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Abstract

Purpose: This study assessed the safety and tolerability of therapeutic immunization against the 

human papillomavirus (HPV) viral oncoproteins E6 and E7 in patients with cervical cancer after 

chemoradiation.

Methods and Materials: MEDI0457 (INO-3112) is a DNA-based vaccine targeting E6 and E7 

of HPV-16/18 that is coinjected with an IL-12 plasmid followed by electroporation with the 

CELLECTRA 5P device. At 2 to 4 weeks after chemoradiation, patients with newly diagnosed 

stage IB1-IVA (cohort 1) or persistent/recurrent (cohort 2) cervical cancers were treated with 4 

immunizations of MEDI0457 every 4 weeks. The primary endpoints were incidence of adverse 

events and injection site reactions. Immune responses against HPV antigens were measured by 

ELISpot for interferon-γ (IFNγ), enzyme-linked immunosorbent assay for antibody responses and 

multiplexed immunofluorescence for immune cells in cervical biopsy specimens.
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Results: Ten patients (cohort 1, n = 7; cohort 2, n = 3) with HPV16 (n = 7) or HPV18 (n = 3) 

cervical cancers received MEDI0457 after chemoradiation. Treatment-related adverse events were 

all grade 1, primarily related to the injection site. Eight of 10 patients had detectable cellular or 

humoral immune responses against HPV antigens after chemoradiation and vaccination: 6 of 10 

patients generated anti-HPV antibody responses and 6 of 10 patients generated IFNγ-producing T 

cell responses. At the completion of chemoradiation and vaccination, cervical biopsy specimens 

had detectable CD8+ T cells and decreased PD-1+CD8+, PD-L1+CD8+, and PD-L1+CD68+ 

subpopulations. All patients cleared detectable HPV DNA in cervical biopsies by completion of 

chemoradiation and vaccination.

Conclusions: Adjuvant MEDI0457 is safe and well tolerated after chemoradiation for locally 

advanced or recurrent cervical cancers, supporting further investigation into combining tumor-

specific vaccines with radiation therapy.

Introduction

Persistent human papillomavirus (HPV) infection, primarily by the HPV16 and HPV18 

subtypes, often leads to cervical cancer, which afflicts upward of 500,000 women per year 

worldwide.1 Many patients present with locally advanced disease and experience relatively 

high recurrence and poor survival rates after chemoradiation: approximately 50% and 70% 

at 5 years, respectively.2,3 Harnessing immune responses against non-self, tumor antigens 

may improve the treatment of locally advanced cervical cancers by specifically targeting 

cancer cells. Unlike the majority of prophylactic HPV vaccines,4 no therapeutic vaccines are 

approved that are effective against existing preinvasive or invasive lesions.5-8 Because HPV 

cancers express the viral oncogenes E6 and E7, these proteins can also serve as non-self 

antigens that can be incorporated into therapeutic vaccines against HPV cancers.9 

Furthermore, cervical cancers are unlikely to lose expression of E6 or E7 to escape effective 

anti-HPV immune responses because E6 and E7 are necessary for cancer cell proliferation 

and survival.10,11

Recently, MEDI0457 (previously INO-3112), a DNA-based immunotherapy for HPV 

cancers, was developed. It combines plasmids encoding modified, nononcogenic E6 and E7 

viral oncoproteins of HPV16 and HPV18 (VGX-3100) with a plasmid encoding IL-12 

(INO-9012); it is delivered intramuscularly and combined with electroporation using 

CELLECTRA (Inovio Pharmaceuticals, San Diego, CA), a constant current device.12-14 

MEDI0457 is a therapeutic vaccine and is not cross-reactive against prophylactic HPV 

vaccines such as Gardasil and Cervarix, which generate immune responses against the HPV 

capsid protein L1, which is often lost during cervical carcinogenesis. Once injected into 

skeletal muscle, these plasmids are taken up and the E6, E7, and IL-12 genes are expressed 

by host cells, a process that is enhanced by electroporation.15,16 The protein products of 

these plasmids are primarily expressed by skeletal muscle and other non—antigen-

presenting host cells. The E6 and E7 proteins are then released from host cells and 

endocytosed by dendritic and other antigen-presenting cells, which process the proteins into 

molecular fragments, or epitopes, and are cross presented on human leukocyte antigen 

molecules. Alternatively, host dendritic cells or other antigen-presenting cells acquire the 

plasmids and directly express, process, and present the E6E7 antigenic epitopes to T cells. 
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The HPV DNA vaccine is coupled with an IL-12 expression plasmid, which has previously 

been shown to increase the immunogenicity of other DNA vaccines with minimal toxicity.
17-19 In a phase 2 trial of cervical intraepithelial neoplasia (CIN) 2/3 lesions, VGX-3100, a 

DNA vaccine similar to MEDI0457 but without IL-12 plasmid, caused regression in 

approximately 50% of lesions.8

However, incorporation of therapeutic HPV immunization strategies into the treatment of 

patients with cervical cancers undergoing chemoradiotherapy remains largely unexplored. 

Here, we assessed the feasibility of incorporating MEDI0457 immediately after 

chemoradiation or radiation therapy (RT) for locally advanced (cohort 1) and persistent/

recurrent (cohort 2) cervical cancer, respectively. This study reports the safety and 

tolerability of this treatment as well as the local and systemic immune responses against 

HPV antigens generated by MEDI0457 treatment after chemoradiation for cervical cancer.

Methods and Materials

Study design

HPV-004 was a phase 1/2a, open-label study to evaluate the safety, tolerability, and 

immunogenicity of MEDI0457 delivered intramuscularly by electroporation (EP) in female 

patients with biopsy-proven, stage IB-IVB, inoperable, invasive cervical carcinoma 

associated with HPV16 or HPV18 subtypes (Fig. E1; available online at https://doi.org/

10.1016/j.ijrobp.2020.02.031). The study was conducted in accordance with the ethical 

principles described in the Declaration of Helsinki and with Good Clinical Practice 

guidelines as denoted in the International Council for Harmonization E6 requirements. 

Informed consent was obtained from all patients, and patients were assigned a unique 

identifier to maintain confidentiality.

Patients were stratified into 2 cohorts. In cohort 1 (n = 7), patients with newly diagnosed 

cancers were treated with chemoradiation with curative intent. In cohort 2, patients with 

persistent or recurrent cervical cancer were treated with chemoradiation or radiation alone (n 

= 3). After chemoradiation, patients received MEDI0457 (6 mg of VGX-3100 and 1 mg of 

INO-9012) immediately followed by EP with the CELLECTRA 5P device given every 4 

weeks for a total of 4 doses. This dosing strategy is based on Morrow et al,20 who 

demonstrated that 4 vaccinations generated greater cellular and humoral immune responses 

compared with 3 vaccinations used in patients with preinvasive CIN2/3.8,12

Patients were followed for at least 6 months after the last vaccination. Tumor biopsy 

specimens for immunohistochemical analyses and cervical cytology for HPV testing using 

ThinPrep (Hologic, Marlborough, MA) were collected, in general, before chemoradiation, 

before vaccination, and 1 month after completing vaccination or 6 months after completing 

vaccination. Positron emission tomography (PET)/computed tomography (CT) imaging was 

performed within 4 weeks before vaccination, 3 to 4 months after vaccination, or in 

accordance with institutional practices.

The primary objective of this study was to evaluate the safety and tolerability of 

immunotherapy with MEDI0457 when delivered intramuscularly followed by EP with the 
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CELLECTRA 5P device in women treated with chemoradiation for newly diagnosed, 

inoperable cervical cancer or persistent and/or recurrent cervical cancer associated with 

HPV16 and/or HPV18. Secondary objectives were to evaluate the cellular and humoral 

immune responses to HPV 16/18 E6/E7 and treatment response as measured by clinical 

examination and PET/CT imaging after chemoradiation and DNA vaccination. Safety 

endpoints were assessed per National Cancer Institute Common Terminology Criteria for 

Adverse Events version 4 criteria. Analysis of safety endpoints included all patients who 

received at least 1 immunization or EP as treated. Analysis of immune responses used a 

modified intention to treat population in which all patients received at least 1 immunization 

and EP as assigned. Treatment response was assessed using investigator-reported Response 

Evaluation Criteria in Solid Tumors v1.1 response. Progression-free survival was reported 

from the start of the study immunization.

Patients

Between June 6, 2014 and September 7, 2017, 10 patients were enrolled at 2 centers. Female 

patients were included in the study if they were between 18 and 70 years of age with 

histologic diagnosis of squamous cell carcinoma, adenocarcinoma, or adenosquamous cell 

carcinoma of the cervix containing HPV16 or HPV18 DNA. Only patients with stage IB-

IVB inoperable invasive cervical carcinoma (cohort 1) or persistent and/or recurrent cervical 

cancer (cohort 2) with a life expectancy of at least 12 months were enrolled. Other inclusion 

criteria included a negative pretreatment pregnancy test, Eastern Cooperative Oncology 

Group performance status of ≤1, and laboratory or clinical findings grade ≥1 in severity at 

screening. Patients were excluded if they had a history of a therapeutic HPV vaccination 

(patients with prophylactic HPV vaccinations could be included); had positive HIV, hepatitis 

B, or hepatitis C serology; had undergone major surgery within 4 weeks of vaccination; or 

were taking topical or systemic steroids or immunosuppressants within 4 weeks of 

vaccination.

Chemoradiation

Chemoradiation must have been completed within 10 weeks of initiation. RT planning 

included standard immobilization and CT simulation. Radiation was delivered using a 

combination of external beam RT (EBRT) and intracavitary techniques. EBRT fields 

included the pelvis (n = 4) ± paraortic nodal chain (n = 3) to a total dose of 45 Gy in 25 

fractions delivered using intensity modulated RT or 3-dimensional conformal techniques. 

Parametrial and nodal boosts (55-65 Gy), as determined by the disease stage, were delivered 

after pelvic irradiation or, for the latter, in combination with simultaneous integrated boost 

concurrently with pelvic field irradiation. Intracavitary or interstitial brachytherapy was 

delivered using high-dose-rate techniques to deliver 79 to 86 Gy (mean 82.5 Gy; low-dose-

rate equivalent) to point A using 5 to 7.2 Gy per high-dose-rate fraction. Weekly cisplatin 

chemotherapy (40 mg/m2) was administered on day 1 of EBRT and given during weeks 1 to 

5 of standard EBRT and during the parametrial boost.

Statistics

Statistical comparisons were performed using JMP (SAS, version 14). We used hematologic 

toxicity as the primary endpoint for safety and tolerability. Assuming a grade ≥3 
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hematologic toxicity rate of 23%,3 a sample size of 10 patients provides a 92% chance of 

observing at least 1 grade 3 or 4 hematologic toxicity during vaccination. If 0 adverse events 

(AEs) among 10 patients were observed, it was estimated with 95% confidence that the true 

proportion of such events would be <31%. Continuous patient variables were reported as the 

mean and range, and categorical patient variables were reported in aggregate. ELISpot, anti-

HPV antibody immune responses, were analyzed by calculating the mean responses along 

with associated standard deviation. Multiplex immunofluorescence images were analyzed by 

calculating the mean cell population across all samples at each time point along with the 

standard deviation and standard error of the mean. Significance was assessed using a 2-tailed 

Student t test. Additional methods used in this manuscript are contained in Methods E1 

(available online at https://doi.org/10.1016/j.ijrobp.2020.02.031).

Results

Patient and treatment characteristics

Of 44 patients screened, 10 were enrolled across 2 sites, including 7 patients in cohort 1 and 

3 patients in cohort 2, with 23 screen failures due to HPV 16 or 18 negative status. Patient 

characteristics are given in Table 1. All patients received EBRT; 8 of 10 received subsequent 

brachytherapy and 9 of 10 received RT with cisplatin. All radiation was completed within 56 

days from initiation. All patients in cohort 1 received 4 of 4 planned immunizations with 

MEDI0457; in cohort 2, 1 patient received 4 of 4 planned immunizations, 1 patient received 

3 of 4 planned immunizations, and 1 patient received 2 of 4 planned immunizations (Table 

E1; available online at https://doi.org/10.1016/j.ijrobp.2020.02.031). Of the 8 patients who 

received 4 planned immunizations, 6 patients received successful EP after each 

immunization (5 patients in cohort 1 and 1 patient in cohort 2). Seven patients completed all 

study treatments and follow-up visits, including 6 (86%) in cohort 1 and 1 (33%) in cohort 2. 

Three patients discontinued study treatment or the observational period: 1 owing to fatal 

intestinal perforation and disseminated intravascular coagulation, 1 to disease progression, 

and 1 to changes in insurance carriers during the observational period.

Adverse events

MEDI0457 was well tolerated when administered intramuscularly followed by EP with 

CELLECTRA. Treatment-related AEs occurred in 8 patients (Table 2; cohort 1, 5 of 7 

patients; cohort 2, 3 of 3 patients). The only treatment-related AEs reported in more than 1 

patient were injection site bruising (n = 2) and injection site pain (n = 2). AEs related to the 

injection site were all grade 1. Serious AEs (SAEs) were reported in 5 patients (cohort 1, 3 

patients; cohort 2, 2 patients), and none of these SAEs were assessed as treatment related. 

All patients experienced at least 1 treatment-emergent AE (TEAE) during the study (cohort 

1, 98 TEAEs; cohort 2, 34 TEAEs). Treatment-related TEAEs occurred in 8 patients (cohort 

1, 5 patients; cohort 2, 3 patients). The majority of TEAEs were grade 1 or 2, but TEAEs 

grade ≥3 were reported in 4 patients (cohort 1, 2 patients; cohort 2, 2 patients). In cohort 1, 

grade ≥3 TEAEs were abdominal pain (grade 3) and pneumonia (grade 3). In cohort 2, grade 

≥3 TEAEs were pathologic fracture (grade 3), anemia (grade 3), intestinal perforation (grade 

5), and disseminated intravascular coagulation (grade 5). The patient who experienced 

intestinal perforation and disseminated intravascular coagulation discontinued the study 
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early and died of this AE. The grade 5 toxicity occurred after chemoradiation and 3 doses of 

INO 3112. The patient experience intestinal perforation possibly attributed to progression of 

intra-abdominal metastases requiring total colectomy and developed disseminated 

intravascular coagulation postoperatively. All grade ≥3 TEAEs were considered unrelated; 

no other deaths were reported, and no other patients discontinued the study because of an 

AE.

Immune responses

Immune responses after chemoradiation and MEDI0457 immunization were assessed by 

HPV 16/18 E6/E7 IFNγ production in peripheral blood mononuclear cells (PBMC) as 

measured by ELISpot, antibody responses as measured by enzyme-linked immunosorbent 

assay (ELISA), and tumor-infiltrating immune cells as measured by multiplexed 

immunofluorescence. Before chemoradiation, cohort 1 had significantly higher lymphocytes 

compared with cohort 2 (Fig E2, available online at https://doi.org/10.1016/

j.ijrobp.2020.02.031; P = .008).

Overall, 8 patients had detectable cellular or humoral immune responses after 

chemoradiation and MEDI0457 immunization (Table 3; Fig. 1; Fig. E3 and Table E3, 

available online at https://doi.org/10.1016/j.ijrobp.2020.02.031). On a per-patient basis, 6 

patients showed increased IFNγ responses over baseline against HPV16 antigens (all 6 

patients showed increased responses to E6, and 4 of 6 patients showed increased responses 

to E7), and 5 patients showed increased IFNγ responses over baseline against HPV18 

antigens (all 5 patients showed increased responses to E6, and 4 of 5 patients showed 

increased responses to E7). In cohort 1, 4 of 7 patients exhibited IFNγ-producing spots 

exceeding 100 SFU/106 PBMC, whereas no patients produced similar responses in cohort 2. 

IFNγ ELISpot responses in patients who discontinued treatment because of progression of 

disease or SAEs (patients 46-429 and 46-430) are shown in Figure E4 (available online at 

https://doi.org/10.1016/j.ijrobp.2020.02.031). Anti-HPV responses were numerically greater 

in cohort 1 (23.3 SFU/106 PBMC to 369 SFU/106 PBMC) compared with cohort 2 (6.7 

SFU/106 PBMC to 63.3 SFU/106 PBMC). Unlike cohort 2, cellular responses in cohort 1 

persisted through week 48. In cohort 1, T cell responses to E7 were numerically greater than 

T cell responses to E6 for both HPV16 and HPV18 subtypes. Overall cellular immune 

responses were assessed using ELISpot PBMC responses against nonspecific CEF (CMV, 

EBV, and influenza) peptides (Table E2; available online at https://doi.org/10.1016/

j.ijrobp.2020.02.031).

Six of 10 patients exhibited de novo sero-responses to HPV16 antigens, and 6 of 10 patients 

exhibited de novo sero-responses to HPV18 antigens (Fig. 2; Fig. E5, available online at 

https://doi.org/10.1016/j.ijrobp.2020.02.031). For HPV16 antigens, vaccination and 

chemoradiation was associated with antibody responses against E6 in 5 of 10 patients and 

against E7 in 4 of 10 patients. For HPV18 antigens, vaccination and chemoradiation was 

associated with antibody responses against E6 in 3 of 10 patients and against E7 in 6 of 10 

patients. Antibody titers against the E6 and E7 antigens of both HPV 16 and HPV18 

increased at most time points after immunization in cohort 1 and increased in at least 1 time 
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point after vaccination in cohort 2. Patients 46-429 and 46-430 had no positive ELISA titers 

to any of the 4 HPV antigens tested.

Local immune responses were assessed using multiplexed immunofluorescence of cervical 

biopsies taken before chemoradiation (pre-CRT), after chemoradiation (post-CRT), and at 

the completion of MEDI0457 immunizations (post-CRT + MEDI0457; Fig. 3A, 3B). To 

assess local immune responses and potential immune suppression, we assessed the 

expression of the checkpoint receptor PD-L1 on panCK+ tumor cells, CD68+ macrophages, 

and CD8+ T cells in serial biopsy specimens. We chose CD8+ T cells and CD68+ 

macrophages because these cell populations have been associated with antitumor and 

protumor immune responses in several cancers, including cervical cancers.21,22 Post-CRT 

and post-CRT + MEDI0457 cervical specimens were associated with decreased epithelial 

cells, consistent with the tumor regression observed in these patients after chemoradiation 

(Fig. 3C). The immunosuppressive marker PD-L1 was detectable on panCK+ tumor cells 

and CD68+ macrophages at pre-CRT and post-CRT biopsies, consistent with the 

immunosuppressive role of these cell populations in cancer. We also detected PD-L1 

expression on CD8+ T cells, which has previously been shown to be a marker of 

immunosuppression and negatively correlated with outcomes in patients with melanoma.
23,24 The receptor of PD-L1, PD-1, and the cytotoxic T cell marker granzyme B were also 

assessed on CD8+ T cells (Fig. 3B). Compared with pre-CRT and post-CRT time points, 

post-CRT + MEDI0457 biopsies were associated with decreased PD-L1+CD8+, 

PD-1+CD8+, and PD-L1+CD68+ subpopulations (Fig. 3A, 3B, 3D, and 3E). The decrease in 

PD-1 subpopulations in T cells and PD-L1 subpopulations in T cells and macrophages was 

not due to an overall loss of these cell populations because the percentages of CD8+ and 

CD68+ cells remained stable at pre-CRT, post-CRT, and post-CRT + MEDI0457 time points 

(Fig. 3C). Furthermore, granzyme B, a marker for cytolytic T cell activity, was detected in 

both CD8+ and CD8− cells of pre-CRT, post-CRT, and post-CRT + MEDI0457 cervical 

specimens (Fig. 3B).

Outcomes

All cohort 1 patients remain alive with no evidence of disease clinically or by PET/CT (Fig. 

E6; available online at https://doi.org/10.1016/j.ijrobp.2020.02.031). Of the cohort 2 

patients, 1 died, 1 had persistent disease, and 1 remains free of disease. The estimated 

progression-free survival (PFS) at 12 months was 88.9% overall, 100% in cohort 1, and 50% 

in cohort 2. Median PFS time was not reached in either cohort or in the combined 

population. Of the 8 patients with available assessment of target lesions, 7 achieved a 

complete response (6 of 7 in cohort 1 and 1 of 3 in cohort 2), and 1 (cohort 1) achieved 

partial response after completion of the immunization series. PET/CT imaging demonstrated 

decreased or stable hypermetabolic activity after chemoradiation and MEDI0457, as shown 

in Figure. E6 (available online at https://doi.org/10.1016/j.ijrobp.2020.02.031).

Clearance of HPV-positive cancer cells was assessed using ThinPrep testing for HPV PCR 

and RNAScope LSx in situ hybridization of cervical biopsies. Before chemoradiation, 

ThinPrep testing for HPV16 or HPV18 was positive in 6 patients (HPV16, 4 in cohort 1 and 

1 in cohort 2; HPV18, 1 in cohort 1). One patient with undetectable HPV DNA by ThinPrep 
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tested positive for HPV18 by PCR. At the completion of radiation, 3 of 6 patients has 

persistent HPV DNA by ThinPrep. All patients cleared detectable HPV DNA at week 16 

after immunizations with available data at the 3 given time points. RNAScope in situ 

hybridization was assessed for 6 patients with available prechemoradiation, 

postchemoradiation, and postvaccination (Fig. E7; available online at https://doi.org/

10.1016/j.ijrobp.2020.02.031). Prechemoradiation HPV16 RNA was detectable in 4 patients, 

and HPV18 RNA was detectable in 2 patients. Five of 6 patients had cleared HPV RNA by 

in situ hybridization at the completion of the immunization series.

Discussion

Here, we report the safety, tolerability, and immune responses associated with HPV DNA 

immunotherapy with MEDI0457 after chemoradiation in patients with newly diagnosed 

stage IB-IVB or persistent/recurrent cervical cancers. MEDI0457 was well tolerated, with 

only grade 1 treatment-related AEs. MEDI0457 and chemoradiation was associated with 

increased HPV 16/18 E6/E7-specific T cell responses and humoral responses. Of note, T cell 

and antibody responses were numerically greater in patients treated for newly diagnosed 

cervical cancers compared with patients treated for recurrent or persistent disease. 

Furthermore, at the completion of MEDI0457 and chemoradiation, cervical biopsy 

specimens displayed decreased immunosuppressive cell populations. The 12-month PFS was 

88.9% overall, with 100% and 50% PFS in patients with newly diagnosed disease and 

recurrent/persistent disease, respectively. In contrast to Aggarwal et al,5 who waited 2 

months after radiation for oropharyngeal cancers before initiating MEDI0457, we observed 

that immunization within 2 weeks after chemoradiation was still associated with detectable 

immune responses. Thus, immunotherapy using MEDI0457 with chemoradiation is well 

tolerated and is associated with detectable tumor-specific immune responses.

DNA vaccines have several advantages over other vaccine platforms such as live-attenuated 

viruses and recombinant protein—based vaccines. Unlike viral vector—based constructs, 

DNA vaccines can be used for repeated administration because the efficacy of plasmid 

vectors is not influenced by pre-existing neutralizing antibodies.25 Furthermore, the ability 

to engineer specific targeting of multiple antigenic components allows the inclusion of 

specific antigens, adjuvants, or targeting sequences. Thus, DNA immunization strategies can 

be easily incorporated with chemoradiation approaches for HPV-associated cancers.

Because EP increases the immunogenicity of MEDI0457, patients who received only 

MEDI0457 or EP may generate diminished immune responses against HPV. To this end, 5 

of 7 patients in cohort 1 received all doses MEDI0457 and EP, whereas only 2 of 7 patients 

received MEDI0457 without EP in 1 dose. Yet, missing EP in only 1 of 4 vaccine time 

points was still sufficient to stimulate immune responses against HPV antigens, as evidenced 

by the efficacy of DNA vaccines in preinvasive disease using only 3 vaccine time points.8,12

Persistent HPV DNA in cervical specimens has been associated with recurrence after RT.
26-28 Even at 12 to 24 months of follow-up, persistent HPV DNA was detected in 18.6% to 

56.7% of patients with locally advanced cervical cancer after RT. Similarly, at 1-month 

postchemoradiation and before vaccination, 3 of 6 patients in our study had persistent HPV 
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DNA as detected by ThinPrep testing in our cohort. All patients cleared HPV DNA by 

ThinPrep testing after vaccination, which supports the hypothesis that immunotherapy 

improves treatment efficacy after chemoradiation for cervical cancer.

Our findings strengthen the feasibility that immunotherapies can elicit de novo or boost 

existing immune responses after chemoradiation regimens that employ larger elective nodal 

irradiation fields. In preclinical models, the immunostimulatory effects of high-dose 

radiation29,30 may be limited with the addition of elective nodal radiation fields.31 

Lymphopenia has been observed in patients treated for cervical cancers, head and neck 

cancers, and other cancers that incorporate elective nodal irradiation.32-35 Patients with 

cervical cancer treated with pelvic radiation to 50 Gy demonstrated impaired immune 

responses in tumor draining lymph nodes that were associated with increased regulatory 

CD4+ T cells, a marker of immune suppression, and a loss of Th1 and Tc1 polarization, 

markers of antitumor CD4+ and CD8+ T cell responses.36 In our study, immunization 

against HPV antigens occurred at sites distant from the elective nodal radiation fields, which 

likely bypassed the potential adverse effect of radiation fields on antitumor immune 

responses and generated robust anti-HPV immune responses in a majority of patients. Thus, 

immunization against cancer antigens is feasible even when using potentially 

immunosuppressive radiation fields encompassing the tumor-draining lymphatics.

In our study, patients with invasive cervical cancer mounted lower HPV-specific immune 

responses compared with previous studies immunizing patients with preinvasive CIN2/3 

disease.8 Namely, as measured in IFNγ ELISpot assays, patients with invasive cervical 

cancer had an average of 298.5 SFU/106 PBMCs compared with >500 SFU/106 PBMCs for 

patients with CIN2/3 disease at completion of vaccination. It is tempting to speculate that 

this diminished immune response in patients with invasive cancer was due to a combination 

of immune exhaustion in patients with cancer, lingering immune suppression after 

chemoradiation, and/or the selection of patients with diminished immune responses against 

HPV antigens making them prone to develop cervical cancer.

The effect of RT or chemoradiotherapy on immune responses against HPV antigens in head 

and neck and cervical cancer has been mixed. Some studies have demonstrated enhanced 

anti-HPV immune responses after RT,37,38 whereas others have demonstrated suppressed 

immune responses after RT in both head and neck and cervical cancers.36,39-41 The 

decreased immune responses to HPV antigens parallels the global lymphopenia observed in 

both head and neck and cervical cancers after RT.32,35,42,43 The conflicting 

immunostimulatory and immunosuppressive effects described after RT may be due to 

differences in treatment techniques, target volumes, or fraction sizes. To this end, Battaglia 

et al demonstrated that pelvic radiation doses under 40 Gy enhanced immune responses 

whereas pelvic radiation doses of 50 Gy, the treatment regimen used in this work, were 

associated with suppressed immune responses in the tumor-draining lymph nodes of patients 

with cervical cancer.36 Regardless, vaccination after chemoradiation may rescue suppressed 

or even enhance existing immune responses against HPV antigens. It is interesting to 

speculate that the decrease in CD8+PD-1+, CD8+PD-L1+, and CD68+PD-L1+ cells followed 

chemoradiation and vaccination reflects a decreased local immunosuppression and increased 

probability for tumor regression.
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Our observations are consistent with the hypothesis that patients with newly diagnosed 

cancers will likely respond better to immunotherapies than patients with recurrent or 

persistent disease, possibly owing to immune suppression or immune exhaustion. 

MEDI0457 and chemoradiation was associated with numerically greater immune responses 

in patients with newly diagnosed cervical cancers compared with patients with persistent or 

recurrent disease. Although our studies enrolled a limited number of patients with recurrent 

or persistent disease, we observed that these patients displayed decreased immune responses 

to HPV antigens compared with patients with newly diagnosed cancers. In addition, patients 

in cohort 2 had fewer absolute lymphocytes before the start of chemoradiation, supporting 

the notion that they were more immunosuppressed than patients in cohort 1. Similarly, 

Mohme et al demonstrated that patients with recurrent glioblastomas displayed features of 

greater immune exhaustion compared with patients with newly diagnosed glioblastomas.44 

In preclinical models, Predina et al observed an increase in immunosuppressive 

macrophages and regulatory T cells at the tumor site and draining lymph nodes in animals 

with recurrent cancers compared with animals with primary cancers.45 Thus, both immune 

exhaustion and immunosuppressive microenvironments may regulate immune responses in 

patients with recurrent cancers differently than in patients with newly diagnosed disease.

Nevertheless, there are several limitations to this study. This study enrolled a relatively small 

number of patients, and treatment efficacy needs to be confirmed with larger phase 2 trials. 

Second, the antigen dose and timing of MEDI0457 as well as the use of an IL-12 adjuvant 

was based on studies of preinvasive disease, and it remains unclear whether this schedule 

requires modification when treating invasive disease. Third, we immunized patients within 2 

to 4 weeks after chemoradiation, and it remains unclear whether a longer recovery interval 

after chemoradiation or vaccination before chemoradiation would improve anti-HPV 

immune responses. Finally, immune responses against HPV antigens were likely a 

consequence of vaccination and chemoradiation. Because of the natural history of HPV 

infection, HPV-mediated carcinogenesis, and the effect of chemoradiation on immune 

responses, the efficacy and changes in immune responses mediated by vaccination after 

chemoradiation cannot be clearly assessed without a chemoradiation-only cohort. In fact, 

more than half of patients with cervical or head and neck cancer have detectable immune 

responses against E6 or E7 at diagnosis.46-50 However, because we only assessed immune 

responses after chemoradiation, we cannot comment on the extent of existing immune 

responses against HPV before treatment. Furthermore, Masterson et al demonstrated that 

increased CD8+ T cell responses against E6 or E7 after chemoradiation alone was associated 

with improved disease-free survival.51 Conversely, patients with unchanged or decreased 

immune responses after chemoradiation may benefit from strategies, such as vaccines, that 

boost anti-HPV immunity. Because this work primarily addresses the safety and tolerability 

of the combination of chemoradiation and MEDI0457 vaccine, the contribution of 

MEDI0457 to inducing anti-HPV immune responses after chemoradiation is hypothesis-

generating.

Conclusions

We report an initial experience of incorporating therapeutic HPV vaccinations after 

chemoradiation for patients with advanced cervical cancers. There were no serious AEs 
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associated with MEDI0457 immunization. Furthermore, MEDI0457 after chemoradiation 

was associated with both cellular and humoral immune responses to HPV antigens and was 

associated with decreased immunosuppressive markers in the tumor microenvironment. 

Consequently, the findings presented here support further study of incorporating HPV 

vaccination strategies into the curative treatment of patients with locally advanced cervical 

cancers. Future trials will be needed to address whether chemoradiation alone boosts pre-

existing immunity to HPV antigens or whether MEDI0457 immunization after 

chemoradiation is sufficiently immunogenic to induce potent antitumor immune responses.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
MEDI0457 and chemoradiation is associated with cellular immune responses against HPV 

16 or HPV 18 E6/E7 antigens in the majority of patients with cervical cancer treated with 

chemoradiation. Log scale plots on IFNγ ELISpot assays of PBMC taken at various time 

points after MEDI0457 immunizations. On day 0, patients received MEDI0457 followed by 

EP (arrows) beginning 2 to 4 weeks after chemoradiation. MEDI0457 was given every 4 

weeks for a total of 4 injections. PBMCs were collected beginning on day 0 and at weeks 2, 

4, 6, 8, 10, 12, 14, 16, 24, 32, 36, 40, and 48. PBMCs were assayed for IFNγ production in 

response to E6E7 peptides by ELISpot. Data represent the combined ELISpot results for 

HPV16 and HPV18 E6 and E7 peptide stimulations (represented as SFU/106 PBMCs). Each 

line/color represents a patient. Half-filled symbols (n = 3) represent HPV18 detected at 

screening, open symbols (n = 7) represent HPV16 detected at screening. Abbreviations: 

ELISpot = enzyme-linked immunosorbent spot; EP = electroporation; HPV = human 

papilloma virus; IFNγ = interferon gamma; PBMCs = peripheral blood mononuclear cell; 

SFU = spot forming units.
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Fig. 2. 
MEDI0457 and chemoradiation is associated with humoral immune responses against 

HPV16 or HPV17 E6/E7 antigens in the majority of patients with cervical cancer treated 

with chemoradiation. (A) Antibody responses against HPV16 E6 antigen (far left panel), 

HPV18 E6 antigen (center left panel), HPV16 E7 antigen (center right panel), and HPV18 

E7 antigen (far left panel) in patients treated for newly diagnosed, locally advanced cervical 

cancer (cohort 1). (B) Antibody responses against HPV16 or HPV18 E6/E7 antigen in 

patients treated for recurrent or persistent cervical cancer (cohort 2). Antibody titers were 

measured using ELISA assays. Abbreviations: ELISA = enzyme-linked immunosorbent 

assay; HPV = human papilloma virus.
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Fig. 3. 
Chemoradiation and MEDI0457 is associated with decreased PD-L1 expressing T cells and 

macrophages at the treated tumor site. (A) Multiplexed immunofluorescence for PD-L1 

expression on CD8+ T cells, CD68+ macrophages, and panCK+ epithelial cells in cervical 

biopsies taken before chemoradiation (pre-CRT; n = 6), after chemoradiation (post-CRT; n = 

5), and after chemoradiation and MEDI0457 (post-CRT + MEDI0457; n = 4). Inset in 

middle panels demonstrated PD-L1 costaining with CD8 or CD68. (B) Multiplexed 

immunofluorescence for CD8+ T cells (purple), Granzyme B (red), PD-1 (green), and the 

proliferative marker Ki-67 (yellow) from cervical biopsy specimens taken before 

chemoradiation and after chemoradiation and MEDI0457. Scale bar represents 400 μM for 

5× magnification and 100 μM for 20× magnification. Post-CRT + MEDI0457 biopsies were 

taking at 63 and 122 days after the first MEDI0457 dose. (C) Percentages of panCK+ cells 

decrease whereas CD8+ T cells or CD68+ macrophages remain unchanged in pre-CRT, post-

CRT, and post-CRT + MEDI0457 specimens. (D) Compared with pre-CRT and post-CRT 

time points, PD-L1+CD8+ T cells and PD-L1+CD68+ macrophages are decreased at post-

CRT + MEDI0457 time points whereas PD-L1+PanCK+ epithelial cells remain unchanged. 
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(E) CD8+PD-1+ cells are decreased whereas CD8+Granzyme B+ cells are increased after 

chemoradiation and MEDI0457. Calculated as percent change from prechemoradiation 

baseline. (C-E) represent quantitation of all available patient samples in the study. The 

asterisks (*) represents P < .05 as determined by Student t test. Error bars represent standard 

error of the mean. Abbreviations: CRT = chemoradiotherapy; DAPI = 4′,6-diamidino-2-

phenylindole; PD-1 = programmed cell death protein 1; PD-L1 = programmed death-ligand 

1; Vac = vaccine.
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