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ABSTRACT

Background. Melanoma therapy has changed dramati-
cally over the last decade with improvements in
immunotherapy, yet many patients do not respond to cur-
rent therapies. This novel vaccine strategy may prime a
patient’s immune system against their tumor and work
synergistically with immunotherapy against advanced-
stage melanoma.

Methods. This was a prospective, randomized, double-
blind, placebo-controlled, phase IIb trial of the tumor
lysate, particle-loaded, dendritic cell (TLPLDC) vaccine
administered to prevent recurrence in patients with resected
stage III/IV melanoma. Patients were enrolled and ran-
domized 2:1 to the TLPLDC vaccine or placebo (empty
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yeast cell wall particles and autologous dendritic cells).
Both intention-to-treat (ITT) and per treatment (PT) anal-
yses were predefined, with PT analysis including patients
who remained disease-free through the primary vac-
cine/placebo series (6 months).

Results. A total of 144 patients were randomized (103
vaccine, 41 control). Therapy was well-tolerated with similar
toxicity between treatment arms; one patient in each group
experienced related serious adverse events. While disease-
free survival (DFS) was not different between groups in ITT
analysis, in PT analysis the vaccine group showed improved
24-month DFS (62.9% vs. 34.8%, p = 0.041).
Conclusions. This phase IIb trial of TLPLDC vaccine
administered to patients with resected stage III/IV mela-
noma shows TLPLDC is well-tolerated and improves DFS
in patients who complete the primary vaccine series. This
suggests patients who do not recur early benefit from
TLPLDC in preventing future recurrence from melanoma.
A phase III trial of TLPLDC + checkpoint inhibitor versus
checkpoint inhibitor alone in patients with advanced, sur-
gically resected melanoma is under development.

Trial Registration. NCT02301611.

The last decade has seen an increase in therapy options for
the treatment of advanced melanoma. This was led by the
emergence of checkpoint inhibitor (CPI) therapy'*
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followed by the success of targeted therapies such as BRAF
and MEK inhibitors.> After showing promise in the once
bleak field of metastatic melanoma, these therapies have
recently been approved for adjuvant therapy in
resectable disease.*® Given that recurrent or metastatic
melanoma is rarely cured, this movement towards adjuvant
therapy to prevent recurrence represents an important step
forward.

While these therapies offer hope to patients who previ-
ously had few options, there is room for improvement. Most
metastatic patients will eventually not respond to BRAF/
MEK inhibitors when their tumors escape via novel muta-
tions.”® Additionally, many patients do not respond to CPI
therapy and few responses are durable.' This failure of CPI
therapy is likely, at least in part, due to a lack of endogenous
antitumor immune response. Cancer vaccines may augment
an immune response specific to a patient’s tumor when this
has not happened innately. While cancer vaccine
monotherapy has been mostly ineffective, one US FDA-
approved dendritic cell (DC) vaccine is available for the
treatment of prostate cancer.’ In melanoma, there has been
no such success, even with DC vaccines’'® but few trials have
studied such therapy in the adjuvant setting, where we expect
vaccines to have a more meaningful effect.'’ Additionally,
while vaccine monotherapy may not be effective in those
with intact metastatic disease, a vaccine-induced immune
response may serve to improve responses to CPI ther-
apy.'*™'* Preclinical work has shown the promise of this
combination strategy and early clinical trials are currently
evaluating such combinations.'”

Our group developed a novel vaccine for melanoma
patients, the dendritoma vaccine, which utilizes a fusion of
autologous tumor cells and DCs to activate a patient’s
immune system against the unique collection of antigens
from each individual’s tumor.'® While this strategy showed
early success treating patients with metastatic melanoma, it
is labor-intensive and expensive. Thus, we moved to a more
scalable model—the tumor lysate, particle-loaded, dendritic
cell (TLPLDC) vaccine. Briefly, this vaccine is created by
ex vivo loading of autologous DC with yeast cell wall par-
ticles (YCWPs) containing a patient’s tumor lysate (TL),
resulting in effective and efficient delivery of tumor antigens
to the cytoplasm of the DC. An initial phase I trial demon-
strated the safety and potential efficacy of this vaccine in
patients with a variety of malignancies.'” We are currently
conducting a phase IIb trial of the TLPLDC vaccine
administered to prevent recurrence in patients with stage 111/
IV melanoma after successful resection of disease. In this
study, we present the primary analysis for safety and
efficacy.

METHODS
Patient Characteristics

After approval by the Western Institutional Review
Board, patients with completely resectable stage II/IV
melanoma were identified prior to definitive surgery, then
counseled and consented for tissue collection (consent #1).
Consented patients underwent standard-of-care (SOC)
resection as indicated. Any patients who were unable to be
rendered disease-free surgically were considered screen
failures. After surgery, patients received systemic therapy
and/or radiation therapy at the discretion of their primary
care team. If the patient received chemotherapy or inter-
feron as part of their SOC therapies, then vaccination
began after completion of these therapies. The protocol was
amended partway through enrollment to allow concurrent
CPIs after their approval for the adjuvant setting.

All enrolled patients were clinically disease-free after
SOC therapies. Patients had an Eastern Cooperative
Oncology Group (ECOG) performance status of 0—1, were
not involved in other clinical trials, and were capable of
giving informed consent. Exclusion criteria included any
evidence of residual disease after surgery and SOC thera-
pies, insufficient tumor available to create the vaccine (<1
mg), active immunodeficiency disease, HIV, active hep-
atitis B or C infections, current corticosteroid or other
immunosuppressant use.

After completion of SOC therapies, patients were
recounseled and consented again for treatment (consent
#2). Enrolled patients were randomized 2:1 to vaccine or
control. Randomization tables were computer-generated
with a site-balancing algorithm.

The protocol initially planned to enroll 120 patients, a
sample size calculated with the assumption of a baseline
recurrence rate of 60% at 2 years in a mixed group of stage
III/IV resected melanoma, and treatment effect corre-
sponding to a hazard ratio of 0.50. Size was calculated with
80% power to detect a statistical difference, with a two-
sided alpha of 0.05. However, this protocol was amended
to allow inclusion of additional patients randomized to the
TLPLDC vaccine arm in a continuation trial in which
patients received the same vaccine preparation method and
dosing schedule, as described below, in a randomized,
double-blind fashion. It was prespecified in the study pro-
tocol and statistical plan that these additional patients
would be included in the primary analysis of this trial.

Vaccine Preparation and Administration
For DC isolation, patients received a single injection of

granulocyte colony-stimulating factor (G-CSF) 300 pg
subcutaneously 24-48 h prior to the collection of 50-70
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mL of peripheral blood. Patients who could not tolerate
G-CSF, or refused it, had 120 mL of blood drawn instead.
Blood was sent to our central facility for DC isolation and
vaccine preparation.

Vaccine preparation was completed as previously
described.!’ Briefly, for those randomized to the TLPLDC
arm, TL was created through freeze/thaw cycling, then
loaded into preprepared YCWPs along with stock CpG
oligonucleotides and tetanus helper peptide (amino acids
948-968, sequence FNNFTVSFWLRVPKVSASHLE).
Fifty milligrams of tumor was required for creation of
sufficient TL, although 0.5 cm® was preferred. The TL-
loaded YCWP were introduced to the immature, mono-
cytic-derived DC for phagocytosis, thus creating the
TLPLDC vaccine. The vaccine was then frozen in single-
dose vials, with each vial containing 1-1.5 x 10° TLPLDC
and labeled with the patient’s unique study number. For
patients randomized to the control group, unloaded
YCWPs were introduced to a similarly prepared autologous
DC, and the resultant placebo vaccine was appropriately
frozen and labeled.

Based on patients’ randomization, autologous TLPLDC
vaccine (vaccine group) or unloaded YCWPs + autologous
DC (control group) were sent to each study site, with
patients and site personnel blinded to allocation. Regard-
less of assigned group, the site received six single-dose
vials. Patients received 3-monthly intradermal injections
and then inoculations at 6, 12, and 18 months, all in the
same lymph node draining area (preferably anterior thigh).
The first three inoculations were considered the primary
vaccine series (PVS) and the latter three were considered
the booster series. Patients began vaccinations between 3
weeks and 3 months from resection after completion of
SOC therapies; if started on CPIs, patients had to demon-
strate tolerance of CPIs for 3 months prior to vaccination.
Frozen tumor was maintained for all patients. Any patient
in the control group who experienced a recurrence was
offered active vaccine at the time of recurrence in a
crossover fashion, in addition to repeat resection or other
SOC therapies.

Toxicity

For both the primary inoculations and booster series,
patients were monitored for 30 min after inoculation.
Patients contacted research nurses as needed between vis-
its, and were reassessed and questioned about any toxicity
at their next visit. Local or systemic toxicities were col-
lected and graded by each study site’s research personnel.
The National Cancer Institute Common Terminology Cri-
teria for Adverse Events (CTCAE) version 4.03 graded
toxicity scale was utilized to assess local and systemic
toxicity. Treatment-related adverse events (AEs) included

toxicity classified as ‘definitely’, ‘probably’, or ‘possibly’
related by the study site primary investigator, while AEs
classified as ‘unlikely’ or ‘unrelated’ were not considered
treatment-related for this analysis. AEs were classified as
serious if they met any of the following criteria: resulted in
death, were life-threatening, required or prolonged inpa-
tient hospitalization, were disabling, were a congenital
anomaly/birth defect, or required medical or surgical
intervention to prevent one of these outcomes.

Survival Analysis

Disease-free survival (DFS) and overall survival (OS)
status were monitored per each patient’s treating provider
as outlined by National Comprehensive Cancer Network
guidelines. Suspected recurrences were confirmed with
biopsy and pathologic assessment. Time to recurrence was
based on the date of randomization to the time of confirmed
recurrence. The primary endpoint of this trial was 2-year
DFS. This primary analysis was prespecified at 24 months
from the enrollment of the 120th patient. Per the statistical
plan, survival analysis was performed on the intention-to-
treat (ITT) and per treatment (PT) populations. The PT
analysis included only patients who remained enrolled on
the trial and disease-free at the fourth dose time point, 6
months from initiation of therapy. Secondary endpoints
included 36-month DFS and OS, as well as safety mea-
sured using the CTCAE version 4.03.

Statistical Analysis

Demographic data were analyzed using Student’s 7-test
if quantitative and the Chi-square test if categorical. DFS
was determined using Kaplan—Meier analysis. Comparison
of toxicity between groups was performed using the Chi-
square test or Fisher’s exact test. The proportion of subjects
who recurred was compared using log-ranked analysis,
with significance determined by the Mantel-Cox log-rank
test. A p value <0.05 was considered significant. All
statistics were calculated in SPSS version 22 (IBM Corp.
Released 2013. IBM SPSS Statistics for Windows, Version
22.0. Armonk, NY, USA).

RESULTS

Patients

From February 2015 to May 2019, 267 patients were
screened and 144 patients were randomized, with 103 in
the vaccine group and 41 in the control group (Fig. 1). The
only significant clinical, pathologic, or treatment-related
difference between the groups included a higher number of
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FIG. 1 CONSORT diagram demonstrating patient flow through screening, randomization, treatment, and follow-up. /77T intention-to-treat,

TLPLDC tumor lysate, particle-loaded, dendritic cell, PT per treatment

patients having primary disease in the TLPLDC versus
placebo groups (70.9 vs. 53.7%, p = 0.049) compared with
recurrent disease (29.1 vs. 46.3%) (Table 1). Although
there was no difference in overall American Joint Com-
mittee on Cancer (AJCC) stage III versus stage IV disease
between groups, there was a significant difference when
compared by substage, namely a greater percentage of
stage Illc disease in the TLPLDC group and a greater
percentage of stage IlIb disease in the placebo group
(Table 2). There was an unexpectedly high rate of positive
margins in both groups (25.2 vs. 31.7%, p = 0.756). This
likely represented the initial biopsies, which were followed
by definitive surgery to render patients disease-free surgi-
cally to meet the trial inclusion criteria, but final margin
status was not captured in our data set. However, there was
no difference between groups in margin status. As expec-
ted, most patients (94%) did not receive chemotherapy.
Less than one-third received a CPI as these agents were not
approved for the adjuvant setting until later in the enroll-
ment period; the CPI agents used are shown in Table 3.

The PT analysis included 66 patients in the vaccine
group and 32 patients in the control group (Fig. 1) who
remained enrolled on the trial and disease-free at the fourth
dose time point, 6 months from initiation of therapy. A
total of 28 patients in the vaccine group and 10 patients in
the control group completed the full series of six vaccines.
In PT analysis, the vaccine group was older (median age
64.8 vs. 60.9, p = 0.036), but there were no other significant
differences between groups in terms of pathologic, staging,
or treatment-related factors.

Vaccine Preparation

A full vaccination series was produced for all patients.
For DC isolation, 71 patients received a dose of Neu-
pogen® and had 50-70 mL of blood drawn, while 73
patients did not receive Neupogen® and instead had 120
mL of blood drawn. The median DC yield was higher in
those patients receiving Neupogen® and smaller blood
volume collection (9 x 108 cells vs. 7.2 x 10° cells, p=
0.021). A total of 12 vaccine production runs failed in 11
patients (one patient had two production runs fail and
required a third blood draw). Of these 11 patients requiring
redraw, five received Neupogen® and had 50-70 mL of
blood drawn, while six patients had 120 mL of blood
drawn. The reasons for production failure included six with
inadequate cell production, four that failed to meet sterility
requirements, and two with failed cell viability.

The median time to vaccine delivery was 18 days, with 3
days for production, 14 days for sterility/viability testing,
and 1 day for shipping. This time was longer when the first
production run failed.

Toxicity

AEs are summarized in Table 4. Study-wide, 97 (67.4%)
patients experienced an AE, with no difference between
groups (p = 0.880). Most (93.2%) AEs were grade 1 or 2.
Maximum local and systemic toxicity was not significantly
different between treatment groups (p = 0.35). A total of 20
patients (13.8%) experienced a grade 3 or higher AE, with
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TABLE 1 Demographic and pathologic data with comparison between TLPLDC versus placebo in the ITT and PT cohorts

Category ITT analysis PT analysis
TLPLDC Placebo p value TLPLDC Placebo p value
Age, years
Median 63.6 59.4 0.076 64.9 60.9 0.036
IQR 55.6-73.0 49.5-67.8 58.2-74.9 50.3-70.2
Race
Asian 0 () 1(24) 0.320 0 (0) 13.1) 0.203
Black 0 () 124 0 (0) 1@3.D
Hispanic 329 1(24) 0 (0) 1@3.D)
Native American 1 (1.0) 0 (0) 1(1.5) 0 (0)
Unknown 1(1.0) 0 (0) 1(1.5) 0 (0)
White 98 (95.1) 38 (92.7) 64 (97) 29 (90.6)
Disease type
Primary 73 (70.9) 22 (53.7) 0.049 45 (68.2) 19 (59.4) 0.390
Recurrent 30 (29.1) 19 (46.3) 21 (31.8) 13 (40.6)
Ulceration
Present 17 (16.5) 12 (29.3) 0.316 9 (13.6) 10 (31.3) 0.225
Absent 22 (21.4) 7 (17.1) 17 (25.8) 6 (18.8)
Not available 64 (62.1) 22 (53.7) 40 (60.6) 16 (50.0)
TILs
Brisk 329 2 (4.9) 0.462 2 (3.0 2 (6.3) 0.319
Mild 2 (1.9) 0 (0) 2 (3.0) 0 (0)
Non-brisk 14 (13.6) 10 (24.4) 8 (12.1) 7 (21.9)
Absent 8 (7.8) 124 6(9.1) 0 (0)
Not available 76 (73.8) 28 (68.3) 48 (72.7) 23 (71.9)
In-transit disease
Present 9 8.7 124) 0.420 6 (9.1) 13.1) 0.568
Absent 31 (30.1) 10 (24.4) 19 (28.8) 7 (21.9)
Not available 63 (61.2) 30 (73.2) 41 (62.1) 24 (75.0)
Satellites
Present 5 (4.8) 124 0.851 3 4.5) 131 0.893
Absent 37 (35.9) 13 (31.7) 24 (36.4) 10 (31.2)
Not available 61 (59.2) 27 (65.9) 39 (59.1) 21 (65.6)
Lymphatic invasion
Present 15 (14.6) 2 (4.9) 0.442 8 (12.1) 13.1) 0.502
Absent 33 (32.0) 14 (34.2) 20 (30.3) 10 (31.2)
Not available 55 (53.4) 25 (60.9) 38 (57.6) 21 (65.6)
Primary location
Extremity 39 (37.9) 18 (43.9) 0.779 25 (37.9) 14 (43.8) 0.805
Trunk 24 (23.3) 7 (17.1) 15 (22.7) 6 (18.8)
Head and neck 16 (15.5) 6 (14.6) 11 (16.7) 6 (18.8)
Axillary 12 (11.7) 6 (14.6) 9 (13.6) 4 (12.5)
Inguinal 5(4.9) 124) 3 4.5) 13.1)
Intra-abdominal 329 124) 2 (3.0 0 (0)
Lung 329 1(24) 0 (0) 13.1)
Unknown 1 (1.0) 124 1 (1.5) 0 (0)
Margins
Positive 26 (25.2) 13 (31.7) 0.756 15 (22.7) 9 (28.1) 0.413
Negative 46 (44.7) 19 (46.3) 27 (40.9) 16 (50.0)
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Table 1 (continued)
Category ITT analysis PT analysis
TLPLDC Placebo p value TLPLDC Placebo p value
Not available 31 (30.1) 9 (22.0) 24 (36.4) 7 (21.9)
BRAF mutation
Yes 48 (46.6) 16 (39.0) 0.538 30 (45.5) 10 (31.3) 0.385
No 38 (36.9) 14 (34.1) 24 (36.4) 13 (40.6)
Not available 17 (16.5) 11 (26.8) 12 (18.2) 9 (28.1)

Data are expressed as n (%) unless otherwise specified

TLPLDC tumor lysate, particle-loaded, dendritic cell, /77 intention-to-treat, PT per treatment, /QR interquartile range, 7/Ls tumor-infiltrating

lymphocytes

no significant difference between groups (11.7% vaccine
vs. 19.5% control, p = 0.218).

With regard to related AEs, 34.7% of patients experi-
enced treatment-related AEs, with no difference in the rate
between arms (35.9% vaccine vs. 31.7% control, p =
0.632). Of these related AEs, almost all (98.1%) were
grade 1 or 2. No patients experienced a serious AE deemed
likely related. Two experienced serious AEs deemed pos-
sibly related to treatment—one patient in the TLPLDC
group (three severe AEs, i.e. cough, weight loss, and ane-
mia) and one patient in the placebo group (unspecified
systemic infection).

The most common local toxicities were injection site
erythema (14.6%) and skin induration (10.4%). The most
common systemic toxicities were fatigue (13.2%), head-
ache (9.0%), diarrhea (8.3%), cough (7.6%), and fever
(6.3%). There were no differences in the rates of these AEs
between groups.

Recurrence Rates

In the ITT analysis, at a median follow-up of 19.1
months, 57/103 patients (55.3%) in the TLPLDC group had
recurred compared with 28/41 (68.3%) in the placebo
group (p = 0.154). In PT analysis, at a median follow-up of
19.5 months, 20/66 patients (30.3%) in the TLPLDC group
had recurred compared with 19/32 (59.4%) in the placebo
group (p = 0.006).

Survival Analysis

Disease-Free Survival In the ITT analysis, at a median
follow-up of 19.1 months, the estimated 24-month DFS did
not show a significant difference in the ITT analysis
(38.5% vs. 27.0%, p = 0.974), and there was no difference
in the estimated 36-month DFS (34.2% vs. 21.6%, p =
0.889) (Fig. 2a).

In the PT analysis, at a median follow-up of 19.5
months, the vaccine group had significantly increased
estimated 24-month DFS (62.9% vs. 34.8%; p = 0.041).
Moreover, the vaccine group showed a significantly
increased estimated 36-month DFS, with the vaccine group
showing over twice the DFS of the placebo group (55.9%
vs. 27.9%, p = 0.021) [Fig. 2b].

Overall Survival In the ITT population, the 24-month OS
was 86.4% in the TLPLDC arm and 75.1% in the control
arm (p = 0.15) [Fig. 3]. The estimated 36-month OS for the
ITT population was 67.8% in the TLPLDC arm and 49.3%
in the control arm (p = 0.159).

DISCUSSION

We report the primary analysis of the phase IIb trial of
the TLPLDC vaccine administered to prevent recurrence in
patients with stage III/IV melanoma after resection. Per-
sonalized vaccines were successfully prepared for all
patients, and the vaccine was well-tolerated. While ITT
analysis did not show a clear benefit from the vaccine, the
predetermined PT analysis, limited to patients who did not
recur during the PVS, showed a benefit from the vaccine,
demonstrating a significantly increased 24-month DFS and
doubling of the estimated 36-month DFS.

The recent emergence of CPIs has reinvigorated the field
of immunotherapy. In addition to non-specific immunos-
timulatory CPIs, neoantigen-directed active specific
immunotherapy, including adoptive cell therapies, is
showing clinical benefit.”'8-2° Unfortunately, even these
successful specific therapies have not been widely adopted,
in part because their production is time- and labor-inten-
sive, and prohibitively expensive.”’ The TLPLDC vaccine
was designed to stimulate a similarly specific immune
response, but in a more efficient and scalable manner.
Importantly, the TLPLDC vaccine incorporates all relevant
antigens and neoantigens derived from a patient’s tumor in
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TABLE 2 Staging data with

. Category ITT analysis PT analysis
comparison between TLPLDC
versus placebo in the ITT and TLPLDC Placebo p value TLPLDC Placebo p value
PT cohorts
AJCC T7th edition overall stage
1 80 (77.7) 32 (78.0) 0.961 52 (78.8) 26 (81.3) 0.777
v 23 (22.3) 9 (22.0) 14 (21.2) 6 (18.8)
AJCC 7th edition stage
IIIa 9 (8.7) 5(12.2) 0.013 6 (9.1) 2(6.2) 0.211
IIIb 24 (23.3) 19 (46.3) 19 (28.8) 16 (50.0)
IlIc 47 (45.6) 8 (19.5) 27 (40.9) 8 (25.0)
v 23 (22.3) 9 (22.0) 14 (21.2) 6 (18.8)
T stage
TO 2(1.9) 0 () 0.346 1(1.5) 0 (0) 0.636
Tis 1(1.0) 0(0) 0 (0) 0 (0)
T1 7 (6.8) 7(17.1) 4 (6.1) 4 (12.5)
T2 21 (20.4) 4 (9.8) 16 (24.2) 3094
T3 22 (21.4) 8 (19.5) 14 (21.2) 7 (21.9)
T4 24 (23.3) 7 (17.1) 15 (22.7) 7 (21.9)
X 11 (10.7) 7 (17.1) 7 (10.6) 4 (12.5)
Unavailable 15 (14.6) 8 (19.5) 9 (13.6) 7 (21.9)
N stage
N1 18 (17.5) 14 (34.1) 0.168 13 (19.7) 9 (28.1) 0.595
N2 26 (25.2) 9 (22.0) 17 (25.8) 8 (25.0)
N3 32 (31.1) 7 (17.1) 22 (33.3) 6 (18.8)
Unavailable 27 (26.2) 11 (26.8) 14 (21.2) 9 (28.1)
M stage
MO 75 (72.8) 27 (65.9) 0.868 48 (72.7) 22 (68.8) 0.714
Mla 5(4.9) 3(7.3) 34.5) 2 (6.3)
Milb 4 (3.9 124 3 (4.5) 0 (0)
Mlc 5(4.9) 3(7.3) 3 (4.5) 2 (6.3)
Unavailable 14 (13.6) 7 (17.1) 9 (13.6) 6 (18.8)

Data are expressed as n (%)

TLPLDC tumor lysate, particle-loaded, dendritic cell, /7T intention-to-treat, PT per treatment, AJCC
American Joint Committee on Cancer

their personalized vaccine. This trial confirms that this
vaccine can be successfully produced, with no failures in
vaccine production for 144 consecutive patients and an
over 90% success rate with the first-pass production run.
Additionally, median time to delivery of the vaccines was
only 18 days. This personalization and scalability could
lead to broader application of immunotherapy for patients
with any solid tumor, whether through vaccine monother-
apy or in combination with a CPIL.

A second factor limiting broader application of
immunotherapies is toxicity. The first successful CPI,
ipilimumab, has unquestionably changed the landscape of
oncology, but this therapy came with a significant level of
toxicity.”' The next generation of CPIs, to include pem-
brolizumab and nivolumab, have less, but still
considerable, toxicity"®* and toxicity rates are even higher

when CPIs are combined.” While these high rates of
toxicity are considered acceptable in the setting of meta-
static melanoma, where options are limited and prognosis
is poor, the acceptable threshold of toxicity is necessarily
lower in the adjuvant setting. As progress continues in the
treatment of non-metastatic melanoma, additional therapies
need to add efficacy without adding to the already con-
siderable toxicities of existing therapies. In line with this
need for lower toxicity, the current study confirms that the
TLPLDC vaccine is appropriately well-tolerated.

While safety is clearly important in the adjuvant setting,
the ultimate goal is to improve outcomes. Although there
was an 11% absolute difference in both 24-month DFS and
OS favoring the TLPLDC vaccine in ITT analysis, this
difference was not statistically significant. However, there
was an encouraging trend in OS (p = 0.15), which is
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TABLE 3 Prior treatment data Category ITT analysis PT analysis
with comparison between
TLPLDC versus placebo in the TLPLDC Placebo  p value TLPLDC Placebo p value
ITT and PT cohorts
Wide local excision
Yes 88 (85.4) 29 (70.7) 0.031 55 (83.3) 24 (75.0) 0.328
No 15 (14.6) 12 (29.3) 11 (16.7) 8 (25.0)
Lymph node surgery
SLNB 15 (14.6) 8 (19.5) 0.171 9 (13.6) 8(25.0) 0.121
LND 30 (29.1) 18 (43.9) 19 (28.8) 13 (40.6)
SLNB and LND 29 (28.2) 6 (14.6) 21 (31.8) 4 (12.5)
None 29 (28.2) 9 (22.0) 17 (25.8) 7 (21.9)
Immunotherapy
Yes 41 (39.8) 15 (36.6) 0.721 30 (45.5) 11 (344) 0.297
No 62 (60.2) 26 (63.4) 36 (54.5) 21 (65.6)
CPI
Yes 34 (33.0)0 9 (22.00 0.229 24 (364) 7(21.9) 0.148
No 69 (67.0) 32 (78.0) 42 (63.6) 25 (78.1)
CPI agents
Ipilimumab only 13 (12.6) 6 (14.6) 0.662 9 (13.6) 5(15.6) 0.480
Nivolumab only 9 (8.7) 124 7 (10.6) 1 (3.1
Pembrolizumab only 6 (5.8) 124 4 (6.1) 1@3.1)
Ipilimumab + pembrolizumab 329 0 (0) 2 (3.0) 0 (0)
Ipilimumab + nivolumab 2 (1.9) 1(2.4) 2 (3.0 0 (0)
Ipilimumab + PD1 (unspecified) 1 (1.0) 0 (0) 0 (0) 0 (0)
Other immunotherapy
Interleukin-2 4 (3.9) 2 (4.9) 0.090 1 (1.5) 2 (6.2) 0.266
Interferon-o 7 (6.8) 3(7.3) 4 (6.1) 1@3.1)
T-VEC 4 (3.9 2 (4.8) 3 (4.5) 2 (6.2)
BCG 0 (0) 3(7.1) 0 (0) 2 (6.2)
Chemotherapy
Yes 6 (5.8) 124 0.394 4(6.1) 0 (0) 0.155
No 97 (94.1) 40 (97.6) 62 (93.9) 32 (100)
Chemotherapy agents
Dacarbazine, cisplatin, vinblastine 2(1.9) 0 (0) 0.424 1(1.5) 0 (0) 0.568
Paclitaxel, carboplatin 1 (1.0) 0 (0) 0 (0) 0 (0)
Imatinib, dasatinib 0 (0) 1(2.4) 0 (0) 0 (0)
Melphalan (isolated limb perfusion) 3 (2.9) 0 (0) 3 4.5) 0 (0)
BRAF inhibitor
Yes 8 (7.8) 3(7.3) 0.927 6 (9.1) 2 (6.2) 0.630
No 95 (92.2) 38 (93.7) 60 (90.1) 30 (93.8)
Radiation therapy
Yes 26 (25.2) 11 (26.8) 0.844 16 (24.2) 8 (25.0) 0.935
No 77 (75.8) 30 (73.2) 50 (75.8) 24 (75.0)

Data are expressed as n (%)

TLPLDC tumor lysate, particle-loaded, dendritic cell, /7T intention-to-treat, PT per treatment, SLNB
sentinel lymph node biopsy, LND lymph node dissection, CPI checkpoint inhibitor, PDI programmed death
1, T-VEC talimogene laherparepvec, BCG bacillus Calmette—-Guérin

particularly meaningful in the context of growing evidence = demonstrated in the results of two phase III trials of the
that evaluation of OS may show the benefit of a cancer  vaccine sipuleucel-T in metastatic castrate-resistant pros-
the vaccine led to an

vaccine even if DFS does not. This phenomenon is best  tate cancer.

In both trials,
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TABLE 4 Adverse event data comparing TLPLDC and placebo®

Adverse events TLPLDC Placebo p value
Any AE 69 (67.0) 28 (68.3) 0.880
Serious AE" 10 (9.7) 6 (14.6) 0.396
Severe AE (grade 3 or higher)® 12 (11.7) 8 (19.5) 0.218
Related AE¢ 37 (35.9) 13 (31.7) 0.632
Related serious AE 1 (1.0) 1(2.4) 0.497
Local adverse events

Injection site erythema 17 (16.5) 4 (9.8) 0.300
Skin induration 11 (10.7) 4 (9.8) 0.870
Systemic adverse events

Fatigue 14 (13.6) 5(12.2) 0.823
Headache 10 (9.7) 3(7.3) 0.651
Diarrhea 10 (9.7) 2 (4.9 0.344
Cough 7 (6.8) 4(9.8) 0.546
Fever 54.9) 4(9.8) 0.273
Hypertension 5(4.9) 3(7.3) 0.560
Nausea 5(4.9) 3(7.3) 0.560

Data are expressed as n (%)

TLPLDC tumor lysate, particle-loaded, dendritic cell, AE adverse event, CTCAE Common Terminology Criteria for Adverse Events

4Specific adverse events are categorized by Preferred Term

"Defined as resulting in death, life-threatening, requiring or prolonging inpatient hospitalization, disabling, a congenital anomaly/birth defect, or
requiring medical or surgical intervention to prevent one of these outcomes

“Defined as grade 3 or higher according to the CTCAE version 4.03

9AEs classified as possibly, probably, and definitely related are included in related AEs

improvement in OS without a difference seen in progres-
sion-free  survival.”** This result is explained by
immunologic pressure created by vaccination, which may
change the growth kinetics of the tumor that is targeted,
changing the course of the disease even without preventing
recurrence.” Additionally, any real improvement in OS is
likely blunted by the design of our trial as patients who
recurred in the control arm were allowed to crossover and
receive the TLPLDC vaccination in addition to repeat
resection and other SOC therapies.

In addition to the promising signal in this ITT analysis,
the PT analysis demonstrates a benefit from vaccine ther-
apy, with a doubling of median DFS in the vaccine group.
Given the mechanism of the vaccine’s efficacy, this result
is not surprising. Patients who recurred early, during the
PVS and shortly thereafter, are less likely to benefit from a
vaccine, for multiple reasons. It is becoming increasingly
clear that active immunotherapy takes time to show full
effects, as was demonstrated in the recent adjuvant trial of
pembrolizumab versus placebo in the adjuvant setting,
where recurrence-free survival curves did not separate until
approximately 6 months into the trial.” Additionally, for
vaccine therapy, if a patient recurs during the vaccine
series, they did not receive the full course of therapy and

therefore will not likely have a characteristic benefit. Thus,
the PT analysis, excluding these patients with early
recurrence, is a more meaningful representation of the full
effects of vaccine therapy.

Beyond the time needed for therapy to work, the biology
of patients’ disease must also be considered. Patients with
very early recurrences are likely not ideal candidates for
vaccine monotherapy as this more aggressive tumor biol-
ogy generally does not respond to cancer vaccines.'" If the
host immune system cannot keep the occult microscopic
disease in check for even a short period, it is unlikely a
vaccine will be capable of augmenting the immune system
enough to overcome that tumor burden and aggressive
biology. Patients with markers of aggressive disease may
however respond well to CPI therapy. Subgroup analysis of
a recent trial of ipilimumab in patients with stage III
melanoma showed patients who benefited the most from
this therapy were those with ulceration, stage IIIC disease,
and four or more nodes.* This efficacy of CPIs in more
aggressive disease, where vaccines often fail, may indicate
a role for the combination of a cancer vaccine and CPI,
which could extend the reach of both agents without
increased toxicity. This theoretical synergy is being studied
in a number of ongoing clinical trials."
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lysate, particle-loaded, dendritic cell, /7T intention-to-treat, PT per
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During the time that this trial has been conducted, the
landscape of melanoma treatment, particularly in the
adjuvant setting, has shifted. The approval of both BRAF/
MEK inhibitors and CPIs for the treatment of stage III
melanoma has brought effective therapy to these patients,
who have, until recently, had very few options. Vaccine
monotherapy may still be a viable adjuvant option for
early-stage disease, but will likely not be a relevant option
for patients with more advanced stages of disease. How-
ever, the combination of a TLPLDC vaccine and a CPI
should theoretically have a synergistic benefit for these
patients. We are currently planning a phase III trial eval-
uating the efficacy of the vaccine in combination with CPIs
in the adjuvant setting in clinically disease-free, high-risk
melanoma patients, as this current study was especially
limited by the introduction of CPIs in the midst of the trial.

There are several limitations to our study. First, while
PT analysis was prespecified, this trial was powered based
on ITT analysis. This raises the possibility of type II error
in the underpowered PT analysis, which may explain the
relatively modest p value coupled with a large improve-
ment in DFS (55.9% vs. 27.9%, p = 0.021). Second,
additional data on markers of immune response would
augment our clinical response data, but no such markers
are available. Assessing tumor response or immune infil-
tration is not possible as all patients were disease-free at the
time of enrollment. Similarly, peripheral immunologic
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assays are not practical given the personalized nature of the
vaccine, as we do not know each patient’s unique tumor
antigens/neoantigens, and no one assay would be reliable
across many patients. Next, this trial included a mixture of
stage III and IV patients, which allowed us to enroll a
broader range of patients and could potentially make this
therapy applicable to more patients, but could make the
results more difficult to interpret for a specific subgroup.
Along these lines, we amended the protocol partway
through the trial to allow concurrent CPI therapy. This was
a necessary modification because the treatment of mela-
noma changed during the conduct of this trial. However,
given the randomized nature of the trial, any effect from
this should be seen in both the control and treatment arms.
Finally, the primary endpoint of this trial was DFS, which
may not be as meaningful as OS, as addressed above. We
did however report OS as a secondary endpoint, mitigating
the effects of this limitation.

CONCLUSIONS

The primary analysis of this phase IIb trial of the
TLPLDC vaccine to prevent recurrence in resected stage
III/IV melanoma shows that the vaccine is well-tolerated
and improves DFS in patients who receive the PVS of 6
months of therapy. These results warrant further testing of
this vaccine in a phase III trial.
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