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Abstract

Objective: To characterize the efficacy of human papillomavirus (HPV) vaccination as an 

adjuvant therapy in recurrent respiratory papillomatosis (RRP).

Data Sources: PubMed, Embase, Cochrane, Google Scholar, ClinicalTrials.gov, and Web of 

Science databases were queried for articles published before April 2021.

Review Methods: All retrieved studies (n = 870) were independently analyzed by two reviewers 

according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 

statement using predefined inclusion and exclusion criteria. 13 studies met inclusion criteria. A 

random-effects meta-analysis was performed to study intersurgical interval (ISI) and number of 

surgical procedures per year before and after vaccination.

Results: The systematic review included 13 studies, comprising 243 patients. All studies utilized 

the Gardasil® quadrivalent vaccine, and one study (Yiu et al. 2019) utilized both the quadrivalent 

and Gardasil® 9-valent vaccines. Our meta-analysis included 62 patients with ISI data across 4 
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studies, and 111 patients with data on the number of surgical procedures per month across 7 

studies. The mean number of surgical procedures decreased by 4.43 per year after vaccination 

(95% CI, −7.48 to −1.37). Mean ISI increased after vaccination, with a mean difference of 

15.73 months (95% CI, 1.46–29.99). Two studies reported on HPV sero-conversion, with HPV 

seropositivity of 100% prior to vaccination and 25.93% after vaccination.

Conclusion: The addition of HPV vaccination was associated with an increase in time between 

surgeries and reduction in the number of surgical procedures required. HPV vaccination may be a 

beneficial adjuvant treatment for RRP.
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INTRODUCTION

The use of human papillomavirus (HPV) vaccination as an adjuvant therapy in the treatment 

of recurrent respiratory papillomatosis (RRP) is controversial. Most cases of RRP have been 

linked to HPV strains 6 and 11, with HPV 11 coinciding with a more aggressive disease 

course.1 RRP has been divided into juvenile-onset and adult-onset, defined as onset before 

or after 18 years of age. Juvenile-onset is hypothesized to result from the transmission 

of viral secretions at birth during vaginal delivery in mothers infected with genital HPV. 

The etiology of adult-onset RRP is less understood, whether developing because of sexual 

transmission or reactivation of latent virus.1

RRP is characterized by its unpredictable and variable clinical course, with the mainstay 

of therapy centered around surgical excision of exophytic lesions. Surgical methods include 

cold instrumentation, microdebridement, or laser ablation. Many patients require numerous 

procedures, and some require over 100 interventions to maintain a patent airway and 

vocalization.2 Multiple surgical procedures have been associated with irreversible laryngeal 

damage and impaired quality of life in patients with RRP.3

The incidence of RRP is approximated to be 4.3 per 100,000 children and 1.8 per 100,000 

adults.4 The economic burden associated with this disease is disproportionally high because 

most patients require multiple procedures, with an estimated annual cost between $40–123 

million.5 Due to the significant impact on quality of life and the economic burden of RRP, 

prevention and adjuvant therapies to improve patient outcomes are critical.

The first HPV vaccine (Cervarix®) targeting high-risk HPV strains 16 and 18 was introduced 

to the United States in 2004. Subsequently, a quadrivalent vaccine (Gardasil®), targeting 

subtypes 6, 11, 16, and 18, was introduced in 2006. Most recently, a 9-valent HPV vaccine 

(Gardasil®9), additionally targeting 5 oncogenic subtypes 31, 33, 45, 52, and 58, has been 

made available. The advent of HPV vaccination has been linked to significant reductions in 

the incidence of HPV-related diseases, including RRP.6
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Few studies have examined the use of HPV vaccine as an adjuvant therapy in the 

treatment of RRP. Case reports have shown increased intersurgical interval and complete 

remission.7–10 Another case report demonstrated that HPV vaccination as an adjuvant 

therapy for CO2 laser excision resulted in remission of the disease for 6 years after 

surgery.11

Several single-institution cohort studies have observed mixed results with the use of HPV 

vaccination. Although some studies have demonstrated increased intersurgical interval (ISI), 

remission, and serum antibody titers with the use of HPV vaccination,12–15 other studies 

have failed to demonstrate a significant therapeutic benefit.16 Due to the relatively low 

prevalence of RRP, single institution studies are often underpowered to study associations 

between HPV vaccination and patient outcomes. A prior systematic review in 2019 

examined the use of HPV vaccination as an adjuvant therapy in RRP.25 This prior study 

found that surgical procedures per month decreased, and ISI increased in RRP patients after 

vaccination. Our study aimed to include new data sets that have been published since this 

study to increase the statistical power by utilizing a larger sample size for the meta-analysis. 

This study aimed to estimate the efficacy of HPV vaccination in the treatment of RRP by 

conducting a systematic literature review and meta-analysis.

METHODS

Systematic Literature Search

This study was conducted in accordance with the Preferred Reporting Items for Systematic 

Reviews and Meta-Analysis (PRISMA) guidelines. Before beginning the systematic review, 

the aim and study protocol were published online using PROSPERO (CRD42021246833). 

The study was designed based on PICOS criteria. The population was patients with RRP, 

intervention was Gardasil quadrivalent or nine-valent vaccine, comparison was patient 

course prior to vaccination, outcome was efficacy as an adjuvant therapy to surgery, and 

study design included randomized control trials, case control studies, or case series with five 

or more patients.

The search strategy was developed with, and performed by, a scientific librarian. The 

following electronic databases were searched: PubMed, Embase.com, Web of Science 

Core Collection which includes the years 1985-present; and Cochrane-Ovid Platform (i.e., 

Cochrane Database of Systematic Reviews which include the years 2005-present and 

Cochrane Central Register of Controlled Trials from inception to the present) until April 

12, 2021 (date last searched). Search terms were searched both as controlled vocabulary 

(MeSH for PubMed and Emtree terms for Embase) for Recurrent Respiratory Papillomatosis 

(RRP) and Human Papillomavirus (HPV) Vaccine, and as all available free text in the title 

and/or abstract. The search was restricted to human studies and English language only. No 

limits were set on year of publication. A topic search was conducted in Web of Science. 

To minimize publication bias, a search through ClinicalTrials.gov was conducted to identify 

unpublished relevant trials. In addition, the first 50 references from Google Scholar were 

downloaded. Further details on the search strategy are shown in Appendix A.
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Studies identified by literature search were consolidated using EndNote™ software (version 

20; Thompson Reuters), and duplicates were manually removed. Two authors (A.P. and 

M.C. A.) assessed eligibility by reviewing all abstracts based on inclusion and exclusion 

criteria. Non-relevant articles were excluded. In case of doubt, the article proceeded to the 

next pass of review. Any discrepancies were resolved by discussion. The full text was then 

reviewed for relevant articles. When unable to access full text, an attempt to contact the 

corresponding author was made.

Eligibility Criteria

Studies were included in the systematic review if the study population included patients with 

a definitive diagnosis of RRP. The intervention of interest was quadrivalent or 9-valent HPV 

vaccination. Outcomes of interest included ISI, number of surgeries per year, recurrence, 

HPV status, and antibody titer before and after vaccination. Studies were included if they 

involved five or more patients.

Studies were excluded from systematic review if they did not report on surgical 

outcomes. Articles published in languages other than English, abstract-only articles, 

conference abstracts, posters, case-reports (defined as <5 patients), reviews, and editorials 

were excluded. Publications were included if they provided sufficient data on patient 

demographics, as well as surgical procedures, or ISI before and after HPV vaccination. 

To be included in the meta-analysis, all studies required at least 1 companion study reporting 

similar outcomes.

Risk of Bias Assessment

Risk of bias was assessed in all publications selected for full-text review with a modified 

Newcastle-Ottawa quality assessment scale (available online). Studies were graded between 

1 and 9, and assigned to low-, medium-, and high-quality groups. Low quality was defined 

as scores of 0–3, medium quality as scores of 4–6, and high quality as scores of 7–9. The 

analysis included medium- and high-quality studies only.

Data Collection and Synthesis of Results

A data extraction form was constructed, and data extraction was then performed by two 

reviewers (A.P. and E.A.) with any discrepancy resolved through discourse. Demographic 

data collected included the number of patients, gender, RRP onset (juvenile or adult), mean 

age at time of diagnosis, HPV subtype, and duration of observation period prior to and 

after vaccination. The number of patients who received prior adjuvant therapy, including 

bevacizumab, acyclovir, indole-3-carbinol, and cidofovir, was also collected.

Individual patient outcomes of ISI and the number of surgical procedures per year prior to 

and after vaccination were collected. Surgical procedures were defined as operating room 

cases. In studies with missing data, two attempts were made to contact the corresponding 

author. We received unpublished data sets on individual patient outcomes from Chirila et 

al.17 and Tjon Pian Gi et al.3 Given the limited sample size of RRP, we included these data 

sets to include a larger sample of patients.
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Statistical Analysis

The outcomes of interest were ISI and number of surgical procedures per year before 

and after vaccination. First-stage statistical analysis calculated the mean difference and 

corresponding 95% confidence interval (CI) of these outcomes before and after vaccination 

in individual studies. Second-stage analysis was a random-effects meta-analysis of eligible 

studies. Of the 13 studies included in the systematic review, 4 studies were eligible for ISI 

analysis, and 7 studies were eligible for surgical procedures per year analysis. Heterogeneity 

across studies was tested using the Higgins I2 statistic. p-values <0.05 were considered 

statistically significant for all variables of interest.

RESULTS

Systematic Review

A systematic literature search yielded 870 studies. A flow diagram of the search strategy is 

depicted in Figure 1. Initial review by title and abstract narrowed relevant literature to 35 

studies, of which 9 studies did not have a relevant full-text articles available. Based on this 

study’s inclusion and exclusion criteria, 13 studies were identified and considered medium 

or high-quality by Newcastle-Ottawa quality assessment and were included in the systematic 

review (Table I).

Random-Effects Meta-Analysis

Individual patient data were utilized to calculate the mean difference in ISI and number 

of surgical procedures per year pre- and post-vaccination. Four studies reported individual 

data on ISI. Seven studies reported individual data on the number of surgical procedures per 

year. A total of 62 patients were analyzed with the primary outcome of ISI, and a total of 

111 patients were analyzed with the primary outcome of the number of surgical procedures 

per year (Table II). Two unpublished data sets were provided by Chirila et al.17 and Tjon 

Pian Gi et al.3 and were included in the meta-analysis. The mean difference in ISI pre- 

and post-vaccination increased significantly across studies, and the mean difference in the 

number of procedures pre- and post-vaccination was negative in all included studies (Table 

III). Two studies reported on HPV sero-conversion, with HPV seropositivity of 100% (n = 

27) prior to vaccination and 25.93% after vaccination (n = 7).

Heterogeneity was tested using the Higgens I2 statistic. The heterogeneity of studies 

included in ISI was 94.67% (p < 0.001), and heterogeneity of studies included in the 

number of surgical procedures per year was 96.95% (p < 0.001). The contribution of each 

individual study to heterogeneity was analyzed, and Chirila et al. (study 1) was established 

as contributing most to heterogeneity. Thus, the mean difference in ISI and number of 

surgical procedures per year by random-effects meta-analysis was conducted both including 

and excluding study 1. There was a statistically significant increase in ISI and decrease in 

the number of surgical procedures per year after vaccination. Mean difference in ISI was 

15.73 (95% CI, 1.46–29.99) (Fig. 2). Mean difference in surgical procedures per year was 

−4.43 (95% CI, −7.48 to −1.37) (Fig. 3). After excluding study 1, the mean difference 

in both ISI and number of surgical procedures per year remained significant. The mean 

difference in ISI pre- and post-vaccination was 9.26 (95% CI, 5.31–13.21), whereas the 
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mean difference in number of surgical procedures per year was −2.70 (95% CI, −4.23 to 

−1.18) (Figures S1 and S2). A meta-analysis of adult-only studies was also conducted. Three 

studies included data on number of surgical procedures per year in adult patients only- Yiu 

et al.24 Matsuzaki et al.21 and Goon et al.20 Mean difference in surgical procedures per year 

pre- and post-vaccination in adult patients was −3.35 (95% CI, −5.87 to −0.83) (Fig. 4). ISI 

in adults was only available in Yiu et al.24 and thus ISI adult-only meta analysis could not be 

conducted.

DISCUSSION

In this study, pooled data of patients with RRP showed that there was a statistically 

significant increase in ISI, as well as reduction in the number of procedures per year after 

HPV vaccination. The majority of patients were male, with HPV-6 associated adult-onset 

RRP. Research on HPV vaccination in the treatment of RRP has been limited to institutional 

studies, which are heterogenous, have small sample sizes, and may not hold external validity 

for larger populations. In addition, results of these studies have been mixed, with some 

showing no effect of HPV vaccination on RRP.16,18,23,25–29 Other studies that have shown 

the efficacy of HPV vaccination as an adjuvant therapy have also been limited by small 

sample size.2,3,30

The pathophysiology of RRP remains poorly understood, but it has been theorized that 

RRP is a multi-gene disease that relies on viral-induced polarization of both the innate and 

adaptive immune system.26–28 HPV protein E6 derivatives have been implicated in Th2-like 

differentiation, which contributes to poor immune response.29 Immunotherapy, such as 

interferon therapy and bevacizumab, have been a cornerstone of RRP adjuvant therapies, 

and may be effective because of immune maladaptation to HPV infection. HPV vaccination 

may similarly rely on enhanced immune response to improve outcomes in patients with 

RRP. A humoral response to HPV-6 and HPV-11 has been shown to be either nonexistent 

or slow in patients with RRP and infection, but significantly increased after vaccination.2,12 

Our systematic review included 2 studies that reported on HPV sero-conversion, with HPV 

seropositivity of 100% prior to vaccination and 25.93% after vaccination.15,23 Improved 

response to HPV infection may explain the efficacy of HPV vaccination in the treatment of 

RRP.

A prior systematic review and meta-analysis examined the use of HPV vaccine as an 

adjuvant therapy in RRP in 2019.31 This prior study found that surgical procedures per 

month decreased, and ISI increased in RRP patients after vaccination. Our study aimed to 

include new data sets published since this study and increase statistical power by utilizing 

a larger sample size for the meta-analysis. Our study had similar findings: there was a 

statistically significant increase in ISI and decrease in the number of surgical procedures 

per year after HPV vaccination. These findings suggest that vaccination may be an effective 

adjuvant therapy in the treatment of RRP. As most patients with RRP require multiple 

surgical procedures to maintain an adequate airway while preserving voice, differences in 

intersurgical interval and number of surgical procedures are clinically significant.32
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Studies from the systematic review were excluded in the meta-analysis if there was missing 

individual patient data. Of the studies excluded from the meta-analysis, two failed to 

show treatment response to HPV vaccination, and exclusion of these studies may have 

impacted our findings.16,18 For example, Hermann et al. reported no significant change in 

ISI after vaccination. However, this study followed only nine patients.18 Of the remaining 

studies excluded from the meta-analysis, Milner et al. compared patients before and after 

vaccination and found a significant increase in ISI and fewer procedures post-vaccination, 

but when comparing these patients to an unvaccinated cohort, they found no significant 

difference.16 This may be due to a differing baseline disease burden between cohorts. 

Papaioannou et al. showed a significant increase in ISI and decreased operations per year 

after vaccination.3 Mauz et al. observed recurrence in only 2 of 13 vaccinated patients at 

a mean follow-up time of 54 months, whereas all 11 unvaccinated patients developed a 

relapse.22 Matsuzaki et al. illustrated a significant decrease in laryngeal disease burden and 

decreased tumor incidence rate after vaccination.21

A major limitation of this study was the significant heterogeneity among studies included 

in our analysis. One study was found to contribute most to heterogeneity, but was still 

included in the analysis due to the significant number of patients included.17 Random-effects 

meta-analysis both including and excluding this study demonstrated a significant increase 

in ISI and decrease in number of surgical procedures per year. This suggests that, although 

this study may have contributed to heterogeneity, the findings still support HPV vaccination 

as an effective adjuvant therapy in the treatment of RRP. A potential contribution to the 

high heterogeneity was analysis including both adult and pediatric groups. However, we 

were able to conduct an adult-only meta-analysis of surgical procedures per year, which 

showed a significant decrease in number of surgeries after vaccination. We were unable to 

conduct an adult-only meta-analysis of ISI due to limited data. Another limitation is the use 

of retrospective data in the majority of the studies, which can introduce selection bias in the 

results. In addition, while trying to control for publication bias by conducting a wide search 

and following guidelines, the selective inclusion of only published, positively-biased data 

may be a limitation as well.

Future studies, including randomized clinical trials and larger cohort studies with long-

term follow-up, are needed to further evaluate the relationship between HPV vaccination 

and RRP. Further investigation into disease response to HPV vaccination based on HPV 

subtype, age at vaccination, and other risk factor stratification may also elucidate differing 

efficacies in different patients. For example, studies have shown that HPV-11 behaves 

anatomically more aggressively than HPV-6, but there is limited information on this 

postulate.33 Furthermore, younger patients with HPV-11 tend to have a worse clinical course 

than older patients.2,33 Future studies that account for these factors may contribute to more 

individualized patient care.

This study supports the use of HPV vaccination as an adjuvant therapy in the treatment of 

RRP in children and adults, as it is associated with a fewer number of surgical procedures 

per year and increased time between surgeries after vaccination. This may have a significant 

benefit to patients with RRP by impacting quality of life, health care utilization, and 

outcomes.
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Fig. 1. 
Flow chart detailing systematic review. Flow chart detailing identification of studies that met 

inclusion/exclusion criteria from databases and registers.
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Fig. 2. 
Random-effects meta-analysis of differences in intersurgical interval. The mean difference 

in ISI by random-effects meta-analysis was conducted. There was a statistically significant 

increase in ISI after vaccination. Mean difference in ISI was 15.73 months (95% CI, 1.46 to 

29.99).
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Fig. 3. 
Random-effects meta-analysis of differences in number of procedures per year. The mean 

difference in number of surgical procedures per year by random-effects meta-analysis 

was conducted. There was a statistically significant decrease in the number of surgical 

procedures per year after vaccination. Mean difference in surgical procedures per year was 

−4.43 (95% CI, −7.48 to −1.37) (Figure 3).
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Fig. 4. 
A meta-analysis of adult-only studies was conducted. Three studies included data on number 

of surgical procedures per year in adult patients only- Yiu et al, 2019, Matsuzaki et al, 2020, 

and Goon et al, 2017. There was a statistically significant decrease in number of surgical 

procedures per year pre- and post-vaccination in adult patients. The mean difference in 

surgical procedures per year in adult patients was −3.35 (95% CI, −5.87 to −0.83).
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TABLE II.

Studies Included in Random-Effects Meta-Analysis.

N Complete ISI data Complete data for No./year

Chirila et al.17 41 33 41

Tjon Pian Gi et al.2 9 6 9

Goon et al.20 12 0 12

Hocevar et al.19 11 11 11

Matsuzaki et al.21 16 0 16

Papaioannou et al.3 8 0 8

Yiu et al.24 14 12 14

*
Chirila et al. and Tjon Pian Gi et al. contain published and unpublished data.

ISI = intersurgical interval; N = number of patients; No./yr = number of procedures per year.
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