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Abstract

Introduction Recurrent respiratory papillomatosis (RRP) is a chronic disease caused by human papillomavirus (HPV),
characterized by recurrent papillomas in the respiratory tract. Presenting as either juvenile-onset RRP (JORRP) or adult-
onset RRP (AoRRP), the severity of the disease is subjective and unpredictable. Lack of curative therapies necessitates
disease management involving repeated surgical removal of lesions. The review aimed to assess the clinical, humanis-
tic and economic burden associated with RRP.

Methods Systematic literature reviews of Embase®, MEDLINE® and Cochrane databases were conducted for epi-
demiology, clinical, humanistic, and economic burden, from database inception to November 30, 2022. Conference
abstracts were also searched (2019-2022). Key inclusion criteria consisted of juveniles or adults with RRP/laryngeal
papillomatosis, with no restriction on study country, interventions, or comparators. Outcomes of interest included
incidence, prevalence, risk factors, symptomatic presentation, HPV genotype, cost burden, resource use and health
related quality of life (HRQoL).

Results In JoRRP, the incidence rate ranged from 0.2-2.1 per 100,000 and the prevalence rate ranged from 0.8-4.3
per 100,000. Incidence and prevalence of AoRRP were 0.2-3.9 and 0.4-8.4 per 100,000, respectively. Limited stud-

ies reported the subsequent impact of introducing national prophylactic HPV immunisation programs on JoRRP
epidemiology, but where available, they were associated with significantly reduced incidence rates. Symptomatic
presentations were diverse, with voice impact and breathing difficulties commonly reported. More aggressive disease
was linked to earlier age of onset and HPV11 genotype. Healthcare utilisation was largely driven by surgical interven-
tions, due to lack of curative treatments. Cost burden was substantial, with JORRP associated with triple the costs

of AoRRP in the US. Patients with JORRP and AoRRP experienced considerable HRQoL impairment, particularly relating
to voice disorder.

Conclusion Extensive clinical, humanistic and economic disease burden was reported for both JoRRP and AoRRP,
as itis a chronic condition, with propensity to recur and spread. Feasibility of improving HPV prophylactic vaccina-
tion coverage against HPV6/HPV11 should be explored to reduce incidence, alongside efforts to improve treatment
of JoRRP and AoRRP patients. Despite the existing literature, RRP remains a poorly understood disease, and future
research on risk factors and medical options are needed.
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Background

Recurrent Respiratory Papillomatosis (RRP) is a
chronic, and poorly understood condition occurring in
the respiratory tract. RRP usually presents with non-
specific symptoms of airway involvement, including
chronic cough, hoarseness, wheezing, voice change,
stridor, and, chronic dyspnea [1]. The disease is caused
by the growth of papillomas due to human papillo-
mavirus (HPV), a small, non-enveloped deoxyribo-
nucleic acid (DNA) virus that infects skin or mucosal
cells. It presents as a benign neoplasm that may arise
in children, and adults, associated with a characteris-
tic bimodal age distribution; however, a recent study
identified three peaks for disease onset, at ages 7, 35,
and 64 [2, 3]. HPV6 and HPV11 are among the most
common HPV genotypes associated with RRP [4, 5].
Among adults, increased sexual activity with multiple
partners is an important risk factor for HPV infection,
this association has not been proven in AoRRP, whilst
in juveniles, there is considerable evidence to suggest
that RRP results from vertical HPV transmission from
mother to child during the pregnancy, and child birth
[1].

Based on the age at which RRP presents, the disease
is classified into juvenile onset RRP (JoRRP) or adult
onset RRP (AoRRP), with JoRRP typically representing
the more aggressive form of the disease, with increased
likelihood of recurrence [1]. No treatments are indi-
cated for AoRRP or JoRRP, with disease management
currently limited to surgical removal of papillomas,
although some adjuvant treatment options have shown
promise [6]. Intralesional administration of cidofovir
(a cytosine nucleotide analogue which inhibits viral
replication) has been shown to prolong the interval
between surgeries, bevacizumab (a vascular endothe-
lial growth factor-A inhibitor) may help reduce lesion
size in patients with aggressive JoRRP including pulmo-
nary involvement and pembrolizumab (programmed
cell death protein 1 inhibitor) has shown encouraging
results in a recent Phase II study [6—12]. Meanwhile,
peri-treatment prophylactic HPV quadrivalent and
nonavalent vaccination has also demonstrated poten-
tial to reduce the number of surgeries and increase
intersurgical interval [13-15]. Due to the similarities
in disease management, AoRRP and JoRRP are often
presented together. However, given the inherent het-
erogeneity between the patient populations associated

with AoRRP, and JoRRP, and the associated variations
in epidemiology, symptomatic burden and healthcare
resource utilization, the two sub-types may be consid-
ered distinctive diseases [16]. As such, it is important
to assess the current disease landscape for these dis-
tinct patient populations.

Although reviews have been published which describe
the therapeutic strategies among patients with RRP, this
study aimed to summarize those areas which have been
of lesser focus among the published literature to date
[17-19]. That is, to summarize the available evidence
for JoRRP, and AoRRP, for epidemiology, clinical burden
(specifically including treatment complications, risk fac-
tors, and symptomatic presentations), humanistic burden
(i.e. health related quality of life), and economic burden.
This study also aims to provide greater awareness, and
understanding of this uncommon, chronic, and under-
recognized HPV-associated disease.

Methodology

Data sources

Systematic literature reviews were conducted for epi-
demiology, clinical burden, humanistic burden, and
economic burden in line with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines. Excerpta Medica Database
(Embase®), Medical Literature Analysis and Retrieval
System Online (MEDLINE®), MEDLINE® In-Process,
Cochrane Central Register of Controlled Trials (CEN-
TRAL) and Cochrane Database of Systematic Reviews
(CDSR). Databases were searched from database incep-
tion to November 30, 2022 (Table 1).

Additional searches of conferences were also con-
ducted to capture studies that may not yet have been pub-
lished in full-text articles, or to supplement the results
of previously published studies. Abstracts were manu-
ally searched from 2019 to 2022 (Table 1). Bibliographic
searching of review publications was also conducted.

Search strategy

A systematic search was designed for each of the elec-
tronic databases searched. Search terms used included
keywords and medical subject headings (MeSH terms)
based on predefined inclusion criteria using a Popula-
tion, Intervention, Comparator, Outcomes, Timeframe
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Table 1 Databases searched for the literature review and the search platform
Data sources Platform Timeframe

Embase® Embase.com; https.//www.embase.com/#advancedSearch/resultspage Database inception
MEDLINE® to November 30,
MEDLINE® In-process PubMed; https://pubmed.ncbi.nim.nih.gov/advanced/ 2022

CENTRAL Cochrane library; https://www.cochranelibrary.com/advanced-search/search-manager

CDSR

Conferences - International Society for Pharmacoeconomics and Outcomes Research (ISPOR) [All Regions] 2019 to 2022

- European Research Organization on Genital Infection and Neoplasia (EUROGIN)

« International Papillomavirus Conference (IPVC)

CDSR Cochrane Database of Systematic Reviews, CENTRAL Cochrane Controlled Register of Trials MEDLINE: Medical Literature Analysis and Retrieval System Online

and Study design (PICOTS) framework (Supplemen-
tary Appendix S1, Table 2).

Data extraction and validation

Data extraction and validation was conducted using a
two-step process. First screening (using study titles and
abstracts) and second screening (based upon the full text
of articles) was undertaken by two reviewers, with any
discrepancies resolved by a third, independent reviewer.
Data extraction was again conducted by two independent
reviewers, followed by a quality check by the independ-
ent reviewer.

Quality rating was conducted using the Newcastle—
Ottawa Scale for cohort studies and case—control studies,
and adapted Newcastle—Ottawa Scale for cross-sectional
studies. The maximum score for the Newcastle—Ottawa
Scale was 9. Majority of the studies were graded as
medium quality.

Results

Overall, 1,886 studies were identified across the four
reviews. Upon the completion of the two-step screening
process, 139 studies were identified for inclusion in total
(epidemiology n=56, clinical burden n=75, humanistic
burden n=18, economic burden n=23) (Supplementary
Appendix S2).

Epidemiology

Upon the completion of the screening procedure, 56
studies were included. Multiple reports of the same
studies were linked, so that each study is represented
as a whole, rather than each of the related publications
considered separately. Among the evidence included,
39 studies evaluated patients with JoRRP, and 23 studies
evaluated patients with AoRRP (Supplementary Appen-
dix S2). Ten studies evaluated overall RRP patients, where
age of onset was unclear (not presented).

Epidemiology of JORRP

Eighteen studies provided data on incidence and preva-
lence across the globe. Studies evaluating the impact of
prophylactic HPV vaccination on incidence of RRP were
only identified for the US, and Australia while studies
retrieved from other countries were conducted in the
pre-vaccination era (Table 3).

Pre-vaccination era During the pre-vaccine era (up
to 2006), a small number of studies (n=3) aimed to
assess burden of JoRRP in the US. In 1995, Derkay et al.
reported incidence in the US of 4.3 per 100,000 among
children < 14 years; calculated by extrapolating the results
from a survey of board-certified otolaryngologists and
members of two different medical associations com-
prising physicians specialized in treating diseases of the
aerodigestive tract to the US population [20]. Incidence
and prevalence estimates were also reported for JoRRP in
Atlanta and Seattle (US) by identifying children < 18 years
treated for JoRRP at a practicing otolaryngologist (1996)
[21]. Incidence rates ranged from 0.4—1.1 per 100,000
persons, with prevalence of 1.7-2.6 in 100,000 persons.
In addition, analysis of health insurance claims data from
2006 estimated that JoRRP incidence was 0.5 per 100,000
privately insured, and 1.0 per 100,000 publicly insured
children aged < 18 years [22].

Outside of the US, robust data were reported for
Scandinavian countries (Denmark and Norway), and
Australia, but limited for the rest of the world (Canada,
Africa, Korea: n=4). Between 1980 and 1983, seven new
cases of JoRRP presented out of an at-risk population of
300,000 children aged 0—14 years, indicating an incidence
of 0.6 per 100,000 children in Denmark [23]. The inci-
dence of JoRRP was calculated among Danish patients
that lived in Fyn or Jutland at first presentation between
1965 and 1984. The observed incidence of JoRRP among
children aged<15 years was 0.5 per 100,000 [24]. Else-
where, Omland et al. conducted a study to estimate the
incidence of juvenile, and adult RRP in two Norwegian
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Table 2 Eligibility criteria for study inclusion

PICOTS Inclusion Criteria
Population Juveniles and adults with RRP/laryngeal papillomatosis (stratification by age groups)
Interventions No restriction
Comparisons No restriction
Outcomes Epidemiology burden:
Incidence
Prevalence

Mortality/survival

Proportion of RRP progressing to cancer

Tumor progression

Note: HPV genotype was also assessed to identify distinct types of HPV
Clinical burden:

Treatment complications

Risk factors

Symptoms

Humanistic burden:

All patient-reported outcomes such as voice impact or HRQoL instruments and utility values
Any disease specific and general PRO instruments

Utility

Economic review (cost and resource use and economic evaluations):
Intervention and comparator details

Evaluation details

Cost-analysis

Cost-effectiveness analysis

Resource use

Study design Epidemiology burden:
Cohort studies including historical cohort studies and nested case—control studies
Cross-sectional studies
Registry/database studies
Clinical and humanistic burden:
Randomized controlled trials
Non-randomized controlled trials
Single arm trials
Cross-sectional and longitudinal database studies
Registry studies
Pragmatic clinical trials
Cohort studies /longitudinal studies (retrospective/prospective)
Case—control studies
Analysis of hospital records/database
All studies reporting utility values
Note: For clinical burden, clinical trials were deprioritized
Economic burden:
Cost studies/surveys/analyses
Database studies collecting cost data (e.g., claims databases and hospital records)
Cost resource use studies/surveys
Economic evaluations
Economic modelling studies
Observational cost studies

Timeframe Database inception till date (November 2022)
Note: For clinical burden last ten years data was prioritized (2012-2022)
Regions Global
Other No language restriction was used in the searches. Studies with title and abstract in English

and full text in non-English were evaluated on the basis of title and abstract

PICOTS Population, intervention, comparisons, outcomes, time, study design

regions from 1987-2009 [25]. The overall incidence of In Canada, a multicenter survey included 243 chil-
JoRRP was 0.2 per 100,000 children per year. The median  dren<15 years of age (1994-2007) estimated a mean
age at diagnosis was four years with a 3:1 male prepon- incidence rate of 0.2 per 100,000 [26]. An earlier study
derance. The analysis did not detect a statistically signifi- in Denmark made comparable observations, estimating
cant change in incidence over the study period [25]. JoRRP incidence of 0.4 per 100,000 children [24]. Esti-

mates of incidence and prevalence for JoRRP, between
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Table 3 Incidence and prevalence among patients with JoRRP and AoRRP
Study Country Year Age-range Incidence per 100,000 children Prevalence
(years) per
100,000
children
JORRP
Armstrong 2000 us 1996 0-18 0.1-2.1 1.0-4.0
Derkay 1995 us 1993 <14 0.1 43
Meites 2021 us 2004-2005 <18 20 -
2012-2013 <18 0.5° -
Marsico 2014 us 2006 0-17 0.5 (privately insured) 1.5
1.0 (publicly insured) (privately
insured)
2.9 (publicly
insured)
Cristensen 1984 Denmark Pre-1961 0-15 0.2 -
Denmark After 1961 0-15 0.7 -
Bomholt 1988 Denmark 1980-1983 0-14 06 0.8
Lindeberg 1990 Denmark 1974-1993 0-14 04 -
Omland 2012 Norway 1987-2009 0-17 0.2 -
Campisi 2010 Canada 1994-2007 0-14 0.2 1.1
Novakovic 2010 Australia 1998-2008 5-9 - 12-18
Novakovic 2016 Australia 2000-2013 <15 - 0.8
Australia 2000-2013 5-9 - 1.1
Novakovic 2018 Australia 2012 <15 01t -
Australia 2016 <15 002" -
Novakovic 2016 Australia 2012 - 7 cases® -
Australia 2013 - 3 cases® -
Australia 2014 - 2 cases® -
Australia 2015 - 1 case® -
Teutsch 2022 Australia 2021 <15 0.1° -
Zurynski 2018 Australia 2012 <16 0.2° -
Australia 2016 <16 0.02° -
Seedat 2018 Lesotho 2011-2013 0-14 0.5 1.0
South Africa 2011-2013 0-14 13 39
Oh 2021 Korea 2002-2014 0-12 0.3 -
AoRRP
Derkay 1995 us 1993-1994 18+ 1.8 -
Bomholt 1988 Denmark 1980-1983 18+ 0.8 23
Lindeberg 1990 Denmark 1974-1993 18+ 39 -
Omland 2012 Norway 1987-2009 18+ 0.5 -
Blackwell 2015 Scotland 2003-2014 18+ - 84
Ndour 2020 South Africa 2009-2018 18+ 3.1 -
Seedat 2018 South Africa 2011-2013 18+ 0.2 04

? Indicates those incidence values reporting data from the post-vaccination era

2011-2015 for Free State province in South Africa
among patients aged <15 years were 1.3 per 100,000 per
year, and 3.9 per 100,000, respectively [27]. In Korea, the
incidence of JoRRP was estimated to be 0.3 per 100,000
person years during 2002—-2014 [28]. The median age at
diagnosis was four years (mean, 4.3) [28]. In Australia

(2000-2013), the estimated national prevalence rate of
RRP was 0.8 per 100,000 children aged < 15 years, peak-
ing within the age range of 5-9 years (1.1 per 100,000)
[29].
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Post-vaccination era Assessment of trends in JoRRP
cases before, and after HPV vaccine introduction in the
US found that JoRRP incidence was significantly lower
among children born in the years following HPV quad-
rivalent vaccine introduction in 2006 [30]. Numbers of
JoRRP cases, and incidences declined significantly, with
an incidence rate ratio (IRR) of 0.2 when comparing births
in 2012-2013 to those in 2004—2005, which authors con-
cluded was indicative of the potential impact of HPV vac-
cination [30].

Similar declines in JoRRP were observed in Australia
following the introduction of HPV quadrivalent vaccina-
tion in 2007. Novakovic et al. first reported the decreased
incidence of RRP from 0.2 in 2012 to 0.02 in 2016 per
100,000 children in Australia, with subsequent analyses
also observing significant decline since, with no reported
new cases in 2022 [31-33].

HPV genotype distribution among JoRRP Twenty-one
studies were identified which reported HPV status among
JoRRP patients. HPV6 and HPV11 were found in more
than 95% of JoRRP cases. The proportion of patients
found to be positive for HPV6 ranged from 17-68%,
whilst HPV11 was identified in 25-79% of patients. Co-
infection with both HPV6 and HPV11 was observed in
7-25% of patients [34—42] (Fig. 1A).

Epidemiology of AoRRP

Among the 23 studies identified in the epidemiology
review for AoRRP, only seven studies provided data on
incidence and prevalence across the globe and 16 stud-
ies reported HPV status among patients with AoRRP
(Table 3). No study reported data on incidence in AoRRP
pre- and post- HPV vaccination era.

Two studies reported AoRRP incidence in Denmark,
and no recent data were identified. In the Copenhagen
region (1980-1983) estimated incidence was 0.8 per
100,000 adults while the prevalence was 2.3 per 100,000
adults [43]. Meanwhile, Lindeberg et al. estimated that
the incidence of RRP in Denmark was 0.4 per 100,000 in
adults (1964—1984) [24]. In Norway, a population-based
study reported incidence rates of RRP in adults to be 0.5
per 100,000 (1987-2009) [25]. Elsewhere in Europe, the
prevalence of RRP in Scotland was reported to be 8.4 per
100,000 (2003-2014) [44].

Two studies provided epidemiology data for AoRRP
in Africa. In South Africa, the incidence and preva-
lence of AoRRP were 0.2 per 100,000 per year, and 0.38
per 100,000, respectively (2011-2015) [27]. In Senegal,
annual incidence rates were reported for adult laryngeal
papillomatosis from 2009-2018, with an estimate of 3.1
cases of laryngeal papillomatosis per year [45].
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HPV genotype distribution among AoRRP  Sixteen stud-
ies investigating HPV status of AoRRP patients were
identified, with HPV6 and HPV11 representing the most
common genotypes identified. The proportion of patients
found to be positive for HPV6 ranged from 24-85%,
whilst HPV11 was identified in 6-45% of patients [34, 36,
37,39, 46-57) (Fig. 1B).

Summary of epidemiology findings

The majority of the studies presented data for patients
with JoRRP. Among the studies that evaluated the impact
of prophylactic HPV vaccination against genotypes
HPV6 and HPV11 on incidence rates, a decline in the
incidence of JoRRP was reported following the introduc-
tion of HPV quadrivalent vaccination. HPV6 and HPV11
were the most commonly identified genotypes among
patients with JoRRP, accounting for more than 95% of
JoRRP cases. Limited epidemiological evidence was avail-
able for AoRRP, however, HPV6 and HPV11 were also
the most commonly identified genotypes among patients
with AoRRP.

Clinical burden
Due to the volume of evidence identified in the clinical
burden review (N=1,033), the most recent data was pri-
oritized to include only those studies from 2012 onwards.
Upon the completion of the screening process, 75 studies
were identified (n=24 for AoRRP, and n=48 for JoRRP)
(PRISMA flow included in Supplementary Appendix S2).
The sample size for studies evaluating JoRRP was var-
ied and ranged from 4-721 patients while for AoRRP
it ranged from 8-174 patients. Median age of onset
reported for JoRRP ranged from 1.6-3.5 years, and
median age of onset for AoRRP was 34 years. Across
the studies, balanced gender distribution was generally
observed; 66% of studies which provided gender distribu-
tion had male population that was greater than 50%. In
terms of ethnicity, only 14 studies reported these data:
non-Hispanic White, White, or Caucasian were the most
frequently reported. A detailed summary of the study
details, along with population characteristics is included
in Supplementary Appendix 3. The literature search iden-
tified more studies for JoRRP providing data on disease
symptoms compared with AoRRP studies (n=21, and
n=11, respectively).

Disease manifestations

The clinical manifestation of RRP is heterogenous; mak-
ing it difficult to understand the natural history of dis-
ease. This was reflected in the symptomatic presentations
reported among the studies, with a wide range of symp-
toms reported among patients with JoRRP or AoRRP.
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This was particularly evident among studies which
reported the manifestations of JoRRP, due to the age vari-
ations among the children included.

Impaired voice quality is one of the hallmark symp-
toms in both JoRRP, and AoRRP, as reflected in the
symptoms reported in both groups. Due to upper
airway involvement, the other most common dis-
ease presentation in RRP was related to breathing dif-
ficulty. Dyspnea and upper airway obstruction were
also reported among both AoRRP, and JoRRP patients,
whilst stridor, shortness of breath, respiratory difficulty,
and respiratory distress were reported among JoRRP

Table 4 Symptomatic presentations among patients with JoRRP

and AoRRP
Symptom Proportion
of patients,
range
JoRRP
Cough [64-67] 4-89%
Dysphagia [65, 66, 68, 69] 1-16%
Weak/abnormal crying [58, 70] 20-24%
Difficulty speaking [67] 46-56%
Difficulty breathing [66] 29%*

Difficulty swallowing [58] 8%*

Dysphonia [50, 69, 70] 80-100%
Dysplasia [69, 71] 10-21%
Dyspnea [50, 67-70] 44-96%
Severe dyspnea [72, 73] 67-69%
Failure to thrive [64] 26%*
Horseness [58, 64-66, 74-78] 33-100%
Raspy voice [67] 63-97%
Respiratory difficulty [47, 58, 65] 27-66%
Respiratory disorder [74] 50%*
Respiratory distress [75, 78] 29-60%
Severe airway obstruction [65, 66] 6-7%
Shortness of breath [75] 40%*
Snoring [66, 75] 1-40%
Stridor [47, 58, 64-67, 75] 5-100%
Throat pain [67] 13-22%
Upper airway obstruction [64, 79] 42-100%
Voice impairment [58, 80-82] 57-100%
Noisy breath [75] 13%*
AoRRP
Dysphagia [68, 69] 14-38%
Dysphonia [68, 69] 63-100%
Dysplasia [48, 59, 69, 83] 19-50%
Dyspnea [68, 69] 13-20%
Upper airway obstruction [79] 70%*
Voice impairment [84-87] 100%*

" Study does not report a range
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patients only. The less common presentations included
mouth breathing, noisy breath, snoring, weight loss,
and abnormal cry in JoRRP patients. Dysphonia and
dysplasia were also frequently reported (Table 4).

Risk factors and factors impacting severity

The factors generally associated with more aggressive or
severe RRP were observed to be frequency of repeated
surgeries, higher Derkay score (0-75, used to quantify
RRP severity by grading on extent of anatomic involve-
ment across 25 respiratory sites; with 0=no lesion,
1 =surface lesion, 2=raised lesion, and 3=bulky lesion)
history of tracheostomy, or distal spread (involvement of
glottic, subglottic region, trachea or lungs) across the evi-
dence [50, 58—61]. Younger age at diagnosis has also been
found to be associated with more aggressive disease,
indicative of the more burdensome nature of JoRRP com-
pared with AoRRP. Patients with JoRRP were observed
to have more instances of distal spread. Glottic involve-
ment, supraglottic involvement, lower respiratory tract
spread, along with pulmonary lesions has been frequently
reported among patients with JoRRP.

AoRRP may be associated with an increased number
of lifetime sexual partners; however, further research is
required to determine which sexual practices are specifi-
cally associated with AoRRP [62]. Additionally, laryngo-
pharyngeal reflux was also identified as a risk factor in
AoRRP, although no study has yet identified any reduc-
tion in disease recurrence or severity with treatment of
laryngo-pharyngeal reflux [63]. Children with JoRRP
were commonly firstborn and delivered vaginally to
young mothers; most of the mothers reported no HPV
vaccination prior to delivery [58].

Across the identified evidence, many patients with
JoRRP had received tracheostomy, and demonstrated
greater severity of the disease. Omland et al. confirmed
that patients with JoRRP are more severely affected
by distal spread of the disease compared with AoRRP
(p=0.03) and that the disease was more aggressive in
juveniles than adults (p<0.001); with aggressive disease
defined as distal spread, tracheostomy, four surgical oper-
ations annually or more than 10 surgeries in total. Along
with the distal spread, a significantly higher frequency of
operations was observed in JoRRP patients during first
three years from onset (p <0.001). The number of trache-
ostomies were also significantly higher in JoRRP patients
(»<0.001) [61].

HPV genotyping also appears to be an important con-
sideration in JoRRP. Patients with JoRRP positive for
HPV11 infection have more aggressive disease than
those with reported HPV6 [36]. A cross-sectional study
conducted among young Mexican patients with RRP
concluded that children infected by HPV11 were more



Ovcinnikova et al. Respiratory Research (2024) 25:430

impaired by the disease, as they experienced tracheo-
bronchial involvement, and more frequent surgical exci-
sions (p=0.03) [35]. Elsewhere, it was reported that the
number of procedures per child with JoRRP was 20,
and 25 for HPV6 and HPV11, respectively. HPV11 also
appears more frequently in children than in adults [88].
One study reported that among JoRRP patients, the mean
disease severity score with HPV11 infection was signifi-
cantly higher than that with HPV6 infection (»p=0.013)
[75]. Elsewhere, Montano-Velasquez et al. reported that
when compared to patients with JoRRP, those testing
positive for HPV6 received a significantly higher number
of surgical excisions compared with those with HPV11
(median 12 vs 3; p=0.03) [35]. Notably, HPV6 detec-
tion was significantly higher in AoRRP cases (p=0.03),
whereas HPV11 was more prevalent in JoRRP cases
(p=0.02), with prevalence increasing with JoRRP sever-
ity [47].

An association of multiple HPV coinfections with
increasing disease severity was also highlighted. Derkay’s
score (assessing anatomical severity, ranging from 0-75)
at the diagnosis increased with the increasing number
of co-infections, reaching 21 for>3 HPV co-infections
vs. 9 for patients with mono-infection (p=0.018) [89].
In addition to the maximum number of surgical proce-
dures per year (p=0.012), the average number of surgi-
cal procedures/year (p=0.022), and the total number of
surgeries also increased with increasing number of HPV
co-infections. Patients with HPV6/HPV11 co-infection
showed the worse clinical course [89]. HPV typing can be
used as a potential tool for predicting the aggressiveness
of disease.

It was also reported that a younger age at presentation
of the disease is a key predictor for worse outcome [36,
61, 90]. The younger the patient at diagnosis, the higher
the number of surgeries required, and the worse the Der-
kay score is at each surgery [36, 71]. Younger age at diag-
nosis and infection with HPV11 were both significantly
associated with more severe disease among children with
JoRRP [58]. It was also found that children diagnosed
at an earlier age are more likely to present with airway
symptoms and require more frequent surgeries to control
the disease [81]. However, gender was not found to be a
predictor of disease aggressiveness in JoRRP or AoRRP
[71].

One study reported that based on histopathology,
AoRRP patients experienced significantly more dysplas-
tic features on compared to the JoRRP population (50%
vs. 10%, respectively; p<0.001), and 4.5% of AoRRP
patients had directly developed malignant degenera-
tion [69]. Moreover, pulmonary involvement, which has
been linked to malignant degeneration, was identified in
8-9% of patients with JoRRP [91, 92]. Elsewhere, it was

Page 9 of 21

also demonstrated that smoking increased the chance
of malignant transformation in RRP patients and led to
a more severe clinical course, requiring additional sur-
gical interventions. Smokers who developed carcinoma
had significantly more debulking during their disease
course than those not developing carcinoma (6.6 vs. 2.0,
p=0.019) [93].

Treatment burden

As there is no cure for RRP, surgical intervention is
required to manage the disease, to ensure airway patency,
and improve voice quality [81]. Some individuals may
require surgery every few weeks while others may only
require surgery twice a year or only a few times during
their life as the recurrence of papilloma is unpredictable
[81]. Surgical techniques used to treat individuals with
RRP include “cold” excision, micro debridement, vari-
ous pulsed dye lasers, or carbon dioxide lasers. More fre-
quent or repeated surgical procedures in a short span of
time complicates patients’ day-to-day life [38, 40—42, 46,
48-55]. Among the few studies that compared AoRRP
and JoRRP, it was observed that multiple surgical exci-
sions were documented more significantly in the JoRRP
group than the AoRRP group [61, 71, 79]. A summary of
the burden incurred by repeated surgeries has also been
included in the economic burden review, from a health-
care resource utilization perspective.

In JoRRP patients, HPV11 genotype and increased
number of distal spread locations were linked to
increased surgical excisions [35, 41, 58, 94]. Young age
was observed to be the most important determinant of
disease severity, when looking at frequency of surgery
[61, 81, 90, 95]. Children presenting with airway symp-
toms were younger at presentation (median 2.1 years,
range 0.4-8.8 years) than those presenting with voice
symptoms (median 6.7 years, range 1.0-15.1 vyears).
It was reported that the number of surgeries per year,
over the course of the disease, were 1.2 times higher in
patients with airway symptoms at time of diagnosis, com-
pared to patients with voice symptoms at time of diag-
nosis [81]. The evidence also demonstrated a statistically
significant decrease in surgery rate with increasing age,
and time from initial diagnosis [81].

Few adjuvant therapies are being investigated to man-
age the treatment burden, by increasing the time interval
between surgeries, or by improving the Derkay score [82,
96, 97]. Further complications after surgical procedures
contribute to the additional overall burden incurred.
Post-operative complications usually include laryngeal
sequelae, vocal cord adhesion, laryngotracheal stenosis,
lower airway dissemination, surgical scarring, and lost
voice, among others. [61, 70, 72, 73, 98].
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Summary of clinical burden findings

The clinical manifestation was heterogenous, as reflected
by the wide range of symptoms reported among patients
with JoRRP or AoRRP. Impaired voice quality was identi-
fied as a hallmark symptom, and was reported in patients
with both JoRRP and AoRRP. Patients with JoRRP
were observed to have more aggressive disease, greater
instances of distal spread, and more surgical excisions
compared to patients with AoRRP. Furthermore, it was
also reported that a younger age at presentation of the
disease represents a key predictor for worse outcome.
Patients with JoRRP who tested positive for HPV11 were
found to have more aggressive disease than those with
HPVe.

Humanistic burden

In the humanistic burden review, 18 studies were iden-
tified in total. Of those, seven studies evaluated patients
with JoRRP, and 12 studies evaluated patients with
AoRRP; one study reported on both JoRRP and AoRRP
(PRISMA flow included in Supplementary Appendix S2).
A summary of study characteristics is included in Supple-
mentary Appendix S4. Due to the absence of a validated
disease-specific tool for measuring health related quality
of life (HRQoL) in RRP, generic scales were used to evalu-
ate the humanistic burden among patients with RRP.

Humanistic burden in JoRRP

Pediatric Voice-Related Quality-of-Life (PVRQoL) is
a measure of voice-related quality of life (scoring from
0-100, with higher scores indicating higher HRQoL) that
has been validated in the pediatric population, consisting
of 10 items that can be used for proxy-rating or self-rat-
ing in competent older children. Rogers et al. identified a
marked impact on voice-related quality of life in children
with RRP [82]. A total score of 52.5 was recorded at base-
line which was improved to 70 (p=0.02) post-treatment
with bevacizumab [82].

The general HRQoL of pediatric RRP population was
studied employing the Pediatric Quality of Life Inven-
tory (PedsQL) in two studies. Lindman et al. demon-
strated that compared with healthy controls, children
with RRP aged 5-18 years self-reported a significantly
worse HRQoL as measured by the PedsQL (p<0.05)
[99]. There were lower mean PedsQL Total Scores, Psy-
chosocial Health scores, School Functioning scores, and
Social Functioning scores self-reported by children with
RRP. The parent reports also reflected lower quality of
life for children with RRP compared with healthy chil-
dren. Elsewhere, it was also demonstrated that children
with RRP and their parents perceive a poor quality of life,
compared with the healthy children. Additionally, it was
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found that the infection by HPV11 might increase the
impact of the disease on quality of life in children [35].

The effect of the voice disorder on daily life was
studied with a Voice Handicap Index (VHI) question-
naire in a retrospective study conducted by Ilmarinen
et al. in adult patients with a history of JoRRP. A score
from 0-30 represents “minimal handicap’, a score from
31-60 “moderate handicap’, and a score from 61-120
“serious handicap” [100]. It was found that the patients’
mean total score (21.1) was higher than that of controls
(13.6), but no statistically significant differences occurred
between RRP patients, and controls in any of the VHI
subscales. According to the values of VHI, five patients
(28%) had a moderate handicap, while all others had min-
imal handicap [100].

So et al. reported quality of life outcomes of an inter-
national cohort of patients with JoRRP derived from
the Recurrent Respiratory Papillomatosis Foundation
(RRPF)—Coordination of Rare Diseases at Sanford reg-
istry from a quality of life questionnaire designed by
patients, and their family members of the RRPF [67].
Voice quality was a significant source of concern for
patients in the study cohort, with many patients avoiding
social engagement due to voice issues (p=0.05). The vast
majority of patients with JoRRP (90.6%) reported experi-
encing taunting or bullying from peers leading to social
anxiety and worsened HRQoL, by impacting day-to-day
activities [67].

Two studies provided data on health state utility values
(HSUV). Ilmarinen et al. conducted a retrospective study
to evaluate the HSUV in JoRRP by using 15D question-
naire (utility score scale ranging from 0 to 1 across 15
different dimensions of health). The results of the study
found that a mean score of 0.9 was comparable to that
reported for controls (1.0) [100].

Chadha et al. conducted a cross-sectional study to eval-
uate the utility burden of RRP in children by using four
tools: the Health Utilities Index version three (HUI-3),
PVRQoL, the impact of Family scale (IFS), and a visual
analogue scale (VAS). The study estimated that the health
utility of children with RRP was impaired and established
an undesirable patient health state [101].

Humanistic burden in AoRRP

Voice handicap index (VHI; n=3 studies), voice related
quality of life (VRQoL) (n=2), 36-Item Short Form
Health Survey (SF-36; n=2), 12-Item Short Form Health
Survey (SF-12; n=1), RAND-36 (n=1), and a self-
reported impact on quality-of-life questionnaire (n=2)
were among the generic scales used to measure human-
istic burden in AoRRP. One study also reported patient
reported outcomes in terms of impact of RRP on social
interactions, and personal feelings [102].
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Awad et al. identified a marked impact on voice-
related quality of life in adults with RRP [84]. The initial
VHI mean score was 47.0 (SD 24.7), which improved to
234 (SD 25.7) (p=0.01) after surgical treatment with
coblation [84]. Another study also reported significant
improvements in VHI scores post-surgical ablation of
papillomas (p<0.001) [85]. HRQoL in AoRRP patients
was also measured using VHI-10. Scores for the VHI-10
range from 0—40, with higher scores indicating a greater
voice-related handicap [103]. A score greater than 11 is
considered abnormal, and scores ranging from 0-10 are
considered normal, or nearly normal. The mean VHI-10
score for patients with AoRRP included in the study fell
within the abnormal category (17.2) [103].

Two studies evaluated HRQoL in AoRRP using SF-36
compared with a general population. Patients with
AoRRP scored lower than those of the general popula-
tion, specifically in domains for role limitation, energy/
vitality, and pain [104]. Elsewhere, AoRRP patients were
reported to be equivalent to controls in every category
on the SF-36 except for physical functioning, and emo-
tional problems [62]. Further, the patients were arbitrar-
ily assigned to two groups; a ‘mild group” with lesion
score (0-2), and a “marked group” with lesion score
(3-5). These two groups were then scored separately on
the various domains of the SF-36 and compared with the
general population, with marked disease patients indicat-
ing lower SF-36 scores than those of the general popula-
tion in all domains [62].

Two studies reported HRQoL in AoRRP using VRQoL;
a questionnaire based on 10 core items, with responses
scored on a scale from 1-5 (excellent to very bad). Both
studies reported the impact of treatment on HRQoL in
AoRRP. Zeitels et al. conducted a prospective study to
evaluate the HRQoL in AoRRP using VRQoL, on which 0
indicates the lowest voice-related quality of life, and 100
indicates the highest voice-related quality of life. Total
score at baseline was 42.9, which significantly improved
to 83.3 post-treatment with bevacizumab and laser treat-
ment of RRP (p<0.001) [105]. Suter et al. reported ini-
tial VRQoL mean score among patients to be 38, which
significantly improved to 21.1 after treatment with adju-
vant therapy, based on the immunomodulatory effects of
pegylated interferon a—2a and GM-CSF (p<0.001) [87].
A phase II trial also reported that treatment with pem-
brolizumab resulted in improved social interactions, and
decreased work-related absences in patients with AoRRP
[102]. Meanwhile, in another study which used SF-12 to
determine the impact of cidofovir treatment in patients
with AoRRP, no significant improvement in HRQoL was
reported after receiving treatment [106].

Using the same methods as for patients with JoRRP,
So et al. also reported HRQoL outcomes in patients
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with AoRRP. The results of the study demonstrated high
mental and fiscal burden, and worsening HRQoL among
patients with AoRRP. Voice quality was a significant
source of concern for patients in the study cohort, with
many patients (46%) avoiding social engagement due
to voice issues. The vast majority (78%) of patients with
AORRP experienced limitations in their career options
due to RRP, and 18% reported experiencing job loss due
to RRP-related work absence [67].

Summary of humanistic burden findings

Across the range of patient reported outcome (PRO)
measures used to assess HRQoL, considerable impair-
ment was observed in patients with JoRRP or AoRRP
compared with healthy controls across a number of
domains, including aspects relating to voice quality, and
overall HRQoL.

Economic burden of JoRRP and AoRRP

In total, 23 studies were identified in the economic bur-
den review (PRISMA flow included in Supplementary
Appendix S2). A summary of the study details is also
available in Supplementary Appendix 5.

Of the 12 studies identified which included economic
data for patients with RRP, five studies provided data on
cost burden (US, n=4; UK, n=1). In the US, JoRRP was
associated with substantial economic burden. Based on
data from the National Registry for RRP, and the Mary-
land Health Services Cost Review Commission, annual
medical costs associated with treatment of JoRRP were
estimated at 42—67 million USD in the year 1994 [107].
Furthermore, another survey in 1993-1994 found that
among US pediatric patients 16,597 (95% CI 6938-—
26,255) surgical procedures were performed for JoRRP
over the time period, at a cost of approximately 109 mil-
lion USD [20]. By comparison, among AoRRP patients,
9,284 surgical procedures were performed at a cost of
about 42 million USD [20].

In 2012, an estimated overall annual direct medi-
cal cost of 8.0 billion USD (10.8 billion USD in 2023,
adjusted for inflation) was reported relating to the pre-
vention and treatment of HPV-associated disease. Of
this total, $0.2 billion (2.1%) was associated with RRP,
with JoRRP accountable for a larger proportion of this
figure compared to AoRRP (1.5% vs. 0.6%, respectively).
That is, an annual cost of treatment for JoRRP of 123
million USD (2010 cost year) [108]. Using commercial
insurance claims data from 2011-2014, and Texas Med-
icaid from 2008-2012, patients with JoRRP were com-
pared to a matched control population to determine the
cost differences incurred between the two groups in the
first two years following diagnosis of JoRRP. In com-
mercially insured patients, the mean first two years’ cost
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difference between cases and controls was $58,733. In
the Texas Medicaid population, the mean first two years’
cost difference between cases and controls was $76,115
[109]. For AoRRP, the analysis demonstrated that costs
were higher compared toto controls during the first two
months following diagnosis, then decreased significantly,
and remained similar to costs for controls for the remain-
ing 22 months of follow-up [109].

In a tertiary health care setting in the UK, a total of 18
JoRRP cases were identified in the preceding six years
(2005 onwards), from proven histological reports. Com-
prehensive clinical coding was carried out for 14 patients
to reflect accurately their entire clinical management
journey within the hospital, with costs calculated using
standard National Health Service tariffs. The summa-
tive cost of JoRRP over the time period was reported to
be £225,000 among the 14 patients [110]. Notably, these
data should be used with caution as the study was pub-
lished as a conference abstract with limited information.
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Eight studies provided data on resource use (US, n=6;
Brazil, n=1, and Norway, n=1) (Table 5 and Table 6).
However, the primary objectives of the identified stud-
ies were not to evaluate the health care resource utiliza-
tion in JoRRP, but the studies did include data on surgical
procedures, the standard treatment in RRP. In the US, the
annual mean number of surgeries per child with JoRRP
ranged from 4.4-5.1 [107, 111, 112]. Although not all
studies were consistent, as another study reported a
median of six lifetime surgeries for JoRRP [58]. Further-
more, the number of lifetime papilloma operations was
also reported, which indicated that whilst 1-5 was the
most common response (25%), many patients received
considerably more surgeries (6—10: 21%, 11-20: 21%,
21-40: 16%, 41-100: 10%,>100: 7%) [113]. So et al.
reported that 84% of patients required 0-2 healthcare
related visits per month, and 16% required 3-5 visits per
month [67].

Among AoRRP patients in the US, the mean number
of in-office laser procedures per patient lifetime was

Table 5 Summary of studies assessing cost burden and healthcare resource utilisation in patients with JoRRP

Study Country Year of data collection

Parameter

Value [cost year]

Studies presenting cost data in patients with JORRP

Bishai 2000 us 1994

Chesson 2012 us 2004-2007
Derkay 1995 us 1993-1994
Narasimhan 2012 UK 2005-2011

Tam 2020 us

2011-2014 and 2008-2012

Studies presenting resource data in patients with JORRP

Armstrong 1999 us 1997-1998
Bishai 2000 us 1994
Derkay 1995 us 1993-1994
Reeves 2003 us 1996-2002
Amiling 2021 us 2015-2020
502022 us NR
Nogueira 2021 Brazil 2008-2015
Omland 2014 Norway 1987-2009

Annual medical costs
Estimated cost per case
Annual medical costs
Cost per case

Total cost of surgical procedures
Per surgical procedure
Summative treatment cost among 14 patients

Medical cost in the first 2 years after diagnosis
for patients with newly diagnosed JoRRP

Annual surgical treatments

Number of office visits
(per surgery)
Lifetime papilloma operations

Annual surgical treatments
Lifetime surgeries
RRP-related healthcare visit

Number of surgeries
Annual surgical treatment

$42-67 m USD [NR]
$29,946 USD [NR]
$123 m USD [2010]

Mean (range): 150,000
(72,000-387,000) USD
[2010]

$109 m USD [NR]
$6,593 USD [NR
£225,000 [NR]

Approx. $76,000 USD [2015]
(Medicaid patients)

Approx. $59,000 USD [2015]
(privately insured)

Mean (range): 4.4 (0.2-19.3)
Mean (range): 3 (2.4-2.6)

11-20 operations: 21%
21-40 operations: 16%
41-100 operations: 10%
> 100 operations: 7%

Mean (range): 5.1 (0.4-21.5)
Median (IQR): 6 (3-13)

0-2 visits: 84%

3-5 visits: 16%

Mean (SD): 7.0 (5.71)

Median (IQR): 1.2 (0.5-3.4)
Mean (SD): 2.0 (2.1)

AoRRP adult-onset recurrent respiratory papillomatosis, IQR Interquartile range, JORRP juvenile onset recurrent respiratory papillomatosis, NR not reported, RRP

Recurrent respiratory papillomatosis, SD standard deviation, USD US dollar
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Table 6 Summary of studies assessing cost burden and healthcare resource utilisation in patients with AoRRP

Study Country  Year Parameter Value [cost year]
Studies presenting cost data in patients with AoRRP
Harrison 2016 UK 2013-2014 Total cost £107,478 [2014]
Operating theatre cost £92,828 [2014]
Chesson 2012 us 2010 Annual medical costs Baseline (range): $48 m (2-236 m) USD [2010]
Derkay 1995 us 1993-1994 Surgical procedures $42 m USD [NR]
Tam 2020 us 2011-2014 Medical cost in the first 2 years after diagnosis Approx. $5,000 USD [2015]
and 2008-2012 for patients with newly diagnosed AoRRP (Medicaid patients)
Approx. $11,000 USD [2015]
(privately insured)
Miller 2017 UK 2005-2012 Operating theatre cost Mean: $12,382 USD [NR]

Office procedure cost

Studies presenting resource data in patients with AoRRP

Mean: $3,413 [NR]

Miller 2017 UK 2005-2012 Number of surgeries Mean (SD): 13.5(19.1)
In-office laser procedures per patient: Mean (SD): 4.2 (17.1)
Derkay 1995 us 1993-1994 Lifetime papilloma operations 11-20 operations: 15%
21-40 operations: 5%
41-100 operations: 10%
> 100 operations: 9%
Nogueira 2020 Brazil 2008-2015 Number of surgeries HPV6 mean (SD): 3.4 (2.0)
HPV11 mean (SD): 4.5 (3.5)
Omland 2014 Norway 1987-2009 Annual surgical treatment per year Median: 1.2
Annual surgical treatment during first three years ~ Median: 2.3

Studies evaluating the impact of HPV vaccination on resource utilization in patients with AoRRP

Kin 2017 Germany  NR Incidence rate of surgeries
Matsuzaki 2020 Japan 2012-2018 Number of surgeries
Yiu 2019 us 2012-2017 Number of surgeries

Pre-vaccination: 47.4/1000 patient months
Post-vaccination: 6.7/1000 patient months
p<0.0001

Mean before combination therapy: 3.3
Mean after combination therapy: 1.6

Pre-vaccination: 2.7
Post-vaccination: 0.8
p=0.014

AoRRP adult-onset recurrent respiratory papillomatosis, HPV Human papillomavirus, IQR Interquartile range, JORRP juvenile onset recurrent respiratory papillomatosis,

RRP Recurrent respiratory papillomatosis, NR not reported, USD US dollar

reported as 4.2, with 5.4 months mean interval between
procedures (N =17; although 10 patients underwent only
1 office procedure). The mean number of operating room
procedures was 13.5, and the mean interval between pro-
cedures was 14.3 months. The difference in cost between
the office procedure (mean: $3,413.00) and the operating
room procedure (mean: $12,382.59) was almost $9,000,
but these savings were offset by the fact that the office
procedures needed to be performed three times as often
[114]. A prospective study conducted in Brazil observed
that patients with AoRRP needed on average 3.6 surger-
ies to control the disease [36]. Another study conducted
in Norway reported an average of 2.4 surgeries per year
were required [37].

A retrospective registry-based study suggested a large
impact of RRP on employment-related measures posing
a fiscal burden on the patients in the US. About 37% of
participants reported missing>10 workdays per month
due to RRP related complications and/or treatment [67].

Most patients (78%) admitted feeling limited in their
career options due to RRP, while 24% of patients lost a
job due to absences related to AoRRP [67].

Whilst not included as the primary objective of the
economic burden review, several studies which evaluated
HPYV vaccination in patients with AoRRP, and its impact
on healthcare resource utilization were also captured [14,
53, 56]. The results of a retrospective study conducted
in the US showed an increase in time between proce-
dures, and a decrease in number of procedures needed
per year in patients with RRP [14]. Meanwhile, in Ger-
many a seven-fold reduction in incidence rate of surger-
ies from the post-vaccine period was reported, compared
to the pre-vaccine period (p<0.0001) [53]. Whilst in
Japan, a decrease in the number of surgeries required was
reported post-vaccination (mean: 3.3 vs 1.6, respectively)
[56].
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Summary of economic burden findings

The economic burden was reported to be considerable,
particularly among patients with JoRRP. Healthcare
resource utilization was driven by the need for surgi-
cal interventions. The mean annual number of surgeries
among patients with JoRRP ranged from 2.0-5.1, how-
ever one study reported that 7% of patients underwent
over 100 lifetime papilloma surgeries (Table 5). Evidence
also indicated that the number of surgeries decreased
post-HPV vaccination in patients with AoRRP (Table 6).

Discussion

This review provided a detailed summary of the currently
available published evidence on the disease landscape for
RRP, characterizing the epidemiology, clinical burden,
humanistic burden and economic burden in this under-
recognized, and life-threatening disease. Particular atten-
tion was given to ensure that the nuances between JoRRP
and AoRRP were captured, reflective of the different
mode of transmission, and distinct patient populations
associated with each disease subtype.

RRP is a lesser-known disease due to HPV, and disease
is classified into two distinct sub-types based on age at
diagnosis: commonly with JoRRP (<18 years old) and
AoRRP (>18 years old). As has been previously reported,
RRP is associated with a characteristic bimodal age dis-
tribution, which was validated by the median age of onset
reported in this study (4 years and 34 years). However,
elsewhere, a recent study identified a third peak in disease
onset at 64 years, which represents an important aspect
for future research (2, 3). When considering the epidemi-
ological findings presented in this study, it is important
to note the lack of specific International Classification of
Diseases (ICD) codes regarding JoRRP or AoRRP, which
may contribute towards the underestimation of the dis-
ease, and account for some of the heterogeneity observed
among the studies included. However, the introduction
of an RRP-specific ICD-11 code in 2024 represents a pos-
itive step, and may help facilitate improved accuracy of
reporting going forward [115].

The incidence and prevalence of RRP among low-to-
middle income countries are likely underestimated when
compared to high income countries. Patients in low-to-
middle income countries may have reduced access to
healthcare, including ear, nose, and throat (ENT) services
which, in turn, might result in fewer cases being diag-
nosed and recorded. In some cases, patients may also suc-
cumb to upper airway obstruction prior to presentation
[4]. Unfortunately, the healthcare limitations associated
with RRP in low-to-middle income countries also extend
to both its prevention and management. For instance, a
2023 study reported notable limitations of HPV vaccina-
tion programs in Africa. National vaccination programs

Page 14 of 21

were only present in 9/19 countries surveyed, and of
those, crucially, only four programs used a vaccine which
protected against HPV6 and HPV11, highlighting the
need for an updated approach to HPV vaccination in the
region [116]. Furthermore, whilst surgical techniques to
manage RRP have evolved from the use of non-powered
laryngeal instruments to less invasive techniques, includ-
ing lasers, and microdebriders, such advancements may
be less readily available in low-to-middle countries which
in turn impacts the effectiveness of treatment received
[117-121].

Patients with RRP usually present with symptoms of
airway involvement, including chronic cough, hoarse-
ness, voice change, and breathing difficulties. However,
due to the physiological differences associated with dis-
ease onset at different ages, considerable heterogeneity is
observed between JoRRP and AoRRP, as well as between
different patients with each respective condition. Due
to the unspecific clinical presentations (particularly in
JoRRP), the disease can mimic other common laryn-
geal and respiratory diseases such as laryngitis, asthma,
bronchitis, and croup, which can negatively impact the
accuracy of diagnosis leading to inadequate initial treat-
ment [58, 64, 68, 76]. Importantly, delayed diagnosis is
associated with a greater number of surgical procedures
needed to control disease. Patients who underwent sur-
gical excision within a year of symptom onset required
fewer surgical procedures than those patients with delays
of more than one year (p=0.015) [78]. Notably, Derkay
et al. reported that 7% of patients with JoRRP, and 9% of
patients with AoRRP had undergone over 100 papilloma-
related surgeries in their lifetime [20]. As such, improving
awareness of the condition to help provide timely, and
accurate diagnoses represents an opportunity to alleviate
the clinical, humanistic, and economic burden associated
with JoRRP and AoRRP.

Patients with JoRRP, and AoRRP, experienced con-
siderably impaired HRQoL, mainly due to the severity
and unpredictability of the disease. JoRRP, and AoRRP
are devastating diseases for the patients, and for the
parents of children suffering from JoRRP. Across both
populations, assessment of the impact of voice disorder
was among the most assessed domain, with significant
impairment identified in RRP compared to healthy con-
trols in several studies. There remains an unmet need
for additional studies to measure the extent of HRQoL
impairment across other domains, to effectively capture
the full extent of the humanistic burden, particularly
considering the wide array of symptoms reported in this
review. As highlighted by San Giorgio et al., habituation
to chronic diseases, such as RRP, can also lead to the
negative impact on HRQoL reported by patients to be
diminished due to response shift [122, 123]. Therefore,



Ovcinnikova et al. Respiratory Research (2024) 25:430

the burden experienced by patients with RRP may be
underrepresented among the studies included in this
review. Furthermore, humanistic burden was exclusively
measured using generic PRO measures, as no RRP-spe-
cific PRO measure currently exists. The development of
an appropriate disease-specific measure may prove chal-
lenging due to the heterogeneous symptomatic presen-
tations, but efforts to improve the specificity of HRQoL
assessment are to be encouraged. Notably, in addition
to voice disorder, one study reported that infection with
HPV11 may be associated with increased impact of
RRP on HRQoL in children with JoRRP [35]. Although
not included in the scope of this review, it is important
to consider the substantial impact of JoRRP on patient’s
families, and caregivers, due to the patients inability to
use their voice, and the constant interruptions to daily
life cause by repeated surgical interventions [124].

HPV infection is intrinsically linked to the develop-
ment of both AoRRP and JoRRP. In contrast to other
more common HPV-related pathologies, HPV genotypes
with a high-risk of cancer were not frequent among those
most associated with RRP. Across all the studies HPV6,
HPV11, or co-infection with both HPV6 and HPV11
were the most frequently identified. Patients with HPV11
were found to have more aggressive disease, were more
likely to require surgical intervention, and patients with
HPV11 also present at a significantly younger age than
those with HPV6 disease [40, 61, 125, 126]. HPV geno-
typing has therefore been suggested as a possible means
of predicting disease aggressiveness, and its considera-
tion during HPV-screening among at risk individuals is
pertinent and should be encouraged [126]. In the clas-
sification of HPV-associated cancers, HPV6 and HPV11
are both classified as “low-risk” which may further con-
tribute to the unrecognition of the severity of the disease.
Importantly, HPV6 and HPV11 genotypes are not among
those currently included in the available bivalent HPV
vaccines. In Australia and the US, the introduction of
vaccination programs including HPV6 and HPV11 were
found to help contribute to a significant reduction in the
incidence of JoRRP [30-33]. Improved primary preven-
tion through vaccination is essential, and the effective
rollout of HPV vaccination programs will not only help
to reduce incidence rates, but also alleviate the substan-
tial clinical, humanistic and economic burden associated
with RRP. Encouragingly, quadrivalent and nonavalent
HPV vaccines have an updated label within European
Union and in the UK on the prevention of JoRRP by vac-
cinating girls and women of childbearing potential [127,
128]. The potential impact of vaccination has also been
highlighted in studies among small cohorts of patients
with RRP, providing preliminary evidence that it may be
associated with a reduction of autoinoculation, through
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increased antibody responses to specific HPV genotypes,
and a reduced incidence of new lesions necessitating sur-
gical removal [129].

The management of JoRRP and AoRRP remains chal-
lenging since there no current conclusive treatment pro-
tocol exists, and the focus is primarily on maintaining
airway patency, and voice quality [130, 131]. In 2020, The
International Pediatric Otolaryngology Group (IPOG)
published consensus recommendations to improve care
provision and outcomes among patients with JoRRP
[132]. The recommendations layout diagnostic consid-
erations, surgical management, systemic adjuvant thera-
pies, postoperative management, surveillance, and voice
evaluation. Patients often require multiple surgeries with
short intervals, and occasionally adjuvant therapy when
surgery alone is unsuccessful. As such, JoORRP and AoRRP
are associated with high-cost burden, and resource utili-
zation. In the US for example, the annual mean number
of surgeries per child with JoRRP ranged from 4.4-5.1,
and 15% of patients required > 3 healthcare related visits
per month [67, 107, 111, 112]. For patients with AoRRP
in the US, the mean number of lifetime operating room
procedures was 13.5, and the mean interval between
procedures was 14.3 months [114]. Whilst high rates of
surgical interventions were generally reported, variation
in severity of the disease was also reflected in resource
utilization. Notably, JoRRP ($123 million, USD) was
accountable for approximately three times the cost bur-
den of AoRRP in 2010, although this was considerably
lower than the costs associated chronic diseases such as
cancer ($125 billion in 2010), and diabetes ($245 billion
in 2012) [133, 134]. The high costs associated with RRP
could be avoided by effective prophylactic measures, and
efforts to improve prevention efforts should be encour-
aged. Limited evidence was available outside of the US,
and up to date studies evaluating economic burden, and
resource utilization are required. In addition to the eco-
nomic costs incurred, repeated surgery affects the struc-
ture of the vocal folds, causing scars, incomplete vocal
fold closure, and poor mucosal wave, which may ulti-
mately reduce vocal quality [135].

Whilst adjuvant therapies have been explored as an
addition to the treatment options available for patients
with JoRRP or AoRRP, as yet, none appear to provide
patients with a cure [136]. Preliminary data suggest that
cidofivir, bevacizumab, and pembrolizumab may be ben-
eficial therapeutic options in some patients [6—12]. How-
ever, their administration is restricted to off-label use,
since none of these treatments are currently indicated for
the treatment of RRP. It is important to note that costs
associated with such off-label treatments can be consid-
erable, and since the evidence captured in this review
largely predate their use, the economic burden described
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herein likely represents an underestimation of the costs
associated with disease management. Peri-treatment
prophylactic HPV quadrivalent and nonavalent vaccina-
tion is also under investigation and has been shown to be
effective in reducing recurrence among patients undergo-
ing surgical procedures [13-15]. Although not included
as the primary objective of the economic burden review,
three studies were identified which reported the impact
of peri-treatment HPV vaccination on healthcare
resource utilization associated with AoRRP. Among the
studies, HPV vaccination among patients with AoRRP
was associated with increased intersurgical intervals,
and fewer surgical procedures per year [14, 53, 56]. The
results of these studies are consistent with the findings
of a number of recent systematic literature reviews and
meta-analyses in this area, which indicated that vaccina-
tion, in combination with surgical interventions, may be
an effective approach to help reduce the clinical burden
(and therefore the associated healthcare resource utiliza-
tion) incurred through the surgical management of RRP
[13, 137-139].

This study provides a detailed, and exhaustive overview
of the current disease landscape, providing a global view
of the current status quo, whilst capturing the nuances
between patients with AoRRP and JoRRP. To date, a lim-
ited number of systematic reviews have been conducted
to evaluate the clinical, humanistic, and economic bur-
den in patients with RRP and as such, this study pro-
vides a valuable summary of the current literature for this
underrecognized and poorly understood disease. Whilst
the lack of comparable studies limits our ability to con-
textualize the findings of this review within existing lit-
erature, this review helps fill the current evidence gap in
the literature. A limitation of this systematic review is
that the studies included in the economic burden were
often outdated (>10 years), which may underrepresent
the economic burden associated with RRP. Additional
studies which provide timely estimates of the economic
burden in this setting will be important. There was also
limited evidence available evaluating the impact of HPV
vaccination compared to the pre-vaccination era.

Conclusion

Extensive clinical, humanistic and economic burden is
associated with both JoRRP and AoRRP, particularly
given the chronic nature of the condition and its ten-
dency to recur and spread throughout the respiratory
tract. The findings of this review suggest that JoRRP is
more burdensome than AoRRP and that HPV11 geno-
type is particularly associated with more aggressive
disease. The repeated surgical interventions required
to manage the disease contribute to the high clinical
and cost burden associated with the condition, as well
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as negatively impacting the HRQoL of patients. In the
absence of curative treatment, preventive measures
should be considered, as the rollout of HPV vaccination
programs against HPV6 and HPV11 has been shown
to reduce the number of new cases of JoRRP. Further
studies should be performed regarding the impact on
AOoRRP cases. Efforts to improve the coverage of pri-
mary prevention strategies represents a key area of
opportunity, and should be encouraged, alongside fur-
ther research to find an effective approach to adjuvant
therapy to reduce the number of surgical procedures.
Despite the existing literature, RRP remains a poorly
understood disease, and future research evaluating risk
factors, treatment/disease management, and preven-
tion options are needed.
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