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IFx-Hu2.0 was designed to encode part of the Emm55
protein contained within a plasmid in a formulation intended
for transfection into mammalian cells. IFx-Hu2.0 promotes
both adaptive and innate immune responses in animal studies.
Furthermore, previous studies have demonstrated safety/effi-
cacy in equine, canine, and murine species. We present the
first-in-human study of IFx-Hu2.0, administered by intrale-
sional injection into melanoma tumors of seven patients with
stage III/IV unresectable melanoma. No dose-limiting toxic-
ities attributable to IFx-Hu2.0 were observed. Grade 1/2

Introduction

In 2023, 97,610 cases of invasive melanoma, with 7,990 deaths,
were predicted in the United States (1). The response rate of single-
agent anti-PD1 (nivolumab and pembrolizumab) is approximately
40%, and in combination with anti-CTLA4 or anti-LAG3 therapy,
response rates increase to 50% to 60%, at the cost of significantly
increased toxicity (2-8). Talimogene laherparepvec (TVEC) is an
oncolytic live virus approved for intralesional administration into
cutaneous, in-transit, or nodal melanoma metastases (9). TVEC
suffers from many limitations, and there remains a major unmet
need for new intralesional immunotherapeutic approaches (10). The
properties of IFx-Hu2.0 may allow for an injection schema that
circumvents the issue that TVEC needs to be injected every 2 weeks.
The intralesional approach is beneficial in melanoma due to readily
accessible lesions and minimal systemic toxicity (11).
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injection site reactions were observed in five of seven patients.
IgG and IgM responses to Emm55 peptides and known mel-
anoma antigens were seen in the peripheral blood, suggesting
that IFx-Hu2.0 acts as an individualized “in situ vaccine.”
Three of four patients previously refractory to anti-PD1 ex-
perienced clinical benefit upon subsequent anti-PD1-based
treatment. Therefore, this approach is feasible, and clinical/
correlative outcomes warrant further investigation for treating
patients with metastatic melanoma with an immune
priming agent.

IFx-Hu2.0 is a plasmid DNA, pAc/emm55, formulated with in
vivo-jetPEl, a cationic polymer that aids in the cellular uptake of
DNA to express the Emm55 protein. It is administered by intrale-
sional injection. Emm55 is a serotyping M-like protein generally
expressed on the surface of the bacterium Streptococcus pyogenes
and is highly antigenic (12, 13). Therefore, it was hypothesized that
the Emmb55 protein fragment expressed by the IFx-Hu2.0 product
acts as an immunologic priming antigen to attract the patient’s
immune system to tumor cells.

IFx-Hu2.0 injection in a murine B16 melanoma model decreased
tumor growth and increased T-cell infiltration. The antigen-specific
reactions depended on a Toll-like receptor mechanism (14). Efficacy
was also seen in equine melanoma, this time with an IgG response
(15). Safety data were available in three species (murine, canine, and
equine; ref. 12, 14, 15). Given the preclinical tolerability and effec-
tiveness, we undertook the first-in-human trial to investigate the
feasibility of injecting IFx-Hu2.0 intratumorally in patients with
unresectable stage III/IV cutaneous melanoma refractory to stan-
dard-of-care treatment. The intent was to provide one to two doses
of IFx-Hu2.0, and the protocol allowed for posttrial observation on
additional melanoma therapies. Herein, we describe the feasibility of
utilizing IFx-Hu2.0 and preliminary data suggesting beneficial ef-
fects in anti-PD1 refractory patients.

Materials and Methods

Patients were consented to MCC19500 (NCT03655756) using an
institutional review board-approved protocol, and patient’s in-
formed consent was obtained under the supervision of the Institu-
tional Biosafety Committee. This study was conducted in
accordance with the Declaration of Helsinki. To test safety, tolera-
bility, and feasibility, IFx-Hu2.0 was injected (0.1 mg) into cutaneous
lesions of adult melanoma patients (ages >18 years) with unre-
sectable stage ITI/TV cutaneous melanoma. At least two injectable
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Day 28 (+7 days)
DLT assessment

Screening visit
(day -36—day -1)

Day 0: Injection

lesions >3 mm in size were required for entry into the study.
Subjects were all evaluated for anti-PD1 therapy, TVEC, and/or V-
Raf Murine Sarcoma Viral Oncogene Homolog B (BRAF) inhibition
as indicated in the FDA labels for those agents and were deemed not
candidates if they were refractory to approved therapies or unable
(due to immune-based diseases)/unwilling to tolerate the adverse
effects of these agents. Small brain metastases (<1 cm) were per-
mitted, assuming a longer than 3-month life expectancy and any
received concurrent radiation was at a site distant from the intra-
lesional injection site. Subjects could not receive any other con-
current anticancer therapies, nor could they have uncontrolled
hepatitis/HIV infection, organ transplantation, or immunosup-
pression requiring more than 10 mg prednisone-equivalent daily.
Trial subjects had the option of continued dosing every 3 weeks if
they tolerated the first dose and showed no evidence of progression.
The study’s success was defined as treating five of six subjects
without dose-limiting toxicity (DLT) at 28 days. Once treatment
with IFx-Hu2.0 ended, subjects were permitted to receive any
subsequent therapy at the discretion of their treating physician, and
responses to the next line of therapy were monitored clinically and
recorded (Fig. 1).

Biopsies were taken before and after treatment, snap-frozen,
and/or placed in formalin for formalin-fixed, paraffin-embedded
processing. In addition, plasma samples were collected before the
first dose and during the 4-week DLT period. Plasma was sepa-
rated from peripheral blood samples as previously described (16).

Frozen tissue analysis

mRNA was extracted from frozen tissue specimens using the
RNeasy UCP Micro Kit and shipped to NanoString for analysis
using the PanCancer IO 360 expression panel (17). At the same time
points of tissue collection, paired plasma samples were collected.

Plasma analyses

Plasma samples were screened on Olink Inflammation (v.3022)
and Immunooncology (v.3111) panels to measure cytokines and
chemokines in plasma as per the manufacturer’s instructions (18,
19). Plasma samples were also subjected to melanoma-associated
antigen-antibody IgG and IgM response profiling. Pre- and post-
treatment plasma samples from subjects were diluted 1:100. Samples
from subject M10106 were diluted 1:250. Diluted samples were
screened on PEPperPRINT PEPperCHIP Melanoma Antigen
Microarray for 21 melanoma antigens as per the manufacturer’s
instructions (18, 19). Hemagglutinin, GS linker, and polio control
peptides were included on the chip as a series of 15 amino acid
peptides. Subject antibody binding was detected using goat anti-
human IgG (Fc) DyLight680 (0.1 pg/mL) and goat anti-human IgM
(u chain) DyLight800 (0.2 pug/mL) and imaged on a LI-COR Od-
yssey Imaging System. In addition, the PEPperPRINT technology
was used to analyze the Emmb55-specific IgG and IgM antibody
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Figure 1.

Trial schema. The endpoint was the DLT at 28 days,
and if the patient received one dose of IFx-Hu2.0,
this was the final study visit. Patients were allowed
additional subsequent doses of IFx-Hu2.0 every 3
weeks. One patient received an IFx-Hu2.0 injection
at 49 days and then had the final study visit 21 days
later.

Day 49 (+7 days)
optional injection

responses. The Emm55 amino acid sequence was converted into 15
amino acid peptides with an overlap of 14 amino acids. The neutral
linkers were printed in duplicate on a custom PEPperPRINT PEP-
perCHIP, which also contained hemagglutinin and polio control
peptides. Pre- and posttreatment plasma samples were screened at a
dilution of 1:150. Staining was identical to the above except that an
Innopsys InnoScan 710-IR microarray scanner was used to image
the slides.

Statistical analyses

Differential expression analysis of NanoString mRNA data was
performed using the DESeq2 method (20). A volcano plot was con-
structed to depict a log2-fold change in mRNA expression levels
measured in the patient’s tissue pre- versus post-therapy and a P-value
derived from the DESeq2 method. Significant genes (log2-fold, P-value
< 0.05) were analyzed via core analysis in Ingenuity pathway analysis
and visualized within the graphical summary tab. Box plots were also
constructed to analyze trends for individual mRNA in IFx-Hu2.0-in-
jected versus uninjected lesions. To identify differentially abundant
proteins between pre- and posttreatment samples for each patient, an
outlier linear regression analysis test was performed for each Olink
Inflammation and Immunooncology panel data (21). In brief, studen-
tized residuals, i.e., the scaled distance between the observed value and
predicted value, were calculated, and proteins with absolute studentized
residuals >1.97 were identified to have differential abundance. Similar
analyses were performed to measure IgG and IgM on the PEPper-
PRINT melanoma chip. In addition, the appearance or disappearance
of recognition of melanoma antigens in plasma was depicted via a
heatmap graph.

Data availability
The data generated in this study are available upon request from
the corresponding author.

Results

Clinical results

Eight subjects were screened (M10101-8). One subject failed
screening (M10102), whereas seven met the eligibility requirements
for the trial. Subjects ranged in age from 60 to 85 years. The primary
endpoint was met in that six patients who completed the DLT pe-
riod experienced no DLT related to IFx-Hu2.0. Only grade 1 and 2
toxicities deemed related to IFx-Hu2.0 were encountered. These
were expected for intralesional injection (i.e., injection site reac-
tions) and managed with conservative measures. In brief, in the
seven patients, observed toxicities included grade 1 to 2 injection
site reactions in five patients, grade 1 bleeding in one patient, grade
1 to 2 pain in two patients, grade 1 lymphopenia in one patient, and
grade 1 pruritis in one patient. No grade 3 or greater toxicities
related to the study drug were observed. One grade 5 toxicity (death
due to Clostridium septicum infection 20 days post injection at a site
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Table 1. Adverse events related to IFx-Hu2.0 are GI1-2.

Overall related counts

Total (n=7) Related
Adverse event preferred term Grade 1 Grade 2
Back pain 1 0
Injection site reaction
Erythema 4 0
Erythema w/pruritis 0 1
Erythema/pain 1 0
Pruritus 1 0
Site reaction 1 0
Tumor hemorrhage 2 0
Tumor pain 0 2
Hypoesthesia 1 0
Lymphocyte count decreased 1 0
Pruritus 1 0
Tumor hemorrhage 1 0

distant from study drug injection sites) was deemed unlikely related
to the study drug after a thorough investigation, including autopsy
illustrating likely left groin source of infection (Table 1; Supple-
mentary Table S1). Six patients had injections at one time point, and
one patient had injections at two time points (Supplementary Table
S2). Three patients had stable disease, and three patients progressed
by RECIST 1.1 at the 30-day follow-up visit. Lactate dehydrogenase
values were within normal limits for all evaluable patients pre-/post-
therapy, and there were no significant differences in neutrophil/
lymphocyte ratios.
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Figure 2.

Volcano gene plot increased and decreased expression in specimens in which
paired uninjected prior to therapy and injected lesions were available for
analysis (M10104, M10107, and M10108). The volcano plot illustrates the im-
portance of these genes in interferon responses and antigen-dependent
responses.
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Post-protocol therapy responses

Of the seven patients, six received further anticancer treatment
after coming off protocol. Three of four anti-PD1 refractory patients
had evidence of clinical benefit after post-protocol retreatment with
anti-PD1-based therapy [stable disease lasting >2 years followed by
surgical resection with progression-free survival (PFS) post-protocol
therapy (PFS2) >3.66 years; PFS2 of 1.08 years; and partial response
(PR) subsequently surgically resected and rendered no evidence of
disease—PFS2 of 1.66 years]. PFS2 on subsequent anti-PD1 therapy is
depicted in Supplementary Table S2 and demonstrates increased PFS2
compared with that of historical controls after anti-PD1 failure.

Effects of IFx-Hu2.0 on promoting immune responses

Paired samples from each patient collected before and approxi-
mately 30 days after injection were analyzed using the mRNA panel.
Multiple genes associated with B-cell antibody-dependent immune
responses, including CXCL13 and CD38, were upregulated (P <
0.05) in lesions biopsied post-therapy on protocol, in addition to
immune checkpoint molecules such as LAG3 and proteins indica-
tive of a strong interferon response (STAT1, STAT2, and multiple
IRFs). Both innate and adaptive immune responses were detected in
the injected lesions (Fig. 2; Supplementary Fig. S1). Genes associ-
ated with anti-PD1 or LAG3 response, such as CXCL11, CXCL13,
IFI6, MX1, and LAG3, were upregulated (P < 0.05). In addition,
several oncogenes were downregulated (WNT2, WNT4, and PNOC).
A strong interferon response was noted along with processes in-
volved in antigen presentation and antiviral responses.

Given these findings, we measured the cytokines as well as mela-
noma- and Emm55-specific peptide antigens in the plasma. Cytokine/
chemokine analysis demonstrated a variable response in patient-
derived plasma samples, suggesting that an individualized immune
response is generated by IFx-Hu2.0 activity (Supplementary Figs. S2
and S3). Although all patients had increased antibody production
against melanoma-specific peptides (Fig. 3; Supplementary Figs. S4-
S7), the combination of peptides recognized by each patient was
unique. In each patient, IgG and IgM reactivity to overlapping
Emm55 peptides (5-14 amino acid residues) was also detected, but
the peptides recognized were unique for each patient. The antibody
responses to Emmb55-specific and melanoma-specific peptides in-
creased after therapy. In many cases, antibody responses were present
after treatment, whereas none existed before therapy, as depicted via
heatmap analysis (Fig. 3; Supplementary Figs. S6 and S7). IgG and
IgM responses to individual peptides differed for different patients.

Discussion

Melanoma cells may “hide” tumor-specific antigens from the
immune system or take advantage of the normal inhibitory immune
pathways designed to protect a person from autoimmunity (22). M-
cell surface proteins encoded by emm genes act as antiphagocytic
factors, crucial for defense against innate human immunity (23). We
utilized a fragment of an M protein to generate an immune response
expressed in melanoma tumors via a plasmid approach such that the
body recognizes the tumor as foreign. Due to high variability at the
N-terminal region of M proteins, more than 200 distinct types have
been recorded in public databases. M proteins have been considered
vaccine candidates against group A Streptococcus-mediated strep
throat infection and suppurative skin diseases (24). However, some
M proteins bind collagen and may cause side effects such as acute
rheumatic fever in humans through molecular mimicry of collagen
(25). Emmb55 has been shown not to bind collagen because of the

Mol Cancer Ther; 23(8) August 2024

141


https://aacrjournals.org/

Markowitz et al.

A s Hz g s B s e e s c
- - [ __| [
|
|
= I W
[ |
i | T
| | | Il
_+ [ ] - HEn
28282838383838883888% =T = = =
SI33333E532333% EEIiSEissEisiiiz z1iid
3333323222222333 22333323233333%2 :5%s3
TIECERETSETIEEE 2288R2888833888 ¢ 7
ANAN2N=2N2ANSN2N®G I O O O A S
Figure 3.

90LOLN

LOLOLN
ZSAL'S0LOLN
2-€SAZ'80LOLN

B melanoma antigen 1
Cancerltestis antigen 1
[T celi surface glycoprotein MUC18
Cellular tumor antigen p53
GS linker
Melanoma-associated antigen 1
Melanoma-associated antigen 12
Melanoma-associated antigen 2
Melanoma-associated antigen 3
Melanoma-associated antigen 4
Melanoma-associated antigen 6
Melanoma-associated antigen B1
Melanoma-associated antigen B2
Melanoma-associated antigen C2
Melanoma-associated antigen C3
Melanoma-associated antigen D1
Melanoma-associated antigen D2
Melanoma-associated antigen G1
Melanoma antigen preferentially expressed in tumors
Melanoma antigen recognized by T cells 1
Myc proto-oncogene protein

Tyrosinase

€SAL'B0LOLN
LOLOLN
dEO0LOLN
dvOLOLN
SOLOLN

90L0LN

LOLOLN
ZSAL'S0LOLN
Z-€SAZ'80LOLN
€SAL'B0LOLN

A, Melanoma-specific peptides in the plasma responsible for IgM responses present after therapy and absent before therapy. We have labeled the samples by
patient number and the time point Z (M1010X-Y), where 1 = pretreatment, 2 = DLT visit, 3 = 3 weeks after the second injection. B, Melanoma-specific peptides
responsible for I9G responses present after therapy and absent before therapy. C, Changes in recognition of melanoma-specific peptides after injection of IFx-
Hu2.0 responsible for IgM responses. D, Changes in recognition of melanoma-specific peptides after injection of IFx-Hu2.0 responsible for IgG responses. The

scales in each heatmap represent the number of peptides detected.

conformational influences of flanking sequences (26). No rheu-
matological clinical effects were seen in this trial. Systemic im-
mune responses elicited by IFx-Hu2.0 in B16-bearing mice are
antigen-specific, and equine melanoma responses are IgG-specific
(14, 15). Surface expression of the Emm55 antigen through
intralesional injection of pAc/emm55 (Supplementary Fig. S8) is
proposed to engage the patient’s immune system to thwart the
tumor’s ability to evade surveillance by exposing multiple patient-
specific tumor antigens and activating an effective immune
response.

With intralesional injection, different tumor-related antigens
can be recognized in individual patients, offering a personalized
“in situ vaccine” approach. In this trial, IFx-Hu2.0 was shown to
be safe to inject into melanoma lesions, and there were no DLTs
attributable to IFx-Hu2.0. The data from clinical trial specimens
suggest that IFx-Hu2.0 acting through the interferon response and
Toll-like receptors (Fig. 1) can be an active bridge between the
innate and adaptive immune responses by activating interferon
pathways and promoting antigen recognition of Emm55 peptides.
There are IgG and IgM antigen-specific responses to both the
Emmb55 protein- and melanoma-specific antigens in patient-
derived plasma. Posttreatment evidence of clinical benefit for
retreatment with anti-PD1 antibodies in three patients previously
refractory to those agents is encouraging and suggests the possi-
bility of synergy if IFx-Hu2.0 is administered in conjunction with
immunotherapy. Given that response to anti-PD1 depends on
antibody- and interferon-dependent responses (27, 28), further
development of this agent in melanoma is warranted.
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