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ABSTRACT

Preclinical data suggest that a “prime-boost” vaccine regimen using a target-expressing lentiviral vector
for priming, followed by a recombinant protein boost, may be effective against cancer; however, this
strategy has not been evaluated in a clinical setting. CMB305 is a prime-boost vaccine designed to induce
a broad anti-NY-ESO-1 immune response. It is composed of LV305, which is an NY-ESO-1 expressing
lentiviral vector, and G305, a recombinant adjuvanted NY-ESO-1 protein. This multicenter phase 1b, first-in
-human trial evaluated CMB305 in patients with NY-ESO-1 expressing solid tumors. Safety was examined
in a 3 + 3 dose-escalation design, followed by an expansion with CMB305 alone or in a combination with
either oral metronomic cyclophosphamide or intratumoral injections of a toll-like receptor agonist
(glucopyranosyl lipid A). Of the 79 patients who enrolled, 81.0% had sarcomas, 86.1% had metastatic
disease, and 57.0% had progressive disease at study entry. The most common adverse events were fatigue
(34.2%), nausea (26.6%), and injection-site pain (24.1%). In patients with soft tissue sarcomas, a disease
control rate of 61.9% and an overall survival of 26.2 months (95% Cl, 22.1-NA) were observed. CMB305
induced anti-NY-ESO-1 antibody and T-cell responses in 62.9% and 47.4% of patients, respectively. This is
the first trial to test a prime-boost vaccine regimen in patients with advanced cancer. This approach is
feasible, can be delivered safely, and with evidence of immune response as well as suggestion of clinical
benefit.
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Introduction variety of solid tumors, including melanoma, lung, and ovarian

7-10 . . . .
Based on preclinical studies, therapeutic cancer vaccines C3M¢¢rs: Multiple trials targeting NY-ESO-1 in these can-

designed to induce an immune response against tumor cells cers and others using both vaccine and adoptive T-cell therapy

i 11-13
o : - approaches have demonstrated clear clinical benefit. In
are a promising treatment option for cancer.' > However, pp

clinical cancer vaccine studies have resulted in only marginal this regard, two soft tissue sarcoma (STS) subtypes, synovial

efficacy to date, particularly in the advanced and metastatic ~S3T<0™2 (8S) and myxoid/round cell liposarcoma (MRCL),

have been of particular interest because of the very high con-

settings, and identifying the optimal vaccine platform, patient 614

sistency and homogeneity of their NY-ESO-1 expression.

CMB305 was developed as a clinical prime-boost vaccine
regimen Figure 1. Heterologous prime-boost regimens that use
two different vaccines to first prime the immune system and
then boost its response have been shown to improve the effi-
cacy of cancer vaccines in numerous preclinical animal models,

(sub)population, and tumor antigen target(s) remains a -
challenge.*® New York esophageal squamous cell carcinoma-
1 (NY-ESO-1) is a cancer-testis antigen expressed only in the
spermatogonia of the testis, the placenta, and in certain malig-
nancies, and serves as an immunotherapeutic target for a wide
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Figure 1. Dose, route, and timing of treatment administration by study arm. ? LV305 is a NY-ESO-1 expressing, dendritic-cell tropic lentiviral vector. ® G305 is
recombinant NY-ESO-1 protein formulated in an oil-in-water stable emulsion with the synthetic TLR4 GLA. G305 dose for all study arms consisted of 250 pug NY-ESO-1
protein mixed with 5-ug GLA-SE. Patients were also given a boosting dose of G305 at each follow-up visit during the first year. “ mCPA was only administered to patients
in Arm C. It was dosed at 100 mg PO once daily for 7 days, then was not given for the next 7 days, in cycles that repeated until day 97. Patients were given a 1-week
supply at each visit.? IT GLA-SE (5 ug/dose) was only administered to patients in Arm D and could have been injected into accessible primary tumors or distant
metastases. If no accessible tumor was present at weeks 10, 11, 13, or 14, GLA-SE was not administered. Abbreviations: GLA-SE = glucopyranosyl lipid A-stable emulsion;
ID = intradermal; IM = intramuscular; mCPA = metronomic cyclophosphamide; PO = oral; SC = subcutaneous; IT = intratumoral; pg = microgram; vg = viral genomes.

and lentiviral vectors as the priming component have emerged
as a promising new vaccine modality."”""’

The priming component of CMB305 is LV305, which is
a replication-incompetent, integration-deficient, improved
third-generation lentiviral vector that contains RNA encoding
for the full-length NY-ESO-1 protein.”® Further, LV305 is
based on the ZVex® platform, which has been shown to trans-
duce dendritic cells through pseudotyping with an engineered
Sindbis virus glycoprotein called SINVarl that binds the
C-type lectin receptor DC-SIGN (dendritic cell-specific inter-
cellular adhesion molecule-3-grabbing non-integrin) expressed
on immature dendritic cells.*"*** As a result, the vector induces
direct major histocompatibility complex class I presentation of
cluster of differentiation 8 (CD8) epitopes and robust CD8
T-cell immune responses. A phase I clinical trial demonstrated
that LV305 is safe with evidence of inducing an anti-NY-ESO-1
CD4 and CD8 T-cell immune response, but no anti-NY-ESO-1
antibodies.”” Dosing of LV305 led to a partial remission in one
SS patient refractory to multiple lines of prior therapy.**

The boost component of CMB305 is G305, which is com-
posed of full-length recombinant E. coli-produced NY-ESO-1
protein co-formulated with glucopyranosyl lipid A (GLA),
a potent toll-like receptor 4 (TLR4) agonist as an adjuvant, in
a stable squalene oil-in-water emulsion (SE). G305 can induce
anti-NY-ESO-1 specific CD4 T-cell and antibody responses as
a single agent and has been shown to be safe at doses ranging
from 2 to 10 pg.** The rationale of combining LV305 and with
G305 was to induce stronger T-cell responses and integrated

immune responses (CD4 and CD8 T-cells, and antibodies),
which preclinically resulted in improved tumor control.'®

This phase 1b, first-in-human study of CMB305 evaluated
the safety, efficacy, and immunogenicity LV305 and G305
administered in a prime-boost vaccine regimen in patients
with advanced solid tumors. The CMB305 regimen was also
tested in a cohort receiving metronomic cyclophosphamide
(mCPA) in order to eliminate regulatory T-cell
populations.”®*” In addition, CMB305 was tested in an intra-
tumoral “prime-pull” strategy that was designed to first stimu-
late (prime) the systemic innate immune response and then
recruit (pull) NY-ESO-1-specific CD8 T-cells to the tumor by
adding GLA dosed locally. This approach was shown in pre-
clinical models to increase the T-cell inflammation of tumors
and greatly enhance clinical efficacy.”®

Materials and methods
Patient population

Patients aged 18 years or older with Eastern Cooperative
Oncology Group (ECOG) Performance Status score of 0 or 1
who had locally advanced, relapsed, and/or metastatic solid
tumors positive for NY-ESO-1 expression by immunohisto-
chemistry staining were eligible to participate. Table 1 displays
the tumor types eligible for each study arm. Key exclusion
criteria were the receipt of cancer therapies <3 weeks prior to
CMB305 dosing; prior administration of LV305, G305, or NY-



Table 1. Eligible tumor types and rationale for each study arm.
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Arm Eligible Tumor Types Rationale

Part 1°

Cohort 1 NSCLC, ovarian, melanoma, sarcoma (any subtype) Dose finding

Cohorth NSCLC, ovarian, melanoma, sarcoma (any subtype) Dose finding

Part 2

Arm A NSCLC, ovarian, SS, MRCL Monotherapy of ID route

Arm B SS, MRCL Monotherapy of SC route

Arm C SS, MRCL Evaluate mCPA effect

Arm D SS, MRCL Evaluate IT GLA-SE effect

Arm E Any soft tissue sarcoma Dose finding of increased dose via SC route

Abbreviations: GLA-SE = glucopyranosyl lipid A-stable emulsion; ID = intradermal; IT = intratumoral; mCPA = metronomic cyclophosphamide; MRCL = myxoid/round
cell liposarcoma; NSCLC = non-small cell lung carcinoma; SC = subcutaneous; SS = synovial sarcoma

3 + 3 design.

bpatients in Arms C, D, and E must have had tumors accessible for biopsy and must have provided consent for biopsies.

ESO-1 targeting immunotherapy; and concurrent or recent
immunosuppression from systemic corticosteroids or other
immunosuppressive medications (the use of physiologic
doses of corticosteroids may have been approved after consul-
tation with the Sponsor).

Study design

This phase 1b, multi-center, open-label study conducted in the
United States occurred from January 29, 2015 to August 3,
2019. The study (ClinicalTrials.gov identifier NCT02387125)
was conducted according to the principles outlined in the
Declaration of Helsinki and Good Clinical Practice guidelines.
Patients were not involved in the design of the study. Informed
consent was obtained from all patients prior to participation,
and the Institutional Review Boards and Institutional Biosafety
Committees at the participating study sites approved the study
protocol and the use of the lentiviral vector LV305 (biosafety
level 2).

In Part 1, dose escalation, a standard 3 + 3 design was used
to study the safety of intradermal (ID) administration of 2 dose
levels (10° and 10'° viral genomes [vg]) of the LV305 compo-
nent of CMB305. A fixed dose of G305 (250 pg NY-ESO-1
recombinant protein mixed with 5 pg GLA-SE) was used in
Part 1 and all arms in Part 2. Dosing was to be suspended at any
dose level if dose-limiting toxicity (DLT) was observed in 2 or
more patients. In Part 2, there were 5 separate study arms: A, B,
C, D, and E. Study treatment doses, routes, and schedules for
each arm are presented in Figure 1. The CMB305 vaccine
regimen was administered over 91 days for the dose-
escalation cohorts and all arms except Arms C and D, for
which administration occurred over 84 days. Arm A included
a 10%° vg ID dose of LV305 and intramuscular (IM) adminis-
tration of G305. Arm B examined subcutaneous (SC) admin-
istration of both 10'° vg of LV305 and G305. Arms C and
D were added in August 2016; patients in these arms received
100 mg of oral mCPA or intratumoral injections of 5 pg GLA-
SE, respectively, in addition to ID administration of 10'° vg of
LV305 and IM G305. Finally, Arm E was added in
October 2017 and used a 3 + 3 design to evaluate the safety
of a higher 4 x 10'° vg SC dose of LV305 with the standard dose
of IM G305; dosing was to be suspended if DLTs were observed
in one-third or more of subjects. The sample sizes in Part 2
were designed to provide adequate preliminary data to inform

subsequent trials and to reject an indication should no clinical
benefit have occurred.

The primary objective was to evaluate the safety and toler-
ability of CMB305 in Cohorts 1 and 2 and in Arms A, B, and E,
and then CMB305 in combination with oral mCPA or intra-
tumoral GLA in Arms C and D, respectively. Adverse events
(AEs) and serious adverse events (SAEs) were reported up to
30 days after the last dose. The potential for DLT's was assessed
for 42 days, based on AE severity using the National Cancer
Institute Common Terminology Criteria for Adverse Events
v4.03.*° An LV305 persistence assay to evaluate for replication
competent lentivirus was run using peripheral blood mono-
nuclear cell (PBMC) pellets collected at different time points
post-treatment (Day 168, Month 12, Month 24, and beyond)
using a polymerase chain reaction-based assay (Molecular MD,
Cambridge, MA).

The secondary objectives included evaluation of clinical
responses, overall survival (OS), and progression-free survival
(PFS). Tumor imaging was performed at baseline and every
8 weeks (12 weeks in Arms C and D) until confirmed disease
progression per Response Evaluation Criteria in Solid Tumors
(RECIST) v1.1 modified to use the immune-related response
criteria (irRC).*>*" Survival visits were completed every
3 months until the end of the study. Additional secondary
objectives included evaluation of time to next treatment, time
to progression, cellular and humoral immune responses to NY-
ESO-1, and evaluation of pre- and post-regimen blood samples
for potential biomarkers of immunogenicity and clinical tumor
response. Tumor biopsies were obtained from all patients at
baseline to evaluate NY-ESO-1 expression, which was done by
immunohistochemistry staining at Mosaic laboratory (Lake
Forest, CA).

Systemic NY-ESO-1 immune response assessment was per-
formed on all patients with biomarker samples using methods
that have been published previously.”* Pre- and post PBMC
and plasma collection occurred at baseline and pre-specified
timepoints throughout the study. Assays for antibody response
to NY-ESO-1 tumor antigen were evaluated by enzyme-linked
immunosorbent assay using recombinant NY-ESO-1 protein
and peptide pools. The induction of antibodies was defined as
>4-fold increase in antibody titer as compared to baseline or
seroconversion from negative (titer <100) to positive (titer
>100). Cellular (T-cell) immune response to NY-ESO-1 was
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evaluated by interferon gamma (IFNy) enzyme-linked immune
absorbent spot (ELISpot). After bead-guided selection, CD4
and CD8 T-cells were independently cultured with peptide
pulsed, irradiated T-cell depleted PBMC (serving as antigen-
presenting cells) in RPMI + 10% serum type AB (to avoid
potential reactivity) supplemented with interleukin-2 (10 U/
mL) and interleukin-7 (20 ng/mL) twice a week. Cells were
assessed for specificity at days 10 and 20 of culture, respectively
for CD8 and CD4, using autologous antigen-presenting cells
pulsed with NY-ESO-1 peptides or controls (influenza nucleo-
protein peptide pool or dimethyl sulfoxide). A pool of over-
lapping 20-mer peptides covering the entire sequence of NY-
ESO-1 was used as antigen, which ensured that any naturally
processed Class I and Class II-restricted epitopes were detected
rather than requiring up-front selection of minimal peptides.
The assay was repeated for confirmation at day 14 and day 25
in most patients. The induction of CD4 or CD8 T-cells was
defined as >2-fold increase as compared to baseline in spots per
well in ELISpot.

Statistical analysis

Safety and efficacy analyses were performed with the safety
population, which included all patients who received at least
one injection/dose of study drug. All statistical tests were
exploratory, two-sided and tested at alpha = 0.05. The nominal
P values were presented without multiplicity adjustment. All
statistical analyses were performed using SAS® version 9.4.
Throughout the study, key safety analyses were performed
quarterly for the purposes of safety monitoring.

Overall survival and PFS were analyzed using the Kaplan-
Meier methodology. Stepwise Cox regression analysis was used
to investigate prognostic baseline factors associated with OS
and PFS. Tumor response was assessed by RECIST v1.1 criteria
modified to use the unidimensional measurements approach of
the irRC.>® At each tumor assessment, the response in index
and new measurable lesions was defined based on the change in
the sum of the longest diameters. Best overall response was
defined as the best overall tumor response assessment assigned
to a patient at any time-point during the study. Overall
response rate was defined as percent of patients with immune-
related complete response (irCR) or partial response (irPR)
and the confidence interval (CI) was estimated using Clopper-
Pearson exact method. Disease control rate was defined as the
number of patients whose best overall response was irCR, irPR,
or immune-related stable disease (irSD) divided by the number
of evaluable patients. The minimum amount of time to estab-
lish irSD was 42 days (6 weeks). Median duration of response
(DOR), time to next treatment, and time to progression with
the corresponding 95% ClIs were estimated using the Kaplan-
Meier method in each treatment arm and disease type.

Results
Patient characteristics

A total of 90 patients were screened and 79 patients were
enrolled at 8 sites (Appendix Figure 1). The median age of
patients was 50 years (range: 20-80), and 40 (50.6%) patients

were female Table 2. At study entry, 64 (81.0%) patients had
sarcomas, 68 (86.1%) had metastatic disease, and 45 (57.0%)
had progressive disease (PD). Twenty-eight (35.4%) patients
had received >3 prior therapies. The highest level of NY-ESO-1
expression (>75% of tumor cells positive) was observed in 46
(58.2%) patients, while 9 (11.4%) patients had moderate (>-
25-75% of cells positive) and 24 (30.4%) patients had low
(<25% of cells positive) NY-ESO-1 expression levels, respec-
tively (Appendix Figure 2). The majority of patients with non-
small cell lung carcinoma (NSCLC) and ovarian cancer had
<25% NY-ESO-1 expression (75.0% and 72.7%, respectively),
whereas most patients with STS (69.8%) had >75% expression
of NY-ESO-1 (Appendix Table 1). Clinical development of
CMB305 ended in early 2019 and patients participating in
this trial were taken off study drug treatment and completed
end of study visits regardless of their status in the protocol visit
schedule.

Safety

In total, 72 (91.1%) patients who received CMB305 experi-
enced at least 1 AE. The frequency of AEs was similar across
study arms, with 3 (100%) patients experiencing AEs in Cohort
1, 2 (66.7%) in Cohort 2, and 32 (91.4%), 9 (100%), 10 (100%),
9(90.0%), and 7 (77.8%) in Arms A, B, C, D, and E, respectively
Figure 2. The most common AEs overall were fatigue (27;
34.2%), nausea (21; 26.6%), injection-site pain (19; 24.1%),
decreased appetite (17; 21.5%), and dyspnea (13; 16.5%)
(Appendix Table 2).

Fifty-four (68.4%) patients experienced AEs considered
related to study treatment; among these, the most common
AEs were fatigue (19; 24.1%), injection-site pain (18; 22.8%),
influenza-like illness (11; 13.9%), myalgia (10; 12.7%), and
injection-site reaction (9; 11.4%). Among patients who
received CMB305 monotherapy (Cohorts 1 and 2 and Arms
A, B, and E), AEs considered related to treatment occurred in
66.7%, 0%, 82.9%, 66.7%, and 55.6% of patients, respectively. In
Arm C (CMB305 plus mCPA), 5 (50.0%) patients experienced
AEs related to CMB305 and 5 (50.0%) related to mCPA. In
Arm D (CMB305 plus GLA-SE), 7 (70.0%) patients experi-
enced AEs related to CMB305 and 4 (40.0%) related to GLA-
SE.

The majority of patients had AEs of maximum severity
grade 1 (22; 27.8%) or grade 2 (27; 34.2%). Grade 3 AEs
occurred in 21 (26.6%) patients; of these, 3 (3.8%) were con-
sidered related to treatment. One patient experienced two
grade 4 AEs (sepsis and platelet count decreased) and one
patient experienced a grade 5 AE of acute respiratory failure
that resulted in death, but these events were considered not
related to CMB305 treatment. There were no clinically relevant
changes in laboratory parameters related to CMB305.

A total of 18 (22.8%) patients experienced SAEs. Of the
SAEs reported, 2 (2.5%) were grade 3 events that were con-
sidered related to treatment: prostatic pain in a patient with
metastatic SS, and pneumonitis in a patient with NSCLC who
had a previous history of pneumonitis.

Adverse events that led to study treatment discontinuation
occurred in 7 (8.9%) patients; 1 (1.3%; pneumonitis) was con-
sidered possibly related to treatment. Protocol-defined DLT's
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Figure 2. Summary of adverse events by study arm. Three patients experienced dose-limiting toxicities, but there were no AEs or safety concerns reported with these
dose-limiting toxicities. Two patients experienced treatment-related serious AEs in Arm A (prostatic pain in a patient with metastatic synovial sarcoma, and pneumonitis
in a patient with non-small cell lung carcinoma who had a previous history of pneumonitis); no other patients experienced serious AEs considered related to treatment.
One patient in Arm A experienced an AE of acute respiratory failure not considered related to treatment that led to death. Abbreviation: AE = adverse event.

were reported for 3 patients (1 in Arm A and 2 in Arm B), but
none prevented a patient from receiving further injections and
there were no associated AEs or safety concerns reported with
these DLTs. Four patients had medical events of interest: 1
patient had grade 3 vomiting considered unrelated to the study
drug and 3 patients (2 in Arm A and 1 in Arm D) had non-
serious events of overdose of study drug stemming from dis-
pensing errors that did not result in any sequelae or change to
dosing.

Depending on the availability of PBMC, LV305 persistence
assay was performed in 51 (64.6%) patients, who all tested
negative at 1 (25.3%), 2 (21.5%), or more (17.7%) timepoints
tested. Twenty-eight (35.4%) patients had no LV305 persis-
tence test performed due to death, withdrawal of consent,
study termination, or unknown reasons.

Efficacy

In Part 1 of the study, the median OS was 19.2 (95% CI, 7.1-not
available [NA]) and 23.7 (95% CI, 7.5-NA) months in Cohorts
1 and 2, respectively. In Part 2, the median OS was 28.9 months
(95% CI, 13.5-33.8) for the 35 patients in Arm A and
18.4 months (95% CI, 6.9-NA) for the 9 patients in Arm
B (Figure 3; Appendix Table 3). The median OS for Arms C,
D, and E was not reached, with a 30-month OS rate of 50.0%,
100%, and 88.9% and a median duration of observation of
11.99, 20.42, and 9.23 months, respectively. Among patients
with SS, MRCL, ovarian cancer, and NSCLC, the median OS
was 26.2 (95% CI, 13.0-NA), 29.5 (95% CI, 22.1-NA), 30.3
(95% CI, 8.4-33.8), and 7.7 (95% CI, 1.2-13.5) months, respec-
tively (Appendix Table 4; Appendix Figure 3). The median PFS
in Part 1 was 14.0 months in Cohort 1 and 3.1 months in
Cohort 2, and ranged from 2.0 (Arm C) to 3.7 months (Arm
A) in Part 2 (Figure 3; Appendix Table 3). Patients with SS,
MRCL, ovarian cancer, and NSCLC had a median PFS of 2.4
(95% CI, 2.1-5.6), 5.1 (95% CI, 2.6-7.2), 3.3 (95% CI, 1.8-3.9),
and 2.3 (95% CI, 1.2-2.5), respectively. Among patients with
STS, 6 patients with SS (2 in Cohort 1, 1 in Arm A, 1 in Arm B,
and 2 in Arm C) remained progression-free for 12.0 to
30.4 months, and 2 patients with MRCL in Arm A remained

progression-free for 23.0 and 35.1 months, respectively. In
a subgroup analysis, patients with STS who had PD at screen-
ing but achieved stable disease during the study had a median
PES of 6.0 months (95% CI, 3.1-9.2).

In Part 2, disease control rates were 68.6% in Arm A, 33.3%
in Arm B, 40.0% in Arm C, 90.0% in Arm D, and 66.7% in Arm
E, with a total of 50 (63.3%) of patients on the study achieving
irSD based on irRC. The disease control rate for patients with
STS was 61.9% with a median DOR of 4.6 months (95% CI,
2.0-7.1), and 81.8% of patients with ovarian cancer and 50.0%
of patients with NSCLC had irSD, with a median DOR of 1.4
(95% CI, 0.5-3.7) and 0.4 (95% CI, NA-NA) months, respec-
tively (Appendix Table 4). No objective responses were
observed. Time to next treatment and time to progression
results are available in Appendix Tables 5 and 6.

Immune response

At baseline, evidence of preexisting NY-ESO-1 specific anti-
bodies (sarcomas 28.3%, ovarian 45.5%, and NSCLC 33.3%)
and T-cells (sarcomas 38.0%, ovarian 37.5%, and NSCLC
33.3%) were comparable across disease types (Appendix
Figure 4). There was a weak positive correlation between NY-
ESO-1 expression level (0-100%) and preexisting T-cells
(r = 0.3107; p = .0148), but not preexisting NY-ESO-1 anti-
bodies (r = 0.1000; p = .3965) (Appendix Figure 5). CMB305
induced antibody responses to NY-ESO-1 in 62.9% of patients
and T-cell responses in 47.4%; a total of 22.8% of patients had
both Figure 4. Appendix Figure 6 displays the time course of
CD4 and CD8 T-cell and NY-ESO-1 antibody responses in
a patient with an induced integrated response. No difference
was observed by changing administration routes (ID LV305
and IM G305 in Arm A vs SC for both LV305 and G305 in Arm
B), addition of oral mCPA (in Arm C), or addition of intratu-
moral GLA-SE injection (in Arm D).

This preliminary study was not powered to evaluate corre-
lations between efficacy and immune outcomes. However,
a signal indicating a potentially higher 1-year OS rate was
observed in patients with SS treated with CMB305 alone
when they also had preexisting NY-ESO-1 antibody (100% vs



€1847846-8 N. SOMAIAH ET AL.

(A) Overall survival

1.0 1

0.8
0.6

0.4

Survival Probablity

0.2

0.0

e — — ———— —— —H —+

0 3 6 9 12 15 18 21

T T T T T T T T T
24 27 30 33 36 39 42 45 48

Overall Survival (Month)

|—— AmA ———- AmB

-—— AmC — — AmD

(B) Progression-free survival

1.0

0.8

0.6

0.4

Survival Probablity

0.2

0.0

Figure 3. (a) Overall survival and (b) Progression-free survival by study arm.
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virus),”>*> to our knowledge, this phase 1b trial is the first

69.2%, with a difference of 30.8%; 95% CI, 5.7-55.9; p = .0162),
as well as those for whom T-cells were induced on >2 time
points (100% vs 75.0%, with a difference of 25.0%; 95% ClI,
0.5-49.5; p = .0455) or had an integrated response post-study
treatment (100% vs 76.9%, with a difference of 23.1%; 95% CI,
0.2-46.0; p = .0483) (Appendix Figure 7).

Discussion

While prime-boost vaccines built around a lentiviral vector as
the priming component have been evaluated in the context of
infectious diseases such as HIV (human immunodeficiency

report of a clinical study using this vaccination strategy in
cancer. CMB305 treatment either alone or in combination
with oral mCPA or intratumoral GLA-SE was well-tolerated
in the dose-escalation phase and across tumor types in this
trial, with the most common AEs being fatigue, nausea, injec-
tion-site pain, decreased appetite, and dyspnea. While 54
(68.4%) patients had AEs considered related to study treat-
ment, most of these patients (51; 94.4%) had AEs that were
only grade 1 or 2 in severity and transient. Three patients
experienced protocol-defined DLTs, but they were not asso-
ciated with other AEs or safety concerns and did not prevent
resumption of study treatment. Overall, the safety profile of
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Figure 4. Immune response frequencies by study arm. Complete biomarker data were not available for all patients. The Ns for each study arm denote the total
number of patients with biomarker data in that arm. Numerators and denominators are shown above each bar. Integrated response was defined as positive if both NY-
ESO-1 antibody and T-cells (CD4 and CD8) were positive. T-cell analysis was not performed for patients in Arm E due to early study termination.

CMB305 appeared to be similar across treatment arms, with
most patients in each study arm experiencing at least one mild
to moderate adverse event. The CMB305 vaccine regimen was
generally well tolerated in each arm, with expected toxicity
profiles observed.

CMB305 demonstrated an ability to induce anti-NY-ESO-1
antibody and T-cell responses across treatment arms and dis-
ease types. Eighteen percent of patients experienced the induc-
tion of an integrated immune response, which has previously
been linked to enhanced tumor control in melanoma patients
treated with ipilimumab.>* A signal indicating a potentially
higher 1-year survival rate was observed in patients with SS
treated with CMB305 alone who had preexisting NY-ESO-1
antibodies, T-cells induced at 22 time points, or an integrated
response post-study treatment. Overall, there was no signifi-
cant difference in OS between patients with and without
induced NY-ESO-1 antibodies, T-cells, or an integrated
immune response. In approximately half of the patients who
had an induced T-cell response at the first evaluated timepoint,
a response was not present at the second evaluated timepoint.
These results may indicate that the induction of an immune
response is not sufficient to produce durable tumor control in
this population with advanced oncologic disease. The ability to
interpret the efficacy data is limited by the small sample size
and heterogeneity within the treatment arms and the lack of
a controlled comparator group.

Previous cancer vaccines studies have had inconsistent out-
comes regarding immune responses and have not led to tumor
regressions, but prolonged survival has been noted.”> ** In this
study, the median OS of 26.2 and 29.5 months in patients with
SS and MRCL, respectively, compares favorably with published
data (OS of 11.7 to 13.5 months) for patients with advanced or
metastatic STS in second-line and beyond.**™* In addition,
a total of 51.5% of patients with SS and 74.1% of patients
with MRCL experienced irSD on the study. The observed
median PFS ranged from 2.0 to 3.7 months in Part 2, which
is consistent with other published trials in this patient popula-
tion (PFS of 1.5 to 4.6 months).*'~** It is important to consider
that evaluation of PFES in this study included clinical progres-
sion/symptomatic deterioration, which leads to shorter median
PES compared to later phase studies that include only radiolo-
gical PD. Patients receiving the higher dose of LV305 in Arm
E (4 x 10%° vg SC) had an OS rate of 88.9% and a PFS rate of

62.5% at the time the study was terminated, with the median
OS and PFS not yet reached. The study termination and small
number of patients prevent interpretation about the long-term
benefit of the higher SC LV305 dose.

Several confounding factors must be considered when inter-
preting the clinical outcomes in this study. Patients had
a relatively high level of disease burden overall, with 86.1%
having metastatic disease at the start of the study. However,
there was considerable heterogeneity both across and between
treatment arms, with each arm having multiple tumor types,
NY-ESO-1 expression levels, and types and lines of prior ther-
apy. Combined with the small sample size and lack of a control
arm, these factors limit the interpretation and generalizability
of the clinical outcome findings for any specific disease type.

To enhance the clinical activity of vaccine-based
approaches, strategies that combine the vaccine with check-
point inhibitors or other immunomodulatory therapies to alle-
viate immunosuppression in the tumor microenvironment
have been discussed.’®****~*® In this study, administering the
CMB305 vaccine in combination with intratumoral GLA-SE,
a synthetic TLR4 agonist (Arm D), resulted in positive activity
in patients with SS or MRCL. With a median follow-up of
20.4 months, 100% of the patients in Arm D were still alive at
the time of study termination. Additionally, patients in Arm
D achieved a disease control rate of 90.0% (95% CI, 56%-—
100%), even though 9 (90.0%) patients in Arm D patients had
metastatic disease, 8 (80.0%) had PD at study entry, and 9
(90.0%) had prior chemotherapy, including 7 (70.0%) with >2
prior lines of chemotherapy. Further research is necessary to
evaluate the clinical benefit of a “prime-pull” strategy combin-
ing treatments such as CMB305 with intratumoral GLA-SE in
patients with advanced or metastatic SS or MRCL. While
CMB305 administration with mCPA resulted in a less robust
clinical response (disease control rate of 40.0%), the patients in
this arm also had the lowest percentage of preexisting NY-ESO
-1 antibodies and T-cells. Given that patients with preexisting
NY-ESO-1 antibodies exhibited better 1-year survival rates,
this may explain the reduced clinical activity demonstrated
with the CMB305 and mCPA combination.

With limited treatment options and continued poor out-
comes for patients with SS and MRCL, there has been growing
interest in vaccine strategies to induce an immune response
directed against these cancers.’®*>*’ Given that effective
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therapies for patients with SS or MRCL remain inadequate
despite ongoing research,”®>" this study argues that novel
vaccination strategies could potentially benefit patients with
SS and MRCL and that further exploration is warranted.

Conclusions

In summary, administering a lentiviral vector as the priming
component in a prime-boost vaccine regimen was feasible, safe,
and well-tolerated in this Phase 1b trial of 79 patients with
locally advanced, relapsed, or metastatic cancer expressing NY-
ESO-1. The prime-boost regimen exhibited both clinical and
immunogenic activity across study arms and disease types.
This study will serve as a benchmark for future studies of
vaccine trials using prime-boost regimens, as well as those
using dendritic cell-targeted lentiviral agents.
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