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Arginase-1 targeting peptide
vaccine in patients with
metastatic solid tumors —

A phase | trial

Cathrine Lund Lorentzen?, Evelina Martinenaite™?,

Julie Westerlin Kjeldsen®, Rikke Boedker Holmstroem?*,

Sofie Kirial Mark®, Ayako Wakatsuki Pedersen?,

Eva Ehrnrooth?, Mads Hald Andersen' and Inge Marie Svane™

*National Center for Cancer Immune Therapy (CCIT-DK), Department of Oncology, Copenhagen
University Hospital, Herlev, Denmark, 2IO Biotech ApS, Copenhagen, Denmark

Background: Arginase-1-producing cells inhibit T cell-mediated anti-tumor
responses by reducing L-arginine levels in the tumor microenvironment. T cell-
facilitated elimination of arginase-1-expressing cells could potentially restore
L-arginine levels and improve anti-tumor responses. The activation of
arginase-1l-specific T cells may convert the immunosuppressive tumor
microenvironment and induce or strengthen local Thl inflammation. In the
current clinical study, we examined the safety and immunogenicity of arginase-
1-based peptide vaccination.

Methods: In this clinical phase | trial, ten patients with treatment-refractory
progressive solid tumors were treated. The patients received an arginase-1
peptide vaccine comprising three 20-mer peptides from the ARGl
immunological “hot spot” region in combination with the adjuvant Montanide
ISA-51. The vaccines were administered subcutaneously every third week
(maximum 16 vaccines). The primary endpoint was to evaluate safety
assessed by Common Terminology Criteria for Adverse Events 4.0 and
laboratory monitoring. Vaccine-specific immune responses were evaluated
using enzyme-linked immune absorbent spot assays and intracellular cytokine
staining on peripheral blood mononuclear cells. Clinical responses were
evaluated using Response Evaluation Criteria in Solid Tumors 1.1.

Results: The vaccination was feasible, and no vaccine-related grade 3-4
adverse events were registered. Nine (90%) of ten patients exhibited peptide-
specific immune responses in peripheral blood mononuclear cells. Six (86%) of
the seven evaluable patients developed a reactive T cell response against at
least one of the ARGL1 peptides during treatment. A phenotypic classification
revealed that arginase-1 vaccine-specific T cells were both CD4+ T cells and
CD8+ T cells. Two (20%) of ten patients obtained stable disease for respectively
four- and seven months on vaccination treatment.
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Conclusion: The peptide vaccine against arginase-1 was safe. Nine (90%) of ten
patients had measurable peptide-specific responses in the periphery blood,
and two (20%) of ten patients attained stable disease on protocol treatment.

Clinical trial registration: https://clinicaltrials.gov/ct2/show/NCT03689192,
identifier NCT03689192.
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Introduction

The search for new cancer therapies has led to major
breakthroughs within the past decade. However, more treatment
options for patients with metastatic solid tumors are needed, and
the current standard therapies often induce substantial side effects
(1). Although immunotherapeutic agents such as checkpoint
inhibitors (CPIs) have revolutionized the treatment of some
cancer types, there is still an unmet need for tolerable and
effective treatments for many patients with metastatic solid
tumors, especially patients with non-inflamed tumors (2, 3).

Cancer immunotherapy is based on principles of immune
surveillance. Tumor cells often escape immune recognition, and
the enzyme arginase-1 (ARG1) plays an important role in
tumor-mediated immune suppression (4). ARG1 hydrolyses
the amino acid L-arginine to ornithine and urea. In the liver,
this process is essential to ammonia detoxification (5). In a
tumor setting, an ARG1-induced depletion of L-arginine impairs
T cell receptor (TCR) signaling through the downregulation of
TCR { chain expression, induces T cell cycle arrest, limits T cell
differentiation, and reduces cytokine production (6). As a result,
increased ARGI1 expression dampens T cell-mediated anti-
tumor responses in the tumor microenvironment. Tumor cells
can promote the differentiation of ARG1-expressing cells such as
tumor-associated macrophages (TAMs) and myeloid-derived
suppressor cells (MDSCs) to evade immune surveillance (7).

ARG] is primarily a liver-specific enzyme, but the protein is
also highly expressed in several human cancers, including lung,
ovarian, renal, breast, and head and neck (2, 8-11). ARGl
expressing TAMs and MDSCs are major players in the
induction of immunosuppressive microenvironments associated
with many of these tumors. These lesions were recently defined as
tumors with an “excluded” phenotype because they excluded CD8
+ T cells from the tumor parenchyma (12). We have recently
found spontaneous effector T cell reactivity against ARGI
peptides in peripheral blood mononuclear cells (PBMCs) of
both cancer patients and healthy donors at the National Center
for Cancer Immune Therapy (CCIT-DK). We further
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demonstrated that these T cells recognize and react against DCs
in addition to B cells expressing ARGI1 (13).

Additionally, we have shown that these pre-existing T cells
responses against ARG1 are part of the T-cell memory repertoire
(14). Especially one “hot spot” region within the ARG1 protein
consists of frequently recognized T cell-stimulating epitopes.
Both CD4+ and CD8+ ARGI specific T cells were observed,
indicating the existence of both HLA class I and II epitopes in
the ARG1 peptide “hot spot” region (13).

Immune modulatory vaccination is a novel unconventional
way to target immune suppressive cell populations in the tumor
microenvironment (15). The role of ARGI in tumor-mediated
immune suppression makes it a promising therapeutic target for
immune-modulatory vaccines. In contrast to the other clinical
strategies that target TAMs or MDSCs, this combines TAM
depletion through direct killing by cytotoxic T cells and TAM
reprogramming by introducing pro-inflammatory cytokines into
the immunosuppressive microenvironment (16). Based on the
previous pre-clinical and clinical vaccination trials targeting
proteins involved in immune regulation from CCIT-DK (13, 14,
16-19), we planned a trial with a therapeutic ARG peptide vaccine
for patients with high MDSC-expressing cancers treated at the
Oncology Department at Herlev Hospital. The primary endpoint
was to examine the safety and feasibility of the vaccination
treatment (20-22). The overall purpose was to activate ARGI-
specific T cells to target the tumor microenvironment, strengthen
or induce local Thl inflammation, and potentially eliminate or
reprogram ARG1-expressing immune suppressive cells.

In this phase I study, we vaccinated ten patients with three
20-mer peptides from the ARG1 “hot spot” region and the
adjuvant Montanide ISA-51.

Materials and methods
Trial design

The trial was a phase I, investigator-initiated, single-armed,
and open-label study. Patients were evaluated and treated at the
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Department of Oncology, Copenhagen University Hospital,
Herlev, Denmark, between January 2019 and December 2021.
The ARGI1 vaccine comprising ARG1 peptide in Montanide
ISA-51, and was administered subcutaneously every third week
for up to 48 weeks (16 vaccines in total). Patients who were not
excluded from the trial due to progression were scheduled for
three and six months follow-up evaluations after the last vaccine.
The trial was closed on January 19‘h, 2022, three weeks after the
last patient was excluded. The Data cut-off was April 1%, 2022.

The primary objective was to evaluate the vaccination
feasibility and safety according to Common Terminology
Criteria for Adverse Events (CTCAE) 4.0. The secondary
objectives were to evaluate immunomodulatory characteristics
and clinical efficacy consistent with Response Evaluation Criteria
in Solid Tumors (RECIST) 1.1.

The study was conducted as stated in the Declaration of
Helsinki, following Good Clinical Practice (GCP)
recommendations, and monitored by the GCP unit in
Copenhagen, Denmark. The phase I trial was approved by the
Ethics Committee for the Capital Region, Denmark, and The
Danish Medicines Agency; EudraCT no: 2018-000719-26.
Clinical trial registration at www.clinicaltrials.gov with
identification NCT03689192.

Vaccine

Each vaccine consisted of 300 pug ARGI: a combination
of three 20-amino acid peptides with the sequences:
AKDIVYIGLRDVDPGEHYIL (ARG1-18), DVDPGEHYILK
TLGIKYESM (ARG1-19), and KTLGIKYFSMTEVDRLGIGK
(ARGI1-20) (PolyPeptide, France). 100 ug of each ARGI peptide
was dissolved in sterile water, filtered, and frozen at —20°C in
NUNC™ CyroTubesTM CryoLine System Internal Thread, Sigma-
Aldrich. A maximum of two hours before administration,
peptides were thawed for injection. Shortly before injection, the
dissolved peptides were emulsified 1:1 with the adjuvant
Montanide ISA-51 (SEPPIC) to a volume of 1 ml. The vaccines
were administered subcutaneously every three weeks, repeatedly
until reaching a total of 16 vaccines.

Patients

Patients above 18 years of age with advanced solid tumors,
including non-small cell lung cancer (NSCLC), colorectal
cancer, urothelial cancer, breast cancer, ovarian cancer,
malignant melanoma, and squamous cell carcinoma of the
head and neck (HNSCC) were included regardless of prior
oncological treatment. The patients were included at the
Department of Oncology, Copenhagen University Hospital,
Herlev, Denmark. The main inclusion criteria were:
progressive or recurrent disease on or following treatment
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with standard of care agents including chemotherapy and/or
checkpoint inhibitors, Eastern Cooperative Oncology Group
(ECOG) Performance Status (PS) of 0-1, a life expectancy of
at least three months, mandatory provision of archival blood for
biomarker testing at baseline, at least one measurable target
lesion consistent with RECIST 1.1. The main exclusion criteria
were severe comorbidities, treatment with systemic
corticosteroids >10 mg/day prednisone or equivalent within
three weeks prior to randomization, active autoimmune
disease, and concurrent treatment with agents that interfere
with the urea cycle (Valproate or Xanthine Oxidase inhibitors).
All Patients were enrolled following oral and written
informed consent.

Clinical evaluation

Adverse events were assessed by (CTCAE) 4.0 and
laboratory monitoring. Biomedical markers were evaluated
prior to inclusion and before every vaccine. Clinical responses
were assessed every three months until progression by standard
radiologic imaging with CT, PET-CT, or MR scan, depending on
the individual cancer diagnosis and prior imaging evaluation
methods. Treatment responses were evaluated according to
RECIST 1.1, and objective responses were categorized as
complete response (CR), partial response (PR), stable disease
(SD), or progressive disease (PD). Patient data were registered in
the eCRF program REDCap.

Processing project blood samples

Project blood samples were obtained from all patients at
baseline and following every evaluation scan. Blood samples
were handled within five hours after collection. Peripheral blood
mononuclear cells (PBMCs) were isolated with Lymphoprep
(Medinor) separation. Isolated PBMCs were counted on the
analyzer (Sysmex XP-300) and frozen in 90% Human Serum
with 10% DMSO (Sigma Aldrich) using controlled-rate freezing
(Cool-Cell, BioCision) in a —80°C freezer. The samples were
transferred to - 140°C the following day.

ELISPOT assay

ARG1-specific T cell responses were assessed using indirect
interferon (IFN)-y enzyme-linked immunospot (ELISpot) assay.
PBMCs from the treated patients were stimulated with ARG1
20-mer peptides and low-dose IL-2 (120 U/ml) in vitro. The cells
were stimulated for 14 days before IFN-y ELISpot assays with
2.8-3 x 10° cells per well and transferred to a 96-well, PVDF
ELISpot plate (membrane-bottomed), (MultiScreen
MSIPN4W50, Millipore) with a precoating of the antibody
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IFN-y-capture (1-D1K clone, Mabtech). Five 5 uM of diluted
ARGI1 peptide and DMSO stocks were added, and the
corresponding DMSO dose was added to the control wells.
The majority of the samples were set up in triplicates for
peptide and control stimulations using PBMCs from the
individual patients. Duplicates or singlets were set up for
PBMC samples from patient AA1809.09 due to poor
cell recovery.

The cells were incubated with the peptides in ELISpot plates
for 16-18 hours. The plates were then washed, and the
biotinylated secondary antibody anti-IFN-y mAb (7-Bé6-1,
Mabtech) was included. The unbound anti-IFN-y mAb was
washed off after a two-hour incubation time. Streptavidin-
conjugated alkaline phosphatase (Mabtech) was then added for
one hour, and the unbound was washed off. Lastly, the BCIP/
NBT substrate (Mabtech) was then added.

Spots were counted using the ImmunoSpot S6 Ultimate V
analyzer (CTL Analyser). Responses were found by calculating
the variance between the average spots-numbers in the wells
stimulated with ARG1 peptide and the control wells. Vaccine-
specific responses were defined as accurate if there was a
statistically significant variance between the spot count in the
peptide-stimulated wells and the control wells according to
distribution-free resampling (DFR) statistical analysis as stated
by Moodie et al. (23). The spot count in the wells with peptide
stimulation had to be twice the spot count in the control wells for
both duplicates and singlets.

Intracellular cytokine staining of PBMCs

ARGI peptide-specific T cell response phenotype was
tested by intracellular cytokine staining (ICS) of PBMCs
stimulated with the individual 20-mer peptides. Similar to
ELISPOT assay, prior to being used in the ICS assay, PBMCs
were stimulated in vitro with the individual 20-mer peptides
and low dose IL-2 (120U/ml) for 14 days. After 14-day culture,
PBMCs were stimulated with 5 uM of the appropriate ARG1
peptide or for five hours in a 96-well plate. One hour after
adding the peptide, the protein transport inhibitor BD
GolgiPlugTM (BD Biosciences) was added. Non-stimulated
PBMCs were used as a control to determine the background
cytokine levels. Following the 5-hour incubation, the PBMCs
were stained using the following antibodies: CD3-APC-H7 (BD
Biosciences), CD4-PerCP (BD Biosciences), CD8- FITC (BD
Biosciences). The dead cells were stained with FVS510 (BD
Biosciences). Stained samples were then fixed and
permeabilized overnight using eBioscience " Fixation/
Permeabilization buffers (eBioscience) as stated by the
instructions of the manufacture. The following day cells were
stained intracellularly using the eBioscience permeabilization
buffer (eBioscience) with TNFo-BV421 (BD Biosciences) and
IFNY-APC (BD Biosciences). The samples were analyzed using
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the FACSCanto " II (BD Biosciences) with BD FACSDiva
software (v. 8.0.2).

Statistical analysis

ELISPOT assay responses were determined using the DFR
method (23). Survival curves were calculated in GraphPad Prism
version 9.0.0 using the Kaplan-Meier method. To compare
responses to the ARGI peptides, the Wilcoxon matched-pairs
signed-rank test was used. P values < 0.05 were definite as
significant. Safety was evaluated according to CTCAE 4.0, and
the adverse events are listed in Table 2. No statistical analyses
were applied.

Results

Patient baseline characteristics and
treatment

Thirteen patients with progressive metastatic colorectal
cancer, NSCLC, urothelial cancer, breast cancer, ovarian
cancer, malignant melanoma, or HNSCC on- or following
treatment with standard of care agents were enrolled and
treated with the study therapy. The selected diagnoses were
based on cancers associated with increased circulating- or tumor
infiltrating MDSCs (20-22). The included patient group was
further restricted to the cancers treated at the Oncology
Department at Herlev Hospital. The median age of the clinical
study participant was 67 years. Ovarian cancer was the most
frequent diagnosis among the evaluable patients (n=3). All
patients had advanced disease and progressed on several
treatment lines before enrolment. Baseline characteristics are
listed in Table 1. Three patients received < 2 vaccines before
exclusion due to rapid disease progression. The three patients
were replaced with new participants as specified per protocol.
Ten patients received > 2 vaccines and were considered
evaluable (Figure 1). At the end of trial in January 2022, all
ten patients were excluded due to either clinical cancer
progression or cancer progression according to RECIST 1.1.
The median number of vaccinations for the ten evaluable
patients was 4.75 (ranging from 2—12 vaccines). Four patients
received subsequent therapy following progression on study
treatment. Vaccine production and administration were
evaluated as feasible procedures.

Safety
A total of 4 (40%) of ten patients had injection site reactions

deemed related to the ARG1 vaccine. All vaccine-related
reactions were < grade 2 according to CTCAE 4.0, and there
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TABLE 1 A list of patients treated.

10.3389/fimmu.2022.1023023

Baseline characteristics, N=10

Patient Cancer Age Sex Baseline Prior BOR to most recent
ID LDH therapy prior treatment
lines

7 Breast 67 F 5641 5 PD
cancer

15 Breast 58 F 2561 11 PD
cancer

1 Colon 75 F 10201 3 PD
cancer

2% Colon 66 F 5211 3 PD
cancer

8* Colon 53 M 3141 4 SD
cancer

10 Malignant 81 M 206 4 SD
melanoma

12 Malignant 56 F 174 3 SD
melanoma

3* Malignant 58 M 5231 8 PD
melanoma

9 Ocular 73 F 202 2 SD
melanoma

4 Ovarian 66 F 2411 7 PD
cancer

13 Ovarian 77 F 4651 4 SD
cancer

14 Ovarian 66 F 2097 2 PD
cancer

16 Rectal 67 F 2291 2 SD

cancer

ARG1 Post ARG1 Metastatic sites
vaccines therapy lines
4 0 Lymph nodes, liver, adrenal gland, and lungs
3 0 Lymph nodes, liver, lungs, breast, bones, skin, and
kidney
2 0 Lung and liver
1 0 Lungs, liver, and peritoneal carcinomatosis
1 1 Lungs, liver, and bones
12 0 Lymph nodes, thorax wall, and adrenal gland
3 0 Lymph nodes, lung, and bones
1 0 Lymph nodes, subcutis, muscles, breasts, adrenal
gland, bones, and peritoneal carcinomatosis
6 1 Liver
4 2 Lymph nodes and peritoneal carcinomatosis
4 2 Liver
3 0 Lymph nodes and peritoneal carcinomatosis
3 1 Lungs and liver

*Patients receiving less than two vaccines were excluded and replaced with new participants. 1 indicates elevated LDH levels. The definition of elevated LDH is age depended: 18-69 years:
>205 U/L; 70-125 years: >255U/L. ARG1, arginase 1; BOR, best overall response; LDH, lactate dehydrogenase; PD, progressive disease; SD, stable disease.

were no registered vaccine-related Serious Adverse Events or
Reactions. All vaccine-related reactions were reversible except
for the granuloma formation at injection sites. No patients
discontinued the treatment due to injection site reactions. Two
(20%) of ten patients had shoulder arthralgia for a few days
following vaccination. Six (60%) of ten patients had an increase
in transaminases at baseline, and seven (70%) of ten patients had
elevated transaminases on treatment. Six (86%) of these seven
patients experienced an increase in transaminases during
treatment; however, the increase was evaluated as not being
vaccine related as they all had a corresponding progression of
metastatic lesions in the liver. None of the evaluable patients
experienced increased bilirubin levels during treatment. The
registered adverse events are listed in Table 2.

Vaccine responses in blood
PBMCs from patient blood samples were assessed for

vaccine specific ARG1 responses using in vitro IFNy ELISPOT
assay. Seven (70%) of the ten evaluable patients had evaluable
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project blood samples at baseline and following a minimum of
one evaluation scan. Three (30%) patients only had baseline
samples for evaluation (patient number 1, 7, and 12). All three
patients refrained from further project blood samples due to
progressive disease.

Five (50%) of ten patients had pre-existing vaccine-reactive T
cells against at least one of the ARGI1 peptides at baseline as
detected by IFNy ELISPOT: three (30%) of ten had detectable
baseline responses against ARG1-18, five out of ten against ARG1-
19, and three (30%) of ten against ARG1-20. Six (86%) of the
seven patients evaluable for immune response developed a
reactive T cell response against at least one of the ARGI
peptides during treatment. Compared to ARGI1 peptide
responses detected at baseline, three responses against ARG1-18,
three against ARG1-19, and four against ARG1-20 were seen on
treatment. Two patients (patient number 9 and patient number
10) with SD on treatment had no T cell response to the ARG1
peptides at baseline; however, both patients developed T cell
response to ARG1-19 and ARG1-20 during treatment (Figure 2).

ARGI peptide responses were additionally characterized
using intracellular cytokine staining (ICS) on the in vitro
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TABLE 2 A list of registered adverse events.

Adverse Event N

1
Fatigue 8 5
Granuloma at injection site 40 1
Rash 2 2
Dry skin 1 1
Nausea 4 2
Constipation 4 4
Vomiting 2 1
Diarrhea 1 1
Ascites 3 1
Dyspnea 2 2
Cough 3 3
Pain 8 3
Arthralgia 2% 2
Infection 1 0
Dizziness 3 3
Xerostomia 1 1
Mucositis 1 0
Alopecia 1 1
Neuropathy 2 2
Hypothyroidism 2 1
Facial paralysis 1 1
Transaminase elevation 7 6
Alkaline phosphate increased 7 5
Anemia 3 0

10.3389/fimmu.2022.1023023

Worst grade according to CTCAE 4.0

2 3 4
2 1 0
3 0 0
0 0 0
0 0 0
2 0 0
0 0 0
1 0 0
0 0 0
2 0 0
0 0 0
0 0 0
4 1 0
0 0 0
1 0 0
0 0 0
0 0 0
1 0 0
0 0 0
0 0 0
1 0 0
0 0 0
1 0 0
2 0 0
2 1 0

*possible vaccine-induced adverse events. **vaccine-related adverse events. CTCAE (Common Terminology Criteria for Adverse Events).

stimulated PBMCs. A phenotypic classification revealed that
ARG vaccine-specific T cells expanded in vitro from patients’
PBMCs were both CD8+ T cells and CD4+ T cells (Figure 3).
Vaccine-specific T cells were shown to produce pro-
inflammatory cytokines IFNy and TNFa in response to ARGI
peptides (Supplementary Figure 1)

Clinical efficacy

At data cut-off, two of ten evaluable patients obtained SD as
the best overall response (BOR), and eight patients had PD
(Figure 4). Patient number 9 was diagnosed with metastatic
ocular melanoma in 2018. She had been treated with the
checkpoint inhibitor pembrolizumab, followed by
chemotherapy with temozolomide before inclusion. BOR to
prior treatment was SD on temozolomide. At the first
evaluation scan after four ARGI vaccines, she had SD with an
8% target lesions growth. After the sixth ARGI vaccine, she
experienced clinical progression, and progression was confirmed
on a CT scan. Patient number 10 was diagnosed with metastatic
melanoma in 2014. Prior to inclusion, he received four treatment
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lines, including pembrolizumab, temozolomide, re-introduction
of pembrolizumab, and the checkpoint inhibitor ipilimumab.
BOR before treatment was CR following pembrolizumab. On
ARGI vaccine treatment, the patient had SD at the first and
second evaluations scan with a tumor growth of 0%-15%. The
patient progressed at the third evaluation scan. Two lesions were
irradiated and therefore excluded as target lesions. Patient
number 14 had minor target lesion regression with a 3%
reduction at the first evaluation scan but developed ascites and
was clinically progressing with PS > 2 (Figure 4).

Median progression-free survival (mPFS) was 62 days, and
median overall survival (mOS) from the time of the first vaccine
was 7.3 months (Figure 5).

Discussion

In this clinical phase I study, ten patients with metastatic
solid tumors were treated with a peptide vaccine targeting
ARGL. The primary objective was to assess the vaccine safety,
and we found that the ARG1 vaccine was well tolerated. We did
not observe any grade 3-4 vaccine-related adverse events
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FIGURE 1

Assessed for eligibility (n=20)

Not randomized

v

Allocated to intervention (n=13)

Recieved > 1 vaccine (n=13)
Recieved > 2 vaccines (n=10)

v

Analysed (n=10)

A4

Declined to participate (n=2)

Signed informed consent form (n=18)

Not meeting inclusion criteria (n=3)
Chose standard treatment (n=2)

Consort diagram. Twenty patients with metastatic solid tumors were assessed for eligibility. Thirteen patients were enrolled and received the study
treatment. Three patients received < 2 vaccines and were replaced with new participants. Ten patients received > 2 vaccines and were evaluated.

AA1809.01-
AA1809.04+
AA1809.07+
AA1809.09-
AA1809.10
AA1809.124
AA1809.13
AA1809.14+
AA1809.15-
AA1809.16

AA1809.01-
AA1809.04+
AA1809.07-
AA1809.09+
AA1809.104
AA1809.12-
AA1809.134
AA1809.14

FIGURE 2
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Baseline 4th vacc. 8th vacc. 12th vacc.
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Baseline 4th vacc. 8th vacc. 12th vacc.

Heatmaps of detected specific arginase-1 (ARG1) responses in peripheral blood mononuclear cells (PBMCs) at baseline and on treatment as
measured by interferon (IFN)-y enzyme-linked immunospot (ELISPOT) assay (n=10). Background has been subtracted. *Indicates positive
responses based on Distribution-free Resampling (DFR) method.
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CD4+ and CD8+ arginase-1 (ARG1) vaccine-specific T cell responses in blood. Total ARG1-specific CD4+ (black) and CD8+ (grey) T cell
responses in peripheral blood mononuclear cells (PBMCs) at baseline and on treatment. The data were quantified by flow cytometry by an
increased expression of interferon (IFN)y, IFNy + TNFa, and TNFa. after five-hour peptide stimulation. A detailed cytokine expression profile is
shown in Supplementary Figure 1. The values indicate specific responses subsequent to substraction of background values (n=10). N/A, Not

available.

according to CTCAE 4.0 (Table 2). In line with the previous
similar vaccination trials targeting self-proteins expressed by
regulatory immune cells conducted at CCIT-DK, the most
frequent vaccine-induced adverse event was injection site
reactions (17-19). Because ARGI is expressed in the liver and
other non-cancerous tissues, there was a risk of inducing
autoimmune reactions. We found that only patients with
progressing metastatic lesions in the liver experienced
increased transaminases during treatment. Another clinical
trial additionally examined an oral ARGI inhibitor (CB-1158),
and the treatment did not induce significant on-target
toxicity (24).

Notably, an ELISPOT-based evaluation of the
immunogenicity of the ARG1 vaccine revealed that nine (90%)
of ten evaluable patients had peptide-specific T cell responses
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against minimum one of the ARGI peptide sequences in the
blood and six (86%) of the seven evaluable patients developed a
reactive T cell response against at least one of the ARG peptides
during treatment. The ARGI-specific T cells comprised both
CD4+ and CD8+ cells, although CD4+ reactivity was most
frequent and of higher magnitude. Evaluation scans revealed
two patients obtained SD on vaccination treatment, and eight
had PD. The trial was, however, not designed to evaluate clinical
efficacy. At inclusion, all patients had progressive advanced
cancer disease and had received multiple lines of therapy
(Table 1). Consequently, we did not expect a monotherapeutic
ARGI peptide vaccine to induce objective responses.

The trial was limited by the small sample size and the low
number of vaccine administrations. Including patients across
diagnoses made the results difficult to compare as well. Despite
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Spider plot showing changes in tumor size on evaluation scans for each patient. Patients were evaluated every three months. Numbers indicate

patient ID. SD, stable disease; PD, progressive disease.

excluding patients with performance status >1 and short life
expectancy, three patients received less than two ARG1 vaccines
and were replaced with new participants due to fast disease
progression. Including patients with SD off standard treatment
could potentially have increased the number of vaccine
administrations. However, this patient group is difficult to
recruit because most patients with SD still receive maintenance
therapy or have paused treatment due to adverse reactions.
Despite the limitations, this clinical trial was valuable for
assessing the safety and immunogenicity of a peptide vaccine
targeting ARGI1. A clinical trial has already been initiated based
on early ARGI safety data (NCT04051307).

Peptide-based cancer vaccines are well tolerated in general,
but due to their limited potency, they are unlikely to succeed as a
monotherapy for patients with metastatic tumors (25). The
future role of an ARGI-based cancer vaccine is rather in an
adjuvant setting or in combination with other
immunotherapeutic treatment modalities. The infiltration of
TAMs in tumors correlates with a poor prognosis and a poor
response to therapies, including CPI therapies (26). The
combination of ARGI1-based therapeutic vaccines and CPIs
may therefore be especially attractive since ARGI-specific T
cells can directly target immunosuppressive TAMs and thereby
induce Thlinflammation in the TME. This can further induce
the expression of proteins like PD-L1 in different cell types in the
TME. ARGl-based immunomodulatory vaccination aims to
convert the immune hostile TME and generate targets more
disposed to anti-PD-1/PD-L1 immunotherapy. Hence, ARG1-
based immune vaccines that modulate the tumor
microenvironment should increase the effect of CPIs (13). To
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support this, we recently showed the anti-tumor effects of
ARG1-based vaccination in several different murine cancer
models. ARG1-vaccination activated peptide-specific T cells
and induced tumor growth control upon vaccination (27).
Importantly, ARG1-based vaccination indeed functions in
synergy with anti-PD-1 therapy in these models. ARGI-
targeting therapeutic vaccines changed the cell composition of
the TME, resulting in increased T cell infiltration and a change
in the M1/M2 ratio of tumor-infiltrating macrophages. In
addition, we observed decreased ARG1 expression and a
reduced suppressive function of tumor-educated myeloid cells
following ARG1 vaccination (27). Hence, the combination
therapy of ARGI-based vaccines and CPIs could increase the
number of patients responding to therapy. In line with the pre-
clinical data at CCIT-DK, we recently obtained impressive
response and survival rates in metastatic melanoma by
combining an immune modulatory peptide vaccine targeting
IDO and PD-L1 with the CPI nivolumab in a phase I-II clinical
trial (NCT03047928) (17).

Conclusion

This trial was a small pilot study conducted to establish the
initial proof of safety and immunogenicity of an ARGI peptide
vaccine. This study showed that the ARG1 peptide vaccine was
safe, and the vaccine administration was feasible. Clinical
responses were limited, but the vaccine induced an immune
response in the majority of patients. In combination with other
immunotherapies, the ARGI cancer vaccine could likely play a
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Overall survival and progression-free survival. mPFS, median progression-free survival; mOS, median overall survival
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role in future cancer treatment strategies for patients with high
levels of ARG1-expressing cells in the TME.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary Material. Further
inquiries can be directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed
and approved by the committees on health research ethics in
the Capital Region of Denmark, Regionsgarden. The
patients/participants provided their written informed
consent to participate in this study. Written informed
consent was obtained from the individual(s) for the
publication of any potentially identifiable images or data
included in this article.

Author contributions

CL gained institutional approval, performed the research,
and wrote the manuscript. CL and JK recruited, evaluated, and
treated the patients. SM and RH evaluated and treated the
patients. IS, MA, EE, AP, EM, and RH critically revised the
manuscript. EM performed laboratory research and data
analysis and critically revised the manuscript. MA, IS, and EE
conceptualized and designed the trial and supervised the project.
All authors contributed to the article, and all authors approved
the versions for submission.

Funding

The trial was funded by Herlev Hospital and through a
research funding agreement between the Oncology Department
at Herlev Hospital, National Center for Cancer Immune
Therapy (CCIT-DK), and IO Biotech ApS.

References

1. Maeda H, Khatami M. Analyses of repeated failures in cancer therapy for
solid tumors: poor tumor-selective drug delivery, low therapeutic efficacy and
unsustainable costs. Clin Transl Med (2018) 7:11. doi: 10.1186/s40169-018-0185-6

2. Nixon NA, Blais N, Ernst S, Kollmannsberger C, Bebb G, Butler M, et al.
Current landscape of immunotherapy in the treatment of solid tumours, with
future opportunities and challenges. Curr Oncol (2018) 25:¢373-84. doi: 10.3747/
€0.25.3840

Frontiers in Immunology

11

10.3389/fimmu.2022.1023023

Acknowledgments

We express our gratitude to the trial patients for the
participation. We thank the laboratory technicians from
CCIT-DK for technical support. We thank L. Sengelov, the
head of the Oncology Department at Herlev Hospital, and the
nurses at Clinic 5.

Conflict of interest

MA has various patent applications in relation to the
therapeutic uses of ARG1 peptides. The patents are allocated
to the company IO Biotech. MA is a founder, advisor, and
shareholder for IO Biotech. EM, AP, and EE are employees at IO
Biotech. IS has lectured for or had advisory board relationships
with MSD, Sanofi Aventis, BMS, Pierre Fabre, Novartis, TILT
Biotherapeutics, IO Biotech, and Novo Nordisk. IS has received
research grants from Lytix biopharma, IO Biotech, BMS,
Adaptimmune, and TILT Biotherapeutics. IS is a co-founder
and shareholder for the company IO Biotech.

The remaining authors declare that the research was
conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict
of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fimmu.2022.1023023/full#supplementary-material

3. Lindau D, Gielen P, Kroesen M, Wesseling P, Adema GJ. The
immunosuppressive tumour network: Myeloid-derived suppressor cells,
regulatory T cells and natural killer T cells. Immunology (2013) 138:105-15.
doi: 10.1111/imm.12036

4. Geiger R, Rieckmann JC, Wolf T, Basso C, Feng Y, Fuhrer T, et al. L-arginine
modulates T cell metabolism and enhances survival and anti-tumor activity. Cell
(2016) 167:829-842.e13. doi: 10.1016/j.cell.2016.09.031

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2022.1023023/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.1023023/full#supplementary-material
https://doi.org/10.1186/s40169-018-0185-6
https://doi.org/10.3747/co.25.3840
https://doi.org/10.3747/co.25.3840
https://doi.org/10.1111/imm.12036
https://doi.org/10.1016/j.cell.2016.09.031
https://doi.org/10.3389/fimmu.2022.1023023
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Lorentzen et al.

5. Kim PS, Iyer RK, Lu KV, Yu H, Karimi A, Kern RM, et al. Expression of the
liver form of arginase in erythrocytes. Mol Genet Metab (2002) 76:100-10.
doi: 10.1016/S1096-7192(02)00034-3

6. Rodriguez PC, Quiceno DG, Ochoa AC. L-arginine availability regulates T-
lymphocyte cell-cycle progression. Blood (2007) 109:1568-73. doi: 10.1182/blood-
2006-06-031856

7. Rodriguez PC, Zea AH, DeSalvo J, Culotta KS, Zabaleta ], Quiceno DG, et al. L-
arginine consumption by macrophages modulates the expression of CD3{ chain in T
lymphocytes. ] Immunol (2003) 171:1232-9. doi: 10.4049/jimmunol.171.3.1232

8. Coosemans A, Decoene |, Baert T, Laenen A, Kasran A, Verschuere T, et al.
Immunosuppressive parameters in serum of ovarian cancer patients change during
the disease course. Oncoimmunology (2016) 5:e1111505. doi: 10.1080/
2162402X.2015.1111505

9. Rodriguez PC, Ernstoff MS, Hernandez C, Atkins M, Zabaleta ], Sierra R,
etal. Arginase I-producing myeloid-derived suppressor cells in renal cell carcinoma
are a subpopulation of activated granulocytes. Cancer Res (2009) 69:1553-60.
doi: 10.1158/0008-5472.CAN-08-1921

10. Singh R, Pervin S, Karimi A, Cederbaum S, Chaudhuri G. Arginase activity
in human breast cancer cell lines: N(omega)-hydroxy-L-arginine selectively
inhibits cell proliferation and induces apoptosis in MDA-MB-468 cells. Cancer
Res (2000) 60:3305-12. doi: 10.4161/0nci.21678

11. Lang S, Bruderek K, Kaspar C, Hoing B, Kanaan O, Dominas N, et al. Clinical
relevance and suppressive capacity of human myeloid-derived suppressor cell subsets.
Clin Cancer Res (2018) 24:4834-44. doi: 10.1158/1078-0432.CCR-17-3726

12. Mariathasan S, Turley SJ, Nickles D, Castiglioni A, Yuen K, Wang Y, et al.
TGEF attenuates tumour response to PD-L1 blockade by contributing to exclusion
of T cells. Nature (2018) 554:544-8. doi: 10.1038/nature25501

13. Martinenaite E, Mortensen RE]J, Hansen M, Orebo Holmstrém M, Munir
Ahmad S, Gronne Dahlager Jorgensen N, et al. Frequent adaptive immune
responses against arginase-1. Oncoimmunology (2018) 7:e1404215. doi: 10.1080/
2162402X.2017.1404215

14. Martinenaite E, Ahmad SM, Svane IM, Andersen MH. Peripheral memory
T cells specific for arginase-1. Cell Mol Immunol (2019) 16:718-9. doi: 10.1038/
$41423-019-0231-3

15. Andersen MH. The balance players of the adaptive immune system. Cancer
Res (2018) 78:1379-82. doi: 10.1158/0008-5472.CAN-17-3607

16. Martinenaite E, Ahmad SM, Bendtsen SK, Jorgensen MA, Weis-Banke SE,
Svane IM, et al. Arginase-1-based vaccination against the tumor
microenvironment: the identification of an optimal T-cell epitope. Cancer
Immunol Immunother (2019) 68:1901-7. doi: 10.1007/s00262-019-02425-6

Frontiers in Immunology

12

10.3389/fimmu.2022.1023023

17. Kjeldsen JW, Lorentzen CL, Martinenaite E, Ellebaek E, Donia M,
Holmstroem RB, et al. A phase 1/2 trial of an immune-modulatory vaccine
against IDO/PD-L1 in combination with nivolumab in metastatic melanoma.
Nat Med (2021) 27:2212-23. doi: 10.1038/s41591-021-01544-x

18. Jorgensen NG, Klausen U, Grauslund JH, Helleberg C, Aagaard TG, Do TH,
et al. Peptide vaccination against PD-L1 with I0103 a novel immune modulatory
vaccine in multiple myeloma: A phase I first-in-Human trial. Front Immunol
(2020) 11:595035. doi: 10.3389/fimmu.2020.595035

19. Handlos Grauslund J, Holmstrém MO, Jorgensen NG, Klausen U, Weis-
Banke SE, El Fassi D, et al. Therapeutic cancer vaccination with a peptide derived
from the calreticulin exon 9 mutations induces strong cellular immune responses in
patients with CALR-mutant chronic myeloproliferative neoplasms. Front Oncol
(2021) 11:637420. doi: 10.3389/fonc.2021.637420

20. Steggerda SM, Bennett MK, Chen J, Emberley E, Huang T, Janes JR, et al.
Inhibition of arginase by CB-1158 blocks myeloid cell-mediated immune
suppression in the tumor microenvironment. J Immunother Cancer (2017) 5:101.
doi: 10.1186/s40425-017-0308-4

21. Montero AJ, Diaz-Montero CM, Kyriakopoulos CE, Bronte V, Mandruzzato
S. Myeloid-derived suppressor cells in cancer patients: a clinical perspective. J
Immunother (2012) 35:107-15. doi: 10.1097/CJ1.0b013e318242169f

22. Solito S, Marigo I, Pinton L, Damuzzo V, Mandruzzato S, Bronte V.
Myeloid-derived suppressor cell heterogeneity in human cancers. Ann N 'Y Acad
Sci (2014) 1319:47-65. doi: 10.1111/nyas.12469

23. Moodie Z, Price L, Janetzki S, Britten CM. Response determination criteria
for ELISPOT: Toward a standard that can be applied across laboratories. Methods
Mol Biol (2012) 792:185-96. doi: 10.1007/978-1-61779-325-7_15

24. Naing A, Bauer T, Papadopoulos KP, Rahma O, Tsai F, Garralda E, et al.
Phase I study of the arginase inhibitor INCB001158 (1158) alone and in
combination with pembrolizumab (PEM) in patients (Pts) with advanced/
metastatic (adv/met) solid tumours. Ann Oncol (2019) 30:v160. doi: 10.1093/
annonc/mdz244.002

25. Saxena M, van der Burg SH, Melief CJM, Bhardwaj N. Therapeutic cancer
vaccines. Nat Rev Cancer (2021) 21:360-78. doi: 10.1038/s41568-021-00346-0

26. Ugel S, De Sanctis F, Mandruzzato S, Bronte V. Tumor-induced myeloid
deviation: When myeloid-derived suppressor cells meet tumor-associated
macrophages. J Clin Invest (2015) 125:3365-76. doi: 10.1172/JCI80006

27. Jorgensen MA, Ugel S, Hiibbe ML, Carretta M, Perez-Penco M, Weis-Banke
SE, et al. Arginase 1-based immune modulatory vaccines induce anticancer
immunity and synergize with anti-PD-1 checkpoint blockade. Cancer Immunol
Res (2021) 9:1316-26. doi: 10.1158/2326-6066.CIR-21-0280

frontiersin.org


https://doi.org/10.1016/S1096-7192(02)00034-3
https://doi.org/10.1182/blood-2006-06-031856
https://doi.org/10.1182/blood-2006-06-031856
https://doi.org/10.4049/jimmunol.171.3.1232
https://doi.org/10.1080/2162402X.2015.1111505
https://doi.org/10.1080/2162402X.2015.1111505
https://doi.org/10.1158/0008-5472.CAN-08-1921
https://doi.org/10.4161/onci.21678
https://doi.org/10.1158/1078-0432.CCR-17-3726
https://doi.org/10.1038/nature25501
https://doi.org/10.1080/2162402X.2017.1404215
https://doi.org/10.1080/2162402X.2017.1404215
https://doi.org/10.1038/s41423-019-0231-3
https://doi.org/10.1038/s41423-019-0231-3
https://doi.org/10.1158/0008-5472.CAN-17-3607
https://doi.org/10.1007/s00262-019-02425-6
https://doi.org/10.1038/s41591-021-01544-x
https://doi.org/10.3389/fimmu.2020.595035
https://doi.org/10.3389/fonc.2021.637420
https://doi.org/10.1186/s40425-017-0308-4
https://doi.org/10.1097/CJI.0b013e318242169f
https://doi.org/10.1111/nyas.12469
https://doi.org/10.1007/978-1-61779-325-7_15
https://doi.org/10.1093/annonc/mdz244.002
https://doi.org/10.1093/annonc/mdz244.002
https://doi.org/10.1038/s41568-021-00346-0
https://doi.org/10.1172/JCI80006
https://doi.org/10.1158/2326-6066.CIR-21-0280
https://doi.org/10.3389/fimmu.2022.1023023
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Arginase-1 targeting peptide vaccine in patients with metastatic solid tumors – A phase I trial
	Introduction
	Materials and methods
	Trial design
	Vaccine
	Patients
	Clinical evaluation
	Processing project blood samples
	ELISPOT assay
	Intracellular cytokine staining of PBMCs
	Statistical analysis

	Results
	Patient baseline characteristics and treatment
	Safety
	Vaccine responses in blood
	Clinical efficacy

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


