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Abstract

Objectives: To estimate the prevalence of juvenile onset Recurrent Respiratory
Papillomatosis (RRP) in Australia, describe its epidemiological profile and assess the positive
predictive value of ICD-10 code D14.1 (benign neoplasm of larynx) in children for
hospitalization due to RRP.

Study Design: Retrospective case series

Methods: Retrospective case review undertaken at the three tertiary paediatric hospitals in
New South Wales (Australia’s largest state), by reviewing medical records of patients aged
0-16 years admitted 2000 - 2009 containing the ICD-10AM (Australian modification) code
D14.1 or other possible disease (D14.2-4, D14.3, D14.4) and RRP-related procedure codes.
For RRP diagnoses, we recorded treatment dates, length of stay, extent of disease, surgical
and adjuvant treatments. The positive predictive value (PPV) of code D14.1 and median
number of hospitalizations per year were applied to national hospital separations data

2000/2001 to 2012/2013 to estimate disease prevalence.

Results: We identified 30 cases of RRP using code D14.1, which had a PPV of 98.1%, with no
further cases identified using other codes. 57% of cases were female, median age of onset

was 36 months and median treatment duration was 36 months (mean = 40 months, range =
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1-118 months). There was one patient death. Between 2000-2013, the estimated national
prevalence rate was 0.81 per 100,000 aged < 15, peaking at age 5-9 years (1.1 per 100,000).
Conclusion: RRP prevalence can be monitored post-HPV vaccination programs using routine

hospital data.

Introduction/Background

Recurrent Respiratory Papillomatosis (RRP) can be associated with significant morbidity and
impact upon quality of life in children®. The role of human papillomavirus (HPV),
predominantly types 6 and 117, as the cause of RRP has been recognised for over 30 years>
>, Juvenile onset RRP is thought to occur following vertical transmission of HPV
before/during birth, with maternal history of genital warts a significant risk factor®®. While
exposure to HPV is probably common, only a small minority develop RRP. An immunologic

deficit expressed as the inability to clear or suppress HPV expression in the airways is

postulated to explain the occurrence of RRP’.

The rarity of the disease, and its variable course, has made studying the disease and the
efficacy of potential treatment strategies challenging. Prevalence estimates range from <1
to-4-per 100,000%. Typically patients require multiple treatments over years to maintain
airway and voice, although this is highly variable with most requiring less frequent surgery

over time'*2,

Infection with HPV types 6 and 11 (and types 16 and 18, the most oncogenic types) is now

preventable through vaccination. The quadrivalent HPV vaccine (Gardasil, Merck) prevents
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infection and disease due to the four targeted types*®. However, the vaccine trials indicate
that vaccination does not treat existing infection or disease. Despite case reports and
retrospective reviews temporally associating vaccination with disease remission, there is
currently no randomised trial evidence that vaccination is useful therapeutically in RRP

patients”’17

. Rather, RRP may now be prevented via vaccination of females, therefore
dramatically reducing the chance of infant exposure to HPV6/11. In Australia a quadrivalent
vaccine program (for females aged 12 to 26 year) commenced in 2007 and achieved high

coverage®™. The incidence of genital warts rapidly declined, as did the prevalence in young

women of vaccine targeted HPV types including HPV6 and 11°°22,

Measuring the impact of HPV vaccination programs on RRP is challenging due to disease
rarity'and lack of routine surveillance. We previously conducted a pilot retrospective audit
of cases from one of three tertiary children’s hospitals in the Australian state of New South
Wales (NSW), 2. We estimated a peak prevalence rate nationally of 1.2-1.8 per 100,000
children aged 5-9 years. In the present study we include the two remaining tertiary
children’s hospitals in NSW and longer time period. We aimed to (1) describe the
epidemiological profile of juvenile onset RRP in NSW between 2000-2009; and (2) by using
national hospitalisation data, estimate the prevalence of juvenile onset RRP in Australia

prior to.and after the implementation of the National HPV Vaccination Program.

Methods
1) Retrospective case review
A retrospective case review was undertaken at the three tertiary paediatric hospitals in

NSW — The Children’s Hospital at Westmead, John Hunter Children’s Hospital (Hunter New
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England Health) and Sydney Children’s Hospital at Randwick. Potential cases of RRP were
identified by reviewing medical records of patients aged 0-16 years with hospital
admissions between January 2000 and December 2009 containing the following ICD-10AM
(Australian modification) codes and procedure codes, as retrieved by electronic medical
record searches: D14.1 (benign neoplasm of larynx), D14.2 (benign neoplasm of trachea),
D14:3/(benign neoplasm of bronchus), D14.4 (benign neoplasm of respiratory system),
procedure code 521-4187000 (administration of other substance into vocal cord), 523-
41861 (microlaryngoscopy with removal of lesion by laser), 4186400 (microlaryngoscopy
with removal of lesion), 4185200 (laryngoscopy with removal of lesion), or 9016100
(excision of other lesion of larynx). Clinicians who treat RRP at the hospitals were asked to

independently identify cases of RRP they treated between 2000 and 2009.

For each record identified, we collected data regarding diagnosis, disease codes and
procedure codes. Where a diagnosis of RRP was made, we extracted further information
including treatment dates, length of stay, extent of laryngeal and tracheal involvement,
complications, nature of surgical treatments and adjuvant treatments. Chi-squared tests
were used to examine relationship between variables. Two sample t-tests were used to
identify any sex-related differences in outcomes. We considered the time of active disease
for each patient (person time in the denominator for rates) as the time between their first
admission and their last. Where a patient had only one admission, we considered their
person time as one month. We used Spearman’s rank correlation to test the association
between the average (and median) number of treatments per patient and the patient’s year
in treatment. Pearson’s correlation was applied to test the association between age at

diagnosis and the median time (months) between each patient’s treatments. Following
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univariate analysis, logistic regression analysis was used to assess the relationship between
complications and age at diagnosis and number of surgeries per patient (whilst adjusting for

genderand follow-up time).

2) Estimated prevalence of RRP using national hospitalization data
The sensitivity and specificity of D14.1 was calculated and the positive predictive value (PPV)
and median number of hospitalizations per year applied to national hospital separations
data for all hospitals (both public and private) in Australia between 2000/2001 and
2012/2013 obtained from the Australian Institute of Health and Welfare (AIHW) National
Hospital Morbidity Database. Rates of hospital separation per 100,000 population per year
were calculated using Australian Bureau of Statistics population estimates for the year of
separation as the denominator. We examined males and females age 0 to 29 years, with
primary focus the paediatric population < 15. A chi-squared test was used to examine
whether there was a significant change in the estimated average disease prevalence rate
(estimated based on hospitalisation rates) between the pre-vaccination (2000/1-2006/7)

and post-vaccination (2007/8-2012/13) periods.

Ethical'approval for the study across all sites was obtained from the Hunter New England

Human Research Ethics Committee.

Results

Identification of RRP cases
Medical record search using diagnosis code D14.1 identified 30 patients treated for RRP

across the three centres over the study period from 428 hospital admissions potentially
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related to RRP. Detailed record review confirmed 420 of these admissions were related to
treatment for RRP. Search by diagnosis code D14.2 and D14.3 or any procedure codes failed
toidentify any additional RRP-related cases or admissions. Treating clinicians did not

identify any additional cases.

Admissions in patients with RRP without primary code D14.1

Two admissions for RRP had primary diagnosis code of D14.2 and secondary diagnosis code
of D14.1. Medical record search by D14.1 did not capture ten RRP-related admissions
identified on medical record review. These were usually due to a patient with previous RRP

undergoing a diagnostic laryngoscopy which found no active disease.

PPV calculations and analysis
The diagnosis code D14.1 (benign neoplasm of the larynx) was highly sensitive (97.7%) for
RRPadmissions with a high positive predictive value of 98.1%. Other diseases coded using

D14.1 were laryngeal neurofibroma, cystic lymphangioma and supraglottic paraganglioma.

There'were 2,808 hospital separations nationally between 2000/01 and 2012/13 in persons
aged 0-29 years coded with D14.1 (benign neoplasm of larynx) (average annual rate 2.5 per
100,000 population). Of these 1,583 were in children aged under 15 (rate 2.97 per 100,000).
The average length of stay was 1.2 days in 1-4 year olds and 1.1 days for 5-14 year olds.
Average separation rates by age and sex are presented in Table 1. Rates peaked in the 5-9

and 25-29 year old age groups at 4.0 and 3.6 per 100,000 respectively.
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When we applied the PPV of 98.1% for ICD code D14.1, and a median hospitalisation rate
per year for RRP cases of 3.69 (obtained from clinical data review as below), we obtained
the national prevalence rate estimates for juvenile onset RRP depicted in Figure 1. For the
period 2000-2013, the estimated disease prevalence rate was 0.81 per 100,000 in children
aged under 15 and was highest in children aged 5-9 years at 1.1 per 100,000. The average
prevalence rate did not significantly differ between the pre- (2000/1-2006/7) and post-
vaccine (2007/8-2012/13) periods (0.90 vs 0.79 per 100,000, p=0.35). The greatest relative
decline (45%) occurred in the 0-4 year age group but was not statistically significantly

different (1.0 vs 0.56 per 100,000, p=0.18).

Clinical Data

The 30 patients identified gives a prevalence rate in NSW of 2.0 per 100,000 population 0-16
years assuming all active RRP cases attended tertiary centres. A slight majority (57%) were
female, with median age at diagnosis 36 months (range 6 months - 14.5 years, SD = 35
months). There was no significant difference in mean age at diagnosis between males (44.6
months) and females (47.8 months) (p=0.8). Distribution of cases by age at diagnosis is

shown.in Figure 2.

There were 375 RRP-related admissions identified in the record reviews (excluding
emergency department or outpatient clinic visits), (mean 3.69 admissions per patient per
year, and median 3.59.) Of these, 369 (98.4%) involved administration of a general
anaesthetic for diagnostic microlaryngoscopy and 336 (89.6%) involved surgical intervention

at the time of microlaryngoscopy. The median length of stay was one day (mean 1.3 days,
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range 1- 35, SD = 2.5) consistent with many day only surgical cases. The total number of
surgical treatments per patient over the study period ranged from 1 to 56 (mean =11.2,
median = 6, SD = 14.1). Ten patients had received treatment prior to the study. The total
number of surgical interventions per patient for RRP-related disease including admissions
prior to the study period ranged from 1 to 65 (mean = 18.7, median =9, SD = 20.6). At least

tenpatients continued receiving treatment subsequent to study end.

The median treatment duration from initial admission to final presentation over the study
period was 36 months (mean = 40 months, range = 1-118 months). Eleven children (36.7%)
had been treated for RRP for over five years and four children (13.3%) for over ten years.
Median number of surgical interventions per year was 3.11 (mean = 3.31, SD = 2.95), with
nossignificant difference in mean number by sex (male 3.34 vs female 3.26; alpha = 0.05, p =
0.94). A significant negative association was found between the average (and median)
number of treatments per patient and the patient’s year in treatment (year one to year ten)
using Spearman’s rank correlation (mean treatments r=-0.67, p=0.03; median treatments r=-
0.74; p=0.02), suggesting that disease severity decreases over time. Age at diagnosis was
foundto have a moderate positive association with the median time between each patient’s
treatment (Pearson’s correlation = 0.42; p=0.02), suggesting those younger at diagnosis

require.more frequent procedures.

All patients had papillomatous lesions of the glottis during early periods of treatment.
Anterior commissure involvement was common, being present in 24 cases (83%) at some
stage during treatment and in at least 70% of all microlaryngoscopy procedures across the

study period. Distal spread into the trachea-bronchial tree was found at initial laryngoscopy
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in two cases (6.7%) however eight of 30 cases (26.7%) were found to have distal lesions at
some stage. Patients who experienced distal spread of disease had a significantly higher
mean ‘number of surgical treatments and admissions (two sample t-tests, mean procedures

5.32 vs 27.38; p<0.0001: mean admissions 6.41 vs 29.25; p<0.0001).

Surgical interventions in order of decreasing frequency included carbon dioxide laser
resection (57.4%), microdebrider resection (36%), cold steel resection (5.6%) and biopsy
alone (0.9%). The use of the microdebrider began in 2005 and in some cases replaced

carbon dioxide laser resection as the primary method of ablation.

Adjuvant therapy was used in 11 of 30 patients (36.7%), with interferon injections the most
common adjuvant treatment. Three of nine patients experienced fever due to interferon.
One patient developed spastic diplegia during interferon treatment which is an uncommon

but severe complication associated with interferon use in young children®*%

. Five patients
(16.7%) received intralesional cidofovir injections (5-10mg/mL) and three (10%) received

oral cimetidine (Table 2). 11 of 50 treatments employed cidofovir standalone with the

remainder given in conjunction with an ablative procedure.

Treatment-related complications were recorded in 12 patients (40%). No significant
relationships were identified using logistic regression analysis (adjusting for follow up time
and gender) between number of surgeries or age at diagnosis and the development of
complications. Nine patients developed laryngeal webs or scar tissue as a result of
treatment. All of these patients had been previously treated with C0O2 laser resection. Six

had an anterior laryngeal web, one of which was predominately supraglottic and required

10
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multiple laser divisions in an attempt to improve the airway. The other three patients had
predominately posterior glottic scar tissue in the interarytenoid region. One of these
patients required tracheostomy for airway compromise due to posterior laryngeal stenosis.
There was one patient death recorded. This patient presented under the age of three and
developed halothane hepatitis ultimately requiring liver transplant. The patient displayed
aggressive disease with distal respiratory spread requiring 60 RRP-related admissions before

they passed away with chronic rejection of liver transplant.

Discussion

Our previous pilot study®® established that most (73%) ENT surgeons treating paediatric RRP
in-Australia do so in a tertiary paediatric hospital. The current study involves an extension of
datarcollection to analyse paediatric RRP admissions over 10 years across all three tertiary
paediatric hospitals in New South Wales — Australia’s most populous state - representing
almost a third of the Australian population of almost 24 million people. This study confirms
that the ICD-10 code D14.1 (benign neoplasm of the larynx) is the primary diagnosis code
used for coding admissions of patients with juvenile onset RRP and has a high positive
predictive value (98.1%). Applying this value, and the median number of hospitalisations per
year of cases identified in our cohort (3.7), to national hospital separations data we
estimated a prevalence rate of RRP in children under 15 years of age between 2000 and
2013 of 0.8 per 100,000, with a peak rate in 5 to 9 year olds of 1.1 per 100,000. We did not
find any significant decline in the number of RRP cases nationally estimated using hospital
admissions data since the HPV vaccination program commenced. We did however note the
largest relative decline (45%) was in the 0-4 year old age group, which would be expected if

disease was being prevented through prevention of vertical transmission from mother to

11
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baby. The thirty cases of RRP identified in the medical record reviews had a median age of
onset of 36 months and median treatment duration of 36 months although with

considerable variability. Some 40% experienced complications.

Some significant limitations apply to our study. We assumed that the PPV we identified for
coded hospital separations in NSW is consistent nationally, which may or may not be the
case. Our inclusion of adults up to age 29 years in our hospital separation rates for code
D14.1 should be interpreted with caution given that different pathologies may apply to this
population, with adults more likely to undergo phonosurgical procedures for benign vocal
fold pathology which may also be coded under D14.1. We also recognise that our estimate
of RRP-prevalence in NSW, will underestimate the total prevalence, given not all ENT
surgeons treat RRP treatment at these centres. Whilst the national data includes private
hospitals, these are not captured in our NSW estimates, suggesting that up to 25% of cases
may have been missed. Under this assumption the prevalence estimate would rise from 2
per 100,000 in children 16 years and under, up to 2.5 per 100,000. This may be a worst case
scenario given that previous studies have found that RRP may be associated with lower

10,26

socio-economic status™ ", which may in Australia be associated with a greater likelihood of

treatment in a public (government funded) hospital setting.

This study supports the significant morbidity associated with the diagnosis of RRP in a child.
The chronic relapsing nature of RRP, and associated significant morbidity and effects upon
quality of life', as well as the lack of curative surgical or medical treatments, support the

role of primary prevention of this condition.

12
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In the Australian setting, with high uptake of quadrivalent HPV vaccine and declining genital
warts and HPV6 and 11%°??, primary prevention through maternal vaccination is probably
already occurring. Young women now have extremely low incidence of genital warts*’ as do
young men (who are also now being vaccinated in Australia), suggesting significant herd
protection. Our data tentatively support the hypothesis that juvenile onset RRP incidence
may be starting to decline, as do national surveillance data from the Australian Paediatric
Surveillance Unit. These data, based on notifications of incident cases of juvenile onset RRP
from paediatricians and paediatric ENT surgeons, have found year on year declines since
surveillance commenced in late 2011, Further monitoring of both hospitalisation data and
notification data are required to confirm whether the disease is declining. In the interim we
await further improvements in treatments, including the possibility of quadrivalent HPV
vaccine having a therapeutic role, and are mindful that prevention may also be possible for
infants of mothers with genital warts in pregnancy through administration of HPV vaccine to

the mother by the transmission of maternal anti-HPV antibodies transplacentally.?

13
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Figure Legends:

Figure 1 - Estimated RRP prevalence by age group and year for children aged under 15 years,

Australia 2000/01 to 2012/13

Figure 2 - Age distribution of 30 cases of juvenile onset RRP in hospitalised cases in NSW, Australia,

by age at diagnosis.

Table Legends:

Table 1 - Average annual hospital separation rates per 100,000 population by age and sex with
principal diagnosis code D14.1 Benign neoplasm of larynx, 2000/01 to 2012/13. Source: AIHW

National Hospital Morbidity Database

Table 2 — Adjuvant treatments given for RRP among 30 cases of juvenile onset RRP in hospitalised

cases in NSW, Australia
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Table 1: Average annual hospital separation rates per 100,000 population by age and sex
with principal diagnosis code D14.1 Benign neoplasm of larynx, 2000/01 to 2012/13.
Source: AIHW National Hospital Morbidity Database

Age group

(years) Male Female All

0-4 3.21 2.53 2.88
5-9 4.21 3.84 4.03
10-14 1.89 2.18 2.03
15-19 0.79 0.84 0.81
20-24 2.89 1.04 1.98
25-29 5.57 1.55 3.58
All 0-29 years 3.10 1.96 2.55
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Table 2 — Adjuvant treatments given for RRP treatment among 30 cases of juvenile onset
RRP in hospitalised cases in NSW, Australia

Adjuvant Treatment given Number of % of patients
patients

Interferon injections alone 3 10
Intralesional cidofovir alone 1 3

Oral cimetidine alone 1 3
Cidofovir + Interferon 4 13
Cimetidine + interferon 2 7
Total 11 37%
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