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ABSTRACT

Recurrent respiratory papillomatosis (RRP) is caused by human papillomaviruses (HPV) 6 and 11, but the role of their genomic

variants in the disease's clinical course is unclear. This study investigated whether long-term persistence of a particular HPV

genotype, subtype or genomic variant influences the RRP clinical course. HPV genotyping was performed in paired baseline and
follow-up RRP laryngeal tissue specimens of 59 patients. HPV6 and HPV11 genomic variants were determined in paired tissue
specimens taken at least 10 years apart in 20 selected patients. HPV was identified in 58/59 patients, most commonly HPV6 (40/58),
followed by HPV11 (17/58). The most prevalent HPV genomic variant was HPV11 A2. HPV6 A and HPV6 Bl were most
frequent in aggressive RRP. In all patients, identical HPV genomic variants were identified in both paired specimens. RRP

results from a long-term infection with the same HPV genomic variant that can be identified decades after disease onset. We

report the longest duration of genetically confirmed persistent HPV infection in peer-reviewed literature, during a 44-year

interval in a patient with HPB6 B1. This study suggests that infection with a particular HPV genotype, subtype, or genomic

variant does not significantly influence the clinical course of RRP.

1 | Introduction

Recurrent respiratory papillomatosis (RRP) is a rare respiratory
tract disease that mainly affects the larynx and clinically pres-
ents as benign squamous cell papillomas, which are caused by
low-risk human papillomaviruses (HPV), mainly HPV6 and
HPV11 [1]. Based on the patient's age at disease presentation,

juvenile- and adult-onset RRP are distinguished, the first having
a more aggressive course [2, 3]. The distinctive features of RRP
are the unpredictable clinical course and the potential to spread
to the distal respiratory tract mucosa, both defining RRP's
aggressiveness [2, 4]. In addition, mucosal papillomas can
reappear regularly at short intervals or following long remis-
sions of up to a decade or even longer [5, 6]. According to

Abbreviations: CI, confidence interval; HPV, human papillomaviruses; IQR, interquartile range; RRP, recurrent respiratory papillomatosis; SD, standard deviation.
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immunological studies, RRP usually appears in individuals with
a permissive and insufficient immune response to the viral
infection, suggesting that recurrences of RRP could be immu-
nologically mediated [7].

HPV DNA is identified in virtually all RRPs: most commonly
HPV6, followed by HPV11, and with other low-risk and high-
risk HPV genotypes being only rarely detected [1, 5-8]. L1 gene
nucleotide sequences of different HPV genotypes differ by more
than 10%, while identification of major genomic variant linea-
ges and sublineages is based on differences of ~1%- < 10% and
0.5%-1.0%, across the complete viral genome sequence,
respectively [9, 10]. HPV6 genomic variants are classified into
lineages A and B and are further divided into sublineages B1,
B2, B3, B4, and B5 [10, 11], and HPV11 genomic variants are
classified into lineage A, formed by sublineages A1, A2, A3, and
A4, and lineage B [10, 12]. The most commonly identified
genomic variants in RRP are HPV6 B and HPV11 A2 [10-14].

Specific gene mutations in HPV genomic variants can change
the amino acid sequence and gene expression, they could also
influence the viral biological and pathogenic effects on the host
cells [10, 13, 15, 16]. Moreover, even though it has not been
proven yet, a relationship between specific HPV genomic var-
iants and RRP aggressiveness could potentially exist [16-22].

Surgical removal of papillomas to keep the airway patent is cur-
rently the primary treatment for RRP [7, 23]. However, such a
therapeutic approach is not curative because the surrounding
respiratory mucosa serves as an HPV reservoir that allows the
(frequent) recurrence of papillomas [24, 25]. In line with this,
adjuvant therapy, including HPV vaccination, has frequently been
used in patients with an aggressive clinical course, showing
promising results in reducing RRP recurrences [5, 7, 26]. None-
theless, definitive treatment with complete HPV elimination from
the respiratory mucosa has not been achieved yet, making RRP a
practically incurable disease [5, 7, 27].

The main aim of this study was to investigate whether, in RRP
patients, the long-term persistence of a particular HPV geno-
type, HPV subtype or HPV genomic variant influences the
clinical course of RRP, especially if it is linked with a more
aggressive clinical course. HPV detection and genotyping were
performed in paired baseline and follow-up archival RRP
laryngeal tissue specimens of 59 retrospectively selected eligible
patients, and, in addition, determination of HPV genomic var-
iants in paired tissue specimens taken at least 10 years apart
was carried out in a subset of 20 eligible patients. The median
clinical follow-up of patients included in the main study was
18 years, the longest follow-up time recorded in similar studies.

2 | Methods

2.1 | Patient Population

This retrospective study was performed on a cohort of 59 pa-
tients (36 males and 23 females) followed and treated for
laryngeal RRP at the Department of Otorhinolaryngology and
Cervicofacial Surgery of the University Medical Centre Lju-
bljana, Slovenia.

Three inclusion criteria were used for the main study: (i)
duration of clinical follow-up (calculated from the date of the
first histologically confirmed RRP to the date of last clinical
follow-up) of at least 10 years; (ii) availability of baseline and at
least one follow-up RRP tissue specimen (laryngeal papilloma
biopsies) to confirm the recurrent natural history of the disease;
and (iii) absence of laryngeal papilloma malignant transfor-
mation during the follow-up period. Thus, after reviewing the
medical records and availability of baseline and follow-up
archival RRP tissue specimens, out of 217 RRP patients with
histologically confirmed laryngeal papillomas treated between
1974 and 2018 at our institution, 158 patients were excluded:
151 patients with a clinical follow-up shorter than 10 years, five
patients due to lack of available baseline and follow-up RRP
tissue specimens, and two patients because of the malignant
transformation of laryngeal papillomas, finally rendering 59
patients eligible for the main study.

All patients with available baseline and follow-up RRP tissue
specimens taken at least 10 years apart were selected for addi-
tional substudy (total of 20 patients), in which their HPV6 and
HPV11 isolates were further characterized in detail using
sequencing and HPV genomic variants determined.

2.2 | Data Collection

The clinical data extracted from patients’ medical records
included sex, age at onset of RRP, the aggressiveness of the
disease (10 or more laryngeal papilloma surgeries performed in
total or three or more surgeries performed per year, the spread
of laryngeal papilloma to the subglottis in the first 6 months
after the diagnosis or spread to the distal respiratory tract at any
point during follow-up) [4], use of adjuvant treatment
(acyclovir, valacyclovir, indol-3-carbinol, cidofovir), HPV vac-
cination status (quadrivalent HPV vaccine between 2006 and
2016 and nonavalent HPV vaccine since 2016), and follow-up
in years. Based on the age at RRP onset, patients 15 years or
older were classified into adult-onset RRP (39 patients) and
those younger than 15 years into juvenile-onset RRP (20
patients).

23 |
Typing

DNA Extraction and Human Papillomavirus

Total DNA was extracted from formalin-fixed paraffin-
embedded laryngeal papilloma tissue specimens using the
QIAamp DNA Mini Kit (Qiagen, Hilden, Germany), as
described previously [8, 28], and quantified using the NanoDrop
ND-2000c  spectrophotometer (NanoDrop Technologies,
Oxfordshire, UK). The quality of extracted DNA was assessed by
amplifying a 150 bp fragment of the human beta-globin gene
[29], and the presence of HPV6 and HPV11 DNA was identified
by the HPV6/11 FRET real-time PCR (RT-PCR), which allows
the simultaneous, highly sensitive, and specific detection of
HPV genotypes 6 and 11 and the differentiation between pro-
totypic (HPV6b) and non-prototypic (HPV6a) viral subtypes
[30]. HPV6 and HPV11 DNA amplification and RT-PCR prod-
uct analysis were performed on the LightCycler v2.0 instrument
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(Roche Diagnostics, Mannheim, Germany), using the com-
mercially available Quanti Tect Probe PCR Kit (Qiagen), as
described previously [30].

2.4 | Determination of Human Papillomavirus
Genomic Variants

HPV6 and HPV11 genomic variants were determined based on
the representative regions of 961 bp within the L2 gene and
208 bp at the 3’-end of the E2 gene and 5’-end of noncoding
region 2, respectively, as previously proposed for phylogenetic
clustering [11, 12].

The detailed procedures for amplifying and recording the tar-
geted genomic sequence regions of HPV6 and HPV11 and their
phylogenetic placement are provided in the supplementary text
titled “Target DNA Sequence Amplification, Sequencing and
Phylogenetic placement.”

2.5 | Statistical Analysis

The normality of data distribution was assessed with the
Shapiro-Wilk test. Normally distributed data were represented
with mean, standard deviation (SD), and 95% confidence
interval (CI), and non-normally distributed data with median
and interquartile range (IQR). The role of a particular HPV
genomic variant as a risk factor for a more aggressive clinical
course of RRP was tested with two-tailed Fisher's exact test
using R software version 4.4.0. A Type I error p-value of <0.05
was considered statistically significant.

2.6 | Ethical Approval

All tissue specimens used in the study were collected during
routine surgical treatment of RRP, and all patients provided
written informed consent. Institutional Review Boards of the
Department of Otorhinolaryngology and Cervicofacial Surgery
of the University Medical Center in Ljubljana, Slovenia, the
Institute of Microbiology and Immunology, and the Institute of
Pathology, Faculty of Medicine, at the University of Ljubljana
approved the study protocol following Helsinki Declaration
requirements, as well as the use of previously collected samples
and data for this study. In addition, the National Medical Ethics
Committee at the Ministry of Health of the Republic of Slovenia
approved the study protocol (consent number 79/07/15).

3 | Results

The mean age of 59 patients at RRP onset was 27.3 years (SD
19.7; range: 1-70), and the median clinical follow-up time was
18 years (IQR: 14-27; range: 10-61).

HPV detection and HPV genotype determination were per-
formed in both baseline and follow-up archival RRP laryngeal
tissue specimens of all 59 enrolled patients. The median time
from baseline to follow-up tissue specimens used for HPV

detection for 59 patients was 5 years (IQR: 2-16, range: 1-44).
The 150 bp fragment of the human beta-globin gene was suc-
cessfully amplified from all 118 paired RRP tissue specimens of
59 patients, indicating adequate sample quality for subsequent
HPV testing/genotyping. HPV DNA was detected in 58/59
(98.3%) patients, with HPV6 (40/58; 68.9%) being the most
common HPV genotype: HPV6a was detected in 27/40 (67.5%)
and HPV6Db in 12/40 (30.0%) patients, and one patient (1/40;
2.5%) had a coinfection with HPV6a and HPV6Db in the baseline
RRP tissue specimen. HPV11 was identified in 17/58 (29.3%)
patients, and one patient (1/58; 1.7%) had coinfection with
HPV6a and HPV11 in the baseline RRP tissue specimen. When
comparing detected HPV (sub)types in paired baseline and
follow-up specimens of individual patients, the identical HPV
(sub)type was identified in both samples in 56/58 (96.5%) pa-
tients. In the two patients with coinfection, at least one of the
HPV (sub)types detected in baseline specimens was also present
in the follow-up specimen. In a single patient, both paired RRP
tissue specimens tested negative for HPV.

HPV genomic variants were determined in 20 patients having
available paired RRP tissue specimens taken at least 10 years
apart. As shown in Table 1, HPV6 or HPV11 genomic variants
were successfully detected in both paired RRP tissue specimens
of 15/20 (75.0%) patients. In the remaining five patients, the
genomic variant determination was successful from only one of
the paired RRP tissue specimens (patients 1, 3, 9, 11 and 14;
Table 1). In all 15/15 (100.0%) patients with genomic variant
status determined in both paired specimens, the identical
genomic variant was identified in both specimens, although
tissue specimens were taken in a median 17.5 years apart (IQR:
12.5-26.5; range: 10-44) and regardless of the patients’ adjuvant
therapy history and/or HPV vaccination status (Table 1).

As presented in Table 1 and Figures 1 and 2, the most common
HPV6 genomic variants were HPV6 A (6/12; 50.0%) and HPV6
B1 (5/12; 41.6%), whereas HPV6 B4 was identified in a single
patient. In the case of HPV11, the most common genomic
variant was HPV11 A2, determined in 7/8 (87.5%) patients,
whereas a single patient had an HPV11 Al genomic variant.

As presented in Table 2, the most common HPV genomic var-
iants in patients with aggressive RRP (10/20, 50.0%) were HPV6
A (4/10, 40.0%) and HPV6 B1 (4/10, 30.0%). HPV11 A2 (4/10,
40.0%) was the most prevalent genomic variant identified in
patients with nonaggressive RRP (10/20, 50.0%; Table 2). As
shown in Table 2, no statistically significant differences were
observed for these variables.

Table 3 shows the results of a similar analysis but using the
whole patients’ cohort (59 patients) and performed on HPV
genotype/subtype level. No statistically significant differences
were observed between the HPV genotype/subtype and the
aggressive clinical course of RRP.

4 | Discussion
Approximately 40 HPV genotypes from the Alpha genus are

subdivided into two groups: high-risk and low-risk. High-risk
HPV genotypes, considered as group 1 carcinogens, are
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TABLE 1 | HPV6/HPV11 genomic variants in paired RRP laryngeal tissue specimens taken at least 10 years apart.

Time between

baseline and HPV HPV
Adjuvant follow-up genomic genomic
Age at therapy/ surgical variant in variant in
Patient Sequence RRP Aggressive HPV procedures baseline follow-up
number number diagnosis RRP vaccine (in years) sample sample
1 P-1 5 Yes No/Yes 25 HPV6 Bl NS
2 P-6 4 Yes No/No 44 HPV6 Bl HPV6 Bl
3 P-10 41 No No/No 10 NS HPV6 Bl
4 P-12 1 Yes Yes/Yes 13 HPV6 Bl HPV6 Bl
5 P-14 1 No Yes/No 34 HPV6 Bl HPV6 Bl
6 P-8 58 No No/No 16 HPV6 B4 HPV6 B4
7 P-2 23 Yes Yes/Yes 11 HPV6 A HPV6 A
8 P-3 11 Yes No/No 24 HPV6 A HPV6 A
9 P-4 33 Yes Yes/Yes 20 NS HPV6 A
10 P-13 38 Yes Yes/No 17 HPV6 A HPV6 A
11 P-16 21 No No/No 34 NS HPV6 A
12 P-19 70 No No/No 17 HPV6 A HPV6 A
13 P-5 30 No No/No 30 HPV11 A2 HPV11 A2
14 pP-7 31 Yes Yes/Yes 16 NS HPV11 A2
15 P-9 13 No No/No 12 HPV11 A2 HPV11 A2
16 P-11 30 No No/No 11 HPV11 A2 HPV11 A2
17 P-15 39 Yes Yes/No 22 HPV11 A2 HPV11 A2
18 P-17 49 No No/No 18 HPV11 A2 HPV11 A2
19 P-18 4 Yes Yes/Yes 28 HPV11 A2 HPV11 A2
20 P-20 56 No No/No 10 HPV11 Al HPV11 Al

etiologically associated with 4.5% of all cancers worldwide and
cause virtually all cervical and anal cancers, a substantial pro-
portion of vaginal cancers, and a component of oropharyngeal,
penile, and vulvar cancer. Cervical cancer, with 600 000 new
cases per year and more than 340000 deaths annually, is the
high-risk HPV-driven cancer associated with the greatest mor-
bidity and mortality. This cancer and its precursors are sus-
ceptible to highly effective treatment, especially when detected
early through prevention strategies [31].

In this retrospective longitudinal study, we focused on RRP,
relatively rare human benign tumors that are like more fre-
quent anogenital warts etiologically linked with low-risk HPV.
Paired baseline and follow-up RRP laryngeal tissue specimens
obtained from 59 RRP patients with a median clinical follow-up
of 18 years were tested for the presence of HPV, which is the
longest median clinical follow-up time recorded in similar
studies so far [16, 18-22, 32-37]. This study showed that per-
sistent infection with the same HPV genotype/subtype and a
completely identical HPV6 and HPV11 genomic variant is
responsible for the recurrent nature of RRP that could last at
least a decade, if not for a lifetime.

HPV DNA was detected in tissue specimens of all but one of the
59 RRP patients, similar to previously reported HPV detection

rates in RRP tissues, ranging from 80% to 100% [3, 6, 8, 32-35,
38, 39]. In accordance with previous studies [3, 6, 32-35, 39],
HPV6 was detected in almost two-thirds of our patients, with
HPV6a being the most prevalent HPV subtype, and HPV11
being identified in one-third of patients. No single high-risk
HPV genotype was detected in the RRP tissue specimens tested.

The same low-risk HPV (sub)type was detected in paired RRP
tissue specimens of 96.5% of patients. The remaining two
HPV-positive patients had HPV6a/HPV6b and HPV6a/
HPV11 coinfections, which is in line with previously reported
studies suggesting that HPV coinfections in RRP tissue
specimens are rare, previously described in up to 7.2% of
cases [3, 6, 32, 33, 35].

To explore long-term HPV persistence in RRP, we have deter-
mined the HPV6 and HPV11 genomic variants in paired RRP
tissue specimens taken at least 10 years apart in 20 RRP pa-
tients. The most commonly identified HPV6 genomic variants
in our study clustered to the HPV6 lineage A and sublineage B1
and sublineage B4 was identified in a single patient. Our results
are in agreement with those obtained in the largest HPV6
genomic variant study, performed on 176 RRP tissues collected
worldwide, in which sublineage HPV6 Bl (47.2%) was most
frequently detected, followed by lineage HPV6 A (21.6%) and
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FIGURE1 | HPV6 genomic variants maximum likelihood phylogenetic tree. Represented are the HPV6 nucleotide sequences newly generated in

this study (n = 12; marked with pink color) and context reference nucleotide sequences (n =22). HPV6 genomic variant lineage A is colored red,
sublineage B1 yellow, B2 bright green, B3 dark green, B4 bright blue, and B5 purple. The tree was rooted at the branch with lineage A. Node sizes are
proportional to phylogenetic node UFBoot support (0-100), nodes receiving UFBoot scores > 70 are shown in green.

sublineages HPV6 B3 (17.0%), HPV6 B2 (9.7%), HPV6 B5 (4.0%),
and HPV6 B4 (0.6%) [11]. In addition, our study identified the
HPV6 B4 genomic variant in Slovenia, which has previously
been described in only 0.6% of HPV6 isolates collected world-
wide, with only a single HPV6 isolate originating from
RRP [11].

In a similar large international HPV11 genomic variant study
on 433 HPV11 isolates collected worldwide, the most common
HPV11 genomic variant clustered to sublineage HPV11 A2
(86.1%), followed by HPV11 Al (12.5%), HPV11 A3 (0.7%),
HPV11 A4 (0.5%), and lineage HPV11 B (0.2%), detected in a
single African isolate [12]. Similarly, sublineage HPV11 A2 was
the most common in our patients, followed by HPV11 Al
detected in a single patient.

In this study, HPV genomic variants were successfully deter-
mined in paired baseline and follow-up RRP tissue specimens
taken 10 years apart in 15 out of 20 patients. In all 15 patients,

a completely identical HPV genomic variant was identified in
both baseline and follow-up RRP tissue specimens of indi-
vidual patients with a median interval time between surgical
biopsies of 17.5 years, confirming that RRP recurrences are a
result of long-term persistent laryngeal HPV infection with the
same HPV genomic variant, which is in agreement with the
results of our pilot study from 2013, which, based on the HPV
E5a gene or whole-genome sequence analysis, identified the
identical HPV genomic variants in paired samples in 95.7% of
70 RRP patients studied [40]. However, the patients included
in our pilot study in 2013 had a median time between baseline
and follow-up RRP tissue specimens of only 4 years [40],
substantially shorter than in the present study. In addition,
this study's 44-year interval between baseline and follow-up
biopsy in a patient with aggressive RRP and HPV6 B1 infection
represents the longest duration of genetically confirmed per-
sistent HPV infection with the identical HPV genomic variant
for any HPV genotype recorded in the currently published
peer-reviewed literature.
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FIGURE 2 | HPV11 genomic variants maximum likelihood phylogenetic tree. Represented are the HPV11 nucleotide sequences newly generated

in this study (n = 8; marked in pink color) and context reference nucleotide sequences (n =11). HPV11 genomic variant lineage B is colored dark
blue, sublineage Al red, A2 yellow, A3 green and A4 bright blue. The tree was rooted at the branch with lineage B. Node sizes are proportional to
phylogenetic node UFBoot support (0-100), nodes receiving UFBoot scores > 70 are shown in green.

TABLE 2 | HPV genomic variants as potential risk factors for the aggressive clinical course of RRP.

Patients with nonaggressive

HPV genomic RRP number of Patients with aggressive RRP Odds ratio
variant patients = 10 (%) number of patients = 10 (%) (95% CI) p value
HPV6 A 2 (10.0%) 4 (40.0%) 2.54 (0.25-37.18) 0.626
HPV6 Bl 2 (10.0%) 3 (30.0%) 1.67 (0.14-25.60) 1
HPV6 B4 1 (10.0%) 0 (0%) 0.00 (0.00-39.00)
HPV11 Al 1 (10.0%) 0 (0%) 0.00 (0.00-39.00) 1
HPV11 A2 4 (40.0%) 3 (30.0%) 0.66 (0.07-5.78) 1
Abbreviations: CI, confidence interval; HPV, human papillomavirus; RRP, recurrent respiratory papillomatosis.
TABLE 3 | HPV genotype/subtype as potential risk factors for the aggressive clinical course of RRP.
HPV Patients with nonaggressive RRP Patients with aggressive RRP 0Odds ratio
genotype number of patients = 33 (%) number of patients = 26 (%) (95% CI) p value
HPVé6a 16 (48.5%) 12 (46.2%) 0.91 (0.29-2.88) 1
HPVé6b 8 (24.2%) 5 (19.2%) 0.75 (0.17-3.07) 0.757
HPV11 9 (27.3%) 9 (34.6%) 1.40 (0.40-4.97) 0.580
HPV neg 1 (3.0%) 0 (0%) 0.00 (0.00-49.5) 1

Abbreviations: CI, confidence interval; HPV, human papillomavirus; RRP, recurrent respiratory papillomatosis.
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The potential influence of HPV genomic variants on the severity
of the RRP clinical course has been previously studied, but with
inconclusive results, mainly due to the small number of patients
included (ranging from 1 to 60 patients), studies having a cross-
sectional design and short follow-up [16-22, 36, 37, 41]. Gabbott
et al. described a case report of RRP spreading into the distal
respiratory tract, in which HPV11 causing these papillomas had
specific mutations in the LCR region that could potentially
cause the aggressive clinical course and even malignant trans-
formation of papillomas in this patient [41]. Studies on Brazil-
ian RRP patients have identified sublineage HPV6 Bl to be
more common in juvenile-compared to adult-onset RRP [19, 22].
Whole genome sequence analysis of HPV6 and HPVI11 in pa-
tients with aggressive RRP has identified mutations that could, at
least theoretically, influence viral gene expression and cause a
more severe disease course [18, 20, 37, 40], like the mutations in
the LCR region and the E6 gene of HPV6 detected in 4/12 (33.3%)
patients with an aggressive form of RRP [42]. In addition, in
cross-sectional studies comprising 13 and 36 RRP patients,
Measso do Bonfim et al. and Sichero et al. respectively, failed to
identify a link between infection with a particular HPV6 genomic
variant and aggressive course of disease scored using the Derkay
score [19, 22]. Similarly, the influence of HPV11 sublineages A2
and Al on the RRP disease course was not established in two
distinct studies, Xiao et al. and Sichero et al. in 18 and 24 RRP
patients, respectively [21, 22].

In our 20 RRP patients with HPV genomic variants successfully
determined in at least one RRP tissue specimen, HPV6 lineage
A (36.4%) and sublineage B1 (36.4%) were the most prevalent
genomic variants in patients with the aggressive course of the
disease, but, compared to those with a nonaggressive disease, a
statistically significant difference was not identified. This and
previous studies seem to show that the mutation characteristics
for any major HPV6 and HPV11 genomic variant most probably
do not significantly impact the clinical course of RRP.

Because surgery is not a curative procedure for RRP, various
adjuvant therapies are used in 25% to 48% of RRP patients with
frequent disease recurrences [5, 34, 43-46]. In addition, vacci-
nation against HPV using prophylactic HPV vaccines contain-
ing HPV6 and HPV11 viral-like particles has been
recommended in RRP patients with an aggressive form of the
disease based on studies showing a favorable influence of vac-
cination on the clinical course of the disease [26, 47-49]. The
use of vaccination against HPV as an adjuvant therapy has also
been recommended after primary surgical treatment of cervical
precancerous lesions. Posttreatment HPV vaccination can
reduce recurrences of cervical lesions related to new HPV
infections and prevent appearance of HPV-related lesions in the
surrounding area (vulva, vagina, anus) [50, 51]. Our results
show that adjuvant therapy (6/15, 40.0%) and vaccination
against HPV (3/15, 20.0%) did not influence HPV elimination
because the identical HPV genomic variant persisted in indi-
vidual patients for years regardless of the aforementioned
measures taken. Similarly, Gall et al. demonstrated that therapy
with IFN-alfa and cidofovir did not induce any changes in the
HPV11 genome in three patients with aggressive juvenile-onset
RRP [17, 18]. Long-term persistent infection with the same HPV
genomic variant in treated patients suggests the inability of
adjuvant therapy and/or HPV vaccination to clear already

acquired HPV infections of the larynx. Whether some HPV
genomic variants could be more susceptible to current or future
specific antiviral adjuvant therapy remains elusive.

The main strength of this study is the close follow-up of en-
rolled patients as well as the availability of the complete med-
ical documentation since 1974, which enabled a longitudinal
study with an exceptionally long clinical follow-up, spanning up
to 61 years, differentiating our study from previously published
studies with substantially shorter follow-ups. A long and close
clinical follow-up of RRP patients allows for capturing the great
majority of the disease’s clinical ups and downs occurring
during the course of RRP over time, which would not be pos-
sible with the inclusion of individuals with short follow-ups.
Another strength of the study was the availability of baseline
and follow-up RRP tissue specimens taken at least 10 years
apart and of sufficient quantity and quality for reliable HPV
testing, allowing an undoubtful genetic confirmation of long-
lasting persistent HPV infection of the larynx.

The main limitations of this study are the low number of en-
rolled patients overall as well as the low number of paired RRP
tissue specimens with successfully determined HPV genomic
variants, which is a result of very strict inclusion criteria
(duration of clinical follow-up of at least 10 years and availa-
bility of baseline and follow-up RRP tissue specimens taken at
least 10 years apart, respectively) as well as technical issues
connected with sequencing of the large fragments of HPV
genome from archival tissues with partially degraded DNA. In
addition, the HPV testing method(s) used in this study may
have missed some coinfection(s) with other nontargeted HPV
genotypes, which could also potentially influence the RRP
course [52]. On the other hand, it is well established that HPV6
and HPV11 are the main causative HPV genotypes of RRP and
that other HPV genotypes potentially identified with broader
diagnostic approaches in RRP tissue usually represent innocent
HPV bystanders with no clear active biological role [53]. The
limited number of enrolled patients prevented in-depth statis-
tical analysis, including important parameters potentially in-
fluencing aggressive clinical course like the age at diagnosis,
length of follow-up, gender, juvenile vs adult presentation,
smoking, adjuvant therapy used, histological specificities and
others. Adding more parameters into statistical analysis would
generate smaller and smaller patient subgroups, making any
statistical analysis non-reliable. Due to the low number of en-
rolled patients the statistical power of our study remains low, or
rather false negative probability (type II error probability = 1
- statistical power) remains high. Based on the reported odds
ratios and sample sizes the chances of incorrectly missing the
effect of (i) HPV genotypes or (ii) HPV variants at threshold
false positive rate 0.05 were between 92.5% and 96.5%, and
99.8% and 93.5%, respectively. To reduce this chance below 20%,
for 80% statistical power we would need between 254 (for odds
of HPV negatives) and 7200 (for odds of HPV6a) patients with
aggressive and nonaggressive RRP in the case of HPV geno-
types, and between 74 (for odds of HPV6 B4 HPV11 A1) and 360
(for odds of HPV11 A2) samples per group in case of HPV
variants. This power calculation analysis for “ideal” sample si-
zes could be used in potential future studies on the subject.
However, given the rarity of RRP and the recent further sub-
stantial reduction of their incidence as a result of worldwide
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implementation of gender-neutral HPV vaccination, studies
with statistical power as calculated above will most probably
never be possible to conduct.

5 | Conclusions

This study performed on paired baseline and follow-up RRP
laryngeal tissue specimens of 59 patients adds to the mounting
evidence that the recurrent nature of RRP is a result of a long-
term, most likely lifelong, persistent infection of the laryngeal
mucosa with the same HPV genotype, HPV subtype and HPV
genomic variant, which can be identified in RRP patients many
decades after disease onset and following several rounds of
surgical treatment accompanied by adjuvant therapy and/or
vaccination against HPV.

Despite long-term HPV persistence, it seems that infection with
a particular HPV genotype, HPV subtype, or HPV genomic
variant does not significantly influence the clinical course of
RRP, including disease aggressiveness, but further confirmatory
studies with much higher number of enrolled patients are
warranted to confirm this assumption. Most probably, other
factors such as age at onset, host susceptibility, and patient
immune status dictate clinical disease presentation, implying
that future research should focus more on the host factors and
immune response to HPV infection and away from the HPV
itself.
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