1duosnue Joyiny 1duosnuep Joyiny 1duosnuen Joyiny

1duasnuen Joyiny

Author manuscript
J Immunother. Author manuscript; available in PMC 2015 June 15.

-, HHS Public Access
«

Published in final edited form as:
J Immunother. 2012 October ; 35(8): 615-620. doi:10.1097/CJI.0b013e31826e8f5f.

Brief Communication: Efficacy of Adoptive Cell Transfer of
Tumor Infiltrating Lymphocytes after Lymphopenia Induction for
Metastatic Melanoma

Shari Pilon-Thomas?!2, Lisa Kuhnl, Sabine Ellwanger3, William Janssen3, Erica Royster?,
Suroosh Marzban#, Ragini Kudchadkar?, Jonathan Zager*, Geoffrey Gibney?, Vernon K
Sondak!4, Jeffrey Weberl 24, James J Mulél-24 and Amod A Sarnaik!4

1Donald A. Adam Comprehensive Melanoma Research Center, H. Lee Moffitt Cancer Center and
Research Institute, Tampa FL

2lmmunology Program, H. Lee Moffitt Cancer Center and Research Institute, Tampa FL
SCell Therapies Core Facility, H. Lee Moffitt Cancer Center and Research Institute, Tampa FL

4Cutaneous Oncology Program, H. Lee Moffitt Cancer Center and Research Institute, Tampa FL

Abstract

A single-institution pilot clinical trial was performed combining non-myeloablative chemotherapy
and the adoptive transfer of tumor-infiltrating lymphocytes with IL-2 in patients with metastatic
melanoma. Nineteen patients were enrolled with 13 patients (68%) successfully completing
treatment. An overall response rate (partial and complete responses) of 26% by intention to treat
was achieved with a median follow-up time of 10 months. Of the 13 treated patients, there were 2
complete responses and 3 partial responses (38% response rate among treated patients), along with
4 patients with stable disease ranging from 2+ to 24+ months. Three of the four patients with
stable disease have had disease control without additional therapy, including one at 24+ months.
Adoptive therapy with TIL is labor-intensive but feasible and has a high response rate in treated
patients.
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Introduction

Adoptive cell therapy (ACT) with ex vivo expanded tumor-infiltrating lymphocytes (TIL)
from resected tumors is a promising T cell-based immunotherapy for melanoma (1, 2). In
1988, it was first shown that TIL could be expanded in vitro from tumor-bearing mice and
used to mediate regression of established poorly immunogenic tumors in murine models (3).
ACT TIL treatment comprises the combination of lymphodepletion with chemotherapy, TIL
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transfer and the systemic administration of IL-2. Initial ACT TIL clinical trials conducted at
the Surgery Branch, National Cancer Institute (NCI) resulted in a reported ~50% overall
response rate; with >20% of treated patients achieving durable complete responses (4). In an
effort to extend the ACT TIL approach to additional melanoma patients and to provide
independent verification of its reported clinical outcome results, we conducted and report
herein on both a pre-trial TIL growth analysis and an ACT TIL clinical trial employing
laboratory procedures and clinical protocols developed and used by the Surgery Branch,
NCI.

Patient Subjects

Appropriate institutional review board-approved informed consent was obtained for all
patients. For the pre-trial validation analysis, patients older than 18 years of age with stage
I11 or IV melanomas at least 2 cm in greatest dimension and scheduled for surgical resection
were eligible. For the clinical trial, a separate cohort of patients older than 18 years of age
with stage 1V melanoma, who were unresectable for cure, had ECOG performance status of
0 or 1, were negative for hepatitis B and C and HIV infection, and were deemed to have an
acceptable risk for high-dose IL-2 by the treating oncologist were eligible. All patients had
measurable disease after tumor harvest in accordance with RECIST criteria version 1.1.
Patients underwent surgical resection of at least one melanoma nodule of at least 2 cm in
greatest dimension for subsequent TIL growth. Patients with adequate TIL growth received
non-myeloablative lymphodepleting chemotherapy consisting of 2 days of inpatient
cyclophosphamide (60 mg/kg) followed by 5 days of outpatient fludarabine (25 mg/m2).
One day later, patients received cell infusion with TIL and high-dose IL-2 therapy consisting
of 720,000 1U/kg intravenously every 8 hours up to 5 days or until tolerance as described
previously (5, 6). Hematologic parameters were monitored daily by obtaining complete
blood counts and by flow cytometric analysis of peripheral mononuclear cells. Patient
response was assessed using standard radiographic studies and physical examination at 6
weeks after ACT and at regular intervals thereafter.

Preparation of Tumor Infiltrating Lymphocytes

Melanoma tumors were minced into 1-2 mm? fragments and placed in culture with medium
containing 6000 1U/mL IL-2. Fragments were monitored for growth every two to three days
for up to five weeks. Wells were split when they became 90% confluent, keeping TIL
derived from each fragment separately. The fastest-growing TIL from individual fragments
were assessed for tumor reactivity by overnight co-culturing with autologous (when
available) and HLA-matched and HLA-mismatched tumor cells at a 1:1 ratio. IFN-y in
culture supernatants was measured by ELISA. TIL were determined to be reactive if HLA-
matched tumor co-culture yielded at least 200 pg/mL of IFN-y and was at least 2 fold higher
compared to medium alone or HLA-mismatched tumor co-culture.

Up to three of the highest IFN-y-producing TIL numbering 3-6x10 were selected and
pooled for rapid expansion. TIL were cultured in T175 flasks (1x108 cells per flask) at a
1:200 ratio with irradiated allogeneic PBMC feeder cells. IL-2 (Prometheus, Inc., San
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Diego, CA) at a concentration of 6000 IU/mL and OKT3 antibody (Ortho Biotech, Inc.,
Bridgewater, NJ) at a concentration of 30 ng/mL were added to the flasks. After seven days,
flasks were pooled into 3-liter culture bags (American Fluoroseal, Gaithersburg, MD) so that
a minimum TIL concentration of 3x10%/mL was added to each bag. Bags were monitored
for the next seven days and split as needed to maintain the TIL concentration at 2x10%/mL.
The cells were harvested, washed, and concentrated to less than 1.5 liters. The final product
was tested for sterility and then intravenously infused into the patient at a rate of 300 mL per
hour by gravity drip. For flow cytometry, cells from the final product were stained for CD3,
CD4 and CD8 markers and analyzed on a FACSCalibur.

Results

Pre-Trial Experience

We performed a pre-trial analysis to establish the feasibility of TIL growth at our institution.
Resected melanomas from 20 separate patients were utilized. TIL were successfully grown
(as defined by the growth of 2x107 cells by 5 weeks of culture) from the melanomas of 18 of
20 patients (90%). Of the 425 total fragments cultured, positive TIL growth was detected by
light microscopy in 130 fragments (30.6%). Fragments successfully yielding TIL reached
the target number of 2x107 cells at mean of 30.2 days. TIL derived from 91 distinct
fragments were separately co-cultured with autologous (when available), HLA-matched, and
HLA-mismatched tumor cells. Specific IFN-y production was detected in 31 fragments
(40.7%).

Clinical Trial

To date, an additional cohort of 19 patients have been enrolled in our clinical trial to validate
the feasibility and efficacy of ACT TIL therapy. Table | shows TIL growth. Resected
melanoma from one patient produced no growth of TIL. Resected melanomas did not yield
the initial target number for rapid expansion of 2x107 TIL from an individual fragment in 3
patients; in these cases, TIL were pooled from several fragments to reach >2x107 cells. Of
the 815 fragments cultured, 34.4% generated the target number of 2x107 TIL. Of TIL
generated from 158 distinct fragments tested for IFN-y secretion against autologous or
HLA-matched tumor cells, 75.7% were positive.

Of the 19 patients enrolled, 6 patients (32%) were unable to receive ACT TIL therapy. One
patient had no TIL growth, one patient died from disease progression shortly after tumor
harvest, and three patients’ disease progressed during TIL growth to the point that they were
unable to be treated. One additional patient developed the syndrome of inappropriate anti-
diuretic hormone (SIADH) immediately after cyclophosphamide administration and was
unable to be treated with TIL.

Table Il shows the demographics of patients included in our trial. Of the 13 patients
receiving ACT TIL therapy, 4 patients demonstrated progressive disease (PD), 4 had stable
disease (SD), 3 had a partial response (PR), and 2 had a complete response (CR). An overall
response rate in treated patients (PR + CR) of 38% was achieved with a median follow-up
time of 10 months; the objective response rate for all patients based on intention to treat was
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26%. Notably, 3 of the 4 patients with stable disease have exhibited disease control without
additional treatment, including one patient who has had stable disease ongoing for 24+
months. Figure 1 shows CT scan images of a patient who demonstrated a complete response.
Figure 2 shows CT scan images of a patient who demonstrated a near-complete regression
of all lesions and was classified as a partial responder. Table I11 shows the viability and
composition of TIL from 13 treated patients. The median time from initial surgery to TIL
infusion was 47 days. A median number of 5.2x1010 cells were infused.

There were no treatment-related deaths. Hematologic toxicities were transient and included
anemia and thrombocytopenia requiring transfusion in 12 patients. All patients experienced
non-hematologic grade 3 and 4 toxicities during the 1L-2 phase of the treatment. All
toxicities decreased to grade 2 or less prior to discharge from the hospital. Long-term
adverse events developed in 3 of 13 patients (23%). All 3 of these patients had some
evidence of treatment-related clinical benefit. One patient with stable disease ongoing for
24+ months experienced hearing loss sufficient to require hearing aids. One patient with a
complete response experienced vitiligo with complete loss of pigmentation of the hair,
eyebrow and eyelashes, as well as uveitis lasting several months that required intraocular
and systemic corticosteroids. Finally, one patient with stable disease has had an unresolved
adverse event of hemorrhagic cystitis that started after cyclophosphamide therapy and has
required multiple transfusions and cystoscopies with cauterization.

Discussion

Combination therapy of ACT with TIL and high dose IL-2 following lymphodepleting
chemotherapy has resulted in up to 50% objective response rate in patients with metastatic
melanoma (4). The purpose of our trial was to demonstrate the feasibility of performing TIL
growth and the efficacy of ACT TIL therapy at the Moffitt Cancer Center using laboratory
techniques and clinical protocols developed and used at the Surgery Branch, NCI. Nineteen
patients were enrolled in our clinical trial. In 13 treated patients, a 38% objective response
rate was obtained, which comprised 2 complete responses and 3 partial responses. On an
intention-to-treat basis, 26% of all patients had an objective response.

For the clinical trial, TIL were successfully grown from the tumors of 17 patients (89%).
Three of these patients demonstrated relatively slow TIL growth that did not reach the target
number of 2x107 cells from any single fragment within 5 weeks. For these three patients,
TIL from all fragments were pooled in order to obtain sufficient numbers to initiate the rapid
expansion. One patient achieved a durable partial response (19+ months). Progressive
disease was observed in two of these patients. While additional patients are required for
verification, pooling TIL from multiple fragments in order to achieve a sufficient number of
TIL for treatment appears to be an acceptable approach. Overall, similar responses were
measured whether patients received TIL that contained predominantly CD4* or CD8* T
cells. The contribution of CD4* T cells in TIL has been recently reported (7).

Although our clinical study successfully met its goal of demonstrating that ACT TIL therapy
could be offered to advanced melanoma patients at the Moffitt Cancer Center, strategies to
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improve upon its feasibility and efficacy are underway. Of 19 patients enrolled, 4
experienced disease progression during TIL production and were unable to be treated. Our
center is implementing additional ACT TIL trials that will examine whether incorporation of
strategies to control disease in the interim between TIL culture initiation and administration
increases the number of patients that can be treated with ACT TIL. In one trial, patients
whose melanomas harbor a BRAF V600 mutation will be treated with a selective BRAF
inhibitor (8) during the ex vivo TIL growth phase of the protocol. In an additional trial,
patients with wild-type BRAF melanomas will be treated with ipilimumab (9) during the
TIL growth phase.

In addition, strategies to enhance the proliferation of TIL in vitro are currently being
explored. Activated T cells can lose expression of CD28, a T cell co-stimulatory molecule,
leading to anergy and apoptosis (10). It has been shown that although TIL cells down-
regulate CD28, they maintain expression of the co-stimulatory molecule, 4-1BB. This
molecule can be targeted to prevent activation-induced cell death (11, 12). We are currently
exploring the use of anti-4-1BB agonistic antibody in initial TIL cultures to enhance
proliferation, cytolytic activity, and increase the anti-tumor activity of TIL. Our initial
results indicate an increased viability and activity in tumor-specific TIL (13).

Finally, it has been shown that persistence of adoptively transferred TIL correlates with
tumor regression (14). Addition of post-transfer agents that enhance the persistence of TIL
after ACT are currently being explored. We have shown that treatment with anti-PD-L1
antibody after ACT can enhance the persistence of TIL in a murine model of melanoma
(15). Such a combination therapy may be considered in future clinical trials as well.
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Pre-Treatment 12 Months Post

Figure 1.
Lymphodepletion and ACT induced regression of metastatic disease in multiple sites in one

patient. Complete regressions were measured in (Top) a 2.0 X 1.7 cm lesion in the axilla,
(Middle) a 1.4 X 0.8 cm lesion in the subcutaneous chest, and (Bottom) a 1.5 X 1.5 cm
intraperitoneal lesion.
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Pre-Treatment 2 Months Post 15 Months Post

132

A

Figure 2.
Lymphodepletion and ACT induced regression of metastatic disease in the lungs, with a

small degree of radiographic residua indicative of a partial response. In the pretreatment
scans, (a) measured 1.3 cm x 1.0 cm, (b) measured 1.1 x 0.8, and (c) measured 2.0 x 1.5 cm.
In the post-treatment scans, all lesions were less than 1.0 cm.
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