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Abstract

Recurrent Respiratory Papillomatosis (RRP) is a benign tumor of the 
respiratory tract caused by the Human Papillomavirus (HPV). It is considered 
as a manageable rather than a curable disease because of its high recurrence 
rates and its unpredictable clinical course. The unique molecular characteristics 
of the virus, induces cellular proliferation causing airway obstruction. The main 
symptoms are hoarseness, inspiratory and expiratory stridor and dysphagia. 
Innumerable, yet not effective, efforts to cure RRP have been attempted. 
Different treatment modalities, such as surgery and adjuvant therapy, have been 
published in recent years. Surgery remains the leading practice of treatment; 
however, because of its tendency to recur, approximately 10% of the patients will 
require adjuvant therapy. Current medical investigation is focusing on antiviral 
modalities, photo dynamic therapy, indole-3- carbinol, retinoids, gene therapy, 
and vaccines. Considering RRP challenging treatment, prevention must be the 
main focus of physicians. The decision of the optimal therapy must be made 
on the physician’s confidence in the estimated of the treatment effect across 
the outcomes that matter most to the patients. In addition, the patient’s context, 
goals, values and preferences must be taken into account.
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results in finger -like projections with a fibrovascular core covered by 
stratified squamous epithelium. When papillomais microscopic, they 
give the mucosa a velvety appearance. Subsequently, when papilloma 
grows, they appear as “cauliflower” projections [9]. Viral DNA can 
remain latent with the mucosa appearing clinically and histologically 
normal. In latency, viral DNA can be detected in mucosa in patients 
with RRP that has been in remission for years [10]. 

Signs and symptoms
Vocal fold is the principal site of papilloma growth which leads 

to hoarseness to be the main symptom. Inspiratory stridor, which 
progresses to a biphasic stridor, is the second symptom to present. 
Other symptoms are: dysphagia, dyspnea, chronic cough, failure 
to thrive, and respiratory tract infections. Aggressive RRP forms 
can manifest as an acute respiratory distress [11]. The onset of 
presentation of RRP orients clinicians to the best choice of treatment.

Diagnosis
Many patients are initially assumed to have a more common 

respiratory problem, such as croup, asthma, or bronchitis [12]. 
Diagnosis of RRP consists in the visualization of the papilloma with 
a rigid or flexible laryngoscope. The prime area where papilloma 
develops is the larynx. Rarely, it can be observed in the nasal cavity, 
oral cavity, or pharynx. Once papilloma is identified, an excisional 
biopsy is performed [13].

Treatment
Patients with RRP must know the importance of their disease, its 

prognosis, and the rate of recurrence. On average, children with RRP 
require a mean of 4.4 surgical procedures per year and 19.7 procedures 
over their lifetime [14]. The decision of the optimal therapy must be 
made on the physician’s confidence in the estimated of the treatment 
effect across the outcomes that matter most to the patients. In 

Introduction 
Recurrent Respiratory Papillomatosis (RRP) is the most common 

benign tumor of the larynx and a common cause of pediatric 
hoarseness. The three peaks of onset observed are: early childhood, 
third decade and sixth decade of life [1]. Although it is considered to 
have a benign course, it tends to spread throughout the aerodigestive 
tract causing airway obstruction [1,2]. In severe cases, death is usually 
caused by complications of surgical procedures or respiratory failure 
due to progression of the disease [2]. The incidence in the United 
Stated is approximated at 4.3 per 100,000 children and 1.8 per 
100,000 adults [3]. It is characterized by a chronic proliferation of 
squamous papilloma caused by Human Papillomavirus (HPV). RRP 
is most commonly associated with HPV types 6 and 11 [4]. Persistent 
infections with HPV types 16 and 18 have been associated with 
oropharyngeal squamous cell carcinomas [5]. Vertical transmission 
during delivery through an infected birth canal is presumed to be 
the mode of transmission to children [6]. Risk factors to acquire 
RRP are firstborn and vaginally delivered patient immunity, timing 
and volume of virus exposure, and local trauma [7]. Innumerable, 
yet not effective, efforts to cure RRP have been attempted. A crescent 
number of investigations about different treatment modalities 
have been published in recent years. Nevertheless, no reported 
uniformity responses of surgical, medical, or adjuvant therapies in 
the management of the disease.

Pathophysiology
HPV is a DNA virus who is thought to infect stem cells within the 

basal layer of mucosa. The viral DNA reactivates the host replication 
genes, inducing cellular proliferation. The viral E-region products 
bind and inactivate certain cellular tumor- suppressor proteins, and 
can activate the Epidermal Growth Factor (EGF) associated with 
proliferation of epithelial cells [8]. The proliferation of the virus 
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addition, the patient’s context, goals, values and preferences must be 
taken into account [15]. The process by which the optimal decision 
may be reached for a patient is called shared decision making. The 
most important attribute of a patient-centered care is the engagement 
of patients when fateful care decisions must be made [16]. 

Surgical Procedures
The goals of RRP treatment are: reduce the tumor, decrease the 

spread of the disease, create a safe airway, optimize voice quality, 
and increase the time interval between the procedures [2]. Although 
many medical treatments have been attempted to cure RRP, surgery 
remains the leading practice of treatment. The most common used 
procedures are the CO2 laser and removal with cold instruments. 
Prevention of loss of patient’s airway should be considered at 
induction of general anesthesia [17]. In young patients, where total 
eradication of the papilloma is impossible, it is recommended to 
leave minimal amounts of lesions in sites where irreparable scarring 
may occur (anterior commissure and the posterior glottis) [17]. 
However, if a papilloma is not removed completely, the chance to 
spread into the submucosal glands increases. Hence, the submucosal 
glands should be removed all together to decrease recurrence [18]. 
Laryngeal scarring develops severely in areas where papilloma had 
recurred several times. Furthermore, the papilloma had more chances 
of invading deeper tissue due to breakdown of the base membrane 
barrier [18]. The CO2 laser can be used with precision to vaporize RRP 
lesions with minimal bleeding [19]. The most common complications 
due to the procedures are bleeding, temporary laryngeal edema, 
damage of maxillary teeth by the suspension of the laryngoscope, 
and glottic webs in both therapies. Airway fire may result in patients 
treated with CO2 laser. Scar tissue formation, laryngeal stenosis, 
and soft tissue complications are more frequently observed after 
surgery with cold instruments [20]. Microdebrider resection has 
been reported as a safe alternative with quicker improvement of 
symptoms, shorter procedure time, less postoperative time, and lower 
overall procedural costs versus patients who underwent removal with 
CO2 laser [21]. Pulse dye treatments are preferred among patients as 
general anesthesia can be avoided. The use of pulse dye therapy is 
considered relatively effective and safe, yet this method seems less 
effective for large papilloma [22]. When multiple surgical procedures 
are made and still unsuccessful to preserve the airway, tracheostomy 
is the last choice [23]. 

Adjuvant Therapy
Considering respiratory papilloma’s tendency to recur, 

approximately 10% of the patients will require some form of adjuvant 
therapy. The decision to begin an adjuvant therapy must recognize 
benefits and its side effects. The most widely accepted criteria for 
initiating the adjuvant treatment are: (i) requirement for more than 4 
surgical procedures per year, (ii) distal multisite spread of the disease, 
and (iii) rapid regrowth of papilloma with airway compromise [17]. 
Current medical investigation is focusing on antiviral modalities, 
photodynamic therapy, indole-3- carbinol, retinoids, gene therapy, 
and vaccines. Interferon alfa was the first antiviral adjuvant therapy 
used and its responsiveness has been proven in several studies 
[24,25]. Although its exact mechanism is unknown, it plays an 
important role connecting innate and adaptive immune response, 
particularly T-cells; it also can activate dendritic cells to promote an 

adequate immune response [26]. There are few reports of Ribavirin 
as adjuvant therapy showing some effectiveness in aggressive disease 
[27]. Acyclovir appears to be effective when there are concurrent 
viral infections, and viral co-infections with herpes simplex virus-1, 
cytomegalovirus, and Epstein-Barr virus. The intralesional injection 
of cidofovir is used in patients with severe RRP [28]. Studies have 
shown a reduction of lesions and need for surgery when intralesional 
cidofovir was injected prior to the procedure [29]. Current gene 
therapies are based on the current awareness of the differentiation of 
HPV epithelium. Bevacizumab is a recent recombinant humanized 
monoclonal antibody against Vascular Endothelial Growth 
Factor (VEGF). Various studies have demonstrated bevacizumab 
improvement in resolution of lesions, and decreased interval between 
treatment times [23,30]. Systemic bevacizumab evidenced significant 
promise as a treatment modality for severe RRP. All treated patients 
had significant reduction of surgery procedures intervals and 
alleviation of airway obstruction, with a low complication profile [31]. 
Photodynamic Therapy (PDT) has been widely studied as a treatment 
for RRP. It led to a small decrease in RRP growth, nevertheless the 
therapy is not well tolerated by patients no matter the used agent 
[32,33]. Dietary supplement indole-3-carbinol from cruciferous 
vegetables reduced the formation and cessation of the papilloma 
growth. Retinoids modulate cellular proliferation and differentiation 
of diverse histologic cells, they have been found to suppress squamous 
differentiation. The evidence of its efficacy on RRP is limited [34,35]. 
Measles, Mumps, and Rubella (MMR) vaccines as adjuvant therapy 
to lesion debridement in RRP revealed no significant difference in 
comparison to cidofovir [36]. The HPV-4 vaccine as adjuvant therapy 
increased the inter-surgical intervals and showed complete and 
partial remission in the treated patients. Utilizing HPV vaccines as a 
treatment has a benefit with no downsides. Treating patients with the 
vaccine can possibly stimulate the host to develop antibodies that will 
target papilloma cells and clear the disease process [37]. 

Prevention
The best treatment for RRP is prevention of the disease. The most 

important risk factor for juvenile RRP is maternal infection with 
HPV. As the mechanism of transmission is unclear, the management 
remains uncertain. The prevention of genital maternal infection with 
the virus is the main objective in children. Cesarean section is not 
recommended as it is associated with a higher morbidity and mortality 
for the mother. The adult form typically occurs with the reactivation 
of a latent infection or as a newly acquired sexually transmitted 
disease. Prevention can be constructed with the application of the 
prophylactic vaccines for population ages 11 to 12 years. Vaccine 
may eradicate RRP caused by HPV types 6, and 11 [38]. Additionally, 
a meticulous examination to determine whether the papilloma has 
spread to the anterior commissure, laryngeal ventricle, false vocal 
folds, subglottis, or epiglottis is necessary to prevent recurrence [18].

Conclusions
Recurrent respiratory papillomatosis is the most common tumor 

of the larynx and a frequent cause of pediatric hoarseness. The main 
issue of RRP is its tendency to recur. RRP recurs due to the histological 
characteristics of the papilloma and its clinical course according to 
the virus subtypes. Furthermore, the high recurrence rate may be 
caused by the difficulty of entirely removing of the papilloma. For 
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this reason, RRP is considered a manageable pathology rather than 
a curable one. Papilloma can grow so extensively that respiratory 
airway can be obstructed and, if not treated, can lead to death. Yet not 
effective, innumerable attempts to cure RRP have been attempted. 
Surgery remains the fundamental practice of treatment. Despite the 
efforts, the struggle with surgical complications remains a substantial 
concern in RRP therapy. Scarring and invasive procedures increase 
the chances of papilloma invading deeper tissue and therefore, it 
difficult papilloma removal. The focus of recent studies on therapy 
treatments for RRP is on developing adjuvant treatment methods 
to reduce recurrence rate and prolong intervals between surgical 
procedures. Many treatments may be required as the papilloma 
recur. Considering RRP challenging treatment, prevention must be 
the main focus of physicians. Treatment must be individualized and 
based on shared decision making.
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