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W Check for updates

Effective targeting of somatic cancer mutations to enhance the efficacy of
cancerimmunotherapy requires an individualized approach. Autogene
cevumeran s a uridine messenger RNA lipoplex-based individualized
neoantigen-specificimmunotherapy designed from tumor-specific somatic

mutation data obtained from tumor tissue of each individual patient to
stimulate T cell responses against up to 20 neoantigens. This ongoing
phase1study evaluated autogene cevumeran as monotherapy (n =30) and
in combination with atezolizumab (n =183) in pretreated patients with
advanced solid tumors. The primary objective was safety and tolerability;
exploratory objectives included evaluation of pharmacokinetics,
pharmacodynamics, preliminary antitumor activity and immunogenicity.
Non-prespecified interim analysis showed that autogene cevumeran was
welltolerated and elicited poly-epitopic neoantigen-specific responses,
encompassing CD4*and/or CD8" T cells, in 71% of patients, most of them
undetectable at baseline. Responses were detectable up to 23 months
after treatment initiation. CD8" T cells specific for several neoantigens
constituted amedian of 7.3% of circulating CD8" T cells, reaching up to 23%
insome patients. Autogene cevumeran-induced T cells were found within
tumor lesions constituting up to 7.2% of tumor-infiltrating T cells. Clinical
activity was observed, including one objective response in monotherapy

dose escalation and in two patients with disease characteristics unfavorable
for response toimmunotherapy treated in combination with atezolizumab.
These findings support the continued development of autogene cevumeran

inearlier treatmentlines. ClinicalTrials.gov registration: NCT03289962.

Cancerimmunotherapy with checkpoint inhibitors (CPIs) has advanced
the practice of oncology and become a standard of care across many
cancer types. Despite these advancements, many patients do not have
durable response. Additional approaches to promote CPI-mediated
anticancer immunity could meet this therapeutic need'. The mode of
action of CPIsis based on reinvigorating preexistent tumor-recognizing
T cells®. The clinical efficacy of CPIs has been associated with
promoting T cells directed against somatic cancer mutations®.

Cancer mutations may give rise to neoantigens of exquisite cancer cell
specificity that are not expressed in healthy tissue and therefore not
subject to central tolerance.

Only a small fraction of potentially immunogenic cancer mutations
give rise to spontaneously occurring neoantigen-specific T cells on which
CPIs can act™. Vaccination with somatic cancer mutations is an attrac-
tive approach to prime neoantigen-specific T cells de novo or amplify

preexisting ones and may contribute to improved efficacy of CPIs**°.
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Given that antigen-presenting human leukocyte antigen (HLA)
molecules are highly polymorphic and that the vast majority of
tumor neoantigens arise from patient-specific mutations rather than
alterations shared across patients, effective targeting of somatic
cancer mutations through vaccination requires an individualized
approach™", Early clinical trials in small cohorts of patients with
cancer showed the feasibility, safety, tolerability and induction of
neoantigen-specific T cell responses with different vaccine platforms
including antigen-encoding mRNA"".

We have developed autogene cevumeran, an individualized
neoantigen-specificimmunotherapy (iNeST), composed of up to two
5’-capped single-stranded uridine-based mRNA molecules (together
encoding up to 20 neoantigens per patient) linked by short glycine-
and serine-rich linkers and encapsulated in a lipoplex formulation
(RNA-LPX). The neoantigen candidates are identified by a computa-
tional pipeline that uses next-generation sequencing data derived from
blood and tumor biopsy for mutation calling and for prediction of each
patient’s unique composition of potentially T cell immunity-inducing
neoantigens”. The RNA backbone is designed for optimized translational
performance of the coding sequence in human dendritic cells (DCs)"®°
and foraugmented antigen presentationonHLA class1and Il molecules.
The RNA-LPX is intravenously administered to target DCs residing in
lymphoid compartments, including the spleen®. The RNA-LPX tech-
nology couples antigen delivery with co-stimulation through Toll-like
receptor (TLR)-mediated, type 1 interferon-driven antiviral immune
mechanisms and results in profound expansion of antigen-specific
Tcellsasshowninaphasel/2trialin patients with advanced melanoma
and nonmutated, tumor-associated self-antigens?* .

Werecently reported theresults of aninvestigator-initiated, phase
1trial of post-surgery adjuvant treatment of patients with resected pan-
creatic ductal adenocarcinoma (PDAC) with autogene cevumeran and
the anti-PD-L1CPlatezolizumab combined with standard-of-care adju-
vant chemotherapy, showing substantial induction of high-magnitude,
polyfunctional neoantigen-specific CD8" effector T cells with longevity
markers in a fraction of patients with cancer, which correlated with
delayed PDAC recurrence™?**. The design of the study® and other ongo-
ingtrials withautogene cevumeran were informed by the first-in-human
phaseltrial (NCT03289962), from which we report a non-prespecified
interim analysis here. The ongoing study evaluated the feasibility, safety,
tolerability, immunogenicity and preliminary antitumor activity of
autogene cevumeran as monotherapy and in combination with atezoli-
zumab. The primary objective was safety and tolerability of autogene
cevumeran as monotherapy and in combination with atezolizumab.
Exploratory objectives included the characterization of the pharma-
cokineticand pharmacodynamic profile of autogene cevumeran as well
as preliminary antitumor activity and immunogenicity.

Results

Patients, treatment and feasibility

This ongoing trial enrolled patients with cancer and locally advanced,
metastatic or recurrentincurable malignancies between 21 December
2017 and 12 January 2022.

Patients in phase 1a received autogene cevumeran as mono-
therapy in dose escalation cohorts ranging from 25 pg to 100 pg
(Fig. 1a,b) per the schedule described in Methods. The dose range
was informed by previous phase1/2 clinical experience with another
cancer vaccine derived from the same uridine-based RNA-LPX tech-
nology platform that encoded nonmutated shared tumor-associated
antigens®. Patients in phase 1b received autogene cevumeran in
combinationwithatezolizumab in dose escalation cohorts evaluating
25 g, 38 pg and 50 pg of autogene cevumeran, indication-specific
dose expansion cohorts, a serial biopsy expansion cohort or a
biomarker substudy (Fig. 1b).

A total of 550 patients were screened for participation in the
cohorts reported in this paper. We evaluated blood and tissue from
548 patients submitted for manufacturing autogene cevumeran. Over-
all, 512 patients submitted tissue specimens with sufficient tumor
content, 483 patients (94.3%) had sufficient DNA and RNA isolated
from specimens, and successful sequencing reactions were completed
on blood and tumor tissue specimens from 473 patients. Of the 455
patients whoremainedin screening up to this point, the computational
pipeline identified 5 or more neoantigens (eligibility criterion) from
448 patients (98.5%). Of these, 367 patients (81.9%) had at least 20
neoantigens identified.

Patients were excluded during screening at various time points for
the following reasons: disease progression or general baseline deterio-
ration (n =135), reasons related to manufacturing (n = 94), not meeting
inclusion and exclusion criteria (n = 80), or declining to participate
(n=28),inparallel to designing and producing autogene cevumeran.
Manufacturing feasibility was shown with a best-case turnaround time
(TAT) from reception and approval of a complete sample set to the
end of manufacturing of 28 days. Overall, 213 patients were enrolled
across 33 sites in North America and Europe between 21 December
2017 and the clinical data cutoff of 14 January 2022. Thirty patients
were enrolledin phaselaand183inphaselb (Fig.1b,c). The majority of
enrolled patients had unfavorable prognostic baseline characteristics
and had received multiple lines of previous systemic cancer therapy
(including CPI), had multiple sites of metastatic disease, had elevated
C-reactive protein and had tumors with negative or low PD-L1 scores
(Extended Data Tables1and 2).

Primary outcome: safety and tolerability
Two hundred and thirteen patients who received at least one dose
of autogene cevumeran or atezolizumab were included in the safety
analysis to assess the primary outcome. Nine (30.0%) of the 30 patients
treated with autogene cevumeran monotherapy and 47 (25.7%) of the
183 patients treated in combination with atezolizumab discontin-
ued study treatment owing to disease progression at or before the
first tumor assessment at week 7 and before completing the induc-
tion course of autogene cevumeran. Thirteen (43.3%) patients in the
monotherapy dose escalation crossed over to combination treatment
(Supplementary Table 1).

Twenty-seven (90%) patients treated with autogene cevumeran
monotherapy had treatment-related adverse events (TRAEs), of which

Fig. 1| Phase 1study design and patient disposition. a, Patients with locally
advanced, recurrent or metastatic incurable tumors with at least five neoantigens
and with limited treatment options were eligible. Autogene cevumeran: up to

20 tumor neoantigens identified by sequencing blood and tumor tissue were
cloned into two RNA molecules (up to 10 neoantigens each) with backbones
comprising a 5’-cap analog, 5’-and 3’-untranslated region (UTR) and poly(A) tail
optimized for stability and translational efficiency. Neoantigens are flanked by an
N-terminal SEC and an HLA class I trafficking domain (MITD, transmembrane and
cytoplasmic domain of HLA class I) to ensure optimal antigen presentation and
immunogenicity. For phase 1a, patients were treated with eight doses of autogene
cevumeran administered intravenously over the first 9 weeks (induction),
followed by periodic booster doses (maintenance) until disease progression.

In phase 1b, autogene cevumeran was combined with 1,200 mg atezolizumab

administered intravenously on day 1 of the combination regimen and given every
3 weeks until disease progression. b, Patients in phase 1a received autogene
cevumeran in dose escalation cohorts ranging from 25 pg to 100 pg. In phase 1b,
autogene cevumeran (25 pg to 50 pg as indicated) was combined with 1,200 mg
atezolizumab in a dose escalation part, indication-specific expansion cohorts
including a serial biopsy and abiomarker cohort. In the biomarker cohort, 16

of 35 patients received autogene cevumeran as monotherapy for the induction
course; atezolizumab was added for the maintenance course. Patients in both
cohorts underwent biopsy, leukapheresis and blood draws before and during
treatment for immune monitoring. ¢, Participant flow diagram. The number of
participants screened, enrolled, treated, discontinued and analyzed is shown for
phaselaand1b.Cl1,C7 C13and C21,cyclel,713and 21; D1, D8 and D15, day 1,8
and 15; qlw, q2w, q3w, q10w and q24w, once every1, 2,3,10 and 24 week(s).
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Fig. 2| Safety and tolerability data of patients with advanced disease who
received autogene cevumeran with or without atezolizumab. AEs occurring
in>5% of patients are presented as all AEs and AEs related to treatment by grade.

Relative frequency (%)

AEsrelated to treatment AEs were graded in line with the NCI CTCAE, v.5.0.
Alk-phos, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine
aminotransferase.

3 patients experienced a grade 3 adverse event (AE; 1 event of grade 3
cytokinerelease syndrome (CRS) and 2 events of grade 3 fatigue) with
nograde4 and 5 TRAEs observed (Fig. 2 and Table 1). No AEs or TRAEs
ledto treatment withdrawal. One dose-limiting toxicity (DLT) of grade 3
CRSwas observed with100 pgautogene cevumeran monotherapy. The
eventwasresolved with supportive care, and the patient recovered and
continued study treatment at areduced dose until disease progression
atday 82 (Table 1and Supplementary Table 2).

No new signals and no DLTs were observed when autogene cevu-
meran was combined with atezolizumab (Fig. 2). Three grade 4 or 5

TRAEs (1event each of grade 4 pancreatitis, grade 4 systemicimmune
activation and grade 5 pneumonitis) were observed, and 11 patients
(6%) in phase 1bdiscontinued study treatment owing to TRAEs (Table1).
The severity, frequency and clinical nature of immune-mediated AEs
were generally consistent with atezolizumab monotherapy experience
(Supplementary Table 3)%.

The most common TRAEs were infusion-related reaction (56.7%
and 59.6% for monotherapy and combination therapy, respectively),
CRS (30% and 20.8%) and influenza-like illness (3.3% and 12.6%) (Fig. 2
and Supplementary Table 2). These TRAEs were predominantly grade
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Table 1| Safety overview for patients treated with autogene cevumeran as monotherapy and in combination with

atezolizumab

Phase 1a safety overview

AE, n (%) Autogene cevumeran monotherapy dose
25ug(n=12) 38ug(n=5) 50ug(n=4) 75ug(n=8) 100pug(n=1) All patients(n=30)
All-grade AEs, any cause 12 (100) 5(100) 4(100) 8 (100) 1(100) 30 (100)
Grade 3 AEs 4(33.3) 0 2 (50) 4(50) 1(100) 11(36.7)
Grade 4 or 5 AEs 2(16.7) 0 2(50) 3(37.5) o] 7(23.3)
Treatment-related AEs 10 (83.3) 4(80.0) 4(100) 8(100) 1(100) 27(90.0)
Grade 3 TRAEs 0 0 1(25.0) 1(12.5) 1(100) 3(10.0)
Grade 4 or 5 TRAEs 0 0 0 0 0 0
DLT 0] 0 0 0] 1(100) 1(3.3)
Serious AEs 5 (41.7) (0] 2(50.0) 4 (50.0) 1(100) 12 (40.0)
AEs leading to any treatment 0 0 0 0 0 0
withdrawal
TRAEs leading to any treatment 0 0 0 0 0 0
withdrawal
Phase 1b safety overview
AE, n (%) Autogene cevumeran dose + atezolizumab 1,200mg
15ug(n=28) 25ug(n=135) 38ug(n=11) 50ug(n=9) All patients(n=183)
All-grade AEs, any cause 28 (100) 135 (100) 11(100) 9 (100) 183 (100)
Grade 3 AEs 12 (42.9) 63 (46.7) 5 (45.5) 5 (55.6) 85 (46.4)
Grade 4 or 5 AEs 7(25) 33(24.4) 1(9) 3(33.3) 44 (24)
Treatment-related AEs 21(75.0) 125 (92.6) 11(100) 8(88.9) 165 (90.2)
Grade 3 TRAEs 2(71) 24(17.8) 3(27.3) 3(33.3) 32(17.5)
Grade 4 or 5 TRAEs 0 3(2.2) 0 0 3(1.6)°
DLT 0] 0] (0] 0] 0]
Serious AEs 11(39.3) 76 (56.3) 3(27.3) 6(66.7) 96 (52.5)
AEs leading to any treatment 1(3.6) 22(16.3) 1(97) 2(22.2) 26(14.2)
withdrawal
TRAEs leading to any treatment 0 10 (7.4) 0 1(11.0) 11(6.0)
withdrawal

Data are reported as n (%) of patients who received at least one dose of autogene cevumeran or atezolizumab. Events were classified according to the CTCAE, v.5.0. *Two events of grade 4

pneumonitis and one event of grade 4 systemic immune activation.

lor2andwere consistent with systemic reactions after infusion, typi-
cally presenting as fever, chills and rigor, and nausea (Supplementary
Table 2), which were transient and readily manageable. Antipyretics,
meperidine and, in some cases, corticosteroids as well as dose reduc-
tions of autogene cevumeran were used for management or prophy-
laxis of grade 2 or 3 systemic reactions (Extended Data Fig.1). A trend
toward increased use of concomitant medications to manage systemic
reactions at higher doses of autogene cevumeran monotherapy was
observed, suggesting possible dose-dependency of systemicreactions.

Transient, dose-level-dependent increases in plasma interferon
alpha (IFNa), interferon gamma (IFNy), interleukin 6 (IL-6), interleukin
12 (IL-12p70), interleukin-1beta (IL-1B) and tumor necrosis factor (TNF)
levels were observed 4-6 h after infusion of autogene cevumeran with
returnto baseline levels both as monotherapy andin combination with
atezolizumab (Extended Data Fig. 2).

Dose-level decisions were made based on aggregate data guided
by safety and tolerability considerations. The dose of autogene cevu-
meran in combination with atezolizumab was not increased beyond
50 pg based on observed trends for dose-dependent increases in
systemic reactions in association with increased levels of inflamma-
tory cytokines (Extended Data Figs. 1 and 2). On the basis of these
considerations, a25 pg dose was selected for the dedicated CPI-naive

dose expansion cohorts. In parallel, expansion cohorts enrolling
CPl-experienced patients were opened at 25 pgand 15 pg.

Characterization of T cell responses
Neoantigen-specific T cells were analyzed at baseline and after the
induction phase by two IFNy ELISpot assay approaches (Supplementary
Table4). Anexvivo ELISpot assay without previous in vitro expansion,
capturing high-magnitude, late-differentiated T cell responses, was
performed for 90 patients, comprehensively testing all neoantigens
encoded by autogene cevumeran across these patients. De novo induc-
tion or amplification of T cell responses against at least one of their
autogene cevumeran-encoded neoantigens was detected in 64 of 90
patients (71%)—at similar frequencies in the monotherapy (11 of 15
patients, 73%) and combination cohorts (53 of 75 patients, 71%; Fig. 3a).
Almostall patients with T cells recognizing autogene cevumeran neo-
antigens had de novo induced responses (62 of 64 patients, 97%); 8 of
these patients had additional preexisting T cell responses amplified
by autogene cevumeran, indicating that the vast majority of predicted
strong neoantigens do not spontaneously activate T cells.

Ex vivo-detectable immune responses were observed across all
tested tumor types in both CPI-naive and CPl-experienced patients
and were most frequent in microsatellite stable colorectal cancer
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(CRC; 10 of 11 patients, 91%), triple-negative breast cancer (TNBC; 8
of 10 patients, 80%) and melanoma (8 of 11 patients, 73%) (Fig. 3b,c).

The number of neoantigens per patient that induced an ex
vivo-detectableimmune response varied betweenindividuals (median,
2; range, 1-8), as did the magnitude of the T cell response per single
neoantigen (Fig. 3b). Neither appeared to be affected by the dose of
autogene cevumeranor whether it was administered as monotherapy
orin combination.

Blood samples from 17 patients from the biomarker substudy
were analyzed with an ELISpot approach that tests CD4" and CD8*
T cells separately after 2 weeks of in vitro stimulation (IVS) with the
respective patients’ autogene cevumeran neoantigens. This analysis
captureslow-frequency, early-differentiated, highly proliferative T cells
that may not be detectable ex vivo. All 17 patients showed autogene
cevumeran-induced CD4*and/or CD8' T cell responses against at least
two encoded neoantigens (median, 7; range, 2-13) that were mostly
induced de novo (Fig. 3d; representative patient shown in Extended
Data Fig. 3a). In total, post-1VS ELISpot identified T cell responses
against 52% (121 of atotal of 234) of autogene cevumeran neoantigens.
The majority of these neoantigens were targeted by CD4" T cells only
(59%),26% were recognized by CD8" only (26%) and a smaller fraction
wasrecognized concomitantly by CD4"and CD8"T cells (15%, Fig. 3e).

Fifteen patients were tested with both assays. In these patients,
the post-IVS ELISpot detected more than twice as many autogene
cevumeran-induced T cell responses than the ex vivo ELISpot (105 ver-
sus45neoantigens, respectively), representing 51% of the 205 evaluable
neoantigens, including multiple responses in 4 patients (patients 31,
41,76 and 89) without ex vivo-detectable T cells (Fig. 3d and Extended
DataFig.3b). Patientsin this subset had autogene cevumeran-induced
and amplified T cells against a median of 6 neoantigens (range, 3-12),
revealing that autogene cevumeran has a broader immunogenicity
than that measured by ex vivo ELISpot (median, 2, and range, 2-8, in
this subset).

Peptide-MHC class | (pMHC) multimer analysis of selected
patients (n = 22) showed that neoantigen-specific CD8" T cells typically
became detectable around 3 weeks after starting vaccination, contin-
uedtoexpandinthefirst couple of months and,inafraction of patients,
reached up to single-digit percentages of circulating T cells (Fig. 3f).
Autogene cevumeran-induced T cells directed against one of the neo-
antigens persisted for several monthsin a patient with bladder cancer
(patient 66), which constituted >11% of circulating CD8 T cells at day
232 (Extended DataFig.3c). Neoantigen-specific CD8" T cell responses
were mainly of an effector memory phenotype (CD45RO*CCR7"), with
high expression of PD-1 (Fig. 3g and Extended Data Fig. 3¢).

To further characterize the activation profile and functional
status of neoantigen-specific CD8 T cells over time, we conducted
alongitudinal analysis using pMHC multimers in high-dimensional
mass cytometry (CyTOF) on peripheral blood samples from patients
(monotherapy n =3 and combination therapy n = 7) (Extended Data

Fig.4a). Amongthese patients, we identified T cells reactive against 26
unique neoepitopes (with 1to S reactivities per patient). We analyzed
the phenotypes of neoantigen-specific T cells based on their detection
ininduction or maintenance cycles. Notably, all neoantigen-specific
T cells showed time-dependent clustering (Extended Data Fig. 4b).
Specifically, neoantigen-specific CD8 T cells showed a proliferative
and early activation signature marked by elevated levels of Ki-67,
HLA-DR, CD38 and ICOS at 22, 43 and 64 days after treatment ini-
tiation with autogene cevumeran. Neoantigen-specific CD8 T cells
after 2100 days of treatment, in contrast, underwent a transition
from early- to late-differentiated effector phenotype marked by a
decrease in CD27/CD28 expression and an increase in CD57 levels
(Extended DataFig. 4c).

We aimed to further understand the T cell response by cloning
the T cell receptors (TCRs) of the CD8" T cells most enriched after
eight vaccination cycles. We identified 140 neoantigen-specific
TCRs across 13 patients. These TCRs showed specific recognition of
antigen-presenting cells when loaded with specific neoantigens as
peptides or RNA. Autogene cevumeran-specific TCRs constituted
alarge portion of the post-vaccination circulating CD8" T cell rep-
ertoires that reached up to double-digit cumulative frequencies
(median, 7.3%; range, 0.2-23.2%), indicating strong expansion of
neoantigen-specific T cells during the induction phase (Fig. 3g,h and
Extended DataFig.3d). Notably, the majority of these TCRs were unde-
tectable at baseline (99 of 140), indicating the priming of de novo
T cells, which is consistent with our findings by ELISpot and pMHC
multimer analysis (Fig. 3h). Responses were largely polyclonal with
a median of two specific TCRs per neoantigen (range, 1-13), some
with more than one HLA restriction per neoantigen (Fig. 3h and Sup-
plementary Table 5; representative patient shown in Extended Data
Fig.3d). To assess whether poly-epitopic autogene cevumeran-induced
T cells identified in the periphery home into tumor lesions, we inves-
tigated on-treatment tumor samples from 10 patients in which TCR
discovery was performed. Almost all neoantigen-specific TCRsidenti-
fiedin peripheral blood were tracked in the autologous on-treatment
tumor biopsies of 8 of 10 evaluable patients (75 of 89 TCRs), indicat-
ing that autogene cevumeran-induced neoantigen-specific T cells
are capable of homing into the tumor. On-treatment tumor biopsies
typically contained polyclonal TCR clonotypes specific to up to six
autogene cevumeran-induced neoantigens, reaching frequencies
of up to 7.2% (median, 1%; range, 0.04-7.2%) of infiltrating CD8* TCR
clonotypes (Fig. 3i, patient 90). Infive patients, multiple biopsies from
the same lesion for each patient were analyzed, showing high overlap
between the detected neoantigen-specific TCRs in different samples
(Extended Data Fig. 3e and Supplementary Table 5).

Preliminary antitumor activity
In the dose escalation cohorts, individual patients showed durable
clinical benefit: acomplete response (CR; gastric cancer) as best overall

Fig. 3| Autogene cevumeraninduced de novo CD4"' and CDS8' T cell responses
against multiple neoantigens in the blood and tumor of most patients. a,b,
Ex vivo IFNy ELISpot data of 90 patients and 1,404 neoantigens. a, Proportion
of patients with autogene cevumeran-induced T cell responses. b, Magnitude
of autogene cevumeran-induced neoantigen-specific T cells in patients with
available bulk PBMC ELISpot data on single neoantigens (left) and example
patient (right). Numbers above the bars: numbers of neoantigensinducinga T
cellresponse among all encoded neoantigens. Negative control: PBMCs with
medium; positive control: anti-CD3 antibody. ¢, Autogene cevumeran-induced
T cell responses per indication and CPl status. ‘Other’ includes indications with
at most five patients. The numbers on the right show the immune response rate
perindication. d,e, IFNy ELISpot analysis after IVS of enriched CD4* and CD8*

T cells with autogene cevumeran neoantigens in 17 patients and 234 evaluable
neoantigens. d, Autogene cevumeran-induced neoantigen-specific T cell
responses detected after IVS and ex vivo IFNy ELISpot (n =15). The numbers
above the bars are the total numbers of immunogenic neoantigens detected by

either assay. e, Phenotype of T cell responses at the patient level (bar chart) and
the population level (pie chart). f, Kinetics of neoantigen-specific CD8" T cells
shown using pHLA multimer staining of PBMCs from 22 patients. The dotted
lines indicate autogene cevumeran administration. g, Left, de novo induced CD8*
T cell response of patient 11 against an autogene cevumeran-encoded INDEL,
followed for 8 months and, right, memory phenotyping with PD-1 expression of
the pHLA multimer-stained T cells. h, Frequency of neoantigen-specific TCRs in
circulation. i, Cumulative frequency of neoantigen-specific TCRs in CD8" cellsin
post-inductionblood and on-treatment tumor tissues collected between 35 and
56 days after treatment start (147 days for patient 38; n =10 biomarker cohort
patients). The CDR3 beta sequences were used for tracking in bulk profiling
data. The colors represent distinct neoantigens. Numbers above the bars: total
numbers of neoantigen-specific TCRs; numbers below the bars: numbers of
corresponding neoantigens. D, de novo; n.d., not done; P, preexisting; TRB, T cell
receptor f3; FITC, fluorescein isothiocyanate.
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Fig. 4| Antitumor activity of autogene cevumeran as monotherapy or in
combination with atezolizumab in patients with advanced cancersin dose
escalation cohorts. a,b, Clinical activity in patients in dose escalation cohorts
with evaluable baseline and postbaseline measurements, assessed as the effect of
autogene cevumeran as monotherapy (a) and in combination with atezolizumab
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ELISpot ‘+ indicates that the patient had a neoantigen that indicated a positive
response. HNC, head and neck cancer; EGJ, esophagogastric junction; MCC,
Merkel cell carcinoma; N, no; N/A, not available; N/D, not done; SD, stable disease;
STS, soft tissue sarcoma; Y, yes.

response (BOR) inthe 50 pg autogene cevumeran monotherapy cohort
and one partial response (PR) and a CR (breast and rectal cancer) inthe
38 pg combination cohort (Fig. 4 and Supplementary Table 6).
Further signal seeking for the autogene cevumeran-atezolizumab
combination in CPI-experienced patients with non-small cell lung
cancer (NSCLC, n=28) or melanoma (n = 8) undertaken in phase 1b

expansion cohorts (Extended Data Fig. 5) showed confirmed objective
response in one patient with NSCLC (3.6%) (Supplementary Table 7),
with 4 patients remaining on study treatment for >1 year.

CPI-naive melanoma (n =9) and renal cell cancer (RCC; n=12)
expansion cohorts had an objective response rate (ORR) of 33.3%.
The ORRs in the CPI-naive expansion cohorts in urothelial cancer
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the magnitude of T cell responses to individual neoantigens detected by ex vivo
IFNy ELISpot (bottom left) and time-course analysis of a CD8" response targeted
against C100rf54 (T37M) using pHLA multimer staining assays (bottom right)

(b). Lung CT scans from patient 13 with TNBC (top row) and longitudinal CD8*
response kinetics showing CD8" T cells specific against GALNT6 (E579K) detected
via pHLA multimer assay (middle row). Time-course analysis of neoantigen-
specific CD8* TCRsisolated from blood samples following the induction phase
(asdescribedina, bottom row) (c). Lung CT scans from patient 38 with RCC (d).
TCRseq, T cell receptor sequencing.
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(UC;n=11),NSCLC (n=10) and TNBC (n = 21) were 18.2%,10.0% and 0%,
respectively (Extended Data Fig. 5and Supplementary Table 8). Seven
patients (five with melanoma) continued to be followed for progression
for 2 years, including three patients who continued treatment after
initial progression of disease (Extended Data Fig. 5). However, these
cohortsenrolled patients who had predominantly low or negative PD-L1
staining (<5% PD-L1 expression on tumor-infiltrating immune cells
(IC) and tumor cells (TC) per SP142) (Table 1), thereby compromising
direct comparison with historical efficacy benchmarks achieved with
CPImonotherapy.

Baseline characteristics and biomarkers of all patients with availa-
ble progression-free survival (PFS) data (n =213) were analyzed toiden-
tify factors associated with likelihood of disease progression (Extended
DataFig. 6). Patients withanincreased number of metastases and previ-
ous cancer therapies and higher lactate dehydrogenase and C-reactive
proteinlevelsinblood at baseline were more likely to progress during
the study. High tumor expression of markers for activated immune cell
infiltrates (for example, GZMB, CD69, NCR1 and CD8A), immune check-
points (for example, /COS and IDOI), antigen-presentation-related
genes (for example, HLA, B2M, ERAP1, ERAP2 and CD74) and other
immune signaling genes were associated withareduced risk of disease
progression (Extended DataFig. 6).

Characterization of T cells in responding patients

Due to small sample sizes per tumor type, and the heterogeneity of
the patient population and of the immunogenicity data, no conclu-
sive analysis of correlation between clinical activity and autogene
cevumeran-induced immune responses was feasible (Extended Data
Fig. 7). We further characterized the immune responses and the
disease course of one patient treated with monotherapy and three
patients treated with the atezolizumab combination who had objec-
tive responses.

Patient 18, who had CPI-naive microsatellite instability-high,
PD-L1-low, HER2+ gastroesophageal adenocarcinomawith al cm tar-
getlesionin theliver and had been previously treated with three lines
of systemic therapy, developed a CR after 8 doses of 50 pg autogene
cevumeran monotherapy with a duration of response of 21 months.
Patient 18 mounted strong poly-epitopic ex vivo-detectable de novo
Tcellresponses to 7 of 16 neoantigens (Fig. 3b). For 5 of 7 neoantigens,
we identified 12 CD8* TCR clonotypes, which together constituted up
to~10% of the circulating CD8" TCR repertoire and after 9 months were
still at a frequency of over 7% (Fig. 4a, top). Against two neoantigens,
CD4" TCRs of lower frequency were detected (Fig. 4a, bottom). Five
ofthe CD8" TCR clonotypes and one of the CD4* TCR clonotypes were
specific for SVEP1 (R136C) that had shown the strongest response in
exvivo ELISpot.

The CD8" T cell responses persisted at a high level from the
time of CR confirmation until the patient’s last follow-up while
in CR at week 39. At 20 months after CR confirmation, the patient
experienced disease progression, at which time only a fraction of
autogene cevumeran-specific CD8" TCRs (0.34%) and no autogene
cevumeran-specific CD4" TCRs were detectable in peripheral
blood (Fig. 5a).

Patient 21, who had microsatellite stable, PD-L1-low rectal cancer
after two lines of treatment with a 1.1 cm target lesion and a nontar-
get lesion in the lung, had a CR after treatment with 9 doses of 38 pg
autogene cevumeran and atezolizumab with a duration of response
of 8.2 months and remained on the study after >3 years as of the clini-
cal data cutoff (40.7 months follow-up). Ex vivo ELISpot responses
were detectable against 3 of their 20 neoantigens, of which the CD8"
T cellresponse directed against C10orf54 (T37M) was followed up and
remained detectable up to 6.5 months after treatment start (Fig. 5b).

Patient13 had PD-L1-high TNBC that progressed on a nivolumab-
based investigational regimen. Upon treatment with 38 pg autogene
cevumeranand atezolizumab, the patient experienced a confirmed PR

includingareductionin the size of lung metastases with aduration of
response of 9.9 months (29.9 months follow-up) (Fig. 5¢). The patient
mounted strong T cell responses to autogene cevumeran targets
GALNT6 (E579K) and TTC13 (N144Y). About 9 months after treatment
start, up to11% of peripheral CD8" T cells were represented by 13 CD8*
TCRs specific to those two neoantigens (Fig. 5¢). Neoantigen-specific
CD8" T cells against GALNT6 (E579K) were detectable in peripheral
blood after vaccination and were predominantly of the effector
memory phenotype (Extended Data Fig. 3c). Deeper profiling of
GALNT6 (E579K)-specific CD8 T cells by CyTOF revealed a prolifera-
tive and early activation signature marked by high Ki-67, HLA-DR,
CD38and ICOS and atransition to a more differentiated phenotype
with a decline in CD27/CD28 and an increase in CD57 levels during
the maintenance cycles. Throughout the course of analysis, the
activation marker PD-1 remained stable, and these cells consist-
ently showed high expression of the functional marker Granzyme
B (Extended Data Fig. 8). These observations were consistent with
phenotypes observed in neoantigen-specific CD8 T cells in other
patients (Extended DataFig. 4). The patient experienced progressive
disease (PD) with progression of the nontarget lesion 11 months after
initiation of vaccination and a decrease in neoantigen-specific TCRs
inthe periphery (Fig. 5c).

Patient 38 had kidney cancer and received four lines of sys-
temic therapy, including nivolumab, before enrollment, and initially
progressed while on study but subsequently responded with a PR
(Extended DataFig. 5). The patient developed T cell responses against
7 of 20 autogene cevumeran antigens in post-IVS ELISpot (Fig. 3¢),
including an effector memory phenotype ex vivo response (Extended
Data Fig. 3c). The patient had pleural target lesions with the sum of
the longest diameters (of baseline tumors) (SLD) at 108 mm, which
was reduced to 10 mm after 13 months on treatment (Fig. 5d); 2.5% of
tumor-infiltrating lymphocytes inthe biopsy taken 5 months after start
of treatment from a regressing pleural tumor lesion were autogene
cevumeran-specific CD8' T cells (Fig. 3h).

Discussion

We present here a clinicaland translational dataset of an individualized
mRNA neoantigen cancer therapy, showing the feasibility of iNeST
manufacturing at scale. Toxicities asmonotherapy or in combination
withatezolizumab included systemic reactions that were monitorable,
manageable and reversible. Autogene cevumeran induced predomi-
nantly denovo CD4"and CD8'T cell responses against multiple neoan-
tigens inthe majority of patients, detectable up to 65 weeks following
thelast treatment of the longest followed-up patient with available data.

We identified a full set of 20 neoantigens in >80% of patients and
the minimum number of 5 neoantigens in 98.5% of patients whose data
entered the computational pipeline, showing that the iNeST approach
isfeasible across tumor types, including those traditionally viewed as
having alow tumor mutational burden. This experience with autogene
cevumeran shows the feasibility of on-demand manufacturing at scale
for patients with locally advanced and metastasized cancers. This trial
iteratively optimized the logistical, technical and operational aspects
impacting the TATs to manufacturing processes used in the ongoing
phase 2 studies of autogene cevumeran.

Autogene cevumeran monotherapy was generally well tolerated,
with asafety profile characterized by transient, mild-to-moderate sys-
temic reactions that were expected based on the desired innate immu-
nostimulatory properties of nucleoside-unmodified uridine mRNA.

The systemic reactions were in line with the preclinically shown
ability of RNA-LPX to engage TLR7/8 receptor-mediated inflammatory
cytokine production® and to elicit strong IL-1f secretion by myeloid
cells?®. Asimilar profile of proinflammatory cytokines was previously
reported for a clinical trial using the same uridine RNA-LPX platform
forashared tumor-associated antigen vaccine?. The systemic reactions
were typically self-limiting and occasionally required concomitant
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medication or dose reduction for management. The combination
with atezolizumab did not result in new safety signals beyond the AE
profile of either agent.

We used different orthogonal T cell assays to characterize
the breadth, magnitude and kinetics of neoantigen-specific T cell
responses in the blood. While technical challenges and a shortage
of samples limited our ability to perform comprehensive peripheral
blood mononuclear cell (PBMC)-based studies, we were able to study
arepresentative number (94 of 213) of enrolled patients. With ex vivo
ELISpotbeingused as the primary method ofimmune response analy-
sis in 90 patients, our results with >70% immunogenicity probably
underestimate the breadth of the autogene cevumeran-induced T cell
response. In a small cohort of patients, post-IVS IFNy-ELISpot identi-
fied twice as many autogene cevumeran neoantigens asimmunogenic
and a higher poly-epitopic diversity compared with ex vivo ELISpot.
The magnitude of peripheral T cell responses against individual neo-
antigens varied. A substantial fraction of neoantigen-induced T cells
were at levels below the high threshold of ex vivo detection by ELISpot,
while by post-IVS ELISpot, pMHC multimer staining assays or TCR
analysis, they were robustly detectable and persistent. Some patients
had single-digit percentages of circulating CD8" T cells directed against
a single immunodominant autogene cevumeran neoantigen with or
without additional weaker neoantigen responses. Other patients had
T cell responses against a panel of multiple autogene cevumeran neo-
antigens, each of which was of low magnitude but added up to a con-
siderable poly-epitopic autogene cevumeran-induced T cell count.
Generally, the heterogeneity and individuality of the T cell immune
response asaninherent feature of anindividualized vaccine may make
itdifficult to define a distinctimmune response correlate of mediating
aclinical effect.

We detected preexisting T cell responses against only a small
fraction of the neoantigen candidates identified by our computa-
tional pipeline for autogene cevumeran design. These responses
were further amplified by autogene cevumeran. The vast majority
of neoantigen autogene cevumeran-specific T cells were induced
de novo, confirming that patients rarely mount T cells against tumor
neoantigens spontaneously®?’ and indicating that autogene cevu-
meran in combination with atezolizumab contributed to priming or
proper activation.

Inadditionto CD8T cells, autogene cevumeran induced de novo
CD4" T cells against a large fraction of neoantigens as intended by
design®. Some cancer mutations gave rise to neoantigens that were
immunogenic for both CD8" and CD4" T cells and were recognized
in the context of several different restriction elements, showing that
concurrent TCR- and phenotype-diverse immune responses can be
mounted against a single cancer mutation. In subsets of patients,
peptide-human leukocyte antigen multimers and TCR clonotype
analysis revealed that responses against single individual neoanti-
gens can exceed 5% of peripheral CD8" T cells, reaching levels of cir-
culating target-specific T cells comparable to those achieved with
adoptive T cell therapy®. The highest cumulative TCR frequencies
for autogene cevumeran-induced responses were above 20% of
peripheral CD8" T cells. Autogene cevumeran induced poly-epitopic
neoantigen-specific T cell responses of high magnitude in a substantial
number of patients, majority of which the majority of those tested
trafficked into the tumor microenvironment.

This study was not primarily designed to investigate clinical effi-
cacy. The study population represented a heterogenous group of
patients with prognostically unfavorable features who were unlikely
to respond to immunotherapy, having received multiple previous
lines of immunosuppressive chemotherapy, and with PD-L1-low or
PD-L-negative tumors. About one-quarter of patients had progressed
before the peak of autogene cevumeran-induced T cell responses
measured in peripheral blood was reached, approximately 6-9 weeks
after treatment initiationin most patients. Although CPI-naive patients

were enrolled in the dose expansion cohorts, to enable preliminary
signal seeking with the autogene cevumeran-atezolizumab combina-
tion, the single-arm design was not suitable for capturing potential
disease stabilization and survival benefit disproportionate to tumor
regression. Interpretation of the cohortsinimmunotherapy-responsive
indications was limited by the small sample sizes and uncontrolled
differences in baseline characteristics relative to historical CPImono-
therapy benchmarks.

Despite these caveats, individual patients showed durable ben-
efit associated with the induction of neoantigen-specific immune
responses that were observed in asmall subset of patients with different
tumor types. CRs were seen with autogene cevumeran monotherapy for
one patient with MSI-high gastric cancer and as acombination therapy
for one patient with rectal cancer.

An ongoing proof-of-concept randomized phase 2 trial is
evaluating whether autogene cevumeran plus CPI can improve
clinical outcomes in previously untreated patients with advanced
melanoma (NCT03815058). There is a strong rationale for apply-
ing T cell-inducing immune therapies in settings with low tumor
load®*. Study KEYNOTE-942 provides evidence that an mRNA-based
individualized neoantigen therapy might be beneficial in the adju-
vant setting®. Immune fitness is considered greater in the absence
of widespread metastatic disease and previous extensive systemic
immunosuppressive therapies®**. Early cancers are also likely to
have less clonal heterogeneity®® and be more readily eradicated by a
relatively narrow immune response targeting a minority of autogene
cevumeran-encoded neoantigens®**. The tumor microenvironment
of micrometastases may be less established and less exclusive of infil-
trating immune cells than that of clinically apparent disseminated
disease. Moreover, the tissue requirement and TAT for autogene cevu-
meran manufacturing is readily accommodated by standard clinical
practice for patients undergoing curative-intent surgery followed
by postoperative recovery. Accordingly, informed by the findings of
this first-in-human trial, small studiesin earlier settings have assessed
autogene cevumeran. We reported preliminary results showing that
post-(neo)adjuvantindividualized RNA-LPX vaccinationin early-stage
TNBCelicitsastrong and long-lasting polyneoepitope T cell response™.
We further reported phase 1datafrom16 patients with resected PDAC
who received autogene cevumeran and atezolizumab in addition to
standard chemotherapy, showing a promising correlation between
neoantigen-specificimmune response and prolonged recurrence-free
survival®*, Arandomized phase 2 study comparing standard-of-care
chemotherapy with or without autogene cevumeran and atezolizumab
inpatients withresected PDAC (NCT05968326) isunderway to confirm
these findings. In addition, a randomized phase 2 study of autogene
cevumeran versus best supportive care in patients with CRC who are
ctDNA+ after resection and have completed standard adjuvant chemo-
therapy (NCT04486378) is ongoing.

Inconclusion, we show the feasibility and tolerability of autogene
cevumeran, an individualized neoantigen-specific mRNA therapy, in
patients withadvanced solid tumors. Theimmunogenicity of autogene
cevumeran compares favorably with alternative vaccine platforms''¢,
Observations from this trial and companion efforts support the contin-
ued development of autogene cevumeranin earlier lines of therapy in
which the mechanism of actionis likely to have the greatestimpact on
patient outcomes. These datawill also informiterative improvements
inthe neoantigen prediction algorithm and platform, and exploration
of rational therapeutic combinations.
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Methods

Study overview

G039733 is a phase 1 open-label study of autogene cevumeran as
monotherapy (phase 1a) or in combination with 1,200 mg atezoli-
zumab (phase 1b) in patients with locally advanced or metastatic
solid tumors (NCT03289962). A total of 213 patients were enrolled
across 33 sites in North America and Europe between 21 December
2017 and 12 January 2022. Data shown are up to the clinical cutoff
date of 14 January 2022.

Inclusion and ethics

The study was conducted in accordance with the Declaration of Hel-
sinki, International Conference on Harmonization E6 guidelines and
Good Clinical Practice guidelines. The protocol was approved by the
institutional review boards at Karolinska Hospital, UZ Gent, Southamp-
ton General Hospital, Stanford Cancer Center, Universitatsmedizin
derJohannes Gutenberg Universitat Mainz, Universitaetsklinikum
Essen, Massachusetts General Hospital, Sarah Cannon Research Insti-
tute—Tennessee Oncology, Hospital Univ Vall d’Hebron Servicio de
Oncologia, Columbia University Medical Center, Sint Augustinus
Wilrijk, Nationales Centrum fur Tumorerkrankungen Heidelberg,
Dana-Farber Cancer Institute, Seattle Cancer Care Alliance, CHU Sart
Tilman, Akademiska sjukhuset, Onkologkliniken, UCSF Comprehen-
sive Cancer Center, Antoni van Leeuwenhoek Ziekenhuis, Providence
Oncology and Hematology Care Eastside, Fachklinik fur Lungener-
krankungen, The Ottawa Hospital Cancer Centre, Universitair Medisch
Centrum Utrecht, University of Oklahoma Health Sciences Center,
Clinica Universitaria de Navarra, LungenClinic Groshansdorf, George-
town University, Beth Israel Deaconess Medical Center, Leiden Uni-
versity Medical Center, University of Pittsburgh Medical Center and
Klinisch-Pharmakologisches Studienzentrum. Patient consent was
obtained before enrollment. Patients were not compensated for their
participationin the study.

Study objectives

The primary objective was safety and tolerability of autogene cevu-
meran as monotherapy and in combination with atezolizumab.
Exploratory objectives included pharmacokinetics and pharmaco-
dynamics of autogene cevumeran, preliminary antitumor activity and
immunogenicity.

Study design and treatment

In phase 1a, patients were enrolled in dose escalation. In phase
1b, patients were enrolled in dose escalation, CPIl-naive and
CPl-experienced expansion cohorts; a serial biopsy cohort; or a bio-
marker substudy. Crossover from phase 1a to phase 1b after disease
progression or stable disease at cycle 7 was allowed.

Doses of autogene cevumeran were escalated in astandard 3 + 3
design ranging from 25 pg to 100 pg in phase 1a and 25 pg to 50 ug
in phase 1b. Due to limited dose escalation steps, the standard 3 + 3
design was adopted for its safety and simplicity on both concept and
operation. In the phase 1b dose expansion, patients received 15 pg or
25 pg autogene cevumeran with atezolizumab.

The treatment regimen for both phases included an induction
stage of eight doses of autogene cevumeran administered intrave-
nously over the first 9 weeks followed by periodic booster doses dur-
ing the maintenance stage until disease progression. Makeup doses
of autogene cevumeran were allowed. In phase 1b, atezolizumab was
administered intravenously on day 1 of each 21 day cycle until disease
progression. Patients fulfilling prespecified criteria were eligible to
continue study treatment beyond disease progression. Patients in
the serial biopsy cohort and CPI-naive patients for whom manufactur-
ing of the autogene cevumeran was delayed received an initial dose
of atezolizumab (cycle 1, day 1) and started the induction stage with
autogene cevumeran (cycle 2, day 1).

Patients

Eligible patients had locally advanced, recurrent or metastatic incur-
able malignancy that had progressed after at least one available stand-
ard therapy, forwhom standard therapy does not exist, has proventobe
ineffective or intolerable, or is considered inappropriate; forwhoma
clinical trial of aninvestigational agentis arecognized standard of care;
or for whom aclinical trial of an investigational agent in combination
with an anti-PD-L1 antibody is considered an acceptable treatment
option (phase1b only).

Enrollmentinthe phaseladose escalation wasrestricted to the fol-
lowing tumor types: gastric or gastroesophageal junction, esophageal,
sarcoma, prostate, uterine or endometrial, breast (HER2+and/or HR+),
and ovarian and thyroid. Enrollment in the phase 1b dose escalation,
serial biopsy cohort and biomarker substudy was restricted to the
following tumor types: NSCLC, small cell lung cancer, UC, CRC, RCC,
TNBC, head and neck squamous cell carcinoma, melanoma, cervical,
anal, Merkel cell carcinoma, squamous cell carcinoma of the skin,
hepatocellular carcinoma (non-viral) and MSI-high tumors.

Patients were >18 years old with an Eastern Cooperative Oncology
Group performance status of 0-1and were required to have >5identi-
fied neoantigens to be eligible.

Safety
Safety was assessed through summaries of DLTs, AEs, changesin labora-
tory testresults, changesinvital signs and ECGs, and exposure to study
treatment. AEs were reported per National Cancer Institute Common
Terminology Criteria for Adverse Events (CTCAE), v.5.0, for 90 days
after the last dose of autogene cevumeran and/or atezolizumab or
beforetheinitiation of anew systemic anticancer treatment. An Internal
Monitoring Committee reviewed safety at regular intervals.
Potential immune-mediated AEs were identified based on a pre-
defined set of AE group terms commonly associated with defined
immune-mediated AEs, the temporal relationship to receiving study
drug and considering use of systemic corticosteroid treatment at the
time of AE.

Efficacy

Response was assessed by the investigator based on physical examina-
tions and imaging modalities using Response Evaluation Criteria in
Solid Tumours v.1.1 (RECIST v.1.1). The sponsor (Genentech) derived
the BOR and confirmed the BOR per RECIST v.1.1based on entries for
all target lesions, nontarget lesions and new lesions up to the clinical
cutoff date.

Manufacture of autogene cevumeran

The drug product was manufactured, analyzed and released as
described previously®*. Patients signed a prescreening informed
consent form to allow the collection and testing of archival or fresh
tumor specimens, before signing the main study informed consent
form. Biopsies with a tumor content as low as 10% sufficed for the
manufacturing of autogene cevumeran. The manufacturing process
isdescribed briefly below.

Next-generation sequencing

Tumor DNA and RNA were extracted from formalin-fixed
paraffin-embedded (FFPE) tumor tissue using a modified QIAamp
DNA FFPE Tissue Kit (QIAGEN) or ExpressArt Clear FFPE RNAready
kit (AmpTec). DNA was extracted from blood-derived PBMCs using
a QIAGEN Dneasy Blood and Tissue Kit. Targeted RNA-seq libraries
were constructed in duplicate from100 ng FFPE tumor RNA using the
NEBNext RNA First Strand Synthesis Module, the NEBNext Ultra Direc-
tional RNA Second Strand Synthesis Module and a modified Agilent
SureSelect XT V6 Human All Exon kit. DNA whole-exome libraries were
constructed induplicate from 100 ng of FFPE tumor DNA and matching
PBMC DNA using amodified Agilent SureSelect XT V6 Human All Exon
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kit. Libraries were clustered at 10 pM using the [llumina HiSeq 4000 PE
ClusterKit. All libraries were sequenced paired-end 50 ntonanIllumina
HiSeq 4000 platform.

Bioinformatics and mutation discovery
Genomics-related dataanalysis was coordinated by a Python software
pipeline. DNA reads were aligned to the reference genome hg19 with
bwa (v.0.7.10). Alignment files were converted to the BAM format using
samtools (v.0.1.19). Somatic single-nucleotide variants and short indels
were called by comparing aligned tumor and PBMC DNA reads.

Genomic coordinates of identified variants were compared with
UCSC Known Genes transcript coordinates. Synonymous and non-
sense mutations were filtered. For variants changing the amino acid
sequence, massively parallel sequencing (MPS) of targets was defined
as the sequence 13 amino acids N-terminal and 13 C-terminal of the
changed amino acid(s). For frameshift indels, the sequence from the
changed amino acid until the next stop codon was considered. Ger-
mline variantsinthe region of mutated peptides were identified using
samtools based on the matching PBMC DNA. Protein-changing ger-
mline variants were first phased based on the RNA-seq reads and, if in
phase with somatic mutations, were included in the patient-specific
neoantigen autogene cevumeran target.

RNA reads were aligned to the hgl9 transcriptome using sailfish
(v.0.7.6). Non-expressed transcripts were filtered. RNA reads were
aligned to the hgl9 reference genome using STAR (v.2.4.2a).

Neoantigen prioritization and selection

HLA binding affinity was predicted with T cell prediction tools (IEDB
v.2.13), using the IEDB-recommended mode for affinity to HLA class |
(HLA-A, HLA-B and HLA-C) and the consensus3 method for affinity to
HLA class Il (HLA-DRB). Of all predictions for a single variant, the best
consensus score was associated with the respective MPS.

Upto46 MPS fromallidentified MPS were prioritized by a custom
Python script. First, only somatic mutations with a variant allele fre-
quency in RNA > 0 were considered. From these, <5 MPS from indels
were selected based ontheir HLA class I binding affinity, <20 MPS from
single nucleotide variants (SNVs) based on their HLA class I binding
affinity and transcript expression =10 RPKM, <20 MPS from SNVs
based ontheir HLA class I binding affinity and transcript expression =1
RPKM, and further MPS from SNVs based on their transcript expression
to reach 46 MPS in total. When fewer than 46 MPS could be selected,
somatic mutations with avariantallele frequency in RNA of zero were
added based onthe HLA class Iscore and transcript expression.

An algorithm in R was used to select <20 neoantigen autogene
cevumeran targets from the list of prioritized MPS based on HLA |
and HLA Il binding predictions, transcript expression, variant allele
frequency and other criteria. The selection was reviewed by a review
board.

Good Manufacturing Practice manufacturing of RNA-LPX

Two synthetic DNA fragments, each coding <10 neoantigen autogene
cevumeran targets (SNVs and short insertions and deletions) con-
nected by 30 bp non-immunogenic glycine and serine linkers, were
cloned into a starting vector'® containing the secretory signal pep-
tide (SEC)” (MRVMAPRTLILLLSGALALTETWAGS) and the MHC class
I trafficking domain (MITD) sequences® (IVGIVAGLAVLAVVVIGAV-
VATVMCRRKSSGGKGGSYSQAASSDSAQGSDVSLTA) for fusion to
mutated sequence concatamers for optimized routing to HLA class |
and Il pathways. The starting vectors also contained 3' UTR*’ (LVLHAR-
NASCPFPVLGTPSLPRPRVPGMLPPPPAPLTTSASSRHL) and backbone
sequence elements for improved RNA stability and translational effi-
ciency. Linearized DNA fragments were produced from pDNA via PCR,
spectrophotometrically quantified, identified with Sanger sequencing
and invitro transcribed T7 RNA polymerase as previously described"”
inthe presence of ATP, CTP, UTP, GTP and 3-S-ARCA(D1) cap analogin

acleanroom environment. RNA was purified using magnetic particles,
and integrity was assessed by gel electrophoresis and microfluidic
capillary electrophoresis; concentration, pH, osmolality, potency and
endotoxin level were measured.

Net cationic charge liposomes, manufactured using an adopted
proprietary protocol®*°, were mixed with RNAs to form RNA-LPXs.
Release analysis for the RNA-LPXs included determination of appear-
ance, particle size and polydispersity, subvisible particles, RNA integ-
rity, RNA content, pH, osmolality, endotoxin testing and sterility. For
administration, the thawed product was diluted with 0.9% aqueous
NaCl.

Pharmacodynamics
Pharmacodynamic biomarkers were assessed from 94 patients with
adequate tumor tissue and/or blood for analysis.

Immune response assessment

Immune response induced by autogene cevumeran was assessed by
ex vivo IFNy-ELISpot in 90 patients who had reached cycle 4 (Fig. 1a)
with sufficient material available. This was performed as previously
described” using samples collected at baseline and after eight or seven
vaccinations for majority of the patients (76 and 11, respectively); two
and one patient’s samples were analyzed after six and five doses, respec-
tively. The timing of phase 1a crossover to phase 1b and the timing of
the start of atezolizumab treatment in the biomarker substudy were
considered in the analysis. Synthetic 15-mer peptides with 11 amino
acid overlaps covering the neoantigen sequences (overlapping peptide
pools) or 8-11-mer peptides were used inimmunogenicity assessments.
Allsynthetic peptides were purchased from JPT Peptide Technologies
and dissolved in10% DMSO to a final concentration of 3 mM.

AnIFNy ELISpot assay following the IVS of CD4" and CD8" T cells
was performed in patients from the biomarker substudy who provided
leukapheresis, as described previously* with the following exception:
invitro expansion was performed with OLPs for 11 days. ELISpot plates
were scanned with the CTL S6CORE analyzer (ImmunoCapture Image
Acquisition Software v.6.6) and analyzed by with ImmunoSpot Profes-
sional Software v.5.4. For the definition of a positive response in each
sample, peptide-stimulated spot counts were compared with those
of control peptide-loaded target cells using an in-house statistical
analysis tool. T cell autogene cevumeran responses were defined with
anincrease in spot count after vaccination of at least twofold.

Multiplexed multimer staining

HLA-peptide binding affinities were predicted across all pairs of HLA
alleles and mutation-containing 8-11-mer peptides using NetMHCpan.
For each neoantigen, a list of HLA-peptide pairs with a percentile
rank score of <5% across all pairs was generated. The top three lowest
percentile rank (the highest binding likelihood) combinations were
selected for generating tetramerized pHLA-complexes. A two-color
combinatorial tetramer staining approach was used. PBMCs were first
stained with respective pHLA multimers and then with an antibody
mix consisting of CD8" and dump channel antibodies and a dead cell
marker. The following antibodies (clones) were used: CD3 (UCHT1),
CD14 (M@P9), CD8 (RPA-T8) and CD45R0O (UCHL1) (BD Biosciences);
CD16 (3G8), CD19 (SJ25C1), CD4 (RPA-T4), PD-1 (EH12.2H7) and CCR7
(GO43H7) (Biolegend); and Live/Dead Fixable Dead Cell Staining Kit
(Thermo Fisher Scientific). Tetramer-specific CD8" T cells were ana-
lyzed as single, live lymphocytes, CD4 CD14 CD16 CD19"CD3*CD8"
T cells. Analytical processing includes Boolean deconvolution steps
to eliminate single- and triple-stained tetramer-positive events. The
gating strategy is provided in Supplementary Fig. 1.

Mass cytometry
For high-dimensional phenotyping, ten patients with measurable CD8"
T cells were selected (Supplementary Table 9); longitudinal analysis
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was performed by ImmunoScape, as described previously***°. PBMC
availability during the induction and maintenance phases from dif-
ferent patients is outlined in Supplementary Table 9. Briefly, PBMCs
from patient samples were sorted for live lymphocytes and stained
with heavy-metal-labeled pHLA tetramer cocktails in two different
coding configurations containing all patient-specific neoepitope
candidates and 33 different metal-labeled antibodies for immune
cell subset discrimination and phenotypic profiling (Supplementary
Table 9). Longitudinal patient samples and staining configurations
were individually barcoded and acquired together on a HELIOS mass
cytometer (Fluidigm). Bonafide tetramer-positive events were evalu-
ated using ascoring system based on different criteria,and CD8* T cells
were phenotypically profiled using high-dimensional analysis meth-
ods and assessed for treatment-associated phenotypic changes as
described previously*-*2. All samples were run in technical replicates
using a second configuration staining with a completely different
barcoding scheme. Each patient sample was manually de-barcoded
(time-point and tetramer staining configuration) followed by gating
on live CD8" and CD4" T cells (CD45'DNAcisplatin"CD3" cells) after
gating out B cells (CD19*), monocytes (CD14") and gamma-delta T cells
using FlowJo (Tree Star). High-dimensional and statistical data analysis
and visualization were performed using ImmunoScape’s cloud-based
analytical software Cytographer, FlowJo and GraphPad Prism software.
Phenotypic profiles and sample distributions were shown using prin-
cipal component analysis and uniform manifold approximation and
projection for high-dimensionality reduction.

Bulk TCR sequencing analysis

Total RNA was extracted from 3-5 x 10° magnetic-activated cell-sorted
CD8" or CD4" T cells or fresh frozen needle tumor biopsies using the
RNeasy Mini kit (QIAGEN). Total RNA was eluted in 30 pl water and
used for bulk TCR sequencing. Bulk TCR profiling libraries were gen-
erated using the SMARTer Human TCR a/b Profiling kit from Clontech
Laboratories. Library sequencing was performed on an lllumina MiSeq
sequencer using the 600-cycle MiSeq Reagent Kit v3 with paired-end,
2 x300-bp reads. The data generated on the MiSeq Sequencer were
demultiplexed using the Bcl2Fastq software (Illumina). Fasta sequences
were edited using the trimmomatic v.0.36 software and analyzed with
the MiXCR software.

Single-cell TCR sequencing analysis

Twenty thousand CD8* or CD4" magnetic-activated cell-sorted T cells
were used for variable diversity joining analysis (see user guide for
Chromium Next GEM Single Cell V(d)J Reagent Kits v.1.1, 10x Genom-
ics, CG000207 Rev D). TCR library sequencing was performed on an
lllumina MiSeq sequencer using the MiSeq ReagentKit, 600 cycles, v.3,
with paired-end, 2 x 150-bp reads. Raw sequencing data were processed
using the Cell Ranger software (10x Genomics).

TCR candidate selection and functional characterization

The most enriched paired TCR chains were identified from the
single-cell and bulk TCR sequencing analysis ex vivo. TCR V(D)) genes
ofthe selected candidates were synthesized by Twist Bioscience, then
cloned into vector backbones encoding the TCR constant region
domains. A PCR-amplified, full-length linear TCR chain template was
used to produce the in vitro transcription (IVT)-RNA for the in vitro
assays performed for TCR validation. The functionality of the selected
TCR candidates was tested using aJurkat NFAT-reporter cell line. After
electroporation of TCR alpha and beta encoding IVT-RNA and a 20-h
incubation period, 2 x 10*Jurkat cells were co-cultured with K562 cells
or autologous CD14* monocytes at a 5:1ratio in a 384-well plate with
25 plof medium (RPMI1640 +10% non-heat-inactivated FBS) per well.
Before the co-culture, the antigen-presenting cells were transfected
withIVT-RNA encoding the patients’ HLA alleles (K562 only) and loaded
with neoantigentarget peptide pools or transfected with RNA encoding

for autogene cevumeran targets. After 6 h, an equal volume (25 pl) of
luciferin (Bio-Glo, Promega) was added to each well and the luciferase
activity was measured using a luminescence plate reader. The meas-
ured luminescence signal corresponded to the level of TCR-mediated
activation in the Jurkat cells. For each TCR, the fold change of lumi-
nescence compared with the ‘effectors-only control’ was calculated
and a cutoff of atwofold change was used to determine specific TCRs.
Neoantigen-specific CD4* TCRs for patient 31 were selected analyzing
the enrichment post-IVS. Neoantigen-specific CD4"* TCRs for patient 85
were isolated by sorting the activated CD4'CD154"'CD69°* T cells after
antigen stimulation (6 h).

Cytokines

Plasma samples were collected before and 4-6 h after autogene cevu-
meran infusion and stored at —80 °C. Cytokine levels were measured
using ahuman pan-IFNa ELISA (PBL Assay Science), Simple Plex (R&D
systems) for IL-6 and TNF, and Simoa (Quanterix) for IFNy, IL-1b and
IL-12p70.

PD-L1immunohistochemistry

Pretreatment FFPE tumor tissue was stained for PD-L1 using a propri-
etary diagnostic anti-human PD-L1 monoclonal antibody (SP142)*.
Samples were scored for PD-L1 expression on tumor-infiltrating
ICs—macrophages, DCs and lymphocytes—or on TCs. PD-L1-low or
PD-L1-negative disease was identified as <5% IC and TC with the SP142
assay.

Statistical analyses
This study planned to enroll 307-770 patients, to investigate safety,
pharmacodynamics and clinical activity. No explicit power and type 1
error considerations were made, and all analyses were descriptive and
exploratory. All patients who received at least one dose of autogene
cevumeran or atezolizumab were included in the safety and activity
analyses. Datafrom patients enrolled into an adjuvant NSCLC substudy
orinto cohorts evaluating prophylactic corticosteroids with autogene
cevumeran administration were not included in this paper (n=58).
All patients with available PFS data were included in the analysis
of the impact of selected baseline factors on PFS. For patients who
crossed over from phaselatolb, only phasela PFS datawereincluded.
Analysis of some factors was performed with a reduced number of
patients owingto the limitation of underlying baseline factor datasets.
Cox proportional hazard analysis was performed according to a basic
univariate model: h(¢t) = hy(t) x exp(b.x,). For a better comparison of
hazard ratios among diverse baseline factors, all feature values were
dichotomizedinrespective highand low subgroups along the median
of therespective factor and of the analyzed population.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

For eligible studies, qualified researchers may request access to indi-
vidual patient-level clinical data through a data request platform. At
the time of writing, this request platform is Vivli: https://vivli.org/
ourmember/roche/. As this study is ongoing, access to patient-level
datafrom thistrial willnotbe available until atleast 18 months after the
last patient visitand a clinical study report has been completed. After
that time, requests for data will be assessed by anindependent review
panel, which decides whether the data will be provided. On average, it
takes afew monthstoaccess datainthe Vivli platform, but the timeline
will vary depending on the number of data contributors, the number of
studies and your availability to respond to comments. Once approved,
the data are available for up to 24 months. For up-to-date details on
Roche’s Global Policy on the Sharing of Clinical Information and how
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to request access to related clinical study documents, see https://
www.roche.com/innovation/process/clinical-trials/data-sharing.
Anonymized records for individual patients across more than one
datasource external to Roche cannot, and should not, be linked owing
to apotential increase in risk of patient reidentification.
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Extended Data Fig. 1| Systemic reactions during the induction course of given on the same day as autogene cevumeran administration but not indicated

vaccinationin phase 1a (autogene cevumeran monotherapy) by dose. Red text as pre or post dose administration or for treatment of adverse events. IRR and
represents concomitant medications given before or after autogene cevumeran CRS events were classed according to the Common Terminology Criteria for
administration. Purple represents concomitant medications given for the Adverse Events, version 5.0. C, corticosteroids; CRS, cytokine release syndrome;
treatment of adverse events. Black text represents concomitant medications IRR, infusion-related reaction; M, meperidine; down arrow, dose reduction.
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Extended Data Fig. 2| Changes inimmune-related cytokine levels prior to

and during treatment. a, Cytokine profiles of individual patients during the
induction phase. b, Peak plasma cytokine levels (4-6 h after autogene cevumeran
injection) for patients treated with autogene cevumeran monotherapy in phase
laorincombination with atezolizumab in phase 1b. Boxes show the 25th to 75th
quantiles with lines representing medians from timepoints 4-6 h after infusion

from multiple vaccinations; whiskers show minimum to maximum values; each
dot represents one patient value per dose level. Sample sizes for each cytokine
analysis were: IFNa n = 28 (Phla), n =137 (Phlb); IFNy n = 28 (Phla), n =147 (Phlb);
IL-6 n=28 (Phla), n =144 (Ph1b); TNFa n =29 (Phla), n =144 (Ph1b); IL-1B n =28
(Phla), n =141 (Phlb);IL-12p70 n =23 (Phla), n = 63 (Phlb).
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Extended Data Fig. 3| Autogene cevumeran-induced T-cell responses in
individual patients. a, Concomitant autogene cevumeran-amplified CD4" and
de novo CD8" T-cell response against LIPC (M103K) and autogene cevumeran-
induced CD4" or CD8' responses against two other neoantigens determined by
post-IVS IFNy-ELISpot in acombination-treated patient with SCC. b, Comparison
of IFNy ELISpot detected T-cell responses against 263 autogene cevumeran-
encoded neoantigens administered across 15 patients for whom both ex vivo and
post-IVS ELISpot was performed. 205 neoantigens were evaluable for post-1VS
and 229 for ex vivo ELISpot ¢, Kinetics, memory phenotype and PD-1 expression
of selected autogene cevumeran-induced neoantigen-specific CD8" T-cell
responses from three patients. PBMCs stained with neoantigen-specific pHLA
multimers (first and fourth rows). pHLA multimer+ cells stained for CD45RO

and CCR7 (second row) or CD279 (PD-1, third row). d, Neoantigen-specific CD8*

TCRsidentified from blood post-induction for patient 34. Specificity of selected
TCRs was tested in vitro against patient-specific neoantigen/HLA combinations.
Freq e, Neoantigen-specific TCRs identified in multiple on-treatment tumor
biopsies. CDR3 beta sequences were used as molecular identifiers to track

the neoantigen-specific TCRs in bulk TCR (TRB) profiling data from multiple
on-treatment tumor biopsies of five patients from the biomarker cohort. The
cumulative frequency of neoantigen-specific TCRs in all biopsies (‘merged
data’) and for each biopsy is shown for each patient. Each color represents a
different neoantigen target. Numbers above the bar charts show the number of
neoantigen-specific TCRs tracked in each sample for each patient. D, de novo; IVS,
invitro stimulation; P, pre-existing; PBMC, peripheral blood mononuclear cells;
TCR, T-cell receptor.
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Extended Data Fig. 4| Deep profiling of neoantigen-specific CD8 T cells from
longitudinal time points using mass cytometry (CyTOF). a, Number of unique
neoepitope specificities detected in peripheral blood of 10 patients tested in
mass cytometry analysis. 3 patients were from Ph1A (autogene cevumeran only)
and 7 patients were from Ph1B (autogene cevumeran and atezo combination).
b, Principal Component Analysis (PCA) of neoantigen-specific CD8 T cell
populationsidentified across all 10 patients. PCA is based on phenotypic
profiling (percent of neoantigen-specific CD8 T cells positive for all phenotypic
markers assessed). Data points are colored based on time of collection (left plot)
or segregated into early (red) or late (blue) time points (right plot). ¢, Frequency
of expression for each individual markers on the neoantigen specific CD8 T cells
compared between all early (red) pooled or late (blue) pooled time points (as

described inb) (n =27 for induction and n = 38 for maintenance data points).
Data are presented as box whisker plots depicting the median, 25% (Q1) and 75%
(Q3) quantiles, with the mean added in diamond shape. Minimum and maximum
points are defined as Q1-1.5*IQR and Q3 + 1.5*IQR, respectively, where IQR is the
inter-quantile range between Ql and Q3. Any data point falling above or below the
maximum or minimum points are marked in red circles. P values were calculated
using two-sided Wilcoxon signed rank-sum test and are marked as: * P < 0.05,

**P < 0.01. (Individual p values are CD27: 0.009; CD28: 0.009; CD38:0.009;
CD39:0.004; CD45R0: 0.04; CD57:0.009; EOMES:0.0007; HLA-DR:0.004;
1C0S:0.016; Ki67:0.01; TIGIT:0.03). P values were adjusted for multiple testing
using the Benjamini-Hochberg method to control the false discovery rate.
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Extended Data Fig. 5| Anti-tumor activity of autogene cevumeranin
combination with atezolizumab in patients with advanced cancersin
expansion cohorts. Clinical activity observed in the expansion cohorts, assessed
asthe effect of autogene cevumeran and atezolizumab combination therapy on
target lesions per RECIST 1.1. Numbers in red indicate the number of responses

observed over the number of patients in each cohort. SLD, sum of longest
diameters (of baseline tumors); CPI, checkpoint inhibitor. UC, Urothelial
cancer; RCC, renal cell cancer; NSCLC, non-small cell lung cancer; RECIST v1.1,
Response Evaluation Criteria in Solid Tumours version1.1; TNBC, triple-negative
breast cancer.
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Extended Data Fig. 6 | Impact of selected baseline factors on progression- sided likelihood-ratio test. P-values are based on the univariate likelihood-ratio
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Extended Data Fig. 8 | See next page for caption.
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Extended Data Fig. 8 | Phenotypic analysis of neoantigen-specific CDS T cells (E579K) -specific cells are highlighted. UMAP plots on the right display relative

from longitudinal time points using CYTOF in peripheral blood of patient expression intensities of all phenotypic markers assessed. ¢, Histograms

13. a, Frequencies of GALNT6 (E579K) -specific CD8 + T cells (VPKDKEWEL) in showing relative expression of individual markers on GALNT6 (E579K) -specific
patient13 at day 22,106 and 232. b, UMAP (uniform manifold approximation (red), Naive (gray) or Effector memory (black) CD8 T cells from patient 13 at
and projection) of CD8 + T cells from patient 13 at day 22,106 and 232. GALNT6 different times.
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Extended Data Table 1| Patient baseline characteristics of autogene cevumeran as monotherapy (phase 1a) and in
combination with atezolizumab in dose escalation cohorts (phase 1b)

Phase 1b
e Dose escalation
Autogene cevumeran Autogene cevumeran
monotherapy + atezolizumab 1200 mg
n=30 n=30
Age, median (range), years 57.5 (21-77) 57.5 (35-77)
Female, n (%) 19 (63.3) 13 (43.3)
Race, n (%)
Asian 2(6.7) 2(6.7)
Black or African American 1(3.3) 1(3.3)
White 25 (83.3) 27 (90.0)
Multiple 1(3.3) 0
Unknown 1(3.3) 0
ECOG at screening, n (%)
0 13 (43.3) 15 (50.0)
1 17 (56.7) 15 (50.0)
1 1 H 0,
Primary cancer diagnosis, n (%) Breast cancer. 6 (20.0)

Prostate cancer. 5 (16.7)
Bone sarcoma: 4 (13.3)
Ovary cancer: 4 (13.3)
Endometrial cancer. 2 (6.7)
Gastric cancer. 2 (6.7)
Soft tissue sarcoma: 2 (6.7)
Esophagus/esophagogastric junction
cancer. 1 (3.3)
Fibrosarcoma: 1 (3.3)
Head and neck cancer: 1 (3.3)
Rectum cancer. 1 (3.3)
Thyroid cancer: 1 (3.3)

Colon cancer. 9 (30.0)
Rectum cancer. 5 (16.7)
Breast cancer. 3 (10.0)
Kidney cancer. 3 (10.0)

Head and neck cancer: 2 6.7)

NSCLC: 2 (6.7)

Skin Merkel cell cancer. 2 (6.7)
Anus cancer: 1 (3.3)
Cervixcancer. 1 (3.3)

Melanoma: 1 (3.3)
Urothelial cancer. 1 (3.3)

Prior checkpoint inhibitor, n (%) 10 (33.3) 13 (43.3)
PD-L1 (Ventana SP142), n (%)
<5%ICand TC 28 (93.3) 24 (80.0)
25%IC or TC 2(6.7) 5(16.7)
Missing 0 1(3.3)
Baseline SLD, median (range), mm 74 (10-256) 87 (10-266)
LDH = ULN, n (%) 5(16.7) 14 (46.7)
CRP = ULN, n (%) 18 (60.0) 18 (60.0)
Number of prior systemic cancer
therapies, median (range) stz "=
Number of metastatic sites, n (%)
=1 7 (23.3) 3(10.0)
22 23 (76.7) 27 (90.0)

PD-L1 positivity was assayed by immunocytochemistry using the Ventana SP142 test with a cut-off of <5% PD-L1 positivity of immune cells and tumor cells. SLD, sum of longest diameters (of

baseline tumors).
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Extended Data Table 2 | Patient baseline characteristics of autogene cevumeran in combination with atezolizumab
(phase 1b) in dose expansion and biomarker cohorts

cevumeran + atezolizumab mg

CPl-experienced CPl-naive o X
NSCLC | Melanoma | NSCLC | RCC | Melanoma | TNBC uc e SiTae
n=28 n=8 n=10 n=12 n=9 n=21 n=11 L
Age, median 545 (47—
 (range), years 61.5 (36-74) | 66.5 (43-82) | 64 (53-69) 68) 59 (51-79) | 45 (29-77) | 63 (29-79) 54 (30-79) 58 (19-74)
Female, n (%) 11(39.3) 2(25.0) 4 (40.0) 2(16.7) 2(22.2) 21(100) 2(18.2) 14 (73.7) 19 (54.3)
Race, n (%)

American

Indian or

Ao 0 0 0 0 0 0 0 1(5.3) 0

N ative

Asian 1(3.6) 0 0 0 0 0 0 1(5.3) 0

Black or

African 0 0 0 1(8.3) 0 2(9.5) 0 0 0

American

White 25 (89.3) 7 (87.5) 10 (100) 10 (83.3) 9 (100) 18(85.7) | 10(90.9) 17 (89.5) 35 (100)

Multiple 0 1(12.5) 0 0 0 0 0 0 0

Unknown 2 0 0 1(8.3) 0 1(4.8) 1(9.1) 0 0
ECOG at
screening, n (%)

0 14 (50.0) 3(37.5) 5 (50.0) 5 (41.7) 8 (88.9) 11(52.4) 6 (54.5) 7 (36.8) 11(31.4)

1 14 (50.0) 5 (62.5) 5 (50.0) 7 (58.3) 1(11.1) 10 (47.6) S (45.5) 12 (63.2) 24 (68.8)
Primary cancer NSCLC: 27 | Melanoma: 8 | NSCLC: 10 Kidney Melanoma: Breast U rothelial Cervix cancer. 5 Breast cancer. 6 (17.1)
diagnosis, n (%) (96.4) (100) (100) cancer. 12 9(100) cancer. 21 | cancer. 11 (26.3) Kidney cancer. 6 (17.1)

Endometrial (100) (100) (100) Breast cancer. 4 |Head and neck cancer: 5
cancer®: 1 (21.1) (14.3)
(3.6) Colon cancer. 3 | Urothelial cancer. 3 (8.6)
(15.8) Colon cancer. 2 (5.7)
NSCLC: 2 (10.5) Rectum cancer. 2 (5.7)
Rectum cancer. 2 Bone sarcoma: 1 (2.9)
(10.5) NSCLC: 1 (2.9)
Head and neck Melanoma: 7 (20.0)
cancer. 1 (5.3) Ovary cancer: 1 2.9)
Skin squamous cell | Spindle cell carcinoma: 1
cancer. 1 (5.3) 2.9)
Urothelium cancer:
1(5.3)
Prior checkpoint
inhibitor. (%) 28 (100) 8 (100) 0 0 0 0 0 5(26.3) 22 (62.9)
PD-L1 (Ventana
SP142), n (%)

;SC% tide 12 (42.9) 5(62.5) 8 (80) 9 (75.0) 9 (100) 15(71.4) 8(72.7) 11(57.9) 12(34.3)

25%IC or TC 12 (42.9) 1(12.5) 0 2(16.7) 0 4(19.0) 3(27.3) 3(15.8) 6(17.1)

Missing 4(14.3) 2(25.0) 2(20.0) 1(8.3) 0 2(9.5) 0 5(26.3) 7 (20.0)
wisgoplideid 68.5 57.6 419 803 485 40 37 67 78.4
ﬁm ian (range), (13-172) | (17.9-187.1) | (10.5-95) | (22-231) | (26.2-92) | (14-122) | (18-196) (10-276) (10.9-214)

LDH = ULN, n (%) 8 (28.6) 2(25.0) 4 (40.0) 4(33.3) 4(44.4) 13 (61.9) 3(27.3) 8(42.1) 13 (37.1)
gzp o 21(750) | 4(50.0) | 550.0) | 867 | 5(s56) | 9(429) | 7(636) 12 (632) 31 (88.6)
Number of prior
systemic cancer
therapies, median 3.5(1-8) 2.5(1-10) 1.5 (1-5) 1(1-1) 1(1-2) 3(1-10) 1(1-3) 4(1-9) 4 (1-7)
(range)
Number of
metastatic sites, n 26 8 8 12 9 21 10 19 34
(%)
=1 4(15.4) 1(12.5) 3(37.5) 3(25.0) 2(22.2) 4(19.0) 5(50.0) 4(21.1) 7 (20.6)
=2 22 (84.8) 7(87.5) 5(62.5) 9 (75.0) 7(77.8) 17 (81.0) 5(50.0) 15(78.9) 27 (79.4)

CPI, checkpoint inhibitor; CRP, C-reactive protein; ECOG, Eastern Cooperative Oncology Group; IC, immune cells; LDH, lactate dehydrogenase; NSCLC, non—
small cell lung cancer, PD-L1, programmed death ligand 1; RCC, renal cell carcinoma; SLD, sum of lesion diameters; TC, tumor cells; TNBC, triple-negative breast
cancer, UC, urothelial cancer; ULN, upper limit of normal

PD-L1 positivity was assayed by immunocytochemistry using the Ventana SP142 test with a cut-off of <5% PD-L1 positivity of immune cells and tumor cells. * Patient was initially diagnosed with
NSCLC but was later determined to have endometrial cancer and subsequently discontinued from study. SLD, sum of longest diameters (of baseline tumors).
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Data collection  iMedidata RAVE EDC

Data analysis Clinical safety and activity summaries were performed using SAS v9.4 and R v3.6.3 (R packages used: dplyr v0.8.5, tidyr v1.0.2, ggplot2 v3.3.0,
gridExtra v2.3, rtables v0.3.8, gtable v0.3.0).

Genomics-related data analysis was coordinated by a software pipeline implemented in Python 2.7x. DNA reads were aligned to the reference
genome hg19 with bwa (version 0.7.10). Alignment files were converted to BAM format using samtools (version 0.1.19).

For RNA-seq, RNA reads were aligned to the hg19 transcriptome using sailfish (version 0.7.6). Non-expressed transcripts were filtered. RNA
reads were aligned to the hgl9 reference genome using STAR (version 2.4.2a).

HLA binding affinity was predicted with T-cell prediction tools (version 2.13, IEDB). An algorithm in R was used to select up to 20 neoantigen
autogene cevumeran targets from the list of prioritized MPS based on HLA | and HLA Il binding predictions, transcript expression, variant allele
frequency and other criteria.

ELISpot plate scan and QC was performed using AID ELISPOT 7.0 software (AID Autoimmun Diagnostika). T-cell responses stimulated by
peptides were compared to T-cell responses stimulated with cell culture medium only as negative control using an in-house ELISpot data
analysis tool (EDA), based on two statistical test (distribution-free resampling) according to Moodie et al. (refer to Methods section in the
manuscript for references), to provide sensitivity while maintaining control over false positives.
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selected based on factors such as patient population availability and expertise. Patients were recruited, screened, and
enrolled at the discretion of the investigator. Attempts to limit bias through study design and site selection were made to
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Eligible patients had locally advanced, recurrent or metastatic incurable malignancy that had progressed after at least one
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Life sciences study design

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

Sample size This study planned to enroll 307-770 patients, depending on the number and size of the backfill, dose exploration, dose expansion cohorts,
and biomarker and adjuvant substudies. This study intended to obtain preliminary safety, pharmacodynamic, and activity information and the
sample sizes do not reflect explicit power and type 1 error considerations.

Data exclusions  All patients who received >1 dose of autogene cevumeran or atezolizumab were included in the safety and activity analyses. Data from
patients enrolled into an adjuvant NSCLC substudy or into cohorts evaluating prophylactic corticosteroids with autogene cevumeran

administration and crossover cohorts are not included in this manuscript.

Replication Replication is not applicable to this Phase 1 clinical trial evaluating a individualized mRNA Neoantigen-specific immunotherapy in human
patients.

Randomization  This was a non-randomized Phase 1a/b study where patients were enrolled directly into autogene cevumeran monotherapy or in combination
with atezolizumab treatment arm.

Blinding This was an open-label study

Reporting for specific materials, systems and methods
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Materials & experimental systems Methods

n/a | Involved in the study n/a | Involved in the study
Antibodies |:| ChlIP-seq
Eukaryotic cell lines |:| |Z Flow cytometry
Palaeontology and archaeology |:| MRI-based neuroimaging
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Antibodies

Antibodies used
CD3, BUV737, BD Biosciences, Clone UCHT1, Catalog No. 612751
CD4, APC-CY7, Biolegend, Clone RPA-T4, Catalog No. 300518
CD14, APC-CY7, BD Biosciences, Clone M¢P9, Catalog No. 557831
CD16, APC-CY7, Biolegend, Clone 3G8, Catalog No. 302018
CD19, APC-CY7, Biolegend, Clone SJ25C1, Catalog No. 363010
CD8, BUV395, BD Biosciences, Clone RPA-T8, Catalog No. 563795
PD-1, PE-CY7, Biolegend, Clone EH12.2H7, Catalog No. 329918
CCR7, PerCPCy5.5, Biolegend, Clone GO43H7, Catalog No. 353220
CD45RO, FITC, BD Biosciences, Clone UCHL1, Catalog No. 555492
Live/Dead Fixable Dead Cell Staining Kit, UV excitation, ThermoFisher Scientific, NA, Catalog No. L23105)

Dilution was per vendors' recommendation.

Validation Commercial antibodies/reagents are validated by the manufacturer. Detailed validation information can be found on the
manufacturers' websites, specifically on BioLegend’s product pages and BD Biosciences' datasheets.
Biolegend: https://www.biolegend.com/reproducibility
BD Biosciences: https://www.bdbiosciences.com
ThermoFisher Scientific: https://www.thermofisher.com/order/catalog/product/L23105
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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, NCT03289962
Study protocol The protocol is included in the Supplementary Information

Data collection A total of 213 patients were enrolled across 33 sites in North America and Europe between 21 December 2017. Health care
professionals at the clinical trial sites collected samples and recorded data into EDC systems.

Outcomes The primary objective was safety and tolerability of autogene cevumeran as monotherapy and in combination with atezolizumab.
Safety was assessed through summaries of DLTs, AEs, changes in laboratory test results, changes in vital signs and ECGs and exposure
to study treatment. AEs were measured per NCI CTCAE, version 5.0.
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Exploratory objectives included the characterization of the pharmacokinetic and pharmacodynamic profile of autogene cevumeran as
well as the preliminary anti-tumor activity and immunogenicity.

Pharmacodynamic biomarkers were assessed from patients with adequate tumor tissue and/or blood for analysis. Immune response
induced by autogene cevumeran was assessed by ex vivo IFNy-ELISpot in all patients who had reached cycle 4 and from whom
sufficient material was available. Response was assessed by the investigator based on physical examinations and imaging modalities
using RECIST v1.1, Response Evaluation Criteria in Solid Tumours version 1.1 (RECIST v1.1). The sponsor (Genentech) derived the BOR
and confirmed BOR per RECIST v1.1 based on entries for all target lesions, nontarget lesions and new lesions up to the clinical cut-off
date.

Plants

Seed stocks N/A

Novel plant genotypes  N/A

Authentication N/A

Flow Cytometry

Plots

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

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).
g All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.

Methodology
Sample preparation Cryopreserved PBMCs from clinical trial subjects were thawed, stained and washed for multimer staining and
immunophenotyping
Instrument BD LSR Fortessa
Software Software to collect: DIVA
Software to analyze flow cytometry data: FCS Express
Cell population abundance No cell sorting was performed

Gating strategy The process begins with the utilization of SSC-A/Time to ensure proper acquisition and lead to the creation of the Time gate.




Gating strategy Subsequently, cells within the "Time" gate undergo analysis based on FSC-H/FSC-A to perform doublet clean-up, resulting in a
Singlets gate. Cells within this gate are further examined using SSC-H/SSC-A to eliminate any debris. The gated cells are then
visualized on SSC-A/Viability to establish a gate for viable cells. The viable cells are subjected to analysis through FSC-A/SSC-A
to create a gate for Lymphocytes.

From the lymphocyte gate, the "dump channel" adjacent to CD3 is employed to extract CD14+, CD16+, and CD19+. Using the
same plot, CD3+Dump- and CD3+Dump+ gates are generated. Subsequently, these cells are plotted on CD8 alongside CD3,
resulting in CD3+CD8+ T Cells and CD3+CD8-(CD4+) T Cells, respectively.

T Cell subpopulations are further gated by analyzing CCR7/CD45RO expression, leading to the identification of Naive, Central
Memory (CM), Effector Memory (EM), and Terminally Differentiated Effector Memory (EMRA). Also, PD1 expression was
analyzed on CD3+CD8+ T Cells; CD8 Naive cells guided gate placement, behaving as internal negative control.

Multimer analysis was done on CD3+CD8+ in order to identify any antigen-specific multimer positive CD8 T cells; multimer
analysis on CD3+CD8-(CD4+) T Cells were used as internal negative control. Then, multimer positive CD3+CD8+ T Cells
underwent immunophenotyping analysis, similarly to CD3+CD8+ T Cells, to identify their T cell differentiation status and PD1
expression levels.

Gates are established on fluorescence plots to differentiate these populations. This differentiation is achieved by separating
cells exhibiting low fluorescence (indicative of negative populations) from those with high fluorescence (indicative of positive
populations).
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Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.
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