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AbstrAct:   Objective: recurrent respiratory papillomatosis (rrP) is caused by types 6 and 11 human papilloma virus and oc-
curs in both children and adults. it is characterized by proliferation of benign squamous cell papillomas within the 
aerodigestive tract. the problem with recurrent respiratory papillomatosis treatment is high recurrence of papilloma 
growth following surgical removal. 

  Method: a literature review was carried out via surveys based on electronic data in public domains: Medline (USa 
national library of Medicine), PubMed and SciElo, using keywords such as: recurrent respiratory papillomatosis, ad-
juvant treatment, cidofovir, and bevacizumab. all types of papers written in English were included (cross-sectional, 
prospective and retrospective clinical trials, review papers, and case reports). 

  results: in the recent literature, several types of treatment such as surgery with mechanical debulking or laser and 
adjuvant therapies are mentioned. intralesional bevacizumab and cidofovir treatment may increase the interval be-
tween surgical procedures and decrease the number of procedures per year.

  conclusions: there is still an ongoing discussion within the European laryngological Society regarding the balance 
between effectiveness and side effects of rrP adjuvant treatment, however, recent results show promising long-term 
effects. Bevacizumab and cidofovir in aggressive rrP give hope for improved treatment outcomes.
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IntrOductIOn

Recurrent respiratory papillomatosis (RRP) is a chronic dise-
ase, that occurs in both children and adults and is characteri-
zed by proliferation of benign squamous cell papillomas within 
the aerodigestive tract. RRP usually involves the larynx, but 
it may spread to the lung and undergo malignant conversion 
[1]. It is caused by the human papilloma virus (HPV) types 6 
and 11. HPV is a member of the Papillomaviridae family [2].

The HPV genome consists of six early (E1, E2, E4, E5, E6 

and E7) and two late (L1 and L2) open reading frames and 
a noncoding region, which codes for oncoproteins and cap-
sid proteins [3]. HPV infections have an underhanded and 
insidious character and can manifest as persistent latent or 
active forms, with an unpredictable course. Infections may 
remain subclinical or be active, with rapid progress or spon-
taneous regress. 

There are significant differences in the juvenile (JO RRP) and 
adult onset (AO RRP) forms of the disease (Table 1), mostly 
concerning the acquisition of infection, the course of disease 
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MethOd

A literature review was carried out via a survey based on elec-
tronic data in public domains: MedLine (USA National Library 
of Medicine), PubMed and SciELO, using keywords such as: 
recurrent respiratory papillomatosis, adjuvant treatment, cido-
fovir, and bevacizumab. All types of papers written in English 
were included (cross-sectional, prospective and retrospective 
clinical trials, revive papers, and case reports). 

results

In this literature review, all 24 papers devoted to cidofovir and 
bevacizumab for RRP treatment were included. Although the 
small number of studies and methods used for analysis does 
not allow to draw firm conclusions, these appear to be promi-
sing chemotherapeutics.

Cidofovir CA [(S)- 1- (3)- hydroxy-2-phosphonylomethoxy-
propyl) cytosine or HPMPC] is a cytosine nucleotide analog, 
known to have considerable antiviral activity against a variety 
of herpes viruses. It inhibits viral replication. The antiviral drug 
Vistide (Gilead Sciences, Inc. Foster City, CA) was approved by 
the US FDA for use in those infected with HIV who also have 
cytomegalovirus infection. Even though it has not been ap-
proved for topical or intralesional use, cidofovir has also been 
used to treat several cutaneous and mucosal viral lesions. Its 
first used as adjuvant treatment for severe RRP was presented 
in 1995 by Van Cutsem et al. [27]. In 1998, Snoeck et al. [28] 
published a case series that included adult patients and Pran-
sky et al. [29] analyzed the introduction of this drug to the pe-
diatric population. The standards of care were published by 
Derkay in 2005 [30] and later, in a systemic review by Chadha 
and James in 2007 [31]. Cidofovir provided durable remission 
in all described patient samples presented between 1998-2011 
(Table 3) [28, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 
45]. Cidofovir is the most widely described injectable adjuvant 
treatment in the current literature. In 2011, a general warning 
to physicians against off-label use was published by Gilead, al-
though the company did not specify the severity and type of 
off-label complications. In 2012, the use of cidofovir was re-
evaluated by Derkay et al. [46]. Cross-sectional studies among 
82 surgeons who treated 801 adults and 447 children reported 
serious side effects in 24 children and 36 adults; among this 
number, malignant transformation and kidney failure occurred 
in 1.7% and 1% of patients, respectively [46]. More often, cu-
taneous rash, headache, a local inflammatory response, vocal 
cord scarring, compromised airway and hematologic disorders 
were described [47]. Also, an association was found between 
the use of cidofovir and dysplastic mucosa changes [48] and 

and prognosis [4,5,6]. In JO RRP, vertical transmission, i.e., 
the infection from an HPV-positive mother to her newborn, 
is presumed to be the major mode of transmitting HPV; this 
can cause subclinical or clinical infections. The risk of child 
infection can be reduced by cesarean birth, however, the risk 
of transmission via the placenta persists [7]. The route of vi-
ral acquisition in AORRP is by sexual contact [8]. HPV-DNA 
has been found in 5-25% normal larynx mucosa, which is not 
synonymous with an active disease [9]. HPV has also been 
identified in the healthy mucosa of patients with AO-RRP. It 
has been shown, that patients with RRP have an increased 
propensity to harbor HPV in the oral cavity [10]. However, 
knowledge about this link between acquisition and patho-
genesis is lacking [11]. A deficient host immune system is 
thought to be the reason why only some individuals deve-
lop RRP [12]. Possibly, the most intriguing element of AO-
-RRP pathogenesis relates to the factors that predispose an 
individual to develop the disease. RRP patients do not seem 
to mount the expected cell-mediated immune response and 
develop a tolerance to the virus and are thus unable to clear 
the infection [13,14,15,16,17,18]

There are differences in the course and prognosis of the dise-
ase in HPV 6 or 11 infection (Table 2) [11, 19, 20, 21]. Also, in 
0-20% of RRP patients, other HPV types are detected [22, 23]; 
of these, 2-14% are double HPV 6/11 infected patients. 

At present, there is no cure and furthermore, no single tre-
atment can eradicate RRP. The current standard of care is 
surgical therapy with the goal of complete removal of pa-
pillomas and preservation of normal structures. Clinical 
severity of RRP is defined in numerous ways, but the most 
common is frequency of surgeries necessary to maintain 
patency of the airway. Aggressive RRP requires 10 or more 
surgical procedures, with three or more procedures within 
the period of one year, and an additional feature of distal 
involvement reaching the subglottic area [24]. Disease se-
verity can be also defined as the need for tracheotomy and 
malignant transformation. There have been no differences 
in disease eradication found between surgical techniques 
[25]. Regardless of the approach and instruments used, the 
virus remains latent even after careful resection. Therefo-
re, it is prudent to leave residual papillomas when their re-
moval might damage normal tissue and produce excessive 
laryngeal scarring [26].

Adjuvant therapy is required in up to 20% of cases, i.e., when 
rapid re-growth of papillomas compromises the airway or when 
distal multisite spread of the disease is observed [26]. The aim 
of this review is to present the current perspectives in newer 
adjuvant therapies in aggressive RRP growth.
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riety of RRP treatments used encompassing numerous sur-
gical options (cold instruments, CO2 or angiolytic lasers, 
and microdebriders) make unification of observations dif-
ficult. For cidofovir, there is growing single-arm experience 
across several centers [44] with well-documented efficacy, 
however, doctors still observe treatment failure. Recently, 
18 statements of consensus were approved by the RRP Task 
Force to inform the current practice of cidofovir adjuvant 
treatment in adults and children [43]. Importantly, intrale-
sional injections are still considered off-label use, requiring 
extraordinary treatment precautions, a strict treatment re-
gimen with regular biopsies and the need for a general sta-
tus follow-up after the procedure. 

Bevacizumab is a most recent method of the adjuvant therapy 
in the most aggressive RRP cases. Treatment with monoclo-
nal antibodies until now dedicated to malignant tumors in 
RRP is considered to be off-label use. Patients who wish for 
the treatment must provide signed consent, informing them 
about experimental aspects of the therapy. Adjuvant thera-
py with bevacizumab is an attractive treatment modality, but 

a single case of squamous cell carcinoma arising from a squ-
amous papilloma was reported [49]. FDA considers cidofovir 
as possibly carcinogenic because it increased the incidence 
of breast adenocarcinoma in rats. Broekmema [47] reported 
malignant degeneration in RRP patients but ruled out an as-
sociation between cidofovir and malignancy [50]. However, 
the induction of alterations in gene expression associated with 
malignant transformation has not been confirmed [51]. There 
is an ongoing discussion within the European Laryngological 
Society about the balance between the effectiveness and side 
effects of cidofovir, but until now, the results have shown pro-
mising long-term effects [43].

Bevacizumab (Avastin; Genentech, San Francisco, CA) is a 
human monoclonal antibody that binds to and neutralizes 
the biologic activities of the vascular endothelial growth fac-
tor (VEGF) isoforms and blocks the interaction with their re-
ceptors [52]. Vascularization is a crucial factor that determi-
nes how rapidly papillomas reappear, thus supporting use of 
an angiogenesis inhibitor, i.e., an anti-VEGF antibody. Rahbar 
et al. showed [53] strong expression of VEGF-A in the epithe-
lium from papillomas in patients with RRP as well as expression 
of VEGFR-1 and 2 mRNA in underlying vascular endothelial 
cells. Histological analysis revealed regression of perivascular 
edema and normalization of the vascular structure after intra-
-epithelial bevacizumab injection [54]. There are a few papers 
in the current literature describing the results of intralesional 
and systemic application of bevacizumab (Table 4) [53, 54, 55, 
56, 57, 58, 59, 60, 61].

dIscussIOn

The retrospective character of most studies, the limited 
number of patients, lack of initial patient staging, and va-

tab. I.  differences between juvenile onset and adult onset rrP [4,5,6].

JuvenIle Onset JO-rrP Adult Onset AO-rrP

Predominance of HPV type HPV 11 HPV 6

age at diagnosis Usually lower than 12 Usually above 12 

incidence in USa 0.17- 4.3 per 100,000 children 0.54-1.8 per 100.00 adults

transmission Vertical Sexual

risk factors Maternal, correlated with clinical triad: young, teenage 
mother, firstborn, delivered vaginally

increased numbers of lifetime sexual partners 
Mouth-to-mouth contact (instead of orogenital contact 
in Hr HPV).

Clinical course More aggressive form
High risk of tracheotomy  13%-21% 
Higher morbidity and mortality

less aggressive form 
risk of tracheotomy 4%-6% 
Co morbidities: asthma, gErd 
Can worsen the clinical course

Extralaryngeal spread 30% of cases 16% of cases

tab. II.  Main  differences  between types 6 and 11 human papilloma virus 
[11, 19, 20, 21].

hPv 6 hPv 11

above 12 years of age age at diagnosis lower than 12

less aggressive form More aggressive form

Extralaryngeal spread  - 16% Extralaryngeal spread - 30%

Malignant progression - 2% Malignant progression - 33%

no differences in dikkers scale, 
designed for clinical use with 
therapeutic intent

rrP at more anatomic sites and 
more extensive per site (higher 
derkay/Coltera score)

Higher expected surgical frequency
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To conclude, both antiviral and anti-vascular endothelial growth 
factor antibody adjuvant therapies in aggressive RRP give hope 
for improved treatment outcomes. Multicenter longitudinal 
trials would help to clarify the safety and efficacy of these the-
rapies and finally establish a treatment paradigm.

there exists limited data concerning the optimal dosage, effi-
cacy and safety of the drug. The paucity of randomized trials, 
small study groups, and lack of detail regarding surgical and 
medical treatment data between institutions are obstacles in 
creating the recommendations for routine use.

tab. III.  results of rrP treatment with Cidofovir presented by multiple investigators.

yeAr nO. OF Pts dOse OF cIdOFOvIr MethOd OF 
AdMInIstrAtIOn

results 
 
lOcAl IMPrOveMent

Snoeck et al. [29] 1998 14 2.5 mg/ml iEi* +

Chhetri et al. [33] 2002 5 n/a iEi +

Co et al. [35] 2004 5 7.5 mg/ml iEi +

lee et al. [36] 2004 13 5 mg/ml iEi +

Pontes et al. [34] 2006 10 n/a iEi +

naiman et al. [37] 2006 19 5-7.5 mg/ml iEi +

dikkers et al. [38] 2006 9 2.5 mg/ml iEi +

Podszuhn et al. [40] 2007 8 5 mg/ml iEi +

tanna et al. [32] 2008 13 n/a iEi +

McMurray et al. [39] 2008 14 n/a iEi +

Wierzbicka et al. [42] 2011 26 5 mg/ml iEi +

Mikolajczak et al. [41] 2012 8 6.5 mg/ml iEi +

graupp et al. [44] 2013 26 average 79.7 mg/cycle iEi +

grasso et al. [43] 2014 31 75 mg/ml iEi +

Murono et al. [45] 2017 10 7.5 mg/ml iEi +

* iEi – intraepithelial injection.

tab. Iv.  Experiences in using Bevacizumab in rrP. 

yeAr nO. OF Pts dOse OF bevAcIzuMAb MethOd OF 
AdMInIstrAtIOn

results 
 
lOcAl IMPrOveMent

rahbar r. et al. [53] 2005 12 n/a iEi +

nagel et al. [58] 2009 1 10 mg/ml systemic +

Maturo et al. [59] 2010 3 1.25 mg/ml iEi +

Zeitels et al. [55] 2011 20 7,5–12,5 mg/ml iEi, 4 times, 6 week 
intervals

+ (in 95% pts)

Best et al. [57] 2012 43 15–88 mg/ml iEi +

rogers et al. [60] 2013 10 2,5 mg/ml 3 iEi, 5-9 weeks interval +

Sidell et al. [56] 2014 9 kolejno 5 mg/ml iEi 5 times, 6 week 
intervals

+

Mohre et al. [54] 2014 5 5–40 mg/ml systemic +

Bedoya et al. [61] 2017 2 5–15 mg/ml systemic +

* iEi – intraepithelial injection.
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