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ABSTRACT

Patients with advanced melanoma resistant to immune checkpoint or BRAF/MEK inhibitors
have treatment options with relatively low efficacy. Lifileucel, a one-time autologous tumor-
infiltrating lymphocyte cell therapy, was approved in the United States on the basis of the
pivotal C-144-01 study. A 5-year follow-up of the C-144-01 trial assessed the long-term
efficacy and safety of lifileucel. At the cutoff date (November 20, 2024), the objective re-
sponse ratewas 31.4% (complete response [CR], 5.9%; partial response [PR], 25.5%). Overall,
79.3% of patients had tumor burden reduction; 16 had deepened responses with four
converting fromPR to CR > 1 year after lifileucel infusion; 31.3% of responders completed the
5-year assessment with ongoing responses. The median duration of response was
36.5 months. Responders (n 5 48) had lower tumor burden and fewer liver or brain me-
tastases than the overall population. The median overall survival (OS) was 13.9 months, with
a 5-year OS of 19.7%. Adverse events were consistent with nonmyeloablative lymphode-
pletion and interleukin-2 safety profiles and declined rapidly within 2 weeks after lifileucel
infusion. Most grade 3/4 cytopenias resolved to grade ≤2 by day 30. This 5-year analysis
demonstrated long-term benefit and meaningful OS with one-time lifileucel therapy, with
no additional long-term safety concerns.

INTRODUCTION

Although immune checkpoint inhibitor (ICI) therapy has
improved outcomes in patients with metastatic mela-
noma, many experience disease progression because of
primary resistance (36%-72%)1-3 and acquired resistance
(25%-40%).2,4 Resistance to BRAF/MEK inhibitors is observed
in approximately 24%-48% of patients5-7 and responders may
experience disease progression within a year after therapy.5-7

Lifileucel is a tumor-derived autologous T-cell immuno-
therapy approved in the United States for the treatment
of adults with advanced (unresectable or metastatic) mel-
anoma after anti–PD-1/PD-L1 therapy and BRAF 6 MEK
inhibitor, if BRAF V600 mutation–positive.8 In the registra-
tional C-144-01 study, patients who received lifileucel had an
objective response rate (ORR) of 31.4%.9 We report 5-year

outcomes from the C-144-01 study demonstrating long-
term benefit and meaningful overall survival (OS) in pa-
tients with ICI-resistant melanoma.

METHODS

Study Design and Patient Population

C-144-01 (ClinicalTrials.gov identifier: NCT02360579) is a
phase II study of lifileucel in patients with advanced mela-
noma who progressed on or after anti–PD-1/PD-L1 ther-
apy.10 Study design, methods, and primary results have been
reported.9,10 The study enrolled adults with advanced mel-
anoma and disease progression after ≥1 prior systemic
therapy including an anti–PD-1 antibody and, if BRAF V600
mutation–positive, BRAF 6 MEK inhibitors.10 Efficacy and
safety were assessed for patients enrolled in cohorts 2 and 4.
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The study was approved by site-specific institutional review
boards and conducted according to the Declaration of Hel-
sinki and Good Clinical Practice guidelines. All patients
provided written informed consent.

Treatment

Patients received cryopreserved lifileucel generated from
resected tumor tissue.10 After nonmyeloablative lympho-
depletion (NMA-LD), patients received a single infusion of
thawed cryopreserved lifileucel (1 3 109 -150 3 109 cells)
followed by high-dose interleukin-2 (IL-2; ≤6 doses).10

End Points and Assessments

The primary end point was ORR assessed and confirmed by
an independent review committee (IRC) using RECIST
v1.1.10 Key secondary end points were duration of response
(DOR), disease control rate (DCR), OS, and safety.10

After the end-of-treatment visit, efficacy assessments
occurred every 6 weeks (63 days) until month 6 (week 24)
and then every 3 months (12 weeks) for up to 5 years or
until disease progression or start of new anticancer
therapy. Survival status was assessed every 3 months for
up to 5 years or death, whichever occurred earlier.
Adverse events (AEs) were graded according to National
Cancer Institute Common Terminology Criteria for Ad-
verse Events (v4.03).

The IRC-assessed ORR and DCRwere expressed as binomial
proportions with 2-sided confidence intervals on the basis
of the Clopper-Pearson exact method. DOR was determined
from the time point at which initial response criteria
(RECIST v1.1) were met for a complete response (CR) or
partial response (PR; whichever occurred first) until the
first date that progressive disease or death was objectively
documented. OS was determined from the date of lifileucel
infusion to the date of death due to any cause. DOR and OS
were right-censored; probabilities were determined using
Kaplan-Meier estimates. AEs were summarized using de-
scriptive statistics.

RESULTS

Patient Disposition and Baseline Characteristics

Of 189 patients enrolled across cohorts 2 and 4, 153 received
lifileucel. At the final 5-year cutoff date (November 20,
2024), 28 patients completed 5 years of follow-up (Fig 1);
the median OS follow-up was 57.8 months (cohort 2,
59.3 months; cohort 4, 57.6 months). Patients received a
median of three lines of prior systemic therapy (Table 1).
Compared with the overall study population (N 5 153),
responders (n 5 48) trended toward lower tumor burden,
lower lactate dehydrogenase levels, and fewer liver or brain
metastases (Table 1). Similar trends appeared in responders
with OS ≥36 months versus OS <36 months (Data Sup-
plement, Table S1, online only).

Response Outcomes

At the data cutoff date, the ORR was 31.4% (CR, 5.9%, 9/153;
PR, 25.5%, 39/153), and 79.3% (111/140) of patients had
tumor burden reductions (Data Supplement, Fig S1). The
median time to response was 1.4 months (range, 1.3-4.2).
The median duration of IRC-assessed response was
36.5months (95%CI, 8.3 to not reached; Fig 2); four patients
achieved CR 1 year after lifileucel infusion (Data Supplement,
Figs S1B and S1C). The longest response was ongoing at
58.7 months; 31.3% (15/48) of responders completed the
5-year assessment with ongoing responses of CR and PR
(Fig 3). The proportion of lifileucel responders who later
progressed was 43.8% (21/48; 95% CI, 29.5% to 58.8%; Data
Supplement, Table S2).

Overall Survival

The median OS for the overall population was 13.9 months
(95% CI, 10.6 to 17.8) with 5-year OS rate of 19.7% (Data
Supplement, Fig S2A). There was no meaningful difference
in median OS between early and late responders on the basis
of the OS landmark analysis at the month 4.5 time point
(because all responses started before 4.5 months after lifi-
leucel infusion; Data Supplement, Fig S2B). In a Cox pro-
portional hazards model with deepened response (ie, stable
disease converting to PR or PR converting to CR) as a time-
varying covariate, no meaningful association between
deepened response and OS was observed (hazard ratio,
0.489; P 5 .1264)

Incidence of AEs

AEs were consistent with the known safety profile of NMA-
LD and IL-2 and decreased rapidly within 2 weeks after
lifileucel infusion (Data Supplement, Fig S3), with no new or
late-onset AEs related to lifileucel. In the safety population
(n 5 156), deaths due to AEs (investigator-reported) of any
cause occurred in 12 patients (7.7%); of these patients, four
(2.6%) died≤30 days after lifileucel infusion and eight (5.1%)
died after 30 days after lifileucel infusion. There were five
deaths (3.2%) that were considered due to treatment-
related AEs; four of these (pneumonia, arrhythmia, acute
respiratory failure, intra-abdominal hemorrhage) oc-
curred within 30 days after lifileucel while one (bone
marrow failure) occurred more than 30 days after lifileucel
infusion. Two deaths (1.3%) due to arrythmia and acute
respiratory failure were attributed to NMA-LD, 1 death due
to pneumonia was attributed to NMA-LD and IL-2, and two
deaths (1.3%) due to intra-abdominal hemorrhage and
bone marrow failure were attributed to all components of
the lifileucel treatment regimen.

All patients experienced grade 3/4 hematologic laboratory
abnormalities from initiation of NMA-LD up to 30 days
after lifileucel infusion (Data Supplement, Figs S4A-S4E).
By day 25, all patients achieved grade 3/4 lymphopenia
as intended. In most patients, grade 3/4 cytopenia
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resolved to grade ≤2 by day 30 after lifileucel infusion. Most
platelet and RBC transfusions occurred during the first
14 days after NMA-LD initiation (Data Supplement, Figs
S5A and S5B).

DISCUSSION

There is a paucity of prospective trial data for treatment-
refractory melanoma with multiyear follow-up. This
5-year analysis is the longest follow-up of lifileucel in
patients with ICI-resistant melanoma. One-time lifileucel
therapy resulted in durable responses and a 5-year OS
rate of 19.7%; 31.3% of responders completed the 5-year
assessment with ongoing responses. The longest ongoing
IRC-assessed response was 58.7 months with responses
deepening over time. No new or late-onset AEs related
to lifileucel occurred. The incidence of death due to

treatment-related AEs within or after the first 30 days after
lifileucel therapy was 3.2% (5/156); most fatal treatment-
related AEs were attributed to NMA-LD or IL-2.

In the post-ICI setting of advanced melanoma, retreat-
ment with ICIs11,12 and post-ICI chemotherapy13 were
shown to induce responses with poor durability, typically
lower than what was observed in the C-144-01 trial.11,13 An
ORR of 31.4% and median DOR of 36.5 months with
lifileucel in the C-144-01 trial are notable, given that
patients had received a median of three prior lines and up
to nine prior lines of systemic therapy, and 53.6% had
received anti–PD-1/PD-L1/anticytotoxic T-lymphocyte–
associated protein-4 combination therapy. Response
rates of 45%-66% were observed with other tumor-
infiltrating lymphocyte (TIL) therapies administered in
earlier treatment settings as first- and second-line

Total screened
Cohorts 2 and 4

(N = 270)

Screened
(n = 109)

Screened
(n = 161)

Underwent
tumor harvest

(n = 111)

Not enrolled
(n = 31)

Not enrolled
(n = 50)

Received lifileucel
that met product

specifications
(n = 87)

Cohort 2 Cohort 4

Discontinuation
  Death
    Progressive disease
    Adverse eventb

    Otherc

  Lost to follow-up

(n = 52)
(n = 48)
(n = 38)
(n = 6)
(n = 4)
(n = 4)

Discontinuation
  Death
    Progressive disease
    Adverse eventb

    Otherc

  Patient withdrawal
  Lost to follow-up

(n = 73)
(n = 69)
(n = 57)
 (n = 6)
(n = 6)
(n = 3)
(n = 1)

Received lifileucel
(n = 89)

Received lifileucel
(n = 67)

Received lifileucel
containing <1 billion

viable cells
(n = 1)a

Received lifileucel out of
product specifications

(n = 2)a

Did not receive lifileucel
(n = 2)

Did not receive lifileucel
(n = 2)

Completed study
and 5-year follow-up

(n = 14)

Completed study
and 5-year follow-up

(n = 14)

Received lifileucel
that met product

specifications
(n = 66)

Underwent
tumor harvest

(n = 78)

NMA-LD
administered

(n = 69)

NMA-LD 
administered

(n = 91)

NMA-LD not infused
(n = 9)

NMA-LD not infused
(n = 20)

FIG 1. Patient disposition. Four patients underwent tumor harvest but NMA-LDwas not administered because of death (cohort 2, n5 1; cohort
4, n5 3). One patient in cohort 2 was administered NMA-LD but lifileucel was not infused because of death. aPatients subsequently died due to
progressive disease. bDeaths due to adverse events unrelated to any component of the lifileucel regimen include septic shock (n5 1), failure to
thrive (n 5 2), cerebral hemorrhage (n 5 1), multiple organ dysfunction syndrome (n 5 1), pulmonary embolism (n 5 1), and intracranial
hemorrhage (n 5 1); death due to treatment-related adverse events include pneumonia related to NMA-LD and IL-2 administration (n 5 1),
arrhythmia related to cyclophosphamide (n5 1), acute respiratory failure related to NMA-LD (n5 1), intra-abdominal hemorrhage related to all
components of the lifileucel regimen (n 5 1), and bone marrow failure related to all components of the lifileucel treatment regimen (n 5 1).
cOther causes of death were disease progression or metastatic melanoma (n 5 5), death during sleep (n 5 1), and unknown causes (n 5 4).
IL-2, interleukin-2; NMA-LD, nonmyeloablative lymphodepletion.
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TABLE 1. Demographics and Baseline Disease Characteristics

Characteristic
Pooled Cohorts, 2 1 4

(N 5 153)
All Responders

(n 5 48)

Responders With
DOR ≥12 Months

(n 5 26)

Median age (range), years 56 (20-79) 55 (25-77) 55 (37-77)

Male, No. (%) 83 (54.2) 29 (60.4) 16 (61.5)

ECOG PS at screening, No. (%)

0 104 (68.0) 32 (66.7) 17 (65.4)

1 49 (32.0) 16 (33.3) 9 (34.6)

Melanoma subtype, No. (%)

Cutaneous 82 (53.6) 27 (56.3) 16 (61.5)

Mucosal 12 (7.8) 6 (12.5) 5 (19.2)

Acral 10 (6.5) 1 (2.1) 1 (3.8)

Other/unknowna 48 (31.4) 14 (29.2) 4 (15.4)

Melanoma stage at study entry, No. (%)

IIIC 10 (6.5) 5 (10.4) 3 (11.5)

IV 143 (93.5) 43 (89.6) 23 (88.5)

BRAF mutation status, No. (%)

V600E/K 41 (26.8) 13 (27.1) 9 (34.6)

Wild type 103 (67.3) 32 (66.7) 16 (61.5)

Other 6 (3.9) 2 (4.2) 0

Unknown 3 (2.0) 1 (2.1) 1 (3.8)

PD-L1 status, No. (%)

TPS ≥1% 76 (49.7) 28 (58.3) 15 (57.7)

TPS <1% 32 (20.9) 11 (22.9) 8 (30.8)

Missing 45 (29.4) 9 (18.8) 3 (11.5)

Liver and/or brain lesions by IRC, No. (%) 72 (47.1) 19 (39.6) 10 (38.5)

Median target lesion SOD (range), mm 101.1 (13.5-552.9) 68.8 (13.5-552.9) 69.1 (17.8-190.1)

Baseline lesions in ≥3 anatomic sites, No. (%) 109 (71.2) 29 (60.4) 15 (57.7)

Baseline target and nontarget lesions, No. (%)

≤3 36 (23.5) 18 (37.5) 12 (46.2)

>3 116 (75.8) 30 (62.5) 14 (53.8)

Missing 1 (0.7) 0 0

LDH level, No. (%)

≤ULN 70 (45.8) 27 (56.3) 17 (65.4)

1-2 3 ULN 54 (35.3) 18 (37.5) 8 (30.8)

>2 ULN 29 (19.0) 3 (6.3) 1 (3.8)

Median number of prior systemic therapies (range) 3 (1-9) 3 (1-8) 3 (2-8)

Prior systemic therapies, No. (%)

Anti–PD-1/PD-L1 153 (100) 48 (100) 26 (100)

Anti–CTLA-4 125 (81.7) 41 (85.4) 23 (88.5)

Anti–PD-1 plus anti–CTLA-4 82 (53.6) 22 (45.8) 11 (42.3)

BRAF 6 MEK inhibitor 39 (25.5) 12 (25.0) 8 (30.8)

IL-2 13 (8.5) 4 (8.3) 3 (11.5)

Median cumulative duration of prior anti–PD-1/PD-L1 therapy (range), months 7.0 (0.7-75.8) 7.2 (1.4-54.4) 4.5 (1.4-54.4)

Resistance to prior anti–PD-1/PD-L1 therapy as defined by SITC criteria

Primary resistanceb 109 (71.2) 36 (75.0) 21 (80.8)

Secondary resistancec 41 (26.8) 12 (25.0) 5 (19.2)

(continued on following page)
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melanoma treatment.14-16 In one retrospective study, lower
response rates were observed in patients with metastatic
melanoma refractory to anti–PD-1/PD-L1 monotherapy
(24%) versus naive patients (56%).16 In the BRAF V600 E/K
mutation subgroup, ORRs for patients with and without
prior BRAF/MEK inhibitor exposure were 20% and 60%,
respectively.16

Owing to improved responses with TIL observed in earlier
treatment settings, prospective exploration of TIL com-
bined with ICIs first line for advanced melanoma is

underway.17,18 In an ongoing phase II study (IOV-COM-
202; NCT03645928), patients with ICI-naive melanoma
who received lifileucel plus pembrolizumab had an ORR of
65.2% (CR, 30.4%).18 This finding supports evaluation of
lifileucel in patients with less pretreated melanoma and is
the basis for the ongoing phase III TILVANCE 301 trial
(ClinicalTrials.gov identifier: NCT05727904) of lifileucel
plus pembrolizumab in treatment-naive patients.19

A limitation of the C-144-01 study was the absence of
a comparator. Subgroup analyses herein should be interpreted

TABLE 1. Demographics and Baseline Disease Characteristics (continued)

Characteristic
Pooled Cohorts, 2 1 4

(N 5 153)
All Responders

(n 5 48)

Responders With
DOR ≥12 Months

(n 5 26)

Anatomic site of resection, No. (%)

Lung 12 (7.8) 1 (2.1) 1 (3.8)

Liver 12 (7.8) 6 (12.5) 4 (15.4)

Otherd 122 (79.7) 41 (85.4) 21 (80.8)

Median total infused TIL viable cells, 3109 (range) 21.1 (1.2-99.5) 30.0 (6.2-72.0) 30.9 (7.6-72.0)

NOTE. Diseasemetastasis data at study entry were collected for cohort 4 but not cohort 2; in cohort 4, 10.3% (9/87) had M1a status, 13.8% (12/87)
had M1b status, 63.2% (55/87) had M1c status, and 11.5% (10/87) had M1d status.
Abbreviations: CTLA-4, cytotoxic T-lymphocyte antigen-4; ECOG, Eastern Cooperative Oncology Group; IL-2, interleukin-2; IRC, independent review
committee; LDH, lactate dehydrogenase; PS, performance status; SOD, sum of diameters; SITC, Society for Immunotherapy of Cancer; TPS, tumor
proportion score; ULN, upper limit of normal.
aIncludes diagnoses of melanoma of unknown primary, unknown, or subtype not otherwise specified or classified.
bIncludes primary resistance to prior anti–PD-1/PD-L1 in the metastatic setting and primary resistance/early relapse to prior anti–PD-1/PD-L1 in
the adjuvant setting.24
cIncludes secondary resistance to prior anti–PD1/PD-L1 in metastatic setting and late relapse in adjuvant setting.24
dOther resection sites included lymph node, skin/subcutaneous, musculoskeletal, breast, peritoneal/retroperitoneal, and others.

Number at risk:
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FIG 2. Kaplan-Meier estimated DOR in patients who achieved CR or PR. Tick marks indicate censored patients. CR, complete response;
DOR, duration of response; NR, not reached; PR, partial response.
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with caution. The impact of NMA-LD or IL-2 on antitumor
response was not assessed. However, no evidence exists that
lymphodepleting chemotherapy has activity in melanoma,
and IL-2 is administered and present only in the absence20 of
endogenous lymphocytes after lymphodepleting chemo-
therapy and would therefore not be expected to contribute
to the antitumor activity of lifileucel.21 The observed rate of
mortality because of treatment-related toxicity in the
phase II C-144-01 study (3.6%) is comparable with that
observed in the phase II study of nivolumab and ipilimumab
in patients with advanced melanoma, where there was a

treatment-related mortality rate of 3.2%.22 As experience
with nivolumab and ipilimumab increased, leading to
improvements in patient selection and toxicity manage-
ment, treatment-related mortality also improved.3,23

In conclusion, the 5-year analysis of the C-144-01 study
showed long-term benefit and favorable survival with lifi-
leucel and no related long-term safety concerns. Lifileucel
provides an optimal response when administered soon after
treatment failure with anti–PD-1/PD-L1 or BRAF/MEK
inhibitors.
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APPENDIX

TABLE A1. C-144-01 Investigators

Study Investigators Country Institution

Brendan Curti The United States Providence Portland Medical Center

Kevin Kim The United States California Pacific Medical Center

Gregory Daniels The United States University of California San DiegoMoores Cancer Center

Melissa Wilson The United States Thomas Jefferson University

Sylvia Lee The United States Seattle Cancer Care Alliance

Igor Puzanov The United States Roswell Park Cancer Institute

Amy Harker-Murray The United States Medical College of Wisconsin

Theodore Logan The United States IU Simon Cancer Center

Jan Christoph Simon Germany Universitatsklinikum Leipzig

Ioannis Thomas Germany Universitatsklinikum Tubingen

Beatrice Schuler-Thurner Germany Universitatsklinikum Erlangen

Rose Moritz Germany Universitatsklinikum Halle

Jessica Hassel Germany Universitatsklinikum Heidelberg

Gotz Ulrich Grigolieta Germany Universitatsklinikum Wurzburg

Ana Arance Spain Hospital Clinic de Barcelona

Belen Rubio Spain Hospital Universitario Quironsalud Madrid

Juan Rodriguez Spain Hospital Universitario HM Sanchinarro

Alfonso Berrocal Spain Hospital General Universitario de Valencia

Miguel de Sanmamed Spain Clinica Universidad de Navarra

Hendrik-Tobias Arkenau The United Kingdom Sarah Cannon Research Institute UK

Thomas Evans The United Kingdom Beatson West of Scotland Cancer Centre

Pippa Corrie The United Kingdom Addenbrooke’s Hospital

Stephane Dalle France Centre Hospitalier Lyon Sud

Christoph Bedane France CHU de Limoges - Hopital Dupuytren

Judit Olah Hungary Szegedi Tudomanyegyetem Szent-Gyorgyi Albert

Angela Orcurto Switzerland Centre Hospitalier Universitaire Vaudois Lausanne

aDeceased.
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