected papers. 
Results of the search strategy were reviewed for relevance 
and the reference lists of these publications were examined 
for additional pertinent studies. Any discrepancies in syn-
thesized data were discussed and resolved by the remaining 
co-authors. The following keywords were included: ‘larynx’; 
‘laryngeal’; ‘cancer’; ‘young’; ‘carcinoma’; ‘comparison’; 
‘old’; ‘outcomes’. The three investigators analyzed studies 
for the outcomes above-mentioned.

Results

A total of 1004 articles were identified and 17 studies published 
between 1982 and 2021 met our inclusion criteria (Fig. 1) 
[3–5, 11–24]. Three studies were excluded because authors 
included patients with laryngeal and non-laryngeal cancers 
in a same group, without providing specific outcomes for LC 
[25–27]. All studies were retrospective chart-review (EL: IV). 
The authors compared different age groups in 10 studies [3–5, 
16–22]. A total of 99, 778, 51, and 60 patients with age < 30; 
< 35; < 40; < 50 years old were included in the present review, 
respectively. Irrespective to the age groups, the female/male 
ratio of < 40 years old patients with LC was 234/551. Propor-
tions of smokers and drinkers were available in 9 and 6 stud-
ies, respectively (Appendix 1). The proportion of smokers in 
patients < 40 years old ranged from 38 to 92% (N = 97/179; 
54.2%) [4, 5, 11, 14, 15, 17, 20, 21, 23]. The proportion of 
drinkers ranged from 0 to 82% (N = 44/96; 45.8%) [5, 15, 17, 
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20, 21, 23] Luna-Ortiz et al. did not find significant differences 
between age groups about tobacco and alcohol consumptions 
[20], while Singh et al. observed higher proportions of drinkers 
and smokers in young compared with old group [17].

Tumor features

Eleven studies only included patients with LSCC [4, 5, 
13–18, 21, 23, 24], while others recognized having consid-
ered adenoid cystic carcinoma [11], verrucous SCC [19], 
sarcoma [19], small cell cancer [19], mucoepidermoid [19], 
and Kaposi sarcoma [19]. Three studies did not specify the 
LC histology [3, 20, 22]. Location and stage data of stud-
ies are summarized in Table 1. LC was located in glottic, 
supraglottic or subglottic region in 70.1, 27.7 and 2.2% of 
patients < 40 years old. The majority of LC are discovered 
in Stage I and III in young adults (Table 1). Among the 

comparative studies, patients < 40 years old reported similar 
staging profile than patients > 40 years old in the studies of 
Luna-Ortiz et al. [20], and Wang et al. [5], while they dif-
fered in the study of Nachalon et al. [4] with higher propor-
tions of stage I and II in old patients. In the study of Singh 
et al. [17] the proportion of supraglottic cancer was signifi-
cantly higher in old patients compared with young individu-
als who reported higher proportion of glottic cancers.

Therapeutic strategies

From retrospective chart-reviewed published between 1982 
and 2001, the main therapeutic approaches consisted of 
surgery [11, 13], radiation [12, 14], or both [15, 16]. The 
therapeutic approaches varied between studies, even if some 
of them were characterized by a similar proportion of stages 
I–IV [13–15]. Considering studies conducted from 2009 to 

Fig. 1  Chart flow
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2021, radiation was considered as the main approach for the 
treatment of LC in young adults in the majority of studies 
[3, 4, 20, 23, 24]. Only Wang et al. reported a significant 
higher proportion of surgical treatment in young patients; 
their cohort being mainly composed of stages I–II [5]. The 
therapeutic strategies do not seem to have evolved over the 
study period; while some teams from the same centers [4, 
14, 23] seemed to prior some approaches over time.

Oncological outcomes

Considering studies published from 1982 to 2001, data 
about overall survival were available in fivw studies [11–14, 
17]. The 2-year OS of stages I–II or cT1–2 was 100% and 
decreased to 50 to 66% for stages III–IV [11, 12]. Irrespec-
tive to the stage, the 5-year OS ranged from 66 to 100%, with 
naturally better outcomes in studies with higher proportion of 
stages I or II [14]. Petrovic et al. reported a 5-year disease-free 
survival of 84% but they did not report staging information 
[16]. Benninger et al. assessed the recurrence rate of young 
adults with LC and at an average follow-up of 50.4 months, 
they found 62% of recurrences [15]. According to the study 
of Albright et al. young patients with LSCC had a significant 
lower risk to develop second malignancy than older patients 
over time (Appendix 1) [18]. Regarding age group compari-
sons, Singh et al. did not find significant differences between 
young and old patients about cTNM, treatment and complica-
tion, whereas they reported lower proportions of smokers and 
drinkers [17]. In this study, the median survival of old patients 
was significantly lower than those of young individuals [17].

Nine studies were published between 2009 and 2020 [3–5, 
19–24]. The 1-year OS ranged from 86 to 100%, and was 
significantly better in young than old adults with LC [5, 22]. 
The 5-year survival ranged from 40 to 87% and depended 
on stages and studies [5, 19, 22–24]. Bezerra et al. reported 
that young adults had better 5-year OS than old individuals 

[22], while Wang et al. and Nachalon et al. did not find sig-
nificant differences across groups [4, 5]. Luna-Ortiz et al. 
observed mean DFS and OS of 66 and 83 months in young 
and old patients without differences across groups [20]. 
Only Rutt et al. compared young patients with each other, 
and they observed on small cohorts than subjects aged from 
15 to 19 years old had better 5-year OS than older ‘young’ 
patients [19]. Note that these authors included in the cohort 
LSCC, verrucous SCC, sarcoma, Kaposi sarcoma, small cell, 
and mucoepidermoid cancer. In a cohort of young and old 
patients comparable regarding tumor location, gender ratio 
and treatment (mainly radiation), Reizenstein et al. reported 
that OS, disease-specific survival (DSS) and relapse risk were 
significantly better in young compared with old groups [3].

Bias analysis

Heterogeneity among included articles in inclusion/exclusion 
criteria, tobacco/alcohol consumption, comorbidities, tumor 
features, and treatment are described in Table 2. Studies are 
all retrospective chart-review (EL: IV). Many studies included 
a low number of young patients compared with old individu-
als. In four studies, authors based their outcome comparisons 
between young and old patients or between young patients 
with LC and young patients with another type of cancer on 
the data of the literature, without providing a true compari-
son with a matched patient group [11, 13, 15, 16]. Several 
histopathologies were considered in six studies [3, 11, 12, 
19, 20, 22], whereas authors included pediatric population 
in the database in two studies [11, 18]. Tobacco and alcohol 
consumption information are not reported in 8 and 11 stud-
ies, respectively (Table 2). Any authors reported informa-
tion about HPV infection, histories of reflux, occupational 
carcinogen exposure or neck radiation. Comorbidities of old 
patients with LC were considered in the oncological analysis 
in one study [24]. As reported in Appendix 1, at the exception 
of Reizenstein et al. [3] and Wang et al. [5], authors did not 
perform uni- or multivariate analyses to evaluate the impact 
of some factors (i.e. tobacco, alcohol, comorbidities, radiation 
features) on oncological outcomes. Ethnicity was considered 
in the analysis of outcomes in two studies [17, 19].

Discussion

The number of publications dedicated to LC in young adults 
did not increase over the past few decades; the studies cov-
ering the period from 1980 to 2021. Yet, according to the 
increase of incidence of LC in young individuals [2], it 
remains important for the future decades to better under-
stand the potential disease differences between young and 
old patients about tumor features and oncological outcomes. 
In this systematic review, we tried to analyze the current 

Table 1  Pooled characteristics of tumor features

N number

Tumor features N (%)

Location
 Glottis 297/522 (56.9)
 Supraglottis 139/502 (27.7)
 Infraglottis 7/317 (2.2)
 Transglottis 17/205 (8.3)
 Unknown 46/279 (16.5)

Stages
 I 42/106 (39.6)
 II 11/106 (10.4)
 III 32/106 (30.2)
 IV 19/106 (17.9)
 Unspecified 2/106 (1.9)
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evidence regarding epidemiological, etiological, pathologi-
cal, and oncological outcomes of young patients with LC. We 
observed a substantial number of conflicting data, leading 
to the inability to draw reliable conclusion for many points.

First, it was often argued that patients < 40 years old with 
LC had a different disease regarding etiological factors than 
those > 40 years old [6]. Precisely, regarding the findings of 
the INHANCE consortium [28], 24.1% of patients < 45 years 
old with HNSCC never smoked, while 13.6% of old patients 
(> 45  years old) were non-smokers. Similarly, 18.9% of 
patients < 45 years old with HNSCC did not consume alcohol 
at the time of the diagnosis, while they are 7.5% in the older 
group (> 45 years old). In the same study, authors observed 
7.5% and 5.4% of non-smokers with LSCC in < 45 years old 
and > 45 years old patient groups, respectively [28]. In the pre-
sent review, we assessed the baseline proportions of non-smok-
ers and non-drinkers to 45.8% and 54.2%, respectively, which 
was higher than the data of the INHANCE group. In practice, 
these findings tend to support that a substantial proportion of 
young adults with LC are non-smoker and non-drinker patients 
and, therefore, may have developed LC regarding additional 
risk factors, such as laryngopharyngeal reflux, HPV infections, 
occupational carcinogens, and genetic/ethnicity polymorphisms 
[6, 29, 30]. However, surprisingly, these important risk factors 

were not evaluated in many studies included in the present 
review although they may have a significant impact on onco-
logical outcomes. The lack of information and the pathological 
heterogeneity between studies limit the draw of clear conclu-
sion about the risk factor differences between young and old 
patients. The consideration of ethnicity is another example. 
Indeed, 12% of patients with HNSCC are Black in the U.S., 
and it has been supported that Whites and Blacks may have 
significant differences about the genetic pattern, carcinogen sus-
ceptibility, and sociodemographic features, all of them being 
responsible of different clinical presentations of the LC [6, 29, 
31]. About gender ratio, we found a female/male ratio of 2/5, 
which differs from the common 1/7 ratio of patients with LSCC 
[2]. The equalization of the male to female ratio in the young 
population may reflect the gender finding observed in tongue 
cancers of the young adult where genetic pattern and HPV 
have a key role in the development of cancer in female [6, 32]. 
Moreover, it is conceivable that the importance of the genetic 
polymorphism in the development of LC in young adults leads 
to an inability to really compare future studies conducted in 
remote world regions. For example, the oncological outcomes 
of the Chinese study of Wang et al. [5] were substantially dif-
ferent from the studies of Nachalon et al. that were conducted 
in Israel. [4, 23]

Table 2  Bias analysis

According to the bias tool used, the following points were considered: Pathology: Yes = inclusion of LSCC 
only; Probably Yes = inclusion of > 95% of LSCC; Probably no = inclusion of 50–95% of LSCC; No = no 
information about the histopathology or inclusion of < 50% of LSCC. Alcohol/Tobacco/HPV: Yes = data 
provided for both groups (if > 1 study group); Probably yes = data provided for young adult group; Probably 
no = data not complete (lack of N/% of patients); No = no data. HNSCCH: Yes = authors excluded patients 
with a history of previous HNSCC; No = Authors did not provide information or included patients with pre-
vious history of HNSCC/treatment of HNSCC. RF = consideration of other risk factors: Yes = consideration 
of all following risk factors: occupational carcinogens; reflux and history of radiation; Probably yes = con-
sideration of 2 of the 3 above-mentioned risk factors; Probably no = consideration of 1 of the 3 above-men-
tioned risk factors; No = no consideration of above-mentioned risk factors. Comorbidity: Yes = comorbidities 
of patients were considered in the survival analysis; No = no consideration of comorbidities
HPV human papilloma virus, HNSCCH head neck squamous cell carcinoma history, RF risk factors

References Pathology Tobacco Alcohol Comorbidity HPV HNSCCH RF

Newman [11] No Yes No No No No No
Webber [12] Probably no No No No No No No
Mendez [13] Yes No No No No No No
Shvero [14] Yes Yes No No No No No
Benninger [15] Yes Yes Yes No No No No
Petrovic [16] Yes No No No No No No
Singh [17] Yes Probably yes Probably yes No No Yes No
Albright [18] Yes No No No No No No
Reizenstein [3] No No No No No No No
Rutt [19] Probably no No No No No No No
Luna-Ortiz [20] No Yes Yes No No No No
Mafi [21] Yes Yes Yes No No No No
Bezerra [22] No No No No No No No
Wang [5] Yes Yes Yes No No No No
Nachalon [4] Yes Yes No No No No No
Nachalon [23] Yes Yes Yes No No No No
Silen [24] Yes No No Yes No No No
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Second, our analysis reports that the studies are heterogene-
ous about tumor location, stages and histology, which limits 
the study comparison, the realization of pooled analyses and 
the draw of clear conclusion. Many authors did not focus on 
squamous cell carcinoma or verrucous carcinoma. The inclu-
sion of pediatric patients in some studies [11, 18], and the 
consideration of patients with several tumor types (i.e. LSCC, 
sarcoma, mucoepidermoid, Kaposi sarcoma) may undoubt-
edly impact the oncological outcomes of studies since pediatric 
patients with LC are known to report better prognosis than 
adults [29, 34]. About location, 57% and 28% of tumors were 
glottic and supraglottic tumors, respectively, while glottic and 
supraglottic tumors consisted of 76% and 19% of cases in large 
database studies of young adults [31]. In the study of Singh 
et al. [17] the proportion of supraglottic cancer was signifi-
cantly higher in old patient group compared with the group of 
young individuals who mainly had glottic cancers; this group 
differences bias the comparison and, therefore, the oncological 
results of the study. Indeed, supraglottic cancers usually report 
stronger prognosis than cancer located in the glottis [34].

Third, in the present review, we identified better OS out-
comes for young adults in four studies [3, 17, 22, 24], while 
there were no significant differences between age groups in 
three papers [4, 5, 20].

In practice, the comparison between studies is again difficult 
because therapeutic strategies evolved from 1980 to 2021. More-
over, treatments may differ from one center (country) to another; 
some physicians favoring surgery, while other prefer radiation 
when the situation allows several choices. The evolution of 

treatments throughout the past 4 decades and the occurrence 
of different therapeutic strategies across centers make difficult 
both the comparison between studies and the establishment of 
oncological conclusion. At best, our data may suggest that young 
adults with LC may have better oncological outcomes but that 
depends on the tumor stage and location and the comorbidities 
of old patients, this point being not investigated although it has 
a significant impact on OS of older subjects [35, 36].

Based on the numerous grey areas and study weak-
nesses that were highlighted in this systematic review, the 
experts of Laryngeal and Head and Neck Study Groups of 
Young-Otolaryngologists of the International Federations 
of Oto-rhino-laryngological Societies propose some recom-
mendations and key points for improving the methodology 
of future studies (Table 3). These recommendations aim to 
allow the comparison of future studies using similar and 
standardized criteria and definitions.

Conclusion

It was suggested that young patients with LC had lower pro-
portion of smokers and drinkers and better overall survival 
compared with older. However, data of the current literature 
and heterogeneity between studies regarding inclusion crite-
ria, epidemiological, clinical, pathological and therapeutic 
outcomes limit us to draw definitive conclusions. Future 
multicenter large cohort studies considering squamous cell 
carcinoma are needed to determine if young patients with 
LC have different clinical disease than old patients.

Table 3  Recommendations for future studies

DFS disease free-survival, DSS disease specific survival, LC laryngeal cancer, OS overall survival, yo years old

Recommendations
Epidemiological outcomes
 1. Authors have to provide the following epidemiological population data for study groups

  Ethnicity, gender ratio and age of patients
  Histories of tobacco/alcohol consumptions
  History of Laryngopharyngeal reflux
  Presence of occupational carcinogen exposure
  History of familial cancer
  History of radiation

 2. Authors have to consider pediatric patients (< 18 years old) as a different clinical group than adult patients with LC
Tumor outcomes
 1. The tumor histology and grade have to be provided for each patients as well as the cTNM classification used
 2. Authors have to specify the tumor location of patients
 3. In case of study focusing on laryngeal cancer, only laryngeal tumors have to be included
 4. Because the histology and stade of tumor may impact the prognosis, authors have to investigate the oncological outcomes in groups of patients with similar tumor findings 

(histology, stages, and location)
Oncological outcomes
 1. Authors should define the evaluated oncological outcomes (OS, DFS, DSS, recurrence rate, etc.)
 2. Authors should consider the higher risk of comorbidities in older groups, which may impact the survival outcomes
 3. The data of oncological outcomes should be carefully compared from one study to another considering potential discrepancies

regarding treatments, comorbidities, risk factor exposure, and above-mentioned tumor and epidemiological findings
 4. The details about therapeutic strategies are important, including type and time of surgery, radiation and chemotherapy features
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