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Abstract

Human papillomavirus (HPV) infections are among the most prevalent of the sexually transmitted diseases, with up to 75% of women
in the United States acquiring genital HPV infection at some point in their lives. HPV infections of the genital tract are of medical and
public health concern due to their propensity to lead to the development of cervical cancer, and because they can be transmitted to the
respiratory tract of a newborn child, resulting in juvenile-onset recurrent respiratory papillomatosis (JO-RRP). JO-RRP is the second most
common cause of hoarseness among pediatric patients, and is the most common benign neoplasm in the larynx. The traditional treatment for
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O-RRP is the physical removal of the wart through laryngoscopy and surgical debulking of the airway papillomas. Papillomas
ecur following surgical resection, however, often necessitating repeated ablative efforts to maintain a patent airway. In a minority o
urgical management must be supplemented with adjuvant medical therapy, with interferon being the best studied and most
tilized. Recently, a Phase II investigation of a therapeutic vaccine yielded promising results, and a Phase III evaluation of this t
odality is planned. Other adjuvant treatments currently being utilized, but for which controlled data of benefit are lacking, include

ndole-3-carbinol, ribavirin, mumps vaccine, and photodynamic therapy. As with surgical management, viral persistence occurs
reatment with these adjuvant modalities, further contributing to the challenge of managing patients with this potentially devastatin
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1. Introduction

Although juvenile-onset recurrent respiratory papillo-
matosis (JO-RRP) is the second most common cause of
hoarseness among pediatric patients and the most common
benign neoplasm in the larynx, it is still a rare disease
(Lindeberg and Elbrond, 1990; Derkay, 1995). As a con-
sequence, virtually no single otolaryngology group in a
community, tertiary care, or academic setting has enough pa-
tients with JO-RRP to conduct a systematic evaluation of any
given adjuvant treatment modality. Adjuvant therapies which
are frequently employed in patients whose JO-RRP disease
is refractory to surgical ablation alone include interferon
�-2a, cidofovir, indole-3-carbinol, ribavirin, mumps vaccine,
and photodynamic therapy. With the exception of interferon,
none of these has undergone rigorous, controlled evaluation
to establish safety and efficacy. Recently, a therapeutic

Table 1
Therapeutic modalities employed in the management of juvenile-onset re-
current respiratory papillomatosis

Primary treatment
Surgical debulking of laryngeal papillomas

CO2 laser
Microdebrider

A

series

vaccine has completed Phase II testing, with results that are
promising enough to warrant a controlled Phase III trial in
the JO-RRP population. This review will summarize recent
developments in antiviral therapies for JO-RRP, highlighting
promising treatment possibilities while also identifying
continuing barriers to therapeutic advances. This builds
upon earlier summaries of this topic which have already been
published (Kimberlin and Malis, 2000; Kimberlin, 2002)
(Table 1).

2. Biology of human papillomaviruses

Human papillomaviruses (HPVs) are members of thePa-
pillomavirusgenus of thePapovaviridaefamily. The HPV
genome consists of double-stranded circular DNA contained
within an icosahedral capsid composed of 72 capsomeres.
The genomes of approximately 76 types of HPVs and 8 pu-
tative types of HPVs have been completely sequenced and are
available through the HPV Sequence Database athttp://hpv-
web.lanl.gov/. The viral genome contains eight open reading
frames (ORFs). The early ORFs (E1, E2, E4, E5, E6, and E7)
code for nonstructural regulatory proteins, and the late ORFs
(L1 and L2) code for capsid proteins. The papillomavirus
genomes of different viral types all have the same general or-
ganization (Fig. 1) (Bonnez, 2002). While papillomaviruses
are widespread among vertebrates, each type has a narrow
species specificity, and no papillomaviruses are known to
cross species barriers in humans. Papillomaviruses also have
significant cellular tropism, with specific viral types usually
producing disease at distinct body sites (de Villiers, 1989).

The recurrence of localized disease in both the genital
and laryngeal regions following periods of clinical inactivity
suggests that viral persistence or latency can occur (Shah and
Howley, 1996). Perhaps because of these biologic aspects
of viral persistence or latency, HPV infections are among
the most prevalent of the sexually transmitted diseases, with
some reports suggesting that up to 75% of women in the
United States acquire genital HPV infection at some point
in their lives (Syrjanen et al., 1990; Schneider et al., 1992).
An estimated 5,500,000 new cases of genital HPV infections
occur each year in the United States, and at least 20 million
585-nm pulsed dye laser
Argon plasma coagulation

djuvant treatments
Therapies with efficacy proven in sufficiently large, randomized,

controlled trials
Interferon�-2a

Therapies employed based upon anec dotal case reports and case
Cidofovir
Cimetidine
cis-Retinoic acid
Indole-3-carbinol
Mumps vaccine

Emerging therapies showing promise in controlled trials
Photodynamic therapy
Therapeutic vaccination with HspE7

Therapies without biologic basis or no longer widely employed

Acyclovir
Ribavirin

persons in the U.S. are believed to be actively infected (Cates,
1999; Bonnez, 2002).

http://hpv-web.lanl.gov/
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Fig. 1. HPV genetic maps. (A) HPV-11 transcription map. (B) Linearized HPV-11 DNA map. (C) Linearized HPV-16 DNA map. By convention, the map
origin of papillomaviruses is defined as the position homologous to theHpaI single restriction site of HPV-1. The open boxes correspond to the ORF in the
respective translation frames. The numbers above each ORF indicate the nucleotide position of the preceding stop codon (left solid vertical line)/start codon
(dashed vertical line)/stop codon (right vertical line). Each HPV-11 mRNA is depicted with its cap site (solid circle), exons (thick line), introns (thin angled
line), and poly(A) site (arrow). The putative corresponding proteins are denoted on the right of the messages. FromBonnez (2002).

3. Clinical manifestations

3.1. Genital HPV infection

The majority of patients with anogenital warts present to
their physician with asymptomatic growths on their genitalia
(Chuang et al., 1984), although occasionally patients will
complain of pruritis, burning, pain, or bleeding. The warts
are slightly hyperkeratotic, firm, exophytic papules that are
flesh to dark gray in color. They can be either sessile or at-
tached by a broad short peduncle, and are typically from 1 mm
to 2 cm in size. In circumcised men, the papillomas typically
are found on the shaft of the penis, whereas in uncircumcised
men they are most frequently located at the preputial cavity
(Oriel, 1971; Chuang et al., 1984; Bonnez, 2002). Less com-
monly involved sites include the urethra, scrotum, perineum,
groin, and pubic area. In women, the vast majority of clini-
cally apparent lesions are located over the posterior introitus,
including the fourchette, spreading toward the labia minora,

labia majora, and clitoris. Less common sites of involvement
include the perineum, vagina, anus, cervix, and urethra (Oriel,
1971; Bonnez, 2002). During pregnancy, genital papillomas
can increase in both size and number (Osborne and Adelson,
1990). Regardless of anatomic location, most genital warts
are caused by HPV-6, HPV-11, or HPV-16, and to a lesser ex-
tent other HPV types (Bauer et al., 1991; Sugase et al., 1991;
Ho et al., 1998; Woodman et al., 2001; Winer et al., 2003).

Epidemiologic and clinical investigations strongly suggest
a role for HPVs in the development of cervical cancer (zur
Hausen, 1985; Campion et al., 1986; Stoler and Broker, 1986;
Tsunokawa et al., 1986; Shirasawa et al., 1987; Anderson et
al., 1991; Koutsky et al., 1992; Lorincz et al., 1992; Stoler
et al., 1992). The viral genome is transcriptionally active in
all HPV-associated cervical cancers (Tsunokawa et al., 1986;
Shirasawa et al., 1987; Stoler et al., 1992; Shah and Howley,
1996) and is found in both primary and metastatic tumors
(Lancaster et al., 1986). The HPV ORFs which convey trans-
forming capabilities are the E6 and E7 ORFs. The E6 and E7
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ORFs are consistently expressed in HPV-transformed cells
and in HPV-associated tumors, with the degree of transcrip-
tion correlating directly with the grade of the tumor (Durst et
al., 1992; Stoler et al., 1992; Shah and Howley, 1996). Human
papillomaviruses may also be involved in the pathogenesis of
other malignancies, both within the genital tract (Daling and
Sherman, 1992; Demeter and Reichman, 1994) and in areas
such as the larynx (Chang et al., 1992) and the oropharynx
(Mork et al., 2001).

3.2. Recurrent respiratory papillomatosis

Recurrent respiratory papillomatosis is characterized by
the growth of papillomas at sites in the respiratory tract. Two
distinct groups of patients with RRP exist: those whose dis-
ease presents during childhood (JO-RRP) and those whose
disease becomes apparent during adulthood (adult onset re-
current respiratory papillomatosis, or AO-RRP). Approxi-
mately one-half to two-thirds of patients with RRP have onset
of illness during childhood (Shah and Howley, 1996).

The highest incidence of JO-RRP occurs in patients under
5 years of age (Strong et al., 1979), with the mean age at
diagnosis being 4 years (Reeves et al., 2003). Most patients
with JO-RRP come to medical attention due to hoarseness
or voice changes. Recurrent respiratory papillomatosis is the
s group
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the midline of the laryngeal surface of the epiglottis, the upper
and lower margins of the ventricle, the under surface of the
true vocal folds, the carina, and the bronchial spurs (Kashima
et al., 1993). Papillomas may also occur throughout the respi-
ratory tract, with or without laryngeal involvement, including
the trachea, lungs, nose, and oral cavity. While the prevalence
of latent HPV DNA is similar between the larynx and the tra-
chea, the frequency of tracheal disease is lower, suggesting
that local cellular factors (e.g., stratified squamous epithelium
of the larynx versus ciliated pseudo-stratified columnar ep-
ithelium of the trachea) may be contributing to the likelihood
of disease (Abramson et al., 2004).

Human papilloma viral Types 6 and 11 are primarily re-
sponsible for JO-RRP, with HPV-6 being the most common
(Terry et al., 1987; Kashima et al., 1991). HPV-16 and -18
have been implicated as well (Chang et al., 1992). Infection
by HPV-11 has been correlated with the most severe form
of RRP disease (Mounts and Kashima, 1984; Hartley et al.,
1994; Rimell et al., 1997; Rabah et al., 2001; Pou et al., 2004).
Recent data suggest that younger children are more likely to
have persistence of disease than are older children (Ruparelia
et al., 2003), and children with disease progression are more
likely to have been diagnosed at a significantly younger age
than children with stable disease (Reeves et al., 2003). Chil-
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hrough an infected birth canal (Hajek, 1956; Shah and How
ey, 1996): (1) 30–60% of mothers of JO-RRP patients h

known history of genital warts, compared with <5%
others whose children do not have JO-RRP (Cook et al.
973; Quick et al., 1980; Abramson et al., 1987); (2) the
ast majority of children with JO-RRP are born vagina
nd thus have a potential exposure to an infected birth c
lthough cases of JO-RRP have been reported among ch
elivered by cesarean section (Shah et al., 1986); and (3)
PVs can be detected for several weeks in the orophary

nfants born to mothers with genital warts (Fredericks et al
993). Risk factors associated with JO-RRP include mate
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hether this is strictly because the diameter of the air



D.W. Kimberlin / Antiviral Research 63 (2004) 141–151 145

has increased as the patient has grown, or whether there are
hormonal factors at work, remains to be fully elucidated.

Although accurate data regarding the prevalence and inci-
dence of recurrent respiratory papillomas are not available, a
task force on recurrent respiratory papillomas queried 1346
board certified otolaryngologists practicing in the United
States as of January 1, 1993 (Derkay, 1995). Based on a
questionnaire survey, annualized incidences of 2354 new pe-
diatric cases and 3623 new adult cases were reported. The
incidence of the disease was estimated at 4.3 per 100,000
children younger than 14 years of age, which is similar to the
Danish incidence rate of 3.6 per 100,000 people (Lindeberg
and Elbrond, 1990). The U.S. incidence of disease for persons
15 years of age and older is approximately 1.8 per 100,000
persons (Derkay, 1995). The costs for managing JO-RRP an-
nually in the United States are estimated between $40 million
and $123 million (Bishai et al., 2000).

4. Treatment of JO-RRP

The ultimate goal of therapy is the eradication of all papil-
lomas from the respiratory tract. Given the current treatment
modalities, this is not a goal that can be achieved at this time.
Therefore, the practical goal of therapy is to manage RRP as a
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soft-tissues, resulting in permanent laryngeal scarring; (2)
aerosolization of HPV viral particles into the laser plume
(Kashima et al., 1991), thereby posing potential risks to
the patient and operating room team; and (3) risk of a
laser-induced airway fire. Fortunately, the development
of a laryngeal microdebrider, a technology adapted from
orthopedic arthroscopic equipment, has seemingly overcome
some of the shortfalls of the CO2 laser (Myer and Cotton,
1999; El-Bitar and Zalzal, 2002; Pasquale et al., 2003; Patel
et al., 2003). Additional advances in the surgical debulking
of airway papillomas are continually sought, including
use of the 585-nm pulsed dye laser (Bower et al., 1998;
McMillan et al., 1998; Valdez et al., 2001) and argon plasma
coagulation (Bergler et al., 1997).

Papilloma regrowth occurs at variable rates of time after
any of these procedures. Similarly, the average number of
operative procedures annually is highly variable from patient
to patient. It was recently reported that children in a National
Registry had a mean of 5.1 surgeries per year (Reeves et al.,
2003). Unfortunately, the aforementioned surgical treatment
modalities have not resulted in curing this virally-mediated
recurrent disease, and therefore several adjuvant therapies
have been evaluated.

4.2. Adjuvant therapies for RRP

nt
t t
t ent
b imes
p

4
RP

r
I ins
a ve,
a ;
K s
o ed
b
p and
i s of
i ence
h ic
e e
d cts
b tor
p ted
b sis
o ral
a
i us
f ore
t by
t ther
hronic disease, diminishing the frequency with which l
blation or microdebridement are needed while maintai
n open airway and the best possible voice. Over time, a b
nderstanding of the predictors of JO-RRP may lead to m
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eeded for this approach, however, are beyond the cu
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.1. Surgical therapies for RRP

At the present time, the most common treatment for R
s the physical removal of the wart through laryngoscopy
urgical debulking of the papillomas. The goal of surg
herapy is to completely remove the papillomas while m
aining the surrounding normal structures. In younger p
tric patients, a smaller caliber airway, associated with
ressive disease, occasionally necessitates surgical de
ent as frequently as every 2 weeks. Mechanical de

ng of the laryngeal papillomas is usually accomplished
her with the CO2 laser or with microlaryngeal instrumen
harp dissection techniques, cauterization, and the ap

ion of acetic acid or podophyllum have also been descr
Bauman and Smith, 1996), but are utilized less frequently.
atients with very aggressive disease, or who have anter
osterior commissure disease, subtotal removal with cle
f the airway may be the best achievable result to minim

he development of synechia which would make the air
ven more narrow.

Although extremely precise, the CO2 laser is not withou
roblems, including: (1) thermal injury to adjacent nor
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Up to 10% of patients with RRP will require adjuva
herapy (Derkay, 2001). The criteria for initiating adjuvan
herapy vary somewhat, with the most common requirem
eing the need for surgical debridement more than four t
er year (Derkay, 2001).

.2.1. Interferon�-2a
The most commonly accepted adjuvant therapy for R

emains the systemic administration of interferon�-2a.
nterferons are a family of nonspecific regulatory prote
ssociated with a variety of antiviral, antiproliferati
nd immunomodulating activities (Borden and Fall, 1981
imberlin and Prober, 2003). There are two major type
f interferons. Type 1 (� and �) interferons are secret
y all nucleated cells after viral infection; interferon� is
redominantly produced by virus-infected leukocytes

nterferon� by fibroblasts. There are about 20 subtype
nterferon� that share a high degree of amino acid sequ
omology but have different in vitro antiviral and biolog
ffects on human cells (Dorr, 1993). Interferons do not hav
irect antiviral activity, but rather exert their antiviral effe
y inducing production of more than two dozen effec
roteins in exposed cells. Antiviral effects are media
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r methylation of mRNA, viral protein translation, or vi
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146 D.W. Kimberlin / Antiviral Research 63 (2004) 141–151

components of the immune system, resulting in modification
of host response to infection (Kimberlin and Prober, 2003).

At interferon doses at and above 1 to 2 million IU,
most persons develop an influenza-like illness, with fever,
chills, headache, myalgia, arthralgia, and gastrointestinal
disturbances (Renault and Hoofnagle, 1989). These symp-
toms typically appear during the first week of therapy and
remit with continued therapy, rarely necessitating therapy
discontinuation or dosage modification. In contrast, major
therapy-limiting toxicities of systemically administered
interferon are neuropsychiatric complications and bone
marrow suppression (McDonald et al., 1987). About 10
to 20% of interferon recipients develop neuropsychiatric
problems. Neutropenia and thrombocytopenia are the most
common signs of bone marrow suppression (CASL Hepatitis
Consensus Group, 1994).

Multi-institutional trials of interferon�-2a have shown
variable efficacy in patients with aggressive RRP (Haglund et
al., 1981; Schuurman and Van Den Broek, 1986; Healy et al.,
1988; Steinberg et al., 1988; Leventhal et al., 1991).
Approximately one-third of patients who initially have a
good therapeutic response will experience a significant
reboundphenomena, with resurgence of the lesions upon
discontinuation of treatment. Anecdotal reports of adjuvant
therapy combining interferon with methotrexate in patients
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4.2.4. cis-Retinoic acid
cis-Retinoic acid has been considered to be potentially

beneficial in RRP due to its effects on epithelial maturation.
Despite case reports of improvement temporally associated
with administration ofcis-retinoic acid (Eicher et al., 1994),
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.2.2. Photodynamic therapy
Photodynamic therapy is based on the selective up

f hematoporphyrins by neoplastic cells, including pap
atous tissue (Auborn, 2002). In photodynamic therapy, th
hotosensitizer Foscan® is administered intravenously. A

er a 6-day waiting period for the sensitizer to selecti
ccumulate in the papillomas, activation of the sensitiz
ccomplished with a non-burning red-light laser. This
tes a singlet oxygen reaction within the affected tissue
retically resulting in the destruction of the HPV-infec
ells. Photodynamic therapy has been shown to decrea
ate of laryngeal papilloma growth following treatmen
ome human subjects (Abramson et al., 1992, 1994), but
ot in others (Borkowski et al., 1999). These effects ca
e long-lasting with continued treatment (Shikowitz et al.
998). However, viral persistence following photodynam

herapy has been noted, and photosensitivity can pers
eeks after the therapy has been discontinued. A tri
hotodynamic therapy for the treatment of JO-RRP is

ng conducted by Long Island Jewish Medical Center,
upport from the National Institute on Deafness and O
isorders (http://www.lij.edu/lijh/otolaryngology/clinical

esearch.html).

.2.3. Indole-3-carbinol
Indol-3-carbinol/diindolylmethane (I3C/DIM) compou

s derived from eating cruciferous vegetables, including b
his therapy has proven ineffective in the management of
nfection in humans when evaluated in small controlled t
Bell et al., 1988; Avidano and Singleton, 1995).

.2.5. Acyclovir
The HPV genome does not encode any enzymes.

ost antiviral agents are activated by or exert anti
ctivity upon viral-specific enzymes, the lack of intrin
PV enzymes quite possibly severely limits use of ag
uch as acyclovir in the management of JO-RRP. Despi

ack of a rationale for mechanism of action, investigat
f acyclovir have been undertaken, and small non-contr
tudies have suggested that acyclovir decreases the
f respiratory papillomatosis in patients with recalcitr
isease (Endres et al., 1994; Kiroglu et al., 1994). However

he beneficial effect of acyclovir appears to be insuffic
o counteract the rebound phenomenon when inter
s stopped abruptly (Endres et al., 1994). However, as i
rue with cidofovir (below), the lack of controlled stud
ramatically limits the ability to truly assess antiviral acti

.2.6. Ribavirin, cimetidine, and mumps vaccine
Animal studies utilizing the cottontail rabbit papill

avirus model have found that intradermal ribavirin adm
stration reduces the number of lesions, decreases the
f first appearance of lesions, and reduces the overall
f the lesions when administered prior to infection (Ostrow
t al., 1992). Uncontrolled investigation of ribavirin in RR
ave been published (McGlennen et al., 1993), although no
ontrolled studies have verified clinical benefit. Simila
ase reports have suggested potential benefit of cime

http://www.lij.edu/lijh/otolaryngology/clinical_research.html
http://www.lij.edu/lijh/otolaryngology/clinical_research.html


D.W. Kimberlin / Antiviral Research 63 (2004) 141–151 147

(Harcourt et al., 1999) and mumps vaccine (Pashley, 2002),
again without the benefit of controlled studies to evaluate
efficacy and define safety.

4.2.7. Cidofovir
Cidofovir is a cytosine nucleotide analog with potent in

vitro and in vivo activity against a broad spectrum of viruses,
including cytomegalovirus, herpes simplex virus Types 1
and 2, varicella-zoster virus, Epstein–Barr virus, human
herpesvirus-6, human herpesvirus-8, polyomaviruses, aden-
ovirus, and HPV (Kimberlin, 2001). It has been approved by
the Food and Drug Administration for the treatment of CMV
retinitis. While the mechanism of cidofovir’s potential antivi-
ral activity against HPV infection is unclear, a recent report
suggests that the drug reduces viral E6 and E7 protein expres-
sion in an in vitro model of HPV-associated tumors, with an
associated increase in active p53 (Abdulkarim et al., 2002).
Whether this drug effect also is involved in HPV infections
such as RRP, in which tumor formation has not occurred,
is unknown. The major dose-limiting toxicity experienced
by recipients of cidofovir is nephrotoxicity. Product label-
ing by the FDA indicates that cidofovir should be consid-
ered a potential carcinogen in humans due to its propensity
to cause tumors, primarily mammary adenocarcinomas, in
rats.
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suboptimal, the investigator was allowed to change to open-
label cidofovir for the remaining three intralesional injec-
tions. Only one patient enrolled on the trial before it was
closed in 2000 due to poor accrual. At the time of the fourth
injection, this study subject’s treating physician was very
pleased with the therapeutic response to the study medica-
tion, and therefore elected to continue with blinded study
medication for the remaining three injections. It was only
after closure of the study and subsequent unblinding of the
randomization that it was determined that the patient actually
was receiving intralesional injections of saline, and not active
cidofovir.

Thus, while initial reports of the efficacy of intralesional
cidofovir are encouraging, caution should be maintained in
how these limited data are interpreted. The safety and efficacy
of intralesional cidofovir administration has yet to be estab-
lished, and the development of adenocarcinomas in animal
models suggests that controlled studies of this compound are
warranted.

4.2.8. Therapeutic vaccination
Finally, therapeutic vaccination as a means of directing

the body’s own immune system to better control an exist-
ing HPV infection has gained interest in recent years (Chu,
2003). A candidate therapeutic vaccine which has completed
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In several small, uncontrolled case series, intralesiona
inistration of cidofovir to patients with RRP, with or wit
ut initial surgical debulking of the lesions, has been repo

o produce dramatic improvement in some patients (Snoeck
t al., 1996, 1998; Pransky et al., 1999, 2000; Bielamo
t al., 2002; Akst et al., 2003; Chhetri and Shapiro, 2
aiman et al., 2003; Neumann et al., 2003; Pransky e
003). Due to their uncontrolled nature, these studies are
ble to assess what role, if any, inter- and intra-patient dis
ariability played in their promising results. Other recent
ontrolled studies have reported less impressive therap
esponses to cidofovir therapy (Milczuk, 2003; Shirley an

iatrak, 2004), raising questions about the enthusiasm
hich cidofovir is being embraced within the RRP treatm
ommunity.

A poignant example of the need for caution in interpre
he results of uncontrolled case series can be found in th
erience of the NIAID Collaborative Antiviral Study Gro
CASG) (D. Kimberlin, personal communication). In the l
990s, the CASG attempted to conduct a large, plac
ontrolled investigation of intralesional cidofovir. This eff
ltimately was unsuccessful due to constraints placed b
DA on the concentration of cidofovir being evaluated:
DA required that the study begin at very low concentrat
f cidofovir (0.3 mg/mL), despite the fact that otolaryng
gists in practice were employing cidofovir concentrati
f 5 to 10 mg/mL in the management of their patients.
tudy design allowed the blinded treating physician to
ermine at the time of the fourth injection of blinded stu
rug (active cidofovir versus saline placebo) whether the

cal response was adequate. If the response was judged
hase II testing in JO-RRP patients (Derkay et al., 2003
004) named HspE7 consists of a recombinant fusion

ein expressed inE. coli consisting of the heat shock pr
ein Hsp65 ofMycobacterium bovisvar. BCG, linked by a
ingle histidine residue at its C terminus to the E7 pro
f HPV-16. Utilizing an open-label Phase II study des

hree subcutaneous injections of HspE7 were injected
weeks to 27 children with JO-RRP, ages 2 to 18 year
ales and 13 females). The median pre-treatment inters

al interval was determined using the four surgeries pri
reatment, which was then compared with the length o
rst post-treatment intersurgical interval. The mean (±S.D.)
ntersurgical interval increased 93%, from a median of
±23.98) days pre-treatment to a median of 106.4 (±110.85)
ays following the first treatment (p < 0.02) (Derkay et al.
004). Likewise, the median of all post-treatment interv

ncreased to 107.6 (±110.42) days (p < 0.02) (Derkay et al.
004), suggesting that the benefit of treatment is susta
eyond the first post-treatment intersurgical interval. Fo
ight percent of patients doubled their pre-treatment i
als, and two patients required no post-treatment surg
uring the 14 months of follow-up to date (Derkay et al.
004). Annualized surgical rates were reduced from a m
±S.D.) of 8.68 (±4.22) surgeries per year pre-treatmen
.45 (±5.96) surgeries per year post-treatment (p < 0.003),

or a reduction of 2.23 surgeries per patient per year o
urgeries for the entire cohort (Derkay et al., 2004). Other
han transient, mild to moderate injection-site reactions
andidate therapeutic vaccine was well-tolerated. A co
atory Phase III study of HspE7 is under developme

his time.
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5. Commentary

The rare nature of JO-RRP and the geographically diverse
locations of the JO-RRP patients has had an unfortunate im-
pact on the systematic evaluation of treatment modalities by
otolaryngologists in community, tertiary care, and academic
institutions. With the exception of interferon and the ther-
apeutic vaccine described above, the antiviral trials for the
treatment of RRP have been dramatically limited by their
uncontrolled nature and/or small sample sizes. There sim-
ply is no way to know at the current time if most of the
adjuvant therapies with purported efficacy truly provide any
benefit, and equally importantly what their true degree of
toxicities are. The experience of the CASG trial of cido-
fovir is a vivid example of why, in a disease with as much
inter- and intra-patient variability as JO-RRP, controls are
needed in the evaluation of any potential therapeutic agent.
Faced with a dearth of scientific evidence of the efficacies
of different treatments, families of patients have established
patient groups such as the RRP Foundation (www.rrpf.org)
to, among other things, disseminate information on the dis-
ease and its treatment options. While these groups do a
very good job at this, one unforeseen consequence can be
that the anecdotal research information that is shared can
actually impede researchers’ abilities to conduct large, multi-
c ents.
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one or more of these vaccines may come as early as
2005.

6. Summary

Recurrent respiratory papillomatosis remains an orphan
disease with a relatively low prevalence. For persons suffering
from this malady, however, the impact upon their daily living
can be profound. Therapeutic interventions remain focused
on the surgical removal of the papillomas where possible,
and additional adjuvant therapy is available for the minority
of patients for whom surgical management fails to adequately
control their disease. Of particular promise is a therapeutic
vaccine which has recently completed Phase II evaluation
and for which a controlled Phase III study is planned.
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