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ABSTRACT

ACCOMPANYING CONTENT

PURPOSE There are limited treatment options for advanced melanoma that have pro- & Appendix
gressed during or after immune checkpoint inhibitor therapy. Intratumoral (IT) [/} Data Sharing
immunotherapy may improve tumor-specific immune activation by promoting Statement

local tumor antigen presentation while avoiding systemic toxicities. The phase
3 ILLUMINATE-301 study (ClinicalTrials.gov identifier: NCT03445533) evalu-
ated tilsotolimod, a Toll-like receptor-9 agonist, with or without ipilimumab in
patients with anti—PD-1 advanced refractory melanoma.
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METHODS Patients with unresectable stage III-IV melanoma that progressed during or
after anti—PD-1 therapy were randomly assigned 1:1 to receive 24 weeks of
tilsotolimod plus ipilimumab or 10 weeks of ipilimumab alone. Nine IT injec-
tions of tilsotolimod were administered to a single designated lesion over
24 weeks. Intravenous ipilimumab 3 mg/kg was administered once every
3 weeks from week 2 in the tilsotolimod arm and week 1 in the ipilimumab arm.
The primary end point was efficacy measured using objective response rate
(ORR; independent review) and overall survival (OS).

J Clin Oncol 43:1800-1809
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RESULTS A total of 481 patients received tilsotolimod plus ipilimumab (n = 238) or
ipilimumab alone (n = 243). ORRs were 8.8% in the tilsotolimod arm and 8.6%
in the ipilimumab arm, with disease control rates of 34.5% and 27.2%, re-
spectively. Median OS was 11.6 months in the tilsotolimod arm and 10 months in
the ipilimumab arm (hazard ratio, 0.96 [95% CI, 0.77 to 1.19]; P = .7). Gra-
de =3 treatment-emergent adverse events occurred in 61.1% and 55.5% of
patients in the tilsotolimod and ipilimumab arms, respectively.

CONCLUSION Combining IT tilsotolimod with ipilimumab did not significantly improve the
ORR or OS compared with ipilimumab alone in patients with anti—PD-1 ad-
vanced refractory melanoma.

INTRODUCTION

progressed on or after anti—-PD-1 inhibitors, subsequent
treatment with the anti—cytotoxic T-lymphocyte—associated

Immune checkpoint inhibitors (ICIs) have transformed the
treatment of melanoma. Nivolumab (alone or combined with
ipilimumab) and pembrolizumab are standard-of-care first-
line treatments of metastatic melanoma. However, patients
may ultimately progress during or after treatment and require
subsequent treatment options. The selection of second-line
therapy is challenging as a result of the lack of data to guide
treatment choice. For patients with advanced melanoma who

1800 | Volume 43, Issue 15 | ascopubs.org/journal/jco

antigen-4 (CTLA-4) inhibitor is an option.*?

The efficacy of ICIs was found to be correlated with the
presence of tumor-infiltrating T cells in the tumor micro-
environment. Thus, manipulating the innate immune system
within the tumor using intratumoral (IT) immunotherapy
may induce a favorable immune environment, recruiting and
activating immune cells and activating dendritic cells (DCs) at
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Tilsotolimod With or Without Ipilimumab for Advanced Melanoma

CONTEXT

Key Objective

The ILLUMINATE-301 phase 3 trial is designed to assess the efficacy and clinical benefit of the combination of intratumoral
tilsotolimod, a Toll-like receptor-9 agonist, with ipilimumab versus ipilimumab alone in patients with advanced or metastatic

melanoma refractory to anti—PD-1 therapies.

Knowledge Generated

Combined tilsotolimod with ipilimumab did not significantly improve overall response rate, progression-free survival, or
overall survival compared with ipilimumab monotherapy. However, this trial, to our knowledge, provides the largest data set
to date on ipilimumab usage for treating this difficult-to-treat refractory population.

Relevance (G.K. Schwartz)

For patients with metastatic melanoma who progress on PD-1 checkpoint, the addition of ipilimumab remains the standard

of care.*

*Relevance section written by JCO Associate Editor Gary K. Schwartz, MD, FASCO.

the tumor site capable of priming antitumor T cells, hence
ensuring optimal local tumor antigen/neoantigen presenta-
tion while avoiding systemic toxicities. One such approach is
through activation of Toll-like receptor-9 (TLR9), a pattern
recognition receptor in plasmacytoid DCs, which induces the
production of interferon (IFN)-« and tumor necrosis factor-
«, which promotes downstream activation and maturation of
antigen-presenting cells (APCs).3

Although TLR9 agonists share the common mechanism
of TLR9 activation, they can differ significantly in their
structure, potency, and biological effects. Tilsotolimod
(IMO-2125) is a class B synthetic phosphorothioate oligo-
nucleotide and a selective TLR9 agonist with potent
immunostimulatory activity.* ¢ In a murine animal model,
tilsotolimod IT injection increased local APC maturation,
CD3" T cells, and expression of multiple immune checkpoints
(PD-1 and CTLA-4) in both injected and noninjected distant
tumors.” Tilsotolimod has also been shown to augment ICI
response in multiple tumor models, including melanoma.®*°
Results from a phase 1/2 clinical study of IT tilsotolimod plus
ipilimumab for advanced melanoma showed the combination
is tolerable with evidence of clinical activity in patients with
anti—PD-1 advanced refractory melanoma. At the recom-
mended phase 2 dose, 22% of patients had an objective re-
sponse and an additional 49% of patients had stable disease.
Furthermore, tilsotolimod IT injection induced a rapid, local
production of type 1 IFN. When combined with ipilimumab, it
activated more T cells, promoting clinical activity, including in
distant lesions and patients who were not expected to respond
to ipilimumab alone.™

Given the absence of therapies that have demonstrated a
survival advantage in patients who progressed on prior PD-1
blockade, along with the promising results from phase 1/2
ILLUMINATE-204 study, we conducted ILLUMINATE-301
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(ClinicalTrials.gov identifier: NCT03445533), an interna-
tional, randomized, phase 3, multicenter, open-label study
to evaluate the efficacy of IT tilsotolimod combined with
ipilimumab versus ipilimumab monotherapy in patients
with advanced melanoma who had progressed during or
after anti—PD-1 therapy.

METHODS
Patients

Eligible patients were of age 18 years and older with histo-
logically confirmed unresectable stage III or stage IV mel-
anoma, according to the American Joint Committee on
Cancer, Seventh Edition. Patients were required to have >1
measurable lesion accessible for injection (superficial or
visceral) and have confirmed progression during or after
treatment with a PD-1 inhibitor (prior PD-1 targeted bis-
pecific antibodies were not permitted). Confirmed pro-
gression was defined as radiological progression (confirmed
at least 4 weeks after the initial scan showing progressive
disease [PD] or confirmed at least 4 weeks after the initial
scan for progression solely on the basis of worsening of
nontarget or new, nonmeasurable disease). Patients were
also required to have an Eastern Cooperative Oncology Group
(ECOG) status =<1, adequate organ function, and known BRAF
mutation status. Exclusion criteria included prior TLR ag-
onists, prior ipilimumab (except adjuvant 212 weeks before
progression), and CNS disease other than stable brain
metastases.

The study was conducted according to Good Clinical Practice
guidelines and the Declaration of Helsinki. The institutional
review board or ethics committee approved the study pro-
tocol (online only) at each site. All patients provided written
informed consent.

ascopubs.org/journal/jco | Volume 43, Issue 15 | 1801
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Study Design

Patients were randomly assigned 1:1to receive treatment with
IT tilsotolimod combined with ipilimumab or ipilimumab
alone. Random assignment was stratified by duration of prior
anti—-PD-1 (212 v <12 weeks), stage (Mic v other), and BRAF
status/prior targeted therapy (BRAF wild-type v BRAF mutant
type with prior targeted therapy v BRAF mutant type without
prior targeted therapy). Patients randomly assigned to the
tilsotolimod arm received nine doses of IT injection on weeks
1,2, 3,5, 8,11, 16, 20, and 24. Tilsotolimod was administered
to a single designated lesion selected from (in order of
priority) pathologic draining lymph nodes, superficial/
subcutaneous metastases, or deep/visceral metastases us-
ing a single injection site and a fanning method to ensure
even distribution. As outlined in the protocol, all deep lesion
injections required image guidance, supported by interven-
tional radiology, to ensure safe and accurate administration.
Tilsotolimod was continued until disease progression.

Patients in both groups received ipilimumab at a dose of
3 mg/kg over 90 minutes. Ipilimumab was given on weeks 2,
5, 8, and 11 for patients in the tilsotolimod arm and on weeks
1, 4, 7, and 10 for patients in the monotherapy arm. Ipili-
mumab dose reductions were not permitted, although
treatment could be delayed as a result of toxicity.

Study End Points and Assessments

The primary end points were objective response rate (ORR)
by independent central review and overall survival (OS).
Secondary end points included ORR by investigator as-
sessment, time to response, disease control rate (DCR),
duration of response (DoR), progression-free survival (PFS)
by independent central review and investigator assessment,
and safety. Tumor response was assessed at screening and
week 12, then every 8 weeks for the first year, and then every
12 weeks in subsequent years. Investigators followed mod-
ified immune-related RECIST (irRECIST) guidelines for
subject management, and both investigators and indepen-
dent central reviewers used irRECIST and RECIST vi.1
guidelines for visit response assessments. Complete re-
sponses (CRs), partial responses (PRs), and PD determined
using irRECIST were confirmed by imaging >4 weeks after
the initial documentation of response, except progression
solely on the basis of substantial, unequivocal worsening of
nontarget or new, nonmeasurable disease accompanied by
correlative symptoms. CRs and PRs determined using
RECIST were also confirmed by imaging >4 weeks after the
initial response documentation. Safety was summarized
using the National Cancer Institute’s Common Terminology
Criteria for Adverse Events, version 4.03.

Statistical Analysis
Under the fallback method, «1 = 0.02 is assigned to the one-

sided ORR test and an alpha of 0.005 is saved for the one-
sided OS test. The sample size was specified assuming a

1802 | © 2025 by American Society of Clinical Oncology

hazard ratio (HR) of 0.677, equating to an increase in median
OS from 11.4 months (historical control for ipilimumab
alone) to 16.9 months with the addition of tilsotolimod. To
provide 90% power at a one-sided 5% significance level, the
sample size was calculated to be 454 patients. No interim
analyses were planned. All efficacy analyses were performed
in an intention-to-treat manner and included all randomly
assigned patients. The safety analysis set included all pa-
tients who received at least 1 dose of the study treatment.

A hierarchical testing procedure was applied to control the
type I error rate when analyzing the OS. Formal statistical
testing for OS was only allowed if the difference in ORR was
confirmed statistically significant. The comparison of ORR
between treatment arms was calculated using Cochran-
Mantel-Haenszel test. Analysis of OS was performed using
stratified log-rank test controlling for the random assign-
ment strata. DoR and PFS were estimated using Kaplan-
Meier method. The HRs and corresponding 95% CIs were
estimated using stratified Cox proportional hazards model.
Median follow-up time was calculated using the reverse
Kaplan-Meier method.

RESULTS
Patients

Between May 2018 and March 2020, 579 patients were
screened, and 481 patients from 80 sites were randomly
assigned to receive tilsotolimod plus ipilimumab (n = 238) or
ipilimumab (n = 243; Fig 1). Baseline characteristics are
presented in Table 1 and were generally balanced between
the treatment arms. The median age (range) was 66 (28-89)
years in the tilsotolimod arm and 67 (19-92) years in the
ipilimumab arm. In both arms, most of the patients were
male (55.9% and 52.3%, respectively) and had an ECOG
status of 0 (63% and 60.1%, respectively).

Exposure

In the tilsotolimod arm, the median (range) duration of til-
sotolimod treatment was 10 (0.1-56.6) weeks, median (range)
number of tilsotolimod injections was 5 (1-9), median (range)
cumulative dose of tilsotolimod was 40 (8-72) mg, and only
54 patients (23.1%) received all nine injections per protocol.
Tilsotolimod was injected in superficial lesions for 76 patients
and in deep lesions for 161 patients. In the same arm, the
median (range) duration of ipilimumab treatment was 7.1
(0.1-61.4) weeks, median (range) number of ipilimumab in-
fusions was 3 (0-4), median (range) cumulative dose of
ipilimumab was 9.02 (2.8-13) mg, and 100 patients (42.7%)
received the four infusions per protocol. In the ipilimumab
arm, the median (range) duration of treatment was 8.9
(0.1-15.6) weeks, median (range) number of infusions was 3
(1-4), median (range) cumulative dose was 9.2 (3-12.8) mg,
and 116 patients (49.2%) received the four infusions per
protocol. Moreover, the median (range) follow-up time was
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Screened
(N =579)

Randomly assigned to treatment
(n =481)

v

Assigned tilsotolimod + ipilimumab alone
(n = 238)

Did not receive
treatment
(n=4)

Reasons for discontinuation (n = 189)

Progressive disease (n=281)
Adverse event (n =64)
Death (n=19)
Other (n =16)
Withdrawal of consent (n=4)
Investigator discretion (n=3)
Sponsor decision (n=1)
Lost to follow-up (n=1)

v

Assigned ipilimumab alone
(n =243)

Did not receive
treatment
(n=7)

Reasons for discontinuation (n=121)

Progressive disease (n =48)
Adverse event (n =60)
Death (n=9)
Withdrawal of consent (n=3)
Investigator discretion (n=1)

FIG 1. CONSORT diagram.

68 (0-156) weeks in the tilsotolimod arm and 58 (0-152)
weeks in the ipilimumab arm (Appendix Table A1, online
only).

Response Rate

The ORR was not significantly improved in the tilsotolimod
arm (8.8%) versus the ipilimumab arm (8.6%; Table 2)
by independent review. The findings were consistent in all
prespecified subgroup analyses (Fig 2). The median time to
respond was 2.7 months in the tilsotolimod arm and
2.6 months in the ipilimumab arm. The DCR was 34.5% in the
tilsotolimod arm and 27.2% in the ipilimumab arm. The
median DoR was 11.1 months in the tilsotolimod arm and not
evaluable in the ipilimumab arm. The results were similar to
the investigator assessment (Appendix Table A2). Addition-
ally, in the tilsotolimod arm, a significant tumor reduction
was observed in noninjected tumors (Appendix Fig A1).

Overall Survival

The median duration of follow-up for survival was
23.9 months (95% CI, 21.6 to 24.9) in the tilsotolimod arm
and 22.4 months (95% CI, 21.4 to 24.2) in the ipilimumab
arm. At the time of analysis, 331 patients had died (165 in the
tilsotolimod arm and 166 in the ipilimumab arm). Median OS
was 11.6 months (95% CI, 9.6 to 13.5) in the tilsotolimod arm
and 10 months (95% CI, 8.1 to 11.5) in the ipilimumab arm
and was not statistically significant (HR, 0.96 [95% CI, 0.77
to 1.19]; P = .7; Fig 3A). The findings were consistent in all
prespecified subgroup analyses (Fig 3B). One-year survival
rates were 48.6% (95% CI, 42 to 54.8) in the tilsotolimod

Journal of Clinical Oncology

arm and 42.2% (95% CI, 35.9 to 48.5) in the ipilimumab arm;
2-year survival rates were 25.9% (95% CI, 19.8 to 32.4) and
27.5% (95% CI, 21.5 to 33.7), respectively.

Progression-Free Survival

Median PFS, as determined by independent central review,
was 2.9 months (95% CI, 2.8 to 3.3) in the tilsotolimod arm
and 2.7 months (95% CI, 2.6 to 2.8) in the ipilimumab arm
(Fig 3C). The results were similar to the investigator assess-
ment, with median PFS 2.8 months (95% CI, 2.6 to 3.1) de-
termined in the tilsotolimod arm and 2.7 months (95% CI, 2.6
to 2.8) determined in the ipilimumab arm (Appendix Fig A2).

Safety

98.7% of patients in the tilsotolimod arm and 95.3% in
the ipilimumab arm reported at least 1 treatment-emergent
adverse event (TEAE), including 61.1% and 55.5% grade 23,
respectively. All TEAEs, regardless of causality, are provided in
Table 3 and Appendix Table A3. General disorders and ad-
ministration site conditions, as well as GI and skin and
subcutaneous tissue disorders were the most frequently re-
ported TEAEs in both treatment groups. These included py-
rexia (46.2%), asthenia (34.6%), chills (32.1%), diarrhea
(30.3%), pruritus (24.4%), nausea (23.5%), and fatigue
(20.5%) in the tilsotolimod arm. While in the ipilimumab
monotherapy group, the most frequently reported TEAEs
were diarrhea (28%), pruritus (25.4%), asthenia (23.3%), and
nausea (20.3%). In the tilsotolimod arm, 15% and 24.8% of
patients had treatment-related TEAEs that led to the dis-
continuation of tilsotolimod or ipilimumab, respectively,

ascopubs.org/journal/jco | Volume 43, Issue 15 | 1803
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TABLE 1. Baseline Demographics and Clinical Characteristics (intention-to-treat analysis)

Characteristic

Tilsotolimod Plus Ipilimumab (n = 238)

Ipilimumab (n = 243)

Age, years, median (range) 66 (28-89) 67 (19-92)
Male 133 (55.9) 127 (52.3)
Race
White 187 (96.4) 207 (95.8)
Asian 1(0.5) 6 (2.8)
Black or African American 2 (1) 2 (0.9
Other 4(1.7) 1 (0.5)
Missing 44 27
ECOG performance status
0 150 (63) 146 (60.1)
1 87 (36.6) 96 (39.5)
2 1(0.4) 1(0.4)
Enrollment location
us 23 (9.7) 23 (9.5)
Non-US 215 (90.3) 220 (90.5)
Elevated serum LDH? 126 (52.9) 124 (51)
Disease stage®®
A-IIB 3(1.2) 0
e 35 (14.7) 20 (8.2)
IVM1a-IVM1b 48 (20.2) 82 (33.7)
IVM1C 147 (61.8) 137 (56.4)
Mutant BRAF 56 (23.5) 54 (22.2)
Prior lines of systemic therapy
1 prior line of therapy 136 (57.1) 149 (61.3)
2 prior lines of therapy 65 (27.3) 67 (27.6)
>2 prior lines of therapy 28 (11.8) 21 (8.6)
Type of prior therapy
PD-1 inhibitor 237 (99.6) 242 (99.6)
CTLA-4 inhibitor 6 (2.5) 5(2.1)
Other immunotherapy 8 (7.6) 14 (5.8)
BRAF inhibitor 35 (14.7) 36 (14.8)
MEK inhibitor 33 (13.9) 36 (14.8)
Other targeted therapy 5(2.1) 6 (2.5)
Oncolytic virus 5(2.1) 6 (2.5)
Cytokine 10 (4.2) 14 (5.8)
Chemotherapy 11 (4.6) 8 (3.3)
Other therapy 38 (16) 27 (11.7)

NOTE. All presenting data are No. (%) unless otherwise specified.

Abbreviations: AJCC, American Joint Committee on Cancer; CTLA-4, cytotoxic T-lymphocyte antigen-4; ECOG, Eastern Cooperative Oncology Group;

LDH, lactate dehydrogenase.
aLDH higher than the upper limit of normal.
bDetermined using the AJCC Cancer Staging Manual, 7th Edition.

°The actual stage was not reported in five patients in the tilsotolimod plus ipilimumab arm and four patients in the ipilimumab monotherapy arm.

whereas it was 23.7% of patients in the ipilimumab-only arm.
Additionally, serious treatment related adverse events oc-
curred in 49.6% of patients in the tilsotolimod arm and 45.8%
of patients in the ipilimumab arm (Appendix Table AZ).
Treatment-related deaths occurred in two and three patients
in the tilsotolimod and ipilimumab arms, respectively.

1804 | © 2025 by American Society of Clinical Oncology

DISCUSSION

In this phase III study of patients with anti—PD-1 advanced
refractory melanoma, tilsotolimod plus ipilimumab
demonstrated a low ORR and missed its coprimary end
points of improving ORR and OS compared with ipilimumab
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TABLE 2. Independent Reviewer—Assessed Responses (intention-to-treat analysis)

Response

Tilsotolimod Plus Ipilimumab (n = 238)

Ipilimumab (n = 243)

Best overall response

CR 1(0.4) 1 (0.4)
PR 20 (8.4) 20 (8.2)
SD 61 (25.6) 45 (18.5)
PD 89 (37.4) 110 (45.3)
Unevaluable 67 (28.2) 67 (27.6)
ORR (CR/PR) 21 (8.8) 21 (8.6)
95% ClI 5210124 5110122
Rate difference (95% Cl) 02 (-481t05.2) [P = 9]
DCR (CR/PR/SD) 82 (34.5) 66 (27.2)
95% Cl 28.4 to 40.5 21.6 to 32.8
Time to response, months, median (range) 2.7 (2.4-8.4) 2.6 (1.4-6.2)

DoR, months, median (range)

11.1 (6 to NE) NE (9.3 to NE)

NOTE. All presenting data are No. (%) unless otherwise specified.

Abbreviations: CR, complete response; DCR, disease control rate; DoR, duration of response; NE, not evaluable; ORR, objective response rate;

PD, progressive disease; PR, partial response; SD, stable disease.

monotherapy. This is despite observations of clinical
benefit in the earlier phase 1/2 ILLUMINATE-204 study of
tilsotolimod plus ipilimumab in a relatively similar patient
population.™

This negative result cannot be attributed to a high per-
formance of ipilimumab in the control arm. Indeed, al-
though the observed ORR (8.6%) and DCR (27.2%) in the
ipilimumab monotherapy arm were comparable with the

results of the SWOG S1616 (ORR, 9%; DCR, 22%),*? it was
lower than the ORR and DCR reported recently, in a phase III
trial that compared tumor-infiltrating lymphocyte (TIL)
therapy versus ipilimumab alone (21% and 36%, respec-
tively).’? This could be attributed to the fact that in our trial,
51% of patients in the monotherapy arm have elevated
serum lactate dehydrogenase (LDH) compared with 17%
and that 36.2% versus none had received =2 prior lines of
therapy. Moreover, the ORR was lower than the ones

. A Percentage
Variable Subgroup i 1:;,5 ;’ il Ipi al?:/“; Sl difference and
g d (95% CI)
All patients All (n =481) 8.8 8.6 0.2(-49t05.2)
Metastasis stage M1c (n = 273) 2) 8.6 0.3(-6.4t0 7)
Other (n = 208) 8.7 8.7 0.0 (-7.6 to 7.6)
BRAF mutation status Wild-type (n = 374) 9.1 9 0.1(-5.7 to 5.9)
Positive BRAF (n = 107) J7i 7.3 0.4 (-9.6 to 10.4)
Region US (n = 46) ] 21.7 4.3 17.4 (-1.4 to 36.2)
Non-US (n = 435) 7.4 51 -1.6 (-6.8 to 3.5)
Baseline ECOG 0 (n =296) 10 9.6 0.4(-6.4t07.2)
21 (n = 185) 6.8 773 -0.4(-7.81t07)
Baseline LDH (Group 1) <ULN (n = 224) 11.5 9.9 1.6 (-6.5t0 9.7)
SULN (n = 245) 4.3 7.8 -3.4 (-9.4 t0 2.5)
Baseline LDH (Group 2) <ULN (n = 224) 11.5 9.9 1.6 (-6.5t0 9.7)
>ULN to 2x ULN
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FIG 2. Forest plot of percentage of differences of ORR by subgroups assessed by independent reviewer. ECOG, Eastern Cooperative Oncology
Group; LDH, lactate dehydrogenase; ORR, objective response rate; ULN, upper limit of normal.
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FIG 3. (A) Kaplan-Meier estimate of OS in all patients, (B) prespecified subgroup analysis according to baseline characteristics, and
(C) Kaplan-Meier estimate of PFS in all patients by (continued on following page)
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FIG 3. (Continued). blinded independent central assessment. ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; NE, not
evaluable; 0S, overall survival; PFS, progression-free survival; ULN, upper limit of normal.

observed in two retrospective studies, including ORR 16%
and DCR 42% in one study** but similar to results (ORR,
10%) reported in another retrospective study of patients
with metastatic melanoma whose disease progressed
during prior with anti—PD-1 therapy.”

Although several studies are investigating the potential
of combining IT treatment with systemic immunother-
apies, the only IT treatment approved for patients with
unresectable melanoma and injectable metastases is tali-
mogene laherparepvec (TVEC)."* The addition of this
oncolytic virus to ipilimumab significantly improved ORR
compared with ipilimumab monotherapy (39% v 18%;
odds ratio, 2.9 [95% CI, 1.5 to 5.5]; P = .002) in a phase II
trial. However, this benefit was primarily driven by the
significant tumor reduction seen in the injected lesions
only, whereas there was no significant difference between
combined TVEC with ipilimumab versus ipilimumab alone
in the tumor reduction rate of noninjected lesions.'”
Furthermore, the addition of TVEC to pembrolizumab did
not significantly improve PFS (14.3 v 8.5 months; HR,

0.86 [95% CI, 0.71t01.04]; P = .13) or OS (HR, 0.96 [95% CI,
0.76 to 1.24]; P = .74) compared with pembrolizumab
monotherapy in the phase III MASTERKEY-265 study.*®
Additionally, interleukin-2, a proinflammatory cytokine,
has also been investigated as an IT treatment combined
with ipilimumab in pretreated patients. However, it did not
show DCR improvement in a phase II study compared with
ipilimumab alone.*

In this trial, median PFS in the ipilimumab arm (2.7 months)
was similar to the tilsotolimod arm (2.9 months) and to that
reported for ipilimumab monotherapy in the SWOG S1616
(2.7 months)* and in the TIL therapy versus ipilimumab
phase III trial (3.1 months).? Also, median OS was not sta-
tistically different between the tilsotolimod and ipilimumab
arms (11.6 v 10 months; HR, 0.96 [95% CI, 0.77 to 1.19];
P = .7). However, the median OS in the ipilimumab arm was
less than that reported for ipilimumab in the SWOG S1616
(25.7 months) and a phase III trial (18.9 months).”* The
survival rate at 1 year (42.2%) was less than that reported
for ipilimumab both in SWOG S1616 (57%)* and in a

TABLE 3. Most Common TEAEs Grade 3 to 5 by Preferred Term (>2% of patients in either treatment group; safety set)

Preferred Term

Ipilimumab With Tilsotolimod (n = 234), No. (%)

Ipilimumab Alone (n = 236), No. (%)

Patients with at least 1 grade 3-5 TEAE® 143 (61.1) 131 (55.5)
Anemia 15 (6.4) 15 (6.4)
Immune-mediated hepatitis 10 (4.3) 5(2.1)
Immune-mediated enterocolitis (3.8) 10 (4.2)
ALT increased (3.4) 5(2.1)
Colitis (3.4) 12 (5.1)
General physical health deterioration 3) 4(1.7)
Lipase increased (3) 6 (2.5)
Pyrexia 3) 5(2.17)
AST increased (2.6) 5(2.1)
Hepatitis (2.6) 3(1.3)
Anaphylactic reaction (2.7) 0
Asthenia (2.7) 6 (2.5)
Cholestasis (2.7) 5(2.1)
Hypokalemia (1.3) 5(2.1)
Diarrhea (0.9) 10 (4.2)
Hypophysitis (0.9) 7 (3)
Fatigue (0.9 5(2.1)
Pulmonary embolism (0.4 5(2.1)

NOTE. All percentages were based on the number of patients in the safety set within each group. Adverse events were coded using MedDRA
dictionary version 23.0. A patient was counted once per each unique preferred term.

Abbreviations: MedDRA, Medical Dictionary for Regulatory Activities; TEAE, treatment-emergent adverse event.

2TEAEs were defined as adverse events occurring or worsening in severity on or after the date of the first dose of study treatment.
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retrospective study (54%)"; and the 2-year survival rate
(27.5%) was less than that reported in the ipilimumab arm of
the phase III trial with TIL therapy versus ipilimumab
monotherapy (44.1%)."> These survival rate variations could
again be because more patients had a high LDH (51%) in our
trial compared with 26% in SWOG S1616 and 17% in the
phase III trial. Geographical variations and subsequent
differences in therapeutic strategies, available drugs, and
selection of patients could also play a role, as most of our
patients were enrolled in Europe compared with the SWOG,
which enrolled only US patients.

Minimizing systemic exposure to cancer treatments can
improve tolerability and is an integral part of the rationale
for developing IT treatments. In this study, grade 3-4 TEAEs
were common in both arms but more frequent in the
combination arm (61.1% and 55.1%, respectively), sug-
gesting that adding tilsotolimod increases the toxicity
burden. Findings in the combination arm were comparable
with those observed in ILLUMINATE-204," during which
48% of patients had grade =3 TEAEs. Serious anaphylactic
reactions that occurred in four patients (2%) and led to
treatment discontinuation were also new signals in this
study that have not been observed. The rate of grade =3
TEAEs in the monotherapy arm is similar to the reported
toxicity rate with ipilimumab monotherapy in the phase III
trial comparing the tumor-infiltering lymphocytes with
ipilimumab (57%)," whereas it is higher than that observed
in SWOG S1616 (approximately 35%).*2

Although this study did not demonstrate an additive or
synergistic effect from combining IT tilsotolimod with
ipilimumab, it is important to acknowledge certain study
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limitations that may have affected the performance of the
combination arm. One major limitation is the suboptimal
dosing/injection of tilsotolimod; only 23.1% of patients
completed the nine doses of IT injections, while 51.2%
received less than the median number of required tilso-
tolimod injections and continued receiving ipilimumab
alone. Also, major baseline parameters were different from
those of the phase 1/2 ILLUMINATE-204; for example, only
24.2% had elevated LDH, and 43% had stage IV M1C VS
compared with 52.9% and 61.8%, respectively, in the phase
IIT trial, and finally, all patients enrolled were from the
United States. Understanding the impact of variations in
the disease’s nature and its genomic and immunological
heterogeneity will be essential to identify patients who can
benefit from IT therapy. The open-label design of the
study, chosen because of ethical concerns about injecting a
placebo into deep lesions, may also introduce potential
bias; however, this bias would likely favor the combination
arm rather than the monotherapy arm. OS data were im-
mature at the time of this analysis, although given the
hierarchical testing plan, this is unlikely to affect the study
results.

To our knowledge, the results of ILLUMINATE-301 represent
the largest data set currently available describing the use of
ipilimumab in patients with advanced melanoma refractory
to anti-PD-1 therapy. Although the tilsotolimod plus ipili-
mumab treatment did not meet its coprimary end point,
these results are a valuable addition to the literature with
respect to second-line treatment options in this disease area.
Future studies are warranted to explore the ideal IT injection
approaches and the most effective and safe combination
therapy.
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APPENDIX

Injected v noninjected measurable lesions
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FIG A1. Tilsotolimod in combination with ipilimumab arm: Investigator assessed ORR. ORR, objective response rate.
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FIG A2. Kaplan-Meier estimates of PFS by investigator assessment. PFS, progression-free survival.
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TABLE A1. Tilsotolimod Plus Ipilimumab Exposure

Ipilimumab With
Tilsotolimod Ipilimumab Alone

Injection/Infusion (n = 234) (n = 236)
Tilsotolimod injections

1 injection 7 (3)

2 injections 16 (6.8)

3 injections 20 (8.5)

4 injections 42 (17.9)

5 injections 35 (15)

6 injections 37 (15.8)

7 injections 14 (6)

8 injections 9 (3.8)

9 injections 54 (23.1)

Mean (standard deviation) 5.6 (2.38)
Ipilimumab infusion

0 infusion 6 (2.6) 0

1 infusion 36 (15.4) 22 (9.3)

2 infusions 49 (20.9) 59 (25)

3 infusions 43 (18.4) 39 (16.5)

4 infusions 100 (42.7) 116 (49.2)

Mean (standard deviation) 2.8 (1.21) 3.1 (1.06)

|
NOTE. Data are No. (%) unless otherwise specified.

TABLE A2. Investigator-Assessed Responses (intention-to-treat
analysis)

Tilsotolimod Plus

Ipilimumab Ipilimumab
Response (n = 238) (n = 243)
Best overall response
CR 2 (0.8) 2 (0.8)
PR 22 (9.2) 24 (9.9)
SD 54 (22.7) 37 (15.2)
PD 105 (44.7) 120 (49.4)
Unevaluable 55 (23.1) 0 (24.7)
ORR (CR/PR) 24 (10.7) 26 (10.7)
Rate difference (95% Cl) -0.6 (-6.1t048) [P = 8]
DCR (CR/PR/SD) 78 (32.8) 63 (25.9)
Median (range) time to 7(2.3-4.4) 2.7 (1.6-8.2)
response, months
Median (95% CI) DoR, 9.2 (5.6 to NE) 14.5 (7.4 to NE)

months
|

NOTE. All presenting data are No. (%) unless otherwise specified.
Abbreviations: CR, complete response; DCR, disease control rate; DoR,
duration of response; NE, not evaluable; ORR, objective response rate;
PD, progressive disease; PR, partial response; SD, stable disease.
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TABLE A3. Most Common TEAEs (>5% of patients in either treatment group; safety set)

Ipilimumab With Tilsotolimod

System Organ Class Preferred Term (n = 234), No. (%) Ipilimumab Alone (n = 236), No. (%)
Patients reporting at least 1 TEAE? 231 (98.7) 225 (95.3)
General disorders and administration 197 (84.2) 124 (52.5)
site conditions
Pyrexia 108 (46.2) 34 (14.4)
Asthenia 81 (34.6) 55 (23.3)
Chills 75 (32.1) 7(3)
Fatigue 48 (20.5) 36 (15.3)
Influenza-like illness 31 (13.2) 6 (2.5)
Injection site pain 22 (9.4) 0
Gl disorders 147 (62.8) 141 (59.7)
Diarrhea 71 (30.3) 66 (28)
Nausea 55 (23.5) 48 (20.3)
Vomiting 36 (15.4) 32 (13.6)
Abdominal pain 21 (9) 5 (6.4)
Constipation 21 (9) 23 (9.7)
Colitis 14 (6) 9 (8.1)
Immune-mediated enterocolitis 14 (6) 2 (5.1)
Dry mouth 13 (5.6) 3 (5.5)
Abdominal pain upper 8 (3.4) 6 (6.8)
Skin and subcutaneous tissue 105 (44.9) 107 (45.3)
disorders
Pruritus 57 (24.4) 60 (25.4)
Rash 22 (9.4) 22 (9.3)
Vitiligo 15 (6.4) 3.3
Erythema 12 (5.7) 5(2.71)
Investigations 90 (38.5) 69 (29.2)
AST increase 32 (13.7) 18 (7.6)
ALT increased 31 (13.2) 18 (7.6)
Weight decreased 25 (10.7) 12 (5.1)
Blood alkaline phosphatase 16 (6.8) 8 (3.4)
increased
Gamma-glutamyltransferase 16 (6.8) 3(1.3)
increased
Metabolism and nutrition disorders 87 (37.2) 78 (33.1)
Decreased appetite 46 (19.7) 42 (17.8)
Hypokalemia 18 (7.7) 15 (6.4)
Hyponatremia 14 (6) 8 (3.4)
Nervous system disorders 74 (31.6) 42 (17.8)
Headache 43 (18.4) 15 (6.4)
Musculoskeletal and connective 70 (29.9) 63 (26.7)
tissue disorders
Arthralgia 18 (7.7) 18 (7.6)
Back pain 13 (5.6) 18 (7.6)
Pain in extremity 12 (5.1) 12 (5.1)
Blood and lymphatic system 67 (28.6) 51 (21.6)
disorders
Anemia 37 (15.8) 33 (14)
Respiratory, thoracic, and 54 (23.1) 49 (20.8)
mediastinal disorders
Cough 19 (8.1) 14 (5.9)
Dyspnea 18 (7.7) 2 (5.17)

(continued on following page)
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TABLE A3. Most Common TEAEs (>5% of patients in either treatment group; safety set) (continued)

System Organ Class Preferred Term

Ipilimumab With Tilsotolimod
(n = 234), No. (%)

Ipilimumab Alone (n = 236), No. (%)

Hepatobiliary disorders 42 (17.9) 9 (12.3)
Hepatocellular injury 14 (6) 9 (3.8)
Cholestasis 13 (5.6) 7 (3)

Vascular disorders 32 (13.7) 19 (8.1)
Hypotension 14 (6) 0

Psychiatric disorders 26 (11.1) 29 (12.3)
Insomnia 11 (4.7) 14 (5.9)

NOTE. All percentages were based on the number of patients in the safety set within each group. AEs were coded using MedDRA dictionary version
23.0. A patient was counted once per each unique system organ class and unique preferred term.
Abbreviations: AE, adverse event; MedDRA, Medical Dictionary for Regulatory Activities; TEAE, treatment-emergent adverse event.

aTreatment-emergent AEs were defined as AEs occurring or worsening in severity on or after the date of the first dose of study treatment.

TABLE A4. Incidence of SAE (safety analysis)

Preferred Term

Ipilimumab With Tilsotolimod
(n = 234), No. (%)

Ipilimumab Alone (n = 236), No. (%)

Patients reporting at least 1 SAE 116 (49.6) 108 (45.8)
Pyrexia 12 (5.1) 8 (3.4
Immune-mediated enterocolitis 11 (4.7) 1(4.7)
Colitis 10 (4.3) 3 (5.5)
General physical health deterioration 6 (2.6) 5 (2. )
Immune-mediated hepatitis 6 (2.6) 5 (2.1
Pneumonitis 5(2.1) 2 (0. 8)
Diarrhea 3(1.3) 9 (3.8)
Hypophysitis 3(1.3) 6 (2.5)
Erysipelas 2 (0.9) 5(2.7)
Pulmonary embolism 0 5(2.1)

Abbreviation: SAE, serious adverse event.
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