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Introduction

Juvenile recurrent respiratory

papillomatosis (RRP) is the most

common laryngeal tumor in chil-

dren, caused by human papilloma

virus, a non enveloped double-

strand DNA virus. Until now,

more than 100 serotypes have

been identified; however types 6

and 11 are most frequently associ-

ated with RRP.1 Multiple papillo-

mas may affect any site in the

upper aerodigestive tract. The

most commonly involved laryn-

geal structures are the vocal cords,

subglottic space, ventricular bands,

and the epiglottis.2 However, up to

5% of patients may have tracheo-

bronchial involvement; parenchy-

mal lung disease is present in 1%.3

Affected children require repeti-

tive surgical debulking of the

papillomas, with a mean of 4.4

surgeries per year.4,5

The standard therapy is still

surgical excision with cold instru-

ments, CO2 laser, pulsed dye laser,

or microdebrider, but multiple sur-

gical procedures often result in

injury to the vocal cord lamina

propria with scar formation.6

Thus, adjuvant therapies have

been proposed in patients with

severe disease requiring more than

four procedures per year.

Adjuvant treatments include acy-

clovir, ribavirin, isotretinoin,

indole-3-carbinol, photodynamic

therapy, and interferon, but it’s use

has declined due to unfavorable

side effect and low efficacy.5

According to the American Society

of Pediatric Otolaryngology, 21%

of children with juvenile RRP

receive some form of adjuvant

medical therapy.5

Cidofovir [(S)-1-3(hydroxyl-2-

phosphonylmetoxypropyl)cyto-

sine] is an analogue of the

nucleotide cytosine that has

antiviral activity against a broad

spectrum of DNA viruses, in -

cluding herpes viruses and human

papillomavirus (HPV).4,7 Some

authors suggest that cidofovir

competitively inhibits viral DNA

polymerase after phosphorylation

of its active metabolite, but the

exact mechanism of action in
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unclear8. It was used for the first

time in the treatment of RRP in

1995 by Van Cutsem et al.9,10 A

recent review of cidofovir used in

the clinical setting for RRP identi-

fied 31 articles published between

1966 and August 2007 meeting

the criteria of clinical reports.11

Of these, 20 reports included chil-

dren for a total of 84 underage

patients (range 1-17 years). To our

knowledge , only one randomized,

double blind, placebo-controlled

study including 19 children and

adult patients has been published,

albeit the authors were unable

to provide proof of efficacy of

cidofovir .12 Akst and colleagues

followed 11 children with RRP

to evaluate their response to

cidofovir  treatment; the authors

found a significant reduction in

severity during treatment, but only

reported a one month follow-up.13

The purpose of the present

study was to assess the efficacy

of intralesional cidofovir in nine

Mexican children with a severe

form of RRP.

Materials and methods

A prospective case series was con-

ducted in a tertiary referral center

in Mexico. The Research and

Ethics Committee of the National

Institute of Respiratory Diseases

in Mexico City approved the study

and informed consent letter. Nine

children with RRP were enrolled.

Diagnosis was based on clinical

symptoms and confirmed by biop-

sy in all patients. HPV typing was

performed on papillomas by poly-

merase chain reaction (PCR).

We included only patients with

severe disease, defined as children

requiring operative debulking of

RRP to maintain a patent airway

more than four times in the past

year. 

No other adjuvant therapy was

provided during the course of the

study, nor within the preceding

three months. Exclusion criterion

was a history of renal disease.

Complete blood count, platelet

count, serum urea, creatinine,

electrolytes, liver function tests,

and urinalysis were performed in

all children before initiating thera-

py. Complete blood count and

chemistry panel were repeated

every four weeks during therapy. 

All patients underwent suspen-

sion microlaryngoscopy; some were

also examined via microlaryn-

goscopy and bronchoscopy under

general anesthesia. Papil lo mas were

debulked with cupped forceps and

biopsy specimens were obtained

before cidofovir application. He -

mostasis was achieved by using

1:1000 topic epinephrine. When

the anterior commissure was in -

volved, residual papillomas were

left in order to avoid formation of

synechia.

Cidofovir was diluted to a

 concentration of 5 mg/mL in a 9%

isotonic sodium chloride solution

and injected intralesionally using

a 25 gauge modified butterfly

 needle held by cupped forceps

on a 1 mL syringe. The volume

injected in each patient was

 variable according to the extent of

disease and size of the airway.

Cidofovir was injected in a

 submucosal plane in all places

where papillomas were debulked,

and in the true vocal folds, sub-

glottal space, false vocal folds,

anterior and posterior commis-

sures, and the supraglottis, regard-

less of the presence of papillomas.

If tracheal or bronchial involve-

ment was suspected, a bron-

choscopy was performed and, in

the same manner as in the larynx,

papillomas were debulked and

cidofovir applied.

Children were discharged to

home care the day after surgery,

unless suspension microlaryn-

goscopy and bronchoscopy could

not be performed at the same time.

No systemic steroids or antibiotics

were administered.

After the first application, sub-

sequent treatments were scheduled

every four to six weeks until five

doses were completed. During

each surgery, biopsy  samples from

new papillomas and previous

injection sites were taken.  

Follow-up was carried out

through scheduled meetings for

in-office examination every three

months. After receiving five cido-

fovir doses, indication for surgery

was based on recurrence of ob -

structive lesions on nasofibro-

laryngoscopy resulting in moderate

or severe respiratory distress

(Silverman-Anderson Index 4 or

higher), audible stridor, or dysp-

nea at rest.

Since patients entered this

 protocol after being treated surgi-

cally elsewhere for their lesions,

the rate of pretreatment surgeries

had to be calculated retrospective-

ly, using total number of surgeries

since the first operation, divided

by the total time until cidofovir

treatment. Maximum variance for

each patient’s previous rate was

estimated using resampling with

10,000 repetitions. Scripts used in

this analysis are available upon

request. Differences in pre- and

post-treatment surgeries were

compared by Cox proportional

hazards statistics. Correlation

between patient’s age and post

treatment rate reduction was

assessed by Spearman’s rank

 correlation. All analyses were

 carried out using R statistical soft-

ware (http://www.r-project.org),

version 2.11.1.
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Results

Nine children with severe RRP

were enrolled in the study. Table 1

summarizes patients’ characteris-

tics.

All patients had severe dis-

ease (median six surgeries/year).

Patient A presented with tracheal

and bronchial involvement, as

well as lung parenchymal involve-

ment. Patient B showed tracheo-

bronchial and nasopharyngeal

involvement. Both patients under-

went bronchoscopy and cidofovir

was injected in the bronchial

and tracheal epithelium. Patient G

had a tracheostomy performed at

another hospital during his first

surgery.

Only one patient (A) received

adjuvant therapy with interferon-

α two years prior to study enroll-

ment, with no improvement.

HPV typing of biopsy speci-

mens were positive for HPV 11 in

six patients. HPV 6 was identified

in two patients, and it was not

possible  to identify HPV type

in one patient because she had

papillomas only at the first proce-

dure.

All patients had five injections

(Table 1). The amount injected

ranged from 0.4 mL to 19 mL (when

performed with bronchoscopy);

cumulative dose ranged from 13.5

mL (67.5 mg) to 43.7 mL (218.5

mg). 

Figure 1 shows the decrease in

surgery rate with treatment. All

patients had a decrease in the rate

of surgeries, ranging from very

modest (patients A, B, and D) to

absence of disease requiring sur-

gery (patients C, E, and G). The

rate of surgeries was significantly

lower in the post treatment period

(Figure 1, p less than 05).

Three of nine patients (33%)

remained disease free for more

than 18 months, and two patients

only required one surgery over

two-year follow-up. 

Table 1

Age, gender, cidofovir dosage, and follow up time for the nine patients

* Indicates the patient underwent microlaryngoscopy and bronchoscopy simultaneously.

Id Gender Localization Age
(years)

Surgeries
/yr before
treatment

Dosage Surgeries/yr
after
 treatment 

Post
 cidofovir
follow-up
(months)

Main outcome

A M Larynx, trachea,
and lung
parenchyma

3 15 3 + 0.4 + 10* + 10* + 8*
Cumulative dose:
31.4 mL (157 mg)

9 20.1 Moderate
dysplasia

B M Nasopharynx,
larynx, trachea,
bronchus

9 8.42 0.7 + 2 + 10* + 19* + 12*
Cumulative dose: 
43.7 mL (218.5 mg)

4.49 32.1 Death

C F Glottis 1.92 7.2 1.5 + 2 + 2.5 + 4 + 3.5
Cumulative dose: 
13.5 mL (67.5 mg)

0 40 Disease-free

D M Larynx and
proximal trachea

3.75 9.75 6* + 1.9 + 1 + 7.5* + 7.5*
Cumulative dose:
23.9 mL (119.5 mg)

8.97 25.4 Mild dysplasia,
death

E M Glottis 0.92 6 7 + 7.5 + 0.4 + 4 + 7.5
Cumulative dose: 
18.9 mL (94.5 mg)

0 21.3 Disease-free

F F Glottis and
supraglottis

7 5.5 1 + 10 + 1.5 + 8 + 4.5
Cumulative dose: 
25 mL (125 mg)

2.44 19.7

G M Larynx and
tracheal stoma

7 1.66 5* + 5 + 7 + 3.5 + 3.5
Cumulative dose:
24 mL (120 mg)

0 27.7 Disease-free

H M Glottis 2 2.74 8 + 8 + 6 + 7 + 8
Cumulative dose:
37 mL (185 mg)

0.43 27.6

I F Glottis 3 4.34 4.5 + 4.5 + 4 + 4 + 4
Cumulative dose:
21 mL (105 mg)

0.41 29.6
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The reduction in the rate of sur-

geries (measured as median days

of the between-surgery interval)

correlated with the age of the

patient (Figure 1), with younger

patients having the greatest reduc-

tions. This association was statis-

tically significant (Rho =  0.6861,

p less than 0.05).

No patient had laboratory

abnormalities. Two patients showed

mild and moderate dysplasia on

papilloma biopsy, distinguished

by a lack of epithelial maturation

with no mitoses or cellular atypia:

patient D during his fourth cido-

fovir application and patient A 20

months after the last injection

(Figure 2, right). Use of cidofovir

was discontinued at this time in

patient D and follow-up was con-

tinued with frequent debulking of

papillomas, which were carefully

analyzed for histological changes.

In the next surgery and during

18 month follow-up, no other

 dysplasia was found. The last

papilloma biopsy in patient A

showed mild dysplasia, so further

follow up will be necessary.

Patient G had his tracheo-

 cutaneous fistula closed on the last

visit.

Figure 1
Cumulative number of surgeries per patient during follow up. Gray lines are pre-treatment surgeries carried out elsewhere and are
assumed as a fixed rate. Black lines are post-treatment surgeries. Dagger indicates fatality.

Figure 2
Left panel: chest x-ray revealing compact nodules and cysts up to 26 mm. Right panel: papilloma biopsy (hematoxylin eosin stain-
ing) showing loss of epithelial maturation with no mitoses or cellular atypia. Original view 40×.
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Patient B and patient D died 33

and 26 months after receiving

intralesional cidofovir, respective-

ly. Neither patient showed a

response to cidofovir injection.

Both lived in rural communities in

Chiapas state, with over 15 hours

travel time to the closest hospital.

In both patients respiratory dis-

tress was so severe that they could

not obtain adequate medical atten-

tion. Patient B was the oldest

patient enrolled in the study

(9 years), he had over 70 surgeries

and extralaryngeal involvement

(tracheobronchial and nasopha-

ryngeal). He received photody-

namic therapy one month before

his death.

Patient A showed little im -

provement with cidofovir treat-

ment. During follow-up, and one

year after his last cidofovir appli-

cation, disseminated disease

developed into his lungs charac-

terized by multiple, bilateral,

small thin-walled cysts in the

apical  lobes with nodule forma-

tion (Figure 2, left). 

Discussion

Recurrent respiratory papillo-

matosis is a rare disease with an

unpredictable natural course. In

contrast to adult-onset papillo-

matosis, which has a remission

rate around 70%,14 the juvenile

form is more aggressive and like-

ly to spread outside the larynx.5,15

The main feature of the disease is

its recurrence, particularly in chil-

dren under three years of age,

whose smaller airways have a

greater likelihood of becoming

obstructed, and therefore require

more surgical procedures.16 We did

not find any difference in  surgery

rate before cidofovir injection be -

tween children aged under 3 years

versus older (Mann-Whitney U

test, p greater than.05); greater

reduction rate was achieved in

younger patients after treatment

(Rho = 0.6861, p less than 0.05).

Previous studies reported the

efficacy of intralesional cidofovir

in the management of RRP,4,13,17

but only a few included children

with severe disease.17 We enrolled

nine patients who had required

debulking at least four times in the

previous year. Three patients pre-

sented with extralaryngeal papil-

loma spread, to the nasopharynx,

tracheobronchial tree, or the pul-

monary parenchyma. Frequency

of intervention before and after

cidofovir was used to validate

treatment efficacy; hence every

patient was his own control. 

All patients had a reduced sur-

gery rate after intralesional cido-

fovir was injected; nevertheless

children who received treatment

soon after being diagnosed, and

therefore being younger at initia-

tion of treatment, showed a better

response, as suggested by the

inverse correlation between age

and increased between-surgery

intervals. These results are similar

to those obtained by Naiman et

al.,17 who also suggested that

shorter intervals between diagno-

sis and initiation of cidofovir ther-

apy were associated with higher

probability of obtaining complete

remission.

As pointed out by Askt et al.13,

and also suggested by our results,

a significant number of patients

show improvement with cidofovir,

but there is a subset that seems to

be resistant. This supports the

hypothesis proposed by those

authors that there are some

patients with RRP that responds

differently to cidofovir.13

With regard to HPV subtyping,

as expected, seven (87%) of eight

patients were infected by HPV-11.

Previous studies reported that

HPV-11 disease is more aggressive

and even more likely to require

tracheotomy than HPV-6. Since

we included only children with

severe disease, this explains the pre-

dominance of HPV-11 infection. 

Although RRP is considered a

benign disease, its potential for

malignant degeneration has been

described and, until now, over 60

single case reports of spontaneous

malignant conversation of RRP to

squamous carcinoma have been

published.18,19 Interestingly, the

five patients whose HPV was

typed all showed HPV-11 DNA in

papilloma and carcinoma, even

though HPV-6 and HPV-11 are

both considered to have a low risk

of carcinogenesis.

No renal toxicity or neutropenia

were observed in the present

series. Nevertheless, during cido-

fovir application and several

months after the last injection,

two children developed mild and

moderate  dysplasia in their papil-

loma biopsy. Use of cidofovir was

discontinued at this time in patient

D and continued follow-up con-

sisted of frequent debulking of

papillomas, which were carefully

analyzed for histological changes.

None of the subsequent biopsies

showed dysplasia, performed

from 17 months after treatment up

to the last surgery prior to the

death of patient D. Mild dysplasia

was demonstrated in the last

 papilloma biopsy in patient A; no

further papilloma specimens have

been obtained to date. This result

is in contrast with other reports

stating that dysplasia is extremely

rare in patients with RRP.19,20.

These reversible changes in

nuclear chromatin could be a

result of cidofovir effect on the

viral DNA polymerase, but further

investigation is need. Even though
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carcinogenic effects have never

been reported in primates or

humans and dysplasia can occur in

the natural history of papillomato-

sis, is difficult to exclude cido-

fovir as the direct cause, so close

 follow-up in these children is

 necessary.16

Patients A, B, and D had little

or no response to cidofovir injec-

tion, with continued severe RRP

complications such as death and

tracheo-pulmonary involvement.

The only common feature of these

three patients was that they were

born in rural and poor communi-

ties in the southeast region of

Mexico (Guerrero and Chiapas).

Limitations of the present

study, although similar to previ-

ously published pediatrics series,

are the lack of a control group

with random selection and a small

sample size, which reduces the

ability to draw firm conclusions.

Conclusion

In this case series, the use of cido-

fovir improved the rate of surgery,

particularly in young children.

However, two patients developed

dysplasia, suggesting the need for

close follow-up in these patients.
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