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Abstract

Background. Recurrent respiratory papillomatosis is a potentially life-threatening condition
characterised by the growth of exophytic lesions within the larynx and trachea. The principal
aim of management is maintenance of an adequate airway by surgical debulking. Several adju-
vant therapies have been used to varying effect to reduce the burden of this disease and
increase the interval between debulking procedures. The most severe cases present in children
aged under three years, who are therefore most likely to need adjuvant therapies. The current
evidence base on adjuvant treatments relating to children who present aged under three years
has been reviewed.
Methods. A literature review of articles in Cochrane, PubMed and Embase databases was
carried out. Given the rarity of the condition in this age group, all the literature relates to
case reports and case series.
Results and conclusion. The following adjuvant therapies have been used in children who
presented under three years of age: quadrivalent human papilloma virus vaccine, intralesional
cidofovir, pegylated interferon, alpha-interferon, cimetidine and cetuximab.

Case summary

An 11-month-old child presented to the emergency department with inspiratory stridor.
He had no other medical conditions or immunodeficiency. He was born at term by nor-
mal vaginal delivery. He underwent microlaryngoscopy, which confirmed the presence of
laryngeal papillomas involving the vocal folds, epiglottis and false cords (Figure 1).
He underwent surgical debulking using a microdebrider and carbon dioxide (CO2)
laser. Initially, he required surgical debulking every four weeks to maintain an adequate
airway. The requirement for debridement gradually progressed to becoming necessary
every three weeks. Now, six months after his initial presentation, he requires surgical
debulking every fortnight. The papillomas have extended to involve his subglottis
(Figure 2). Adjuvant treatments have not been used at present. We review the literature
to identify the surgical and adjuvant therapies that have been used in this age group.

Introduction

Recurrent respiratory papillomatosis is an uncommon condition characterised by the
growth of exophytic lesions within the larynx and trachea. It presents with hoarseness
or stridor and carries significant morbidity. Currently, the principal aim of management
is maintenance of an adequate airway with surgical debulking. This process is repeated at
appropriate intervals whilst awaiting spontaneous resolution of the condition. A number
of adjuvant therapies have been used with varying effect to expedite the cessation of
papillomas.

Recurrent respiratory papillomatosis is categorised as juvenile-onset or adult-onset.1

In the paediatric population, the incidence varies between 2 and 4 per 100 000.2,3

Juvenile-onset recurrent respiratory papillomatosis is more aggressive than the
adult-onset form. The most severe cases present in children aged under three years.4,5

Children under three years are 3.6 times more likely to require at least four debulking pro-
cedures per year.4

The papillomas are histologically benign. Recurrent respiratory papillomatosis is
caused primarily by human papilloma virus (HPV) types 6 and 11.6 Several studies
have supported the theory of vertical transmission from affected mothers.7,8 Vaginal
warts are also caused by HPV types 6 and 11, which supports the hypothesis of vertical
transmission from mother to child during childbirth. However, recurrent respiratory
papillomatosis has also affected children born by caesarean section, and this raises the
possibility of in utero transmission.8,9 Caesarean section does reduce the risk of recurrent
respiratory papillomatosis by more than four times.10

Most commonly, the exophytic lesions are confined to the larynx, but they can be
seeded into the trachea, bronchi and oesophagus. Rarely, recurrent respiratory papilloma-
tosis can be fatal, mostly because of acute airway obstruction, diffuse bronchopulmonary
spread or malignant change.11
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Adjuvant therapies are traditionally considered when more
than four to six debridements are required per year. Several
medical adjuvant treatments have been used for recurrent
respiratory papillomatosis in both juvenile and adult-onset
cases, although none has demonstrated a curative result.1

Recent systematic reviews are available on adjuvant therapies
in paediatric recurrent respiratory papillomatosis.12–14 Given
that the most aggressive recurrent respiratory papillomatosis
presents in the youngest children, it is most likely that a
child within this age group would need to be considered for
adjuvant therapy. Therefore, the current evidence base on
adjuvant treatments relating to children who present under
three years of age has been reviewed. This appraisal can aug-
ment the existing published literature that has already exam-
ined adjuvant therapies in wider age groups. Together, they
can assist clinicians in applying evidence-based medicine to
this complex clinical case.

Methods

A literature review of articles in Cochrane, PubMed and
Embase databases was carried out. Abstracts were then studied,
and articles that focused on the management of recurrent

respiratory papillomatosis in children aged under three years
were included. The references of qualifying articles were also
searched for relevant papers. We excluded articles if the
patient’s age at first presentation was unclear or was greater
than three years.

Results

The papers that met the inclusion criteria have been sum-
marised in Tables 1 and 2. Given the rarity of the condition
in its infantile form, all the literature relates to case reports
and case series.

No randomised, controlled trials or systematic reviews have
been carried out on this specific age group. For completeness,
relevant randomised trials and systematic reviews have been
summarised in Table 3, although these do not isolate the
results in children aged under three years specifically.

Discussion

Recurrent respiratory papillomatosis presenting under three
years of age represents the most aggressive form of the dis-
ease.4 Given the relative rarity of this condition, most literature
relates to level 4 and 5 evidence in the form of case reports and
small case series. The knowledge base is strongly dependent on
larger case series, systematic reviews and a few randomised,
controlled trials in the older age groups.

Surgical procedures

All the literature confirms the need for regular surgical debulk-
ing of papillomas.1,15,16 The papilloma bulk is reduced in order
to maintain a patent airway and to avoid damaging the under-
lying tissue. The surgical techniques used include cold steel,
CO2/potassium-titanyl-phosphate (KTP) laser, microdebride-
ment or a combination of these.16 Some reports have indicated
the need for tracheostomy, which is not unusual given the
aggression of recurrent respiratory papillomatosis in this age
group.16–18

The risk of laryngeal scarring (anterior/posterior glottis,
supraglottis or trachea) with CO2 laser in children is well
described.16,19 None of the reviewed articles reported any long-
term complications relating to the surgical technique in our
intended age group. This is most likely related to the short
follow-up periods.

Adjuvant therapies

To reduce the burden of this disease and increase the interval
between surgical debulking procedures, several adjuvant ther-
apies have been used to varying effect. These therapies have
been used in adults and children. Although there is no specific
indication for the use of adjuvant treatment, it is widely con-
sidered when the need for surgical debulking is frequent (more
than four to six times per year) or if the papillomas begin
spreading beyond the larynx. In 21 per cent of juvenile-onset
recurrent respiratory papillomatosis cases in the USA, an adju-
vant therapy is used in conjunction with repeated debulking
surgery.20 In 2012, Chadha and James published a Cochrane
review update on the use of adjuvant therapies for recurrent
respiratory papillomatosis in adults and children.21 They con-
cluded that there was insufficient evidence from controlled
trials to support any adjuvant treatment.

Fig. 2. Evidence of subglottic papillomas.

Fig. 1. Evidence of laryngeal and supraglottic papillomas.
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Table 1. Summary of case reports relating to adjuvant treatments used in recurrent respiratory papillomatosis in children aged under three years

Author (year)
Age at
presentation Location of papillomas Primary treatment Adjuvant treatment (age commenced)

Follow-up
duration* Outcome

Meszner et al.
(2014)

3.5 mth Supraglottis, glottis,
oesophagus

3–5 weekly surgical debulking
(cold steel or laser)

Quadrivalent HPV vaccine (24 mth) 24 mth Complete response

Forster et al.
(2008)

15 mth Larynx Unknown Quadrivalent HPV vaccine 10 mth Complete response

Katsuta et al.
(2017)

23 mth Larynx 3–5 weekly surgical debulking
(microdebrider), tracheostomy

Quadrivalent HPV vaccine (27 mth) 3 y No response

Mudry et al.
(2010)

2 y Larynx 3–4 monthly surgical debulking
(cold steel or laser)

Quadrivalent HPV vaccine (4 y) 17 mth Complete response

Harcourt et al.
(1999)

5 mth Trachea, bronchi, lung
parenchyma

Tracheostomy, monthly surgical
debulking (laser)

Systemic cimetidine (10 y) 5 mth Partial response

Durvasula
et al. (2013)

6 mth Larynx 4-weekly surgical debulking
(microdebrider or laser)

Intralesional cidofovir (9 mth) 9 mth Complete response

Loyo et al.
(2008)

4 mth Supraglottis, glottis,
trachea

Monthly surgical debulking
(microdebrider)

Systemic cetuximab (4 mth),
intralesional cidofovir (4 mth)

22 mth No response (cetuximab), partial response
(cidofovir)

Ksiazek et al.
(2010)

4 mth Supraglottis, glottis,
subglottis, trachea,
bronchi

2-weekly surgical debulking
(microdebrider or laser)

Intralesional cidofovir (6 mth), systemic
interferon-alpha (13 mth), nebulised
cidofovir (23 mth)

6 mth No response (intralesional cidofovir), no
response (interferon-alpha), complete
response (nebulised cidofovir)

Maunsell
et al. (2017)

14 mth Larynx, trachea,
epiglottis, lung
parenchyma

2-weekly surgical debulking (cold
steel, laser or microdebrider),
tracheostomy

Intralesional cidofovir (17 mth),
intralesional bevacizumab (26 mth),
PEG-IFN (6 y)

6 mth No response (cidofovir), no response
(bevacizumab), partial response (PEG-IFN)

Bostrom et al.
(2004)

3 mth Larynx, trachea,
bronchi

Tracheostomy, weekly surgical
debulking (laser or cold steel)

Interferon-alpha (3 mth until 8 y),
inhaled ribavirin (8–9 y), systemic
gefitinib (9 y)

3 mth Partial response (interferon-alpha), no
response (ribavirin), partial response
(gefitinib)

*After initiation of adjuvant therapy. Mth = months; HPV = human papilloma virus; y = years; PEG-IFN = pegylated interferon
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The following adjuvant therapies have been used in chil-
dren who presented under three years of age: quadrivalent
HPV vaccine, intralesional cidofovir, pegylated interferon,
alpha-interferon, cimetidine and cetuximab.

Quadrivalent vaccine
The quadrivalent HPV vaccine (level 5 evidence) induces anti-
bodies against HPV types 6, 11, 16 and 18. In July 2018, it was
announced that this vaccine will be added to the UK vaccination
programme for all children aged 12–13 years to protect against
cervical and oropharyngeal cancers. This follows the vaccination
programme already in place in other countries internationally.22

Vaccination aims to generate immunity prior to HPV exposure
and thus induce direct protection. There are no known adverse
effects from the vaccine at present.23

Recurrent respiratory papillomatosis is principally caused
by HPV types 6 and 11.6 There are four case reports on use
of the quadrivalent HPV vaccine in children with recurrent
respiratory papillomatosis presenting under three years of
age. Following three doses, three cases reported complete
remission of papillomas at follow up.24–26 One reported no
therapeutic effect.22 The proposed mechanism of action is
unclear. It is hypothesised that vaccination causes sufficiently
high antibody titres to prevent papilloma recurrence following
surgical debulking.27

Intralesional cidofovir
Cidofovir (level 4/5 evidence) is a cytosine nucleoside analogue.
It has antiviral activity against DNA viruses such as HPV. It has

been the most widely used adjuvant treatment in recent years.
Systemic treatment has been associated with severe adverse
effects, including nephrotoxicity and neutropenia.28 This has
been evaluated by Naiman et al., who investigated the systemic
cidofovir levels following intralesional application and con-
firmed that the systemic levels are not high enough to cause tox-
icity.29 Intralesional treatment has been associated with reports
of oncogenicity in rodent studies.14 In humans, there has been
no correlation with adenocarcinoma as suggested in animal
studies.14,30 There have been reports of verrucous carcinoma
in adults, which is argued to be HPV-related as opposed to
being induced by cidofovir.14 However, this requires further
investigation with long-term follow up.

A systematic review by Soma and Albert identified com-
plete response rates to intralesional cidofovir in children and
adults to be approximately 60 per cent.12

We have identified 27 children who presented aged under
three years who were treated with intralesional cidofovir.
These data have been extrapolated from a number of case ser-
ies and reports (Tables 1 and 2).31–38 Five children (18.5 per
cent) demonstrated complete response, 11 (40.7 per cent)
demonstrated partial response and 11 (40.7 per cent) demon-
strated no response. This indicates a variable response to intra-
lesional cidofovir. None of these studies incorporated controls,
and thus it is possible that the demonstrated response actually
represents the natural history of the condition. Ksiazek et al.
described a four-month-old child with laryngeal and pulmon-
ary papillomas who demonstrated complete response to nebu-
lised cidofovir.39

Table 2. Summary of case series relating to adjuvant treatments used in recurrent respiratory papillomatosis in children aged under three years

Author (year)
Children aged <3 years at
presentation (n) Adjuvant therapy

Follow-up
duration* Outcome

Bielecki et al. (2009) 3 Intralesional
cidofovir

6 mth Complete response = 1, good response = 1,
partial response = 1

Chung et al. (2006) 2 Intralesional
cidofovir

31–34 mth Complete response = 1, partial response = 1

Peyton-Shirley et al.
(2004)

11 Intralesional
cidofovir

Unknown Good response = 3, partial response = 2, no
response = 6

Pransky et al. (2000) 3 Intralesional
cidofovir

9 mth Complete response = 1, good response = 2

Milczuk et al. (2003) 4 Intralesional
cidofovir

12 mth Complete response = 1, no response = 3

*Since last injection. Mth =months

Table 3. Summary of controlled trials or systematic reviews*

Author
(year) Study type

Study
population Adjuvant therapy Outcome

Healy et al.
(1988)

RCT Aged <21 years,
123 patients

Systemic interferon During first 6 mth, papilloma growth rate in IFN group was
significantly lower than controls ( p = 0.0007); this difference
diminished during second 6 mth ( p = 0.68)

Shehab
et al. (2005)

Systematic
review

Children &
adults

Intralesional cidofovir 10 case series identified (86 patients). Complete response rate =
51%, partial response rate = 42%, no response rate = 7%

Chadha
et al. (2012)

Systematic
review
(Cochrane)

Children &
adults

1 intralesional
cidofovir RCT
identified

The included RCT showed no advantage of intralesional
cidofovir over placebo at 12 mth

Soma et al.
(2008)

Systematic
review

Children &
adults

Intralesional cidofovir Multiple case series & case reports only. Small study
populations. Complete response rates consistently reported as
60%

*These reviews do not relate specifically to children aged under three years. RCT = randomised, controlled trial; IFN = interferon
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It is important to note that the doses of intralesional cido-
fovir in these studies are highly variable. This aspect was
reviewed by Clamp and Saunders in an attempt to determine
a reasonable dosing consensus.13 A response to their paper
highlighted that because of the systemic effects of cidofovir,
it is not licensed in many countries and therefore should be
used with extreme caution.40

Alpha-interferon and pegylated interferon
Alpha-interferon (level 5 evidence) is a cytokine with antiviral
and anti-proliferative properties. It was the initial adjuvant
drug used for recurrent respiratory papillomatosis. Its use
has largely ceased following a randomised controlled trial by
Healy et al. in 1988, which showed an inadequate sustained
response in 123 patients.41 Recently, two treatment-resistant
infants were treated with alpha-interferon, but neither demon-
strated any reasonable improvement.39,42

Pegylated interferon is the novel counterpart. It increases
the half-life of the drug, reduces immunogenicity and
improves the pharmacokinetics. It is significantly more effect-
ive than alpha-interferon at treating hepatitis C.18

One case report is available relating to pegylated inter-
feron.18 A 14-month-old child with recurrent respiratory
papillomatosis was treated with surgical debulking on a
2-weekly basis and required a tracheostomy. The child had
no improvement with intralesional cidofovir and developed
pulmonary papillomas at the age of three years. The child
was intolerant to bevacizumab, and subsequent treatment
with pegylated interferon reduced the need for surgical
debulking to three-monthly. Unfortunately, because of
deranged liver function this treatment was stopped.

• Juvenile-onset recurrent respiratory papillomatosis is more aggressive
than the adult-onset form

• Recurrent respiratory papillomatosis presenting in those aged under three
years represents the most aggressive form of the disease

• Several adjuvant therapies have been used to varying effect to reduce the
burden of this disease and increase the interval between surgical
debulking.

• The literature relating to management of infantile recurrent respiratory
papillomatosis is based on case reports and small case series

• Quadrivalent human papilloma virus vaccine, intralesional cidofovir,
pegylated interferon, alpha-interferon, cimetidine and cetuximab have
been used in those presenting aged under three years

Cimetidine
Cimetidine (level 5 evidence) is an H2 receptor antagonist
most commonly used to reduce gastric acid secretion. At
high doses, it has been noted to have immunomodulatory
effects and therefore has been used for cutaneous warts.

One case report has shown a positive response in a child with
treatment-resistant recurrent respiratory papillomatosis.17 A
five-month-old child presented with laryngeal papillomas,
which rapidly progressed to the trachea, bronchi and lung paren-
chyma. A tracheostomy was inserted and regular surgical debulk-
ing was carried out by laser. Alpha-interferon, acyclovir and
ribavirin were used without any convincing effect over a number
of years. At age 10 years, the child underwent treatment with sys-
temic cimetidine, and within 4 weeks had visible improvement in
her airway, which has been sustained following cessation.

Cetuximab
Cetuximab (level 5 evidence) is an anti-epidermal growth fac-
tor receptor monoclonal antibody. Immunostaining has

identified epidermal growth factor receptor-positive cells in
30 per cent of papilloma tissue.9 On this basis, Loyo et al.
used systemic cetuximab on an infant with laryngeal and tra-
cheal papillomas.9 The disease progressed despite this adju-
vant treatment.

Conclusion

The literature relating to the management of infantile recur-
rent respiratory papillomatosis is based on case reports and
small case series. The majority of papers relate to the success-
ful use of adjuvant treatments, but it is likely that a number of
failed treatments remain unreported. The natural history of
recurrent respiratory papillomatosis results in spontaneous
improvement following the development of immunity. It
must be noted that the majority of current evidence does
not include any control group to allow for spontaneous
improvement. Similarly, several reports have combined adju-
vant therapies, which hinders appropriate conclusions.

The decision to use adjuvant therapies must be based on cur-
rent evidence in full knowledge of the risks and benefits – this
must be individualised. None of the adjuvant treatments men-
tioned are licensed for treating recurrent respiratory papilloma-
tosis. The rarity of the condition does not allow reasonable
controlled studies to further evaluate this topic. Therefore, mul-
ticentre collaborations will be required to develop powered stud-
ies, which can produce valid conclusions and stronger evidence.
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References

1 Wiatrak BJ. Overview of recurrent respiratory papillomatosis. Curr Opin
Otolaryngol Head Neck Surg 2003;11:433–41

2 Derkay CS. Task force on recurrent respiratory papillomas. A preliminary
report. Arch Otolaryngol Head Neck Surg 1995;121:1386–91

3 Larson DA, Derkay CS. Epidemiology of recurrent respiratory papilloma-
tosis. APMIS 2010;118:450–4

4 Armstrong LR, Derkay CS, Reeves WC. Initial results from the national
registry for juvenile-onset recurrent respiratory papillomatosis. RRP Task
Force. Arch Otolaryngol Head Neck Surg 1999;125:743–8

5 Derkay CS, Darrow DH. Recurrent respiratory papillomatosis of the lar-
ynx: current diagnosis and treatment. Otolaryngol Clin North Am
2000;33:1127–42

6 Mounts P, Shah KV, Kashima H. Viral etiology of juvenile- and adult-onset
squamous papilloma of the larynx. Proc Natl Acad Sci U S A 1982;79:5425–9

7 Silverberg MJ, Thorsen P, Lindeberg H, Grant LA, Shah KV. Condyloma in
pregnancy is strongly predictive of juvenile-onset recurrent respiratory
papillomatosis. Obstet Gynecol 2003;101:645–52

8 Shah K, Kashima H, Polk BF, Shah F, Abbey H, Abramson A. Rarity of
cesarean delivery in cases of juvenile-onset respiratory papillomatosis.
Obstet Gynecol 1986;68:795–9

9 Loyo M, Pai SI, Netto GJ, Tunkel DE. Aggressive recurrent respiratory
papillomatosis in a neonate. Int J Pediatr Otorhinolaryngol 2008;72:917–20

10 Shah KV, Stern WF, Shah FK, Bishai D, Kashima HK. Risk factors for
juvenile onset recurrent respiratory papillomatosis. Pediatr Infect Dis J
1998;17:372–6

11 Solomon D, Smith RR, Kashima HK, Leventhal BG. Malignant transform-
ation in non-irradiated recurrent respiratory papillomatosis. Laryngoscope
1985;95:900–4

12 Soma MA, Albert DM. Cidofovir: to use or not to use? Curr Opin
Otolaryngol Head Neck Surg 2008;16:86–90

13 Clamp PJ, Saunders MW. Systematic review of intralesional cidofovir dos-
ing regimens in the treatment of recurrent respiratory papillomatosis. Int J
Pediatr Otorhinolaryngol 2013;77:323–8

14 Shehab N, Sweet BV, Hogikyan ND. Cidofovir for the treatment of recur-
rent respiratory papillomatosis: a review of the literature. Pharmacotherapy
2005;25:977–89

962 A Patel, N Orban

https://doi.org/10.1017/S0022215121002322 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215121002322


15 Fusconi M, Grasso M, Greco A, Gallo A, Campo F, Remacle M et al.
Recurrent respiratory papillomatosis by HPV: review of the literature
and update on the use of cidofovir. Acta Otorhinolaryngol Ital
2014;34:375–81

16 Ivancic R, Iqbal H, deSilva B, Pan Q, Matrka L. Current and future man-
agement of recurrent respiratory papillomatosis. Laryngoscope Investig
Otolaryngol 2018;3:22–34

17 Harcourt JP, Worley G, Leighton SE. Cimetidine treatment for recurrent
respiratory papillomatosis. Int J Pediatr Otorhinolaryngol 1999;51:109–13

18 Maunsell R, Bellomo-Brandao MA. Pegylated interferon for treating severe
recurrent respiratory papillomatosis in a child: case report. Sao Paulo Med J
2018;136:376–81

19 Saleh EM. Complications of treatment of recurrent laryngeal papillomatosis
with the carbon dioxide laser in children. J Laryngol Otol 1992;106:715–18

20 Schraff S, Derkay CS, Burke B, Lawson L. American Society of Pediatric
Otolaryngology members’ experience with recurrent respiratory papilloma-
tosis and the use of adjuvant therapy. Arch Otolaryngol Head Neck Surg
2004;130:1039–42

21 Chadha NK, James A. Adjuvant antiviral therapy for recurrent respiratory
papillomatosis. Cochrane Database Syst Rev 2012;(12):CD005053

22 Katsuta T, Miyaji Y, Offit PA, Feemster KA. Treatment with quadrivalent
human papillomavirus vaccine for juvenile-onset recurrent respiratory
papillomatosis: case report and review of the literature. J Pediatric Infect
Dis Soc 2017;6:380–5

23 Arbyn M, Xu L. Efficacy and safety of prophylactic HPV vaccines. ACochrane
review of randomized trials. Expert Rev Vaccines 2018;17:1085–91

24 Mudry P, Vavrina M, Mazanek P, Machalova M, Litzman J, Sterba J.
Recurrent laryngeal papillomatosis: successful treatment with human
papillomavirus vaccination. Arch Dis Child 2011;96:476–7

25 Meszner Z, Jankovics I, Nagy A, Gerlinger I, Katona G. Recurrent laryngeal
papillomatosis with oesophageal involvement in a 2 year old boy: success-
ful treatment with the quadrivalent human papillomatosis vaccine. Int J
Pediatr Otorhinolaryngol 2015;79:262–6

26 Forster G, Boltze C, Seidel J, Pawlita M, Muller A. Juvenile laryngeal
papillomatosis--immunisation with the polyvalent vaccine Gardasil [in
German]. Laryngorhinootologie 2008;87:796–9

27 Young DL, Moore MM, Halstead LA. The use of the quadrivalent human
papillomavirus vaccine (Gardasil) as adjuvant therapy in the treatment of
recurrent respiratory papilloma. J Voice 2015;29:223–9

28 Tjon Pian Gi RE, Ilmarinen T, van den Heuvel ER, Aaltonen LM,
Andersen J, Brunings JW et al. Safety of intralesional cidofovir in patients
with recurrent respiratory papillomatosis: an international retrospective
study on 635 RRP patients. Eur Arch Otorhinolaryngol 2013;270:1679–87

29 Naiman AN, Roger G, Gagnieu MC, Bordenave J, Mathaut S, Ayari S et al.
Cidofovir plasma assays after local injection in respiratory papillomatosis.
Laryngoscope 2004;114:1151–6

30 Dikkers FG. Intralesional cidofovir does not increase the risk of laryngeal
dysplasia or laryngeal carcinoma. Int J Pediatr Otorhinolaryngol
2008;72:1581–2; author reply 1583

31 Milczuk HA. Intralesional cidofovir for the treatment of severe juvenile
recurrent respiratory papillomatosis: long-term results in 4 children.
Otolaryngol Head Neck Surg 2003;128:788–94

32 Pransky SM, Brewster DF, Magit AE, Kearns DB. Clinical update on 10 chil-
dren treated with intralesional cidofovir injections for severe recurrent respira-
tory papillomatosis. Arch Otolaryngol Head Neck Surg 2000;126:1239–43

33 Peyton Shirley W, Wiatrak B. Is cidofovir a useful adjunctive therapy for
recurrent respiratory papillomatosis in children? Int J Pediatr
Otorhinolaryngol 2004;68:413–18

34 Chung BJ, Akst LM, Koltai PJ. 3.5-Year follow-up of intralesional cidofovir
protocol for pediatric recurrent respiratory papillomatosis. Int J Pediatr
Otorhinolaryngol 2006;70:1911–17

35 Bielecki I, Mniszek J, Cofala M. Intralesional injection of cidofovir for
recurrent respiratory papillomatosis in children. Int J Pediatr
Otorhinolaryngol 2009;73:681–4

36 Boltezar IH, Bahar MS, Zargi M, Gale N, Maticic M, Poljak M. Adjuvant
therapy for laryngeal papillomatosis. Acta Dermatovenerol Alp Pannonica
Adriat 2011;20:175–80

37 Akst LM, Lee W, Discolo C, Knott D, Younes A, Koltai PJ. Stepped-dose
protocol of cidofovir therapy in recurrent respiratory papillomatosis in
children. Arch Otolaryngol Head Neck Surg 2003;129:841–6

38 Durvasula VS, Richter GT. Intralesional cidofovir as adjuvant for the suc-
cessful management of aggressive respiratory papillomatosis in an infant.
Int J Pediatr Otorhinolaryngol 2013;77:1912–15

39 Ksiazek J, Prager JD, Sun GH, Wood RE, Arjmand EM. Inhaled cidofovir
as an adjuvant therapy for recurrent respiratory papillomatosis.
Otolaryngol Head Neck Surg 2011;144:639–41

40 Dikkers FG. Letter to the editor regarding "systematic review of intrale-
sional cidofovir dosing regimens in the treatment of recurrent respiratory
papillomatosis". Int J Pediatr Otorhinolaryngol 2013;77:1789

41 Healy GB, Gelber RD, Trowbridge AL, Grundfast KM, Ruben RJ, Price
KN. Treatment of recurrent respiratory papillomatosis with human leuko-
cyte interferon. Results of a multicenter randomized clinical trial. N Engl J
Med 1988;319:401–7

42 Bostrom B, Sidman J, Marker S, Lander T, Drehner D. Gefitinib therapy for
life-threatening laryngeal papillomatosis. Arch Otolaryngol Head Neck Surg
2005;131:64–7

The Journal of Laryngology & Otology 963

https://doi.org/10.1017/S0022215121002322 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215121002322

	Infantile recurrent respiratory papillomatosis: review of adjuvant therapies
	Case summary
	Introduction
	Methods
	Results
	Discussion
	Surgical procedures
	Adjuvant therapies
	Quadrivalent vaccine
	Intralesional cidofovir
	Alpha-interferon and pegylated interferon
	Cimetidine
	Cetuximab


	Conclusion
	References


