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Pancreatic and colorectal cancers are often KRAS mutated and are incurable
when tumor DNA or protein persists or recurs after curative intent therapy.
Cancer vaccine ELI-002 2P enhances lymph node delivery and immune
response using amphiphile (Amph) modification of G12D and G12R

mutant KRAS (mKRAS) peptides (Amph-Peptides-2P) together with CpG
oligonucleotide adjuvant (Amph-CpG-7909). We treated 25 patients

(20 pancreatic and five colorectal) who were positive for minimal

residual mKRAS disease (ctDNA and/or serum tumor antigen) after
locoregional treatment in a phase 1study of fixed-dose Amph-Peptides-

2P and ascending-dose Amph-CpG-7909; study enrollment is complete
with patient follow-up ongoing. Primary endpoints included safety

and recommended phase 2 dose (RP2D). The secondary endpoint was
tumor biomarker response (longitudinal ctDNA or tumor antigen), with
exploratory endpoints including immunogenicity and relapse-free survival
(RFS). No dose-limiting toxicities were observed, and the RP2D was 10.0 mg
of Amph-CpG-7909. Direct ex vivo mKRAS-specific T cell responses were
observed in 210f 25 patients (84%; 59% both CD4" and CD8"); tumor
biomarker responses were observed in 21 of 25 patients (84%); biomarker
clearance was observed in six of 25 patients (24 %; three pancreatic and
three colorectal); and the median RFS was 16.33 months. Efficacy correlated
with T cell responses above or below the median fold increase over baseline
(12.75-fold): median tumor biomarker reduction was -76.0% versus —10.2%
(P<0.0014), and the median RFS was not reached versus 4.01 months
(hazardratio = 0.14; P= 0.0167). ELI-002 2P was safe and induced
considerable T cell responses in patients withimmunotherapy-recalcitrant
KRAS-mutated tumors. ClinicalTrials.gov identifier: NCT04853017.

Colorectal cancer (CRC) and pancreatic ductal adenocarcinoma (PDAC)  relapse'™*. PD1 (programmed cell death inhibitor)/PDL1 checkpoint
arethe second and third leading causes of cancer death, respectively, inhibitors alone or in combination with CTLA4 inhibitors are ineffec-
with standard locoregional treatment for resectable disease result-  tive in PDAC and microsatellite stable (MSS) CRC, consistent with low
inginless than 20% 5-year survival and few effective treatments for numbers of antigen-specific tumor-infiltrating lymphocytes (TILs)
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Fig.1|Design of ELI-002 2P, Amph mechanism of action and study
participant disposition. a, Schematic for ELI-002 2P vaccine components,
including Amph-mKRAS G12D and G12R long peptide antigens and Amph-
CpG-7909 TLRY agonist. PEG, polyethylene glycol. b, Stepwise schematic for
Amph-directed lymph-node-targeted biodistribution mechanism using albumin
‘hitchhiking’: (1) subcutaneous Amph injection, followed by (2) lipid-mediated
non-covalent molecular association of Amph vaccines with tissue-resident
endogenous albumin, resulting in (3) preferential absorption into lymphatics

and accumulation through afferent lymph flow into draining lymph nodes and,
finally, (4) uptake of Amph vaccines by lymph-node-resident APCs to induce
antigen presentation and coordinated co-stimulation of cognate T cells.

¢, CONSORT diagram. Patients were enrolled into five successive cohorts with
progressively increasing doses of Amph-CpG-7909 with a fixed dose of Amph-
Peptides 2P. Graphical elements from a and b were adapted from previous
publications under a Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/) (refs.57,58).

and infrequent neoantigen mutations®®, However, widely expressed
(93% PDAC and 50% CRC) KRAS driver mutations (mKRASs) are attrac-
tiveimmunotherapy targets required for tumor survival with uniform
expression throughout disease progression®. T cells targeting mKRAS
arenot limited by immune tolerance, and on-target, off-tumor toxicity
isunlikely asnormaltissueslack expression. Adoptive therapy with HLA
C*08:02-restricted KRAS G12D-specific T cells has resulted inresponses
in patients with PDAC or MSS CRC" . However, mKRAS-directed T cell
therapyisrestricted to select mutations and human leukocyte antigen
(HLA) alleles, requires complicated logistics, is costly to manufacture

andis accompanied by potential cytokine release syndrome and neu-
rotoxicity". In contrast, vaccination offers potential to expand endog-
enous mKRAS-directed T cells across diverse HLA backgrounds, with
simplified manufacturing and off-the-shelf availability.

ELI-002 2P is a three-component lymph-node-targeted vaccine
comprisingamphiphile (Amph)-modified G12D and G12R mKRAS long
peptides as well as Amph-modified Toll-like receptor 9 (TLR9) agonistic
CpG-7909 DNA (Fig.1aand Supplementary Fig.1). Due to smallmolecu-
lar weight (<20 kDa), conventional peptides and molecular adjuvants
in soluble vaccines exhibit poor immunogenicity due to ineffective
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Table 1| Demographics and baseline characteristics of study participants

Cohort1(0.1mg) Cohort 2(0.5mg) Cohort 3 (2.5mg) Cohort 4 (5.0mg) Cohort 5 (10.0mg) Overall n=25
n=3 n=6 n=5 n=5 n=6
Age (years)
Median 50.0 54.5 670 670 59.0 61.0
Range 47-61 37-69 63-77 47-75 48-69 37-77
Female sex, n (%) 2(66.7) 5(83.3) 4(80.0) 3(60.0) 1(16.7) 15 (60.0)
BMI (kg/m?)
Median 25.2 221 223 233 26.2 23.4
Range 20.5-32.2 16.5-38.0 19.9-24.6 16.0-31.1 19.1-33.3 16.0-38.0
Race, n (%)
Asian (6] 1(16.7) 0 6] 1(16.7) 2(8.0)
White 2(66.7) 5(83.3) 4(80.0) 5(100) 5(83.3) 21(84.0)
Not reported 1(33.3) 0 1(20) 0 0 2(8.0)
ECOG PS, n (%)
0 3(100) 4(66.7) 4(80.0) 2(40.0) 5(83.3) 18(72.0)
1 (] 2(33.3) 1(20.0) 3(60.0) 1(16.7) 7(28.0)
Initial diagnosis, n (%)
PDAC 1(33.3) 4(66.7) 5(100) 4(80.0) 6 (100) 20 (80.0)
CRC 2(66.7) 2(33.3) 0] 1(20.0) 0 5(20.0)
Disease stage at screening
Stagel, Il 1(33.3) 2(33.3) 3(60.0) 1(20.0) 1(16.7) 8(32.0)
Stage lll, IV? 2(66.7) 4(66.7) 2(40.0) 4(80.0) 5(83.3) 17 (68.0)
Prior anti-cancer therapy
Systemic therapy 3(100) 6 (100) 5(100) 5(100) 6 (100) 25 (100)
Surgery/procedure 3(100) 6 (100) 5(100) 5(100) 6 (100) 25 (100)
Radiation therapy 2(66.7) 1(16.7) 1(20.0) 2(40.0) 1(16.7) 7(28.0)
Tumor KRAS mutation
G12 amino acid DDD DDDDDD DRDDD DDRDD RRDDRD

BMI, body mass index. °Resected oligometastatic (<3 lesions) with NED on imaging was permitted.

lymph node biodistribution where resident antigen-presenting cells
(APCs) orchestrate immune responses™. In contrast, Amph vaccine
components (antigens and adjuvants) are modified with diacyl lipids
thatassociate with fatty-acid-binding pockets on endogenous albumin
(~65 kDa) after injection, resulting in molecular ‘hitchhiking™, which
enhances lymph node accumulation and efficient delivery into APCs
(Fig. 1b)'*", Preclinically, Amph vaccination delivered vaccine com-
ponentstoand activated resident APCs, robustly reprogramming the
immune microenvironment to develop high-magnitude, functional
T cell responses™'®”. Amph vaccine therapy enhanced efficacy with
increased T cell expansion and tumor infiltration, leading to long-term
eradication of solid tumors alongside decreased systemic toxicity**'.

KRAS-mutated pancreatic tumors exhibit total loss of class IHLA
expression in 43% of metastases but in only 6% of primary tumors®.
We hypothesized that administration of ELI-002 2P after tumor resec-
tion in the setting of minimal residual disease (MRD) would (1) induce
expansion of functional tumor-directed mKRAS-specific T cells, (2)
increase the potential for anti-tumor activity by avoiding HLA loss in
late-stage disease and (3) allow T cell action to support destruction of
micro-metastatic disease, resulting in reduced tumor biomarkers and
delayed radiographic recurrence (Extended DataFig.1). Here we report
the safety, efficacy, immunogenicity and recommended phase 2 dose
(RP2D) of ELI-002 2P in a phase 1 multi-cohort study, AMPLIFY-201, in
patients who had received definitive locoregional therapy but were posi-
tive for MRD with highrisk for radiographic relapse due to the presence
of circulating tumor DNA (ctDNA) or serum tumor antigen biomarkers.

Results

Patients

Twenty-five patients were enrolled and initiated dosing between 4
October 2021and 10 April 2023 with ELI-002 2P (Table 1), comprising
afixed dose of Amph-Peptides 2P (0.7 mg of G12D and G12R antigens
each), with escalating Amph-CpG-7909 doses of 0.1, 0.5, 2.5, 5.0 and
10.0 mgin cohorts1, 2, 3,4 and 5, respectively, using a modified 3 + 3
design. Enrollment required (1) presence of atumor mKRAS mutation
(G12D or G12R) determined by whole-exome sequencing, (2) imaging
studies negative for overt disease and (3) MRD state as adjudicated by
detection of ctDNA positivity and/or elevated serum tumor antigen,
carbohydrate antigen (CA) 19-9 or carcinoembryonic antigen (CEA)
(Extended Data Fig.1and Extended Data Table 1). A tumor-informed
ctDNA assay was used to follow 21 of 25 patients, and a serum-based
ctDNA assay was used in four of 25 patients when a tumor-informed
assay was not feasible. Per the protocol design, up to three additional
patients (total of up to six per cohort) were permitted into each dose
level evenin the absence of a dose-limiting toxicity (DLT) for any cohort
previously deemed safe and well tolerated by the safety review com-
mittee overseeing the study. As of the date of data cutoff, 6 September
2023, all 25 enrolled patients were included in the analyses of safety,
immunogenicity and preliminary anti-tumor activity through evalu-
ation of ctDNA and serum tumor antigens and relapse-free survival
(RFS) (Fig. 1c). Thirteen patients discontinued treatment early due to
disease progression (two, four, three, two and two in cohorts 1,2, 3,4
and 5, respectively), and no patient discontinued study treatment due to
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Table 2 | Adverse events and summary for study participants

Cohort1(0.Img) Cohort2(0.5mg) Cohort3(2.5mg) Cohort4(5.0mg) Cohort5(10.0mg) Overall n=25
n=3 n=6 n=5 n=5 n=6
Adverse event term®
Pe;t/ie):nts with any related TEAE, 1(83.3) 3(50.0) 2(40.0) 2 (40.0) 4 (66.7) 12 (48.0)
n (%
Fatigue 0 2(33.3) 2(40.0) 1(20.0) 1(16.7) 6(24.0)
Injection site reaction* 1(83.3) 1(16.7) 0 2(40.0) 0 4(16.0)
Myalgia 0] 0] 0] 1(20.0) 2(33.3) 3(12.0)
Anemia 1(33.3) (0] 1(20.0) (0] (0] 2(8.0)
Headache 1(33.3) 1(16.7) 0] 0 0 2(8.0)
Hot flush 0 1(16.7) 0 0 1(16.7) 2(8.0)
Nasal congestion 0 1(16.7) (0] 1(20.0) 0 2(8.0)
Nausea 1(83.3) 0 0 1(20.0) 0 2(8.0)
Patient summary®
KRAS mutation DDD DDDDDD DRDDD DDRDD RRDDRD
DLT 0] 0 0] o] 0] o]
Biomarker reduction/clearance 2(67) 5(83) 4(80) 4(80) 6 (100) 21(84)
T cell response 2(67) 4(67) 4(80) 5(100) 6 (100) 21(84)

“TEAE, treatment-emergent adverse events with incidence >5%; data cutoff, 6 September 2023; preferred terms per the Medical Dictionary for Regulatory Activities, version 25.0 * Injection site
reaction includes injection site erythema, injection site induration, injection site swelling, contusion and pruritis. ® Patient summary.

toxicity. Concomitant anti-tumor therapy was prohibited during study
treatment, and the details of subsequent therapy were collected for
patients entering the 2-year long-term follow-up period after complet-
ing ELI-002 treatment or early discontinuation. Baseline characteristics
(Tablel) included medianage 61.0 years (range, 37-77 years), and most
patients were female (60%) and White (84%). Twenty patients (80%)
had PDAC, and five patients (20%) had CRC. Prior surgical pathology
demonstrated that 68% of patients had stageIll or resected oligometa-
static (<3 lesions in one organ) stage IV disease, with only six (24%)
being node negative (TNM; Extended Data Table 1). All patients had
received prior chemotherapy and anti-cancer surgery, and 28% had
received prior radiation therapy (Extended Data Table 1).

Safety

The primary endpoint was to evaluate the safety of ELI-002 2P and to
identify the maximum tolerated dose (MTD) and the RP2D. Forty-eight
percentof patients (12/25) experienced an adverse event related to ELI-
0022P (Table2), allgrade1orgrade2; there were no grade >3-related
events, no cytokine release syndrome and no DLTs, and no MTD was
established. Related treatment-emergent adverse events reported
for >3 patients were fatigue (n = 6,24%, five grade 1and one grade 2),
injectionsite reaction (n=4,16%, allgrade 1) and myalgia (n = 3,12%, all
gradel). Oneserious adverse event was reported: agrade 3 abdominal
wall hematomathat resolved 8 d after onset was considered related to
abiopsy performed per protocol to confirm progression and unrelated
to ELI-002. No event led to discontinuation of treatment or death.
Patient diaries were used to assess injection site reactogenicity and
systemicreactogenicity symptoms (Extended Data Table 2); 92% (23/25)
recorded mild symptoms, 56% (14/25) recorded moderate symptoms
and12% (3/25) recorded severe symptoms. The RP2D was determined to
be 10 mg of Amph-CpG-7909, fulfilling the primary study endpoint, as
this dose was safe and well tolerated and was associated with consistent
biomarker reductions and T cell responses.

Tumor biomarker response

Tumor biomarker response, the secondary endpoint, was assessed
as any decrease from baseline in ctDNA and/or serum tumor antigen
levels (CA19-9 and CEA) irrespective of subsequent biomarker values.

In the biomarker-evaluable study population, 84% of patients (21/25;
Fig. 2a and Extended Data Table 3) had a decline from baseline: 44%
(11/25) had a >30% drop; 32% (8/25) had a >50% drop; and 24% (6/25;n=3
pancreaticand n =3 colorectal) had complete biomarker clearance (O
mean tumor molecules per milliliter (MTM/ml) for ctDNA, and five of six
clearances were confirmed by subsequent undetectable ctDNA values
(Extended Data Table 3)). Serum CEA or CA19-9 declines contributed to
tumor biomarker response but not clearance because results remained
above the limit of detection for these assays.

Similar proportions of patients exhibited reductions frombaseline
assessed using CEA/CA19-9 (75%, 9/12) or ctDNA (92%, 12/13). Like-
wise, patients with PDAC (80%, 16/20) and CRC (100%, 5/5) exhibited
biomarker declines. All patients with G12R mutations (100%, 5/5) and
80% (16/20) of those with G12D mutations demonstrated abiomarker
decline. Responses occurred in four G12D patients (all four assessed
using ctDNA) without any class I HLA alleles previously reported
to restrict G12D T cell responses (bioRxiv 2020.06.15.149021)"%*,
Likewise, all five patients with G12R-mutated tumors had biomarker
responses despite lacking HLA B*07:02 previously reported to restrict
GI2R T cell responses. Similar proportions of males (80%, 8/10) and
females (87%,13/15) exhibited tumor biomarker responses. All patients
had atleastone classIIHLA allele previously reported to restrict CD4"
T cell responses to mKRAS"****, Responses were observed across all
durations (median 5.7 months; range, 2.6-31.9 months) from prior
surgery or chemotherapy (whichever was last). Notably, all who had
undergone prior splenectomy during the surgical management of
their primary pancreatic tumor (100%, 4/4; ‘S’ annotation in Fig. 2a)
responded, with 50% (2/4) exhibiting tumor biomarker clearance.

Extended Data Fig. 2 illustrates the exploratory kinetics of bio-
marker changes from baseline in a spider plot. Non-responders gen-
erally had progressive biomarker increases; in six of 15 (40%) patients
with biomarker reduction, response was transient and followed by
progression, whereas responses were ongoing in the other nine of 15
(60%); and another two patients had initial rising biomarker values
followed by reductiontoundetectable levels, indicating thata minor-
ity of patients may exhibit initial tumor biomarker increases before
progressivereductions. Patient 16 with the longest follow-up (CRC) had
three prior systemic adjuvant chemotherapies plus radiation therapy
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but was ctDNA positive throughout prior treatment and in screen-
ing but achieved clearance of ctDNA after treatment with ELI-002 2P
and remained no evidence of disease (NED) on imaging throughout
follow-up (Extended DataFig. 2).

A swimmer’s plot for the biomarker-evaluable population is
illustrated as Fig. 2b. The median duration of study treatment was
20.1weeks, with 23 of 25 patients completing the prime series, 11 0f 25
patients proceeding to the booster phase and 11 of 25 patients com-
pleting all specified protocol therapy; one patient was continuing
treatment at the database cutoff.

Immunogenicity and clinical outcomes
The exploratory immunogenicity of ELI-002 2P was assessed directly
exvivointheperipheral blood of patients throughout the study (Fig. 3a
and Extended Data Fig. 3). Peripheral blood mononuclear cells (PBMCs)
were stimulated individually for allmKRAS antigens and wild-type (WT)
antigen and directly measured for T cell responses. Example T cell
responses for patient 11 (tumor mKRAS G12D) are shown in Extended
DataFig.4.Elevated T cellimmunity to the vaccine epitopes G12R and
GI12D was observed after the prime immunization series (Extended Data
Fig. 4a) at week 9 by ex vivo IFNy/Granzyme B (GrB) FluoroSpot, with
2.6-fold and 12-fold increases over baseline, respectively (Extended
Data Fig. 4b). Seventy-nine percent of T cells secreted IFNy, and 18%
secreted cytolytic marker GrB. Consistent with previous reports® 25,
baseline antigen-specific T cell responses to G12R and G12D were also
observed; however, ELI-002 2P vaccination greatly expanded the fre-
quency of these pre-existing T cells to over 800 spot-forming cells
(SFCs) per million. T cell responses specific to other mKRAS antigens
were also evaluated, and positiveimmune responses (defined as >2-fold
overbaseline and atleast 50 SFCs) wereinduced to G12V, G12C and G12S
but not WT KRAS (Extended Data Fig. 4c,d). Polyfunctional CD4" and
CD8* T cell responses were observed to G12R and G12D after vaccination
inanexvivo intracellular cytokine staining (ICS) assay for IFNy, TNFa
and IL2 (Extended Data Fig. 4e,f). Twelve percent of CD4" T cells and
28% of CD8" T cells were polyfunctional, simultaneously producing
two or three cytokines. Furthermore, most cytokine-positive CD4 " and
CD8" T cells were central and effector memory T cells (Extended Data
Fig. 4g). Similar results for patient 23 are included in Extended Data
Fig. 5. Together, these results indicate the development of a robust,
mKRAS-specific, polyfunctional CD4"and CD8* T cell response accom-
panied by formation of a memory compartment after immunization
with ELI-002 2P that was greatly amplified from baseline.

The overall immunogenicity of ELI-002 2P was assessed in
25 patients from all five dose-level cohorts of Amph-CpG-7909, with
direct ex vivo T cell responses observed in 84% of patients (21/25;
Fig. 3a,b and Extended Data Fig. 3). Fold change increases ranged
from twofold to 423-fold, and the average increase was 58-fold. At
the two highest dose levels, 5 mg and 10 mg of Amph-CpG-7909, all
patients (11/11,100%) demonstrated elevated mKRAS-specific T cell
responses after ELI-002 2P vaccination (Fig. 3c). All patients with prior
splenectomy (4/4,100%) exhibited T cell responses as did all evaluable
non-White patients (2/2,100%). Inthe ICS assay, 59% of patients showed
a mKRAS-specific response including both CD4* and CD8" T cells
(Fig. 3d). Ex vivo FluoroSpot and ICS assays were used to assess the
breadth of mKRAS-specific T cell responses (Fig. 3e-g). Eighty-six

percent of immune responders (18/21) had T cell responses to >2
mKRAS antigens (Fig. 3e,g). Furthermore, 52% of immune responders
(11/21) induced T cell responses to all seven mKRAS antigens tested
(Fig. 3e,g). Notably, 95% of patients developed responses to at least
one mKRAS antigen distinct from the immunizing G12R and G12D
epitopes (Extended Data Fig. 3), and 95% of immune responders
induced T cell responses to the vaccine antigens, G12R and/or G12D
(Fig. 3g). Among the 25 study patients immunized with two antigens
(G12D and G12R), ex vivo responses were induced to 30 of 50 of the
included vaccine epitopes (60%). Among the 21 immune responders,
baseline responses indicated that 67% (14/21) of immune responders
had detectable pre-existing mKRAS-specific T cells before ELI-002 2P
vaccination (Extended Data Fig. 3); however, immune response was
also observedin100% (7/7) of patients without detectable pre-existing
mKRAS-specific T cells at baseline, indicating the potential for de novo
priming as well as expansion of existing T cell responses by ELI-002 2P
(Fig. 3a). Longitudinal assessment of T cell responses was evaluablein
seven patients entering the boosterimmunization period at the time of
database cutoff; 86% (6/7) of patients exhibited either maintenance of
elevated T cell response relative to baselinelevels or increased response
after boost (Extended Data Fig. 3e).

In six patients, tumor biopsies performed at the time of radio-
graphic progression provided the potential to observe the presence
of infiltrating T cell responses after ELI-002 2P treatment. Although
comparisonof T cellinfiltration in matched pre-treatment metastatic
samples was not possible because eligibility required no baseline
radiographic disease, progression on ELI-002 did not appear to be
mediated by poor T cell tumor infiltration (biopsies showed 24, 25,
32,43,58 and 76 CD3" T cells per high-powered field; Extended Data
Table 2). For example, in patient 2 (PDAC) treated on cohort1(0.1-mg
Amph-CpG dose level), biopsy was performed for equivocal imaging
findings while on treatment. Figure 3h shows immunohistochemi-
cal analysis demonstrating 24 CD3" T cells per high-powered field
presentin the peritumoral space and within the tumor parenchyma.
After completing the initial six doses of ELI-002 2P, patient 2 received
subsequent treatment with an investigational checkpoint antibody
off protocol, resulting in a radiographic partial response. In patient
18 (PDAC) treated on cohort 3 (2.5-mg Amph-CpG dose level), ctDNA
returned to detectable levels after a 5-month period of MRD clear-
ance. Subsequent imaging showed a lesion suspicious for recurrent
disease, and biopsy was performed (Fig. 3i) showing 76 CD3" T cells
per high-powered field present throughout the tumor parenchyma.
Patient 18 also received subsequent therapy including checkpoint
inhibitor therapy, resulting in complete ctDNA clearance. Patient 16
underwent excisional biopsy showing T cellinfiltration and continued
study treatment for clinical benefit.

At 8.5-months median follow-up of the cohort, the exploratory
endpoints of RFS and overall survival (OS) were assessed. The median
OS was 16.33 months (Fig. 4a). To assess the association of ELI-002
2P-induced expansion of mKRAS-specific immunity with tumor bio-
marker and RFS endpoints, T cell responses were classified as above
median (fold change frombaseline >12.75-fold; n =13/25, 52%) or below
median (<12.75-fold; n =12/25, 48%). Above-median T cell response
correlated with biomarker-assessed clinical anti-tumor activity
(Fig. 4b), with a median change from baseline in tumor biomarker

Fig.2 | ELI-002 2P treatment results in tumor biomarker reduction and
clearance. a, Best overall tumor biomarker response for study participants
reported as percentage of the baseline value. Responses are annotated for
patient number, dose cohort, participant tumor type, KRAS mutation, tumor
biomarker type and presence or absence of previously reported mKRAS-
responsive HLA class 1and II. * Patient 16 underwent excisional biopsy to assess
iRECIST, and T cell infiltrate was observed; a contribution to ctDNA clearance
could notbe ruled out. ‘S’ indicates that the patient underwent splenectomy.
b, Swimmer plot supervised by T cell response (maximum fold change from

baseline; top: median; bottom: <median) showing time from surgery to start of
ELI-002 2P (left) and time from start of ELI-002 2P to endpoint (right; data cutoff
or death), n=25.Bar color indicates best overall tumor biomarker response for
each patient. Symbols annotate the timing of completion of prime and boost
immunizations, the start of subsequent therapy, iCPD, the most recent date of
censor for RFS (the date of the most recent radiographic scan before the date of
subsequent therapy, the data cutoff or the date of death) and the date of death
where applicable. Arrows indicate ongoing treatment or ongoing follow-up.
iCPD, immune confirmed progressive disease.
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of -76.0%, whereas below-median T cell responders exhibited more
frequent tumor biomarker progression and less frequent reduction or

above-medianT cell responders,100% (13/13) showed biomarker reduc-
tion; 46% (6/13) achieved biomarker clearance; and none was a bio-

clearance (median change from baseline of -10.2%; P= 0.0014).Among  marker non-responder. Incontrast, no below-median T cell responders
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Fig.3|Robust direct ex vivo mKRAS-specific T cell responses induced by
ELI-002 2P in amajority of patients. Patients were immunized with 1.4 mg of
Amph-Peptides 2P admixed with 0.1, 0.5, 2.5, 5 or 10 mg of Amph-CpG-7909.
PBMCs were collected for T cell response assessment at baseline and post-
immunization timepoints. a, Shown is the fold change from baseline to maximum
response in the ex vivo FluoroSpot assay or ICS assay for T cell responders
(n=21/25 patients). T cell responders are defined as patients having a >2-fold
increase from baseline at any post-vaccination timepoint (dotted line) and >50
SFCs/1x10° PBMCs for FluoroSpot assay or >0.1% cytokine-positive for ICS assay.
The median fold change is shown at12.75, indicated by a dashed line. * Patients
without baseline-detectable T cell responses (below the response threshold) had
on-treatment fold change of 348x, 58.3%,20.7x,18.3%,9.7x,3.7x and 2.1x. b, Pie
chart shows the percentage of T cell responders and non-responders to ex vivo
FluoroSpot andICS. ¢, Table shows the percentage of T cell responders to ex vivo
FluoroSpot and ICS and average fold change of T cell responders per dose cohort.

d, Pie chart depicts the percentage of T cell responders that induce CD4*, CD8" or
both CD4"and CD8" cytokine-positive cells in ICS assay. e, Pie chart indicates the
percentage of T cell responders thatinduce T cell responses to1,2-4,5-6 orall 7
assessed mKRAS antigens. f, Pie chart shows the percentage of T cell responders
thatinduce T cell responses to immunizing antigens G12D and/or G12R. g, Bar
graphindicates the number of mKRAS antigens thatinduced T cell responses
after vaccination for each patient, n=25. h, CD3 immunohistochemical analysis
of hepatic tumor biopsy tissue section collected from patient 2 after observation
ofacontrastavid lesion by computed tomography (CT) 33 d after the start

of treatment. Twenty-four CD3" T cells per high-powered field (x400) were
quantitated by the study pathologist in the region of highest labeling. i, CD3
immunohistochemical analysis of hepatic tumor biopsy tissue section collected
from patient 18 after observation of a contrast avid lesion by CT. Seventy-six CD3*
T cells per high-powered field (x400) were quantitated by the study pathologist
intheregion of highest labeling. Pt., patient.

achieved clearance, with 66.7% (8/12) showing reduction. These find-
ings were further correlated to RFS. The median RFS for the study was
16.33 months (Fig. 4c). By contrast, the median RFS was not reached
compared to 4.01 monthsinabove-median versus below-median T cell
responders, respectively (hazard ratio (HR) = 0.14, 95% confidence
interval (CI) 0.03-0.63,P=0.0167; Fig.4d). To assess a time-to-response
bias? RFS was analyzed in patients who were recurrence free (n = 22)
upon completion of ELI-002 priming immunization. This analysis
showed favorable outcomes for patients with above-median versus

below-median12.75-fold T cell response (HR = 0.22,95% C10.038-1.27,
P=0.076), suggesting that time-to-response bias did not have a sub-
stantial effect on the association of the mechanism of action T cell bio-
marker to RFS (Extended DataFig. 6). To assess whether above-median
T cell response was confounded by factors potentially associated with
favorable prognosis®’, we examined tumor stage and baseline immuno-
logic parameters, including percentages of peripheral blood CD4"* and
CD8'T cells, peripheral blood neutrophil and total lymphocyte levels;
tumor stage, baseline neutrophils and CD4" and CD8" T cells did not
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correlate with RFS (Extended DataFig. 6). Amongbaseline parameters,
only absolute lymphocyte level was associated with RFS, suggesting
that lymphocyte recovery from previous cytotoxic treatment may
facilitate vaccine response. Further analysis of baseline responses to
apanel of T cell epitopes from common infectious pathogens (cyto-
megalovirus (CMV), Epstein-Barr virus (EBV), influenza, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) and tetanus) indi-
cated that the level of these responses was not significantly associated
with tumor biomarker reduction or RFS (Extended Data Fig. 7). Taken
together, these results show the induction of mKRAS-specific T cell
expansion by ELI-002 2P correlated with reductions and clearance of
tumor biomarkers and RFS.

Discussion

In this first-in-human phase 1 trial, we demonstrated that
lymph-node-directed ELI-002 2P vaccination targeting KRAS driver
oncogenes present in one-quarter of solid tumors isimmunogenicin
84% of patients with MRD" relapse after locoregional treatment. T cell
responses required no selected HLA patient restrictions and correlated
with reduction and clearance of tumor biomarkers and a significantly
improved RFS in patients with above-median T cell responses (not
reached versus 4.01 months). These results are promising as detectable
ctDNA or persistently elevated CA19-9 after definitive PDAC therapy
leads to rapid relapse and universal mortality® >*. Similarly unfavora-
ble outcomes occur in resected MRD* CRC* ¥, However, recently,

treatment with a personalized neoantigen vaccine administered in
combination with checkpoint inhibitor and cytotoxic chemotherapy
observed T cell responses that associated with prolonged RFS after
adjuvant therapy in pancreatic cancer®. Therefore, the use of vac-
cination to induce tumor-specific T cell responses targeting diverse
neoantigens may reduce the risk of solid tumor relapse. The results
from AMPLIFY-201 further demonstrate the potential for ELI-002 2P
monotherapy to elicit high-magnitude public neoantigen-specific
T cell responses in a large fraction of treated patients despite prior
chemotherapy, with favorable off-the-shelf availability.

Previous clinical trial use of soluble TLR9 agonist CpG-7909
oligonucleotide was hampered by DLTs resembling cytokine
release syndrome®. Likewise, subcutaneous administration of
oligonucleotide-containing drugs show similar toxicities*’. Compared
to unmodified CpG, preferential biodistribution of Amph-CpGinlym-
phatics hasbeen associated with reduced adverse events resulting from
systemic exposure in mice™?°. Consistent with this, ELI-002 2P was
administered safely with escalating Amph-CpG-7909 subcutaneous
doses over a100-fold range (0.1 mg through 10 mg).

Despite the potent cellular immune responses induced, no
T-cell-related side effects, such as cytokine release syndrome, were
observed. Furthermore, no autoimmune-related safety events were
observed, and several patients enrolled with mild autoimmune con-
ditions (for example, pernicious anemia, hyperparathyroidism and
Grave’s disease) experienced no change intheir disease. As expected for
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subcutaneous administration, the primary toxicities of ELI-002 2P were
low-gradelocal and systemic effects common with vaccine administra-
tion, including fatigue, injectionite reaction and myalgia*’. Therefore,
the Amph platform could be used to improve the safety of vaccines or
immunotherapies by reprogramming biodistribution torestrictdrug
exposure and resulting immune activation to the lymph nodes.

The RP2D of Amph-CpG-7909 was 10 mg (cohort 5), which was
well tolerated, with consistent tumor biomarker reductions and
induction of mKRAS-specific T cell responses. All patients at the
highest dose level, the selected 10-mg Amph-CpG RP2D, exhibited
both tumor biomarker reduction and induction of mKRAS-specific
T cells. The dose level of Amph-Peptides 2P was selected for initial
evaluation based on prior clinical experience with similar unmodi-
fied mKRAS peptide immunogens®. Further assessment of safety and
activity for Amph-Peptide dose level is ongoingin the AMPLIFY-7P trial
(NCT05726864), which is evaluating a broad-spectrum seven-valent
formulation of ELI-002.

We designed aclinical/translational trial that used recent advances
inmolecular diagnostics to enroll patients with MRD, defined for this
protocol as ctDNA positivity and/or rising serum tumor antigen levels.
Although ctDNA assessment allowed for detection of biomarker clear-
ance (0 MTM/ml), we did not report any clearances for serum tumor
biomarker reductions, as CA19-9 or CEAreturned to the normal range
but remained detectable. The trial design also provided an opportu-
nity to maximize the ratio of effector T cells to target tumor cells in
patients with MRD, astrategy considered to be particularlyimportantin
immunotherapy-recalcitrant malignancies. Strategizing to treat at this
relatively early stage may preempt tumor-acquired immunotherapy
resistance mechanisms, including loss of HLA class | expression®.

ELI-0022P mKRAS Amph-peptides were designed to contain both
9-merand 10-mer HLA class I epitopes as well as longer class Il epitopes.
This design supported development of both CD4"and CD8" T cell
responses in 59% of patients. Beyond the anti-tumor potential for
CD8" T cells, the role for CD4" T cells includes support of CD8" T cell
activationand direct cytotoxic activity*>*’. Theinduction of abalanced
CD4"and CD8" T cell response by ELI-002 2P is likely to support the
development of a multi-pronged anti-tumor defense.

We did not observe evidence that the association of ELI-002
2P-induced T cell response with delayed recurrence was confounded
by known prognostic baseline characteristics, such as tumor stage,
or baselineimmunologic parameters and pre-existing levels of T cells
responding to common pathogens, such as CMV, EBV, SARS-CoV-2,
influenza or tetanus. However, RFS and baseline absolute lympho-
cyte count were associated, suggesting that complete hematologic
recovery from prior cytotoxic therapy may be required for optimal
vaccine response.

Although adoptive T cellapproaches have shown promising clini-
calactivity, addressable patient populations have so far beenrestricted
to select KRAS mutant and patient HLA combinations. In contrast, an
effective vaccination strategy provides the opportunity to simultane-
ously expand T cells specific to multiple KRAS mutants restricted to
avariety of HLA class I and class Il through endogenous processing
and presentation of vaccine immunogens. Although further evalua-
tion among a larger patient population is needed, the initial observa-
tions with ELI-002 2P suggest that vaccine-induced T cell reactivities
and anti-tumor responses were not limited to patients with known
mKRAS-peptide binding HLA class I. Specifically, class | HLA alleles
(A*02:01, A*03:01, A*11:01, B*07:02 and C*08:02), previously reported
to restrict CD8" T cell responses to mKRAS G12D or G12R mutations,
were not required for T cell response, and this result was not explained
by induction of CD4" rather than CD8" responses. Therefore, Amph
vaccination may facilitate development of broad responses through
previously unknown HLA restrictions (class I or class I1)****, Analysis
ofthese responses may yield new mKRAST cell epitopesimportant for
expanding understanding of mKRAS-directed immunity.

Another interesting aspect of this study is the observation of
cross-reactive T cells to non-immunizing mKRAS antigens. Whether this
represents T cell cross-reactivity or development of antigen specificity
independent of G12R and G12D cannot be determined at this time. How-
ever, cross-reactive mKRAS-specific T cell receptors (TCRs) have been
recently reported with co-recognition of G12D and G12V**. Separately,
crystal structures show that amino acid position 12 can act as a major
histocompatibility complex (MHC) anchor without contact to cog-
nate TCR CDR3, indicating a mechanism for cross-reactive responses
dependent onshared epitopes among distinct mKRAS sequences®*.
In addition, antigen binding to MHC class Il molecules can be highly
promiscuous, leading to cross-reactivity to TCRs of different specifici-
ties****8 The clinicalimportance of broad mKRAS-specificimmunity
has been highlighted recently through analyses of acquired resist-
ance to G12C inhibition where emergence of secondary mutations at
position12 resulted in tumor progression*’. Further evaluation of the
observed responses willbe necessary to define the critical mechanisms
important forrestricting T cell cross-reactivity. Regardless of underly-
ing mechanism, the potential to elicit broad immune recognition of
mKRAS through vaccination holds potential to increase antigenic cov-
erage and help prevent antigen escape, leading to more durable benefit.

Previous reports suggest that mKRAS-targeting T cell responses
arenot subject to central or peripheral tolerance?; often, responses
show fidelity to the specific primary tumor KRAS mutation. Moreo-
ver, mKRAS-specific T cells have been isolated from TILs and periph-
eral blood in patients with CRC and in patients with non-small cell
lung cancer (NSCLC), showing that T cells can localize and infiltrate
tumors'>?**%%,_ Consistent with these findings, we observed that 14
of 21immune responders exhibited baseline mKRAS-specific T cell
responses. These were substantially expanded after ELI-002 2P vacci-
nation, demonstrating the potential to stimulate expansion of highly
functional pre-existing T cell response through Amph vaccination. In
addition, 100% of the subset ofimmune responders (7/7) with no detect-
able pre-existing T cell responses also developed de novo responses
after ELI-002 2P vaccination, associated with tumor biomarker increase
(1/7), reduction (4/7) or clearance (2/7). The expansion of pre-existing
anddenovo T cell responses observed here demonstrates that ELI-002
2P effectively amplifies mKRAS-specific T cells to expand their number
and promote their functional quality—attributes that have correlated
with clinical benefit for prior TCR-T and TIL-based therapies targeting
mKRAS-driven cancers.

Recently, individualized neoantigen cancer vaccines have shown
promising efficacy for PDAC, NSCLC, CRC and melanoma?®**5°0-1,
The availability of ELI-002 as an ‘off-the-shelf” product offers several
further advantages, including streamlined standard manufacturing
to facilitate on-demand availability while eliminating the need for
tumor-informed production, which presents operational risks and
limits use to post-surgical adjuvant stage. Of further interest is the
hypothetical potential for ELI-002 to augment the development of
T cells specific for personalized tumor neoantigens. Induction of these
responses through personalized vaccination has demonstrated their
potential for anti-tumor activity in PDAC. Antigen spreading hasbeen
observedin previous preclinical studies of lymph-node-targeted Amph
vaccine therapy for solid tumors, suggesting a potential for future
analysis to explore this effect in clinical study of ELI-002"°*%,

Recent studies have shown that mKRAS-targeted kinase inhibi-
tor efficacy is dependent on T cell activity to achieve full anti-tumor
effect,and T cell vaccine combinations with checkpointinhibition have
demonstrated promise®®®. Alongside the T cell induction observed
with ELI-002 2P, these findings motivate the future development of
immunotherapy or targeted therapy combination regimens to pro-
mote synergy and furtherimprove clinical outcomes. Insupport of the
rationale for checkpoint combination, two patients who were observed
to have tumor-infiltrating CD3* T cells after ELI-002 2P administration
subsequently cleared ctDNA after checkpointinhibitor therapy. Thisis
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notable given that multiple previous studies of checkpointinhibitionin
pancreatic cancer have observed a 0% response rate’ %, consistent with
previous observation of poor T cell infiltration in these tumor types™*°.

We acknowledge several limitations of our study, including small
sample size, limited follow-up duration to date, absence of a control
arm and the use of exploratory assessments for initial evaluation of
pharmacologicactivity of ELI-002 2P. Most patients were White, poten-
tially limiting assessment of race and ancestry in relation to immune
response. No Black patients enrolled; however, among two Asian
patients and two patients who did not self-report racial background, all
four exhibited T cell response. Although these findings are promising,
additional studies including larger patient numbers and greater patient
diversity willbe needed to assess the potential for general applicability
of ELI-002. Tumor biomarker reductions from baseline occurred in
similar proportions assessed using CEA/CA 9-9 (9/12, 75%) and assessed
using ctDNA (12/13, 92%). However, 50% CEA/CA19-9 responses were
less frequent in one of 12 (8.3%) compared to 50% ctDNA responses
that were observed in seven of 13 (53.8%) patients. In adjuvant CRC,
even transient ctDNA clearance has been associated with increased
disease-free survival®. Larger future studies will be needed to sepa-
rately analyze ctDNA and serum tumor biomarker responses, which
may be biologically different, and to compare outcomes in those with
sustained or transient reductions or at different response thresholds.
Because no pre-treatment biopsy tissue was available for comparison,
interpretation of the CD3" T cell infiltration observed on the subset of
six patients who underwent biopsies is limited. Finally, treatment was
conducted witha constant Amph-Peptide-2P dose, preventing assess-
ment of theimpact of peptide dose level on study outcomes.

Overall, this study provides important proof of concept for the
safety and immunogenicity of lymph-node-targeting Amph vaccines
and yielded promising signals of clinical activity that correlate with
the magnitude of ELI-002 2P-induced T cell response. These find-
ings demonstrate the hypothesized mechanism of action for the
lymph-node-targeting Amph platform and suggest potential for use
whenever pharmacological T cell responses are required, spanning
indicationsininfectious disease as well as oncology. Despite the limita-
tions noted for this single-arm, signal-seeking phase 1 design, which
precludes assessment of causality, the preliminary signals observed
warrant arandomized phase 2 study. Development of ELI-002 is pro-
ceedingwithaphaselandrandomized phase 2 study (NCT05726864)
of aseven-peptide formulation (ELI-002 7P: KRAS/NRAS G12D,R, V, S,
A, Cand G13D). This will offer additional opportunities to evaluate the
activity of Amph vaccinesin malignancies driven by abroad spectrum
of KRAS mutations.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author contri-
butions and competinginterests; and statements of dataand code avail-
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Methods

Study design, patients, treatment and oversight

A phase 1, multi-center, open-label, first-in-human trial of ELI-002
2P monotherapy was conducted in five ascending dose cohorts at
seven centersin the United States between 4 October 2021 and 6 Sep-
tember 2023 (the clinical cutoff date for the results presented here).
A fixed dose of Amph-Peptides 2P (G12D and GI2R, 0.7 mg each) was
administered with escalating doses of 0.1, 0.5, 2.5, 5.0 and 10.0 mg
of Amph-CpG-7909 adjuvant. Eligible patients were 18 years of age
or older, had mKRAS G12D-mutated or G12R-mutated pancreatic or
colorectal cancers and were at high risk for relapse because of the pres-
ence of MRD (indicated by ctDNA positivity or elevated serum CA19-9
and/or CEA). Academic centers entered clinical data into Medidata
RAVE 2018.2.4. Additional details are provided in the study protocol
(Supplementary Data1).

Two participatinginstitutions, the University of Colorado School
of Medicine and City of Hope, had the study approved by WIRB Coper-
nicus (WCG IRB). Six other participating institutions had the study
approved by their local IRBs: Memorial Sloan Kettering Cancer Center
(MSKCCIRB), The University of Texas MD Anderson (University of Texas
MD Anderson Office of Human Subject Protection), the University of
lowa (University of lowa Human Subjects Office/IRB), Northwell Health
(Feinstein Institutes for Medical Research, Northwell Health IRB),
the University of California, Los Angeles (UCLA Office of the Human
Research Protection Program) and Massachusetts General Hospital
(Dana-Farber Cancer Institute Office for Human Research Studies).
The study was approved by the US Food and Drug Administration (FDA)
andregistered on ClinicalTrials.gov (NCT04853017).

Patients

Weenrolled adult (=18 years of age) patients with Eastern Cooperative
Oncology Group (ECOG) performance status (PS) of 0 or 1with patho-
logically confirmed mKRAS (G12D or G12R) PDAC or CRC who were
MRD* with either (1) absolute CA19-9 >90 U ml™ or CEA > 15 ng mI™
or (2) successively rising values (=1 week apart) in either CA19-9 or
CEA not attributable to a non-cancer condition, such as pancreatitis,
peritonitis, postoperative leak/fistula or biliary obstruction. Patients
had recovered from prior surgery, chemotherapy or radiation with-
out ongoing medical/surgical issues and were willing to use effective
methods to avoid pregnancy and provided writteninformed consent.
Baseline absolute neutrophil count 1.5 x 10%/L, platelets =100 x 10%/L,
normal range liver function tests, serum creatinine <1.5 (or if serum
creatinine was 1.5 mg dI”, creatinine clearance calculated by the Cock-
croft-Gault formula>60 ml min™was acceptable), albumin>2.5 g dI*
andIL-6 < 500 pg ml were required.

Patients with PDAC had high-risk tumor stageslor Il orIll or oligo-
metastatic stage IV disease per current AmericanJoint Committee on
Cancer (AJCC) criteriawith no evidence of disease on currentimaging
(equivocal radiographic findings, such as subcentimeter lesions or
potential resolving soft tissue changes after surgery, were accepted),
prior treatment with standard chemotherapy/chemoradiation admin-
isteredinthe neoadjuvant and/or adjuvant setting and complete tumor
resection (RO or R1 pathologic margins), with focal use of intraopera-
tiveirreversible electroporation permitted.

Patients with CRC had high-risk stage Il (T4NO), stage Il (T4N1-2/
TanyN2) or stage IV oligometastatic disease per current AJCC staging
criteria, prior cytotoxic chemotherapy administered in the neoadju-
vant or adjuvant setting, or as total neoadjuvant therapy, and complete
surgical resection (RO or R1 pathologic margins), with focal use of
intraoperative irreversible electroporation permitted.

We excluded patients who had received anti-tumor therapy within
4 weeks; who had a history of brain metastasis; who had other malig-
nancies within the past 3 years (except for adequately treated car-
cinoma of the cervix, bladder or prostate or basal or squamous cell
skin cancer); who were receivingimmunosuppressive drugs; who had

serious comorbidillnesses, including uncontrolled infection, class Il
or class IV (New York Heart Association) cardiac failure, myocardial
infarction within 6 months, active seizure disorders, autoimmune dis-
eases orinterstitial lung disease if requiring systemic steroids; who had
pulse oximetry less than 92% on room air; who had prior organ trans-
plants; and who had HIV/AIDS, hepatitis B or hepatitis C (unless they
had asustained virologic response to direct-acting antiviral therapy),
and those who were in the first 2 weeks of SARS-CoV-2. Women were
excluded if pregnant or lactating. Patients with PDAC were excluded
when tumors were of neuroendocrine subtype or when there was a
germline BRCA 1/2 mutation. Patients with CRC were excluded when
tumors were mismatch repair defective (MSI*).

Treatment was divided into a Prime Immunization series (six sub-
cutaneous doses of ELI-002 2P over 8 weeks), a 3-month No Dosing
Period (observation) and a Booster Immunization series (four weekly
doses of ELI-002 2P). A Follow-up Period included up to 2 years after
the first dose of ELI-002 2P to monitor safety and efficacy (Extended
DataFig.1).

The study was sponsored and designed by Elicio Therapeuticsin
collaborationwith theacademicauthors. The study and analyses were
conducted in accordance with the general principles of the Declaration
of Helsinki and Good Clinical Practice guidelines of the International
Council for Harmonization. The trial protocol, amendments and sup-
porting documents were approved by the local/central IRB for each
study site and the US FDA and were registered on ClinicalTrials.gov
(NCT04853017). All patients provided written informed consent.

A safety and monitoring committee was convened to review
safety and determine dose escalation and cohort expansion decisions.
Cohorts ranged from three to six patients with expansions allowed
after the first three patients completed 28 d without DLT and when
additional eligible patients had been identified.

Allauthors affirm that the trial was conducted in accordance with
the study protocol and vouch for the accuracy and completeness of
the data. A professional medical writer funded by the sponsor aided
in preparation of the first draft of the manuscript in accordance with
Good Publication Practice guidelines. Allauthors reviewed and revised
the manuscript and made the decision to submit it for publication.

Theinitial protocol (version1.0) was approved on 13 July 2020. Key
protocol amendments are as follows. Amendment 2 (version 3.0) was
approved on 23 February 2021 and included changes requested by the
FDA. This was the initial protocol for study initiation. On 8 April 2022,
Amendment 4 (version 5.0) was approved and added serum tumor
biomarkers (thatis, CEA and CA19-9) to the MRD eligibility along with
ctDNA. Amendment5 (version 6.0), approved on 2 August 2022, added
language regarding pseudo-progression and continued ELI-002 dos-
ing. Amendment 6 (version 7.0) was approved on 25January 2023 and
added language for public record search for OS.

Endpoints and assessments

Primary endpoints of the study were safety (adverse events were graded
per Common Terminology Criteriafor Adverse Events, version 5.0), tol-
erability and determination of the RP2D. The secondary endpoint was
tumor biomarker reduction and clearance defined through assessment
of ctDNA and/or serum tumor antigens (CA19-9 or CEA), and explora-
tory endpoints included radiographic RFS and immunogenicity. RFS
and tumor biomarker endpoints were correlated with T cell biomarkers
and high-resolution HLA typing.

Immunogenicity analysis

PBMCs forimmunogenicity analysis were processed from leukapher-
esis (baseline and week 9) or whole blood collections (all other time-
points). Patient PBMCs were processed by Ficoll-Hypaque gradient
protocol for leukapheresis samples or cell processing tubes (BD Bio-
sciences) for whole blood samples. PBMCs were resuspended in CS10
freezing media (Cryostor), frozen in aliquots of 10-20 million cells
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per cryovial and stored in a temperature-monitored liquid nitrogen
vapor phase freezer.

Ex vivo FluoroSpot assay

AdirectIFNy/GrB FluoroSpotassay was performed on thawed PBMCs.
Cryopreserved PBMCs were thawed in 10% human AB serum/RPMI
media +Benzonase and rested overnight at 37 °C. Pre-coated human
IFNy/GrB FluoroSpot plates were washed with PBS and blocked with
AIM-V media for at least 30 min (MabTech). Then, 2 x 10° rested
PBMCs were plated into each well and stimulated for 44 h as per the
manufacturer’s instructions with seven individual mKRAS peptide
poolsandaWT peptide pool (pools consisted of KRAS 18-mer peptide
and 9-mer and 10-mer overlapping peptides (OLPs) of each KRAS
18mer; Supplementary Table 1) at 2 pg/peptide/ml. No exogenous
cytokines were added to the PBMCs during this assay. All samples
were plated in triplicate. Dimethyl sulfoxide was used as the negative
control (background wells), and anti-CD3 (MabTech) was used as the
positive control. The plate was developed based on the manufac-
turer’sinstructions. Plates were scanned and counted using the IRIS
plate reader (MabTech) using FITC and Cy3 filters (Supplementary
Fig. 2). Data are background subtracted, averaged per triplicate
measurements and normalized to1 x 10 PBMCs. Aresponder in the
FluoroSpot assay was defined as a patient having >2-fold increase
from baseline at any post-vaccination timepoint and more than 50
SFCs/1 x10°PBMCs. Baseline mKRAS-specific T cell responses were
defined as more than 50 SFCs/1 x 10 PBMCs to any mKRAS antigen
in the FluoroSpot assay. The above ex vivo IFNy/GrB FluoroSpot
assay was also used to test T cell responses to infectious disease
antigens. Baseline PBMCs were stimulated with 2 pg/peptide/ml of
the following antigen pools from JPT Peptide Technologies: PepMix
SARS-CoV-2 (S-RBD OLP pool); PepMix Pan-CMV Select (pool of 99
peptides, defined HLA class I-and Il-restricted T cell epitopes from
selected proteins of CMV); PepMix HCMVA pp65 (pp65 OLP pool);
CEFS Ultra SuperStim Pool MHC-II subset (positive control pool of
68 known peptide epitopes for a broad range of HLA subtypes and
different infectious agents for T cell stimulation of populations
withadiverse ethnic background); CEFT pool (positive control pool
of 27 peptides selected from defined HLA class-I restricted T cell
epitopes from CMV, EBV, influenza and tetanus); PepMix Pan-EBV
Select (virus-specific pool of 135 peptides (defined HLA class I- and
Il-restricted T cell epitopes) from selected proteins of EBV); and CEFX
Ultra SuperStim Pool (positive control pool of 176 known peptide
epitopes for a broad range of HLA subtypes and different infec-
tious agents for T cell stimulation of populations with a diverse
ethnic background).

Ex vivo intracellular cytokine staining

A direct ICS assay for IL2, IFNy and TNFa was performed by flow
cytometry. PBMCs were thawed and rested overnight. Then, 10°
PBMCs per well were plated and stimulated for 17 h at 37 °C with
individual mKRAS peptide pools at 2 pug/ml/peptide (Supplementary
Table 1). GolgiStop and GolgiPlug (BD Biosciences) were also added
to each well. The next day, cells were surface stained with antibod-
ies against CD4 (BV421, clone: SK3, BD Biosciences cat. no. 566907,
1:40), CD8 (BV786, clone: RPA-TS8, BD Biosciences cat. no. 563823,
1:25), CD45RA (Alexa 700, clone: HI100, BioLegend cat. no. 304120,
1:25), CCR7 (PE-CF594, clone: 15053, BD Biosciences cat. no. 562381,
1:12.5), Aqua Live/Dead marker (Thermo Fisher Scientific cat. no.
L34966,1:200) and dump markers CD14 (PE-CyS, clone: 61D3, Thermo
Fisher Scientific cat.no.15-0149-42,1:200), CD16 (PE-Cy5, clone: 3GS,
BioLegend cat. no. 302010, 1:200) and CD19 (PE-Cy5, clone: SJ25Cl,
BioLegend cat. no. 363042, 1:200). Cells were subsequently fixed
with CytoFix/CytoPerm (BD Biosciences) and further stained with
antibodies against CD3 (APC-H7, clone: SK7, BD Biosciences cat. no.
560176, 1:40), IFNy (FITC, clone: Mabll, BioLegend cat. no. 506504,

1:200), TNFa (BV711, clone: B27, BioLegend cat. no. 502940, 1:50) and
IL2 (BV650, clone: MQ1-17H12, BioLegend cat. no. 502940, 1:50). Cells
fixedin 0.5% formaldehyde were acquired on aBD FACSymphony, and
data were analyzed with BD Biosciences FlowJo version 10 software
(gating progression and example plots in Supplementary Fig. 2). A
responder in the ICS assay was defined as a patient having >2-fold
increase from baseline at any post-vaccination timepoint and more
than 0.1% cytokine positive.

Tumor biomarker assessment and mutation identification
Comprehensive Genomic Profiling-Whole-Exome Sequencing was
performed to determine whether the patient’s tumor harbored
at least one of the two mKRAS alleles targeted by the ELI-002 2P
(G12D or G12R). The Natera Signatera ctDNA test evaluated for the
presence or absence of ctDNA. Whole-exome sequencing was per-
formed on formalin-fixed, paraffin-embedded tumor samples with
atleast 20% tumor content confirmed by a pathologist under Central
Lab Improvement Amendments (CLIA) and College of American
Pathologists (CAP) guidelines. Genomic DNA was extracted from the
patient’s normal (whole blood) and tumor tissue. Libraries of tumor
and matched germline DNA were prepared, and exomic regions were
captured. The assay was performed by target enrichments of the iso-
lated DNA, followed by 440x coverage sequencing on a HiSeq 2500
or a NovaSeq 6000 (Illumina). Somatic single-nucleotide variants
(SNVs) that were present in the tumor and absent in the germline
were identified. A proprietary Natera algorithm selected a set of
16 SNVs to maximize the detectability of tumor DNA if present in
plasma. Polymerase chain reaction (PCR) primers targeting the 16
personalized SNVs were designed and synthesized to be used to
identify and track ctDNA in a patient’s plasma. Cell-free DNA was
extracted from plasma and run in the multiplexed personalized
PCR assay. Plasma samples with two or more SNVs detected above a
predefined confidence threshold were deemed ctDNA positive, and
ctDNA concentration was reported as mean tumor molecules per mil-
liliter of plasma. In patients who did not have adequate tumor tissue,
aplasma-based ctDNA assay for mKRAS variants was performed: Sys-
mex SafeSEQ RAS-RAF. Cell-free DNA was isolated from plasma, and
anext-generation sequencing (NGS)-based assay that evaluated K/
NRAS to detect SNVs was performed using a NextSeq 550 (Illumina).
ctDNA concentration was reported as mutant molecules per variant
and mutant allele frequency. Local testing was permitted if already
available to confirm mKRAS status. Serum tumor biomarkers, CA19-9
and CEA were analyzed by study site local laboratories.

HLA typing

High-resolution HLA class I A, B and C and HLA class [l DRB1, DRB345,
DQBI1, DPB1, DQA1 and DPA1 typing was performed at LabCorp using
wholeblood. The method used targeted NGS. HLA allele interpretation
was based on IMGT/HLA database version 3.35.0.

Statistical analysis

Descriptive statistics were used to summarize demographic, medical
history and safety data. Continuous variables were summarized using
mean, s.d., median, minimum value and maximum value. Categorical
variables were summarized using frequency counts and percentages.
Tumor biomarker reduction/clearance was tested for association with
categorical variables, such as high versus low T cell response, using the
Mann-Whitney test. The Kaplan—-Meier method was used to estimate
the survival distributions. The log-rank test was used to compare the
RFS between the high and low T cell responders. Graphs were created
using GraphPad Prism version 9.4.

Reporting summary
Furtherinformation onresearchdesignisavailablein the Nature Port-
folio Reporting Summary linked to this article.
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Data availability

Requests must be made to datarequest@elicio.com, with responses
provided within 30 d of request. To ensure that data sharing is consist-
entwith theunderlying study consent, de-identified patient data that
canbeshared willbe done under data transfer agreements. Investiga-
tors and institutions who agree to the terms of the data transfer agree-
ment, which will include, but will not be limited to, terms to address
the use of these data for the purposes of a specific project and for
research purposes only, to prohibit attempts to re-identify the data
and to protect the confidentiality of the data, will be granted access
to the data. Elicio Therapeutics will then facilitate the transfer of the
requested de-identified datato the requestor using secure electronic
datatransmission. The data will then be available for up to 12 months.
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therapy, radiological confirmation of no evidence of disease, and detection
of either ctDNA or serum tumor biomarker indicating positivity for minimal
residual disease (MRD).
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Nature Medicine


http://www.nature.com/naturemedicine

Article https://doi.org/10.1038/s41591-023-02760-3

% Response
Relative to Baseline

Prime Boost Weeks on Study
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ofbaseline values for each evaluable patient, n = 25. Responses are annotated based on the best overall biomarker response observed for each patient during the
course of study.
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Extended Data Fig. 3| Robust direct ex vivo mKRAS-specific T cell responses
induced by ELI-002 2P in a majority of patients. Patients were immunized
with1.4 mg Amph-Peptides 2P admixed with 0.1, 0.5, 2.5, 5 or 10 mg of Amph-
CpG-7909. PBMCs were collected for T cell response assessment at baseline

and post-immunization timepoints. a, PBMCs were stimulated with OLPs to all

7 mKRAS antigens in the IFNy/GrB Fluorospot assay for 44 hours. Shown are
background-subtracted IFNy and/or GrB SFCs per 1x10° PBMCs for the maximum
response for each patient. T cell responders are defined as a patients having >2-
fold increase from baseline at any post-vaccination timepoint and >50 SFC/1x10°
PBMCs (dotted line). b, PBMCs were stimulated with all 7 mKRAS OLPs prior to
analysis for intracellular cytokines, IFNy, TNFa and IL-2 by flow cytometry. Shown
are frequencies of the maximum cytokine producing CD4+ or CD8+ T cells for

AAAA A A
Weeks post-vaccination

AAAA

each patient. T cell responders are defined as a patients having >2-fold increase
from baseline at any post-vaccination timepoint and > 0.1% cytokine+ (dotted
line). ¢, Pie chart shows the percentage of T cell responders that induce T cell
responses to non-immunizing antigens (G12V, G12C, G12A, G12S, G13D). d, Pie
chartdepicts the percentage of T cell responders exhibiting pre-existing mKRAS-
specific T cells seen at baseline before ELI-002 2P vaccination, n = 21. e, PBMCs
were stimulated with OLPs to all 7 mKRAS antigens in the IFNy/GrB Fluorospot
assay for 44 hours. Shown are background-subtracted IFNy and/or GrB SFCs
per1x10°PBMCs for the 7 patients with post-booster vaccination timepoints.
The arrows on the graphindicate the prime and boost vaccinations; dotted line
indicates 50 SFC/1x 10° PBMCs.
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Extended Data Fig. 4 | ELI-002 2P immunization induces robust T cell
responses to mKRAS antigens. Patient 11 was immunized with 1.4 mg Amph-
Peptides 2P admixed with 5 mg of Amph-CpG-7909. PBMCs were collected for ex
vivo T cell response assessments at baseline (B) and week 9. a, Schema showing
dosing and experimental schedule. PBMCs were stimulated with OLPs tob, G12D
or GI2R, ¢, G12V, G12C, G12A, G12S or G13D or d, WT KRAS in the same IFNy/GrB
Fluorospot assay for 44 hours. Shown are background-subtracted IFNy and/or
GrB SFCs per1 x 10° PBMCs; dotted line indicates 50 SFC/1 x 10° PBMCs. The pie
chartsinb, c show the percentage of mKRAS OLP-stimulated PBMCs at week 9
secreting IFNy, GrB or both IFNy and GrB. e, f, PBMCs were stimulated with G12R
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Terminal effector memory: CCR7- CD45RA+).
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response assessments at baseline (B) and Week 9. a, Schema showing dosing
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Extended Data Fig. 6 | See next page for caption.
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Extended Data Fig. 6 | Baseline prognostic values and landmark RFS analysis. patients, n=22.f, RFS from landmark (completion of prime immunization)

a-e, RFS from study start (date of first vaccine dose) stratified by a, tumor stage stratified by T cell response (Maximum fold change from baseline; > Median
atbaseline, n =25, b, absolute lymphocyte count in peripheral blood at baseline, versus < Median) among evaluable patients with RFS exceeding the landmark
n=25,c,absolute neutrophil countin peripheral blood at baseline, n = 25,d, as of the data cut-off, n = 22. nindicates individual patients. HR indicates hazard
%CD4+among CD3+lymphocytes at baseline among ICS evaluable patients, ratio with 95% CI. P values calculated using two-tailed log-rank test.

n=22,e,%CD8+among CD3+lymphocytes at baselineamong ICS evaluable
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Extended Data Table 1| Individual patient characteristics

MRD No. ELI-002
Patient| Cohort Tumor ITNM Siiage Neoadjuvant| Perioperative Adjuvant . ° T cells/HPF
type grouping Eligibility Doses
16 1 CRC CT4C3'°CM XELOX + XRT CtDNA 10:10 25
19 2 CRC T4N2aMO 5-FU Oxaliplatin ctDNA/CEA 10:10
7 2 CRC T3NOM1a FOLFQXIRI ¥ ctDNA 6:10
bevacizumab
21 4 CRC TXNxMx CAPOX ctDNA 10:10
13 1 CRC T4aN2M1 IFL— ctDNA 6:10
bevacizumab
3 3 PDAC cTANOMXx |mFOLFIRINOX ctDNA 5:10 58
2 1 PDAC T2N1IMO [mFOLFIRINOX ctDNA 6:10 24
tDNA/CA19-
17 2 PDAC T2N1MO mFOLFIRINOX - é 4:10
18 2 PDAC T2N1MO mFOLFIRINOX ctDNA/CEA 10:10 76
6 3 PDAC TINOMO mFOLFIRINOX CA19-9 6:10 43
15 4 PDAC T3N2MO mFOLFIRINOX CA19-9 10:10
8 5 PDAC T2N1MO mFOLFIRINOX CA19-9 6:10
22 5 PDAC T2N1MO mFOLFIRINOX CA19-9 10:10
14 5 PDAC T3N1MO mFOLFIRINOX CA19-9 6:10
1 4 PDAC T2N1M1 mFOLFIRINOX CA19-9 6:10 32
20 3 PDAC ypT&i NO MFOLFIRINOX CtDNA 10:10
mFOLFIRINOX +
5 3 PDAC CTZC'(\:OCM Gemcitabine CtDNA;CAlg' 10:10
Capecitabine
12 4 PDAC T2N1 Gemcitabine- ctDNA/CA19- 6:10
Abraxane 9
mFOLFIRINOX
4 2 PDAC T3N1MO — ctDNA 4:10
Gemcitabine-
Capecitabine
Gemcitabine-
10 3 PDAC TON1M1 L CA19-9 6:10
capecitabine
11 4 PDAC T2N1MO FOLFOXIRI CA19-9 10:10
mFOLFIRINOX and
9 2 PDAC |ypT2N2Mx Gemcitabine ctDNA 6:10
abraxane
23 5 PDAC T2N1MO mFOLFIRINOX CA19-9 10:10
24 5 PDAC T2N2MO mFOLFIRINOX CA19-9 10:10
25 5 PDAC T2N1MO mFOLFIRINOX CA19-9 8:10
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Extended Data Table 2 | Patient-reported reactogenicity

Cohort 1 Cohort 2 Cohort 3 Cohort4 Cohort5 Overall
(0.1 mg) (0.5 mg) (2.5 mg) (5.0 mg) (10.0 mg)
n=3 n=6 n=5 n=5 n=6 n=25

No. of subjects with self-reported reactogenicity

Grade 1/ Mild? 3 (100) 6 (100) 5 (100) 5 (100) 5(83.3) 23 (92.0)
Grade 2 / Moderate? 1(33.3)° 3(50) 2 (40) 4 (80) 4 (66.7) 14 (56.0)
Grade 3 / Severe? 1(33.3)° 0 0 0 2(33.3)° 3(12.0)

2 Patient reported grading scale: Grade 1 = mild (awareness of symptom, but easily tolerated), Grade 2 = moderate (symptom interferes
with usual daily activity), Grade 3 = severe (symptom is incapacitating; unable to perform usual daily activities, may require bedrest, an
emergency room visit or hospitalization)

bGrade 2 and 3 reactogenicity terms were fatigue/headache/malaise for these events and were recorded during an unrelated SAE
(abdominal wall hematoma).

CInvestigator assessed one of the two Cohort 5 patient reported Grade 3 events as an unrelated headache with alternative cause of
stress.
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Extended Data Table 3 | Patient biomarker values

Patient|Biomarker |Day| Value? RZiLc::ste Patient|Biomarker |Day| Value? RF;il:::ste Patient|Biomarker|Day | Value! RZiLC:::e
3 CA19-9 |-48| 22.2 -75% 22 ctDNA [ 0 | 0.06 0% 7 CEA 0 5.3 0%
3 CA19-9 | 0| 883 0% 22 ctDNA (21| O -100% 7 CEA 7 4.8 -9%
3 CA19-9 7 | 121.5 38% 22 ctDNA |119[ 0O -100% 7 CEA 14 5 -6%
3 CA19-9 |14 1224 39% 22 ctDNA  (140| 0.07 17% 7 CEA 21| 5.1 -4%
3 CA19-9 |21]|165.3 87% 22 ctDNA (164 O -100% 7 CEA 35| 6.2 17%
3 CA19-9 |33]200.5| 127% 22 ctDNA [175( O -100% 7 CEA 63| 9.7 83%
3 CA19-9 |49|3185| 261% 22 ctDNA (203] O -100% 7 CEA 91 | 9.7 83%
3 CA19-9 (63| 202 129% 14 ctDNA (-54] O -100% 12 CtDNA 0 [ 3.12 0%
2 ctDNA |-29| 0.4 -37% 14 ctDNA [ 0 | 0.17 0% 12 ctDNA | 21| 1.57 -50%
2 ctDNA | 0 | 0.63 0% 14 ctDNA (22| 0.09 -47% 12 ctDNA [ 91| 4.70 51%
2 ctDNA [23]| 1.2 90% 14 ctDNA (119] 0.19 12% 12 ctDNA (121] 5.18 66%
2 ctDNA | 63| 2.37 276% 1 CEA 0] 56 0% 12 ctDNA [148]| 6.06 94%
2 ctDNA |119| 4.18 563% 1 CEA 130| 21.3 280% 4 CA19-9 | 0 | 29.6 0%
17 ctDNA [-23| 0.73 -35% 16 ctDNA (-21] 0.1 -62% 4 CA199 | 9 36 22%
17 ctDNA | 0 | 1.12 0% 16 ctDNA [ 0 | 0.26 0% 4 CA19-9 | 14| 483 63%
17 ctDNA [21]| 1.1 -2% 16 ctDNA (23] 0.43 65% 4 CA19-9 | 21| 48.7 65%
18 ctDNA | 0 | 2.14 0% 16 ctDNA (120] 0.42 62% 4 CA19-9 |35 106.7 | 260%
18 ctDNA [34]| O -100% 16 ctDNA (151 O -100% 10 ctDNA |[-118| O -100%
18 ctDNA |62 0 -100% 16 ctDNA (189] 0.12 -54% 10 ctDNA 0 | 3.46 0%
18 ctDNA |147] O -100% 16 ctDNA |219( 0.16 -38% 10 ctDNA 22 | 2.49 -28%
18 ctDNA [167| O -100% 16 ctDNA [275] 0.25 -4% 11 CEA 0 5.6 0%
18 ctDNA |202| O -100% 20 ctDNA | 0 [ 2.05 0% 11 CEA 70 | 44 -21%
18 ctDNA |230| 1.35 -37% 20 ctDNA [ 65 0 -100% 11 CEA 134( 3.9 -30%
6 CEA -21| 4.9 -8% 20 ctDNA | 85 0 -100% 11 CEA 247| 3.2 -43%

CEA 0| 53 0% 20 ctDNA (183] ¢ -100% 21 ctDNA 0 | 896 0%
CEA 34| 5.2 -2% 20 ctDNA (204| o -100% 21 ctDNA [173| O -100%
6 CEA 90| 5.8 9% 20 ctDNA |240 o -100% 21 ctDNA |295( O -100%
15 CA19-9 ([-28] 56 -76% 20 ctDNA [267| o -100% 21 ctDNA |340( O -100%
15 CA19-9 [ 0| 236 0% 20 ctDNA (324] O -100% 21 ctDNA |355( O -100%
15 CA19-9 (7| 127 -46% 20 ctDNA (407 O -100% 13 CEA -21| 25 -7%
15 CA19-9 (14| 62 -74% 19 ctDNA [ 0 | 1.89 0% 13 CEA 0 2.7 0%
15 CA19-9 (91| 67 -72% 19 ctDNA (40| 12.04 | 537% 13 CEA 6 2.7 0%
15 CA19-9 (133]| 57 -76% 19 ctDNA (139] O -100% 13 CEA 13| 24 -11%
ctDNA |-31| 0.18 -53% 19 ctDNA (160] O -100% 13 CEA 20| 15 -44%
ctDNA | 0 | 0.38 0% 19 ctDNA (195 O -100% 13 CEA 34| 1.8 -33%
ctDNA |21| 0.34 -11% 19 ctDNA [223 0 -100% 13 CEA 48 1.6 -41%
24 CA19-9 | 0 | 27.11 0% 19 ctDNA |277( 0.08 -96% 9 CA199 | O 51 0%
24 CA19-9 |119|23.56 | -13% 5 CA19-9 (0| 93 0% 9 CA19-9 7 42 -18%
24 CA19-9 |231| 20.18 | -26% 5 CA19-9 [100| 9.5 2% 9 CA19-9 | 13| 48 -6%
25 ctDNA |-31( O -100% 5 CA19-9 (212 6.7 -28% 9 CA19-9 [ 20| 58 14%
25 ctDNA | 0 | 0.09 0% 23 CEA 0 3 0% 9 CA19-9 |34 62 22%
25 ctDNA | 22| 0.08 -11% 23 CEA 141 2.5 -17% 9 CA19-9 |48 | 61 20%
25 ctDNA |120| 0.55 511% 9 CA19-9 (63| 61 20%
1ctDNA was reported in MTM/mL; CA19-9 was reported in U/mL; CEA was 9 | CA199 190 ] 93 82%

reported in ng/mL

Longitudinal biomarker values for patients collected during screening, treatment and follow-up. ctDNA was reported in MTM/ml; CA 19-9 was reported in Uml™; and CEA was reported
inngml™.
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Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
Confirmed

IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  Medidata RAVE 2018.2.4

Data analysis FlowJo TM V10
GraphPad Prism v9.4

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Requests must be made to datarequest@elicio.com, with responses provided within 30 days of request. To ensure that data sharing is consistent with the
underlying study consent, de-identified patient data that can be shared will be done under data transfer agreements. Investigators and institutions who agree to the
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terms of the data transfer agreement, which will include, but will not be limited to, terms to address the use of these data for the purposes of a specific project and
for research purposes only, to prohibit attempts to re-identify the data and to protect the confidentiality of the data, will be granted access to the data. Elicio
Therapeutics will then facilitate the transfer of the requested de-identified data to the requestor using secure electronic data transmission; the data will then be
available for up to 12 months.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender Sex and gender is reported in the baseline demographics table (Table 1)

Reporting on race, ethnicity, or Race and ethnicity is reported in the baseline demographics table (Table 1)
other socially relevant
groupings

Population characteristics All patients had clinical characteristics typical for resectable pancreatic and colorectal cancer patients. Detailed patient
characteristics are provided in Table 1, and Extended Data Table 1.

Recruitment Complete eligibility and enrollment criteria are provided in the study protocol (Supplementary Materials). Eligible subjects
were recruited from 8 centers across diverse geographic regions of the United States. Key eligibility required ECOG
performance status 0-1, resectable pancreatic or colorectal cancer, presence of a G12D or G12R somatic KRAS mutation, and
positive laboratory evidence of minimal residual disease. Excluded patients had pancreatic neuroendocrine tumors, MSI+
colorectal tumors, other malignancies within the last 3 years anticipated to require treatment, were pregnant or lactating
females, or refused to use acceptable methods of contraception. There was no appreciable bias in trial enrollment, and
limitations of the small phase 1 population sample are included in the discussion.

Ethics oversight Two participating institutions, University of Colorado School of Medicine and City of Hope had the study approved by WIRB
Copernicus (WCG IRB). Six other participating institutions had the study approved by their local IRBs, Memorial Sloan
Kettering Cancer Center (MSKCC IRB), University of Texas MD Anderson (University of Texas MD Anderson Office of Human
Subject Protection), University of lowa (University of lowa Human Subjects Office/IRB), Northwell Health (Feinstein Institutes
for Medical Research, Northwell Health IRB), University of California Los Angeles (UCLA Office of the Human Research
Protection Program), and Massachusetts General Hospital (Dana-Farber Cancer Institute Office for Human Research Studies).
The study was approved by US FDA and registered on clinicaltrials.gov (NCT04853017).

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size We enrolled 25 patients using an empirical Phase 1 dose escalation design appropriate to evaluate the primary endpoint of safety and as
detailed in the study protocol (Supplementary Materials).

Data exclusions  No data were excluded from the analyses. Patient reported outcomes were collected for feasibility but not analyzed in the context of a single
arm trial.

Replication The study findings were reproducible. KRAS mutation status and circulating tumor DNA assays are CLIA validated.
Randomization  Not applicable, because this is a single arm phase 1 clinical trial.

Blinding Not applicable, because this is an open-label phase 1 clinical trial.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Materials & experimental systems Methods

Involved in the study n/a | Involved in the study
Antibodies IZ D ChiIP-seq

|:| Eukaryotic cell lines |:| IZ Flow cytometry

D Palaeontology and archaeology IZ D MRI-based neuroimaging

|:| Animals and other organisms
Clinical data

D Dual use research of concern

[] Plants

XX O XKXX S

Antibodies

Antibodies used CD4 (BV421, clone: SK3, BD Catalog # 566907, 1:40), CD8 (BV786, clone: RPA-T8, BD Catalog # 563823, 1:25), CD45RA (Alexa 700,
clone: HI100, BioLegend Catalog # 304120, 1:25), CCR7 (PE-CF594, clone: 15053, BD Catalog # 562381, 1:12.5), Aqua Live/Dead
marker (Thermo Fisher Catalog # L34966, 1:200), CD14 (PE-Cy5, clone: 61D3, Thermo Fisher Catalog # 15-0149-42, 1:200), CD16 (PE-
Cy5, clone: 3G8, BiolLegend Catalog # 302010, 1:200), and CD19 (PE-CyS5, clone: SJ25C1, BioLegend Catalog # 363042, 1:200), CD3
(APC-H7, clone: SK7, BD Catalog # 560176, 1:40), IFNy (FITC, clone: Mab11, BioLegend Catalog # 506504, 1:200), TNFa (BV711, clone:
B27, BioLegend Catalog # 502940, 1:50), and IL2 (BV650, clone: MQ1-17H12, BioLegend Catalog # 502940, 1:50).
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Validation The specificity of the antibodies purchased from commercial sources (BD Biosciences, BioLegend and Thermo Fisher) were validated
by the manufacturer in house.
BD Bioscience:
https://www.bdbiosciences.com/en-us/products/reagents/flow-cytomtery-reagents/research-reagents/quality-and-reproducibility
1. The specificity is confirmed using multiple methodologies that may include a combination of flow cytometry, immunofluorescence,
immunohistochemistry or western blot to test staining on a combination of primary cells, cell lines or transfectant models.
2. All flow cytometry reagents are titrated on the relevant positive or negative cells.
3. Quality control: Quality control testing of new, manufactured lots are performed side-by-side with a previously accepted lot as a
control, helping to serve as a reference for comparison and assuring that performance of the new lot is both reliable and consistent.
4. Lot to lot consistency: Testing with prior batches as reference helps you obtain consistent results with the new batch relative to
the previous batches.
BiolLegend:
https://www.biolegend.com/en-us/quality/product development
Flow cytometry reagents
Specificity testing of 1-3 target cell types with either single or multi-color analysis (including positive and negative cell types). Once
specificity is confirmed, each new lot must perform with similar intensity to the in-date reference lot. Brightness (MFI) is evaluated
from both positive and negative populations. Each lot product is validated by QC testing with a series of titration dilutions.
Thermo Fisher:
https://www.thermofisher.com/us/en/home/life-science/antibodies/invitrogen-antibody-validation/relative-expression-antibody-
validation.html
1. Demonstration of primary antibody specificity by relative expression across cell models. Flow cytometry intrinsically facilitates the
analysis of relative expression patterns in heterogeneous cell populations. Using gating techniques, verification of antibody binding
can be determined by analyzing expression in unique cell types.
2. Independent validated antibodies. Utilizing two independent antibodies for the same protein target can be a useful tool when
testing for antibody specificity. In the ideal scenario, two antibodies are used that target nonoverlapping epitopes of an antigen. By
obtaining comparable results from antibodies that recognize independent regions of the same target protein, this allows for
increased confidence that these antibodies are specific and suitable for the detection of their intended target. Independent antibody
testing is one strategy we use to validate Invitrogen antibodies for research use. Common applications of independent antibody
validation would be obtaining similar detection patterns in multi-lysate western blots, IHC arrays, immunofluorescence of multiple
cell lines, immunoprecipitation, flow cytometry, and other antibody applications.

Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  Clinicaltrials.gov NCT04853017
Study protocol ELI-002-001 (AMPLIFY-201)

Data collection The 8 enrolling academic sites were University of Colorado School of Medicine, City of Hope, Memorial Sloan Kettering Cancer
Center, University of Texas MD Anderson, University of lowa, Northwell Health, University of California Los Angeles, and
Massachusetts General Hospital. Data were collected from 10 Oct 2021 through 6 September 2023

Qutcomes Safety, tumor biomarker response, relapse free and overall survival were described in the methods.




Flow Cytometry

Plots

Confirm that:
The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

|Z| The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).
All plots are contour plots with outliers or pseudocolor plots.

& A numerical value for number of cells or percentage (with statistics) is provided.
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Methodology
Sample preparation PBMCs were processed from leukapheresis using Ficoll-Hypaque gradients or whole blood collection using CPT tubes. PBMCs
were cryopreserved and rested overnight before using.
Instrument BD FACS Symphony
Software Data was analyzed using FlowJo™ software. Graphs were compiled using GraphPad Prism.
Cell population abundance No cell sorting was used for the analysis.
Gating strategy First, a Live-Dead Aqua vs SSC-A gate to exclude non-viable cells, followed by a single cell gate FSC-H vs FSC-A to exclude

doublets, then another single cell gate, FSC-A vs FSC-W to further exclude doublets, then a dump negative gate to exclude
non T cells followed by FSC-A vs SSC-A to define lymphocytes and a CD3 vs SSC-A to gate on CD3+ T cells. CD4 vs CD8 gate
was next used to separate CD8+ cells and CD4+ T cells. For ICS analysis cells, IFNg, TNFa and IL2 production was then
assessed in CD8+ and CD4+ T cells using boolean gating. Memory populations were defined as CCR7 vs CD45RA.

Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.
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