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Background and Objectives Recurrent respiratory papillomatosis (RRP) is a rare HPV-
associated disease characterized by recurrent papillomatous lesions within the airway.
Subjects and Method We retrospectively analyzed 165 patients who were treated for RRP
at a single tertiary institution between 2005 and 2021 and evaluated clinical characteristics,
treatment outcomes, and risk factors for major complications.
Results Juvenile-onset RRP (JO-RRP) accounted for 11.5% of the cases, demonstrating a
significantly more aggressive clinical course than adult-onset RRP (AO-RRP). JO-RRP pa-
tients showed markedly higher rates of subglottic spread, tracheotomy, and laryngeal stenosis,
while no cases achieved remission. CO,, PDL, and KTP lasers were used for surgical treat-
ment, often combined with intralesional cidofovir injection and HPV vaccination. Our find-
ings suggest that JO-RRP is associated with poor prognosis and aggressive airway involve-
ment. Tracheotomy and repeated surgeries are highly likely to serve as indicators reflecting
disease severity, a prolonged disease course, lower respiratory tract involvement, and airway
obstruction.
Conclusion These findings suggest that continuous surveillance for complications is essen-
tial in patients with a high disease burden.
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Introduction

Recurrent respiratory papillomatosis (RRP) is a rare disease
that occurs in both children and adults and can cause dys-
phonia and airway obstruction because it develops through-
out the airway tract, including the larynx. Cases occurring
before the age of 12 are commonly classified as juvenile-on-

This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (https:/creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

set RRP (JO-RRP), whereas those occurring after the age of
12 are classified as adult-onset RRP (AO-RRP).” Although
some patients experience spontaneous remission, others suf-
fer from high recurrence rates requiring repeated surgical
interventions, resulting in complications and deterioration in
quality of life.

The primary treatment for RRP is surgical removal, and
various types of lasers and surgical instruments have been
used. Although the CO, laser has traditionally been the most
commonly used modality, photoangiolytic lasers such as the
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532-nm potassium titanyl phosphate (KTP) laser and the
585-nm pulsed dye laser (PDL) have recently gained popu-
larity. Because photoangiolytic lasers are selectively absorbed
by hemoglobin and induce selective photoangiolysis, they pro-
vide excellent hemostatic effects and preserve surrounding
normal tissues when removing highly vascularized lesions
such as papillomas.”” In addition to surgical excision, intral-
esional injections of antiviral or antiangiogenic agents have
also been used. Previous studies reported that intralesional
cidofovir injection after surgical removal delayed recurrence
and progression of RRP.” More recently, intralesional beva-
cizumab injection, which has antiangiogenic properties, has
been reported to improve voice function and reduce disease re-
currence although it is off-label (not FDA-approved) therapy.”
At our institution, RRP has been treated using both CO,
lasers and photoangiolytic lasers, combined with adjunctive
treatments including intralesional cidofovir injection and HPV
vaccination. In this study, we analyzed patients diagnosed with
and treated for RRP at a single tertiary institution to investigate
the clinical characteristics, treatment outcomes, and risk factors

associated with major complications during treatment.

Subjects and Methods

We retrospectively reviewed the medical records of patients
diagnosed with and treated for RRP at our institution between
2005 and 2021. The Institutional Review Board of Yonsei
University approved this study (IRB No. 3-2026-0330). Pa-
tients diagnosed with RRP who were followed for at least 12
months were included. Patients who did not meet these crite-
ria and those who had previously received treatment for RRP
at outside institutions were excluded.

Medical and surgical records of all included patients were
reviewed. Variables analyzed included age at diagnosis, sex,
date of first surgery, date of last surgery, and total number of
surgeries performed. Surgical instruments used, biopsy re-
sults, lesion location, complications, tracheotomy status, and
malignant transformation were also investigated. Although
the follow-up interval varied depending on the patient’s condi-
tion, disease severity, and other medical factors, patients were
generally followed serially on an outpatient basis at 3—6-month
intervals. To identify prognostic factors affecting major com-
plications, multivariate analyses were performed. Chi-square
or Fisher’s exact tests were used to evaluate differences in
categorical variables between two independent groups. Inde-
pendent two-sample t-tests were used to assess differences in

490

continuous variables between two independent groups. Lo-
gistic regression models were used to simultaneously evalu-
ate the effects of risk factors on significant complications. A
p-value <0.05 was considered statistically significant. Statistical
analyses were performed using R version 4.1.3 for Windows.

This paper was a retrospective medical record—based study,
which made it difficult to consistently obtain additional in-
formation regarding the exact timing of each complication,
the number of surgeries prior to complication onset, and time-
varying disease states. Consequently, applying survival analy-
sis or time-dependent analysis—which directly accounts for
individual differences in follow-up duration—was limited.
Given these data constraints, we conducted an exploratory
association analysis using available clinical variables.

To reduce arbitrariness in selecting candidate factors and
to enhance reporting transparency, disease onset type, cumu-
lative surgical burden, follow-up duration, and tracheotomy
status were pre-specified as candidate variables based on clin-
ical relevance and data availability. Variables were not select-
ed based on statistical significance in univariable analysis,
nor were automated stepwise selection methods used. For
each major complication, unadjusted associations with the
same candidate variables were evaluated first, and any vari-
able identical to the outcome variable was excluded from the
respective model.

For unadjusted analysis, Firth’s penalized logistic regres-
sion was performed to minimize small-sample bias and esti-
mation instability caused by rare events in standard logistic
regression. In adjusted analyses, multivariable logistic re-
gression was applied to outcomes with a relatively sufficient
number of events, such as subglottic/tracheal involvement and
laryngeal stenosis. Because tracheotomy and malignant trans-
formation occurred in only 9 and 8 patients, respectively,
Firth’s penalized logistic regression was applied to these rare
outcomes, presenting 95% confidence intervals and p-values
based on profile penalized likelihood.

Adjusted models for subglottic/tracheal involvement, la-
ryngeal stenosis, and tracheotomy included onset type, surgi-
cal burden category, and follow-up duration as common co-
variates. Tracheotomy was excluded from the adjusted models
for airway complications because it might have occurred as a
consequence of severe airway disease, making the temporal
sequence between the two impossibles to confirm. For malig-
nant transformation, given the very small number of events
(n=8), a restricted Firth regression model including only tra-
cheotomy status and follow-up duration was used to mini-



mize overfitting.

Follow-up duration was adjusted for as a continuous vari-
able in 5-year increments, considering that the opportunity
to detect complications varied across patients. Furthermore,
because the exact timing and the number of surgeries pre-
ceding complication onset could not be precisely verified, the
number of surgeries was interpreted not as an independent
causal risk factor, but as an associated marker reflecting cu-
mulative disease burden and clinical severity. Therefore, the
results of the regression analyses in this study should be inter-
preted as demonstrating exploratory associations rather than
causality.

Results

A total of 165 patients who met the inclusion criteria were
included in this study. The mean age at diagnosis was 40.9
years (range, 1—80 years). There were 120 males (72.7%) and
45 females (27.3%). Nineteen patients (11.5%) were diagnosed
with JO-RRP, whereas 146 patients (88.5%) were diagnosed
with AO-RRP. Analysis of the total number of surgeries showed
that 50.3% of patients underwent three or fewer procedures,
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Fig. 1. Temporal distribution of RRP cases treated at our institution.
RRP, recurrent respiratory papillomatosis; JO-RRP, juvenile-onset
RRP; AO-RRP, adult-onset RRP.
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26.7% underwent 4—7 procedures, 15.8% underwent 8§—24
procedures, and 7.3% underwent 25 or more procedures.
Among all patients, 64 underwent HPV subtyping, and HPV
subtype 6 was the most common subtype, accounting for 31.5%
of cases. Temporal analysis of RRP patients treated at our in-
stitution showed a marked decrease in the number of JO-RRP
and a gradual decrease in AO-RRP over time (Fig. 1). Regard-
ing sex distribution, JO-RRP showed no significant sex pre-
dominance, whereas AO-RRP occurred predominantly in
males (Fig. 2).

CO,; lasers were used in 79.4% of patients, PDL in 27.9%,
and KTP lasers in 23.6%. Because most patients underwent
multiple surgeries, more than one type of laser was often used.
In addition to surgical resection, 66.7% of patients received
intralesional cidofovir injections, and 39.4% underwent HPV
vaccination. Other clinical characteristics are summarized in
Table 1. During the study period among AO-RRP, 36 patients
(24.7%) didn’t achieve remission. Subglottic spread occurred
in 24 patients (16.4%), tracheotomy was performed in 2 pa-
tients (1.4%), laryngeal stenosis developed in 28 patients
(19.2%), and malignant transformation occurred in 6 patients
4.1%).

While there is currently no standardized criterion for re-
mission, this study defined remission as a state requiring no
surgical intervention for RRP for at least 12 months after the
final treatment. Subglottic extension was defined as the direct
intraoperative visualization of subglottic extension via micro-
scopic or endoscopic examination. Laryngeal stenosis was
defined as persistent laryngeal airway stenosis observed post-
operatively due to scarring, webs, or synechiae. The presence
of malignant transformation was determined based on the
histopathological results of tissue obtained during surgery.
And, major complications were defined as the need for tra-
cheotomy, laryngeal stenosis requiring surgical intervention,

malignant transformation, and subglottic extension.
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Fig. 2. Sex distribution in JO-RRP (A), AO-RRP (B), and total (C) patients. RRP, recurrent respiratory papillomatosis; JO-RRP, juvenile-

onset RRP; AO-RRP, adult-onset RRP.
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When comparing JO-RRP and AO-RRP, the JO-RRP group
demonstrated significantly worse disease course and compli-
cation profiles. None of the JO-RRP patients achieved remis-
sion, whereas approximately 75.3% of AO-RRP patients
achieved remission. In addition, subglottic spread occurred in
89.5% of JO-RRP patients compared with 16.4% in AO-RRP
patients. Tracheotomy was also much more frequent in JO-RRP
patients (36.8%) than in AO-RRP patients (1.4%) (Table 2).

Candidate factors evaluated included operation burden,
follow-up duration, tracheotomy and whether adult onset or
Juvenile.

In the crude association analysis, all candidate factors were
significantly associated with subglottic or tracheal spread, la-
ryngeal stenosis, and tracheotomy; however, major complica-
tions overall were significantly associated with tracheotomy
(Table 3-Panel A).

In the prespecified adjusted model, subglottic or tracheal

Table 1. Patient demographics and disease characteristics

Variables n (%)

Age at diagnosis 40.9 (1-80)
Gender

Male 120 (72.7)

Female 45 (27.3)
Onset

Adult-onset 146 (88.5)

Juvenile-onset 19(11.5)
Number of operations

0-3 83 (50.3)

4-7 44(26.7)

8-24 26 (15.8)

>25 12(7.3)
HPV subtype

6 52 (31.5)

1 11(6.7)

16 1(1)

Unknown 101 (61.2)
LASER type*

CO2 131 (79.4)

PDL 46 (27.9)

KTP 39 (23.6)
Cidofovir

Yes 110 (66.7)

No 55(33.3)
HPV vaccination

Yes 65 (39.4)

No 100 (60.6)

*some patients underwent multiple operations using several
LASER types.
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spread maintained a significant association only with age at
onset and surgical burden, whereas both laryngeal stenosis
and tracheotomy showed significant associations solely with
surgical burden (Table 3-Panel B).

Discussion

RRP is caused by HPV infection, most commonly HPV
subtypes 6 and 11, although high-risk subtypes such as 16, 18,
31, 33, and 39 have also been implicated.”"” Among the 64
patients for whom HPV subtype information was available
in this study, 52 patients were associated with HPV subtype
6, 11 patients with subtype 11, and 1 patient with subtype 16.

When the study period was divided into three intervals, a
marked decrease in number of JO-RRP patients treated at our
institution and a gradual decrease in number of AO-RRP pa-
tients treated at our institution were observed over time. This
trend may be associated with the HPV vaccination program
introduced in Korea in 2016 as part of the national health insur-
ance system. In this study, we observe no gender difference in
JO-RRP, whereas AO-RRP occurred significantly more often
in males, which may be related to sexual transmission of HPV.

Although RRP is the most common benign laryngeal tumor
in both children and adults, there is still no definitive curative
treatment. Surgical excision remains the primary treatment
modality, and cold instruments, microdebriders, and lasers
have all been utilized.”" The choice of surgical tool or laser
type generally depends on institutional preference and surgeon

Table 2. Complications between JO-RRP and AO-RRP group

Variables JO-RRP (n=19)  AO-RRP (n=146)

Remission

No 19 (100) 36 (24.7)

Yes 0(0) 110 (75.3)
Subglottic spread

Yes 17 (89.5) 24 (16.4)

No 2(10.5) 122 (83.6)
Tracheotomy

Yes 7 (36.8) 2(1.4)

No 12 (63.2) 144 (98.6)
Laryngeal stenosis

Yes 11(57.9) 28 (19.2)

No 8 (42.1) 118 (80.8)
Malignant transformation

Yes 2(10.5) 6(4.1)

No 17 (89.5) 140 (95.9)

Data are presented as n (%). RRP, recurrent respiratory papillo-
matosis; JO-RRP, juvenile-onset RRP; AO-RRP, adult-onset RRP.



experience. Microdebriders are generally advantageous for
efficient removal of bulky lesions. Although CO, lasers have
been widely used, angiolytic lasers such as PDL and KTP la-
sers are increasingly preferred. Because angiolytic lasers are
selectively absorbed by hemoglobin and induce selective pho-
toangiolysis, they reduce bleeding when removing highly vas-
cularized lesions such as papillomas. Furthermore, because
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these are fiber-based lasers, they are advantageous for remov-
ing lesions in curved anatomical areas such as the subglottic
region. When combined with a fiberscope equipped with a side
channel, they can also be used to remove intrabronchial lesions.

Patients with RRP often experience recurrent disease and
repeated surgeries over long treatment periods, resulting in
major complications such as laryngeal stenosis, subglottic

Table 3. Crude and adjusted associations between candidate factors and major complications in patients with RRP

Panel A. Crude associations of the four prespecified candidate factors

Outcome Candidate factor Events (n=165)  Crude OR 95% ClI p-value

Subglofttic or fracheal Adult-onset vs. juvenile-onset 41 0.029 0.005-0.100 <0.001
spread Operation burden category 4] 3.756 2.456—6.082 <0.001
Follow-up duration 41 1.630 1.183-2.304 0.003
Tracheotomy 39 22.037 4.703-212.522 <0.001
Laryngeal stenosis Adult-onset vs. juvenile-onset 39 0.181 0.066—0.476 0.001
Operation burden 39 4.042 2.601-6.696 <0.001
Follow-up duration 39 1.767 1.269-2.531 0.001
Tracheotomy 39 22.037 4.703-212.522 <0.001
Tracheotomy Adult-onset vs. juvenile-onset 0.029 0.005-0.124 <0.001
Operation burden 7.160 3.028-24.139 <0.001
Follow-up duration 9 1.897 1.204-3.167 0.007
Tracheotomy N/A N/A N/A N/A
Malignant Adult-onset vs. juvenile-onset 8 0.329 0.076—1.896 0.190
fransformation Operation burden 8 1.261 0.615-2.395 0.501
Follow-up duration 8 1.620 0.980—-2.609 0.059
Tracheotomy 8 7.564 1.231-36.543 0.031

Panel B. Prespecified adjusted models

Outcome Factor included in adjusted model  Events (n=165) Adjusted OR 95% ClI p-value

Subglottic or fracheal Adult-onset vs. juvenile-onset 41 0.055 0.010-0.294 <0.001
spread Operation burden 4] 3.171 1.784-5.637 <0.001
Follow-up duration 41 0.884 0.535—1.462 0.632
Laryngeal stenosis Adult-onset vs. juvenile-onset 39 1.201 0.301-4.791 0.795
Operation burden 39 4114 2.334-7.252 <0.001
Follow-up duration 39 1.110 0.720-1.710 0.636
Tracheotomy Adult-onset vs. juvenile-onset 9 0.190 0.023—-1.382 0.101
Operation burden 9 3.423 1.197-12.155 0.020
Follow-up duration 9 1.126 0.439-2.569 0.797
Malignant Tracheotomy 8 4.878 0.764-24.615 0.088
fransformation Follow-up duration 8 1.526 0.859—2.477 0.132

1) Four candidate factors were prespecified on the basis of clinical relevance and data availability: onset type, operation bur-
den, follow-up duration, and tracheotomy status. Candidate-factor selection was not based on univariable p-values, and no au-
tomated stepwise selection procedure was used. 2) Panel A reports crude associations estimated using Firth penalized logistic re-
gression. Tracheotomy status was not analyzed as a predictor when tracheotomy itself was the outcome. 3) Panel B reports
prespecified adjusted models. Onset type, operation burden, and follow-up duration were included as common adjustment
variables for subglottic/tracheal spread, laryngeal stenosis, and tracheotomy. 4) Tracheotomy was excluded from the adjusted
airway-complication models because the temporal sequence between tracheotomy and airway complications could not be
reliably established in the retrospective dataset. 5) Because malignant transformation occurred in only eight patients, its adjusted
Firth model was deliberately restricted to tracheotomy status and follow-up duration to reduce overfitting. 6) Adult-onset disease
was compared with juvenile-onset disease (reference). Operation burden was categorized as 1=0—-3 operations, 2=4-7, 3=8-24,
and 4=>25 or recorded as multiple. The OR is expressed per one-category increase. 7) Follow-up duration was entered as a con-
finuous variable scaled per 5 years. 8) The number of operations should be interpreted as a marker of cumulative disease burden
rather than an independent causal risk factor. All associations are exploratory. RRP, recurrent respiratory papillomatosis; OR, odds
ratio; Cl, confidence interval.
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spread, and malignant transformation. Tracheotomy should be
avoided whenever possible; however, it may become unavoid-
able in cases of severe airway compromise. All major compli-
cations mentioned above occurred significantly more frequent-
ly in the JO-RRP group. Multivariate analysis demonstrated
that onset age and number of surgeries were statistically sig-
nificant risk factors for major complications. Because JO-RRP
patients experience higher recurrence rates, repeated surgical
interventions likely contribute to increased complication rates.
These findings are consistent with previous studies report-
ing poorer prognosis in JO-RRP.*"Y

In this study, the absence of remission and the frequent
occurrence of subglottic spread and laryngeal stenosis in JO-
RRP patients suggest that early disease onset significantly
influences its adverse prognosis. In particular, the high tra-
cheotomy rate and frequent lower airway involvement ob-
served in JO-RRP reflect the aggressive clinical course of the
disease.

Multivariate analysis identified the number of surgeries as
a marker of cumulative disease burden for major complica-
tions, supporting the possibility that repeated surgical trauma
and tissue remodeling contribute to complication develop-
ment. Tracheotomy and repeated surgeries are highly likely
to serve as indicators reflecting disease severity, a prolonged
disease course, lower respiratory tract involvement, and air-
way obstruction. Therefore, active surveillance appears to be
necessary for patients with a high disease burden. This study
has several limitations. First, its retrospective nature and sin-
gle-center design may restrict the generalizability of the find-
ings to broader populations. Second, the potential for selec-
tion bias cannot be entirely ruled out. Finally, slight treatment
heterogeneity may have existed over the study period.

In conclusion, in the treatment of RRP, preventing second-
ary complications is as important as controlling gross dis-
ease. Disease onset age, number of surgeries, and tracheoto-
my were thought to be associated with major complications.
In patients with these risk factors, clinicians should pay par-
ticular attention to preventing complications and detecting
them at an early stage.
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