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ABSTRACT

Background Surgical resection remains an important
component of multimodality treatment for most solid
tumors. Neoadjuvant immunotherapy has several

potential advantages, including in-situ tumor vaccination
and pathologic assessment of response in the surgical
specimen. We previously described an in-situ tumor
vaccination strategy in melanoma using local radiation
(RT) and an intratumoral injection of tumor-specific anti-
GD2 immunocytokine (IT-IC). Here we tested whether
neoadjuvant in-situ tumor vaccination using anti-GD2
immunocytokine and surgical resection, without RT, could
generate immunologic memory capable of preventing
recurrence or distant metastasis.

Methods Mice bearing GD2 expressing B78 melanoma
tumors were treated with neoadjuvant radiation, IT-IC, or
combined RT + IT-IC. Surgical resection was performed
following neoadjuvant immunotherapy. Immune infiltrate
was assessed in the resection specimens. Mice were
rechallenged with either B78 contralateral flank tumors

or pulmonary seeding of non-GD2 expressing B16
melanoma metastasis induced experimentally. Rejection
of rechallenge in mice treated with the various treatment
regimens was considered evidence of immunologic
memory.

Results Neoadjuvant IT-IC and surgical resection resulted
in increased CD8 T cell infiltration, a higher CD8:regulatory
T cell ratio, and immunologic memory against contralateral
flank rechallenge. The timing of resection did not
significantly impact the development of memory, which
was present as early as the day of surgery. There was less
local wound toxicity with neoadjuvant IT-IC compared with
neoadjuvant RT +IT IC. Neoadjuvant IT-IC and resection
resulted in the rejection of B16 lung metastasis ina CD4 T
cell dependent manner.

Conclusions Neoadjuvant IT-IC generates immunologic
memory capable of preventing distant metastasis despite
limited efficacy against large primary melanoma tumors.
By combining neoadjuvant tumor vaccination and surgery,
the toxicity of local RT was avoided. These preclinical

data support further investigation regarding the use of
neoadjuvant IT-IC in patients with melanoma at high risk
for occult distant disease.

INTRODUCTION

Surgical resection remains a key component
of multimodality treatment for most solid
tumors, however local and distant recurrence

are major sources of mortality following
successful resection. Neoadjuvant chemo-
therapy and radiation have been shown to
reduce recurrence in multiple cancer types.'™
Potential benefits of neoadjuvant therapy
include debulking of the primary tumor to
facilitate complete resection, earlier systemic
therapy for occult distant disease, and patho-
logic assessment of therapeutic response.”
Immunotherapy may have unique benefits in
the preoperative setting, where the in-situ
tumor can provide an abundant source of
tumor antigen for endogenous T cell priming
in vivo.’

Neoadjuvant immunotherapy has been
well described at the preclinical level. Liu et
aldemonstrated that neoadjuvant checkpoint
inhibition is superior to adjuvant checkpoint
inhibition in 4T1.2 breast cancer, leading to
improved survival and a more robust T cell
response.” The authors also demonstrated
that short-course immunotherapy immedi-
ately before surgical resection was superior
to a longer duration between therapy initia-
tion and surgery.® Beyond checkpoint inhi-
bition, tumor vaccination strategies have
been studied in the neoadjuvant setting with

multiple studies demonstrating superior
results of neoadjuvant compared with adju-
910

vant tumor vaccination.

We have previously described an in-situ tumor
vaccination strategy targeting GD2, a disialo-
ganglioside found to be expressed on neuro-
blastoma and melanoma.'" '* This strategy
utilizes a fusion protein consisting of the
hul4.18 anti-GD2 monoclonal antibody linked
to interleukin-2 (IL2). Termed an immunocy-
tokine (IC), this fusion protein can be deliv-
ered intratumorally (IT), generating a potent
T cell response.11 " This has been demon-
strated previously with IT IL-2 and other non-
GD2 based 1Cs.!*1° Furthermore, we showed
that when radiation (RT) was combined with
the hul4.18-IL2 intratumoral immunocyto-
kine (IT-IC), it was effective in curing mice
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bearing GD2-expressing B78 melanoma tumors.'’ The
specificity and some of the mechanisms of the antitumor
response by B78 melanoma to IT-IC and to RT + IT-IC have
been reported previously.'' ¥ These reports demonstrated
the following: (1) IT-IC is more potent than intravenous
IC, and more potent than IT-IL2; (2) RT + IT IC is more
potent than RT + I'T-anti-GD2 mAb; (3) the ability of RT +
IT-IC to cure mice of B78 depends on T cells; and (4) the
ability of mice cured of B78 following RT + IT-IC treatment
to specifically reject a rechallenge of B78 melanoma is also
T cell dependent. However, large B78 tumors are not effec-
tively treated by I'T-IC monotherapy due to progression of
the primary tumor."

We hypothesized that IT-IC might be effective when
given as neoadjuvant immunotherapy. Though less effec-
tive against bulky primary tumors, neoadjuvant IT-IC
might provide sufficient efficacy against distant disease
though effective T cell priming while avoiding the poten-
tial toxicity of combined RT and IT-IC. In addition,
surgical reduction of primary tumor burden has been
shown to improve immunologic response and survival
from metastatic disease in mouse models, potentially
increasing the efficacy of IT-IC mediated tumor vacci-
nation.'” In this report we test whether neoadjuvant
IT-IC and surgical resection induces an effective anti-
tumor immune response capable of preventing distant
recurrence.

MATERIALS AND METHODS

Cells

B78-D14 (B78) melanoma is a poorly immunogenic cell
line derived from B78-H1 cells, which were originally
derived from B16 melanoma.'® " B78-D14 cells have func-
tional GD2/GD3 synthase and express the disialogangli-
oside GD2."* ¥ The B16 cell line lacks GD2 expression.19
B78 and B16 cells were grown in RPMI 1640 supple-
mented with 10% heat-inactivated fetal bovine serum, 2
mmol/L l-glutamine, 100 U/mL penicillin, and 100 pg/
mL streptomycin. Both cell lines were confirmed to be
negative for mycoplasma by PCR prior to use. Cell authen-
tication was performed per the American Type Culture
Collection guidelines prior to use. Cells were cultured for
less than five passages prior to use. The B16 cell line was
transduced via lentivirus to express luciferase using a pLV-
TurboRFP/Luciferase/puromycin plasmid (VB180725-
1102ser, VectorBuilder), and stable cell lines were cloned
to generate ‘B16-luc’. B16-luc was used to monitor tumor
growth in our pulmonary metastasis model. B16 cells
were transduced to express GD2 via lentiviral transduc-
tion with GD2 and GD3 synthase under puromycin (4
ug/mL) and blasticidin (7.5 ug/mL) selection, respec-
tively (VB170105-1067pah, VB170104-1118qqc; Vector-
Builder), and stable cell lines were cloned to generate
‘B16-GD2’.

Murine tumor models
All mice procedures were conducted in accordance with
the Institutional Animal Care and Use Committee at the

University of Wisconsin-Madison. C57BL/6 female mice aged
6-8 weeks were purchased from Taconic. B78 flank tumors
were engrafted by intradermal flank injection of 2x10° tumor
cells diluted in 100 pL phosphate buffed saline (PBS). Tumor
size was determined by precision caliper measurement and
tumor volume was approximated using the formula (tumor
volume in mm?® = ((tumor length in mm)? x (tumor width
in mm))/2. Mice were randomized to treatment groups
when tumors reached enrollment size (50100 mm?®), which
normally required 2—4 weeks following initial tumor implan-
tation. The first day of treatment with I'T-IC was defined as
‘day 1’. Approximately 10% of mice developed tumors that
were not in the size range for enrollment eligibility at the
time of randomization after initial implantation (ie, too small
or too large to be within the tumor volume range of (50-100
mm?®)) and these mice were excluded from randomization.

Flank tumor rechallenge experiments were performed
in tumor-free mice approximately 40 days after treatment
start unless otherwise indicated. Rechallenge consisted
of subcutaneous flank injection of 2x10° B78 tumor cells
on the contralateral flank from the original tumor cell
injection. Tumor volume was assessed two times per week
by a blinded observer, and mice were euthanized when
tumors exceeded 20 mm in any direction or mice were
assessed to be in distress by changes to posture, activity,
or grooming.

B16-luc pulmonary metastases were obtained by tail
vein injection of 2x10° tumors cells diluted in 100 pL
PBS. Animals were monitored weekly by biolumines-
cent imaging with Perkin Elmer IVIS Spectrum In Vivo
Imaging System and Living Image Software (Caliper Life
Sciences, Hopkinton, Massachusetts, USA) was used for
image processing. Bioluminescence was measured 15 min
following intraperitoneal injection of 200 pL (150 mg/
kg) of luciferin. All in vivo experiments were performed
twice.

Immunocytokine

Hul4.18-1L2 IC was provided by Apeiron Biologics and
has been previously described.” IT injections of 50 pg
Hul4.18-IL2 IC in 100 pL. PBS were delivered daily on
days 1-5.

Resection of primary tumors

Primary B78 flank tumors were surgically resected on day
8 (where day 1 is the day immunotherapy is initiated)
unless otherwise indicated. The surgical resection was
performed using sterile technique under isoflurane anes-
thesia. An incision was made around the tumor mass and
the tumor capsule was dissected from underlying tissues.
The tumor capsule and overlying skin were removed en
bloc and the incision was closed with surgical staples. The
surrounding tissues were anesthetized with 0.5% lido-
caine at the conclusion of the procedure and mice were
monitored for postoperative pain.

Radiotherapy
RT was delivered to primary B78 tumors using an Xstrahl
Small Animal Radiation Research Platform. Mice were
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immobilized using custom lead jigs that exposed the
dorsal right flank as previously described.' Radiation was
delivered in one fraction to a maximum dose of 12 Gy.

Flow cytometry

Resected B78 tumors were mechanically dissociated for
45 min using a gentleMACS dissociator (Miltenyi Biotec)
in HBSS supplemented with 1 mg/mL collagenase type D
and 100 pg/mL DNAse I (Sigma-Aldrich) to obtain single
cell suspensions.”” Ghost Dye Red 780 (Tonbo Biosciences)
was used for viability staining. For cell surface staining,
cells were preincubated with mouse FC Block anti-mouse
CD16/32 (clone 2.4G2, BD Biosciences). After blocking,
the cells were labeled with CD3-PE-Cy5 (clone 145-2 C11,
Biolegend), CD4-PE-Dazzle594 (clone GKI.5, Biolegend),
CD8a-APC-R700 (clone 53-6.7, Biolegend), CD25-BB515
(clone PC61, BD Biosciences), CD45-BV510 (clone 30-F11,
Biolegend), GD2-APC (clone 14G2a, Biolegend), and
NKI1.1-BV421 (clone PK136, Biolegend). Cells were then
fixed and permeabilized overnight using Foxp3/Tran-
scription Factor Staining Buffer Set (eBioscience). FoxP3
intracellular staining was then performed prior to flow
cytometry. Flow cytometry data were acquired using an
Attune NxT Flow Cytometer and analyzed using Flow]Jo
V.10.7.1. The flow cytometry gating strategy is shown in
online supplemental figure 1.

CD4/CD8 Depletion

Depletion of CD4 T-cells was performed with intraperito-
neal (IP) injection of 200 pg anti-CD4 mAb (clone GKI.5,
BioXCell) in 0.5 mL PBS. Depletion of CD8 T-cells was
performed with IP injection of 200 pg anti-CD8 mAb
(clone 2.43, BioXCell) in 0.5 mL PBS. Depleting anti-
bodies were administered 2 days prior to intravenous
injection of B16 to induce experimental lung metas-
tasis and were continued every 5 days until mice died
or reached the end of the experimental period. Confir-
mation of depletion efficiency was performed via whole
blood flow cytometry on the day of B16 injection (online
supplemental figure 2).

Histology

Immunohistochemistry was performed on resected B78
tumors following treatment with neoadjuvant IT-IC or
vehicle. Tumors from five mice in each treatment condition
were collected. Fresh tumor samples were fixed in 4% form-
aldehyde for 24 hours and paraffin embedded. Paraffin
embedded tumors were sectioned and antigen retrieval was
performed in TrissEDTA buffer (10 mM Tris base, 1 mM
EDTA, 0.05% tween 20) at pH 9.0 in a Biocare decloaker
(Biocare Medical, Concord, California, USA). Slides were
immunostained with primary antibody at 4°C overnight
using a 1:800 dilution of anti-CD8a (clone D4W2Z, Cell
Signaling) or a 1:200 dilution of anti-FoxP3 (clone FJK-16S,
Invitrogen). Secondary immunostaining was performed
using a dilution of 1:1000 anti-rabbit Alexafluor 488 (Invi-
trogen) for CD8 and 1:1000 anti-rat Alexafluor 564 (Invi-
trogen) for FoxP3. Slides were also stained with DAPI

(Invitrogen) to stain nuclei of cells. Representative images
were captured of each tumor specimen at 200x magnifica-
tion using a LSM710 confocal microscope system with Zen
black imaging software (Carl Zeiss). The number of CD8
or FoxP3 positive cells was counted by a blinded observer
using representative images from each tumor.

Statistical analysis

Tumor response was monitored after neoadjuvant therapy
and figures show the means and SEs of the tumor volume.
Results from each mouse were summarized by the time-
weighted average (area under the volume-time curve,
calculated using trapezoidal method). Time-weighted
averages were compared between treatment groups
overall by Kruskal-Wallis tests. If significance was found
using the Kruskal-Wallis test, then pairwise comparisons
were conducted using Mann-Whitney tests. No p value
corrections were applied to the pairwise tests. Complete
responders were defined as mice that had zero-volume
tumors on the last day of the study and were alive. If signifi-
cance was found using the x” test, then pairwise comparisons
were conducted using proportion tests. Survival curves were
generated using the Kaplan-Meier method and compared
using log-rank tests. Cell quantification from flow cytometry
and immunohistochemistry was compared using Kruskal-
Wallis tests. P values less than 0.05 were considered statisti-
cally significant and are indicated in figures as ***p<0.001;
*##p<0.01; *p<0.05; NS, non-significant (p>0.05). All anal-
yses were performed using GraphPad Prism (GraphPad) or
RV.4.0.5 (R Foundation for Statistical Computing).

RESULTS

Induction of immune memory by neoadjuvant IT-IC

We have previously shown that I'T-IC monotherapy is not
sufficient to cure the majority of mice bearing 200 mm?® B78
tumors without the addition of RT.'! In that prior study, we
showed that RT +IT IC could cure 71% of 200 mm® B78
tumors, while IT-IC alone was far less effective, slowing
the growth of the B78 tumors compared with untreated
controls, but curing no mice.'! For this study, we wished to
simulate the clinical neoadjuvant setting, where the clini-
cally evident tumor is resected with margins that would
minimize local recurrence. To accomplish this in this B78
model system, we performed pilot studies that showed we
could resect tumors from mice bearing 100 mm?® tumors,
and without any other therapy these mice would not have
local recurrence. In contrast, with tumors of ~200 mm?,
some mice not receiving any other treatment than resec-
tion were having local recurrence (data not shown). We
thus chose to focus on B78 tumors that were 100 mm?®. We
first confirmed with these 100 mm® B78 tumors, what we
had previously published with the 200 mm?® B78 tumors;
namely that we did not observe a significant benefit in
slowing tumor growth or prolonging survival with I'T-IC
monotherapy whereas RT +IT IC was effective (figure 1A).
To determine whether neoadjuvant IT-IC and surgical
resection results in immune memory in mice bearing
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immunologically cold B78 melanoma tumors, we used the
treatment regimen summarized in figure 1B.

Despite its limited efficacy against ~100 mm® B78 flank
tumors, we hypothesized that IT-IC might still generate
an effective systemic immune response when used as an
in-situ tumor vaccine prior to complete surgical resection
of the tumor. IT-IC, with or without RT, was administered
in a similar fashion to 100 mm® B78 tumors. Mice then
underwent surgical resection of the primary flank tumor
3 days following the final dose of IT-IC. Following neoad-
juvant therapy and surgical resection, mice were rechal-
lenged on the contralateral flank with B78 tumor cells.
We observed that mice cured with neoadjuvant IT-IC
and surgery had slower rechallenge tumor growth and

a significantly higher rate of rechallenge rejection than
naive mice, almost as high as mice cured with RT +IT
IC (figure 1C,D). Individual tumor growth curves for
the data shown in figure 1D are shown in online supple-
mental figure 2A.

The flank tumors of mice treated with neoadju-
vant immunotherapy were analyzed by flow cytometry
(figure 2A). We found that neoadjuvant I'T-IC was asso-
ciated with significantly increased infiltration of CD8
T-cells and a higher CD8:regulatory T (Treg) cells ratio
compared with mice that received vehicle alone, though
these differences were less pronounced compared with
mice that received combination RT and ITIC. The
significant differences in CD8 T-cells and Tregs were

4
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were obtained for the photos, and for blinded enumeration. All experiments performed in duplicate and a representative
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confirmed via immunohistochemistry of treated tumors

(figure 2B,C).

Timing of rechallenge and resection following neoadjuvant
IT-IC

Our next step was to assess the impact of timing of
surgery and rechallenge on the development of memory
induced by neoadjuvant I'T-IC. We assessed the impact
of surgical timing on the development of memory using
the regimen indicated in figure 3A. Mice were admin-
istered neoadjuvant IT-IC and underwent surgical

resection at either Day 8 or Day 15. The resected tumors
were analyzed by flow cytometry. We found significantly
increased infiltrating CD8 T cells at Day 8, but no longer
at Day 15 (figure 3B). The infiltrating Treg cells were
significantly reduced at Day 15 and the CD8:Treg ratio
was significantly elevated compared with mice that
received vehicle at both Day 8 and Day 15. Equivalent
immunologic memory and rechallenge tumor growth
was observed with early and late surgery following
neoadjuvant IT-IC (figure 3C,D).
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rechallenge of B78 on the contralateral flank on day 8, day 15 or day 35, according to the scheme depicted. (F,G). Mice cured of
their primary tumor by early resection following IT-IC were rechallenged in the contralateral flank with B78 melanoma at day 8,
day 15 or day 35 following the start of neoadjuvant IT-IC, along with simultaneous implantation of B78 on day 8 or day 35 into
naive mice, and on day 8 into mice cured by resection alone; tumor growth over 30 days and % tumor-free mice at day 30, are
shown (n=5 mice per group). All experiments performed in duplicate and a representative single experiment is shown. NS, non-
significant; *p<0.05; **p<0.01; **p<0.001. IT-IC, intratumoral immunocytokine; NK, natural killer.

To determine whether an effective systemic immune
response was present as early as the time of surgery, we
used the treatment and rechallenge regimen indicated
in figure 3E. Following neoadjuvant IT-IC and surgical
resection, mice were rechallenged with contralateral B78
flank tumors on Day 8, Day 15, and Day 35. We found that
all mice treated with neoadjuvant IT-IC rejected contra-
lateral rechallenge on Day 8, while all naive mice and
mice that received surgery alone had tumor engraftment
(figure 3F). Mice treated with neoadjuvant IT-IC also
rejected rechallenge at Day 15 and Day 35. Rechallenge
tumor growth is shown in figure 3G and the individual
tumor curves following rechallenge are shown in online
supplemental figure 2B.

Development of memory against lung metastasis following
neoadjuvant IT-IC

We sought to determine whether the immune memory
generated by neoadjuvant IT-IC was sufficient to reject

distant recurrence using our previously described B16
lung metastasis model.'"' B16 melanoma lacks endog-
enous expression of GD2, thus B16-GD2 cells were
generated to express GD2. Before proceeding with this
GD2-independent metastasis model, we first demon-
strated that mice previously cured via neoadjuvant I'T-IC
and surgery reject intravenously injected B16-GD2 cells
(online supplemental figure 3A-C).

We have previously shown that mice bearing B78
tumors rendered disease-free following RT + IT-IC have
developed tumorspecific T cell memory and antibody
responses against the non-GD2-expressing B16 mela-
noma, indicating that antigens other than GD2 are recog-
nized by the T and B cells of these immune mice."' **
Thus, we next tested whether treated mice would reject
intravenous rechallenge with B16 melanoma according to
the treatment scheme depicted in figure 4A. Because we
had observed local wound toxicity from the combination
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Figure 4 Neoadjuvant IT-IC inhibits establishment of B16 lung metastasis. (A) Mice bearing B78 melanoma tumors were
untreated or treated with neoadjuvant RT, IT-IC, or RT +IT IC and tumors were subsequently resected. Mice were challenged IV
with B16 cells on the day following surgery to induce experimental lung metastasis. (B) Assessment of chronic wound formation
following surgical resection, performed at day 40 following the start of neoadjuvant immunotherapy; representative images from
each group are shown, and the bar graph clarifies the number of mice in each group that had complete healing of their resection
wound or had a chronic non-healed wound. (C) Metastasis-specific and overall survival following challenge with IV B16 induced
experimental lung metastasis (n=8 mice per group). (D) Representative IVIS images of mice from each group following challenge
with IV B16 experimental lung metastasis. All experiments performed in duplicate and a representative single experiment is

shown. NS, non-significant; *p<0.05; **p<0.01; **p<0.001. IT-IC,

y, years.

of radiation and neoadjuvant IT-IC, we quantified the
frequency of local wound complications present 40 days
following the start of therapy. We found that RT, neoad-
juvant IT-IC, and surgery resulted in chronic surgical
wounds in most treated mice (figure 4B). No chronic
wounds were observed in mice that received neoadjuvant
IT-IC and surgery alone.

Survival curves and IVIS images following B16 tail vein
injection are shown in figure 4C,D. Metastasis-specific
and overall survival were both recorded due to several
mice in the radiation plus neoadjuvant IT-IC group
requiring euthanasia due to local wound complications.
We observed improved survival in mice treated with

intratumoral immunocytokine; IV, intravenous; RT, radiotherapy;

neoadjuvant I'T-IC compared with naive mice or mice that
received surgery alone.

Mediators of B16 lung metastasis rejection

We have previously shown that immune mediated rejec-
tion of B78 rechallenge is T-cell dependent."’ We sought
to characterize the mechanism of B16 lung metastasis
rejection following neoadjuvant IT-IC. We performed
CD4 and CD8 T-cell depletion according to the scheme
depicted in figure 5A. Successful depletion was confirmed
by flow cytometry (online supplemental figure 4A,B). CD4
and combined CD4/8 depletion was found to be associ-
ated with shorter survival compared with non-depleted,
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Figure 5 Rejection of B16 rechallenge following neoadjuvant IT-IC is dependent on CD4 T cells. (A) Mice bearing B16
melanoma tumors were treated with neoadjuvant IT-IC and day 8 resection; they subsequently underwent CD8/4 T cell
depletion beginning 2 days prior to rechallenge with IV injection of B16 to induce experimental lung metastasis. Depletion
was continued every 5 days until mice died or reached the end of the study period. (B) Overall survival following IV injection
of B16 cells (h=10 mice per group). (C) Representative IVIS images of mice following challenge with B16 lung metastasis. All
experiments performed in duplicate and a representative single experiment is shown. NS, non-significant; *p<0.05; **p<0.01;
***p<0.001. IT-IC, intratumoral immunocytokine; 1V, intravenous

IT-IC treated mice (figure 5B,C), implicating CD4 T cells
as being involved in this response. This is consistent with
prior work using a separate immunotherapy in B78 mela-
noma.”* There was no significant difference in survival
with CD8 depletion compared with non-depleted mice.

DISCUSSION

We demonstrate that a GD2-based neoadjuvant tumor
vaccination strategy using an IL2-linked ITIIC can
generate systemic immunity in a murine model of mela-
noma. This effect is present as early as the day of surgery
and is capable of inhibiting engraftment of non-GD2
expressing melanoma lung metastasis. These results are
in agreement with our previous studies in the B78 model
showing antigen-specific memory in mice cured with RT
and IT-IC and rechallenged with subcutaneous tumors,
in that cured mice rejected GD2-deficient B16 mela-
noma cells (parental to B78) but not unrelated syngeneic
Panc02 pancreatic tumor cells."" Importantly, this new
strategy also avoids the local surgical wound toxicity of
combined RT and IT-IC. Overall, our results demonstrate
a potential novel application of an in situ tumor vacci-
nation approach currently under clinical investigation in
melanoma (NCT03958383).

Previous studies provide significant guidance regarding
the optimal design of a neoadjuvant immunotherapy
regimen. Liu et al demonstrated in 4T1.2 breast cancer
that a short duration (4-5 days) between initiation of
immunotherapy and surgical resection was optimal in
a neoadjuvant immunotherapy regimen that included
checkpoint inhibition.® However, efficacy was decreased if

the therapy was administered up until the time of surgery.
The peak expansion of peripheral tumorspecific CD8
T-cells occurred shortly after the completion of neoadju-
vant therapy. Our regimen is consistent with the optimal
timing described in this Liu et al study; we observed the
highest infiltration of CD8 T-cells occurred immediately
following the completion of immunotherapy. The timing
used for our regimen is also similar to a previous study of
adenovirus-based neoadjuvant tumor vaccination in B16
melanoma, where vaccination was effective when given in
the days immediately preceding surgery but not in the
adjuvant setting.

We can consider when a neoadjuvant tumor vaccina-
tion strategy might be useful clinically. In patients with
thin melanoma on initial biopsy and no adverse features,
the risk of nodal or distant disease is low (<5%), and
wide local excision is sufficient treatment.” ** The risk of
nodal metastasis increases with tumor depth at diagnosis;
approximately 40% of patients with thick melanoma (>4
mm) have nodal disease.?” Even in the era of adjuvant
checkpoint inhibition, the survival of patients with a
positive sentinel lymph node is reduced due to eventual
distant recurrence.® A short-course neoadjuvant tumor
vaccination strategy given before surgery in patients
with high-risk intermediate or thick melanoma on initial
biopsy might generate a systemic response against distant
micrometastasis, potentially preventing progression or
further dissemination. The pathologic response might
also provide important prognostic information, as has
been observed in a phase I trial of this immunocytokine
when delivered intravenously (IV-IC).*
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We observed that a combination of neoadjuvant RT and
IT-ICis similarly effective in generating a systemic immune
response to RT and I'T-IC without the post-therapy tumor
resection, and is more effective against the primary tumor
than is IT-IC without RT, the latter of which has been
demonstrated previously."" However, IT-IC monotherapy
might be more attractive as a neoadjuvant tumor vacci-
nation approach. Despite the higher risk of nodal posi-
tivity in high-risk intermediate or thick melanoma, the
majority of patients have a favorable outcome. In these
patients, local wound complications similar to those we
observed with RT and I'T-IC may outweigh the potential
therapeutic benefit of combination therapy. The reduced
local toxicity of IT-IC monotherapy might allow it to be
safely applied in this broad patient population. While
the systemic toxicity of IT-IC is currently being assessed
in a phase I trial of patients with stage IV melanoma
(NCT03958383), the toxicity of IV-IC was reversible and
tolerable in previous clinical trials.**

Future preclinical studies can investigate the prognostic
value of neoadjuvant I'T-IC. While we observed increased
infiltration of CD8 Tcells in the tumor microenvironment
following tumor resection, CD8 T-cells were not required
for the memory responses against B16 lung metastases.
However, an association between CD8 T-cell infiltration
into tumor and improved outcome was observed in a
phase I clinical trial of IV-IC when given before surgery
for melanoma; further analysis of these resection speci-
mens revealed that several immune signatures were asso-
ciated with outcome.* !

While the B16 melanoma expresses low levels of MHC-I,
the B78 melanoma that is derived from B16 has virtually
no MHC-I expression.”* ** We have previously demon-
strated that the response of B78 melanoma to this RT +IT
IC regimen is T cell dependent, for both the primary
response and for the rejection of rechallenged tumors by
mice cured using this regimen.'" In this present report we
show that CD4 T cells play a more prominent role than
CDS8T cells in preventing regrowth of B16 lung metastases
after rechallenge. The relative roles of MHC-I and MHC-
II, and of CD4 and CD8 T cells, in these responses against
the primary tumors and in the setting of rechallenge will
be presented in a separate manuscript (Erbe AK et al, In
Preparation). Additional analysis of tumor treated with
neoadjuvant I'T-IC, including single-cell RNA sequencing,
might reveal predictors of response in this model. Such
information may eventually prove useful for prognostic
purposes and for identifying those high-risk patients who
might benefit from further adjuvant treatment.

Conclusion

We show here that short-course neoadjuvant I'T-IC gener-
ates immunologic memory capable of preventing distant
metastasis despite limited efficacy against large primary
melanoma tumors. By combining neoadjuvant tumor
vaccination and surgery, the toxicity of local RT was
avoided. Low-toxicity local immunotherapy is particularly
attractive in this setting, where most patients do not go on

to have distant metastasis even in the absence of immu-
notherapy. These preclinical data support further investi-
gation regarding the use of neoadjuvant IT-IC in patients
with melanoma at high risk for occult distant disease.
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