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ABSTRACT
◥

Purpose: Tumoral programmed cell death ligand-1 (PD-L1)
expression is common in human papillomavirus (HPV)–associated
head and neck squamous cell carcinoma (HNSCC). We assessed
whether a DNA vaccine targeting HPV-16/18 E6/E7 with IL12
adjuvant (MEDI0457) combined with the PD-L1 inhibitor dur-
valumab could enhance HPV-specific T-cell response and imp-
rove outcomes in recurrent/metastatic HPV-16/18–associated
HNSCC.

Patients and Methods: In this phase Ib/IIa study, immunother-
apy-na€�ve patients with ≥1 previous platinum-containing regimen
(neoadjuvant/adjuvant therapy or for recurrent/metastatic disease)
received MEDI0457 7 mg intramuscularly with electroporation on
weeks 1, 3, 7, and 12, then every 8 weeks, plus durvalumab 1,500mg
intravenously on weeks 4, 8, and 12, then every 4 weeks, until
confirmed progression and/or unacceptable toxicity. Coprimary
objectives were safety and objective response rate (ORR; H0: ORR ≤
15%); secondary objectives included 16-week disease control rate

(DCR-16), overall survival (OS), and progression-free survival
(PFS).

Results: Of 35 treated patients, 29 were response evaluable
(confirmed HPV-associated disease; received both agents). ORR
was 27.6% [95% confidence interval (CI), 12.7–47.2; four complete
responses, four partial responses]; responses were independent of
PD-L1 tumor-cell expression (≥25% vs. <25%). DCR-16 was 44.8%
(95%CI, 26.5–64.3). Median PFS was 3.5months (95%CI, 1.9–9.0);
median OS was 29.2 months (15.2–not calculable). Twenty-eight
(80.0%) patients had treatment-related adverse events [grade 3: 5
(14.3%); no grade 4/5], resulting in discontinuation in 2 (5.7%)
patients. HPV-16/18–specific T cells increased on treatment; 4 of 8
evaluable patients had a >2-fold increase in tumor-infiltrating
CD8þ T cells.

Conclusions: MEDI0457 plus durvalumab was well tolerated.
While the primary efficacy endpoint was not reached, clinical
benefit was encouraging.

Introduction
Human papillomavirus (HPV) infection is causative in a high

proportion of patients with head and neck squamous cell carcinoma
(HNSCC), particularly oropharyngeal tumors (1, 2). Most cases of
HPV-positive HNSCC are caused by HPV-16 (3), and HPV-18 is the
next most frequent oncogenic HPV type (primarily in oral and
laryngeal squamous cell carcinomas; ref. 3), with the HPV viral

oncoproteins E6 and E7 playing a pivotal role in driving oncogene-
sis (4). E6 promotes degradation of p53, disrupting cell-cycle check-
points and the critical response to DNA damage, while E7 inactivates
the retinoblastoma protein causing cellular proliferation and malig-
nant transformation (1, 2). While currently available prophylactic
HPV vaccines are highly effective in preventing persistent infection
and the subsequent development of dysplasia or cancer caused by
HPV-16, HPV-18, and other HPV types, they have no therapeutic
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effect upon existing HPV infection or existing HPV-related neopla-
sia (5). Thus, in those who have developed disease secondary toHPV, a
therapeutic vaccine may provide a virus-mediated disease-directed
treatment. As tumor-associated antigens (6), E6 and E7 represent ideal
therapeutic targets, and several HPV-16 or HPV-16/18 E6- or E7-
specific vaccines are under development for the treatment of HPV-
related cancers (7–9).

HPV-associated HNSCC tumors are also characterized by a high
level of immune infiltration, but the microenvironment is often
immunosuppressive (10, 11). Up to 70% of HPV-associated HNSCC
tumors express programmed cell death ligand-1 (PD-L1), and the
programmed cell death-1 (PD-1)/PD-L1 pathway has been shown to
create an immune-privileged site for HPV infection and to promote
tumoral adaptive immune resistance (12). Immunotherapies targeting
PD-1/PD-L1 have provided clinically meaningful antitumor efficacy
with improved overall survival (OS) versus standard-of-care treatment
for previously treated recurrent/metastatic (R/M) HNSCC (13, 14).
PD-1 inhibitors are now among the standard of care for first-line (1L)
and second-line (2L) R/M HNSCC (13–17), including single-agent
pembrolizumab for 1L treatment of PD-L1–expressing tumors [based
on combined positive score (CPS); ref. 15], while PD-L1–directed
therapies alone have not yet demonstrated superior OS compared with
existing combination chemotherapy and cetuximab (18–20). Only a
small subset of patients receives durable benefit from immune check-
point inhibitors (15).

We hypothesized that an HPV vaccine-immunotherapy combina-
tion strategy would enhance the HPV-specific T-cell response and
improve therapeutic outcomes in R/M HPV-associated HNSCC. T-
cell responses against HPV-16 and HPV-18 generated by therapeutic
vaccines may benefit from a complementary PD-1/PD-L1 blockade.
Induction of antitumor cellular immunity is an importantmodality for
effective cancer therapy, with PD-1/PD-L1 inhibitors demonstrating
durable therapeutic benefit against a spectrum of cancers (21). How-
ever, a tumor microenvironment devoid of immunologic effector cells
may limit the potential benefit of PD-1/PD-L1 inhibitors; multiple
tumors lack detectable lymphocytes within the tumor itself and may
thus have a lower rate of benefit from PD-1/PD-L1 blockade (22, 23).
Vaccination against tumor antigens has been shown to increase T-cell
infiltration into tumors both in preclinical models and in clinical trials
and may lead to enhanced antitumor activity when combined with
immune checkpoint inhibitors (24–26). In addition, treatment with

tumor vaccines has been shown to upregulate PD-L1 tumor expression
in preclinical models (27).

The proof of principle of combining a PD-1/PD-L1 inhibitor and
HPVvaccine targeting E6/E7 has been demonstrated in previous phase
II studies. An objective response rate (ORR) of 33% was reported in
patients with incurable HPV-16–positive oropharyngeal cancer who
received the PD-1 inhibitor nivolumab plus the synthetic long-peptide
ISA101 vaccine, which was higher than that reported with PD-1
inhibitors alone in similar patients (28). Preliminary antitumor activity
was also demonstrated with the PD-L1 inhibitor avelumab plus the
TG4001 recombinant Modified Vaccinia Ankara vaccine, along with
the development of specific immunity and remodeling of a more
favorable tumor microenvironment, in patients with R/M HPV-16–
positive cancers including oropharyngeal cancer (29).

Durvalumab is a PD-L1 inhibitor that selectively blocks PD-L1
binding to PD-1 and CD80 (30) and has demonstrated a manageable
safety profile with signals of clinical activity as monotherapy for R/M
HNSCC. In phase I–III studies of patients with previously treated R/M
HNSCC, primarily in platinum-refractory patients, durvalumab
resulted in ORRs of 6.5%–29.4% (18, 31, 32) across PD-L1 tumor
cell (TC) expression subgroups and median OS of 9.8 and 7.6 months
in patients with PD-L1 TC expression ≥25% and <25%, respective-
ly (18); response rate was greater and survival was longer in patients
with HPV-positive versus HPV-negative status (29.4% vs. 10.9%;
ref. 32). In a phase III study of durvalumab as 1L therapy for R/M
HNSCC, the ORR was 17.2% (19, 20).

MEDI0457 (INO-3112) is a DNA vaccine consisting of three
plasmids expressing HPV 16/18 E6 and E7 oncoproteins and
IL12 as a molecular adjuvant to increase the immune response.
The vaccine is administered by intramuscular (i.m.) injection followed
by electroporation, in which three controlled electrical pulses
are delivered in three different orientations directly at the plasmid
injection site, promoting transfection and antigen expression to
increase the vaccine’s immunogenicity (33). In a phase Ib/II study,
MEDI0457 generated durable HPV-16/18 antigen-specific peripheral
and tumor immune responses, including induction of HPV-specific
T cells, in patients with locally advanced, p16-positive HNSCC (33).
A separate phase II study showed that MEDI0457 plus durvalumab
was well tolerated in patients with R/M HPV-associated anogenital
cancers, with an ORR of 21% (34).

To further investigate simultaneous targeting of HPV-16/18 E6 and
E7 oncoproteins with a novel therapeutic DNA vaccine and targeting
of the PD-L1 pathway, this phase Ib/IIa study (NCT03162224) was
conducted to evaluate the safety and efficacy of MEDI0457 plus
durvalumab in patients with HPV-associated R/M HNSCC.

Patients and Methods
Study design and patients

This open-label, multicenter phase Ib/IIa study enrolled patients
≥18 years old with histologically or cytologically confirmed R/M
HNSCC associated with HPV-16 or HPV-18 who had received ≥1
platinum-containing regimen for neoadjuvant/adjuvant therapy or for
treatment of R/M disease and who had no curative option (platinum-
ineligible patients could be enrolled if they had progressed on another
approved treatment). Local assessment of p16 on IHC as a surrogate
marker of HPV status or HPV status based on nucleic acid testing was
used to enroll patients; HPV-16 or HPV-18 positivity was confirmed
by central laboratory testing using HPV-16 or HPV-18 E6/E7 RNA-
scope analysis (Advanced Cell Diagnostics; ref. 35) and SPF10 Line
Probe assay (DDLDiagnostic Laboratory; ref. 36). Other key inclusion

Translational Relevance

In patients with human papillomavirus (HPV)–associated recur-
rent/metastatic head and neck squamous cell carcinoma who had
been previously treated with a platinum-containing regimen, the
HPV-16/18 DNA vaccine MEDI0457 was well tolerated when
combined with durvalumab. Although the primary efficacy end-
point of the study was not reached (lower bound of 95% confidence
interval for objective response rate was ≤15%), early and durable
clinical responses were observed. The responses were independent
of programmed cell death ligand-1 (PD-L1) tumor cell expression
(≥25% vs. <25%). Peripheral expansion of HPV-16/18 E6/E7-
specific T cells was frequently seen but did not predict tumor
response. Tumor immune responses were also observed. Targeted
immunotherapy using anHPV-16/18–specific vaccine strategymay
be complementary to durvalumab, enhancing PD-L1 blockade in
this treatment setting.
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criteria included measurable disease (defined as ≥1 lesion with a
minimum size of 10 mm by CT except lymph nodes which must
have had aminimumshort axis of 15mm),≥2HNSCC tumor lesions, a
World Health Organization or Eastern Cooperative Oncology Group
(ECOG) performance status of 0/1, and adequate organ and bone
marrow function within 28 days of study treatment. Key exclusion
criteria included nasopharyngeal cancer as the primary site, current or
prior use of anticancer treatment within 21 days (or 5 half-lives) of
study treatment, active or prior documented autoimmune or inflam-
matory disorders, and prior exposure to immune-mediated therapy,
defined as T-cell–directed or natural killer cell–directed therapy such
as anti-PD-1, anti-PD-L1, anti-CD137, and anti-CTLA4 therapies.

A safety run-in phase assessed the first 3–12 patients with a limit of
four MEDI0457 doses (limited schedule). MEDI0457 7 mg i.m. was
administered followed by electroporation with a CELLECTRA�-5P
device on day 1 of weeks 1, 3, 7, and 12, and durvalumab 1,500 mg was
administered by intravenous infusion on day 1 of weeks 4, 8, and 12
and then every 4 weeks. If the safety profile was acceptable in the initial
patients who completed the 7-week dose-limiting toxicity (DLT)
evaluation period (i.e., no reported DLTs), then the planned dosing
schedule could commence.

In the planned dosing schedule, MEDI0457 and durvalumab were
administered as in the safety run-in, withMEDI0457 continuing every
8 weeks and durvalumab every 4 weeks until confirmed disease
progression, unacceptable toxicity, or consent withdrawal. Patients
who weighed <30 kg received durvalumab 20 mg/kg every 4 weeks.

The study was performed in accordance with ethical principles that
have their origin in the Declaration of Helsinki and are consistent
with International Council for Harmonization/Good Clinical Practice,
applicable regulatory requirements, and the AstraZeneca policy on
Bioethics andHumanBiological Samples. All patients provided informed
written consent.

Endpoints and assessments
The coprimary endpoints were safety assessed by adverse events

(AE) in the as-treated population, and ORR, defined as complete
responses (CR) or partial responses (PR) according to RECIST version
1.1 (37) in the response-evaluable population. Key secondary end-
points included ORR by RECIST version 1.1 in the as-treated pop-
ulation, disease control rate [DCR, defined as CRs plus PRs plus stable
disease (SD) at 16 weeks] and progression-free survival (PFS) by
RECIST version 1.1, and OS in the as-treated and response-
evaluable populations. Exploratory endpoints included HPV-16 and
HPV-18 E6/E7 antigen-specific cellular immune responses and the
correlation between response and PD-L1 TC expression.

Procedures
AEsweremonitored throughout the study and for 90 days after the last

dose of study treatment and graded according to the NCI Common
Terminology Criteria for Adverse Events, version 4.03. AEs of special
interest included diarrhea or colitis; pneumonitis; alanine aminotrans-
ferase (ALT) increase, aspartate aminotransferase (AST) increase, hep-
atitis or hepatotoxicity; neuropathy or neuromuscular toxicity; endocri-
nopathies; dermatitis, rash or pruritus; nephritis; pancreatitis (or sugges-
tive laboratory tests); myocarditis or pericarditis; uveitis; infusion-related
reactions, hypersensitivity or anaphylactic reactions; and administration-
site reactions. Tumors were assessed byCT and/orMRI every 8 weeks for
1 year. Thereafter, patients with a CR, PR, or SD were assessed every
12 weeks until treatment end. For patients who discontinued treatment
prior to progression, tumor assessments continued until confirmed
disease progression or start of subsequent anticancer therapy.

Blood samples for analyses of immune responses were taken on day
1 of weeks 1, 4, 8, and 10, week 16, and every 8 weeks until discharge,
and then at the follow-up visit, 28 days after the last dose. Peripheral
blood mononuclear cells (PBMC) were cryopreserved for immune
analysis. An IFNg enzyme-linked immunospot (ELISpot) assay was
used to assessHPV-16 andHPV-18E6/E7-specific immune responses,
as described previously (38). Briefly, a standard protocol with 24-hour
peptide stimulation and using two sets of peptides (containing 15
amino acid residues overlapping by eight amino acids representing the
E6/E7 fusion protein sequence of HPV-16 or HPV-18) was used, with
average spot-forming unit (SFU) numbers in R10 media wells sub-
tracted from average SFU numbers in HPV peptide wells and adjusted
to a value per million PBMCs.

Fresh tumor core biopsies were obtained during screening and at
week 10 from consenting patients and stained separately by IHC for
CD8 (SP239, Spring Bioscience; RRID:AB_2756374) and for PD-L1
[VENTANA PD-L1 (SP263) assay, Roche Tissue Diagnostics; RRID:
AB_2819099]; intensity of CD8þ T-cell infiltrates and PD-L1þ TCs
was determined using quantitative digital image analysis. For PD-L1,
the proportion of TCs with PD-L1 expression was assessed micro-
scopically using a cutoff of ≥25% TC.

Statistical methods
A sample size of 50 patients was chosen to yield 40 patients with

evaluable disease to provide 80% power to reject H0: ORR ≤15% (Ha:
ORR >15%) if the true ORR was 30%, based on type 1 error (a) of 0.1,
using a one-sided exact test for a single proportion in nQuery Advisor
7.0. The primary efficacy endpoint would thus be met if the lower
bound of the 95% confidence interval (CI) for ORR excluded the null
hypothesis ORR of ≤15%.

The as-treated population included all patients who received ≥1
dose of either study drug. The response-evaluable population included
all patients with confirmed HPV-16– or HPV-18–associated disease
who received ≥1 dose of both study drugs and (i) had ≥1 on-treatment
scan or (ii) discontinued because of disease progression, or (iii) died
without an on-treatment scan.

Data were evaluated for the overall population and for three
subgroups according to line and response to prior treatment. Plati-
num-refractory disease was defined as progression within 6 months of
platinum-based chemoradiotherapy. The three subgroups comprised:
patients who had received a prior platinum-containing treatment in
the neoadjuvant/adjuvant setting (the 1L therapy R/M group, 1L R/M)
andwhowere either nonrefractory to platinum (the 1L R/Mplatinum-
nonrefractory group) or refractory to it (the 1L R/M platinum-
refractory group); and patients who had received ≥1 prior line of
platinum-containing therapy in the R/M setting (2L therapy and above
group, 2LþR/M). Summary statistics are presented forORRandDCR.
Median PFS and OS and their 95% CIs were estimated using the
Kaplan–Meier method.

Geometric mean counts of HPV-16 and HPV-18 E6/E7-specific
T lymphocytes are reported. PD-L1 TC expression levels were
analyzed descriptively. Association of ORR with PD-L1 expression
was explored using analyses of subgroups defined by PD-L1
expression level.

Data availability statement
Data underlying the findings described in this article may be

obtained in accordance with AstraZeneca’s data sharing policy
described at: https://astrazenecagrouptrials.pharmacm.com/ST/Sub
mission/Disclosure. Data for studies directly listed on Vivli can be
requested through Vivli at www.vivli.org; data for studies not listed on
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Vivli may be requested through Vivli at https://vivli.org/members/
enquiries-about-studies-not-listed-on-the-vivli-platform/.

Results
Patients

From June 26, 2017, to January 10, 2020, 43 patients were screened,
and 35 patients were enrolled at 12 sites in the United States (Sup-
plementary Fig. S1). Median duration of treatment exposure was
19.1 weeks (range, 2–155) for MEDI0457 and 20.0 weeks (range, 0–
148) for durvalumab, with 13 (37.1%) patients and 12 (34.3%)
patients receiving ≥1 year of MEDI0457 and durvalumab treatment,
respectively. Median duration of follow-up was 20.0 months (range,
0–35). At the data cutoff date (March 19, 2021), 9 (25.7%) patients
remained on study, and 26 (74.3%) patients had discontinued the
study.

Baseline demographics and disease characteristics are shown
in Table 1 (representativeness of study participants is described in
Supplementary Table S1). Fifteen (42.9%) patients were 1L R/M
platinum-nonrefractory, 9 (25.7%) patients were 1L R/M platinum-
refractory, and 11 (31.4%) patients were 2Lþ R/M. Patient and disease
characteristics were generally comparable across the three groups (data
not shown). PD-L1 TC expression ≥25% was most prevalent in 2Lþ
R/M patients (n¼ 6, 54.5%) and least prevalent in those who were 1L
R/M platinum-nonrefractory (n ¼ 2, 13.3%). In the total population
at baseline, 29 (82.9%), 1 (2.9%), and 5 (14.3%) patients had tumors
in the oropharynx, hypopharynx, and oral cavity, respectively. By
consolidated central laboratory assessment (HPV E6/E7 RNA Scope
and/or SPF10 Line Probe assay), 26 (74.3%) and 3 (8.6%) patients were
HPV-16 and HPV-18 positive, respectively, and 1 (2.9%) was positive
for both HPV-16 and HPV-18; all 6 patients with tumors in the hypo-
pharynx or oral cavity were HPV-16/18 positive. Twenty-five (71.4%)
patients were current or former smokers. Visceral metastases were
present in 27 (77.1%) patients.

Safety
In the overall population, treatment-emergent AEs (TEAE) were

reported in all 35 patients and were grade 3 or 4 in 17 (48.6%) patients.
Treatment-emergent serious AEs were reported in 14 (40.0%) patients
and AEs of special interest in 19 (54.3%) patients. TEAEs led to
discontinuation of both studymedications in 4 (11.4%) patients and to
dose interruption in 1 (2.9%) patient. One TEAE led to death (respi-
ratory failure, not treatment related).

Treatment-related AEs (TRAE) were reported in 28 patients
(80.0%; Table 2). The most common TRAEs related to either treat-
ment were fatigue (n ¼ 13, 37.1%), injection site pain (n ¼ 9, 25.7%),
and arthralgia (n¼ 5, 14.3%), and all cases of these three TRAEs were
grade 1 or 2 severity. TRAEs related specifically to MEDI0457 were
reported in 25 patients (71.4%), the most common of which were
fatigue (n ¼ 9, 25.7%), injection site pain (n ¼ 7, 20.0%), arthralgia
(n ¼ 4, 11.4%), myalgia, and pruritis (each n ¼ 3, 8.6%). Grade 3
TRAEs were reported in 5 (14.3%) patients: wheezing (n ¼ 1; 2.9%)
related to MEDI0457, and AST increased (n ¼ 2; 5.7%), myocarditis,
ophthalmic herpes zoster, and lipase increased (each n ¼ 1; 2.9%)
related to durvalumab. Grade 3 myocarditis occurred in one of the
patients with grade 3 AST increased and grade 2 ALT increased (all
serious AEs related to durvalumab) and led to treatment discontin-
uation. The only other TRAE that led to treatment discontinuationwas
grade 2 arthralgia in 1 (2.9%) patient, which was related to both
MEDI0457 and durvalumab. All patients with grade 3 TRAEs recov-
ered (1 patient with AST increased recovered with sequelae). No grade

Table 1. Baseline patient demographics and disease
characteristics (as-treated population).

Characteristic N ¼ 35

Sex, n (%)
Male 34 (97.1)
Female 1 (2.9)

Median age (range), years 59 (41–81)
Race

White 33 (94.3)
Black/African American 1 (2.9)
Native Hawaiian or other Pacific Islander 1 (2.9)

Smoking history, n (%)
Current 2 (5.7)
Former 23 (65.7)
Never 10 (28.6)

ECOG performance status, n (%)
0 19 (54.3)
1 16 (45.7)

Anatomical location, n (%)
Oropharynx 29 (82.9)
Hypopharynx 1 (2.9)
Oral cavity 5 (14.3)

Metastases at study entry/baseline, n (%)
Brain 0
Visceral 27 (77.1)

Lymph node-only disease at study entry/baseline, n (%) 4 (11.4)
HPV-positive status at study entry, n (%) 35 (100)

Based on p16 assay 30 (85.7)
Based on nucleic acid testing 5 (14.3)

HPV-16/18 status by central laboratorya, n (%)
HPV-16-positive 26 (74.3)
HPV-18-positive 3 (8.6)
HPV-16- and HPV-18-positive 1 (2.9)
HPV-16/18-negative 5 (14.3)

p16 status by central laboratory, n (%)
p16-positive 19 (54.3)
p16-negative 0
Not evaluable 16 (45.7)

PD-L1 TC expression
≥25% 11 (31.4)
<25% 13 (37.1)
Not evaluable 11 (31.4)

Prior platinum therapy, n (%)
Cisplatin 26 (74.3)
Carboplatin 13 (37.1)
None 3 (8.6)

Line of therapy and response to prior platinum treatmentb, n (%)
1L R/M platinum-nonrefractory 15 (42.9)

1L platinum-na€�ve 3 (8.6)
1L R/M platinum-refractory 9 (25.7)
2Lþ R/M 11 (31.4)

Prior cetuximab therapy and disease setting, n (%) 12 (34.3)
Primary 5 (14.3)
Recurrent 3 (8.6)
Metastatic 3 (8.6)
Other 1 (2.9)

Prior radiation, n (%) 31 (88.6)

Abbreviations: 1L/2L, first-line/second-line; ECOG, Eastern Cooperative Oncol-
ogy Group; HPV, human papillomavirus; PD-L1, programmed cell death ligand 1;
R/M, recurrent/metastatic HNSCC; TC, tumor cell.
aOn the basis of HPV-16 or HPV-18 E6/E7 RNAscope analysis, Advanced Cell
Diagnostics, and/or SPF10 Line Probe assay, DDL Diagnostic Laboratory. In
addition, 22 (62.9%) and 3 (8.6%) patients were HPV-16– and HPV-18–positive,
respectively, based on central laboratory Roche cobas HPV PCR testing.
bPatients in the 1L subgroups received platinum-containing therapy in the
neoadjuvant or adjuvant setting. Platinum-refractory status was defined as
disease recurrence within 6 months of receiving platinum-containing therapy.
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4 or 5 TRAEs were reported. One (2.9%) patient had a TRAE resulting
in dose interruption (an infusion-related reaction; Table 2).

Efficacy
The response-evaluable population comprised 29 patients,

including 3 patients from the safety run-in phase. Six patients were
not included in the response-evaluable population due to being
HPV-16/18 negative (n ¼ 5) or not receiving durvalumab (n ¼ 1).
Of the 29 patients in the response-evaluable population, 8 had
objective responses (ORR 27.6%; 95% CI, 12.7–47.2), half of which
were CRs (Table 3). All responders were HPV-16 positive. As the
95% CI overlapped 15.0%, Ho was not rejected and the primary
efficacy endpoint was not reached. The DCR was 44.8% (95% CI,
26.5–64.3) at 16 weeks and 37.9% (95% CI, 20.7–57.7) at 24 weeks.
The median time to response was 1.9 months (95% CI, 1.8–3.5). The
best percent change from baseline in tumor size and duration of
treatment exposure in the response-evaluable population are shown

in Fig. 1. Of the 8 responding patients, 5 had not progressed at data
cutoff, with ongoing response durations of 14.1, 15.8, 16.8, 25.8, and
31.5 months, and 3 had progressed, with response durations of 7.2,
7.7, and 25.0 months. Thus, the median duration of response had
not been reached (interquartile range, 16.3 months–not calculated).

The confirmed ORRs for patients with PD-L1 TC expression ≥25%
(n ¼ 10) and those with PD-L1 TC expression <25% (n ¼ 10) were
30.0% (95% CI, 6.7–65.3) and 20.0% (95% CI, 2.5–55.6), respectively.
Of the 4 patients with CRs, 1 had PD-L1 TC expression ≥25%, 2
had PD-L1 TC expression <25%, and 1 had a biopsy that was not
evaluable (Supplementary Fig. S2; Supplementary Table S2). Of the 4
patients with PRs, 2 had PD-L1 TC expression ≥25% and 2 patients
had biopsies that were not evaluable (Supplementary Fig. S2). The
association of PD-L1 expression as assessed by immune cell expression
and CPS with best antitumor response is also shown in Supplementary
Fig. S2. Subgroup analysis by prior line of therapy showed similar
ORRs in 1LR/Mplatinum-nonrefractory patients [n¼ 12; 33.3% (95%
CI, 9.9–65.1), including two CRs and two PRs] and 1L R/M platinum-
refractory patients [n ¼ 7; 28.6% (95% CI, 3.7–71.0), including one
CR and one PR], and an ORR of 20.0% (95%CI, 5.7–43.7), including 1
CR and 1 PR, in 2Lþ R/M patients (n¼ 10; Supplementary Table S3).

In the as-treated population, there was one additional PR
(Table 3) that was ongoing at data cutoff after a duration of
response of 12.4 months. Kaplan–Meier distribution curves for
PFS and OS are shown in Supplementary Fig. S3; the estimated
medians were similar for as-treated and response-evaluable patients
(Table 3). Subgroup analysis showed longer PFS and OS for 1L R/M
platinum-nonrefractory versus platinum-refractory patients (medi-
an PFS: 9.5 vs. 2.3 months; median OS: not reached vs. 29.2 months;
Supplementary Table S3).

Cellular T-cell responses to MEDI0457 plus durvalumab
Total peripheral blood HPV-16–specific and HPV-18–specific

IFNg T-cell responses were available for 34 patients; most had
increases on treatment, and the median (mean) spot-forming count
per million PBMCs increased from 1.67 (105.5) at baseline to 69.6

Table 2. Safety summary—TRAEs in the safety population.

Total population
(N ¼ 35),
n (%)

AE
Any
grade

Grade
3–4

Any TRAE 28 (80.0) 5 (14.3)a

Related to MEDI0457 25 (71.4) 1 (2.9)
Related to durvalumab 20 (57.1) 4 (11.4)

Any treatment-related AESI 17 (48.6)
Any treatment-related SAE 1 (2.9)
Any TRAE leading to dose interruption 1 (2.9)
Any TRAE leading to discontinuation of both
study medications

2 (5.7)

Most common (≥5%) any-grade TRAEs and all grade 3 TRAEsa

Fatigue 13 (37.1) 0
Injection-site pain 9 (25.7) 0
Arthralgia 5 (14.3) 0
Administration-site pain 4 (11.4) 0
Myalgia 4 (11.4) 0
Rashb 4 (11.4) 0
AST increasedb 3 (8.6) 2 (5.7)
Headache 3 (8.6) 0
Hypothyroidism 3 (8.6) 0
Pruritus 3 (8.6) 0
Lipase increasedb 2 (5.7) 1 (2.9)
Administration-site reaction 2 (5.7) 0
ALT increased 2 (5.7) 0
Dermatitis acneiform 2 (5.7) 0
Erythema 2 (5.7) 0
Injection-site discomfort 2 (5.7) 0
Neutrophil count decreased 2 (5.7) 0
Pain in extremity 2 (5.7) 0
WBC count decreased 2 (5.7) 0
Lymphocyte count decreased 1 (2.9) 1 (2.9)
Myocarditis 1 (2.9) 1 (2.9)
Ophthalmic herpes zoster 1 (2.9) 1 (2.9)
Wheezing 1 (2.9) 1 (2.9)

Abbreviations: AESI, adverse event of special interest; ALT, alanine aminotrans-
ferase; AST, aspartate aminotransferase; SAE, serious adverse event; TRAE,
treatment-related adverse event; WBC, white blood cell.
aNo grade 4 or 5 TRAEs were reported.
bAESI. Other AESIs occurring in >1 patient included hypothyroidism (n ¼ 3,
8.6%), ALT increased, dermatitis acneiform, injection site discomfort, and
pruritus (n ¼ 2, 5.7%).

Table 3. Best overall response and survival.

Response-
evaluable
N ¼ 29

As-treated
N ¼ 35

Best overall response
Confirmed objective response
rate, % (95% CI)

27.6 (12.7–47.2) 25.7 (12.5–43.3)

Complete response, n (%) 4 (13.8) 4 (11.4)
Partial response, n (%) 4 (13.8) 5 (14.3)

Stable disease, n (%) 8 (27.6) 11 (31.4)
Progressive disease, n (%) 13 (44.8) 14 (40.0)
Not evaluable, n (%) 0 1 (2.9)
DCR, % (95% CI)

At 16 weeks 44.8 (26.5–64.3) 45.7 (28.8–63.4)
At 24 weeks 37.9 (20.7–57.7) 37.1 (21.5–55.1)

Time to response, median
(95% CI), months

1.9 (1.8–3.5) 1.9 (1.8–5.3)

Survival
PFS, median (95% CI), months 3.5 (1.9–9.0) 3.8 (2.0–8.9)
OS, median (95% CI), months 29.2 (15.2–NC) 29.2 (15.2–NC)

Abbreviations: CI, confidence interval; DCR, disease control rate (complete
responsesþ partial responsesþ stable disease); NC, not calculated; OS, overall
survival; PFS, progression-free survival.
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Figure 1.

Best percent change from baseline in tumor size and duration of exposure (response-evaluable population). A, Best change from baseline in tumor size, with bars
color coded according to best response achieved; black filled circles indicate new lesions. B, Baseline tumor size; crosses indicate patients with PD-L1 tumor cell
expression of ≥25%. C, Duration of exposure (any treatment); black triangles indicate patients ongoing on treatment at data cutoff. Data for individual patients are
shown in the same order on the x-axis in each panel.
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Figure 2.

Peripheral HPV-16–specific T cells on IFNg ELISpot assay of PMBCs. Baseline and maximum T-cell count by patient and response type (n¼ 34; A), and median T-cell
count over time by response category (n¼ 34), plotted on a log10 y-axis (B). To facilitate visualization, T-cell counts of <0.1 were floored to 0.1. InA, each dot-to-dot
line represents an individual patient, color coded according to best response. InB, themedian lines are color coded according to best response, and the shaded areas
represent the 95% CIs around the medians. Week 1 is the start of MEDI0457 dosing. Week 4 is the start of durvalumab dosing. CR, complete response; ELISpot,
enzyme-linked immunospot; HPV, human papillomavirus; IFNg , interferon gamma; PBMC, peripheral blood mononuclear cell; PD, progressive disease; PR, partial
response, SD, stable disease.
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(223.5) at the maximum value on treatment (Fig. 2A). There was no
significant correlation between baseline tumor size and baseline HPV-
16–specific orHPV-18–specificT-cell count (data not shown).Median
spot-forming counts per million PBMCs increased over time regard-
less of RECIST response (Fig. 2B). The time to peak HPV-16–specific
T-cell response varied among patients, with no apparent trends
related to the pre-durvalumab (prior to week 4) and concomitant
durvalumab (week ≥4) periods. Similar results were observed for
HPV-18–specific T-cell responses (Supplementary Fig. S4), as well
as for HPV-16 (Supplementary Fig. S5) and HPV-18 (Supplemen-
tary Fig. S6) E6-specific and E7-specific T-cell responses. There was
no association with response; a trend toward higher HPV-16–
specific and HPV-16 E6-specific and E7-specific T cells at baseline

was observed in patients who had CRs compared with those who
had progressive disease or SD (Supplementary Fig. S7), but no
differences were seen for HPV-18–specific T cells (Supplementary
Fig. S8). There was a high degree of interpatient and intrapatient
variability in HPV-16–specific and HPV-18–specific T cells over
the course of treatment, within and between response groups
(Supplementary Fig. S9).

Of 8 evaluable patients with pretreatment and/or posttreatment
tumor biopsies, 4 patients (who had best responses of 1 CR, 1 SD, and
2 PD) had a >2-fold increase from baseline to week 10 in tumoral
CD8þ T cells (Fig. 3A and B). There were no significant correlations
between tumoral CD8þ T cells and HPV-16–specific and/or HPV-18–
specific T cells at weeks 1 and/or 10 (data not shown). Five of 8 patients

Figure 3.

Intratumoral immunomodulation: CD8 IHC images from tumors of 2 patients showing increased numbers of CD8þ T cells atweek 10 versus baseline—CD8þ T cells are
stainedpurple and cytokeratin is stained yellow in the top twoand thebottom left images, andCD8þTcells are stainedbrown in thebottom right image (A); change in
tumoral CD8þ T-cell count from baseline to week 10 (n ¼ 8; B) and change in tumoral PD-L1þ cell count from baseline to week 10 (n ¼ 8; C) by HPV status on IHC
analysis of individual patients with paired tumor biopsies, with lines color coded according to best response.
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(1 CR, 2 SD, 2PD) had a >50% increase in PD-L1þ TCs at week 10
(Fig. 3C).

Discussion
In this study, MEDI0457 in combination with durvalumab was well

tolerated and showed meaningful clinical benefit in patients with
HPV-associated R/M HNSCC. The AEs related to durvalumab in this
study were broadly similar to previous reports, with fatigue and
hypothyroidism being among the most common (18, 31, 32, 39).
Consistent with the previous study of MEDI0457 monotherapy in
patients with locally advanced HNSCC (33), mild injection-site pain
was among the most common TRAEs. No TRAE led to death. The
most common TRAEs of special interest were rash, hypothyroidism,
pruritus, and AST increased. One TRAE of special interest (myocar-
ditis) led to treatment discontinuation in 1 patient.

In patients with R/M HNSCC, single-agent immunotherapy has
been associated with ORRs of up to approximately 18% and generally
limited long-term outcomes. For example, durvalumab monotherapy
has resulted in anORR of 9.2%–17.9% andmedian PFS andOS of 1.9–
2.1 and 6.0–7.6 months, respectively (18, 32, 39), nivolumab has
resulted in an ORR of 13.3% and median PFS and OS of 2.0 and
7.5 months, respectively, and ORRs of 16%–18% have been reported
with pembrolizumab, with median PFS and OS of 2.1–2.3 and 8–
11.6 months, respectively (15–17, 40). Responses (14, 16, 39–41) and
OS (14, 32, 41) have appeared somewhat better inHPV-positive versus
HPV-negative patients, reflecting the generally more favorable prog-
nosis of HPV-positive HNSCC (42). However, these differences
between subgroups and across studies should be interpreted cautious-
ly, as the studies had different designs and patient populations, and
patient numbers were low in some subgroups, resulting in wide CIs for
ORRs. In addition, rates of PD-L1 expression differed between
populations, a factor that may impact response to treatment; for
example, subgroup analyses of HPV-positive patients receiving dur-
valumabmonotherapy in previous studies have shownORRs of 29.4%
and 16.7% in patients with PD-L1 TC ≥25% (32) and <25% (39),
respectively, while ORRs of 23%, 19%, and 17% in patients with PD-L1
CPS of ≥20 or ≥1 and in the overall population were reported with
pembrolizumab monotherapy in the KEYNOTE-048 study (15).

Notwithstanding the better prognosis compared with HPV-
negative HNSCC, improving the relatively low response rates in
patients with HPV-positive HNSCC using combined immunothera-
peutic approaches is an area of active study, with a focus on the
immune landscape in this setting and the mechanisms by which HPV
evades recognition and clearance by the host immune system (43, 44).
These strategies include regulation of the inflammatory response and
antigen-presentation machinery, promotion of immunosuppressive
mechanisms, and suppression of T-cell function through PD-L1
expression (12, 43), as well as mechanisms involving the PI3K path-
way (45). In this context, various strategies to improve patient out-
comes have been explored, including combining HPV vaccines target-
ing E6/E7 with a PD-1/PD-L1 inhibitor. For example, the HPV-16
synthetic long peptide vaccine ISA101, in combination with nivolu-
mab, resulted in anORR of 36%, similar to that reported in the current
study, and a median PFS and OS of 2.7 and 17.5 months, respectively,
in 22 patients with incurable oropharyngeal cancer (28).

Our current study demonstrates immunologic proof-of-concept
findings for the combination of MEDI0457 (a plasmid DNA vaccine
targeting HPV-16/18 E6/E7) with the PD-L1 inhibitor durvalumab. It
confirms the clinical feasibility of administering a plasmid DNA
vaccine with electroporation to promote transfection and antigen

expression and the utility of IL12 as an adjuvant for stimulating the
immune response. Intratumoral delivery of IL12 alone with electro-
poration has been shown to induce tumor regression as well as
systemic T-cell responses and T-cell recruitment to the tumor micro-
environment in patients with advanced melanoma, alone and in
combination with PD-1 inhibition (46–48). Building on this and the
findings of our previous phase Ib/II study of MEDI0457 monother-
apy (33), here we have shown that MEDI0457 plus durvalumab
increased peripheral HPV-specific T cells, with a trend for patients
with CRs having higher levels of HPV-16–specific T cells at baseline.
The varying time to peak HPV-16/18–specific T-cell responses did not
indicate any trend in T-cell numbers associated with the initiation of
durvalumab after 4 weeks. It was not feasible to compare these data
with those of MEDI0457 monotherapy (33) to determine whether
durvalumab affected T-cell responses. Increased tumoral infiltration of
CD8þ cells and increased PD-L1þ tumor cells were also noted from
baseline to week 10, demonstrating pharmacodynamic activity and
evidence of a cellular response. However, baseline PD-L1 TC expres-
sion (≥25% or <25%) was not associated with antitumor response.

TheORR in the current study, inwhich 31.4%of patients hadPD-L1
TC≥25%, was 27.6%, which included 13.8%CRs (n¼ 4/29). Acknowl-
edging that comparisons with other studies must be interpreted with
caution, due to the heterogeneous nature of the patient population in
the current study, this compares with anORRof 17.9%, including 2.5%
CRs, in EAGLE, in which 28.3% of patients treated with durvalumab
monotherapy had PD-L1 TC ≥25% (18), and an ORR of 29.4%,
including only 0.9% CRs (n ¼ 1/111), in patients with PD-L1 TC
≥25% treated with durvalumabmonotherapy in HAWK (32), suggest-
ing potential clinical benefit with the combination of MEDI0457 and
durvalumab. As expected, ORR was numerically highest in 1L R/M
platinum-nonrefractory patients (33.3%) and lowest in 2Lþ R/M
patients (20.0%). Although the primary endpoint was not met due
to the lower bound of the 95% CIs for ORR not excluding the null
hypothesis ORR of ≤15%, many responses were durable, and more
than one-third of patients remained on study treatment for ≥1 year.
Furthermore, median PFS was 3.5 months and median OS was
29.2 months in the current study. These data compare favorably with
outcomes from studies of standard-of-care treatments in this setting,
as reviewed above, including the CheckMate-141 study of nivolu-
mab (14) and theKEYNOTE-048 study of pembrolizumab (15), aswell
as with outcomes from studies of durvalumab monotherapy and
durvalumab plus tremelimumab [median PFS of 1.4–2.1 months;
median OS of 6.0–8.4 months (18, 31, 32, 39)], and from the study
of nivolumab plus ISA 101 [median PFS of 2.7 months; median OS of
17.5months (28)]. As noted earlier, differences between studies should
be interpreted cautiously due to differing study designs and patient
populations; for example, an important difference between our study
and other studies of anti-PD-(L)1 immunotherapies is that durvalu-
mab treatment was started only at week 4 to allow the vaccine,
MEDI0457, to induce an HPV-specific immune response.

Several limitations of the study should be noted, including enroll-
ment of populations of patients across different lines of therapy, and
heterogeneity in platinum refractoriness, prior lines of treatment,
tumor PD-L1 expression, and extent of disease. This study had an
open-label design and low patient numbers, both overall and partic-
ularly in the subgroups assessed; a sample size of 40 patients with
evaluable disease was determined to provide 80% power to reject H0

(ORR≤ 15%) but only 35 patients were enrolled, of whomonly 29were
evaluable for response. Another study limitation is that bias may have
been introduced in selecting patients using p16 as a surrogate marker.
Of the 30 p16-positive patients, 25 were positive for HPV-16/18 E6/E7
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on central laboratory nucleic acid testing, suggesting that, even though
p16 is a good surrogate marker for an HPV-16/18 tumor, additional
HPV-specific testing should be done in the context of clinical trials. In
addition, during the course of this clinical trial, pembrolizumab alone
(for PD-L1–expressing tumors) or combination chemoimmunother-
apy with pembrolizumab was established as a standard of care in
patients with R/M HNSCC (15). These results have dramatically
changed the management landscape for patients with metastatic
disease in the 1L setting and may impact further development of
HPV-specific strategies. Finally, although not a limitation of the
current study, recent analyses of B-cell and T-cell responses in patients
withHNSCC suggest that a therapeutic vaccination approach targeting
not only E6 and E7, per MEDI0457, but also E2 and E5 may result in a
greater breadth of immune response (49, 50). This aspect may be of
interest for future studies.

In conclusion, these findings indicate that combining MEDI0457
with durvalumab in patients withHPV-associated R/MHNSCC is well
tolerated and offers potential clinical benefit. Responses occurred early
andwere durable, andmedianOSwas notable in the context ofOS data
previously observed in this patient population. Targeting E6 and E7 of
HPV-16/18 may therefore be a complementary immune activation
strategy to PD-L1 blockade, warranting further investigation in larger,
randomized clinical trials.
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