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1 | INTRODUCTION

Recurrent respiratory papillomatosis (RRP) is a rare disease caused by
human papillomavirus (HPV). HPV is a double-stranded DNA virus

| Gerald S. Berke MD?

Abstract

Objectives: To identify studies evaluating the epidemiology of recurrent respiratory
papillomatosis (RRP), including patient demographics, human papillomavirus (HPV)
immunology, clinical course, surgical and medical treatments, and psychosocial
factors.

Methods: A systematic literature search through PubMed was performed to identify
studies evaluating the epidemiological factors associated with RRP. All studies were
screened through a priori selection criteria using the titles and abstracts.

Results: A total of 208 studies were identified, of which 54 met eligibility criteria and
were included in the review.

Conclusions: RRP is a rare disease most commonly caused by HPV 6 and 11. It is
characterized by recurring benign papillomatous lesions in the respiratory tract, par-
ticularly the larynx. Existing evidence about disease risk factors is limited but includes
both maternal HPV infection and patient smoking and sexual behaviors. Disease
management involves a combination of routine surgical and medical treatment. Surgi-
cal techniques include CO,-laser, sharp dissection, coblation, microdebridement, and
photoangiolytic laser. Medical treatments which have been found to facilitate disease
control off-label include interferon-alpha (IFN-a), indole-3-carbinol, acyclovir,
bevacizumab, retinoids, and the Gardasil and mumps vaccines. Many patients suffer
from additional psychosocial challenges related to their diagnosis. Current disease
knowledge remains limited, and more robust controlled trials about risk factors,
medical therapies, and surgical options are needed.

Level of Evidence: 5.
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epidemiology, recurrent respiratory papillomatosis

and member of the papillomaviridae family. It is characterized by
recurring benign papillomatous lesions in the respiratory tract and is
often refractory to treatment. While the lesions most commonly pre-
sent in the larynx, they have the potential to spread throughout the
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respiratory tract and undergo malignant transformation with rates
ranging from 2% to 4%.> The majority of cases are caused by HPV
6 and 11 but can also be associated with strains 16, 18, 31, and 33.2

Patients with RRP present clinically with voice changes, difficulty
breathing, and/or stridor.? Typical management includes a combina-
tion of surgical excisions and systemic and intralesional therapies. Due
to the non-remitting nature of RRP, patients undergo an average of
4.4 surgeries annually to maintain control of papillomas.®

While the clinical presentation and severity of RRP has been well
characterized, epidemiological factors and efficacy of treatment
options have not. The aim of this review is to critically evaluate the
risk factors associated with RRP including patient demographics, HPV
immunological characteristics, clinical course, and psychosocial fac-
tors. Additionally, we provide a summary and appraisal of the current

treatments to serve as a framework to optimize patient outcomes.

2 | METHODS

2.1 | Literature acquisition and synthesis

A systematic literature search through PubMed was performed on
May 1, 2020 to identify studies evaluating the epidemiological factors
associated with RRP. Using free-text we searched the terms recurrent
respiratory  papillomatosis epidemiology, recurrent respiratory
papillomatosis treatment, and recurrent respiratory papillomatosis risk
factors. All studies were screened through a priori selection criteria
using the titles and abstracts. Inclusion criteria included the following:
report of disease severity outcomes or quality of life outcomes, dis-
cussion of surgical and medical treatment options, patient demo-
graphic information, HPV details, disease-related psychosocial factors,
published works after the year 1987. Exclusion criteria included the
following: studies that re-reported treatment outcomes and patient
demographics from the same cohort. For those studies that were
excluded, due to re-reporting the updated reports were included in
this review. The literature search yielded 208 studies of which 54 met
eligibility criteria and were included in this review. Data was extracted
independently from the included reports. The quality of each study
was evaluated by two of the authors independently. Notably, data
regarding many of the novel surgical and medical treatments are lim-
ited by lack of large controlled trials; thus this review aims to summa-
rize and reflect the existing literature while noting the need for future
clinical studies pertaining to RRP treatments. This study used existing
literature and was therefore exempt from institutional review board

review. No review protocol exists for this study.

3 | EPIDEMIOLOGICAL FACTORS

3.1 | Patient demographics

RRP affects both adults and children and at times involves a life-long dis-
ease burden. RRP is estimated to affect 1.8 per 100 000 adults and 4.3

per 100 000 children in the United States with a balanced sex ratio.>* The
average age at diagnosis for juvenile onset RRP (JORRP) is 5 years old
while adult onset RRP (AORRP) is 37.%° RRP is typically considered juve-
nile onset when it is acquired at birth from mother-to-child transmission,
while adult onset RRP typically involves sexual transmission of HPV.

The definitive risk factors for RRP remain unclear; however, both
maternal and patient-specific factors may play a role in disease con-
traction. Several known risk factors include maternal HPV infection at
time of birth, vaginal delivery, teenage mother, and first born child.”?
In addition to mother-to-child transmission during birth, RRP may be
acquired through sexual contact. Compared with disease-free con-
trols, patients with RRP have a significantly higher median number of
lifetime sexual partners.” However, additional studies investigating
sexual behavior as a risk factor have mixed findings.2 Sexual contact
may contribute to viral transmission from person to person, yet
conclusive evidence is lacking.

Smoking may also contribute to RRP incidence and severity. A
study of 113 patients found that smoking habits were correlated with
disease severity, location, age of onset, number of treatments, and clini-
cal outcomes.® Surprisingly, among patients with RRP, smoking status
is independent of risk of malignant transformation.'*? Further
research is warranted to understand transmutability and associated risk
factors, such as sexual behavior and smoking. With a more thorough
understanding of the disease process, clinicians can better educate their
patients regarding modifiable and nonmodifiable risk factors.

3.2 | Clinical presentation and diagnosis

RRP has a wide range of clinical presentations. It most commonly pre-
sents with hoarseness, mild respiratory distress, loss of voice, mouth
breathing, foreign body sensation, stridor, and snoring.“s’15 Interest-
ingly, dysphonia is more commonly seen in adults than children.!* The
most common site for lesions are the true vocal cords followed by
infrahyoid supraglottis, anterior commissure, subglottis, suprahyoid sup-
raglottis, trachea, piriform sinus, and oropharynx.*® Poor innate immu-
nity plus immunologic tolerance to HPV within the larynx contribute to
its typical respiratory tract distribution.!® A study found that new
lesions occur adjacent to preexisting lesions between 66% and 83% of
the time, irrespective of initial lesion site. Additionally, HPV can be
detected on biopsy of non-papillomatous areas of the larynx of patients
with a history of RRP suggesting latent infection and thus explains the
propensity for lesions to recur.r”

In addition to clinical symptoms, otolaryngologists rely on key
endoscopic findings to establish the diagnosis of RRP. Typical
findings include multiple, fragile grape-like clusters (Figure 1).
Once identified and biopsied, histologic examination of the papil-
lomas reveals projections of neoplastic and squamous epithelium
overlying a fibrovascular stromal core. Despite these classic find-
ings, variability and intermittency of symptoms may unfortu-
nately postpone the diagnosis and delay treatment.!®
Though no uniform classification tool exists, several methods are

currently used to classify vocal symptoms associated with RRP. One
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FIGURE 1 Endoscopic view of the larynx showing confluence of
lesions on both vocal folds and demonstrates grape like clustering of lesion

such method is the Voice Handicap Index (VHI), a validated tool to
assess functional, physical, and emotional degree of vocal impair-
ment.}’ A higher VHI score corresponds to a worse voice-related
quality of life.?° The Derkay score is an additional clinical tool, which
classifies the disease by extent of anatomic involvement of the
lesions.*>?! Derkay score tends to vary by age of disease onset
with patients with JORRP having a higher mean score than those
with AORRP.'® Furthermore, higher Derkay score is associated with
increased voice handicap rated by VHI score in adult patients with
RRP.?! No relationship between Derkay score and VHI has been
reported in existing literature in the JORRP population.

Younger age at diagnosis and increased laryngeal involvement at
the time of first endoscopy are additional poor prognostic factors.!>22
A 2019 cohort study found that patients with a more aggressive dis-
ease were diagnosed a median of 7.4 years earlier than patients with
less severe disease.'® Additional complications of early age at diagno-
sis include increased risk of disease spread within the distal respira-
tory tract and increased recurrence rates.?®> The aforementioned
clinical, endoscopic, histologic, and demographic information help

guide the diagnosis and treatment of RRP.

3.3 | HPV characteristics
The benign neoplasms of RRP are caused by infection of the respira-
tory tract epithelium by HPV. RRP is most commonly caused by HPV
type 6 and 11 but also caused by rarer types 16, 18, 31, and 33.2
Expression of HPV-encoded oncogenes E6 and E7 potentiate viral
proliferation and plays an important role in RRP pathogenesis.
Classically, HPV 11 has been associated with more aggressive
disease compared with HPV 6; however, additional data supporting
this are discordant and limited.2* One study found that HPV
11 was associated with a shorter interval between surgeries than
HPV 6 only in the setting of JORRP but not AORRP.22 The afore-
mentioned evidence points to the fact that AORRP and JORRP are
not synonymous, and further research is required to better under-
stand the differences in disease pathogenesis and management. It

has been proposed that the variability of disease severity by HPV

type and patient age may be explained by the host's immunologic
ability to fight different HPV oncogenes. A study found that
patients infected with HPV 11 had higher levels of E6 and E7 than
patients with HPV 6.22 Additionally, patients diagnosed before the
age of 24 months had higher levels of E7 expression independent
of HPV type.?? This suggests that HPV genotyping and oncogenic
assays of all patients with RRP can serve as both diagnostic and
prognostic tools.

It is estimated that 1% of the general population has commensal
HPV 6 and 11 DNA in their larynx, yet only a small fraction of those
exposed develop RRP due to variations in immune susceptibility.?®
Impaired natural killer (NK) cell function accounts for this difference
in part.1¢2> Additionally, patients with RRP have an increased num-
ber of CD4+ T cells that express Th2-like cytokines. Increased levels
of Th2-like cytokines suppress production of interferon-gamma
(IFN-y), which in turn decreases HPV clearance.® Infected laryngeal
cells overexpress epidermal growth factor receptor (EGFR), which
causes a prolific inflammatory response and papilloma formation. It
is evident that both the immune response of the laryngeal tissue and
immune susceptibility of the host may contribute laryngeal papilloma
formation.

The immunologic response of the larynx plays a critical role in
acquisition of HPV infection and papilloma formation. Its location, at
the junction between the respiratory and gastrointestinal tracts,
makes the larynx an important checkpoint to mediate both immune
tolerance and inflammatory activation in response to infiltrating
pathogens. The normal laryngeal immune response to HPV involves
antigen presenting cells (APCs), Langerhans cells, macrophages,
T cells, and immunoglobulins. Dysregulation of this normal immune
response is central to the pathogenesis of RRP. Future directions for
research surrounding treatment of RRP include immune targeted
therapies.

3.4 | Surgical treatments

No definitive cure for RRP exists; however typical management
includes both surgical and medical therapy to treat papilloma recur-
rences. On average, patients with RRP undergo about 4 surgeries per
year>2¢ Common surgical modalities include CO,-laser, sharp dissec-
tion, and microdebridement.?? The goals of surgery include removal of
papillomas while preserving healthy respiratory tract tissue.

Though there is no gold standard treatment for RRP, one study
attempted to characterize the benefits and risks of various surgical
techniques including cold instruments, microdebridement, and laser.?”
While microdebridement offers precise resection of papillomas, unde-
sired post-operative sequelae include vocal cord injury and scarring.
An additional study investigated the use of coblation and micro-
debridement for treatment of RRP. Both microdebridement and
coblation result in satisfactory recurrence rates and improved voice
quality. Microdebridement causes less thermal damage than coblation,
however, coblation typically has less bleeding during a procedure due

to its thermal coagulation of small vessels.**
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Carbon dioxide (CO,) laser therapy is another treatment for RRP.
Through precise vaporization of diseased tissue, the laser helps mini-
mize disease recurrence. One study found that 17% of patients treated
with carbon dioxide laser every 2 months until remission was achieved
were disease-free for 5 years following treatment; however, this could
be also simply be due to spontaneous remission and requires further
investigation.! Disadvantages of laser therapy include the cost and
maintenance of the laser, rare risk of fire, and complications such as
glottic anterior commissure synechia and subglottic stenosis.™?® In
summary, the CO,-laser has some drawbacks but has been used
successfully for many years to lessen the burden of HPV lesions.

Photodynamic therapy (PDT) is also utilized for management of
RRP. Unlike traditional surgical debridement, PDT induces slow necro-
sis of affected tissue causing release of HPV-related proteins, such as
E6 and E7. This provides an opportunity for antigen presentation and
short-term immunologic viral clearance mediated by IL-10 and IFN-
y.29 Unfortunately, the dye used in PDT is not virus-specific and thus
has potential to cause damage to nearby healthy laryngeal tissue.

Photoangiolytic laser is a unique, office-based procedure which pro-
vides safe and effective treatment for RRP. The most commonly utilized
photoangiolytic laser is the KTP (potassium titanyl phosphate) laser
which disrupts the microcirculation of the papillomas causing involution
of diseased tissue. The laser allows for reasonable surgical precision and
versatility and has been used in combination with other drugs such as
bevacizumab, a synergistic anti-angiogenic agent.*° In addition to its
favorable clinical outcomes, the KTP laser offers increased patient conve-
nience since it can be performed in office, without general anesthesia
thus saving both money and operating room time.

Though there are advantages and disadvantages to each surgical
modality, most patients continue to experience relapsing disease and
require trial of many treatment options during their clinical course.
While RRP is usually a life-long disease, most patients achieve remis-
sion, or disease-free intervals, throughout the course of the disease.
Surgical intervention helps increase instances of disease remission

and decrease unwanted voice and respiratory symptoms.*?

3.5 | Systemic and intralesional treatments

In addition to surgical treatment, systemic and intralesional medical
therapies are known to reduce papilloma recurrences. Some of these
medications include interferon-alpha (IFN-a), indole-3-carbinol (13C),
acyclovir, retinoids, and cidofovir.?? Though many of these medical
treatments help optimize disease control, it is important to note that
none of the aforementioned medications have FDA approval for the
treatment of RRP. The most common intralesional medication used is
cidofovir.

RRP has a relapsing remitting pattern, so medications that
decrease surgery frequency and extend disease-free intervals are
desired. A randomized controlled trial (RCT) of adjuvant IFN-a found a
significantly higher proportion of patients achieving remission and
that the rate of papilloma growth decreased in the first 6 months after

treatment compared with controls, but that this benefit was not

sustained long-term.®2 Though IFN-o helps with disease control, there
are many undesired side effects including fever, fatigue, headache,
elevated serum aspartate aminotransferase, and nausea.>® Additional
limitations of IFN-a use include a lack of achieving a long remission
phase, no standard dosing regimen, and high cost.

13C is another medication commonly given to patients as an
adjunctive therapy. Through alteration of estrogen metabolism, I3C
helps decrease unwanted DNA synthesis and reduces hyper-
proliferation of papillomatous epithelial cells.*>* A clinical study of the
long-term outcomes of I3C treatment found that 33% of patients
experienced complete papilloma remission and an additional 30% had
marked reduction in papilloma growth.3> Some patients elect to take
3,3'-diindolylmethane (DIM), the main precursor of 13C, to achieve the
same effects.3® 13C and DIM are relatively safe drugs with low rates
of adverse events and acceptable patient tolerance.>”

Cidofovir, a cytosine nucleotide analog, is an antiviral agent with
Food and Drug Administration (FDA) approval to treat cytomegalovi-
rus retinopathy in patients with acquired immunodeficiency syndrome
(AIDS). It has gained recognition as a viable off-label intralesional
treatment for patients with RRP; however, RCTs investigating its util-
ity in this setting are limited by small sample size and lack of long-term
follow up.2°383? There is a lack of consensus regarding optimal initia-
tion of cidofovir; however, one recent study found that most pro-
viders begin cidofovir treatment in patients who require six or more
surgeries per year or for those who require increasingly frequent sur-
geries.*° Current studies have shown that cidofovir can increase the
intersurgical interval and decrease the number of required surgeries
per year** Importantly, cidofovir has limited utility in pregnant
women as it is a pregnancy category C drug due to potential teratoge-
nicity and testicular toxicity.*2*® Early reports concerned the possibil-
ity of malignant transformation of papillomas in patients receiving the
drug, but these have not been identified in other more controlled
studies.** Nonetheless, cidofovir remains an accepted treatment for
RRP due to a lack of adequate alternative intralesional options and its
relative success at controlling disease flares.

Bevacizumab, a monoclonal antibody which inhibits VEGF, has
recently been studied as a potential treatment for RRP. While clinical
trials are limited, one case report found that sublesional injections of
bevacizumab significantly increase the duration between required sur-
gical debridements.*> A larger case series reported similar results with
systemic bevacizumab and found that all patients had a significant
increase in the surgical interval between papilloma excisions and some
patients no longer required any debridements after treatment.*® Its
low side effect profile makes bevacizumab a promising drug, yet its
expense is a significant downside.

In addition to the aforementioned systemic and intralesional med-
ications, acyclovir holds promise in the treatment of RRP. Though acy-
clovir, a viral DNA polymerase inhibitor, was designed to treat
herpesvirus infections, it is commonly used to treat RRP despite no
biochemical rationale for its efficacy against HPV.#” In a recent study,
systemic acyclovir was given post-operatively to 21 patients with
JORRP and was found to significantly increase the time interval

between papilloma operations and decrease the number of surgeries
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required after treatment compared with before treatment. Gastroin-
testinal side effects and headache are the most common adverse
events related to acyclovir use. Evidence from this study suggests that
acyclovir has both a safe side effect profile and may be used in combi-
nation with surgery as an adjuvant treatment for aggressive RRP.*®
Though robust clinical trials are limited, additional reports endorse
these findings and suggest the need for future studies.*

Retinoids, a drug class modeled from analogues of vitamin A, have
long been used to treat dermatologic conditions of epithelial cells.
RRP involves hyperproliferation of respiratory tract epithelium, and
recent case reports have experimented with retinoid treatments.
While two studies identified dramatic clinical improvement, a larger
RCT was prematurely terminated due to the drug's toxic effects with-
out sufficient clinical improvement.>°52 The current evidence is
inconclusive yet certainly warrants further investigation.

While no curative therapy for RRP exists, patients may achieve
disease control using a combination of multi-medication therapy,
though they are not yet FDA approved for RRP, coupled with surgical
debridement. Most patients typically achieve reduction in the number
and size of their lesions over time with the requirement for less fre-
quent excisions. Of note, existing evidence for some of the novel and
experimental treatment options is limited both by sample size and
sub-optimal study design. Further formal clinical trials are required to
develop advantageous surgical techniques and intralesional therapies
that minimize complications and maximize the interval between

required surgeries.

3.6 | HPV vaccine and immunotherapy

As novel treatments continue to develop, the HPV vaccine has
recently emerged as both a form of prevention and treatment. The
quadrivalent HPV vaccine (Gardasil) was first introduced in 2006
which covered strains 6, 11, 16, and 18. Though originally designed
for the prevention of cervical cancer, the Gardasil vaccine has
been found to reduce the risk of RRP, decrease annual surgery
requirements, and increase the interval between procedures.>3>*

The current literature suggests that implementation of the HPV
vaccine can reduce the incidence of childhood HPV infection leading
to subsequent JORRP and can also be used as secondary prevention
to treat active RRP disease.'® A 2007 prospective study of Australian
JORRP population found a significant decrease in the disease inci-
dence rate after implementation of a Gardasil vaccination program
aimed to create herd immunity. In this study, the authors also found
that male genital warts declined after vaccine implementation, thus
suggesting that HPV vaccination can also serve to reduce horizontal
viral transmission.>® In practice, the HPV vaccine should be followed
by immediate resection of existing lesions to allow growth of new,
non-diseased epithelial tissue which is protected from HPV.>¢ A 2017
systematic review of HPV vaccination similarly found that HPV vacci-
nation resulted in decreased disease recurrence and disease burden

|57

and increased intersurgical interva Additional evidence revealed

that the vaccine resulted in increased antibodies against patient-

specific HPV viral strains amongst those with RRP.*® Though larger
clinical trials are warranted, preliminary evidence suggests Gardasil
can help prevent viral transmission, reduce disease burden, and
prevent papilloma recurrences.

Additionally, the mumps vaccine, originally designed for childhood
immunization, may have utility as a potential treatment for RRP.
Though the mechanism is unclear, small pilot studies have shown that
intralesional vaccine injection may help induce remission of RRP by
causing a robust inflammatory response that facilitates papilloma
clearance.”’ It is inexpensive, safe, and widely available making it a
viable potential treatment.

More recently, immune modulating therapies have been under
investigation for the treatment of RRP. It has been well described that
HPV-associated head and neck squamous cell carcinoma (HNSCC)
have high expression of programmed death ligand-1 (PD-L1).¢° Bind-
ing of PD-L1 and PD-1, present on leukocytes, causes downregulation
of the host's immune system. Immune checkpoint inhibitors are drugs
which prevent this downregulation of the immune response. Promis-
ing data showing the utility of PD-1 inhibitors, such as pembrolizumab
and avelumab, in the treatment of HPV-associated HNSCC has
prompted the investigation of these immunotherapies in the treat-
ment of RRP.®* An ongoing Phase Il clinical trial (NCT 02632344) is
investigating the efficacy of pembrolizumab in the treatment of RRP
while another phase I clinical trial (NCT 02859454) is assessing effi-
cacy of avelumab for the treatment of RRP.¢ Results from these large
clinical trials will certainly provide guidance for future immunotherapy
directions and provide hope for the potential novel treatments.

It is important to note that many of the aforementioned medical
and surgical treatments are still in the early stages of investigation.
Most of the existing RRP literature is limited by small sample sizes,
short-term patient follow up, and anecdotal evidence. Additionally,
there is potential for bias since it is difficult to identify the motive of
authors in testing certain medications and devices. It is critical to rec-
ognize the lack of robust evidence about the various treatments,
and future research should be directed at improving the quantity and
quality of such data.

3.7 | Psychosocial factors

In addition to the physical disease toll, RRP places a burden on
patients' quality of life (QOL). Numerous monthly doctor visits, com-
plex medication regimens, and countless invasive operations contrib-
ute to some of the negative psychosocial implications.
Otolaryngologists often assess disease burden through QOL surveys,
such as the Health-Related Quality of Life score (HR-QOL) which
assesses level of physical, mental, social, and functional health.2%¢? A
multi-institution study found that patients with RRP had significantly
higher Hospital Anxiety and Depression Scale (HADS) scores for
depression and worse voice-related quality of life than paired con-
trols.®® Many patients endure social challenges due to problems with
voice quality, breathing difficulty, and the need for regular doctor

visits. Often patients are referred to voice therapy which helps them
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unlearn detrimental, compensatory voice behaviors and improves nat-
ural healing of the vocal cords.}*

There is additional stigma surrounding RRP due to concerns
about spreading the disease to partners and close contacts. This
can negatively impact patients' interpersonal relationships and at
times warrants referral to psychologists for additional resources.
Care for patients with RRP should involve a whole-person oriented
approach addressing disease risk factors, medical and surgical dis-
ease management, and psychosocial support to optimize patient

outcomes.

4 | CONCLUSION

Recurrent respiratory papillomatosis (RRP) is a rare disease of the
larynx caused by human papillomavirus (HPV). It is characterized
by recurring, benign laryngeal papillomas which are often refrac-
tory to treatment. This review describes the epidemiology of RRP,
including patient demographics, HPV immunology, clinical course,
and psychosocial factors. RRP affects both children and adults and
most commonly presents with difficulty breathing, vocal changes,
or stridor. Endoscopy reveals characteristic grape-like clusters of
papillomatous lesions. Potential maternal risk factors for RRP
include maternal HPV infection, vaginal delivery, and teenage
mother. Additionally, patient smoking status, sexual behaviors,
and younger age at diagnosis may contribute to disease incidence
and severity. Treatment involves a combination of medical ther-
apy (eg, interferon-alpha (IFN-«a), indole-3-carbinol (13C), acyclovir,
retinoids, cidofovir, HPV vaccine, and mumps vaccine) in combina-
tion with frequent surgical excisions. Future disease management
may involve herd immunity through HPV vaccination and second-
ary HPV vaccine treatment as well as novel immunotherapies, like
pembrolizumab and avelumab. Common surgical modalities
include CO»-laser, sharp dissection, coblation, microdebridement,
and photoangiolytic laser. The clinical course of RRP varies widely
based on each individual, ranging from spontaneous remission to
distal respiratory tract involvement and/or malignant transforma-
tion. Optimal patient management involves a customized, multi-
treatment regimen coupled with psychosocial support. Despite
the existing literature, RRP remains a poorly understood disease,
and future studies evaluating risk factors, medical therapies, and
surgical options are needed.
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