1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Clin Cancer Res. Author manuscript; available in PMC 2019 March 02.

-, HHS Public Access
«

Published in final edited form as:
Clin Cancer Res. 2019 March 01; 25(5): 1486-1493. d0i:10.1158/1078-0432.CCR-18-2722.

A phase Il study of tumor-infiltrating lymphocyte therapy for
human papillomavirus-associated epithelial cancers

Sanja Stevanovié!, Sarah R. Helman2*, John R. Wunderlich3, Michelle M. Langhan?3,

Stacey L. Doran?, Mei Li M. Kwong34”*, Robert P. Somerville3, Christopher A. Klebanoff3:5"

6*7* Udai S. Kammula38", Richard M. Sherry3, James C. Yang?3, Steven A. Rosenberg?,
and Christian S. Hinrichs?

1Experimental Transplantation and Immunology Branch, National Cancer Institute, Bethesda, MD

2University of Maryland, Baltimore, MD
3Surgery Branch, National Cancer Institute, Bethesda, MD
4Loma Linda University Health, Department of Surgery, Loma Linda, CA

5Center for Cell Engineering and Department of Medicine, Memorial Sloan Kettering Cancer
Center, New York, NY

6Weil Cornell Medical College. New York, NY
“Parker Institute for Cancer Immunotherapy, New York, NY

8Department of Surgery, University of Pittsburgh Medical Center, Pittsburgh, PA,

Abstract

Purpose—cCellular therapy is an emerging cancer treatment modality, but its application to
epithelial cancers has been limited. This clinical trial evaluated tumor-infiltrating lymphocyte
(TIL) therapy for the treatment of patients with metastatic human papillomavirus (HPV)-
associated carcinomas.

Experimental Design—The trial was a phase 11 design with two cohorts, cervical cancers and
non-cervical cancers. Cell infusion was preceded by a lymphocyte-depleting conditioning regimen
and followed by systemic high-dose aldesleukin.

Results—Objective tumor responses occurred in 5/18 (28%) patients in the cervical cancer
cohort and 2/11 (18%) patients in the non-cervical cancer cohort. Two of the responses in cervical
cancer were complete and are ongoing 67 and 53 months after treatment. Responses in the non-
cervical cancer cohort were in anal cancer and oropharyngeal cancer. The HPV reactivity of the
infused T cells correlated with clinical response. Peripheral blood repopulation with HPV-reactive
T cells also correlated with clinical response.
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Conclusions/Discussion—These findings support the concept that cellular therapy can
mediate the regression of epithelial cancers, and they suggest the importance of predictive
biomarkers and novel treatment platforms for more effective therapies.
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INTRODUCTION

Human papillomavirus (HPV)-associated cancers are common epithelial malignancies that
account for approximately 5% of all cancers worldwide.! They occur at varied anatomical
sites including the uterine cervix, anus, vagina, vulva, penis, and oropharynx.2=> Although it
is hoped that this family of cancers will be eliminated by preventive HPV vaccines in the
future, they currently cause more than 300,000 deaths each year globally and an estimated
12,500 deaths each year in the United States.6.” Advanced-stage HPV-associated cancers are
difficult to treat. Combination chemotherapy plus bevacizumab offers some clinical benefit,
and anti-programmed death 1 receptor (PD-1) therapy has shown clinical activity, %12 but
these malignancies generally are incurable and better treatments are needed.

Adoptive T-cell therapy (ACT), the systemic infusion of therapeutic T cells, is an emerging
cancer treatment modality that can induce complete tumor responses in some patients with B
cell malignancies or metastatic melanomal3, We sought to test if ACT could mediate the
regression of HPV-associated epithelial cancers. We established a method to generate
independent tumor-infiltrating lymphocyte (TIL) cultures from fragments of a resected
metastatic tumor deposit.14 Because HPV-associated cancers constitutively express the HPV
E6 and E7 oncoproteins, immunologically foreign viral proteins that are attractive targets for
immunotherapy,3 cultures with HPV-oncoprotein reactivity were selected preferentially for
administration to patients. Here we present a completed clinical trial with long-term follow
up, 18 patients with metastatic cervical cancer (including 9 patients reported previously),14
and 11 patients with other cancers. Additionally, we also report a predictive biomarker and
immunological correlates for the clinical trial.

MATERIALS AND METHODS

Study design

The trial was a single-center, phase Il study (ClinicalTrials.gov NCT01585428) that was
designed to determine if HPV-TILs could mediate regression of advanced HPV-associated
cancers. Patients were treated in two disease cohorts (cervical cancers and non-cervical
cancers) between April 24, 2012 and August 1, 2016. The protocol was approved by the
National Cancer Institute Institutional Review Board at the National Institutes of Health
Clinical Center, and informed consent was obtained from all patients. Patients were treated
with a nonmyeloablative chemotherapy conditioning regimen (cyclophosphamide 60 mg/kg
/Vdaily for two days and fludarabine 25 mg/m? daily for five days), followed by a single /V/
infusion of HPV-TILs. After cell infusion, aldesleukin was administered as an /V/bolus at
720,000 1U/kg/dose every eight hours to tolerance or a maximum of 15 doses. Tumor
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responses were determined using Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.0. The primary objective of the study was to determine the objective tumor
response rate and duration in patients with metastatic HPV-associated cancers. The
secondary objectives were to determine the toxicity of this treatment regimen and to study
immunologic correlates associated with this therapy.

Patients = 18 to 70 years of age with a pathologically confirmed diagnosis of metastatic
HPV-associated cancer were eligible for screening and metastectomy for generation of TILs.
All patients had received prior platinum-based chemotherapy or chemoradiotherapy. Patients
with three or fewer brain metastases that were less than 1 cm in diameter and asymptomatic
were permitted to participate. An Eastern Cooperative Oncology Group performance status
of 0 or 1 was required.

Generation of HPV-TIL cell products

The HPV type of metastatic tumors was determined by real-time PCR with HPV-16 and
HPV-18 type-specific primer-probe sets. TIL cultures were initiated from tumor fragments
and expanded using interleukin-2 (1L-2)-containing culture media as previously described.14
Briefly, cultures with lymphocyte outgrowth were tested for reactivity against HPV-16 or
HPV-18 E6 and E7, when applicable. Flow cytometric analysis of each culture was
performed using antibodies specific for CD3, CD4, CD8, and CD56 (BD Biosciences, San
Jose, CA). TIL cultures were selected for further expansion and administration to the patient
based on HPV-oncoprotein reactivity, rapid growth rate, high T-cell frequency, and high
CD8™" T-cell frequency. If HPV reactivity was absent or could not be assessed, the other
criteria were used. After treatment of 22 patients (14 cervical cancer and 8 non-cervical
cancer), the protocol was amended to only treat patients whose tumors were HPV-16" or
HPV-18*, and who also had three or more TIL cultures with HPV-oncoprotein reactivity (as
measured by interferon-gamma (IFN-y) release).

Immunological assays

Immunological assays were performed as previously described.1* Briefly, T cells were
cocultured with autologous immature dendritic cells loaded with 1 uM peptide pools (15-
mer peptides overlapping by 11 amino acids) spanning E6, E7 or glycoprotein 100 (gp100,
negative control) (Miltenyi Biotec, Bergisch Gladbach, Germany). For peripheral blood T
cell assays, CD3* T cells were isolated using pan T cell isolation kit (Miltenyi Biotec) prior
to coculture. Dendritic cells were generated from the adherent fraction of peripheral blood
mononuclear cells (PBMC) or from CD14* cells isolated from PBMC with CD14 magnetic
beads (Miltenyi Biotec). For IFN-y production assays, the concentration of IFN-vy in the
supernatants was determined by enzyme-linked immunosorbent assay (ELISA) (R&D
Systems, Bio-Techne Corp, Minneapolis, MN or Thermo Fisher Scientific, Waltham, MA).
IFN-y enzyme-linked immunospot (ELISPOT) (Mabtech, Cincinnati, OH) assays were
performed according to the manufacturer’s instructions. CD137 upregulation assays were
performed by flow cytometric analysis. After overnight coculture, cells were stained with
fluorescent antibodies against CD137, CD3, CD4, and CD8 (BD Biosciences and
Biolegend) and counterstained with propidium iodide or 4',6-diamidino-2-phenylindole (BD
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Biosciences). Data were acquired with a FACSCanto Il flow cytometer (BD Biosciences) or
Novocyte (Acea BioSciences Inc, San Diego, CA) and analyzed with FlowJo software
(Treestar Inc, Ashland, OR).

Statistical Considerations

For each of the two cohorts, the trial used a two-stage optimal design with alpha=0.05 (5%
probability of accepting a poor therapy) and beta=0.10 (10% probability of rejecting a good
therapy). Initial enrollment was planned at 18 patients per cohort. Expansion to 35 patients
was planned if three of more of the first 18 patients experienced responses of longer than
four months duration (this measure was intended to consider both response rate and
durability). If fewer than 6 of 35 patients in a cohort had a clinical response, then the
treatment was to be considered inadequate for further investigation. Under the null
hypothesis (10% response rate), the probability of early termination was 73%. Accrual to the
non-cervical cohort was terminated due to limitations in cell manufacturing.

The Mann-Whitney U'test was used to test for correlations between HPV reactivity and
clinical responses (Graphpad Prism 7, La Jolla, CA). Reported P values are two-tailed and
not adjusted for multiple comparisons, and P < .05 were considered statistically significant.

Additional details on the Patients and Methods are presented in the data supplement.

RESULTS

Patient Characteristics

Twenty-nine patients with metastatic HPV-associated cancer were treated (Table 1 and
Appendix Fig A1, online only). Eighteen patients were diagnosed with cervical cancer.
Eleven patients were diagnosed with other HPV+ cancers (oropharyngeal cancer (n=5), anal
cancer (n=5), and vaginal cancer (n=1)). The median cell dose was 89 x 10°, range 9 to 152
x 10°. The median number of systemic IL-2 doses was 4, range 0 to 9. Infusion products
consisted of a median of 53% CD4", range 6 to 97%; and 41% CD8*, range 210 94% T
cells. The median age of patients was 50, range 30 to 63 years. Tumors were squamous cell
carcinoma (n=21), adenocarcinoma (n=>5), adenosquamous carcinoma (n=2), or
neuroendocrine (n=1). Cervical cancers were associated with HPV type 18 (n=11), type 16
(n=5), or other types (n=2). Non-cervical cancers were associated with HPV-16 (n=11).
Twenty-five patients had previously received combination chemotherapy regimens. Two
patients had also previously received immune checkpoint blockade directed against
cytotoxic T-lymphocyte-associated protein 4 or PD-1.

Clinical Responses

Seven of 29 patients attained objective tumor responses, 5 of 18 (28%) patients with cervical
cancer and 2 of 11 (18%) patients with other HPV+ cancers (Table 1 and Fig 1A). In the
cervical cancer cohort, two responses were complete (CR) and are ongoing 67 (patient 3)
and 53 (patient 6) months after treatment (Fig 1B); three responses were partial (PR) and of
3 months duration (patients 2, 12 and 18) (Table 1, and Figs 1A and1B). In the non-cervical
cancer cohort, one patient with oropharyngeal cancer (patient 24) attained a PR of 5 months
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duration, and one patient with anal cancer (patient 26) attained a PR of 4 months duration
(Table 1, and Figs 1A and 1B). The patient with oropharyngeal cancer was a 60-year old
male who had previously received five systemic anti-cancer agents (Table 1). At the time of
treatment, he had multiple thoracic metastases, that were progressing prior to TIL infusion
(Fig 1C). Five months after treatment, he developed a new brain metastasis, which was
resected (Table 1, and Fig 1B). However, he experienced complete regression of all other
disease sites (Figs 1B and 1C), and is without evidence of disease 51 months after treatment
(Figs 1B and 1C). The patient with anal cancer was a 48-year old female who had previously
received two combination chemotherapy regimens (Table 1). At the time of treatment with
HPV-TILs, she had progressing cancer involving both lungs (Table 1 and Fig 1D). Following
treatment, she experienced a PR that lasted 4 months (Table 1, and Figs 1B and 1D).

Adverse events

There were no acute infusion-related toxicities and no autoimmune adverse events. The
toxicity profile was consistent with the chemotherapy conditioning regimen and aldesleukin.
The most common severe adverse events were the expected hematological toxicities of the
conditioning regimen. Grade 3 and grade 4 adverse events are summarized in Table 2. No
treatment related mortality occurred.

Immunological correlates of response

Post-hoc exploratory analyses were performed to test for immunological correlates of
response. The frequency of infused T cells that responded to HPV E6 and E7 peptide
stimulation was determined by flow cytometric measurement of the T-cell activation marker
CD137 (Fig 2A). Cytokine production by infused T cells that responded to HPV E6 and E7
peptide stimulation was measured by IFN-y production assays (Fig 2B). HPV-TILs
displayed greater frequencies of HPV-reactive T cells (P=.0091) and a higher concentration
of HPV-specific IFN-y release (P = .0026) administered to responding versus non-
responding patients (Appendix Fig A2, online only). No differences were detected between
responding versus non-responding patients in the number of administered total T cells (P=".
9999), CD4* T cells (P=.1097), CD8" T cells (P=.7086) or IL-2 doses (P = .4725)
(Appendix Fig A3, online only). The frequency of HPV-reactive T cells in the peripheral
blood before and following treatment was assessed by IFN-y ELISPOT assay. Before
treatment, minimal, if any, T-cell HPV reactivity was detected (Fig 2C). One month after
treatment, 8 of 22 patients (all patients for whom samples were available) showed HPV
reactivity (Fig 2C). The frequency of HPV-reactive T cells in peripheral blood one month
after treatment correlated positively with clinical response (£ =.0135, Appendix Fig A4,
online only). No differences in the HPV reactivity of the infused T cells were detected
between cervical and non-cervical cancer patients as measured by either immunological
assay (P=.9515 for flow cytometry; P=.7627 for IFN-y production) (Appendix Fig A5,
online only). No significant differences were detected between cervical and non-cervical
cancer patients in the number of administered total T cells (A= .5208), CD4* T cells (P=.
3869), CD8* T cells (P=.3397) or IL-2 doses (P = .8852) (Appendix Fig A6, online only).
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CONCLUSIONS/DISCUSSION

Cellular therapy is effective for the treatment of certain B cell malignancies, but its study for
the treatment of epithelial cancers has been limited.13 Here we report the treatment of
patients with metastatic HPV-associated squamous cell carcinomas and adenocarcinomas
with adoptive transfer of tumor-infiltrating T cells. Tumor responses occurred in patients
with cervical cancer, anal cancer, and oropharyngeal cancer. Responses in two patients with
cervical cancer were complete and are ongoing 67 and 53 months after treatment.

HPV-associated cancers are typical epithelial malignancies that are difficult to treat when
metastatic. Chemotherapy generally consists of combinations of cytotoxic agents, often
administered in conjunction with a biological agent.3 15 16 These regimens have limited
clinical activity and substantial toxicity, and better treatments are needed. Immunotherapy
works through different mechanisms than chemotherapy and has been a breakthrough for the
treatment of certain malignancies.1” Although targeting HPV oncoproteins with antigen-
specific immunotherapy using therapeutic vaccines has thus far been ineffective for
metastatic disease, immunotherapy with PD-1-targeted agents has shown clinical activity in
cervical,18 anal,10 and oropharyngeal® 11 12.19 cancer.

The present trial represents a first step in the development of cellular immunotherapy for
HPV-associated cancers and possibly other epithelial malignancies. It demonstrates the
feasibility of the approach and provides evidence of clinical activity including durable,
complete tumor regression in some patients. However, this clinical trial has important
limitations. The response rate is not well defined due to the small sample size. While
complete responses occurred, they were infrequent, and most patients did not appear to
benefit from the therapy. In addition, the treatment requires surgery for procurement of a
tumor from which to generate TILs, and the generation of high numbers of TILs takes
approximately four to six weeks. In the present trial, 45 patients underwent surgery and 29
patients received treatment (Appendix Fig A1, online only). Another limitation is the
patient-to-patient variability in the HPV reactivity of TILs and the infused cell product.
Consistent with reports by othersZ, we that TILs from a number of patients possessed no
HPV reactivity or low HPV reactivity (Fig 2A and 2B, Appendix Fig A1, online only). In
the administered T cells, the frequency of HPV reactivity ranged from <0.1 to 31%, median
5% (Fig 2A) and the magnitude of IFN-vy release ranged from <0.1 to 5.6 ng/ml, median 0.2
ng/ml (Fig 2B). One strategy to circumvent surgery and generate a more consistent HPV
oncoprotein-targeted cell product may be to administer HPV-specific T cells that are
propagated and enriched ex vivo from peripheral blood.2> Another strategy may be to
administer peripheral blood T cells that are genetically engineered ex vivoto target an HPV
oncoprotein with a T cell receptor.13: 22-24 \We are presently testing this strategy in an active
clinical trial with gene engineered T cells that target HPV16 E7 (NCT02858310).

HPV-TIL therapy is a personalized treatment in which the characteristics of the adoptively
transferred T cells themselves may serve as a mechanism-driven biomarker to predict
treatment response and guide patient selection. Consistent with previous findings,14 the
magnitude of HPV reactivity of the infused TILs was associated with clinical response.
These findings may provide a biomarker of clinical response; however, they do not
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demonstrate a causal relationship between the targeting of HPV antigens and tumor
regression. Indeed, the oncoprotein-reactive T cells represented a relatively small fraction of
the infused polyclonal TILs (Fig 2A, range <0.1 to 31%, median 5%). Furthermore, HPV-
associated cancers also harbor somatic gene mutations (mutated neoantigens) and
epigenetically dysregulated genes (cancer germline antigens) that may be targeted by the
TILs. Indeed, a global landscape analysis of tumor antigen targeting by TILs administered to
cervical cancer patients who had complete responses revealed subdominant targeting of
HPV antigens but immunodominant targeting of non-viral tumor antigens.2° For patient 3,
the primary antigens targeted were mutated neoantigens, and for patient 6 the primary
antigen targeted was a cancer germline antigen.2>

The grade 3 and grade 4 hematological toxicities reported in this protocol were an expected
consequence of the lymphodepleting conditioning regimen, which consisted of a single cycle
of cyclophosphamide and fludarabine. It is uncertain whether the conditioning regimen may
have direct anti-tumor activity in the chemotherapy-refractory cancers treated on this trial.
While cyclophosphamide is not used in the treatment of advanced HPV-associated cancers,
its analog ifosfamide has weak activity in platinum-experienced cervical cancer (response
rate of 11%, 1.8 to 3.1 months duration)26 and in chemotherapy-experienced head and neck
cancer (response rate of 10%)27. Fludarabine has no clinical activity in cervical cancer?® or
head and neck cancer?®,

Targeting of the oncogenic drivers of cancer with cellular immunotherapy is an attractive
treatment strategy.13 HPV-associated cancers are driven by the E6 and E7 oncoproteins, and
provide a potential model in which to explore this approach. A clinical trial of T cells
genetically engineered with a T cell receptor that targets the E6 antigen has shown some
clinical activity.23 A clinical trial with a higher avidity T cell receptor that targets the E7
antigen is actively accruing patients (NCT02858310).24

In summary, the present study reports perhaps the most substantial experience to date with
cellular therapy in epithelial cancers. The overall response rate of 24 percent was modest and
may reflect in part the manifold mechanisms of tumor resistance to immunotherapy that are
emerging from other studies.3% However, the results support proof-of-principle that ACT can
mediate regression of epithelial cancers, including durable complete regression that may be
curative for some patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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SIGNIFICANCE

Here we report that cellular therapy can mediate the regression of HPV-associated
cervical cancer, oropharyngeal cancer, and anal cancer, including durable, complete
regression of cervical cancer. The findings support expanded research to discover and
develop cellular therapy treatments for epithelial cancers.
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Fig 1.

Clgi]nical responses in patients after HPV-TIL therapy. (A) Waterfall plot of the maximum
change in the sum of target lesions, as compared to baseline measurements, in 29 patients.
CR, complete response; PR, partial response; PR, progressive disease; +, stable disease. (B)
Spider plots of the change in the sum of target lesions from pretreatment baseline in 29
patients. Black circles (@) indicate ongoing responses, open squares (O) indicate
progressive disease due to either a new lesion(s) or increasing target or non-target lesion(s).
Black triangle (W) indicates progressive disease in patient 24 with oropharyngeal cancer due
to development of a new brain lesion after a PR of 5 months in duration. (C-D) Contrast-
enhanced computed tomography scans obtained at baseline and after treatment for patient 24
with oropharyngeal cancer (C) and patient 26 with anal cancer (D). Tumors are marked by
yellow arrows. Patient 24 had disease involving his left lung (first and second row) and
mediastinum (third and fourth row). He experienced a PR of 5 months in duration due to a
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new brain lesion which was surgically excised. He was followed off-protocol, and his target
lesions continued to regress, and there was no evidence of disease at most recent follow-up
51 months after treatment. Patient 26 had disease involving both lungs (first and second
row). She experienced a PR of 4 months in duration due to increase in her target lesions.

Clin Cancer Res. Author manuscript; available in PMC 2019 March 02.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Stevanovié et al.

Page 13

A Cervical Cancer Non-cervical Cancer C
364 : = CR 1600+ —CR
9 = FR @ _—sn
o NR NR
3T 244
o
.: 10004
g 124 o 500-' (24)
O 2
1234567 8 9111213151617181920212223242526272829 =
Patient © / e
& 1004
B 5 80 =
Cervical Cancer Mon-cervical Cancer L
61 5 = CR “
5 = PR z
— 4+ ] i NR -
£ .l
g2 | | & 40-
= 107 ' —
c :
=05 I l I ( 18
: . )
0.0 — e | | BN 11T ] . e e 0 o
12345678 9111213151617181920212223242526272829 Pre Post
Patient (1 Month)
Fig 2.

Human papillomavirus (HPV) reactivity of the infused T cells and peripheral blood T cells
after infusion. (A-B) Infused HPV-TILs to 27 cervical and non-cervical cancer patients with
HPV16" or HPV18* tumors were assessed for reactivity against HPV type- specific E6 and
E7 oncoproteins using (A) CD137 upregulation by flow cytometry, and interferon gamma
(IFN-y) production assays. The HPV-type of each patients’ tumor is provided in Table 1.
Patients 10 and 14 had non-HPV16*/18* tumors and were not included in this analysis.
Values shown represent sum of HPV-type specific E6 and E7 reactivity after background
subtraction (gp100). CD137 upregulation is depicted for CD3* T cells. Data are
representative of two independent experiments for patients 11 to 13 and 15 to 29, and one
experiment for patients 1 to 9 due to unavailability of samples. Peripheral blood (PB) T cells
from before and one-month after treatment were assessed by IFN-y enzyme-linked
immunospot assay for reactivity against HPV-type specific E6 and E7 oncoproteins in 22
patients (5 responding and 17 nonresponding patients). Patient numbers are indicated in the
parenthesis. Patients 1, 6, 16, 25 and 26 did not have available samples for this analysis.
Patients 10 and 14 had non-HPV16*/18* tumors and were not included in this analysis.
Values shown represent sum of HPV-type specific E6 and E7 spot-forming cells (SFC) after
background subtraction (gp100). Eight of 22 patients had discernable HPV reactivity (>20
SFC after background subtraction). Data are representative of two independent experiments
patients 11 to 13, 15, 17 to 24 and 27 to 29, and one experiment for patients 2to 5and 7 to 9
due to unavailability of samples. CR, responding patient with a complete response, PR,
responding patients with a partial response; NR, nonresponding patient.
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Table 2:

Adverse Events (grades 3 and 4)

Adver se Event

No. of Patients (#)

Lymphopenia
Neutropenia
Thrombocytopenia

Anemia

Infection ™

Febrile neutropenia
Metabolic disorders
Hypoxia
Nausea/vomiting
Dyspnea

Diarrhea

Fatigue
Hypotension
Cystitis
Hemorrhage "
Oliguria

Renal failure?
Syncope

Ureteral obstruction?
Dysphagia

Confusion

29
29
29
25
17

12

NN W W W Ao ®

N

1

*
Includes positive surveillance blood cultures

fAssociated with radiation colitis in one patient and with an in-situ cervical carcinoma in one patient

fAssociated with progressing pelvic tumor in one patient

Associated with progressing pelvic tumors in two patients
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