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IMPORTANCE Recurrent respiratory papillomatosis (RRP) is a rare benign chronic disease
of the larynx etiologically linked with the infection of low-risk human papillomavirus (HPV).
Combination of surgical and immunomodulatory therapy has limited success. Possible use
of prophylactic HPV vaccine that includes HPV-6 and HPV-11 antigens has been studied.

OBJECTIVE To evaluate if the HPV vaccination is associated with a lower number of
recurrences requiring surgical intervention in patients with new and recurrent RRP.

DESIGN, SETTING, AND PARTICIPANTS This was a non-placebo-controlled intervention study.
Enrollment data were collected from October 2011 to August 2013. The patients were
followed up at 1month, 12 months, and 5 years after the third dose of the vaccine and
clinically monitored until December 31, 2018. Data were analyzed from 2019 to 2021.
Altogether, 50 adults with active RRP were enrolled and followed up in referral centers.

For the final outcome, follow-up data for 42 patients were available. Eight patients who did
not fulfill the protocol were excluded.

INTERVENTIONS All patients received HPV vaccine as an adjuvant treatment and were
clinically followed up. When RRP progression or a significant recurrent lesion was detected,
surgical removal via direct laryngoscopy was indicated. No adjuvant therapy with antiviral
or biological agents was used.

MAIN OUTCOMES AND MEASURES This study compared the prevaccination and
postvaccination positivity for HPV-specific antibodies. The main outcome was the difference
in the frequency of RRP recurrences in the prevaccination and postvaccination period.

RESULTS A total of 50 patients with RRP were enrolled (median [SD] age, 41.5 [12.3] years
[range, 21-73 years]; 39 [78%] men and 11 [22%] women). After HPV vaccination, patients
with previously no HPV-specific antibodies showed seroconversion, and all patients
developed 100-fold higher levels of HPV vaccine type-specific antibodies compared with the
prevaccination period. In patients with recurrent RRP, decreased frequency of recurrences
requiring surgical treatment was present after vaccination (from 0.85 to 0.36 recurrences/y).
No difference in postvaccination recurrences was found between patients with newly
diagnosed and recurrent RRP.

CONCLUSIONS AND RELEVANCE In this nonrandomized clinical trial, the frequency of RRP
recurrences was significantly lower after HPV vaccination, and patients with RRP thus had
areduced burden of disease. Because no difference was detected in the frequency of
recurrent postvaccination lesions in patients with new and recurrent disease, it appears
that both groups showed equal benefit following HPV vaccination. These findings suggest
that the earlier that patients with RRP receive HPV vaccine, the sooner they may show
reduced burden of disease.
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ecurrent respiratory papillomatosis (RRP) is a rare be-

nign disease with high morbidity characterized by the

growth of papillomas in the airways, which negatively
affects the voice and breathing and substantially reduces the
quality of life. According to the patients’ age at disease onset,
RRPis classified as either juvenile or adult, with estimated preva-
lences of 4.3 and 1.8 cases per 100 000 persons, respectively.!
The incidence may vary by country, studied population, and di-
agnostic method. Men are slightly more affected than women.
Etiologically, RRP is associated with infection of the squamo-
columnar junction of mucosal areas in the upper respiratory tract
with human papillomavirus (HPV) types 6 and 11. The detec-
tion of other HPV types, including high-risk types, in RRPisrare,
but it cannot be ruled out. Type HPV-11 was linked with a more
aggressive course of the disease, although recent studies did not
confirm previous observations.?* The papillomas have the
potential to spread to the lower respiratory tract and even con-
vert to malignant neoplasm.

The clinical examination of patients with RRP consists of
in-office laryngoscopy. The most precise of the endoscopic
imaging methods is flexible videoendoscopy with narrow-
band imaging, which is capable of detecting even the small-
est lesion.*® Treatment of RRP is mostly surgical removal of
papillomas. Surgical procedures have evolved from the use
of cold (nonpowered) instruments to lasers and microdebrid-
ers. Carbon dioxide lasers have most frequently been used dur-
ingthe several past decades.® Of other therapeutic options, in-
tralesional application of cidofovir has been used.” Several
other candidate drugs are currently being tested as adjuvant
therapies for RRP, such as monoclonal antibodies against
vascular endothelial growth factor (bevacizumab)®° and
the checkpoint inhibitor molecule programmed cell death 1
ligand 1 (avelumab).©

Since 2006, HPV vaccines have been available for pri-
mary prevention of HPV-associated diseases that include low-
risk types, HPV-6/HPV-11, in addition to high-risk types. The
HPV vaccines are safe and highly effective in the naive popu-
lation. In comparison with natural infections, they induce
much higher titers of neutralizing HPV-specific antibodies
in sera, cervicovaginal secretions," and oral mucosal fluids.'?
Increased titers of HPV-specific antibodies and higher posi-
tivity rates have also been detected in patients with RRP.1>14
The efficacy of HPV vaccines in reducing anogenital HPV-
associated lesions and tumors has been documented.’'°
Recently, the protective effect of these vaccines against HPV
type-specific oral infections?° and HPV-6/HPV-11-associated
diseases, including RRP in the young population, has also
been shown.?"?* Additionally, HPV vaccine has proved to be
efficient in reducing the frequency of recurrences of HPV-
associated diseases, for example, cutaneous/genital warts and
cervical, vulvar, vaginal, and anal intraepithelial lesions.?4-2”
Also, several case and small series reports have shown posi-
tive outcome with increasing the intervals between surgeries
in patients with RRP. Recent meta-analyses of 12 studies
confirmed the outcomes of the case report studies.?® How-
ever, most of the studies had the following limitations: low
numbers of patients, diversity of methodologies used for
outcome evaluation, and limited follow-up periods.
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Key Points

Question Is human papillomavirus (HPV) vaccine containing
HPV-6-specific and HPV-11-specific antigens associated with lower
frequency of recurrences in patients with recurrent respiratory
papillomatosis (RRP)?

Findings This nonrandomized clinical trial of 50 patients with
RRP found a significant decline in postvaccination frequency

of recurrences requiring surgical interventions compared with
prevaccination period; no difference in postvaccination
recurrences was found between patients with newly diagnosed
and recurrent disease. Both groups appeared to show equally
beneficial RRP outcomes following HPV vaccination.

Meaning The findings suggest that the earlier that patients
with RRP receive adjuvant HPV vaccine, the sooner they may
experience beneficial outcomes and reduced burden of disease.

The main aim of the clinical trial was to prospectively moni-
tor the outcome of the tetravalent HPV vaccine on the recur-
rence of papillomatous lesions in comparison with the pre-
vaccination outcomes in patients with RRP to assess if the
vaccine is associated with lower burden of disease in adults
with RRP.

Methods

Study Population
Altogether 50 patients diagnosed with or treated for RRP
were enrolled between October 2011 and August 2013. On
enrollment, the patients signed an informed consent form.
The study included patients 18 years or older who were
not pregnant. Besides consequent patients treated in the
enrollment center, patients from other otorhinolaryngology
offices who agreed with participation in the study were also
included. Data were obtained through medical records, and
blood samples, biopsy specimens, and/or smear specimens
were collected. From patients who underwent surgical
removal of a laryngeal lesion, a biopsy specimen was avail-
able for analysis. When surgical intervention was not indi-
cated, a smear from an RRP lesion or the site of a previous
lesion under laryngoscopy control was taken. The smear
and/or biopsy specimens were used for HPV DNA detection
and typing. The first dose of the vaccine was typically given
within 1 month after enrollment, the second dose followed
within 2 months, and the third one within 6 months after
the first dose. The patients were then invited for blood sam-
pling and examination at 1 month, 12 months, and 5 years
after the last dose. A single-dose recipient was excluded from
the study, and 49 patients presented for follow-up 1 month
after the third dose. Two patients who did not present at the
1-year follow-up were excluded. One patient died owing to
inoperable oral spinocellular cancer with metastasis. Five-
year follow-up data were missing for 4 patients. All require-
ments specified in the protocol of the study were met by 42
patients.

All patients were clinically followed up by means of
in-office flexible videolaryngoscopy with narrow-band
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imaging. The follow-up interval was 6 months in case of a
negative finding or in the presence of a small recurrent non-
progressive papillomatous lesion. When progression or a sig-
nificant recurrent lesion aggravating voice disorder was
detected, surgical removal via direct laryngoscopy was indi-
cated. The procedures were performed with cold instru-
ments or carbon dioxide laser with a micromanipulator and
a scanner coupled to an operating microscope. In case of
anterior commissure involvement, surgery was carried out
as a 2-stage procedure to eliminate the risk of anterior com-
missure webbing. No adjuvant therapy with antiviral or bio-
logical agents was used.

For the final clinical evaluation based on the presence or
absence of recurrences, patients were divided into 3 groups:
(1) no recurrence, (2) stationary papilloma with no need for
treatment, and (3) progressive recurrent disease requiring
repeated treatment. The frequency of recurrences was calcu-
lated as the ratio of the number of interventions to the num-
ber of years with the disease.

The last follow-up visit was scheduled at 5 years plus or
minus 6 months after the third vaccine dose. The study was
finished on December 31, 2018. The clinical trial registered
under EudraCT No. 2011-002667-14 and ClinicalTrials.gov iden-
tifier NCT01375868 was monitored. Adverse effects were re-
ported to the qualified person responsible for pharmacovigi-
lance in Merck Sharp & Dohme. The adverse effects reported
by patients were minor and consistent with the summary of
product characteristics (pain in the injection site, fatigue, head-
ache, malaise, vomiting). The patients were enrolled in 1 cen-
ter, Medical Healthcom Ltd, Voice and Hearing Centre, and
the study was approved by the Ethical Committee of this
center (reference No. 3/2011).

HPV DNA Detection and Serological Assays

Patients’ DNA was extracted from biopsy specimens and/or
smears by the QIAamp DNA Mini Kit (Qiagen) according to
the manufacturer’s protocol. The detection and genotyping
of HPV DNA were performed as described elsewhere.?° The
presence of antibodies to HPV was tested using an in-house
L1 virus-like particles (VLPs)-based enzyme-linked immu-
nosorbent assay as described previously®° (eMethods in
Supplement 1).

Statistical Analyses

For contingency tables, the Fisher exact test was used. To
compare the antibody levels in groups of patients with
newly diagnosed and recurrent disease, the Mann-Whitney
test was used. All tests were 2 sided, and the significance
level a was .05. The prevaccination and postvaccination fre-
quency of RRP recurrences were compared by the Wilcoxon
signed-rank test. A 1-sided alternative of lower frequency
after vaccination was considered. The postvaccination fre-
quency of recurrences (the total of recurrences) in patients
with newly diagnosed and recurrent RRP were compared by
means of the Poisson regression. The statistical analyses
were performed using GraphPad Prism, version 8.4.2
(GraphPad Software) and R, version 4.0.2 (R Foundation for
Statistical Computing).
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Table 1. Patient Characteristics at Enroliment

Characteristic No./total No. (%)

Age, y
Total
No./total No. (%)
Median (SD) [range]
Men
No./total No. (%)
Median (SD) [range]
Women
No./total No. (%)
Median (SD) [range]
HPV DNA

50/50 (100)
41.5(12.3) [21-73]

39/50 (78)
44 (13.5) [21-73]

11/50 (22)
39 (4.4) [37-48]

Biopsy and/or smear 39/50 (78)
HPV-6 biopsy and/or smear 30/39 (77)
HPV-11 biopsy and/or smear 7/39 (18)
HPV-16, HPV-18, HPV-31 biopsy 2/39(5)
and/or smear

Anti-HPV-6 and/or HPV-11 antibody 42/50 (84)

Anti-HPV-6 antibody 40/50 (80)
GMT 35.8

Anti-HPV-11 antibody 28/50 (56)
GMT 9.9

Low frequency, <1/y 37/50 (74)
Median No. of surgeries/y 0.44

High frequency, >1/y 13/50 (26)
Median No. of surgeries/y 2.0

Abbreviations: GMT, geometric mean titer; HPV, human papillomavirus.

. |
Results

Study Population

The median (SD) age of the patients with RRP (n = 50) was 41.5
(12.3) years (range, 21-73 years); 39 (78%) were men, and 11 (22%)
were women (Table 1). Of the 50 enrolled patients, 13 were
newly diagnosed with RRP and underwent no or a single treat-
ment in the 3 preceding months. The other 37 patients had
recurrent disease. Mean (SD) time of disease duration before
enrollment was 10.2 (10.8) years (range, 1-30 years; median,
4 years). According to the frequency of pre-enrollment surgi-
cal interventions, 37 of 50 (74%) patients needed 1 or fewer
interventions per year (median, 0.44 surgical sessions per
year), while 13 of 50 (26%) patients required more frequent
interventions (median, 2.0 surgical sessions per year). When
comparing the enrollment characteristics of the excluded
patients (n = 8) and those who completed the protocol of the
study (n = 42), we did not find any major differences (data
not shown).

HPV DNA Detection

Biopsy specimens were available from 30 of 50 patients. All
of them (100%, 30 of 30) were HPV positive, 80% (24 of 30)
for HPV-6 and 13% (4 of 30) for HPV-11. One biopsy specimen
was positive for HPV-31 (3%), and HPV-31/HPV-16 coinfection
was detected in the smear from the same patient. One smear
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Table 2. Geometric Mean Titer (GMT) of Human Papillomavirus (HPV)-Specific Antibodies

at Enrollment Depending on Disease Duration

GMT of specific antibodies

Time from RRP diagnosis, y No. HPV-6 antibodies HPV-11 antibodies

<1 21 16.7 4.3

2-4 11 46.2 142

>4 18 741 137 Abbreviation: RRP, recurrent

respiratory papillomatosis.

contained HPV-18, and the respective patient was histologi-
cally diagnosed with papillary carcinoma.

Smears were available from 48 of 50 patients. Smears were
taken from a clinically visible lesion, and if not seen, from the
site of a previous lesion. Smears positive for HPV were found
in 54% (26 of 48) of patients. In concordance with HPV types
present in biopsies, HPV-6 was detected more often, in 73%
(19 of 26) of HPV-positive smears, followed by HPV-11 in 15%
(4 of 26). One smear contained HPV-16, and HPV-6 was pre-
sent in the biopsy specimen from the same patient, with no
tumor found on histologic evaluation.

Presence of HPV in the biopsy specimen and/or smear was
detected in 78% of patients (39 of 50). Of these, 77% (30 of 39)
were positive for HPV-6 and 18% (7 of 39) for HPV-11 (Table 1).

Prevalence of HPV-Specific Antibodies

In all but 8 patients, ie, in 42 of 50 (84%), HPV-6-specificand/or
HPV-11-specific antibodies were detected prior to vaccina-
tion. There was a difference of 11 percentage points in the posi-
tivity rate for HPV-6/HPV-11-specific antibodies between pa-
tients newly diagnosed with RRP, 12 0of 13 (92%), and those with
recurrent disease, 30 of 37 (81%) (odds ratio [OR], 0.44; 95%
CI, 0.04-3.14). Women were more often positive for HPV-6 and
HPV-11 antibodies than men (100% and 64% for HPV-6; 64%
and 51% for HPV-11 positivity among women and men, respec-
tively; OR, 4.40; 95% CI, 0.66-51.02 for HPV-6; OR, 1.66; 95%
CI, 0.40-5.67 for HPV-11). The wide CI prevents making a de-
finitive conclusion regarding the true effect size. Geometric
mean titers of both HPV-6-specific and HPV-11-specific anti-
bodies increased with disease duration (Table 2).

All patients for whom the samples were available (n = 49)
showed seroconversion after the third dose of HPV vaccine.
The levels of antibodies specific to all vaccine types in-
creased 100-fold within 1 month after vaccination. The im-
mune response to the cross-reactive types HPV-31 and HPV-33
was detected. One month after the third dose, all samples were
seropositive for HPV-31 antibodies, and 47 of 49 (96%) for
HPV-33 antibodies.

For the comparison of HPV-specific vaccine antibody lev-
els, serum samples of 42 patients with 5-year follow-up sam-
plings were available. After 5 years of follow-up, antibody lev-
els against the vaccine types decreased but still remained 10
times above the prevaccination levels (Figure 1). No statisti-
cally significant difference was found in the prevaccination and
postvaccination levels of HPV-specific antibodies between
patients newly diagnosed with RRP (n = 11) and those who un-
derwent 1to 4 (n =12), 5to 9 (n = 14), and more than 9 life-
time papilloma surgeries (n = 5) before enrollment (Figure 1).
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Clinical Evaluation

The final clinical evaluation revealed 3 patient groups: (1) no
recurrence (n = 12; 28.6%), (2) stationary papilloma with
no need for treatment (n = 4; 9.5%), and (3) progressive recur-
rent disease requiring repeated treatment (n = 26; 61.9%). The
frequency of recurrences was calculated for 26 patients with
progressive recurrent disease (Table 3).

Figure 2A shows the decline in the frequency of recur-
rences in patients with recurrent disease (n = 26). The me-
dian (IQR) follow-up was 5.1 (0.9) years. The use of surgical in-
terventions decreased from 0.85 per year before vaccination
to 0.36 after vaccination, with median decrease equal to 0.52
(95% CI, 0.08 to 1.11). The difference between the postvacci-
nation recurrences in patients with recurrent disease and
patients with newly diagnosed RRP was 0.11 (95% CI, -0.04
to 0.34) on 5-year follow-up (Figure 2B).

|
Discussion

This phase 3b clinical trial enrolled 50 patients with RRP and
followed them up over a period of 5 years to evaluate the fre-
quency of recurrences before and after receipt of the tetrava-
lent vaccine directed against HPV types causally linked with
100% of RRPs. Findings confirmed the rare case reports and
results of small series of patients showing decreased fre-
quency of recurrences and/or prolongation of time between
recurrences requiring surgical treatment and thus reducing
the burden of disease in vaccinated patients.

Results showed that HPV-6 or HPV-11 DNA positivity in bi-
opsy specimens and/or smears was confirmed in 78% of the
50 study patients with active RRP, and 84% of the patients had
HPV-6-specific and/or HPV-11-specific antibodies at enroll-
ment. The level of HPV type-specific seroreactivity in patients
with RRP is usually lower despite long-term HPV-6/HPV-11 in-
fection and disease duration.’®!* In the study by Buchinsky
et al,"® almost half (47%) of adult and adolescent participants
with a median (range) duration of symptoms of 11 (1-69) years
possessed no antibodies against HPV-6 and HPV-11. The pro-
portion of seropositive people with RRP according to some stud-
ies may be positively correlated with the duration of sympto-
matic disease and the number of surgery-necessitating
interventions.”**? The duration of the disease before enroll-
ment was slightly shorter in our study in comparison with that
of Buchinsky et al,'® so the higher percentage of seropositive pa-
tients may be more likely attributable to the use of diverse meth-
ods for antibody level testing. Serological assays for the detec-
tion of antibodies to HPV are, except for neutralization assays,
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Figure 1. Geometric Mean Titer (GMT) of Human Papillomavirus (HPV)-Specific Antibodies Before Vaccination, 1 Month, 1Year, and 5 Years

After the Third Vaccine Dose
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On the y-axis, the logarithmic scale was used. Four groups of participants are
shown, divided according to lifetime number of interventions prior to
vaccination: (A) newly diagnosed disease (<1 surgical intervention at

enrollment), (B) 1to 4 interventions, (C) 5 to 9 interventions, and (D) more than
9interventions. VLP indicates virus-like particle. The error bars represent 1SD.

Table 3. Frequency of Prevaccination and Postvaccination Recurrences in Patients

With Recurrent Disease (n = 26)

Median (range)

No. of Frequency (No. of
Time interventions No. of years interventions/No. of years)
Before enrollment 4.5(1-10) 4.0 (1.0-30.0) 0.85 (0.04-4.00)
After vaccination 2.0 (0-10) 5.1(3.6-6.2) 0.36 (0.00-1.97)

used mainly for the assessment of antibody response after HPV
vaccination. In principle, VLPs composed of L1 protein-
binding or competitive immunoassay are used. In enzyme-
linked immunosorbent assays, VLPs are bound to a solid phase,
and antibodies are bound directly. The test measures all bind-
ing antibodies of immunoglobulin class given by the second-
ary antibody. In the competitive assay, labeled type-specific
monoclonal antibody competes with antibodies in the sample
to bind to VLPs. This assay detects antibodies of all immuno-
globulin classes but only to 1 epitope present on VLPs, omit-
ting antibodies to all other epitopes. Therefore, it can explain

jamaotolaryngology.com

the lower number of seropositive patients in the study by
Buchinsky et al,'® especially when natural HPV infection in-
duces lower levels of antibodies. In such situation, it might be
extremely difficult to compare results of HPV antibody testing
among various studies that use different types of tests.>* Addi-
tionally, we cannot exclude the effect of age because in the study
by Buchinsky et al,' also younger participants were enrolled,
and as has been shown by us and others, the prevalence of
HPV-specific antibodies increases with age.43¢

Some researchers postulated that next to individual ge-
netic predisposition, defects in the immune response can pose
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Figure 2. Frequency of Recurrences
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a risk for RRP. It has been shown that HPV infection is rela-
tively common in the upper respiratory tract of children and
adults, including HPV-6 and HPV-11, but the incidence of RRP
is very low.>”-*° An insufficient local immune response with the
predominant component of T2 and Treg immune responses
can lead to tolerance to HPV-infected cells and inability of the
immune system to clear HPV infection.*°*! Prophylactic HPV
vaccines, in addition to high serum neutralization antibody lev-
els, are able to induce antibody titers in mucosal secretions
and oral fluids.""'2 Their reducing effect on recurrences of HPV-
associated diseases has been demonstrated.?>-28-42 Therefore,
it is reasonable to assume the same effect of HPV vaccine on
RRP lesions.

All study participants developed substantial levels of HPV-
specific antibodies after the third dose of vaccine compared
with baseline at enrollment and were followed up for 5 years
after the vaccination. During the follow-up, the levels of HPV-
specific antibodies slightly decreased but were still several
times higher than after natural infection. The mechanism be-
hind the therapeutic effect of HPV vaccines is not yet fully un-
derstood. The induction of high serum levels of neutralizing
antibodies is thought to reduce possible mucosal reinfec-
tions at the site of papilloma and could prevent the spread of
RRP lesions. In this study, we observed a significant decline
in postvaccination recurrences requiring surgical interven-
tions in patients with RRP and confirmed the benefit of adju-
vant HPV vaccine. In a meta-analysis published recently,?®
higher reduction in surgical procedures per month was calcu-
lated (0.35 to 0.06 per month before and after vaccination, re-
spectively). However, the authors stated that only a few stud-
ies were eligible for quantitative analyses of the therapeutic
benefit of HPV vaccine in patients with RRP.

Somewhat surprising was the absence of a significant dif-
ference in postvaccination recurrences between the patients
with new vs recurrent disease. It needs to be pointed out that
the number of patients with newly diagnosed RRP in our study
was nearly 3 times lower than that of patients with recurrent
disease. Additionally, our results imply that HPV vaccine given
as part of adjuvant treatment early after RRP diagnosis could

JAMA Otolaryngology-Head & Neck Surgery Published online June 2,2022

have some positive association with the course of the disease
and reduce the burden over the years. However, it is evident
that the maximum preventive effect of the vaccine is seen when
it is given prior to infection.?"23

Limitations

The absence of a placebo group in our study might be consid-
ered as a limitation. However, the course of the disease is
greatly variable among patients, and we determined that com-
parison of the disease outcome before and after the vaccina-
tion for the same participant would be more informative. Pos-
sible bias could have been introduced by the changes in the
management of patients in the pre-enrollment vs postenroll-
ment period. However, the possibility to detect the lesions at
an earlier stage led to the less aggressive approach in the treat-
ment of the lesion. In the pre-enrollment period, when the vid-
eoendoscopy with narrow-band imaging was not available, the
recurrent papillomas were more likely to be detected at an ad-
vanced stage and thus were often referred for immediate sur-
gical removal. Therefore, we assumed that the frequency of
surgical procedures was not influenced by the changes in the
management of patients; however, we do not have sufficient
data to prove this assumption.

|
Conclusions

In this nonrandomized clinical trial, patients with RRP showed
benefit after receiving vaccines containing HPV-6-specificand
HPV-11-specific antigens. Patients with no HPV-specific anti-
bodies showed seroconversion, and all patients developed 100-
fold higher levels of HPV vaccine type-specific antibodies, and
after 5 years, the level was still 10 times as high compared with
the prevaccination period. Because no difference in postvac-
cination recurrences was found between patients with new and
recurrent disease, both groups appear to benefit equally from
HPV vaccination. Therefore, the earlier that patients with RRP
receive HPV vaccine, the earlier they could benefit from the
effect we observed—less frequent recurrences. In conclusion,
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we have shown that vaccination against HPV is associated with
a lower number of recurrences and thus a reduced the bur-
den of disease in patients with RRP. As routine vaccination of
children before first sexual intercourse has been associated with
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