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Introduction to recurrent respiratory papillomatosis

Recurrent respiratory papillomatosis and the larynx

Recurrent respiratory papillomatosis (RRP) is a benign disease with wart-like lesions 

spread throughout the respiratory tract. It is associated with the human papilloma 

virus (HPV) types HPV6 and HPV11, the same HPV types that correlate with 

condylomata acuminata (genital warts). RRP is characterized by an unpredictable 

and recurrent disease course. The RRP disease course ranges from spontaneous 

remission to very aggressive forms, where a single patient might need more than 

150 surgical interventions for the removal of papilloma (1). 

RRP has a preferred location in the larynx (Figure 1). The larynx is an organ 

positioned in the neck which regulates airflow during breathing, and protects the 

lower airway against leaking of saliva and food. The larynx skeleton protects the 

vocal folds within the larynx, which produce sounds for the purpose of speech. 

Patients with RRP in the larynx can experience reduced functioning of the larynx.

Figure 1. Recurrent respiratory papillomatosis in the larynx

Epidemiology

RRP can appear at every age; the age of onset has been described from 1 day 

to 90 years old (2,3). Two distinct forms of RRP are the juvenile onset recurrent 

respiratory papillomatosis (JoRRP) and the adult onset recurrent respiratory 

papillomatosis (AoRRP). The distinction between these two types is based on age 
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of onset, usually set at 18 years. The European incidence of JoRRP and AoRRP are 

0.17 per 100.000 and 0.54 per 100.000 respectively (4). There is an equal distribution 

between genders in JoRRP, while AoRRP is seen twice as often in males as in females 

(4-6). New analyses of the Groningen papilloma studies (GPS) show a trimodal 

distribution in onset of RRP (3). The first peak of RRP onset at 4 years is most likely 

caused by vertical transmission through an infected birth canal (7,8). The largest 

risk factor is having a mother with condylomata acuminata; their children have 

a more than 200-fold increased chance to acquire RRP (9). Most children with 

RRP are vaginally delivered, are delivered in a longer than average delivery, and 

have young primi gravida mothers (9,10). The second peak of RRP onset occurs 

between 30 and 34 years, and is generally caused by sexual transmission of HPV 

(11), where high frequency of oral sex and many lifetime sex partners are key risk 

factors (10). The third peak of RRP onset is between 60 and 64, and could be due 

to activation of latent HPV infection by loss of immunity through aging (11,12). 

Finally, comorbidity like gastroesophageal reflux disease (GERD), or asthma and 

the treatment thereof, might influence the clinical course severity in RRP patients 

(13,14).

Etiology

By 2015 more than 200 HPV types had been identified (15). Of all RRP patients, 

83% to 100% are associated with HPV6 or HPV11 (5,16). Other HPV types such as 

HPV16, HPV18, HPV31, HPV33, HPV35, and HPV45 have been associated with RRP 

to a lesser extent (17). HPV is a double stranded, non-enveloped DNA virus existing 

of 7900 base pairs, belonging to the Papoviridae virus family. The average lifetime 

probability of acquiring HPV is between 50% and 100%. It is unclear why only a 

fraction of HPV-exposed individuals develop an HPV related disease (18).

The HPV virus initially infects the basal layer through abrasions in the epithelium. 

The infected cell migrates to the upper layer of the epithelia and produces virions 

(19). Multiplication of the virions can generate an exophytic wart like lesion. The 

HPV genome encodes for 9 proteins, seven early region genes, two late region 

genes, and a long control (noncoding) region (20). The early genes encode for 

proteins that interact with the host cell and enable proliferation of the infected 

cell. The late genes encode for structural proteins that encapside the viral genomes 

and facilitate transfer (21).
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HPV types can be divided into low risk and high risk HPV types, depending on the 

ability to cause a malignancy. Although RRP is associated primarily with the low risk 

HPV types HPV6 and HPV11, malignant transformation has been described in 1.6% 

to 4% of RRP cases (16,22). HPV negativity in RRP patients is rare at 4.7-5.9%, and 

occurs more frequently with adult onset versus juvenile onset, and is associated 

with a high relative risk of laryngeal neoplasia or carcinoma in the respiratory tract 

(17). 

Histopathology

The diagnosis of RRP has to be histologically confirmed by a pathologist. The 

histopathological characteristics of RRP are typical exophitic proliferations of the 

squamous epithelium, with a core of vascular tissue (23). Microscopic images can 

show basal cell hyperplasia, increased mitoses in the basal layers of the epithelium, 

nucleomegaly, dyskeratotic cells, and koilocytotic changes (23). Most of the upper 

respiratory tract is covered with ciliated columnar epithelium, while the vocal 

folds are covered with stratified squamous epitheliumsquamous epithelium. 

This epithelial transition zone could be a preferential location for HPV-associated 

lesions, as it is in the cervix (24).

Clinical course and treatment

The most common symptom in RRP patients is dysphonia, while stridor and 

respiratory distress are also often seen. Less frequently seen symptoms are 

dyspnoea, failure to thrive, chronic cough, recurrent pneumonia and dysfagia 

(25). There is no curative therapy for RRP patients. The goal of treatment is to keep 

the voice functional and the airway open. This is accomplished by surgery, the 

mainstay of RRP treatment.

University Medical Center Groningen (UMCG) is a tertiary hospital with a voice 

clinic that is an officially recognized expertise center for RRP. Laryngostroboscopy is 

performed in all patients with voice problems who have been referred to the UMCG. 

Patients suspected of having RRP are planned for surgical intervention. Before the 

first surgical intervention, and 3 months after each surgical interventions, the Voice 

Handicap Index (VHI) is administered. The VHI is a commonly used, validated quality 

of life questionnaire to measure physical, emotional and functional complaints.
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During the first surgical intervention the whole upper airway (nasal cavity, 

nasopharynx, hypopharynx, oral cavity, larynx and trachea) is inspected. To compare 

the extent of the papilloma in an objective manner, the Derkay/Coltrera score is 

used. This systematic scoring system counts the number of anatomical sites and 

extensiveness per site of the papilloma (26). During the first surgical intervention, it 

is preferable to remove as many RRP lesions as possible because these lesions can 

grow if papilloma tissue remains after incomplete surgical excision. The removed 

papilloma is sent to the pathologist where histological examination and a type 

specific polymerase chain reaction (PCR) HPV typing is performed. 

Medication

Additionally to surgery, there are many medical treatments in use to prevent 

the recurrence of RRP, and to reduce the burden of RRP patients. Bevacizumab, 

celecoxib, cidofovir, HPV vaccine, gastroesophageal reflux disease medication, 

indole-3-carbinol, interferon, mumps vaccine and even traditional Chinese 

medicine are being used to control the burden of RRP (27,28). 

A distinction is made between therapeutic and preventive medicines. Since 

1988, cidofovir has been one of the most widely used additional therapeutic 

treatments of RRP (29). Cidofovir is an antiviral drug, primarily used for treatment 

of cytomegalovirus retinitis in patients with human immunodeficiency virus (HIV). 

Cidofovir is a cytosine nucleotide analogue with antiviral activity (30). The HPV 

vaccines Gardasil® and Cervarix® are vaccines against HPV16 and HPV18, that are 

associated with 70% of cervical cancers (31), and a significant proportion of anal, 

oropharyngeal, vulvar, vaginal, and penile cancers. Cervarix® is a bivalent vaccine 

and part of the Dutch national vaccination program, while Gardasil® is a quadrivalent 

vaccine also containing virus like particles against HPV6 and HPV11. The efficacy of 

the quadrivalent vaccine against condylomata is 96% to 100% in the first 4 years 

after vaccination (32). Because condylomata are HPV6 and HPV11 correlated like 

RRP, the expectation is that the incidence of RRP will decline in countries where the 

quadrivalent vaccine is part of the national vaccination program.

Narrow Band Imaging

Narrow Band Imaging (NBI) is an optical image enhancement technology 

that improves the contrast between blood vessels and normal soft tissue, and 

therewith enhances their visibility. The NBI camera and device are connected to 
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the endoscope during examination, and the narrow band light penetrates the 

surface of the tissue where it is strongly absorbed by hemoglobin (Figure 2). During 

an endoscopy using NBI, the capillaries on the mucosal surface, and the veins in 

submucosa are displayed real time on the monitor in brown and cyan, respectively. 

NBI is commonly used in visualisation of vascular diseases, and particularly in the 

detection of cancer fields (33). 

Figure 2. NBI principles with permission of Olympus Nederland B.V.

Objective and outline of this thesis

The objective of this thesis is to shed new light on the diagnosis, clinical course, 

and treatment of RRP and the quality of life of RRP patients. It aspires to provide 

medical specialists and patients alike with a better understanding of RRP, and 

enable more accurate diagnosis and effective treatment of RRP, and therewith 

improve the RRP patient’s overall wellbeing and healthcare experience. The thesis 

addresses the topics of RRP diagnosis, clinical course, treatment and quality of life 

of the RRP patient in distinct parts. 

Part I Diagnosis

NBI is a diagnostic tool that visualises vascular patterns by showing the contrast 

between vessels and tissue. RRP is known as a vascularised histological disease, 

and hence may benefit from the application of NBI as a diagnostic tool. Chapter 2 

investigates whether NBI can be used for the detection of RRP lesions, and examines 

if the sensitivity and specificity is higher when NBI is used as an additional tool to 

discover RRP lesions during surgical intervention.
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Part II Clinical course

To be able to better predict the RRP prognosis, a better understanding of the 

clinical course and a better comprehension of the influence of treatment on RRP is 

needed. Chapter 3 investigates the impact of age of onset on the clinical course in 

patients with RRP associated with either HPV6 or HPV11.

 

Part III Treatment 

No cure for RRP currently exists. Around the world, numerous different treatments 

have been used with varying results. One of the accepted treatments was a 

combination of surgical intervention and intralesional cidofovir. A high dosage of 

cidofovir causes nephrotoxicity and oncogenicity (34). Chapter 4 was intended 

as a call for action to laryngologists to participate in research to investigate the 

appearance of these side effects in RRP patients that received cidofovir. Chapter 5 

describes this worldwide multicentre, retrospective research.

Prophylactic HPV vaccinations are given for protection against cervix carcinoma 

since 2006. The quadrivalent vaccine protects not only against the high risk HPV16 

and HPV18 but also against the low risk HPV6 and HPV11. Therefore, prophylactic 

vaccination with the quadrivalent vaccine is expected to prevent RRP. However, 

little is known about immune responses after therapeutic vaccination in patients 

already diagnosed with RRP. Chapter 6 describes immunoseroreactivity of HPV6 

and HPV11 in RRP patients pre- and post-vaccination with the quadrivalent vaccine 

using multiplex HPV serology to determine HPV-specific antibodies response. 

Part IV Quality of life 

RRP patients can experience social, psychological and physical problems caused by 

their voice disorder. Chapter 7 describes the voice problems in patients suffering 

from RRP or six other common benign laryngeal disorders based on the change in 

VHI measured before and after treatment. 

Part V

Chapter 8 provides a general discussion and conclusions of this thesis. It also offers 

a perspective on future research areas of RRP. Chapter 9 presents a summary of 

this thesis. 
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