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IMPORTANCE Increasing evidence suggests the significance of the role of the immune system
in the progression of smoldering multiple myeloma (SMM) to symptomatic multiple myeloma
(MM). Boosting the immune system via vaccination in the earlier, asymptomatic SMM stage
may provide a novel strategy to prevent or slow progression to active MM.

OBJECTIVE To determine the safety, tolerability, immunogenicity, and anti-MM activity of the
PVX-410 multipeptide vaccine with or without lenalidomide.

DESIGN, SETTING, AND PARTICIPANTS This 3-cohort phase 1/2a multicenter dose-escalation
study accrued 22 adults (�18 years) with SMM with normal organ/marrow function who were
human leukocyte antigen A2-positive and at moderate or high risk of progression to MM.

INTERVENTIONS Patients received 6 doses of PVX-410 emulsified in Montanide ISA 720 VG,
0.4 mg total (0.1 mg/peptide) (n = 3) or 0.8 mg total (0.2 mg/peptide) (n = 9), biweekly via
subcutaneous injection. In the combination cohort (n = 10), patients also received three
21-day cycles of lenalidomide, 25 mg, orally daily every 28 days. All patients received 0.5 mL
(1 mg) poly-ICLC (2 mg/mL) via intramuscular injection with each PVX-410 dose.

MAIN OUTCOMES AND MEASURES Adverse events (AEs) were evaluated using the Common
Terminology Criteria for Adverse Events, version 4.03. PVX-410–specific T lymphocytes by
flow cytometry to assess tetramer and interferon (IFN)-γ response. Disease response was
assessed by investigators using the International Myeloma Working Group (IMWG) and
modified European Group for Bone Marrow Transplantation (EBMT) criteria.

RESULTS Overall, 14 (64%) patients were men and the median age at enrollment was 56 years in the
monotherapy and 57 years in the combination cohorts (overall range, 39-82 years). Six of 12 patients
in the monotherapy and 9 of 10 in the combination cohorts were at moderate risk. The PVX-410
vaccine was well tolerated. The most common AEs were mild-to-moderate injection site reactions
andconstitutionalsymptoms.Ofnote,PVX-410wasimmunogenicasmonotherapy(10of11patients)
and in combination with lenalidomide (9 of 9 patients), as demonstrated by an increase in percentage
of tetramer-positive cells and IFN-γ cells in the CD3+CD8+ cell population. The combination resulted
in greater mean fold increases in proportions of CD3+CD8+ T cells that were tetramer-positive
and IFN–γ-positive, statistically significant for IFN–γ-positive cells after 2 and 4 vaccinations. An
increase and persistence of vaccine-specific effector memory cells was noted. In total, 7 of 12 patients
in the PVX-410–alone cohort had stable disease with 2 of 3 (low-dose cohort) and 1 of 9 of the
target-dose cohort progressing (median TTP, 36 weeks), whereas 5 of 12 patients in the combination
cohort showed, clinical response, with 1 patient progressing (median TTP not reached).

CONCLUSIONS AND RELEVANCE Overall, these results suggest that the vaccine is safe and
immunogenic in this patient population and support continued study of PVX-410 in SMM.
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T he precise triggers of progression to symptomatic mul-
tiple myeloma (MM) from the asymptomatic state of
smoldering MM (SMM) are unknown; however, it has

been suggested that the immune system plays a role in con-
trolling malignant growth.1-4 It is hypothesized that boosting
the immune system via vaccination in the asymptomatic stage
of disease may prevent or slow progression to active MM.

The PVX-410 vaccine (OncoPep, Inc.) is a human leukocyte
antigen A2-restricted multipeptide cancer vaccine being devel-
oped for patients with SMM. The PVX-410 vaccine is composed
of 4, 9-mer chemically synthesized peptides from unique regions
of 3 MM-associated antigens, X-box binding protein 1 (XBP1),
syndecan-1(CD138),andCS1.5 The4peptideswereselectedbased
on in vitro data,6 which showed that individually, each peptide
stimulated antigen-specific cytotoxic T lymphocytes (CTLs),
demonstrating MM-specific T-lymphocyte responses, including
cell proliferation, interferon-γ (IFN-γ) secretion, and cytotoxic
activity in response to MM tumor cells.7 Thus, CTLs generated
by PVX-410 can evoke a spectrum of tumor-specific immune re-
sponses that may prove beneficial as an immunotherapy through
targeting multiple tumor-associated antigens on MM cells.8

The PVX-410 vaccine was investigated in combination with
the immunomodulatory compound lenalidomide to maxi-
mize antitumor activity. It was hypothesized that coadminis-
tration of lenalidomide would enhance the T–cell-mediated
immune response induced by PVX-410.9

Methods
Trial Design
The trial protocol is available in Supplement 1. In this phase 1/2a
dose-escalation study, patients were assigned based on timing
of enrollment to 1 of 3 treatment cohorts: (1) low-dose cohort
(PVX-410 0.4 mg), (2) target-dose cohort (PVX-410 0.8 mg), or
(3) combination cohort (PVX-410 0.8 mg plus 3 cycles of lenalido-
mide, 25 mg orally) (Figure 1) (eFigure 1 in Supplement 2).

The study was conducted from November 2012 through
September 2016. The protocol received institutional review
board approval, and all patients provided written informed con-
sent to participate. They were not compensated.

Eligibility
Adults 18 years or older with SMM with normal organ/
marrow function who were human leukocyte antigen
A2-positive and at moderate (2 risk factors) or high risk (3 risk
factors) of progression to MM, were eligible.

Treatment
Patientsreceivedatotalof6PVX-410dosesviasubcutaneousinjec-
tion every 2 weeks and then were assessed at months 1, 2, 3, 6,
9 and 12 posttreatment. Each PVX-410 dose was accompanied by
intramuscularinjectionofanadjuvant,polyinosinic-polycytidylic
acid-poly-L-lysine (poly-ICLC; Hiltonol; Oncovir, Inc), 1 mg.

Safety
Safety was assessed by documentation of adverse events (AEs),
including serious adverse events (SAEs), vaccination site

examinations, clinical laboratory testing, and physical exami-
nation findings.

Immunogenicity
A flow cytometry (FACS)-based assay was used to detect
antigen-specific T-cell responses to the PVX-410 vaccine
using peripheral blood mononuclear cells collected from
patients at weeks 0 (baseline), 4, and 8, and at 1 and 3
months posttreatment. A positive immune response was
defined as a minimum increase from baseline of 1.5-fold for
percentage of IFN–γ-positive cells and a 2-fold increase
from baseline for percentage of tetramer-positive cells in at
least 1 time point.

Antitumor Activity
Disease response was evaluated by the investigators (N.S.R.,
A.K.N., and P.G.R.) using the IMWG Criteria10 and the modi-
fied EBMT Criteria.11

Figure 1. CONSORT Flow Diagram
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Eighty patients were assessed for eligibility, 12 patients were included in the
final analysis in monotherapy, and 9 patients in combination therapy.

Key Points
Questions Is a vaccination approach with PVX-410 multipeptide
vaccine safe and immunogenic with or without lenalidomide in
human leukocyte antigen A2–positive patients with moderate-
to high-risk smoldering myeloma?

Findings The PVX-410 vaccine with or without lenalidomide was
well tolerated. Immune responses were seen, as indicated by an
increase in percentage of tetramer-positive cells and interferon
γ–positive cells in the CD3+CD8+ cell population, which was further
enhanced in combination with lenalidomide.

Meaning Theseresultsdemonstrateimmuneresponsestoavaccination
strategy in a patient population with smoldering myeloma; further
evaluationofPVX-410andlenalidomideamongpatientswithsmoldering
myeloma who are at a risk of progression is warranted.
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Statistics
Descriptive statistics including means and standard devia-
tions were generated. For intergroup comparisons (low-dose
monotherapy [n = 3] was not included in comparison) 2-sample
t tests were used. P ≤ .05 was considered significant. Time-
to-event analyses (ie, time to progression, progression-free
survival, and duration of response) used standard survival
analysis techniques such as Kaplan-Meier life test methods.

Results
Patient Disposition
A total of 22 patients were enrolled, 3 in the low-dose cohort;
9 in the target-dose cohort; and 10 in the combination cohort.

Twenty-one (95%) patients completed study treatment.
One patient in the combination cohort discontinued treat-
ment permanently; in error by the study center, a protocol de-
viation; patient was excluded from the evaluable population.

Patient Characteristics
Overall, 14 (64%) patients were men. Median age at enroll-
ment was 56 years in the monotherapy and 57 years in the com-
bination cohorts (range, 39-82 years). Six of 12 patients in the
monotherapy and 9 of 10 in the combination cohorts were
moderate risk.

Safety and Tolerability
The PVX-410 vaccine was safe and well tolerated. Vaccine-
related treatment-emergent AEs (TEAEs) included injection-
site pain (monotherapy, 7 [58%]; combination, 10 [100%]);
injection-site erythema (monotherapy, 3 [25%]; combina-
tion, 8 [80%]); and injection-site discomfort (monotherapy,
2 [17%]; combination, 3 [30%]), induration (monotherapy,
2 [17%]; combination, 3 [30%]), irritation (monotherapy,
2 [17%]; combination, 4 [40%]), and cutaneous eruption
(monotherapy, 2 [17%]; combination, 2 [20%]) as well as chills,
fatigue, myalgia, and pyrexia. All TEAEs with monotherapy
were grade 1 or 2 in intensity.

Overall, the TEAE profile of PVX-410 in combination with
lenalidomide was similar to that seen with PVX-410 alone,
although individual local and systemic TEAEs occurred at a
higher incidence with the combination as summarized in
eTable 1 in Supplement 2. No patient experienced a PVX-410–
related SAE or discontinued PVX-410 because of a TEAE.

Immune Response
Nineteen of 20 (95%) evaluable patients achieved an im-
mune response to PVX-410 (Figure 2, A and B). The addition
of lenalidomide increased the magnitude of immune re-
sponse, particularly during study treatment, according to post
hoc analyses comparing evaluable patients receiving target-
dose PVX-410 alone (n = 8) vs combination therapy (n = 9).

Figure 2. Fold Increases
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PVX-410, 0.8 mg
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A, PVX-410, alone or with
lenalidomide, was associated with
vaccine-specific immune responses in
patients with smoldering multiple
myeloma (SMM), demonstrated by
postvaccination peak fold increases
over baseline in proportion of
tetramer-positive T cells.
B, PVX-410, alone or with
lenalidomide, was associated with
vaccine-specific immune responses in
patients with SMM, demonstrated by
postvaccination peak fold increases
over baseline in proportion of
interferon-γ–positive T cells.
Horizontal dashed line indicates the
cutoff for positive response.
Len indicates lenalidomide;
vac, vaccination.
a Patients with progressive disease.
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There was an increase in PVX-410–specific tetramer-positive
cells following stimulation with the PVX-410 peptide cock-
tail; no increase was seen in human immunodeficiency virus
(HIV)-specific tetramer-positive cells (eFigure 2 in Supplement
2), which served as a control. Likewise, there was an increase
from baseline in IFN-γ–positive T cells following stimulation
with the PVX-410, but not with the HIV peptide. Greater mean
fold increases over baseline in proportions of CD3+ and CD8+

peripheral blood mononuclear cells that were PVX-410 pep-
tide tetramer-positive, IFN-γ–positive, interleukin 2-posi-
tive, or tumor necrosis factor α-positive were seen with the
combination vs monotherapy. Combination therapy also re-
sulted in higher percentages at all 4 posttreatment measure-
ment times of tetramer-positive, CD3+, and CD8+ peripheral
blood mononuclear cells exhibiting an effector memory cell
phenotype (Figure 3). The differences in immune responses

in the 2 cohorts were statistically significant at week 2 for IFN-γ,
interleukin 2, tumor necrosis factor α, and effector memory
cell variables, and at week 4 for interleukin 2, and tumor
necrosis factor α.

Clinical Response
As expected, objective clinical responses to the relatively
short courses of study treatment were modest. All patients
receiving PVX-410 alone (n = 12) had stable disease (SD) as
their best clinical response, with 5 of 12 patients progressing
within the 12-month follow-up period. In the combination
therapy cohort (n = 9), the best clinical response was partial
response (PR) in 1 patient and minimal response and SD
in 4 each.

There appeared to be a relationship between clinical re-
sponse and the magnitude of immune response, with respond-
ers having a significantly greater immune response com-
pared with those who progressed. Specifically, patients
showing a greater than 10-fold response over baseline at more
than 2 time points were more likely to demonstrate a clinical
response or SD at the last study visit (4 of 4 responders, 6 of
10 SD, 1 of 6 progressors). The relationship of immune re-
sponse and clinical response is summarized in eTable 2 in
Supplement 2.

Discussion
This phase 1/2a nonrandomized clinical trial is the first vac-
cine study to our knowledge to evaluate treatment for pa-
tients with SMM at moderate or high risk of progression to MM.
Findings suggest that PVX-410 multipeptide vaccine is safe and
well tolerated whether given as monotherapy or combined with
lenalidomide. The PVX-410 vaccine appears to consistently
achieve specific, durable immune responses, which may be en-
hanced during treatment with lenalidomide. Further study of
the vaccine is warranted, including in combination with other
agents and for longer durations.12 The percentage of patients
experiencing a myeloma-defining event may be correlated with
immune responses in SMM using this vaccination approach.

Limitations
Absence of longer duration of follow-up to assess ongoing
clinical responses remains the major limitation for the
current study.

Conclusions
Our findings demonstrate that PVX-410 either alone or in
combination with lenalidomide is safe and immunogenic
and warrants further investigation in patients with SMM.
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Figure 3. Effector Memory Cells Percentage Increase
After PVX-410 Vaccination
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PVX-410 alone or with lenalidomide on average was associated with increased
proportions of gated tetramer-positive, CD3+, and CD8+ T cells displaying an
effector memory cell phenotype (CD45RO+ and CCR7-), suggesting potential
durability of immune response. Error bars indicate the standard deviations.
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