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ABSTRACT

Background Recurrent respiratory papillomatosis (RRP)
is a human papillomavirus (HPV) driven neoplastic disorder
of the upper aerodigestive tract that causes significant
morbidity and can lead to fatal airway obstruction. Prior
clinical study demonstrated clinical benefit with the
programmed death-ligand 1 (PD-L1) monoclonal antibody
avelumab. Bintrafusp alfa is a bifunctional inhibitor of PD-
L1 and transforming growth factor-beta (TGF-b) that has
shown clinical activity in several cancer types.

Methods We conducted a phase Il clinical trial evaluating
bintrafusp alfa in adults with RRP. Papilloma samples
before and after treatment with bintrafusp alfa were
assessed for correlates of response with multiplex
immunofluorescence as well as immunological and
genomic analyses. Post hoc analyses of papilloma samples
before and after treatment with avelumab were assessed
for comparison.

Results Dual PD-L1/TGF-b inhibition failed to abrogate
papilloma growth in most subjects and increased the
frequency of clinically indicated interventions after
treatment in four of eight subjects based on each subject’s
own historical control. TGF-b neutralization consistently
decreased pSMAD3 and p21 and increased Ki67
expression within the basal layers of papillomas, indicating
that TGF-b restrained proliferation. These alterations were
not observed in papillomas treated with PD-L1 blockade
alone. Dual PD-L1/TGF-b inhibition did not enhance anti-
HPV immunity within papillomas beyond that observed
with PD-L1 blockade. Genomic alterations in TGF-b
superfamily genes were infrequent in papillomas and
normal mucosa but present in a significant fraction of head
and neck carcinomas.

Conclusions Intact TGF-b signaling restrains proliferation
within papillomas, and the use of clinical agents that
abrogate this pathway should be avoided in patients with
RRP.

Trial registration numbers NCT03707587 and
NCT02859454.

INTRODUCTION

Transforming growth factor-beta (TGF-b)
is a multifunctional cytokine that controls
heterogeneous processes within distinct cell
types. Within normal stratified squamous
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epithelia, TGF-b regulates cellular prolifer-
ation." In the context specific of genetic or
epigenetic aberrations affecting canonical
antiproliferative signaling pathways, TGF-b
may promote tumor development or progres-
sion.”” TGF-b is potently immunosuppressive,
at least through immune cell exclusion from
the tumor microenvironment and direct
suppression of T lymphocyte and natural
killer cell cytotoxic function.*” Addition-
ally, TGF-b drives epithelial-to-mesenchymal
transition in malignant cells.® Neutralization
or blockade of TGF-b signaling can lead to
tumor growth inhibition both through direct
tumor cell effects as well as through tumor
cell independent alteration of the tumor
microenvironment and enhancement of anti-
tumor immunity.” ' Patients with relapsed
high-risk human papillomavirus (HPV) asso-
ciated carcinoma benefit from treatment with
agents that block TGF-b, including bintrafusp
alfa, a bifunctional fusion protein linking a
PD-L1 monoclonal antibody (mAb) with a
TGF-b trap to neutralize soluble TGF-b."
Recurrentrespiratory papillomatosis (RRP)
is caused by chronic infection with low-risk
HPV types 6 or 11 and manifests as papillo-
matous growths in the upper and sometimes
lower respiratory tract that can disrupt voice
and breathing. Patients with RRP benefit
from PD-L1 blockade with the PD-L1 mAb
avelumab, with treatment-associated reduc-
tion in disease burden and the need for fewer
surgical interventions after completion of
treatment.'”” Given promising clinical data
in patients with relapsed HPV-associated
malignancy, we hypothesized that patients
with RRP would further clinically benefit
from dual PD-L1 and TGF-b blockade with
bintrafusp alfa. Here, we report the clinical
results of a phase II study of bintrafusp alfa in
adult subjects with RRP. Correlative studies of
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papilloma tissues from patients treated with dual PD-L1/
TGF-b inhibition were performed alongside papillomas
from patients treated with PD-L1 blockade alone as a
comparison.

METHODS

Patients

Subjects aged 18 years or greater with a pathologically
confirmed diagnosis of papilloma and with a clinical diag-
nosis of recurrent respiratory papillomatosis were eligible
for both studies. Eligible subjects were required to have
tracheal disease, or laryngeal disease with an anatomic
Derkay score of 10 or greater, that required two or more
clinically indicated interventions in the prior 12 months.
Inclusion criteria included adequate organ function as
measured by standard laboratory tests and an Eastern
Cooperative Oncology Group performance status of 0 or
1. Exclusion criteria included evidence of infection with
HIV, hepatis B or C, history of solid organ or bone marrow
transplant, autoimmune disease or immunosuppression.

Study design and oversight

Both phase II studies, Avelumab for People with Recur-
rent Respiratory Papillomatosis (NCT 02859454) and
M7824 for People with Recurrent Respiratory Papillo-
matosis (NCT03427411) were approved by the National
Cancer Institute (NCI) Institutional Review Board, and
informed consent was obtained from all subjects. Treat-
ment consistent of intravenous avelumab (10mg/kg) or
intravenous bintrafusp alfa (1200 mg) administered every
2weeks. On-treatment disease response was assessed by
clinical endoscopic examination every 2weeks for the
duration of the study. Papilloma disease burden was quan-
tified via calculation of an anatomic Derkay score,' a vali-
dated objective disease measurement tool. At any point,
if a subject developed clear disease progression, treat-
ment was halted and surgical debridement of papilloma
was performed. If subjects achieved a partial response
after three doses, as defined by a reduction in anatomic
Derkay score of 30% or greater, subjects received an addi-
tional three doses for a maximum of six doses. Adverse
events were graded according to Common Terminology
Criteria for Adverse Events V.4.03. Papilloma and normal
mucosa biopsies for correlative studies were obtained
before treatment and at the time of surgical debridement
following treatment with either avelumab or bintrafusp
alfa. Both avelumab and M7824 were provided by EMD
Serono through a Cooperative Research and Drug Agree-
ment with the NCI. Following completion of treatment
with avelumab or bintrafusp alfa, all subjects underwent
surgical debridement of papilloma with standard-of-
care techniques and returned to their referring otolar-
yngologist to resume care. Instruction was given to each
referring specialist to resume standard of care after the
clinical trial, with decisions of when to proceed with a
clinically indicate intervention after the trial to occur in a
similar fashion as before the clinical trial. Documentation

of clinically indicated interventions before and after
each clinical trial was determined from medical records
obtained from referring centers for each patient following
consent.

Multiplex immunofluorescence

Staining

Five micron sections from formalin-fixed paraffin-
embedded papilloma blocks were deparaffinized and
rehydrated using the Leica Bond Rx automated system.
Antigen retrieval was performed using Leica Bond
citrate based or EDTA-based solutions (Leica AR9961,
AR9640). The OPAL technique (Akoya Biosciences)
was used for multiplex staining (online supplemental
methods). Briefly, primary antibody was applied for
60 min, secondary HRP-conjugated antibody was applied
for 10min and tyramide signal amplification was used to
amplify fluorescent signal for each protein target sequen-
tially. Primary antibodies included pSMAD2%%/5*7 (Bjoss
Antibodies #bs-3419R; 1:100 dilution), pSMADS%**¥/512
(Abcam #abb293; 1:200), p21 (Cell Signaling Technology
#2947; 1:50), Ki67 (Ventana #790-4286; 1:1) and cytoker-
atin (Santa Cruz #sc81714, 1:400). Secondary antibody
staining was performed with ImmPRESS HRP anti-rabbit
and anti-mouse IgG Polymer detection kits (Vector
MP-7451; MP-7402) per manufacturer recommendations.
Staining was performed with OPAL-480,-520, -570 to
—620 and -690 conjugates. Individual subject pretreat-
ment and post-treatment samples were always stained in
the same batch with appropriate positive and negative
controls. All individual staining and multiplex conditions
were optimized on human tonsil sections.

Analysis

Images of stained slides were acquired on a Akoya Vectra
Polaris using seven-color whole slide unmixing filters.
Analysis of images was performed using QuPath digital
pathology software.'* H-scores of separately annotated
basal and suprabasal regions from entire FFPE sections
were calculated using common fluorescence thresh-
olds for each protein target for each subject’s paired
pretreatment and post-treatment biopsies. Individual cell
detection was based on nuclear staining with DAPI. Cyto-
keratin was used to distinguish epithelial from stromal or
vascular core cells. H-score was calculated as the sum of %
of 3+ cellsplus % of 2+ cellsplus % of cells 1+ (maximum
score of 300). Nuclear staining was scored for Ki67, p21,
PSMAD3, and pSMAD?2.

TGF-b ELISA

TGF-b ELISA (R&D Systems, #DB100B) was performed
on pretreatment and post-treatment peripheral blood
serum per manufacturer recommendations.

Immunohistochemistry

Five micron sections from formalin-fixed paraffin-
embedded papilloma blocks were deparaffinized and
rehydrated using the Leica ST5020 Autostainer. Antigen
retrieval was performed using a Leica Bond citrate-based
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solution (Leica AR9961). Single color automated
staining was performed using anti-human CD4 (Abcam
ab133616; 1:400 dilution) or CD8 (Abcam abl82729;
1:200) antibodies applied for 60min. After washing,
secondary antibody staining and colorimetric devel-
opment was perfumed using the Leica BOND Polymer
Refine Detection kit (#DS9800) per manufacturer
recommendations. Coverslipping was performed with
the Leica Automated Coverslipper (#CV5030). Indi-
vidual subject pretreatment and post-treatment samples
were always stained in the same batch with appropriate
positive and negative controls. All conditions were opti-
mized on human tonsil sections. Images of stained slides
were acquired on a Vectra Polaris using brightfield
illumination. Analysis of images was performed using
QuPath. Percentage positivity of stained cells for entire
FFPE sections was calculated using common detection
thresholds for each subject’s paired pretreatment and
post-treatment biopsies.

Correlative assays on papilloma infiltrating lymphocytes

T lymphocyte cultures were initiated from fresh pretreat-
ment and post-treatment papilloma fragments using
interleukin-2 containing media. Autologous B lympho-
cytes were isolated from the Peripheral blood mononu-
clear cells (PBMC) using negative magnetic selection
(StemCell) and expanded in the presence of irradiated
(6000rad) NIH3T3-CD40L feeder cells (1:1 ratio) and
rhIL-4 (200U/mL). Expanded papilloma T lymphocytes
were assayed for reactivity against autologous B lympho-
cytes (1:2 ratio) electroporated with in vitro transcribed
full-length mRNA from HPV 6 or 11 E2, E6 or E7 (mMES-
SAGE T7 ULTRA Transcription Kit, Thermo). T lympho-
cyte reactivity against these products or PMA/Ionomycin
(positive control) was measured via ELISpot assay (R&D
Systems). Spot counts were measured on an Immunospot
ELISpot reader (Cellular Technology).

Genomic analysis of normal mucosa, papillomas and The
Cancer Genome Atlas (TCGA) samples

Sequencing

DNA was extracted from snap frozen papilloma, normal
mucosa or cryopreserved PBMC using the QIAamp DNA
Mini Kit (Qiagen #51304) per manufacturer recommen-
dations. Fifty nanograms of genomic DNA was tagmented,
enriched through two rounds of probe-based hybrid-
ization and made into whole exome libraries using the
Nextera DNA Exome kit (Illumina). Equimolar library
pools were sequenced on a NextSeq 500 or a HiSeq 4000
(Ilumina) with either 75 or 150 base paired end read
configuration.

TCGA data access

WES data from TCGA'" was downloaded following
approved access to the head and neck cohort within the
National Center for Biotechnology Information database
of Genotypes and Phenotypes.

WES data processing

This study used the high-performance computational
capabilities of the Biowulf Linux cluster at the National
Institutes of Health, Bethesda, Maryland, USA (http://
biowulf.nih.gov). WES paired-end reads were subjected
to adapter trimming using TrimGalore (https://github.
com/FelixKrueger/TrimGalore). The resulting reads
were aligned to the hg38 reference genome using bwa-
mem2 (DOI 10.1109/IPDPS.2019.00041) with default
parameters. Fixmate, sort and markdup of the SAMtools
toolkit'® were used to convert SAM files to BAM formatand
include pairing information, sorted by genomic coordi-
nates and mark duplicates using default parameters. Base
quality scores were recalibrated using GATK,"” BaseRe-
calibrator and ApplyBQSR. Single nucleotide variants
(SNVs) and INDELs were identified using an ensemble
calling strategy.18 SNV calling was performed using four
variant callers: LoFreq V2.1.5,19 MuSE Vl.Orc,2° Mutect2
v4.1.9.0 (https://doi.org/10.1101/861054) and Strelka2
v2.9.10°" using default parameters unless stated other-
wise. In each comparison, tumor and the corresponding
control BAM files were provided as input. Before running
lofreq somatic using —call-indels, input BAM files were
subjected to lofreq indelqual —dindel. Strelka was run
using —-indelCandidates obtained from Manta v1.6.0.%
Furthermore, GATK Mutect2 calls were filtered using
GATK FilterMutectCalls. Final SNV calls were retained
that were detected by at least three of the four variant
callers. INDELs were retained that were detected by at
least two of the three variant callers LoFreq, Mutect2 and
Strelka2. Common SNPs in dbsnp_146.hg38.vcf.gz of
the GATK resource bundle were used as needed. Variant
effect prediction was performed using VEP v101.%
The resulting VCF files were converted to MAF using
vef2maf  (10.5281/zenodo.593251). Downstream anal-
ysis was performed using R Core Team 2020 (https://
www.R-project.org/) and the R packages maftools®* and
tidyverse (10.21105/joss.01686). Copy number analysis
was performed using the R package SuperFreq® using
default parameters. For each analysis, a panel of normals
consisting of up to 10 control samples was used.

Statistical analyses

The Wilcoxon matched-pairs signed-rank test was used to
test for significant differences between pretreatment and
post-treatment clinical and correlative outcomes. The
Holm-Sidak method was used to compare multiple means
over multiple timepoint to test for significant difference
between Derkay scores. A p value of <0.05 was considered
statistically significant.

RESULTS

Dual PD-L1/TGF-b blockade failed to consistently limit the
growth of papillomas

Nine subjects with RRP were treated with the dual
PD-L1/TGF-b inhibitor bintrafusp alfa (online supple-
mental table 1). Based on frequent clinical endoscopic
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Figure 1 Clinical responses following treatment with PD-
L1/TGF-b inhibition or PD-L1 blockade alone in patients
with recurrent respiratory papillomatosis. (A) Spider plot of
change in laryngeal disease burden following treatment with
dual PD-L1/TGF-b inhibition (n=9) as measured by anatomic
Derkay score are shown. Negative time points on the x-axis
indicate disease burden at the time of clinical trial screening.
Treatment was initiated at time 0. Per cent change relative to
disease burden at time 0. (B) Summary results demonstrating
change in laryngeal disease burden following treatment

with dual PD-L1/TGF-b inhibition (gray circles) or PD-L1
blockade alone (white circles) as previously reported. P value
determined by comparing multiple means over multiple
timepoints using the Holm-Sidak method. (C) Representative
endoscopic still images from clinic laryngoscopy of patients
treated with dual PD-L1/TGF-b inhibition or PD-L1 blockade
alone. Black arrows indicate papillomatous disease. (D)
Changes in the number of clinically indicated interventions
per 12 patient months for patients treated with dual PD-L1/
TGF-b inhibition or PD-L1 blockade alone are shown. P value
determined by Wilcoxon matched-pairs signed-rank test. PD-
L1, programmed death-ligand 1; TGF-b, transforming growth
factor-beta.

examination, subjects experienced initial disease regres-
sion after the first treatment, then papilloma regrowth
(figure 1A). In five of nine subjects, the rate of papilloma
growth from 2 to 4 or 6 weeks after treatment was greater
than the rate of papilloma growth in the 4weeks prior
to starting treatment (online supplemental figure 1). A
previously reported clinical trial treated a similar patient
population with the PD-L1 mAb avelumab following
the same treatment schedule.”” Comparing clinical
endoscopy results from these two separate clinical trials
revealed that treatment with dual PD-LL1/TGF-b inhibi-
tion in the currently reported trial controlled the growth
or papillomas to a lesser degree compared with treatment
with PD-L1 blockade alone in the previously completed
trial (figure 1B,C). Peripheral TGF-b levels were signifi-
cantly reduced following treatment with PD-L1/TGF-b
inhibition but not PD-L1 blockade alone (online supple-
mental figure 2). Based on a follow-up period of 1 year
after completion of the trial, four of eight (50%) evalu-
able subjects treated with dual PD-L1/TGF-b inhibition
required more frequent surgical intervention compared
with the 1year prior to the study (figure 1D). In compar-
ison, 11 of 12 (92%) subjects treated with PD-L1 blockade

alone experienced durable responses with increased
intersurgery interval after completion of treatment in the
previously completed trial. These data indicated that the
addition of TGF-b neutralization to PD-L1 blockade abro-
gated the clinical benefit observed with PD-L1 blockade
alone and was associated with reduced papilloma growth
control in adult subjects with recurrent respiratory
papillomatosis.

Treatment with bintrafusp alfa was well tolerated.
No subject experienced grade three or four adverse
events. One subject experienced grade 2 diarrhea that
quickly resolved spontaneously, and one subject expe-
rienced grade 2 dry eyes that spontaneously resolved
after 6months. Five of nine (56%) subjects treated with
bintrafusp alfa developed grade 1 bleeding from the
upper aerodigestive tract mucosa that resolved sponta-
neously within 3 months of completing treatment. Two of
nine subjects (22%) developed a keratoacanthoma that
resolved within 6 months of completing treatment.

TGF-b inhibition increased proliferation within basal
papilloma cells

Given the discordant clinical outcomes observed with
the addition of TGF-b neutralization to PD-L1 blockade
in these two similar clinical studies, correlative analysis
of pretreatment and post-treatment papillomas treated
with dual PD-L1/TGF-b inhibition was performed. As
a comparison, post hoc analysis of papillomas treated
with PD-L1 blockade alone in a previous clinical trial was
performed concurrently. To determine if canonical TGF-b
signaling was intact within papilloma cells and possibly
altered by TGF-b neutralization, changes in expression
or phosphorylation of key signaling components was
assessed in samples from subjects treated with dual PD-L1/
TGF-b inhibition or PD-L1 blockade alone via multiplex
immunofluorescence (figure 2A). Clear differences in
histologic architecture, expression of TGF-b signaling
components and proliferative state were evident between
the basal and suprabasal layers within papillomas. Basal
and suprabasal layers within each papilloma were sepa-
rately annotated and digitally scored for immunofluores-
cence positivity and intensity (online supplemental figure
3). The basal layers of post-treatment papillomas from
subjects treated with dual PD-L1/TGF-b inhibition consis-
tently demonstrated increased expression of the prolifer-
ation marker Ki67, decreased p21 cell cycle checkpoint
and decreased pSMAD3 compared with pretreatment
(figure 2B). One subject with slightly decreased basal layer
Ki67 also demonstrated slightly increased basal layer p21.
Increased post-treatment basal Ki67 positively correlated
with increased papilloma disease burden (Derkay score)
in subjects treated with PD-L1 blockade with or without
TGF-b neutralization (online supplemental figure 4).
Basal Ki67 decreased in 10 of 12 (83%) subjects treated
with PD-L1 blockade alone. No consistent changes in
basal p21 or pSMAD3 were measured in these samples
(figure 2C). Furthermore, no consistent changes in basal
PSMAD2 or suprabasal Ki67, p21, pSMAD3 or pSMAD2
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Figure 2 Assessment of papilloma TGF-b signaling in patients treated with PD-L1/TGF-b inhibition or PD-L1 blockade

alone. (A) Representative photomicrographs of papilloma tissue sections and TGF-b signaling pathway protein expression

or phosphorylation measured by multiplex immunofluorescence are shown. Changes in quantification of TGF-b signaling
pathway protein expression or phosphorylation within the basal layers of papillomas in patients treated with (B) dual PD-L1/
TGF-b inhibition (n=9) or (C) PD-L1 blockade alone (n=12) are shown. H-scores were determined by quantifying annotated
basal cell fluorescence across entire biopsy sections. P value determined by Wilcoxon matched-pairs signed-rank test. PD-L1,
programmed death-ligand 1; TGF-b, transforming growth factor-beta.

were observed in papillomas from subjects treated with or
without TGF-b neutralization (online supplemental figure
5). These data indicated that TGF-b signaling is intact and
may be restraining proliferation within basal layer papil-
loma cells and that TGF-b neutralization correlates with
decreased cell cycle checkpoint expression and increased
papilloma cell proliferation.

Dual PD-L1/TGF-b inhibition did not enhance HPV-specific

immunity beyond that observed with PD-L1 blockade alone

Immunosuppression mediated by TGF-b represents a
mechanism of resistance to effective immune check-
point blockade immunotherapy in patients with malig-
namcy.4 % To determine if TGF-b neutralization enhanced
anti-HPV immunity within papillomas, samples from
subjects treated with dual PD-L1/TGF-b inhibition or
PD-L1 blockade alone were assessed for changes in T
lymphocyte infiltration and specificity for HPV6 or 11.
Determined by T lymphocyte IHC (online supplemental
figure 6), papillomas from patients treated with dual
PD-L1/TGF-b inhibition did not consistently increase
CD8 or CD4 T lymphocyte infiltration into papillomas
(figure 3A). No subjects harbored HPV specific T
lymphocytes pretreatment, and treatment with bintrafusp
alfa induced HPV immunity in one of eight (13%) eval-
uable subjects. In comparison, papillomas from subjects
treated with PD-L1 blockade alone revealed significantly

increased papilloma accumulation of CD8 T lympho-
cytes and a trend toward increased accumulation of CD4
T lymphocytes (figure 3B). Assessment of specificity of
cultured papilloma infiltrating lymphocytes for HPV type
specific E2, E6 or E7 revealed that no subjects harbored
HPV specific T lymphocytes pretreatment, and treatment
with avelumab induced HPV immunity in 3 of 11 (27%)
evaluable subjects. These data indicated that dual PD-L1/
TGF-b inhibition did not enhance HPV specific immunity
beyond that observed with PD-L1 blockade alone within
the papillomas of subjects with recurrent respiratory
papillomatosis.

Genetic alterations of TGF-b signaling components were rare
in papillomas but common in carcinomas

Dual PD-L1/TGF-b inhibition with bintrafusp alfa
provides clinical benefit for patients with relapsed malig-
namcy.26 Genomic alterations in TGF-b superfamily genes
are frequent events in cancers,” suggesting that genetic
or epigenetic alterations in malignant cells may abrogate
the antiproliferative effects of TGF-b signaling observed
in non-malignant epithelial cells. We hypothesized that
the rate of genomic alterations in key TGF-b superfamily
genes” would be less frequent in normal mucosa and
papillomas from subjects with recurrent respiratory papil-
lomatosis compared with head and neck squamous cell
carcinoma (HNSCC). First, total somatic SNVs and small

Robbins Y, et al. J Immunother Cancer 2021;9:e003113. doi:10.1136/jitc-2021-003113


https://dx.doi.org/10.1136/jitc-2021-003113
https://dx.doi.org/10.1136/jitc-2021-003113
https://dx.doi.org/10.1136/jitc-2021-003113
https://dx.doi.org/10.1136/jitc-2021-003113

A Treated with PD-L1/TGF-b inhibition
20 Cnig.ae s Patient 3 o & & &
07 S o £ & 8
- ® & Py < < 3
2 5 § $ & R R RS
- > $ 2 o oy o
g ¥ & &
= 19 IN Q < @ @ @
«
g 05 c
0.0-———
Q¢ Qo'} 0 >1000 12 14 69 9
CD4+ cells 80-
7 2.04
3 159 g 00
g p=049 8
@
g 10 — 3 40
< [
S 054 é é 20
a
o
0.0+ 0
@ X E2E6E7 E2E6E7 E2E6E7 E2E6E7 E2E6E7 E2E6E7 E2E6E7
QY & Patient number: 1 2 3 4 6 7 9
B. Treated with PD-L1 blockade alone
2.0 CDB cels Patient 5 < & & %
? p=001 S © © ©
g ] = o & & & &
2 151 & § & & & <
8 > 5 Q) x * x
© N N & P ¥ ¥
T 1.0 K3 & & 3 &
\L: ~ <Q & Q Q Q
< 05 S
8 &5
0.0 4
Q© Qoé 0 >1000 1 228 0 0

CD4+ cells 250
p=0.09 200

150:

100:

50-

0:
E2E6E7 E2E6E7 E2E6E7 E2E6E7 E2E6E7 E2E6E7 E2E6E7 E2E6E7 E2E6E7 E2E6E7 E2E6ET

e Qoe‘ Patient number: 1 2 3 4 5 7 8 9 0 1 12

IFNy spots

L
T -

CD4 (% cells positive)

Figure 3 Quantification of papilloma infiltrating lymphocytes
and HPV specificity. spider plots (left panels) of change in
papilloma infiltration of CD8 or CD4 T-lymphocytes following
treatment with (A) dual PD-L1/TGF-b inhibition (n=8 evaluable
paired samples) or (B) PD-L1 blockade alone (n=12 evaluable
paired samples) as measured by immunohistochemistry.
Entire papilloma sections were scored for percentage of
positive cells for each sample. P value determined by
Wilcoxon matched-pairs signed-rank test. Right panels

show quantification of the number of IFN spots following
stimulation of papilloma infiltrating T-lymphocytes cultured
from papillomas biopsied after treatment with dual PD-
L1/TGF-b inhibition (A, n=7 evaluable cultures) or PD-

L1 blockade alone (B, n=11 evaluable cultures) with
autologous B-lymphocytes electroporated with full-length
mRNA corresponding to HPV E2, E6 or E7 from HPV 6

or 11 as measured by ELISpot is shown. Also shown are
representative ELISpot well photomicrographs from a patient
treated with dual PD-L1/TGF-b inhibition (patient 3) or PD-L1
blockade alone (patient 5). HPV, human papillomavirus; PD-
L1, programmed death-ligand 1; TGF-b, transforming growth
factor-beta.

insertions and deletions (INDELs) were quantified in
pretreatment papillomas (n=21) and laryngeal normal
mucosa (n=8) using peripheral leukocytes as a germ-
line reference and compared with HPV-positive HNSCC
(n=74) and HPV-negative HNSCC (n=314) from TCGA."
Both HNSCC cohorts harbored a greater number of muta-
tions compared with mucosa or papilloma (figure 4A).
Considering SNVs or INDELS, greater than 25% of all
HNSCC samples harbored mutations in one or more
TGF-b superfamily genes27 (online supplemental table
2) compared with infrequent mutations in these genes
within normal mucosa or papilloma (figure 4B). Study

of copy number alterations revealed a greater number
of TGF-b superfamily genes either amplified or deleted
in carcinomas compared with papillomas or mucosa
(figure 4C). These data revealed that genetic alterations
in TGF-b superfamily genes are infrequent events in
normal mucosa or papilloma consistent with intact anti-
proliferative TGF-b signaling. Given the high frequency,
genetic alterations in TGF-b superfamily genes may be
advantageous for carcinoma cells, possibly through loss
of TGF-b antiproliferative signaling.

DISCUSSION

Clinical and laboratory correlative data are presented
from a clinical study treating adult subjects with recurrent
respiratory papillomatosis with the bifunctional PD-L1
mAb/TGF-b trap compound bintrafusp alfa. Concur-
rent correlative analysis of papillomas from a previously
reported clinical trial treating a similar population with
the PD-L1 mAb avelumab was performed for comparison.
This approach allowed assignment of differential clinical
and correlative outcomes in this specific population of
subjects to TGF-b neutralization. Subjects treated with
dual PD-L1/TGF-b inhibition did not experience the
degree of papilloma growth control observed with PD-L1
blockade alone, and half of the subjects treated with
dual PD-L1/TGF-b inhibition need for more frequent
interventions after completion of treatment compared
with before treatment. Protein level analysis revealed
that TGF-b neutralization inhibited basal papilloma cell
specific SMAD3/p21 and increased cell proliferation as
measured by Ki67, suggesting that antiproliferative TGF-b
signaling is intact within papilloma cells and is reversed
by TGF-b neutralization. Therapeutic agents that block
TGF-b signaling should not be used clinically in patients
with recurrent respiratory papillomatosis.

TGF-b plays multiple distinct roles within the complex
microenvironment of epithelial neoplasms, including
epithelial cell dependent and independent effects.’
Within normal skin and mucosa, TGF-b signaling results in
inhibition of epithelial cell proliferation through defined
mechanisms." During tumor progression and possibly
tumorigenesis, genetic and epigenetic changes appear to
lead to a switch in TGF-b signaling from antiproliferative
to tumor promoting through mechanisms that appear to
be cancer-type dependent.” ™ This appears to be particu-
larly true for HPV-associated carcinomas, where genome-
wide association studies have identified dysregulated
TGFBRI expression across cancers associated with high-
risk HPV infection.”® Accordingly, patients with relapsed
high-risk HPV-associated malignancies experience clin-
ical benefit from treatment with bintrafusp alfa.”*** Data
presented here suggest that this is not the case in patients
with neoplasms driven by infection with low-risk HPV,
such as recurrent respiratory papillomatosis.

The rationale to use bintrafusp alfa in a clinical study
for subjects with recurrent respiratory papillomatosis was
also based on the presence of TGF-b within papillomas'**
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Figure 4 Assessment of genomic alterations in papillomas and head and neck carcinomas. (A) Boxplot shows the total
number of single nucleotide variants (SNVs) and small insertions and deletions (INDELs) called from whole exome sequencing
using an ensemble approach was determined for normal laryngeal mucosa (n=8), papillomas (n=21), HPV-negative HNSCC
(n=74) and HPV-positive HNSCC (n=314). (B) Barplot shows the fraction of samples from each cohort harboring an SNV or
INDEL in one or more of the 43 TGF-b superfamily genes was determined. (C) Barplot shows the mean number of TGF-b
superfamily genes amplified or deleted within each cohort was determined. HNSCC, head and neck squamous cell carcinoma;
HPV, human papillomavirus; TGF-b, transforming growth factor-beta.

and the established role of TGF-b in mediating immu-
nosuppression and resistance to immune checkpoint
blockade efficacy in patients with cancer.” *® ' * Deal
PD-L1/TGF-b inhibition failed to enhance HPV-specific
immunity beyond that observed with PD-L1 blockade
alone. It is possible that immune enhancement beyond
PD-L1 blockade following TGF-b neutralization indeed
occurred within papillomas but was overcome by
papilloma-mediated effects resulting from increased
cellular proliferation. Whether TGF-b mediates immuno-
suppression within the microenvironment of papillomas
remains unclear. TGF-b is also known to play a role in
the transition of normal fibroblasts to cancer associated
fibroblasts that support the development of neoplasms.*
The role of fibroblasts exposed to TGF-b within papil-
lomas is poorly studied, and whether neutralization of
TGF-b alters the function of fibroblasts within papillomas
requires further study.

Parallels can be drawn between the enhanced prolifer-
ation and growth of papillomas and the development of
skin lesions such as keratoacanthomas following TGF-b
neutralization. Roughly one-quarter of patients treated
with agents that disrupt TGF-b signaling develop kerato-
acanthomas,26 % and loss-of-function TGFBR1 mutations
have been causally linked to a familial keratoacanthoma
syndrome.”® The development of hyperproliferative
lesions with TGF-b neutralization appears localized to
skin as patients receiving such treatment do not develop
mucosal lesions. This suggests that upper aerodigestive
tract mucosa may harbor one or more mechanisms inde-
pendent of TGF-b to limit uncontrolled proliferation
and that infection with low-risk HPV may abrogate one
or more of these mechanisms to sensitize papillomas to
uncontrolled proliferation following TGF-b neutraliza-
tion. Disruption of p53 or retinoblastoma function by E6
and E7 respectively are clear possibilities. Further study of
these concepts may provide new insights into the biology
of how chronic infection with low-risk HPV perturbs

control of epithelial cell proliferation and differentiation
within aerodigestive tract mucosa.

Thelack of genomicalterationsin key TGF-b signaling
genes and intact TGF-b signaling within papilloma
cells as measured by immunofluorescence provides
a plausible explanation for why TGF-b neutralization
accelerated papilloma growth. The high frequency of
genomic alterations in these same TGF-b superfamily
genes may help explain the clinical benefit observed
with bintrafusp alfa treatment in patients with HPV-
associated carcinomas.”® * The overall outcome of
TGF-b signaling disruption may reflect effects on both
tumor cells and non-tumor cells of the immune micro-
environment within complex heterogeneous tumors.
In papillomas where epithelial compartment TGF-b
signaling is intact and antiproliferative, the net result
of TGF-b neutralization could be accelerated prolifer-
ation, as was observed in papillomas. In lesions such as
carcinoma where TGF-b signaling is already disrupted
within the malignant cell compartment due to the
presence of genomic alterations, and antiproliferative
function may be lost and inhibition of TGF-b may not
lead to increased proliferation. In this context, effects
on the immune compartment may dominate, resulting
in clinical benefit. This leads to the intriguing hypoth-
esis that the presence of one or more genomic alter-
ations in TGF-b superfamily genes correlates with
response to bintrafusp alfa in patients with relapsed
HPV-associated carcinoma. This hypothesis requires
further study.

In conclusion, genomically and functionally intact
TGF-b signaling appears to retrain cellular proliferation
within papillomas associated with low-risk HPV infection,
and clinical agents that disrupt TGF-b signaling should
be avoided in patients with recurrent respiratory papillo-
matosis. Whether or not a beneficial clinical response to
bintrafusp alfa in patients with high-risk HPV-associated
carcinomas is correlated with the presence of genomic

Robbins Y, et al. J Immunother Cancer 2021;9:e003113. doi:10.1136/jitc-2021-003113

7



alterations in TGF-b superfamily genes should be studied
prospectively.

Correction notice This article has been corrected since it was first published. The
author order has been amended and the spelling of 'bintrafusp alpha' has been
corrected to 'bintrafusp alfa' throughout the article.
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