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ABSTRACT

Background. Juvenile-onset recurrent respiratory papillo-
matosis (JO-RRP) is a human papilloma virus-mediated pro-
gressive benign neoplasm that affects children and young
adults. Primary management consists of regular surgical
debulking to maintain airway patency and vocal function. Like
condyloma acuminata, JO-RRP is associated with immune dys-
regulation, and T cells isolated from papillomas express an aner-
gic phenotype. Therefore, we hypothesized that programmed
death protein 1 axis inhibition could stabilize tumor growth.
Materials and Methods. We treated two patients with
refractory JO-RRP using nivolumab, with the primary objective
of assessing clinical activity. We explored baseline papilloma
features using immunohistochemistry and comprehensive
genomic profiling.

Results. Both patients experienced symptomatic improvement,
and interval laryngoscopies revealed a reduction in papilloma-
tosis burden. One patient has not required subsequent surgical
debridement for almost 2 years. On pathologic examination of
pretreatment papillomas from both cases, infiltrating T cells
were evident in the papilloma stroma, and papilloma pro-
grammed death ligand 1 expression was absent. Papilloma
mutational load ranged between three and six mutations per
megabase for each case. From on-treatment biopsy tissue, a
higher amount of intraepithelial T cells and programmed
death ligand 1 expression were detected in the papilloma.
Conclusion. Nivolumab appears to have promising activity in
JO-RRP, and further clinical investigation with more patients
in clinical trials is warranted. The Oncologist 2019;24:829–835

Implications for Practice: To the authors’ knowledge, this article is the first report describing clinical activity with a pro-
gramed cell death-1 (PD-1) inhibitor to treat a rare but detrimental type of respiratory tract epithelial neoplasm that
afflicts young adults. Two patients were treated, and tumor features, such as mutational load, were examined with the
intent to stimulate future hypotheses for translational research. The safety and activity of PD-1 inhibitors in this population
still need to be corroborated in clinical trials and should not yet be adopted into clinical practice.

INTRODUCTION

Juvenile-onset (JO) recurrent respiratory papillomatosis (RRP)
is a benign neoplasm of the larynx that affects children
and young adults, with an incidence of 4.3 in 100,000 [1].
It is putatively mediated by vertical transmission of human
papilloma virus (HPV) during infancy, predominantly the
HPV-6 and -11 genotypes [2]. Although JO-RRP is histologi-
cally benign, the papillomas often enlarge and obstruct the
airway if untreated [3]. Currently, JO-RRP is primarily man-
aged with repetitive surgical debridement, with an average

requirement of four to five resections per year for each
patient [4]. Despite advances in surgical techniques, scarring
and tracheal stenosis inevitably occur, and no consensus treat-
ment approach exists. Relatively few systemic therapies have
consistently shown activity in RRP [1]. Systemic bevacizumab
induced responses in a case series of five patients, but pro-
gression after treatment discontinuation was common [5].
Therefore, more effective systemic therapies for JO-RRP
are needed.
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Similar to condyloma acuminatum, JO-RRP is more common
in immunosuppressed populations and is linked to susceptible
class II human leukocyte antigen and killer-cell immunoglobulin-
like receptor alleles [6]. Like other HPV-mediated neoplasms,
viral integration with insertional mutagenesis may be a cen-
tral etiologic component of JO-RRP [7]. Within papilloma
cells, viral proteins create immunogenic epitopes that recruit
infiltrating lymphocytes [6]. However, papilloma cells may
secrete cytokines, which impair an effective type 1 T helper
cell-like response [8]. T cells isolated from papillomas express
an exhausted phenotype, and elevated programed death ligand
1 (PD-L1) mRNA expression has been observed in papilloma
cells compared with normal laryngeal tissue [9]. Therefore,
abrogation of programed cell death-1 (PD-1) signaling may
enable T-cell recognition and effector activity against RRP.
PD-1 inhibitors have demonstrated sustained responses in
HPV-mediated malignancies, including carcinomas of the oro-
pharynx [10], anus [11], and cervix [12]. We hypothesized
that a PD-1 inhibitor would lead to papilloma regressions in
patients with refractory JO-RRP. We treated two patients
with JO-RRP using nivolumab, with the primary objective of
assessing the clinical activity.

SUBJECTS, MATERIALS, AND METHODS

Clinical Treatment
This study was conducted at the H. Lee Moffitt Cancer Center
and Research Institute in Tampa, FL, and Georgetown
Lombardi Cancer Center in Washington, DC. We obtained
informed consent for nivolumab clinical treatment for both
patients. The study was performed in accordance with the
Declaration of Helsinki and the International Conference on
Harmonization Good Clinical Practice guidelines. Nivolumab
was obtained from a commercial patient assistance program
and administered parenterally every 2 weeks at 3 mg/kg.
Adverse events and outcome were assessed retrospectively
based upon clinic documentation and graded according to
Common Terminology Criteria for Adverse Events, version 4.

Follow-up time from start of nivolumab treatment was 1.7
years for each patient.

Computed Tomography
Axial images were obtained on a standard-definition multi-
slice 64-detector row scanner (Siemens Medical Solutions,
Erlangen, Germany). Slices of 2.5 mm thickness through
the chest and abdomen were collected after the administra-
tion of nonionic iohexol intravenous contrast (Omnipaque;
GE Healthcare).

Immunohistochemistry
Papilloma tissue was collected and preserved in formalin
10% buffer for 24 hours and embedded in paraffin (FFPE).
Suitable areas were selected by a pathologist and sectioned
into 5 μm slides for immunohistochemistry. CD3 (Cell Marque,
rabbit polyclonal) and PD-L1 (Merck, clone 22C3) analyses
were performed with Dako Link 48 autostainer after high pH
heat-induced epitope retrieval digestion. For p16 overexpres-
sion, a diffuse staining pattern was considered as positive, and
focal staining pattern was considered as negative. FFPE tissue
sections were run through Leica Jung Autostainer XL using
Program 1 (routine hematoxylin and eosin stain) with Eosin Y
(Sigma-Aldrich: E4382) and Harris Hematoxylin (Poly Scien-
tific: S212) reagents. For CD3 antibodies, positive controls
were performed on benign lymph node tissue obtained using
the same fixation and retrievals methods as described above.
Cellular localization was determined using high-power set-
tings for each of the tumor markers. A commercial probe
cocktail (800-2220, Ventana HPV II Family 6) was used to
evaluate HPV genotype. HPV was also assessed with in
situ hybridization staining of epithelial cell nuclei with
supplied control slides and in accordance with the manu-
facturer’s instructions (782-2839, Ventana).

Tumor DNA Sequencing
Suitable FFPE blocks containing papillomas were selected for
DNA extraction. Comprehensive genomic profiling (CGP) was

Figure 1. Patient treatment diagram showing clinical course with nivolumab.
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performed in a Clinical Laboratory Improvement Amendments-
certified, College of American Pathologists-accredited lab-
oratory (Foundation Medicine, Cambridge, MA). DNA was
extracted and hybrid capture-based next-generation sequenc-
ing was performed (FoundationOne assay) on the full coding
region of 315 genes (plus introns from 28 genes), which iden-
tified genomic alterations (substitutions, indels, copy number

amplifications, and rearrangements). Tumor mutation burden
(TMB) was calculated as mutations per megabase (Mb) and
included the total number of base substitutions, indels, with
germline alterations removed. Both synonymous and non-
synonymous somatic alterations were counted, because syn-
onymous alterations may have been reflective of the overall
level of mutational processes present [13]. The presence
of HPV DNA was assessed with polymerase chain reaction
(PCR), using an HPV array with a set of type-specific primers,
including HPV 6, 11, 16, and 18. This method was previously
reported [7].

Statistics
A Poisson experiment was used to compare the number of
surgery days before and after nivolumab (http://stattrek.
com/online-calculator/poisson.aspx). A Poisson experiment
examines the number of times an event occurs during a
specified interval [14]. The Poisson random variable (n) was
defined as the number of days of surgery over the time
period after nivolumab, and the average rate of events (μ)
was defined as the mean number of surgery days over an
identical duration, averaged for the 5 years before nivolu-
mab treatment. The cumulative probability that the true
frequency of successes would be predicted to fall within
the range of 0 and n, p (X ≤ n), was calculated. A cumulative
probability of p < .05 was considered significant.

RESULTS

Patient 1
A 41-year-old female nonsmoker was initially diagnosed
with JO-RRP at age 2. She had been previously treated with
multiple systemic therapies over several decades, including
interferon-α, celecoxib, indole-3-carbinol, and bevacizumab.
Nonetheless, the patient continued to require repetitive
surgical microlaryngoscopy debridements for her RRP every
3 to 5 months; therefore, we treated her with intravenous
nivolumab (Fig. 1). She experienced improvement in vocal
quality and stridor. Compared with a baseline laryngoscopy
performed 2 days before her first treatment, a regression in
size and number of papilloma lesions was evident on both
bronchoscopy (Fig. 2A) and subsequent laryngoscopy (Fig. 2B).
In addition, surveillance computed tomography (CT) of the
thorax showed reduction of a faintly visible papilloma in the
distal trachea (Fig. 3A). After completing 9 months of nivo-
lumab treatment, the patient remains in remission, receiv-
ing regular CT scans and visits every 3 months. She has not
required any other JO-RRP treatment or surgery since receiv-
ing nivolumab. Over the time studied, her probability of sur-
gery was lower compared with the preceding 5 years (p = .022).
She did experience an adverse event of grade 2 adrenal insuf-
ficiency at month 9, requiring supplemental hydrocortisone.
We electively discontinued nivolumab after this adverse event
and opted for surveillance.

An archival pretreatment biopsy of a bronchial papilloma
showed no mitotic figures or high-grade dysplasia (Fig. 4A).
Squamous epithelium overlying fibrovascular cores with elon-
gated nuclei were present and characteristic of papillomato-
sis. No mitotic figures or high-grade dysplasia was identified.

Figure 2. Representative pre- and posttreatment intraoperative
photos showing improvement of tracheal papillomatosis after
nivolumab. Direct fiberoptic laryngoscopies (A) and bronchos-
copies (B) for Patient 1. Papillomas had improved or resolved at
weeks 22 to 25, with residual stenosis. Intraoperative laryngos-
copies (C) for Patient 2. At baseline, an endotracheal tube trans-
verses the true vocal folds, which are poorly defined because of
scarring and papilloma burden. On evaluation after nivolumab,
papillomas occupied a smaller mucosal surface.
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Immunohistochemistry detected focal p16 expression. In situ
hybridization probe for HPV-6 was positive in an episomal
pattern, as well as type-specific primers for HPV-6 DNA. CGP
revealed an inactivating mutation in the ARID1A locus and
estimated a TMB of six mutations per Mb. A distribution of
T cells was observed primarily in the stroma, and PD-L1 pro-
tein expression was absent, with minimal expression in stro-
mal immune cells (Fig. 4B, C). No posttreatment biopsy was
available for comparison.

Patient 2
A 27-year old male nonsmoker was initially diagnosed with
JO-RRP at age 3 and had previously received interferon-α, metho-
trexate, intralesional cidofovir, vorinostat, artesunate, recombi-
nant HPV-9 valent vaccine, and intralesional bevacizumab. His
papillomas involved the trachea and bronchus, including the
lung parenchyma. He had previously received over 350 surger-
ies for his RRP. Despite prior therapies, he had progressively
enlarging papillomas. Therefore, we treated with intravenous
nivolumab. Within several weeks, he experienced symptom-
atic improvement. On subsequent laryngoscopy, an improve-
ment in the total mucosal area and extent of the papillomas
was evident (Fig. 2C). Moreover, several papillomas within the

lung parenchyma did have mild shrinkage, although some
other lung tumors enlarged, consistent with a mixed response
(Fig. 3B). At the time of data cutoff, he had required two sub-
sequent microlaryngoscopies. Although his mean frequency
of debridement had decreased from 3.6 yearly at baseline to
1.3 yearly after nivolumab, it was not statistically significant
(p = .29). He did have intermittent grade 1 skin rash, treated
with a topical corticosteroid and moisturizer.

The laryngeal tumor of Patient 2 previously had HPV-11
genotype detected by type-specific primers and confirmed
with sequencing [7]. CGP revealed a PAX5 gene mutation
and wild-type ARID1A locus. TMB was estimated at three
mutations per Mb. Immunohistochemistry showed scattered
expression of p16 in 10% of cells. Similar to the RRP of
Patient 1, abundant T cells were present in the stroma, but
few intraepithelial T cells were detected. PD-L1 expression
was absent in papilloma epithelial cells and focally positive on
the immune cells in the stroma (Fig. 4D–F). An on-treatment
biopsy at week 21 of nivolumab was examined. Compared
with pretreatment, the on-treatment biopsy showed increased
amounts of both stromal and intraepithelial T cells. In addi-
tion, there was increased PD-L1 expression within the
epithelial and stromal cells (Fig. 4G–I).

Figure 3. Pre- and posttreatment computed tomography (CT) images of Patients 1 and 2. (A): Pre- and posttreatment CT axial
images of Patient 1 showing improvement of a faintly visible squamous papilloma in distal trachea. (B): Pre- and posttreatment
CT axial images of Patient 2 showing improvement of parenchymal lung papillomas consisting of biopsy-confirmed recurrent respi-
ratory papillomatosis.
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DISCUSSION

There has been intense interest in expanding PD-1 inhibitors
into the treatment of histologically benign conditions. In this
study, clinical activity was identified using nivolumab to treat
two patients with refractory JO-RRP, particularly for Patient 1.
This clinical benefit was primarily reduction of papilloma
size, subjective symptom improvement, and decreased need
for microlaryngoscopy. The presence of HPV-11 in Patient 2
may have caused his less favorable outcome, because the
HPV-11 subtype is associated with a more aggressive RRP
phenotype [15]. Historically, few treatment options have been
effective in controlling refractory JO-RRP. Although intrale-
sional cidofovir has been shown to increase relapse-free
interval, the optimal dose and interval remains unknown [3].
Interferon-α may reduce the frequency of surgical excision for
RRP but has limited tolerability because of cytokine-related
toxicity [16]. Unfortunately, the quadrivalent HPV peptide vac-
cine has yielded inconsistent results for JO-RRP, with no trials
thus far showing a reduction in validated severity scores [17].

In the current report, both patients appeared to have
an excluded infiltrate of stromal T cells at baseline and weak
PD-L1 expression within the immune cells only. A spatially
excluded infiltrate, or type IV microenvironment, may indi-
cate that other suppressive factors are promoting immune
tolerance [18]. Within RRP epithelial cells, an abundance of
PD-1 and CD69 is detectable on infiltrating T cells, as well as
high levels of PD-L1 mRNA expression [9]. Similar to RRP,
the frequency of PD-1+CD4+ T cells is significantly increased
in recurrent HPV-related genital warts, as compared with
primary lesions [19]. Nonetheless, substantial heterogeneity
exists in PD-L1 expression between papillomas [20]. Along
these lines, the PD-1 axis appears to be one of several path-
ways in the microenvironment of RRP acting to cause immune
suppression, including an imbalance of immature Langer-
hans cells, defective natural killer cells, and enrichment of
CD4+ Helios-negative regulatory T cells [21]. Among patients
with RRP, regulatory T cells may be recruited to the papilloma
stroma by CC chemokine receptor 4 engagement through aber-
rant expression of chemokine ligand 17 [9].

Figure 4. Representative immunohistochemistry of respiratory squamous papilloma biopsies. Pretreatment bronchial papilloma
from Patient 1 showing stromal CD3+ T cells (A), few intraepithelial T cells (B), and weak or absent PD-L1 expression (C). Pretreat-
ment tracheal papilloma from Patient 2 showing similar stromal T cells (D), rare intraepithelial T cells (E), and minimal PD-L1
expression (F). On-treatment biopsy of residual tracheal papilloma from Patient 2, showing more abundant T-cell infiltration (G, H)
and moderate PD-L1 expression (I). Images are ×10 or ×40 magnification with smaller inserts at ×40 or ×100. Bar denotes 100 μm
and approximately 50 μm for inserts.
Abbreviations: H&E, hematoxylin and eosin; PD-L1, programmed death ligand 1.
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Large-scale whole-exome sequencing (WES) of JO-RRP
has not been reported to date, and the distribution of muta-
tional load in JO-RRP remains unknown. The mutational load
within the papillomas described herein was fairly low,
consistent with other histologically benign processes. Along
these lines, HPV-positive head and neck cancers (HNSCC)
may have lower TMB and higher mutation clonality than
HPV-negative HNSCC, regardless of organ site [22]. Likewise,
HPV-associated anal squamous cancers are also character-
ized by low TMB, with a mean of 1.6 to 3.5 mutations per
Mb [11]. TMB has correlated with response to PD-1 inhibi-
tors across multiple types of tobacco-related epithelial can-
cers [23], including HPV-negative HNSCC [24]. However, no
predictive value of TMB was detected for PD-1 antibodies
in HPV-positive HNSCCs [24]. Therefore, it is possible that
effective T-cell responses to HPV-positive squamous neoplasms
are due to the dominance of specific virally derived or somatic
neoepitopes. Although HPV E6 or E7 reactive tumor-infiltrating
lymphocyte was associated with response to adoptive cell
transfer in HPV 16- or 17-related cervical cancers, effector
T-cell responses were not actually directed against virally
associated antigens [25]. Instead, the dominant T-cell clones
primarily included T-cell receptors with high affinity for
cancer-specific neoantigens and were mostly PD-1+ [25].

This current report was characterized by important
limitations, based in part on its retrospective composition.
Unfortunately, the immune cells which may have been
responsible for the treatment effect could not be further
characterized because of paucity of archival tissue. Like-
wise, cells were not preserved for flow cytometry or func-
tional assays. In addition, TMB was estimated using a fixed
number of 315 analyzed genes rather than WES. Nonetheless,
this 315-gene panel has been shown to correlate well to
mutational load based on WES, even using FFPE samples [13].
Along these lines, fresh tumor biopsies were not available
for mRNA extraction and quantitative PCR. Finally, because
the clinical visits and surveillance endoscopies were not
conducted with an RRP staging tool, we were not able to
retrospectively assess disease severity using a validated
instrument, such as the Derkay score [1]. A quantitative
staging tool would have been useful to measure patient
progress and permit comparison between cases. Above
all, this report is limited to describing the treatment of
only two patients; therefore, definitive conclusions about
the efficacy and safety of PD-1 inhibitors for RRP must be
reserved for dedicated clinical trials.

CONCLUSION

Nivolumab showed promising early clinical activity for the
two patients with JO-RRP described herein. Further clinical
investigation into the safety and response rates for PD-1
axis inhibitors for JO-RRP is still required. To this point,
caution is warranted before PD-1 inhibitors can be adopted
into practice for JO-RRP. This is because the adverse effect
profile of immune checkpoint inhibitors may be more pro-
nounced when applied to the treatment of benign diseases,
as compared with advanced cancer. Clinical trials assessing
pembrolizumab (NCT02632344) and avelumab (NCT02859454)
are currently underway for adults with refractory RRP.
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