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OBJECTIVES: Recurrent respiratory papillomatosis (RRP) is caused by human papillomavirus (HPV) types 6 and 11 and is
potentially preventable through vaccination. This study estimated the incidence of juvenile-onset RRP before the implementation
of the national HPV vaccination program in Korea.

METHODS: We conducted a cohort study using claims data provided by a mandatory insurance program to estimate the inci-
dence of RRP and associated healthcare use. Patients with juvenile RRP were defined as those aged <12 years with >2 admissions
or =2 outpatient visits during which they received the International Classification of Diseases, 10th revision code for benign
neoplasms of the larynx (D14.1).

RESULTS: During 2002-2014, 123 children (74 boys and 49 girls) were diagnosed with RRP. The patients had a mean of 6.5
person-years of follow-up. The incidence was estimated at 0.30/100,000 person-years. The median age at diagnosis was 4.0 years
(mean, 4.3). Thirty-six (29.3%) patients underwent surgery, including 23 patients (18.7%) who underwent 2 or more surgical
procedures. Severe disease, measured by more frequent surgical procedures and shorter time intervals between consecutive op-
erations, was associated with a younger age at diagnosis.

CONCLUSIONS: The estimated incidence of juvenile-onset RRP in Korea was similar to that reported in other countries. The

RRP burden should continue to be monitored using National Health Insurance Service claims data.
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INTRODUCTION

Recurrent respiratory papillomatosis (RRP) is a benign but po-
tentially troublesome disease caused by human papillomavirus
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(HPV) that is characterized by the appearance of papillomatous
lesions in the respiratory tract [1]. HPV types 6 and 11 are respon-
sible for more than 90% of RRP cases [2,3]. RRP is usually restrict-
ed to the larynx, but it infrequently becomes aggressive, and spreads
to the nasopharynx, tracheobronchial tree, and more rarely, the
pulmonary parenchyma [4-6]. The natural course of the disease is
diverse and difficult to predict, ranging from spontaneous remis-
sion to aggressive progression, which may result in obstruction or
spread to the lungs and require multiple surgical procedures to
maintain an open airway [7].

Although rare, RRP occurs more commonly in children than
in adults. The incidence of RRP has been reported to range from
0.17 to 1.34 per 100,000 in children [8-13] and 0.18 to 0.54 per
100,000 in adults [12,14]. A maternal history of genital warts dur-
ing pregnancy and delivery is strongly associated with the devel-
opment of juvenile-onset RRP [15].

The course of the disease can vary from mild to severe. Although
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no conclusive cure for RRP exists, surgical excision of the papillo-
mas is the primary form of treatment used to ensure functioning
of the airway and maintain quality of phonation. Cidofovir, an
analog of cytosine, is currently the most commonly used antiviral
agent in adjuvant treatment of RRP [16]. Nevertheless, some chil-
dren require multiple surgical procedures throughout childhood,
which are associated with progressively greater physical, emotional,
and financial burdens on the individual, family, and society [17,18].

RRP is preventable through appropriate vaccination (i.e., quad-
rivalent or non-avalent HPV vaccines, which have preventive ef-
fects against HPV 6 and 11). HPV vaccines have been used in the
private sector in Korea since 2007 to prevent cervical cancer and
other HPV-related diseases. In 2016, bivalent and quadrivalent
HPV vaccines targeting 12-year-old girls were added to the fully
funded National Immunization Program [19]. However, little is
known about the epidemiological characteristics of juvenile RRP
in Korea. This study estimated the incidence and analyzed the de-
mographic characteristics of Korean children diagnosed with ju-
venile-onset RRP prior to the introduction of the HPV vaccina-
tion program in Korea.

MATERIALS AND METHODS

Data source
This study used health insurance claims data provided by the

National Health Insurance Service (NHIS). The NHIS is a compul-
sory, single-payer insurance scheme that provides benefits for the
prevention, diagnosis, and treatment of disease and injury. All
Korean citizens are required to either be enrolled in the NHIS
(97% of the entire population) or registered for Medical Aid (3%)
[20]. The NHIS database includes information on Medical Aid
recipients; therefore, it covers the entire Korean population. Cur-

rently, the NHIS maintains and stores national records for health-
care service use and prescriptions. The NHIS claims database con-
tains details on diagnoses, treatments and medical services, pre-
scriptions, number of outpatient visits, length of hospitalization,
cost of care, the medical institution, as well as the income level
and place of residence of all insured individuals [21].

Study population

The incident RRP patients were defined as those aged 12 years
and younger with >2 admissions or >2 outpatient visits during
which they were assigned the International Classification of Dis-
eases, 10th revision (ICD-10) code corresponding to benign neo-
plasms of the larynx (D14.1). In a study conducted in Australia,
the positive predictive value of code D14.1 for RRP was 98.1%
[11]. The RRP cohort consisted of patients born in or after 2002
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Figure 1. Patients with juvenile-onset recurrent respiratory papil-

lomatosis among the birth cohort born between 2002 and 2014
stratified by age at initial diagnosis in Korea (n=123).

Table 1. Structure of the recurrent respiratory papillomatosis (RRP) patient cohort

RRP patient cohort

. Children Age at initial

Bl;tegr ever born No. of patients initially diagnosed per year diagnosis

(thousand) 5005 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 (nO-ofpatients)
2002 4703 2 0 0 1 0 0 2 2 0 0 -
2003 4693 - 3 0 2 1 2 3 1 0 1 0
2004 4512 - - o 0o 2 2 1 2 3 2 0 2 0
2005 4139 - - - 2 1 2 3 2 1 1 2 1 o 106
2006 4247 - - - - 4 0 2 1 3 1 2 2 3 9(2)
2007 4703 - - - - - 2 0 2 1 2 2 1 1 8(5)
2008 4444 - - - - - - 7 1 1 3 0 1 0 7(9)
2009 4245 - - - - - - - 3 3 2 0 0 1 6(10)
2010 4485 - - - - - - - - 1 2 0 0 0 5(11)
2011 4516 - - - - - - - - - 1 0 2 1 4(10)
2012 4644 - - - - - - - - - - 1 2 1 3(13)
2013 4215 - - - - - - - - - - - 3 1 2(16)
2014 4198 - - - - - - - - - - - - 2 1(10)

- 0(31)

Total 2 3 0 5 8 8 18 14 13 15 9 17 N 123
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who were first diagnosed with RRP between 2002 and 2014. The
RRP cohort was followed-up until December 31, 2015. Their use
of medical services, such as the number of hospital visits and sur-
gical treatments, was the outcome of interest. The incidence rate
was calculated as the total number of cases divided by total per-
son-year (ie., the mid-year population of children born between
2002 and 2014 [22] multiplied by the follow-up years).

Ethics statement

The study protocol was approved by the Institutional Review
Board (IRB) of the National Cancer Center of Korea (NCC2017-
0034). This study used secondary data that contained no personal
information, and the requirement for informed consent was waived
by the IRB.

RESULTS

Table 1 and Figure 1 show the demographic characteristics of
patients with juvenile RRP diagnosed between 2002 and 2014. A
total of 123 children (74 boys and 49 girls) aged 12 years or young-
er were diagnosed with RRP. The estimated incidence rate was
0.30 per 100,000 person-years. The median age at diagnosis was
4.0 years (mean, 4.3); most patients (78.8%) were under the age of
6 years at the time of the initial diagnosis.

Table 2 shows the age distribution of patients with incident RRP
(n=123) and patients who had undergone surgery 2 or more times
(n=23). The mean age of patients who underwent >2 surgical
procedures was 2.6 years.

Figure 2 shows the distribution of patients with RRP by frequen-
cy of surgical intervention. Thirty-six patients (29.3%) received a
surgical intervention for RRP, including 23 patients (18.7%) who
underwent surgery 2 or more times. The patients diagnosed at a
younger age were more likely to have received repeated surgical
interventions, with repeated surgery rates of 30.9%, 11.9%, and
3.8% in the age groups of <3 years, 4-6 years, and 7-12 years, re-
spectively. The remaining 70.7% of patients never received a sur-
gical intervention. The incidence density of patients who received
surgical interventions was 5.1 per 100 person-years.

Table 3 shows the time interval between surgical procedures or
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Figure 2. Patients with juvenile-onset recurrent respiratory papil-

lomatosis stratified by frequency of surgical intervention and age
atinitial diagnosis in Korea (n=123).

Table 2. Patients with juvenile-onset recurrent respiratory papillomatosis among the birth cohort born between 2002 and 2014 stratified

by age at initial diagnosis in Korea

Age at initial Incident RRP patients' Patients who underwent 2 or more surgical procedures

diagnosis (yr) Boys Girls Total Boys Girls Total
Mean+SD [range] 4.5+2.8[0-11] 3.9+3.3[0-12] 4.3+3.0[0-12] 2.1%1.6 [0-5] 3.2+3.1[1-11] 2.6+2.4[0-11]
Median (Q1, Q3) 4(2,6) 3(1,6) 4(2,6) 2(1,3) 2(1,4) 2(1,4)

0 4(54) 5(10.2) 9(7.3) 1(8.3) 0(0.0) 1(4.3)

1 7(9.5) 10(20.4) 17 (13.8) 4(33.3) 5(45.5) 9(39.1)

2 9(12.2) 5(10.2) 14(11.4) 4(33.3) 1(9.) 5(21.7)

3 9(12.2) 6(12.2) 15(12.2) 1(8.3) 1(9.1) 2(87)

4 12(16.2) 6(12.2) 18(14.6) 0(0.0) 2(18.2) 2(8.7)

5 10(13.5) 1(2.0) 11(8.9) 2(16.7) 0(0.0) 2(87)

6 6(8.1) 7(14.3) 13(10.6) 0(0.0) 1(9.1) 1(4.3)

7 6(8.1) 3(6.1) 9(7 3) 0(0.0) 0(0.0) 0(0.0)

8 2(27) 1(2.0) 2.4) 0(0.0) 0(0.0) 0(0.0)

9 3(4.0) 1(2.0) 3.3) 0(0.0) 0(0.0) 0(0.0)
10 4(54) 0(0.0) 4 (3 3) 0(0.0) 0(0.0) 0(0.0)
1 2(27) 2(4.0) 3.3) 0(0.0) 1(9.1) 1(4.3)
12 0(0.0) 2(4.) 6) 0(0.0) 0(0.0) 0(0.0)
Total 74(100) 49 (100) 123 (100) 12 (100) 11 (100) 23(100)
Values are presented as number (%).
SD, standard deviation.

'Defined as those aged 12 years and younger with >2 admissions or >2 outpatient visits during which they were assigned the International Clas-
sification of Dis eases, 10th revision code corresponding to benign neoplasms of the larynx (D14.1).
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Table 3. Average time interval (days) between hospital visits among patients with recurrent respiratory papillomatosis by age group

Age at initial diagnosis, yr

Surgical procedure

0-3 (n=55) 4-6 (n=42) 7-12 (n=26)
Patients with surgical intervention, n 20 9 7
Diagnosis to first surgery 46.0 [0-560] 67.9 [0-245] 103.3 [0-694]
First to second surgery 95.5[7-319] 160.4 [31-274] 14.0 [14-14]
Second to third surgery 129.1 [33-336] 326.5[322-331] 280.0 [280-280]
Patients without surgical intervention, n 35 33 19
Diagnosis to second visit 93.5[0-764] 86.4[6-510] 35.9[3-191]
Second to third visit 203.1[10-1,071] 96.3 [11-350] 45.5[0-189]
Third to fourth visit 130.7 [1-189] 56.0 [56-56] 76.8[6-210]
Values are presented as day [range].
Table 4. List of commonly applied surgical interventions (procedure DISCUSSION

codes) for juvenile-onset recurrent respiratory papillomatosis dur-
ing 2002-2014 in Korea

Surgical intervention (nolfffq:aet?::ts)’

Resection of laryngeal benign tumor under 86 (23)
suspension laryngoscopy

Removal of vocal nodule or polyp 73(12)

Endoscopic dilation of tracheal or bronchial stenosis 15(2)
with balloon

Operation of laryngeal stenosis — laser operation 6 (4)

Operation of vocal cord paralysis — unilateral, foreign 4(4)
material injection

Removal of epiglottic cyst 3(3)

Diffuse vocal polyposis incision and suction 3(2)

Resection of laryngeal benign tumor under flexible 2(1)
endoscopy

Endoscopic excision of tracheal or bronchial tumor - 3(3)

rigid bronchoscopic

'Surgical interventions with a frequency <2 are not listed.

outpatient visits. The time interval between subsequent surgical
procedures was shorter in the age group <3 years at initial diag-
nosis than in the older age group. In contrast, for patients treated
without surgery, the time interval between the first visit for diag-
nosis and the following visits for treatment or follow-up was short-
er in the older age group. Among 36 patients who received surgi-
cal interventions, 21 (58.3%) underwent repeated surgery within
1 year (data not shown).

As shown in Table 4, the most commonly applied surgical in-
terventions were resection of the laryngeal benign tumor under
suspension laryngoscopy, followed by removal of the vocal nod-
ule or polyp, endoscopic dilation of tracheal or bronchial stenosis
with balloon, operation of laryngeal stenosis (laser operation),
operation of vocal cord paralysis (unilateral, foreign material in-
jection, Teflon, silicone, or other), removal of epiglottic cyst (n=4),
diffuse vocal polyposis incision and suction, resection of the la-
ryngeal benign tumor under flexible endoscopy, and endoscopic
excision of tracheal or bronchial tumor (rigid bronchoscopic).
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In this study, we found that juvenile-onset RRP is rare in Korea,
with an annual incidence rate of 0.30 per 100,000 person-year
among those aged <12 years. This incidence rate is comparable
with the RRP incidence reported in other countries for a similar
age group. For example, in a population-based study conducted
in the United States, the estimated incidence rate for juvenile RRP
was 0.3 to 1.1 per 100,000 children aged <18 years in 1996 and
the prevalence rate was 1.7 to 2.6 per 100,000 children [8]. In a
2006 study in the United States, the incidence and prevalence were
0.5 to 1.0 and 1.5 to 2.9 per 100,000 children ( < 18 years), respec-
tively [10]. In a Canadian national database of children with juve-
nile RRP, recorded during 1994-2007, the incidence rate was 0.24
per 100,000 children aged <14 years and the prevalence was 1.1
per 100,000 children in the same age group [9]. In Australia, dur-
ing 2000-2013, the estimated national prevalence rate was 0.81 per
100,000 children aged <15 years, peaking within the age range of
5-9 years (1.1 per 100,000) [11]. A study conducted in South Af-
rica estimated the incidence and prevalence rates of juvenile RRP
in South Africa at 1.3 and 3.9 per 100,000 children aged 14 years
and younger, respectively [13]. In our study, the median age at di-
agnosis was 3 years, which is comparable to that in the United
States (3.1 years) [17] and Australia (3.0 years) [11].

Although no conclusive cure for RRP exists, surgical excision
of the papillomas is the primary form of treatment [16]. Among
the children in our study, 18.7% had experienced repeated surgical
interventions during an average of 6 years of follow-up; patients
diagnosed at a younger age were more likely to receive repeated
surgical interventions. Younger age at onset of juvenile RRP is an
important predictor of severity. According to a systematic review,
younger age at onset has consistently been related to disease se-
verity and is one of the most important risk factors for severity
[15]. However, in a United States-based study using the national
registry data of juvenile-onset RRP, severity (as measured by fre-
quency of surgical procedures) was more strongly associated with
age at the time of the first surgery than age at the time of diagno-
sis [17]. Buchinsky et al. [23] reported that the probability of ag-
gressive disease is high for children under 5 years of age and then
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drops rapidly. HPV type was not significantly associated with ag-
gressiveness.

A systematic review grouped the major risk factors for juvenile-
onset RRP into 3 categories: history of maternal genital HPV in-
fection and birth, viral genotype, and host factors [15]. HPV in-
fection is a major risk factor for juvenile-onset RRP. A history of
maternal genital warts during pregnancy and delivery is strongly
associated with the development of juvenile-onset RRP [15]. One
large study concluded that 37% of juvenile-onset RRP cases were
associated with maternal genital warts during pregnancy [24]. HPV
types 6 and 11 are the cause of more than 90% of RRP cases [7,25],
with HPV 11 associated with a higher severity. In previous studies,
young age at diagnosis and infection with HPV 11 were the most
important risk factors for severity in juvenile-onset RRP [15]. In
our study, we found that surgery was more frequent among pa-
tients who were younger at diagnosis; in addition, the time between
consecutive operations was shorter in the younger age group.

HPYV infection is preventable through vaccination. In 2007, the
quadrivalent HPV vaccine (HPV 6, 11, 16, and 18) was approved
in Korea for girls and women aged between 9 years and 26 years
and men aged between 9 years and 15 years. Since 2011, it has also
been indicated for men and women aged between 9 years and
26 years. In 2008, the bivalent HPV vaccine (HPV 16 and 18),
which does not protect against the HPV types associated with RRP,
was approved for use in girls and women aged between 9 years
and 25 years. In 2014, a 2-dose vaccination schedule was approved
for use in girls and boys aged between 9 years and 13 years (quad-
rivalent) and for girls aged between 9 years and 14 years (bivalent).
The non-valent HPV vaccine (HPV 6, 11, 16, 18, 31, 33, 45, 52,
and 58) was licensed in 2016 [26]. In June 2016, vaccination against
bivalent and quadrivalent HPV was included in the National Im-
munization Program as 2-dose schedule vaccines (0 and 6 months)
for girls aged 12 years. The choice of vaccine is based on the clini-
cian’s recommendation and patient and/or parent preferences [19].
The HPV vaccination rate for 12-year-old girls in 2018 was 87.2%
[27]. The quadrivalent HPV vaccine, which protects against HPV
6 and 11, is widely used in Korea, with an estimated 80% of the
vaccinated population having received it (internal data of the Ko-
rea Centers for Disease Control and Prevention). The effects of
vaccination on RRP are likely to become apparent in the future,
once vaccinated girls grow to women of child-bearing age. Fol-
lowing an extensive quadrivalent HPV vaccination program in
Australia, the average annual incidence rate of juvenile-onset RRP
declined from 0.16 per 100,000 in 2012 to 0.02 per 100,000 in
2016 [28].

This study has potential limitations. First, the estimated inci-
dence was based only on patients who visited medical facilities
because we used health insurance claims data. However, since the
NHIS database contains information on the entire Korean popu-
lation, cases of children with RRP who did not receive treatment
are likely to be extremely rare.

Second, we used ICD-10 code D14.1 to identify RRP cases,
which may have provided an inaccurate estimate, as several other

codes can be used to designate RRP, depending on context. For
example, according to a United Kingdom-based study, the ICD-
10 codes corresponding to an RRP episode can include D10 (be-
nign neoplasm of mouth and pharynx), D14.1 (benign neoplasm
of larynx), D14.2 (benign neoplasm of trachea), D14.3 (benign
neoplasm of bronchus and lung), D14.4 (benign neoplasm of un-
specified respiratory system), and B97.7 (papillomavirus as a
cause of diseases classified in other chapters) [29]. It has been sug-
gested that J38 (diseases of vocal cords and larynx, not elsewhere
classified) and J383 (other diseases of vocal cords) should be in-
cluded in RRP coding in Korea. However, at the time of the study
was performed, codes other than D14.1 were being used to de-
note other conditions, such as polyps of the airway, as well as RRP.
For example, in this study, the number of patients aged 12 years
or younger with J38 and J383 exceeded 12,000 and 134,000, re-
spectively. When we combined these disease codes (J38/J383) with
the treatment code for the most commonly used surgical interven-
tion for RRP (O1221: resection of laryngeal benign tumor under
suspension laryngoscopy), we obtained implausibly many (J38 &
01221=722) or few (J383 & 01221 =0) cases. Nonetheless, D14.1
can also be used for other non-papilloma conditions (e.g., polyps
in the airway), which can lead to overestimation of RRP. Addition-
ally, we excluded patients diagnosed with D14.1 just once to en-
sure that cases met the definition of “recurrent” The number of
RRP cases can be increased by extending the observational period
prospectively. For example, children born in 2014 and diagnosed
with D14.1 once were excluded in this study. The follow-up time
is very short for them (i.e,, 1 year), and they will become RRP
cases if D14.1 recurs in the future.

In this study, 70% of patients did not receive surgical interven-
tions, which suggests that the incidence of RRP may have been
overestimated. Some of them might not have been true RRP cases,
while others might have been treated with the wait-and-see ap-
proach recommended for RRP with mild to moderate symptoms,
or received treatment not covered by the NHIS. In Korea, the cod-
ing used to denote RRP is likely diverse, as RRP is a very rare dis-
ease and there are no RRP-specific diagnosis codes or standardized
guidelines for diagnosis and treatment. Additionally, regardless of
the underlying diagnosis with any ICD-10 codes, we observed
200 patients who had received 1 of the 4 surgical interventions
that are most commonly applied for RRP (i.e., 01221, resection
of laryngeal benign tumor under suspension laryngoscopy; 01231,
removal of vocal nodule or polyp; OA273, operation of laryngeal
stenosis — laser operation; or 01233, diffuse vocal polyposis inci-
sion and suction) (data not shown). Among them, the most com-
mon diagnosis was benign neoplasm of the larynx (D14.1, 354
cases), followed by stenosis of the larynx (J38.6, 183 cases), polyp
of vocal cords and larynx (J38.1, 81 cases), nodules of the vocal
cords (J38.2, 34 cases), and congenital subglottic stenosis (Q31.1,
32 cases) (The total number of cases is larger than the number of
patients because some patients had more than 1 type of lesion).
Despite the risk of over-estimation or under-estimation associated
with using a single, non-specific disease code, the findings from
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this study suggest that D14.1 is a sensitive and specific ICD-10
code for juvenile-onset RRP in Korea. In an Australia-based study,
the positive predictive value of code D14.1 was 98.1% [11]. Apply-
ing the stringent criterion of a history of 2 or more surgical proce-
dures explicitly due to RRP, the total incidence reported is 23. How-
ever, when applying the estimation method described previously,
the estimated incidence of RRP is 123. For purposes of clarity,
both total incidence values are presented in Table 2.

Third, data on the use of medical adjuvant treatment were not
available in this study. Approximately 20% of patients with RRP
require adjunctive medical treatment in addition to surgery to
control the disease [16,25]. The current criteria for adjuvant ther-
apy include more than 4 surgical procedures annually, rapid re-
currence of papillomas with airway compromise, and distal mul-
tisite spread of the disease. The medications used in treatment in-
clude interferon, antiviral agents (acyclovir, ribavirin, cidofovir),
retinoids, and inhibitors of the oxygenase-2 cycle [16,25]. Cidofo-
vir, an analog of cytosine, is currently the most commonly used
antiviral agent in medical adjuvant treatment for RRP [1,16]. How-
ever, most medications used for RRP, including cidofovir, are not
covered by the NHIS, and claims data are not available for these
medications.

Lastly, clinical information including pathology, which is useful
for confirming the diagnosis, is unavailable from the claims data.

Despite these limitations, this study provides valuable informa-
tion on the epidemiological features and treatment modality of
RRP in Korea. Future studies on the epidemiology of juvenile-on-
set RRP after the implementation of the national HPV vaccina-
tion program are needed. Special coding for RRP claims and/or
RRP registration can be suggested for further studies.

In conclusion, the estimated incidence of juvenile the estimated
incidence of juvenile-onset RRP in Korea was similar to that re-
ported in other countries. Disease severity, as measured by more
frequent surgical procedures and shorter time intervals between
consecutive operations, is linked to a younger age at diagnosis.
The RRP burden following the implementation of a national HPV
vaccination program can be monitored using the NHIS claims
data.
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