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ABSTRACT ARTICLE HISTORY
This study evaluated the efficacy and safety of unengineered tumor-infiltrating lympho- Received 29 April 2025
cytes (TILs) combined with pembrolizumab and either high (HD, Arm-1) or low (LD, Arm- Revised 26 June 2025
2) doses of IL-2 in patients with metastatic melanoma (MM). Patients were lymphode- ~ Accepted 6 August 2025

pleted with cyclophosphamide and fludarabine, followed by TIL infusion and IL-2 (Arm-1: KEYWORDS

720,000 1U/kg IV g 8 hrs up to 15 doses; Arm-2: 2 million U SC for 14 days). Patients Tumor-infiltrating
received pembrolizumab 200 mg IV starting 21 days post-TIL infusion, and every 3 weeks lymphocytes; interleukin 2;
for up to 2 years. The primary endpoint was overall response rate (ORR) per RECIST 1.1. adoptive cell therapy;

Blood samples were collected for longitudinal flow cytometry and cytokine analysis. In checkpoint blockade;
Arm-1 (n=7), one patient had a partial response (PR) for 10 months, two had stable anti-PD-1; immune profiling
disease (SD), three had progressive disease (PD), and one was not evaluable (NE). In Arm-

2 (n=7), one patient had an ongoing PR for over 76 months, one had SD, and five had

PD. The toxicity profiles were comparable; however, patients in Arm-2 had lower grade 3

febrile neutropenia (57% vs. 71%) and shorter hospitalization (median 16 days vs. 18

days). No correlation was observed between TIL phenotype and clinical response,

although PR patients received high numbers of TIL with a high CD8*/CD4" T cell ratio.

IL-2 dose did not affect the frequency, phenotype, or proliferation of circulating T cell

subsets, and anti-PD-1 did not boost T-cell proliferation. No significant differences were

observed between IL-2 doses, suggesting low-dose IL-2 as an alternative to high-dose IL-

2 after TIL administration.

Introduction

Significant advancements in metastatic melanoma (MM) treatment have transformed the therapeutic
landscape over the past three decades. Interleukin-2 (IL-2) was the first FDA-approved treatment for
MM and offers durable benefits to a subset of patients." In 1988, adoptive cell transfer (ACT) was first
reported in melanoma, which involves the harvesting of tumor tissue, ex vivo expansion of activated T cells,
infusion into a lymphodepleted patient, and administration of exogenous IL-2.* Response rates to tumor-
infiltrating lymphocytes (TILs) were consistently improved compared to IL-2 alone, highlighting ACT as
a treatment option for eligible patients with melanoma. The introduction of immune checkpoint inhibitors
(ICI) targeting Cytotoxic Lymphocyte Antigen-4 (CTLA-4), Programmed Cell Death-1 (PD-1), and
Lymphocyte Activation Gene-3 (LAG-3) has since become the standard of care, significantly improving
survival.”"® As a result, ongoing studies on ACT therapies are predominantly pursued in patients with ICI-
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refractory disease. However, the response rates to ACT have declined in patients with ICI-refractory MM
patients.””® The recent FDA approval of lifileucel was based on data from 153 ICI-treated MM patients
demonstrating 31.4% overall response rate (ORR) with recently published 5-year analysis data demonstrat-
ing median duration of response of 36.5 months and median overall survival of 13.9 months in ICI-
refractory metastatic melanoma patients.'® Of note, after lymphodepletion with cyclophosphamide and
fludarabine, the administration of lifileucel is followed by high-dose IL-2 (600,000 IU/kg IV every 8-12-
hours for a maximum of six doses). The mortality rate associated with this regimen was 7.5% (https://www.
fda.gov/media/176417/download?attachment).

HD IL-2 is associated with significant toxicities, including hypotension, tachycardia, capillary leak
syndrome, and renal insufficiency, limiting its use to specialized centers and excluding patients with poor
organ function or performance status.'' To date, studies on TIL therapy without systemic IL-2 have not
been successful. A trial of TIL genetically engineered to secrete IL-2 reported an ORR of 17% compared to
approximately 50% achieved with non-modified TIL with high-dose IL-2.">'*> Lower-dose IL-2 (LD IL-2)
may offer a safer alternative. A recent meta-analysis of 13 studies, including 410 cutaneous melanoma
patients treated with TIL, reported an estimated ORR of 43% (n = 141/332, 95% CI 36%-50%) for HD IL-2
(720,000 IU/kg) and 35% (n=29/78, 95% CI 25%-45%) for patients treated with LD IL-2 regimens
(< 720,000 TU/kg)."* Additional research is needed to determine the optimal IL-2 dosage post-TIL transfer,
considering both clinical effectiveness and toxicity.

Preclinical data has shown that PD-1+ T cells increase in the tumor microenvironment after adoptive cell
therapy in mouse models. Mice treated with anti-PD-1 and ACT had 3-fold more transferred T cells at the
tumor site and greater tumor shrinkage than those treated with ACT or anti-PD-1 alone.'” Based on these
data, we hypothesized that the addition of anti-PD-1 antibody to lymphodepletion, TIL infusion, and IL-2
therapy would improve patient outcomes. Additionally, we hypothesized that the addition of anti-PD-1 to
the TIL regimen would produce sufficient synergy with the adoptively transferred cells such that the use of
high-dose IL-2 would not be required. Thus, we designed this randomized phase II clinical trial to assess the
efficacy and safety of lymphodepletion treatment followed by infusion of ex vivo expanded TIL in
combination with high-dose (Arm-1) or low-dose (Arm-2) IL-2, followed by the anti-PD-1 antibody
pembrolizumab.

Materials and methods
Study approval

The study (NCT02500576; Pembrolizumab, Standard Chemotherapy, Tumor-Infiltrating Lymphocytes, and
High- or Low-Dose Aldesleukin in Treating Patients With Metastatic Melanoma) was approved by the US
Food and Drug Administration and the Institutional Review Board of the University of Texas MD
Anderson Cancer Center (MDACC) in Houston, Texas with a study start date of August 7, 2015 and was
completed on October 12, 2022. Oversight and monitoring of the study were provided by the MDACC
Investigational New Drug Office. This study adhered to the ethical principles outlined in the Declaration of
Helsinki, and every participant in the study provided informed written consent before commencing
treatment.

Patient selection

Patient evaluation for eligibility and registration was performed by using a two-turnstile design. In Turnstile
I (screening), patients aged =18 years with Stage IV or Stage III in-transit, subcutaneous, or nodal metastasis
from cutaneous, uveal, or mucosal melanoma with a lesion amenable to resection for the generation of TIL
were selected. After consenting to Turnstile I, and after TIL harvest and expansion, those with adequate
cryopreserved TILs were offered Turnstile II (treatment). Patients with prior therapy (BRAF/MEK inhibi-
tors, ipilimumab, anti-PD-1 antibody, or anti-PD-L1 antibody) and treatment naive patients were eligible
with no specified maximum prior lines of therapy. Additional criteria included ECOG performance status
0-1 and measurable, metastatic melanoma >1 cm. Patients with CNS metastasis were eligible if the lesions
were treated and radiologically stable for at least four weeks. Exclusion criteria included primary
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immunodeficiency and need for steroid therapy above 10 mg/day of prednisone or its equivalents, auto-
immune diseases, participation in a study of investigational agents or devices within 4 weeks of lymphode-
pletion, other active malignancies (except basal and squamous cell carcinoma of the skin), interstitial lung
disease, HIV positivity, active infections, and presence of toxicities that had not recovered to grade-1 or
baseline. The representativeness of the study participants is summarized in Supplementary Table S1.
Further details of patient selection are provided in the study protocol (NCT02500576).

TIL expansion and reactivity assessment

Patients underwent surgical resection to obtain tumor tissue. TILs were expanded as previously described."®
Briefly, extracted tumor tissue was finely minced into small fragments, typically measuring 1-3 mm3. These
fragments were placed in separate wells of a 24-well plate with culture medium supplemented with 6000 IU/
mL IL-2 (Proleukin, Clinigen). Successful cultures, defined as achieving a TIL count of at least 40 million
within the 5-week timeframe, were cryopreserved for future use. In the second phase, the TILs were
propagated using a Rapid Expansion Protocol (REP). This protocol involved the incorporation of an anti-
CD3 antibody (clone OKT3, Orthoclone), irradiated pooled allogeneic normal donor peripheral blood
mononuclear cells (PBMC) feeder cells used at a ratio of 1 TIL to 200 feeder cells, and 6000 units per ml of
IL-2 in G-Rex flasks. All cultures were meticulously maintained in strict accordance with prevailing
standards, including current Good Tissue Practice and current Good Manufacturing Practice (cGMP).
Successfully expanded TIL were tested for anti-tumor reactivity (autologous setting) by measuring IFN-y
production in the supernatant of a co-culture of TIL and autologous tumor cells, as previously described.'®
IFN-y ELISA kits were obtained from Pierce.

Study design and treatments

This randomized phase II clinical trial aimed to evaluate a multi-step treatment strategy for melanoma
patients, involving lymphodepletion followed by the ex vivo expansion of TILs and subsequent IL-2
administration at either high dose (Arm-1) or low dose (Arm-2).

Following pretreatment evaluations and assessments, eligible patients were randomly assigned to either
Arm -1- or Arm- 2, with stratification based on tumor stage (i.e., stage IIIC or Stage IV (M1a) vs Stage IV
(M1b, M1c, or M1d), and lactate dehydrogenase (LDH) levels (elevated or normal)).

Patients received non-myeloablative, lympho-depleting intravenous chemotherapy including cyclopho-
sphamide (60 mg/kg/day) on days — 7 and — 6, and intravenous fludarabine (25 mg/m?/day) for 5 days (days
-5to - 1). On day 0, autologous TILs were infused intravenously, within four hours of formulation, without
cryopreservation. In Arm-1, patients received high-dose IL-2 (720,000 IU/kg) intravenously every 8-16-
hours for up to 15 doses, starting 12-16 hours post-TIL infusion. The treatment was discontinued based on
intolerable toxicities.

In Arm-2, patients received low-dose IL-2 (2 million IU subcutaneously daily for 14 days) starting
6 hours after TIL infusion. Patients were allowed to leave the hospital prior to 14 days if their blood counts
had recovered adequately (ANC > 500 for two days, hemoglobin > 8, platelets > 30,000), and they under-
went IL-2 injection training. Patients in both arms initiated pembrolizumab 200 mg intravenously on day 21
after TIL infusion and received this treatment every 21 days for up to 2 years if they were deriving benefits.

Study assessments

The primary endpoint of this randomized phase II trial was the objective response rate in each treatment
arm. The primary measure for the assessment of tumor response was based on RECIST 1.1 by an
investigator review. Secondary endpoints included assessment of progression-free survival (PES), overall
survival (OS), number of deep responses, number of complete responses, and safety analyses.

A hallmark feature of this clinical trial was an emphasis on biomarker research. Tumor and blood
samples were obtained at the time of the TIL harvest. Research blood and tumor biopsy samples were
collected before lymphodepletion. Peripheral blood samples were collected on day + 7 (+2 days). Blood and
tumor (tumor biopsy if feasible) sample collection was repeated on day + 21 (+7 days), which was before the
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first dose of pembrolizumab to assess the effects of the two different IL-2 dosing schemes utilized in this
protocol. Blood collection and tumor biopsy (if feasible) were also performed on day + 42 (+7 days) before
the second dose of pembrolizumab to assess changes in circulating T cells and the tumor microenvironment
after exposure to pembrolizumab. Research blood collection and biopsy of residual disease, if feasible, were
performed at week 9 with the first restaging scan, and then at each subsequent restaging scan every
12 weeks.

Treatment response was evaluated by physical examination and appropriate computed tomography (CT)
scans (chest, abdomen, pelvis at least, CT neck if clinically warranted) or whole-body PET/CT and brain
MRI performed approximately 9 weeks after TIL infusion, and every 12 weeks thereafter. Tumor response
was assessed using RECIST 1.1 criteria. Adverse events were monitored, graded, and recorded according to
the National Cancer Institute Common Toxicity Criteria for Adverse Events (NCI CTCAE) version 4.0.

Flow cytometry analysis on expanded TIL and PBMCs

Cryopreserved TIL and PBMCs were thawed, washed in FACS buffer (Dulbecco’s Phosphate Buffered
Saline with 1% Bovine Serum Albumin), and Fc-blocked (with 5% goat serum; Cat No. G9023; Sigma-
Aldrich) at room temperature for 10 minutes. Cells were then washed in FACS buffer and stained using
fluorochrome-conjugated monoclonal antibodies on ice for 30 min: TIGIT (RRID: AB_2572530), CD3
(RRID: AB_400190), Tim3 (RRID: AB_2562194), PD-1 (RRID: AB_2738746), Ox40(RRID: AB_2738359),
CTLA-4 (RRID: AB_2738491), CD45 (RRID: AB_2869519), CD4 (RRID: AB_2870220), CD8 (RRID:
AB_396953), CD25 (RRID: AB_2016667), LAG-3 (RRID: AB_2572597), CD56 (RRID: AB_11152080),
ICOS (RRID: AB_1518754), LIVE/DEAD™ Fixable Yellow Dead Cell Stain dye. In the next step, cells
were washed again in FACS buffer and intracellular staining was performed by fixing and permeabilizing
the cells using the eBioscience™ Foxp3/Transcription Factor Staining Buffer Set (Cat. No. 00-5523-00,
ThermoFisher), followed by staining with FoxP3 (RRID: AB_1834364) and Ki67 (RRID: AB_2573218) anti-
human antibodies. The cells were fixed in 1% paraformaldehyde solution for 20 minutes and stored at 4°C.
Samples were acquired within 24 hr according to the manufacturer’s instructions using a BD LSRFortessa
X-20 and analyzed using FlowJo Software version 10.8.1 (Tree Star, Inc., RRID: SCR_008520). Detailed
information about the antibodies, including RRIDs and gating strategies, is presented in Supplementary
Table S2 and Supplementary Figure S1, respectively. Subpopulations were excluded from the analysis if
fewer than 100 events were observed at the parental gate.

Luminex assay

Plasma was collected longitudinally and frozen in 1 mL aliquots. Samples were thawed on ice, vortexed, and
centrifuged at 10,000 x g for 10 minutes 4°C to remove the precipitates. Samples were assayed in triplicate
using ProcartaPlex multiplex immunoassays (Thermo Fisher Scientific) following the manufacturer’s
instructions for the assessment of the 65 following soluble factors: G-CSF (CSF-3), GM-CSF, IFN alpha,
IFN gamma, IL-1 alpha, IL-1 beta, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8 (CXCLS8), IL-9, IL-10, IL-12p70, IL-
13, IL-15, IL-16, IL-17A (CTLA-8), IL-18, IL-20, IL-21, IL-22, IL-23, IL-27, IL-31, LIF, M-CSF, MIF, TNF
alpha, TNF beta, TSLP; chemokines: BLC (CXCL13), ENA-78 (CXCL5), Eotaxin (CCL11), Eotaxin-2
(CCL24), Eotaxin-3 (CCL26), Fractalkine (CX3CL1), Gro-alpha (CXCL1), IP-10 (CXCL10), I-TAC
(CXCL11), MCP-1 (CCL2), MCP-2 (CCL8), MCP-3 (CCL7), MDC (CCL22), MIG (CXCL9), MIP-1
alpha (CCL3), MIP-1 beta (CCL4), MIP-3 alpha (CCL20), SDF-1 alpha (CXCL12); growth factors/regula-
tors: FGF-2, HGF, MMP-1, NGF beta, SCF, VEGF-A; Soluble receptors: APRIL, BAFF, CD30, CD40L
(CD154), IL-2 R (CD25), TNE-RIIL, TRAIL (CD253), TWEAK. Results were analyzed using Bio-Plex Data
Pro software. Soluble factors that were not detectable in more than 50% of patients were excluded from the
study.

Statistical analysis

Initially, the study aimed to enroll 36 patients with an intended distribution of 18 patients in each treatment
arm. The plan to enroll 36 patients was based on resource limitations, and there were no formal statistical
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hypotheses for the overall response rate between the two treatment arms. Futility monitoring was conducted
via a Bayesian sequential monitoring rule such that if in either arm, there was a high probability that ORR
was < 40%, accrual onto the arm would be stopped. Wilcoxon rank-sum tests were used to compare the
distribution of continuous variables between the treatment arms, and Fisher’s exact test was used to
compare the distribution of categorical variables between the arms. The Kaplan-Meier method was used
to estimate the distribution of progression-free survival and overall survival from the start of TIL treatment.
The arms were compared using the log-rank test. All statistical analyses were performed using R, version
4.2.2. All statistical tests used a significance level of 5%. No adjustments were made for multiple testing.
Statistical analysis of T-cell attributes was performed using GraphPad Prism version 8.4.3. Paired Student’s
t-test, Mann-Whitney U test, and Kruskal-Wallis test were used for statistical comparisons of the groups.
p values of less than 0.05 were considered statistically significant.

Results
Patient characteristics and treatments

Fourteen patients were enrolled and treated in this study. The median age of all patients (n = 14) enrolled in
the trial was 51 years (range, 31-63), with 45years (17-61) in Arm-1 and 53 years (18-63) in Arm-2
(Table 1). The gender distribution was balanced, with 57% males and 43% females in both treatment
arms. Most patients were Caucasian, with 86% in both treatment arms. Cutaneous melanoma was the most
common melanoma subtype (50% in all patients, 43% in Arm-1, and 57% in Arm-2), followed by mucosal,
uveal, and unknown primary subtypes and 36% of patients had melanoma with a BRAF mutation. Most
patients in both arms had stage IV Mlc disease (86%), and Arm-1 included two (29%) stage IV M1d
patients. Arm-1 had more patients with elevated LDH levels than Arm-2 (71% vs. 29%, respectively).
Patients received a median of three (1-6) prior systemic therapies in both treatment arms. Most patients
(79%) had prior exposure to checkpoint inhibitors, particularly anti-PD-1 and anti-CTLA-4 combinations.

Table 1. Patient, disease and treatment characteristics.

ALL PATIENTS ARM-1n=7 ARM-2 n=7
Characteristic n=14 (TIL+HD IL-2+Pembro) (TIL+LD IL-2+Pembro)
Age, median (range) 51(17-63) 45(17-61) 53(18-63)
Gender, n (%)
Female 6 (43%) 3 (43%) 3 (43%)
Male 8 (57%) 4 (57%) 4 (57%)
Race/Ethnicity, n (%)
Caucasian 12 (86%) 6 (86%) 6 (86%)
African-American 1 (7%) 0 1 (14%)
Other 1 (7%) 1 (14%) 0
Melanoma subtype, n (%)
Cutaneous 7 (50%) 3 (43%) 4 (57%)
Mucosal 3 (22%) 3 (43%) 0
Uveal 2 (14%) 0 2 (29%)
Unknown primary 2 (14%) 1 (14%) 1 (14%)
Stage, n (%)
IV M1c 12 (86%) 5(71%) 7 (100%)
IV M1d 2 (14%) 2 (29%) 0 (0%)
LDH, n (%)
Normal 7 (50%) 2 (29%) 5 (71%)
Elevated 7 (50%) 5 (71%) 2 (29%)
Mutation Status, n (%)
BRAF mutated 5 (36%) 2 (29%) 3 (43%)
NRAS mutated 4 (29%) 3 (43%) 1 (14%)
Number of prior systemic therapies, median (range) 3(1-6) 3(2-5) 3(1-6)
Prior checkpoint inhibitor
Anti-PD-1 only 2 (14%) 1 (14%) 1 (14%)
Anti-PD-1 and Anti-CTLA-4 11 (79%) 6 (86%) 5(71%)
None 1 (7%) 0 1 (14%)
Number of TIL cells infused (billions), median (range) 17.3 (1.5-93.17) 21 (1.5-93.17) 14.5 (4-38.62)
Number of pembrolizumab doses, median (range) 3.5(1-23) 4 (1-10) 3(2-23)
Length of stay (days) 17 (14-21) 18 (14-21) 16 (15-21)

TIL, tumor-infiltrating lymphocytes; HD, high-dose; LD, low-dose; IL-2, interleukin-2; Pembro, pembrolizumab; LDH, lactate dehydrogenase.
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Table 2. Treatment and efficacy overview.
Patient Number

Treatment Arm No of infused TILs (billions) No of Pembrolizumab doses Clinical response

1 1 27.8 6 SD
3 1 93.8 4 PD
4 1 17.3 10 SD
10 1 21 2 PD
14 1 14 1

16 1 15 2 PD
18 1 93.17 6 PR
5 2 38.62 23 PR
6 2 5 2 PD
7 2 17.3 2 PD
8 2 4 3 PD
9 2 27 6 SD
13 2 5.972 2 PD
17 2 14.5 4 PD

PD, progressive disease; PR, partial response; SD, stable disease; TILs, tumor-infiltrating lymphocytes.

One patient from each arm had prior exposure to anti-PD-1 only, and one patient from Arm-2 had no
exposure to checkpoint inhibitors (Table 1).

The median number of TIL infused was 17.3 billion (1.5-93.17) for all patients, with a trend for higher
cell counts in Arm-1 (21 billion, 1.5-93.17) than in Arm-2 (14 billion, 4-38.62). The median pembrolizu-
mab doses were comparable with 4 (1-10) in Arm-1 and 3 (2-23) in Arm-2. The number of infused TIL and
pembrolizumab doses for each patient enrolled in the study is presented in Table 2. The median length of
hospital stay was slightly higher in Arm-1 (18 days, 14-21) than in Arm-2 (16 days, 15-21) (Table 1) but not
statistically significantly different between the two arms.

Clinical efficacy

The objective response rate (ORR) for all patients was 14%, with 7% for each arm. The best overall response
was 1 PR (for 10 months), 2 SD, 3 PD, and 1 NE in Arm-1 and 1 PR (ongoing over 76 months), 1 SD, and 5
PD in Arm-2. With a median follow-up of 9.2 months, median PFS was 3.9 (95%CI, 2.0- NA) months for
Arm-1, 2.1 (95%CI, 2.0-NA) months for Arm-2 (p=0.99), and 2.8 (95%CI, 2.2-11.5) months for all
patients. The median OS was 9.7 (95%CI, 3-NA) months for Arm-1, 8.8 (95%CI 8.2-NA) months for
Arm-2 (p=0.71), and 9.2 (95%CI, 8.2-11.5) months for all patients.

Six-month PFS rates were 28.6% (95%CI, 8.9-92.2), 14.3% (95%CI, 2.3-87.7), and 21.4% (95% CI,
7.9-58.4) for Arm-1, Arm-2, and all patients, respectively. Six-month OS rates were 51.7% (95% CI,
30.1-100), 85.7% (95% CI, 63.3-100) and 71.4% (95% CI, 51.3-99.5) for Arm-1, Arm-2 and all patients,
respectively (Figure 1). One patient in Arm-2 had a sustained response over 76 months, driving 1- and

A) B) )
PFS Arm1l Arm2 ALL
< o s
= Median
- v 3.9 (2.0-NA] 2.1 (2.0-NA] 2.8(2.2-11.5]
Am Am (mo, 85% CI) ( ) (¢ ) ( )
—— High Dose — High Dose
@© — Low Dose @© — LowDose
5 7 6-months
L= © 28.6 (8.9-92.2] 14.3 (2.3-87.7) | 21.4(7.9-58.4)
(%, 95% Cl) ( ) (: ) ( )
> © | > © a
= o £ o - and 5-year
=} o 14.3 (2.3-87.7) 7.1(1.1-47.2]
3 8 (%, 95% CI) ( ) ( )
2 2
T S e & 0s (%) Arm1 Arm2 ALL
P=0.99 P=0.71 Median
~ ~ 9.7 (3-NA) 8.8(8.2-NA) | 9.2(8.2-11.5)
o o ' (mo, 95% CI)
T
-month
o | =) | emonths | ., 30.1-100) | 85.7 (63.3-100) | 71.4 (51.3-99.5)
s L T T T T T T T s L T T T T T T T EHEEAE)
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 b -
andgeay 0 143 (2.3-87.7) | 7.1(1.1-47.2)
Progression—Free Survival (Years) Overall Survival (Years) (%, 95% Cl)

Figure 1. No significant difference in progression-free survival and overall survival were detected between the two
treatment arms. (A) with a median follow-up of 9.2 months, PFS was 3.9 (95%Cl, 2.04-NA) months for Arm-1 and 2.1
(95%Cl, 2.04-NA) months for Arm-2 (p =0.99). (B) median OS was 9.7 (95%Cl, 3-NA) months for Arm-1 and 8.8 (8.2-NA)
months for Arm-2 (p = 0.71). (C) 6 months, 1- and 5-year progression-free survival (PFS), and overall survival (OS) are shown
in panel Cin each treatment arm and all patients.
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Table 3. Treatment-related adverse events.

ARM1 ARM2

GRADE 1 GRADE 2 GRADE 3 GRADE 4 GRADE 1 GRADE 2 GRADE 3 GRADE 4

Hematologic

Anemia 1 (14%) 1 (14%)

Febrile neutropenia 4 (57%) 4 (57%)
INR increase 2 (29%)

Leukopenia 1 (14%)

Neutropenia 1 (14%)

Thrombocytopenia 1 (14%) 1 (14%)

Gastrointestinal

Abdominal distension 1 (14%)

Diarrhea 1 (14%) 1 (14%)

Dyspepsia 1 (14%)

Gastritis 1 (14%)
Gl Bleed 1 (14%)

Hyperbilirubinemia 1 (14%) 3 (43%)

LFT Increase 2 (29%)
Nausea/vomiting 2 (29%) 1 (14%)
Pancreatitis

Renal

Creatinine increased

Hypocalcemia 1 (14%)
Neurologic

Dizziness 1 (14%)
Fatigue 4 (57%) 1 (14%)

Headache 1 (14%) 1 (14%)

Rheumatologic/Skin

Arthralgia (14%)

Dry skin 1 (14%) (14%)

Erythema 1 (14%)

Myalgia 2 (29%)

Noncardiac chest pain 1 (14%)

Pruritis 2 (29%) 2 (29%) 1(14%)

Rash 2 (29%) 1 (14%)
Vitiligo 1 (14%)

Cardiovascular/Respiratory

Cough 2 (29%) 1 (14%)

Dyspnea 3 (43%)

Hypertension 1 (14%)

Hypotension 2 (29%)

Pericardial effusion (14%)
Pleural effusion 1 (14%)
Rhinorrhea 1 (14%)

Sinus Tachycardia 2 (29%)

Wheezing 1 (14%)
Endocrine

Hyperglycemia 1 (14%)
Hypothyroidism 2 (29%)
Systemic

Edema 4 (57%) 1 (14%)
Fever/Chills 7(100%)
Flushing

Generalized pain 1 (14%)

Hayfever 1 (14%)

Infection 17 (14%) 1°(14%)
Weight gain 3 (43%)

a: CMV positive, b: Herpes Zoster infection

(14%)
(14%)

(14%)
(14%)

_ -

—_ =

_ -

(14%)
(14%)
(14%)

_ -

(71%)
(14%)

- U

5-year PFS and OS at 14.3% (95%CI 2.3-87.7). The patient has not received additional treatments since the
trial and has remained on active surveillance.

Treatment-related adverse effects

Treatment-related adverse events are presented in Table 3. No grade 5 adverse were observed. Grade
4 adverse events of leukopenia, neutropenia, and GI bleeding occurred in one patient each in Arm-1.
The most common Grade 3 adverse event was febrile neutropenia, which occurred in four (57%)
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patients in each arm, likely related to lymphodepletion. There were no other Grade 3 adverse events
in Arm-1; gastritis, pancreatitis, rash, immune-related adverse events likely secondary to pembroli-
zumab, and nausea/vomiting and infection (herpes zoster infection) were observed in one patient
each in Arm-2. The most common grade 2 toxicity was fever/chills, affecting all 7 patients (100%) in
Arm-1 and 5 patients (71%) in Arm-2. Other Grade 1-2 adverse were as expected (Table 3). Overall,
the treatments were well tolerated, with fewer symptoms of capillary leak syndrome and fever/chills
in Arm-2.

Lack of correlation between TIL phenotype and clinical response

Comparison of the features of the TIL infusion product between patients classified by best response to
treatment identified no significant correlation between the frequencies of CD4" and CD8" T cells, check-
point receptor expression, or TIL activation markers, with clinical outcomes (Supplementary Figure S2 and
Supplementary Table S3). Although not statistically significant, the two patients with partial responses were
among those who received the highest number of TIL and had the lowest CD4":CD8" T-cell ratios among
the infusion products (Supplementary Table S4), consistent with our previous findings."” No association
was found between the frequency of CD4" and CD8" T cells or the expanded TIL phenotype, with tumor
histology, or the level of prognostic factors, such as LDH in the blood (Supplementary Table S5 and $6). As
all patients except one had prior exposure to ICI, we were unable to assess the impact on the TIL phenotype.
However, it is important to note that the number of patients in this study was relatively small.

IL-2 dose does not drive differential Treg expansion or T-cell proliferation prior to anti-PD-1
initiation
We then assessed whether IL-2 dose affected the frequency and phenotype of circulating T cells.

PBMC analysis showed no differences in Treg frequency, phenotype, or proliferation between HD IL-2
(Arm-1) and LD IL-2 (Arm-2) at W3 post-TIL infusion, before the first anti-PD-1 treatment (Figure 2A,B).
Representative dot plots are shown in Figure 2C. Irrespective of IL-2 dosing, Treg frequency declined six
weeks (W6) after TIL infusion relative to W3 (p = 0.004), and this reduction was sustained through W12 (p
=0.004; Supplementary Figure S3A). Similarly, CD4" non-Treg and CD8" T cell proliferation and inhibi-
tory and activating marker expression were not dependent on the dose of IL-2 administered three weeks
after TIL infusion (Figure 2D and Supplementary Figures S3B, S3C).

We also explored the soluble factors in the blood three weeks after TIL infusion. This analysis identified
no significant differences by IL-2 dosage (Supplementary Table S7).

Addition of anti-PD-1 did not boost circulating T-cell activation or proliferation

We then assessed the impact of anti-PD-1 on circulating T-cell phenotypes and found significant decreases
in ICOS, LAGS3, and Tim3 expression on CD8+ T cells and CD4+ non-Tregs. (Supplementary Figure S3B
and S3C).

On CD4+ non-Tregs, ICOS expression decreased significantly from week 3 to week 9 (three weeks after
the second dose of anti-PD-1) (p = 0.002) and from week 6 (three weeks after the first dose of anti-PD-1) to
week 9 (p = 0.004). LAG3 expression showed a similar reduction from week 3 to week 9 (p = 0.006) and from
week 6 to week 9 (p = 0.02). Tim3 expression also declined significantly from week 3 to week 9 (p = 0.01) and
from week 6 to week 9 (p =0.008).

On CD8+ T cells, ICOS expression decreased significantly from weeks 3 to 9 (p = 0.008) and from weeks
6 to 9 (p=0.03). LAG3 expression declined from week 3 to week 9 (p = 0.009) and showed a trend toward
significance from week 6 to week 9 (p = 0.054). Tim3 expression significantly decreased from week 3 to week
9 and from week 6 to week 9 (p = 0.004 for both). These findings imply a potential inhibitory effect of anti-
PD-1 on the expression of these markers on T-cells. We also observed a decrease in PD-1 expression on
CD4" non-Treg and CD8" T cells following anti-PD-1 administration. This decline was statistically
significant for CD8" T cells from W3 and W6 to W9 (W3 to W9, p =0.006; W6 to W9, p =0.04) and for
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Figure 2. IL-2 dose does not play a role in circulating Treg expansion and activation. (A) Treg frequency in circulation in
Arm-1 (HD IL-2; red) is not significantly different from Arm-2 (LD IL-2; black) at W3 post-TIL infusion. (B) the expression of
activation (ICOS, 0X40), proliferation (Ki67) (left graph), or checkpoint receptors (PD-1, CTLA-4, TIGIT, Tim3, LAG-3) (right
graph) on Tregs does not differ by Arm (Arm-1, HD IL-2; red and Arm-2, LD IL-2; black). (C) representative flow cytometry dot
plots. (D) Ki67 expression on CD4* non-Treg and CD8* T cells and their representative dot plots (Arm-1, HD IL-2; red and
Arm-2, LD IL-2; black) showing no difference by Arm.

CD4" non-Treg cells from W3 to W9 (p = 0.04). It is important to emphasize that the anti-PD-1 antibody
used for flow cytometry (clone MIH4) was only partially blocked by pembrolizumab.

Importantly, the addition of anti-PD-1 did not induce the expression of Ki67 on CD4" non-Treg or
CD8" T cells. Following the administration of the second anti-PD-1 dose, a reduction in T-cell proliferation
was observed (from W6 to W9; p = 0.004), specifically in CD8" T cells (Supplementary Figure 3B and 3C).

Anti-PD-1 administration modulated a few soluble proteins. IL-18 and MIG (CXCL9) levels decreased
significantly from W6 to W9 (p =0.04and p =0.03, respectively). Moreover, soluble PD-1 and LAG-3
increased significantly from W3 to W6 (p =0.02and p = 0.04, respectively), suggesting a potential role of
ICI in the shedding of these markers. MCP-1 (CCL2) significantly increased from W3 to W6 (p = 0.004) and
from W3 to W9 (p=0.002). Additionally, the macrophage migration inhibitory factor (MIF) increased
significantly from W3 to W9 (p = 0.006; Supplementary Figure S4).

Discussion

This randomized Phase II study investigated the efficacy and safety of TIL therapy and pembrolizumab with
high vs low dose IL-2 in heavily pretreated patients with metastatic melanoma. Despite early closure, due to
both arms not meeting their futility boundaries of an ORR of 40%, our findings contribute valuable insights
into optimizing TIL adoptive cell therapy.
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Our study’s ORR of 14% was lower than that of earlier TIL trials, in which ORRs ranged from 26% to
51%,”?°"*° possibly because of differences in patient populations and prior treatment exposures. Our
patient population included high-stage disease with Stage IV Mlc and M1d, as well as melanoma of
different subtypes, including uveal, mucosal, and unknown primary. Moreover, patients had a median of
three prior lines of therapy (ranging up to six), including checkpoint inhibitors.

Pembrolizumab did not improve the response rates, possibly partly because of prior anti-PD-1 treatment
failure. Similarly, a previous study on TIL+anti-PD-1+ HD IL-2 treatment showed an ORR of 55% in anti-
PD-1 naive patients vs 26% in pretreated patients.”*

With the limitation of the small number of patients treated, we did not observe differences in efficacy between
LD IL-2 versus HD IL-2 dosing. However, the LD IL-2 arm had slightly fewer febrile neutropenia events and
hospitalization days. A pooled meta-analysis of TIL studies in melanoma with HD vs LD IL-2 showed much
higher, but similar, ORRs (43% and 35% for HD and LD IL-2, respectively). However, they reported similar
pooled estimates of febrile neutropenia with 35% and 38% for HD and LD IL-2 levels, respectively."*

We found no correlation between the infused TIL parameters and clinical response. Specifically, CD4"
and CD8" T cell frequencies, checkpoint receptor expression, or activation markers were not associated with
response. In another study, Hall et al. reported that patients who responded to TIL therapy and nivolumab
had TIL phenotypes with elevated LAG-3 and TIGIT expression at the time of infusion.”® Our results also
demonstrated that the two partial responders were among those with the highest expression of LAG-3 on
CD8" TIL.

We and others have shown previously that higher TIL numbers and CD8+ T cell proportions correlate with
better response, although tumors exposed to ICI tend to yield fewer TIL.”*”*® In the current study, two partial
responders were among those who received the highest numbers (38 and 93 billion cells) of TIL with the lowest
ratio of CD4"/CD8" T cells in the infusion product, supporting the potential benefit of higher TIL and CD8+
T cells in metastatic melanoma. Conversely, in a TIL- ipilimumab study, no significant difference in infused
TIL or CD8 * T cells was observed between responders and non-responders.>® Similarly, in our previous trial
of 74 patients, including checkpoint-naive (n = 44) and prior anti-CTLA4-treated individuals (n = 30), higher
TIL numbers and CD8+ TIL frequency correlated with overall clinical response. However, this correlation was
not observed in the anti-CTLA4-treated group.” In this study, all but one patient had prior ICI exposure,
limiting such a comparison. In an analysis of four clinical trials, Yao et al. demonstrated an adverse association
between the percentage and number of Tregs in the blood following lymphodepletion and TIL infusion and
response to the treatment. They also observed a positive correlation between the number of IL-2 doses
administered and peripheral Treg reconstitution."” Our findings demonstrated that IL-2 did not affect Treg
frequencies, phenotype, or proliferation three weeks after TIL infusion and before the first dose of anti-PD-1.
Regardless of IL-2 dosage, Treg frequency decreased six weeks after TIL infusion and persisted through week
12. Since exogenous IL-2 can promote the expansion of circulating Tregs, it is possible that Treg frequency
increased upon administration of exogenous IL-2 until W3 and decreased subsequently because patients were
only administered IL-2 up to 14 days after TIL infusion. One limitation of our study was the lack of early blood
draws to address this possibility.

Given the significant impact of IL-2 on the immune system,”® we next investigated whether the IL-2 dose
affected 65 soluble factors in the blood three weeks after TIL infusion. However, no significant impact of the IL-2
dosage on soluble biomarkers was observed. In general, the study revealed no noticeable disparities in T-cell
expansion, phenotype, or soluble immune factors before the initiation of anti-PD-1 treatment between the two
groups, indicating that low-dose IL-2 can be considered as an alternative to standard therapy with the same
efficacy and fewer side effects. Overall, the suggestion that there were no adverse effects on the dosing of IL2 and
clinical response and inclusion of lower dose IL2 regimens could be further explored in the context of TIL therapy.

Previous studies have demonstrated that shortly after TIL infusion in MM patients, PD-1 is upregulated
on CD8" T cells, and persistent tumor-reactive TILs are often PD-1 positive, indicating susceptibility to PD-
L1/PD-L2-mediated inhibition.”" These findings underscore the potential need for combined TIL/check-
point inhibitor blockade to enhance the persistence of TIL post-transfer. Further investigations are
necessary to establish the correlation between cellular phenotype and cell destiny in vivo. Activated
T cells upregulate inhibitory receptors, such as CTLA-4 and PD-1, which transmit inhibitory signals that
block T-cell activation. Tumors use these receptors to avoid T-cell attacks; however, blocking them with
antibodies can enhance T-cell anti-tumor activity.’* In this study, we proposed that the addition of anti-PD
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-1 to TIL therapy would enhance TIL persistence, make T cells more functionally competent, and improve
clinical responses. Therefore, we investigated whether anti-PD-1 administration started 3 weeks after TIL
infusion induced any changes in the circulating immune cell phenotype.

In our study, expression of ICOS, LAG-3, Tim3, and PD-1 on CD4" and CD8" T cells decreased from
week 3 to week 6 and then to week 9 following anti-PD-1 initiation. Other groups reported that in patients
with non-small cell lung cancer (NSCLC), expression of Tim3 on T cells increased in PD patients and
decreased in SD patients after anti-PD-1 treatment,'” while Lao et al. demonstrated that expression of
inhibitory receptors such as PD-1, LAG-3, TIM-3, and TIGIT on T cells was enhanced in responder NSCLC
patients after anti-PD-1 therapy and did not change in non-responders.”® There may be differences in
results due to factors such as the type of disease, previous treatments, the dosing of anti-PD-1 therapy, and
the timing of blood sample collection for translational research. Our finding of decreased inhibitory
receptors on circulating T cells may also be due to a lack of reactivation, as most patients in our study
did not respond to the combination and checkpoint receptors increase upon chronic antigen stimulation.

In support of this concept, we observed that administration of anti-PD-1 resulted in a gradual decrease in
Ki67 expression on CD4" non-Treg and CD8" T cells; however, the reduction of Ki67 expression was only
significant on CD8" T cells from W6 to W9. Other studies have reported an initial increase in Ki67* CD8
T cells 3 weeks after treatment with pembrolizumab, followed by a decline in most patients with advanced
melanoma.*® Other researchers have demonstrated that approximately 70% of patients with NSCLC experi-
ence an increase in Ki-67+ PD-1+ CD8 " T cells after anti-PD-1 therapy, and the majority of responses are
triggered after the first or second cycle.”> Further comprehensive studies exploring the correlation between
peripheral blood analysis and responses to anti-PD-1 therapeutic strategies could provide valuable insights
into the dynamics of the immune response and its impact on treatment outcomes in cancer patients.

In this study, we showed that the serum levels of sPD-1 and sLAG-3 significantly increased after anti-PD-1
administration from W3 to W6. Machiraju et al. also reported that sSPD-1 was increased in the serum of patients
with advanced melanoma after 6 weeks (median; range, 3-16 weeks) of anti-PD-1 therapy.’ In patients with
NSCLG, a reduction in sPD-1 concentration following two cycles of nivolumab treatment was correlated with
decreased PFS and OS.”” The precise mechanism behind the increase of sPD-1 levels following anti-PD-1
immunotherapy remains to be elucidated but has been observed in multiple studies. Nevertheless, this phenom-
enon might indicate the reactivation of tumor-specific cytotoxic T cells, which are presumed to be the primary
contributors to sPD-1 levels.'***®

This study has limitations, as it was conducted at a single institution with a limited sample size and lacked
on-treatment tumor biopsies. Despite extensive immune profiling of the circulating microenvironment,
strong signals related to the potential impact of HD vs LD IL-2 on the circulating immune response did
not emerge. The absence of autologous tumor cell lines prevented assessment of TIL reactivity in the PBMCs
after infusion which has been previously shown to correlate with outcome to TIL ACT.> However, we also
did not observe an increase in inhibitory cell types, such as Tregs in Arm- 2 in response to LD IL-2. While the
inclusion of anti-PD-1 after TIL infusion did not result in a re-invigoration of the anti-tumor response based
on our results, this patient population was heavily pre-treated, and most had already failed single agent or
a combination with anti-PD-1 therapy. Overall, this study demonstrates that the use of LD IL-2 is safe in
combination with TIL ACT, and thus its use could be considered in future TIL studies to help limit toxicity.
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