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Patients with stage Ill melanoma are at high risk of relapse. The NADINA
trial evaluating neoadjuvant nivolumab plus ipilimumab and the SWOG-

% Check for updates 1801 trial evaluating neoadjuvant pembrolizumab have demonstrated
superior clinical outcomes with neoadjuvant versus adjuvant checkpoint
inhibition. Morpheus-Melanoma was a phase 1b/2, randomized umbrella
trial evaluating tobemstomig (anti-PD-1/anti-LAG-3 bispecific antibody;
n=40), tobemstomig plus tiragolumab (anti-TIGIT monoclonal antibody;
n=20) and atezolizumab (PD-L1-targeting monoclonal antibody)

plus tiragolumab (n = 20) versus nivolumab (anti-PD-1 monoclonal
antibody) plus ipilimumab (anti-CTLA-4 monoclonal antibody; n = 22)
instage lll melanoma. The primary endpoint was pathological response
by independent pathological review. Additional endpointsincluded
safety and exploratory biomarkers. Here tobemstomig showed a similar
pathological response rate (pRR) versus nivolumab plus ipilimumab
(80.0% (32/40) versus 77.3% (17/22)); major pathological responses were
less frequent with tobemstomig versus nivolumab plus ipilimumab
treatment (62.5% (25/40) versus 72.7% (16/22)). Tobemstomig plus
tiragolumab and atezolizumab plus tiragolumab showed a lower pRR
versus nivolumab plusipilimumab (60.0% (12/20) and 45.0% (9/20) versus
77.3% (17/22), respectively). Tobemstomig demonstrated improved safety
versus nivolumab plus ipilimumab, with 2.5% (1/40) and 22.7% (5/22)

of patients experiencing grade 3 or higher treatment-related adverse
events (TRAEs), respectively, and 0% (0/40) and 13.6% (3/22) of patients
discontinuing treatment due to TRAEs, respectively. Grade 3 or higher
TRAEs werereported by 15% (3/20) of patients in the tobemstomig plus
tiragolumab arm and by no patients in the atezolizumab plus tiragolumab
arm. Baseline CD8" and CD3" tumor-infiltrating T cell density, IFNy
pathway and effector T cell gene expression, tumor mutational burden and
pre-surgery circulating tumor DNA correlated with pathological response
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across treatments. In conclusion, in the Morpheus-Melanoma study,
tobemstomig demonstrated a similar pathological response and improved
safety profile versus nivolumab plus ipilimumab in patients with resectable
stage Ill melanoma. ClinicalTrials.gov identifier: NCT05116202.

Current standard of care for clinically detectable, resectable stage III
melanoma includes adjuvant anti-programmed cell death protein 1
(PD-1) therapy or BRAF-targeted therapy for patients treated with
upfront resection, or neoadjuvant nivolumab plus ipilimumab fol-
lowed by adjuvant therapy based on pathological response and BRAF
status, or neoadjuvant plus adjuvant pembrolizumab'~. Inthe phase 2
SWOG-1801 study, event-free survival (EFS) at 2 years was 72% in
patients who received neoadjuvant-adjuvant pembrolizumab versus
49% in patients who received pembrolizumab adjuvant-only therapy,
demonstrating the superiority of neoadjuvant checkpoint inhibitor
(CPI) treatment over adjuvant CPl treatmentin advanced melanoma®*.
Inaddition, grade 3 or higher TRAEs were similar in the neoadjuvant-
adjuvant and adjuvant-only groups (12% versus 14%, respectively)*.In
the phase 3 NADINA study, neoadjuvant nivolumab plus ipilimumab
followed by surgery and response-driven adjuvant therapy resulted
ina 68% reduction in the risk of disease recurrence or death versus
surgery plus adjuvant nivolumab®. However, a substantially higher
rate of grade 3 or higher TRAEs was observed with neoadjuvant
nivolumab plus ipilimumab versus adjuvant nivolumab (29.7% versus
14.7%, respectively)’.

Pathological response to neoadjuvant immunotherapy in mela-
nomais associated with long-term survival outcomes®’. Neoadjuvant
nivolumab plus ipilimumab has demonstrated higher major pathologi-
cal response (MPR) versus pembrolizumab but at the cost of higher
clinically meaningful toxicity*®. Therefore, there is a need for alter-
native strategies and novel combinations to increase MPR, reduce
toxicities and enable personalized neoadjuvant treatment options.

PD-1and lymphocyte-activation gene 3 (LAG-3) are inhibitory
immune checkpoints that are often co-expressed on tumor-infiltrating
lymphocytes (TILs)’. In phase 2/3 trials, concurrent checkpointinhibi-
tion of PD-1and LAG-3 led to an improved progression-free survival
versus PD-1inhibition alone in patients with previously untreated
metastatic melanoma’ and high MPR (63%) in patients with resectable
clinical stage lll melanoma®.

Tobemstomigis anovel, Fc-silent, IgG1-based bispecific antibody
that simultaneously targets PD-1and LAG-3 (ref. 11). Tobemstomig is
designed with20-fold higher binding affinity to PD-1over LAG-3, result-
inginanavidity-driven selectivity gaintoPD-1and LAG-3 co-expressing
activated effector T (T.) cells in the tumor over regulatory T (T,,)
cellsthat constitutively express LAG-3 (ref. 11). Treatment with tobem-
stomig may reinvigorate TILs, independent of T, cells, and potentially
delay, prevent or overcome development of LAG-3-mediated adaptive
resistance mechanisms". Inaphase1study, single-agent tobemstomig
demonstrated a tolerable safety profile and encouraging antitumor

activity in patients with advanced and/or metastatic solid tumors with
orwithout prior CPlexposure (NCT04140500)".

Tiragolumab is an anti-TIGIT monoclonal antibody that binds to
TIGIT, an immune checkpoint molecule, and prevents its binding to
the polio virus receptor (PvR) and its counterreceptor CD226 (ref.13),
resultinginincreased PvR-CD226 bindingand T cell activation. Atezoli-
zumabis a programmed death ligand 1 (PD-L1)-targeting monoclonal
antibody approved as first-line treatment for non-small cell lung can-
cer (NSCLC), among other solid tumor indications. Tiragolumab plus
atezolizumab demonstrated increased efficacy versus atezolizumab
alonein first-line NSCLC".

Here we report efficacy, safety and biomarker results from
Morpheus-Melanoma (NCT05116202), a phase 1b/2, open-label, mul-
ticenter, randomized umbrellastudy in treatment-naive patients with
clinically detectable, Response Evaluation Criteria in Solid Tumors
(RECIST)-measurable and resectable stage lllmelanomawhoreceived
tobemstomig, tobemstomig plus tiragolumab or atezolizumab plus
tiragolumab versus nivolumab plus ipilimumab (control). We identify
early signals of clinical activity for tobemstomig and translational
correlates of pathological response in patients with clinical stage 111
melanoma.

Results

Study design, baseline clinicopathological characteristics and
demographics

Morpheus-Melanoma was designed with the flexibility to open new
treatment arms as new therapies became available, to close existing
treatment arms that demonstrated minimal clinical activity or unac-
ceptable toxicity or to expand enrollmentin an experimental arm after
promisinginitial signals. Patients 18 years of age or older with clinically
detectable, RECIST-measurable, resectable stage lll melanoma, with
Eastern Cooperative Oncology Group (ECOG) performance status of
0 or1and no history of in-transit metastases within the last 6 months
or prior radiotherapy or systemic cancer therapy for their disease,
were randomized toreceive preoperative tobemstomig, tobemstomig
plus tiragolumab, atezolizumab plus tiragolumab or nivolumab plus
ipilimumab (Fig. 1a).

The primary efficacy endpoint was pRR, defined as the percentage
of pathological complete response (pCR), near pathological complete
response (npCR) and pathological partial response (pPR), at the time
of surgery, by independent pathological assessment. The secondary
efficacy endpoints were pRR by local pathological assessment and
investigator-assessed overall RECIST response rate (ORR). Inaddition,
MPR (defined as pCR + npCR) was assessed. Safety endpointsincluded

Fig.1|Morpheus-Melanoma study design, CONSORT diagram and
pathological response. a, Eligible patients were randomized to receive one

of the following neoadjuvant treatments Q3W for 6 weeks: tobemstomig
2,100 mg, tobemstomig 2,100 mg plus tiragolumab 600 mg, atezolizumab
1,200 mg plus tiragolumab 600 mg or control treatment of nivolumab 3 mg kg™
plusipilimumab1 mg kg™ Randomization was stratified by geographic region
(Australia versus rest of the world) and baseline LDH (<ULN versus >ULN).
Therapeutic lymph node dissection occurred at week 7, and pathological
response was evaluated according to INMC criteria. Tumor biopsies were
obtained prior to treatment and at week 3 (pre-dose). Blood was collected for
biomarker evaluation pre-treatment, at week 3, at the time of TLND (pre-TLND,
week 7) and post-TLND at weeks 10 and 13. Dark gray denotes the control

arm (nivolumab plus ipilimumab). b, Patient disposition by treatment arm,

showing screening, randomization, completion of neoadjuvant therapy, TLND
and long-term follow-up. ¢, Breakdown of pathological responses for the
efficacy-evaluable population (n =102). Pathological response by independent
pathological review occurred in 32 patients (80.0%) in the tobemstomig arm, in
12 patients (60.0%) in the tobemstomig plus tiragolumab arm, in nine patients
(45.0%) in the atezolizumab plus tiragolumab arm and in 17 patients (77.3%) in
the nivolumab plusipilimumab arm. pCRis defined as 0% viable tumor cells;
npCRis defined as <10% viable tumor cells; pPRis defined as >10% to <50% viable
tumor cells; and pNRis defined as >50% viable tumor cells. 95% Cls for rates were
calculated using the Clopper-Pearson method. AE, adverse event; CI, confidence
interval; CIT, cancerimmunotherapy; NE, not evaluable; PD, progressive disease;
Q3M, every 3 months; Q3W, every 3 weeks.
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immune-related adverse events and delayed surgery. Exploratory
biomarker analyses were performed.

Overall, 102 patients with stage lll melanoma (excluding patients
withmucosal and uveal melanoma or acral melanoma and/or in-transit
metastases within 6 months prior to screening) were enrolled between
2 February 2022 and 8 August 2023. Forty patients were enrolled in
the tobemstomig arm, which was expanded based on the totality of
efficacy and safety data using prespecified criteriaatinterimanalyses;
20 patients were enrolled in the tobemstomig plus tiragolumab arm;
20 patients were enrolled in the atezolizumab plus tiragolumab arm;
and 22 patients were enrolled in the control arm of nivolumab plus
ipilimumab, which was open throughout the study (Fig. 1b). Of the
102 enrolled patients, 94 (92.2%) completed the treatment period: 39
(97.5%) in the tobemstomig arm, 19 (95.0%) in the tobemstomig plus
tiragolumab arm, 17 (85.0%) in the atezolizumab plus tiragolumab arm
and 19 (86.4%) in the nivolumab plus ipilimumab arm. One patient in
the tobemstomig arm withdrew from the study; one patient in the
tobemstomig plus tiragolumab arm discontinued due to disease pro-
gression prior tosurgery; and three patients eachin the atezolizumab
plus tiragolumab and nivolumab plus ipilimumab arms discontinued
due toadverse events.

Most patients were White (76.5%) and male (66.7%), and patient
age was 25-81 years across arms (Table 1). The median baseline target
lesion sum of diameters was consistent across arms (Table 1).

Atstudy closure (28 May 2024), median follow-up was 11.2 months
in the tobemstomig arm, 15.2 months in the tobemstomig plus
tiragolumab arm, 11.8 months in the atezolizumab plus tiragolumab
arm and 13.6 months in the nivolumab plusipilimumab arm.

Efficacy

Pathological response. The efficacy-evaluable population comprised
all 102 patients. Pathological response by independent pathological
review occurred in 32 patients (80.0%) in the tobemstomig arm, in 12
patients (60.0%) in the tobemstomig plus tiragolumab arm, in nine
patients (45.0%) in the atezolizumab plus tiragolumab arm and in 17
patients (77.3%) in the nivolumab plus ipilimumab arm (Figs. 1cand 2a
and Supplementary Table 1). In the tobemstomig arm, 19 patients
(47.5%) had pCR, six patients (15.0%) had npCR (MPR 62.5%) and seven
patients (17.5%) had pPR. In the tobemstomig plus tiragolumab arm,
eight patients (40.0%) had pCR (MPR 40.0%) and four patients (20.0%)
had pPR.Inthe atezolizumab plus tiragolumab arm, five patients (25.0%)
had pCR, three patients (15.0%) had npCR (MPR 40.0%) and one patient
(5.0%) had pPR. In the nivolumab plus ipilimumab arm, 15 patients
(68.2%) had pCR and one patient each (4.5% each) had npCR (MPR 72.7%)
and pPR. Pathological response by independent and local assessment
was consistent (Extended Data Fig.1and Supplementary Table 1).

ORR. Theinvestigator-assessed ORR (per RECIST version 1.1) was 37.5%
inthe tobemstomigarm, 60.0% in the tobemstomig plus tiragolumab
arm, 35.0% in the atezolizumab plus tiragolumab armand 59.1% in the
nivolumab plusipilimumab arm (Extended DataFig. 2).In general, ORR
and pathological responses were concordant; however, radiographic
assessment underestimated pathological response in some patients
(Extended Data Fig. 2).

Safety
The safety-evaluable population comprised all 102 patients. Overall,
36 patients (90.0%) in the tobemstomig arm, 18 patients (90.0%) in the
tobemstomig plus tiragolumab arm, 19 patients (95.0%) in the atezoli-
zumab plustiragolumab arm and 19 patients (86.4%) in the nivolumab
plus ipilimumab arm experienced at least one adverse event of any
grade (Table 2). Time to onset and duration of each grade 3 or higher
adverse event are provided in Supplementary Table 2.

TRAEs were experienced by 34 patients (85.0%) treated with
tobemstomig, by 17 patients (85.0%) treated with tobemstomig plus

tiragolumab, by 15 patients (75.0%) treated with atezolizumab plus
tiragolumab and by 18 patients (81.8%) treated with nivolumab plus
ipilimumab. The most common TRAEs (>20% in any arm) were fatigue
(30.0% versus 25.0% versus 15.0% versus 31.8%), hyperthyroidism (17.5%
versus 30.0% versus 15.0% versus 18.2%), rash (17.5% versus 10.0% versus
5.0% versus 27.3%), pruritus (15.0% versus 15.0% versus 5.0% versus
36.4%) and asthenia (5.0% versus 5.0% versus 20.0% versus 9.1%) in the
tobemstomig, tobemstomig plus tiragolumab, atezolizumab plus
tiragolumab and nivolumab plus ipilimumab arms, respectively.

One patient (2.5%) in the tobemstomig arm, three patients (15.0%)
in the tobemstomig plus tiragolumab arm, no patients in the atezoli-
zumab plustiragolumab arm and five patients (22.7%) in the nivolumab
plusipilimumab armexperienced agrade 3 or higher TRAE. There were
no treatment-related deaths in any of the treatment arms.

Protocol-predefined immune-mediated adverse events are
described in Table 2 and Supplementary Table 3.

Therapeutic lymph node dissection rates. There were 38 patients
(95.0%) treated with tobemstomig, 19 patients (95.0%) treated with
tobemstomig plus tiragolumab, 18 patients (90.0%) treated with
atezolizumab plus tiragolumab and 22 patients (100%) treated
with nivolumab plusipilimumab who underwent a therapeuticlymph
node dissection (TLND). TLND was performed within 2 weeks of the
second cycle of neoadjuvant therapy, as scheduled, for most patients
in each arm but was delayed by more than 2 weeks in eight patients
(Table 2). TLND was not performed in five patients due to progressive
disease (one patient each in the tobemstomig, tobemstomig plus
tiragolumab and atezolizumab plus tiragolumab arms), patient with-
drawal (one patient in the tobemstomig arm) and physician decision
(one patient in the atezolizumab plus tiragolumab arm). Of the eight
patients who had TLND delayed by more than 2 weeks, most delays
were dueto adverse events. Adverse eventsleadingto TLND delay were
hyperthyroidism and a SARS-CoV-2-positive test in the tobemstomig
arm (one patient each), hyperthyroidism in the tobemstomig plus
tiragolumab arm (one patient) and aseptic meningitis, pneumonitis
and tachycardia in the nivolumab plus ipilimumab arm (one patient
each).No patientsin the atezolizumab plus tiragolumab armhad TLND
delayed by more than 2 weeks.

Biomarkers

Baseline tumor microenvironment biomarker distributions by
treatment arm. Overall, 90 of 102 patients (88.2%) had pre-treatment
biopsies with sufficient tumor content for baseline biomarker evalu-
ation. At study entry, canonical markers of an inflamed tumor micro-
environment (TME), such as PD-L1 protein and gene expression and
CD3"and CD8" T cell density in tumor stroma and tumor nests, were
lower in patients in the tobemstomig arm versus the nivolumab plus
ipilimumab arm (Fig. 2a,b and Extended Data Fig. 3). Tumor muta-
tional burden (TMB; evaluated only in patients treated with tobem-
stomig and nivolumab plus ipilimumab based on favorable efficacy
results) and the prevalence of BRAF V60OE and V600K mutations
were similar in patients in the tobemstomig arm and the nivolumab
plusipilimumab arm. The level of baseline tumor T cell infiltration was
similar for patients enrolled in the tobemstomig and tobemstomig
plus tiragolumab arms.

Association of baseline TME biomarkers and pathological response.
Several baseline immune features in the TME were associated with
pathological response to treatment. In the tobemstomig arm, baseline
tumor-infiltrating CD8" T cell density (in tumor nests and stroma),
CD3" T cell density, LAG-3 protein expression, immune-related genes
and gene signatures (including LAG-3, PDCD1, CD274, CDS8 T, IFNy
pathway and major histocompatibility complex (MHC) pathway)
were associated with MPR (P < 0.05) (Fig. 2¢, Extended Data Fig. 4 and
Supplementary Fig. 1). Similar associations were observed with the
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Table 1| Characteristics of patients at baseline

Tobemstomig

Tobemstomig + tiragolumab

Atezolizumab +tiragolumab

Nivolumab + ipilimumab

(n=40) (n=20) (n=20) (n=22)
Age (years)
Median (range) 66 (32-81) 58 (37-78) 59 (34-80) 50 (25-77)
Sex
Male 31(77.5%) 14 (70.0%) 12 (60.0%) 11(50.0%)
Female 9(22.5%) 6 (30.0%) 8(40.0%) 11(50.0%)
Race
Asian 0 1(5.0%)
Black or African American (0] 1(5.0%) 0
White 35 (87.5%) 14 (70.0%) 14 (70.0%) 15 (68.2%)
Unknown 5(12.5%) 4(20.0%) 6 (30.0%) 7 (31.8%)
Region
Australia 18 (45.0%) 6 (30.0%) 7 (35.0%) 10 (45.5%)
Rest of the world 22 (55.0%) 14 (70.0%) 13 (65.0%) 12 (54.5%)
ECOG performance status
0 35 (87.5%) 17 (85.0%) 18 (90.0%) 22 (100%)
1 5 (12.5%) 3(15.0%) 2(10.0%) 0
Primary diagnosis
Local regional 34 (85.0%) 16 (80.0%) 15 (75.0%) 20 (90.9%)
Other (unknown) 6 (15.0%) 4(20.0%) 5(25.0%) 2(91%)
Post-neoadjuvant treatment surgery - performed locations (TLND)"
Axillary lymph node 13 (32.5%) 5(25.0%) 9(45.0%) 13 (59.1%)
Cervical/supraclavicular lymph node 13 (32.5%) 7 (35.0%) 6 (30.0%) 3(13.6%)
Inguinal lymph node 1 (27.5%) 6 (30%) 4(20.0%) 5(22.7%)
Iliac lymph node 2 (5.0%) 3 (15.0%) 1(5.0%) 0
Popliteal lymph node 0 0 0 1(4.5%)
AJCC-8 stage at screening’
1 3(7.5%) 2(10.0%) 1(5.0%) 1(4.5%)
IA* 2 (5.0%) (6] (6] 2 (91%)
1113) 15 (37.5%) 11(55.0%) 10 (50.0%) 13 (59.1%)
nc 20 (50.0%) 6 (30.0%) 8(40.0%) 5(22.7%)
111} 0 1(5.0%) 1(5.0%) 1(4.5%)
LDH?
<1.5x ULN 38 (95.0%) 19 (95.0%) 20 (100%) 22 (100%)
1.5t0 <2.5x ULN 2(5.0%) (0] (0] (0]
22.5% ULN (0] 1(5.0%) 0] 0

Target lesions sum of diameters (mm)

Median (range)

25.0 (15.0-154.0)

27.0 (15.0-75.0)

29.5(15.0-76.0)

24.5(156.0-55.0)

BRAF mutation status

n 22 1 12 16
V600E 11 (50%) 6 (55%) 6 (50%) 7 (44%)
V600K 2(9%) 1(9%) 3(25%) 1(6%)
Other BRAF mutation 1(5%) 1(9%) 0 1(6%)
Wild-type 8(36%) 3(27%) 3(25%) 7 (44%)

TStratification factors. 'Four patients had surgery performed in two locations: one patient in the tobemstomig arm, two patients in the tobemstomig plus tiragolumab arm and one patient in
the atezolizumab plus tiragolumab arm had surgery performed in the inguinal lymph node and iliac lymph node regions. ‘According to the 8th melanoma classification of the AJCC. *Inclusion

criteria have not been fulfilled.
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othertreatments (Fig. 2c, Extended Data Fig.4 and SupplementaryFig.1)
and were consistentirrespective of the response threshold (MPR or any
pathological response; Extended Data Fig. 5and Supplementary Fig.2).

BRAF V60OE mutation status was not associated with pathological
response to any treatments, although there was a trend for a greater
proportion of non-responders in patients with BRAF V60OE versus
othersinthe tobemstomigarm (Fig.2a). Among the seven patients with
BRAF V600K mutations, five were pathological responders, one was
a pathological non-responder and one had no pathological response
evaluation. Patients with BRAF V600K mutations had similar levels
of baseline tumor CD8 T cell infiltration to patients with BRAF V60OF
mutations.

Immune-related genes and proteins indicative of TME inflam-
mation were correlated at baseline and were independent of TMB
(Extended DataFig. 6). TMB was associated with pathological response
to tobemstomig, albeit to a lesser degree than other inflammatory
TMEimmune biomarkers evaluated (Fig. 2c and Extended Data Fig. 7).
The predictive potential of individual biomarkers improved when
combined with TMB (Fig. 2d and Extended Data Fig. 8).

Immune cell dynamics in the TME. Paired metastatic lymph node
biopsies were obtained from 79 patients (77.5%) before and after one
treatment cycle and were evaluated for pharmacodynamic biomarkers
relevant to drug mode of action (MOA). In many patients, little to no
viable tumor was observed in on-treatment biopsies obtained after
asingle treatment cycle at cycle 2, day 1 (C2D1). These patients dem-
onstrated distinct histologic features, including extensive levels of
fibrosis and immune infiltration, compared to others; ultimately,
these patients were identified as MPR at the time of TLND (Fig. 3a,b).

Treatment led to the upregulation of immune-related gene
signatures in the TME (IFNy pathway, CD8 T, MHC pathway) and
downregulation of melanoma-associated gene signatures after one
treatment cycle. The most notable transcriptional changesinthe TME
on-treatment were observed with tobemstomig and nivolumab plus
ipilimumab (Fig. 3c and Supplementary Fig. 3).

To evaluate the proposed MOA of tobemstomig to reinvigorate
TILs and bypass T, cells in the TME, relevant immune-related gene
signatures were evaluated and compared to those elicited in response
to nivolumab plus ipilimumab. CD8 T cells, stem-like T cellsand IFNy
pathway gene signatures increased with tobemstomig and nivolumab
plus ipilimumab treatment (P < 0.01) (Fig. 3¢). T,,, gene signatures
increased withtobemstomigand nivolumab plusipilimumab treatment
(Fig. 3c and Supplementary Fig. 3). Consistent with gene expression
data, CD8 TIL density (including in tumor nests and stroma) and prolif-
erating (CD8'Ki67") and cytotoxic (CD3*Perforin®) T cellsincreased with
tobemstomigtreatment (P < 0.05) (Fig. 3d and Supplementary Fig. 4).
Theratio of CD8 to FOXP3 tended to increase with tobemstomig (not
significant) but did not change with nivolumab plusipilimumab treat-
ment (Fig. 3d).

Nosignificant differences were observed inimmune cell dynamics
after tobemstomig versus tobemstomig plus tiragolumab treatment,
based on tumor whole transcriptome.

Because all CPIs evaluated in this study aim to reinvigorate TILs,
and to overcome the limited sample size within individual treatment
arms, we pooled patients across treatments and evaluated the asso-
ciation between tumor-infiltrating T cell dynamics with pathological
response. In general, responders had higher on-treatment immune
gene and protein expression versus non-responders. Interestingly,
some patients with low or mediumlevels of baseline CD8 T cell density
and gene expression showed robustincreases on-treatment, in absence
of clinical benefit (that is, were pathological non-responders (pNR)),
potentially reflecting underlying T cell intrinsic or extrinsic resistance
mechanisms that may hinder generation of an effective antitumor
immune response (Fig. 3e,f and Extended Data Fig. 9).

Circulating tumor DNA dynamics. Circulating tumor DNA (ctDNA)
was evaluated over time in patients treated with tobemstomig
and nivolumab plusipilimumab (n = 39), based on the favorable efficacy
observed for these treatments compared to others. Pre-treatment
ctDNA was detected in 35 of 39 patients (89.7%), despite early disease
stage.

Among patients with detectable ctDNA at baseline, 68% of those
with a pathological response (21/31: pCR 17/22; npCR 3/4; pPR 1/5)
achieved ctDNA clearance by week 7 pre-surgery versus one of four
patients (25%) with pNR (Fig. 4a and Extended Data Fig. 10a). Further-
more, ctDNA clearance was observed in 50.0% (11/22) of patients with
pCR after one cycle of CPI treatment and increased to 77.3% (17/22)
after two cycles of CPItreatment.

In patients with pCR and npCR, with no ctDNA clearance prior to
surgery, significant decreases in ctDNA were nevertheless observedin
allcasesat week 7 (100%) versus pre-treatment levels. Patients with pCR
had lower on-treatment ctDNA levels relative to baseline compared to
other patients (C2D1: P=0.01; week 7: P=0.09) (Fig. 4b).

Pre-surgery ctDNA longitudinal dynamics were similar in patients
treated with tobemstomig and nivolumab plus ipilimumab (C2D1:
P=0.95; week 7: P=0.97) (Extended Data Fig. 10b) and correlated
with the percentage of non-viable tumor deposits at the time of
surgery (C2D1: r=-0.45, P=0.0061; week 7: r=-0.61, P < 0.0005)
(Extended Data Fig. 10c) and with radiographic response by RECIST
atweek 6 (C2D1:r=0.64, P< 0.005) (Extended Data Fig.10d).

Most patients with detectable ctDNA at baseline were ctDNA nega-
tive after surgery, bothat week 10 and at week 13, with no disease recur-
rence. The only exception was one patient with pNRwith anincreasein
ctDNA levels at week 13 and concomitant disease recurrence (Fig. 4a
and Extended Data Fig.10b). Among patients with no detectable ctDNA
at baseline (4/39: three pCR, one pPR), all remained ctDNA negative
throughout the subsequent visits evaluated.

Discussion

Neoadjuvant tobemstomig demonstrated encouraging clinical effi-
cacyin patients with resectable clinical stage Il melanoma with a simi-
lar pRR to patients treated with nivolumab plus ipilimumab (80.0%
versus 77.3%), despite a more immune-rich pre-treatment TME in
patients receiving nivolumab plus ipilimumab. MPR was 62.5% after

Fig. 2| Baseline biomarker correlates of pathological response. a, Pathological
response by independent pathological review, according to INMC guidelines,
plotted as a waterfall showing the area of non-viable tumor bed at the time of
surgery, alongside pre-treatment biomarkers, including BRAF mutation status,
TMB, IHC, IF and RNA-seq. Patients with pCR are ordered according to tumor
inflammation, as determined by the mean rank of all TME biomarkers shown.
b, Pre-treatment prevalence of selected immune biomarkers in the TME of
patients across treatment arms (n = 79 patients with IHC data). The box plots
illustrate the distribution of biomarker levels, showing the median (central
line), interquartile range (box) and data range (whiskers, up to 1.5 times the
interquartile range). Asterisks denote statistically significant differences
between arms (two-sided rank-sum test; see legend). ¢, Association between

pre-treatmentimmune TME biomarkers and MPR (n = 87 patients with baseline
data). The color gradient represents the area under the ROC curve (AUC),
withvalues ranging from 0.5, indicating random prediction, to 1.0, indicating
perfect predictionaccuracy. Statistical significance is indicated using asterisks
asdefined in the legend (two-sided rank-sum test with Benjamini-Hochberg
multiple testing correction). d, Improvement in predictive performance using
composite scores of pre-treatment immune biomarkers combined with TMB.
Stacked bar plots display the AUC for individualimmune biomarkers (blue)
and the enhanced AUC achieved by integrating these biomarkers with TMB into
composite scores (red). IF,immunofluorescence; MB, megabase; NK; natural
killer; ROC, receiver operating characteristic; TC, tumor cell; TIC, tumor-
initiating cell.
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tobemstomig treatment and 72.7% after nivolumab plus ipilimumab
treatment. The trial was not designed to formally test the statistical dif-
ferencein efficacy between treatment arms. Instead, Bayesian posterior
probability of equal or better pRR between experimental and control
arms, together with abenefit-risk assessment, guided the decision to

expand enrollment in the tobemstomig arm.

Tobemstomig

Although tobemstomig is administered as a single agent, it tar-
gets dual immune checkpoint blockade, effectively mimicking the
benefits of a combination therapy. Compared to the combination of
nivolumab plusipilimumab, fewer patients treated with tobemstomig
experiencedgrade 3 or higher TRAEs (22.7% versus 2.5%). The addition

of tiragolumab to tobemstomig or to atezolizumab showed a lower
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Table 2 | General safety summary (all events, with and without attribution to treatment)

Tobemstomig Tobemstomig +tiragolumab  Atezolizumab +tiragolumab  Nivolumab + ipilimumab

(n=40) (n=20) (n=20) (n=22)
Total number of patients with at least one AE 36 (90.0%) 18 (90.0%) 19 (95.0%) 19 (86.4%)
Total number of AEs 178 103 61 133
Reasons for premature withdrawal from study drug
AE (0] (0] 3 (15.0%) 3(13.6%)
Progression of disease 0 1(5.0%) 0 (6]
Withdrawal by patient 1(2.5%) 0 0 0
Total number of patients with at least one
Serious AE 9(22.5%) 6 (30.0%) 3(15.0%) 4(18.2%)
Grade 3-5 AE 8(20.0%) 6 (30.0%) 1(5.0%) 6 (27.3%)
AE with fatal outcome (worst grade: 5) 0 0 0 (0]
Worst grade: 4 3(7.5%) 0 0 2(9.1%)
Worst grade: 3 5(12.5%) 6 (30.0%) 1(5.0%) 4 (18.2%)
AE requiring systemic corticosteroid and/or other 11 (27.5%) 6 (30.0%) 6(30.0%) 9 (40.9%)
immunosuppressive treatment
TRAE 34 (85.0%) 17 (85.0%) 15 (75.0%) 18 (81.8%)
Treatment-related serious AE 3(7.5%) 3 (15.0%) 2 (10.0%) 3(13.6%)
Treatment-related grade 3-5 AE 1(2.5%) 3 (15.0%) 0 5(22.7%)
TRAE leading to withdrawal from any treatment 0 0 3(15.0%) 3(13.6%)
TRAE leading to dose modification/interruption 4 (10.0%) 3 (15.0%) 0 1(4.5%)
Immune-mediated AEs by medical concept
Total number of patients with at least one 29 (72.5%) 13 (65.0%) 8 (40.0%) 15 (68.2%)

immune-mediated AE

Most common immune-mediated AEs (x10% in any arm)

Immune-mediated rash 12 (30.0%) 6 (30.0%) 5(25.0%) 7 (31.8%)
Immune-mediated hepatitis 7 (17.5%) 3(15.0%) 1(5.0%) 8 (36.4%)
Immune-mediated hyperthyroidism 7 (17.5%) 6 (30.0%) 3(15.0%) 4 (18.2%)
Immune-mediated hypothyroidism 6 (15.0%) 1(5.0%) 1(5.0%) 2(91%)
Infusion-related reactions 6 (15.0%) 2 (10.0%) 0 2 (91%)
Immune-mediated pancreatitis 5(12.5%) 1(5.0%) 0 2(91%)
TLND status

Completed 38(95.0%) 19 (95.0%) 18 (90.0%) 22 (100%)
Not performed 2 (5.0%) 1(5.0%) 2 (10.0%) 0

Reason why TLND was not performed

n 2 1 2 0
Physician decision 0 0 1(5.0%) 0
Progressive disease 1(2.5%) 1(5.0%) 1(5.0%) 0
Withdrawal by patient 1(2.5%) 0 0 0

TLND delay category

Within 2weeks as scheduled 35 (87.5%) 18 (90.0%) 18 (90.0%) 18 (81.8%)
More than 2weeks delayed 3(7.5%) 1(5.0%) 0 4 (18.2%)
Reason for more than 2weeks’ TLND delay

n 3 1 0 4

AE 2(5.0%) 1(5.0%) o] 3(13.6%)
Other 1(2.5%) 0 0 1(4.5%)
TRAEs leading to TLND delay

n 1 1 (0] 3
Hyperthyroidism 1(2.5%) 1(5.0%) 0 0
Meningitis aseptic 0 0 0 1(4.5%)
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Table 2 (continued) | General safety summary (all events, with and without attribution to treatment)

Tobemstomig

Tobemstomig +tiragolumab  Atezolizumab + tiragolumab

Nivolumab + ipilimumab

(n=40) (n=20) (n=20) (n=22)
Pneumonitis 0 0 0 1(4.5%)
Tachycardia (0] 0 0 1(4.5%)
Non-related AEs leading to TLND delay
n 1 0
SARS-CoV-2 test positive 1(2.5%) 0

AE, adverse event.

pRRversusthe control treatment and resulted in higher toxicity versus
tobemstomigalone; the increased toxicity is not unexpected given that
the former are effectively triple CPl combinations.

The phase 3 NADINA trial demonstrated improved efficacy but
increased toxicity for neoadjuvant nivolumab plus ipilimumab versus
adjuvant nivolumab, with 29.7% of patients treated with nivolumab
plus ipilimumab experiencing grade 3 or higher TRAEs". The results
from our study are broadly consistent with the NADINA trial for effi-
cacy (pRR77.3% versus 67% and MPR 72.7% versus 59.0%, respectively)
and safety’. The higher efficacy observed in our study versus NADINA
may be attributed to the high baseline infiltration status of patients
enrolledin the nivolumab plusipilimumab treatmentarmin our study,
although no direct comparison across studies is feasible. In addition,
the earlier phase of our study and the fact that it was executed across
fewer sites could also account for differences in efficacy versus the
larger, later-stage NADINA trial.

Several alternative neoadjuvant regimens have beeninvestigated
for increased efficacy and reduced toxicity versus nivolumab plus
ipilimumab. Ina phase 2 trial of patients with resectable clinical stage
11l or oligometastatic stage IV melanoma, neoadjuvant relatlimab, an
anti-LAG-3 monoclonal antibody, combined with nivolumab and adju-
vant combination therapy demonstrated a pRR of 70.0% and an MPR of
63%, withno grade 3 or higherimmune-related adverse events during
neoadjuvant treatment'. In the phase 1/2 KEYMAKER-UO2 substudy
02C of neoadjuvant treatment followed by adjuvant pembrolizumab
inpatients with stage IlIB-D melanoma, the MPR rate was 50%, 40% and
32% with pembrolizumab plus vibostolimab (an anti-TIGIT antibody),
gebasaxturev (an oncolytic enterovirus) and MK-4830 (an anti-ILT4
antibody), respectively; 58% with pembrolizumab co-formulated with
favezelimab (an anti-LAG-3 antibody); and 47% with pembrolizumab
monotherapy. Grade 3 or higher TRAEs occurred in 8%, 28%, 16%, 15%
and 7% of patients, respectively™. The duration and drug exposure dur-
ing neoadjuvant therapy or the longer time to resection (as opposed
to drug exposure) may impact MPR, offering a longer timeframe for
patients to generate an effective antitumor immune response. In our
study, pRR was evaluated at the earliest feasible timepoint (6 weeks
after the first neoadjuvant treatment was administered). In some of
the aforementioned studies, pathological assessment was performed
later versus in our study, potentially confounding the efficacy results
and comparisons across studies. Based on the safety profile of tobem-
stomig in our study and reported in the literature, the administration
of an additional cycle of treatment may have been well tolerated and
furtherincreased the observed efficacy.

Previous reports showed that baseline tumor IFNyscore combined
with TMB improved the identification of pathological responders
versus non-responders in patients with stage Il melanoma treated
with neoadjuvant nivolumab plus ipilimumab, when compared to
either biomarker alone®. Similar results were reported in advanced
melanoma’®. IFNy alone appeared to be the most robust baseline bio-
marker for EFS across different cohorts in the PRADO study”. We identi-
fied additional baseline immune features in the TME associated with
pathological response, including CD3* and CD8" TIL density, CD8 T,

cells and PDCDI gene expression that correlated with the IFNy gene
signature. The addition of TMB improved the predictive capacity of
these biomarkers; however, our data also suggest that they perform
robustly individually, which may simplify patient selection.

The baseline biomarkers associated with pathological response
were consistent across treatments, suggesting that they may be
driven by the common mechanism of PD-1/PD-L1 blockade. These
associations likely identify patients predisposed to respond to any
CPI. However, because we also observed differences in drug MOA
based on immune cell dynamics in the TME and efficacy, some
patients may respond preferentially to specific therapies. Identify-
ing treatment-specific biomarkers for immunotherapy remains a
major challenge. Given that only asubset of patients were potentially
treatment-specificrespondersin our study, the associations reported
are primarily driven by those susceptible to any CPI. Our study lacks
sufficient patient numbers and statistical power to effectively dis-
tinguish such treatment-specific biomarkers. Additionally, there
was animbalance between arms, with patients in the nivolumab plus
ipilimumab arm having amore inflamed TME at baseline versus other
arms. This baseline imbalance, coupled with the low sample size, may
further limit our ability to identify treatment-specific predictive bio-
markers. Finally, bulk RNA sequencing (RNA-seq) has limited resolu-
tionto assess specific cell types and their functional states, which may
underlie differential responses to the inhibition of specific immune
checkpoints. Identifying treatment-specific responders may require
profiling at the level of individual cell types, necessitating the use of
single-cell RNA-seq in sufficiently large cohorts. Future biomarker
studies to identify patients benefiting preferentially from specific
CPItreatments are needed.

Tobemstomig tended to increase the ratio of CD8 to FOXP3 in
the TME, whereas this increase was not apparent with nivolumab
plusipilimumab treatment, suggesting a potential mechanistic dif-
ferentiation of treatments. These observations were in line with
the avidity-driven selectivity gain of tobemstomig to PD-1/LAG-3
co-expressing T cells over T, cells". Similar observations were made
inthe first-in-human trial of tobemstomig (manuscriptin progress).
Functional studies are needed to further elucidate the role of T, cells
in mediating efficacy.

The most profound changes inimmune cell dynamics within the
TME were aligned with the observed efficacy outcomes, with the most
substantial effects seen in the treatment arms demonstrating the
greatest clinical benefit, namely tobemstomig and nivolumab plus ipili-
mumab. The addition of tiragolumab to tobemstomig or atezolizumab
did not enhance immune cell activity in the TME, also consistent with
correspondingefficacy data. Whole-transcriptome analysis revealed no
significant differences inimmune cell dynamics between tobemstomig
monotherapy and tobemstomig plus tiragolumab combination, includ-
ing in MOA-related genes or activation-induced cell death pathways.
In a pooled analysis, there was a trend for greater tumor-infiltrating
T celldynamics in pathological responders versus non-responders.

Inline with previous reports'®'®, radiographic response underesti-
mated pathological response in some patientsin our study, underlining
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Fig. 3| Immune dynamics in the TME. Immune dynamics in the TME, relevant
tothe drug MOA, were evaluated in pre-treatment and on-treatment lymph
node tumor tissue from patients with clinical stage Il melanoma treatment
with neoadjuvantimmunotherapy. a, Representative histologic H&E stains of
metastatic pre-treatment and on-treatment tumor tissue from pNR and pCR
patients after one cycle of tobemstomig treatment, demonstrating reduction in
viable tumor and increases in fibrosis in a patient with pCR compared to a patient
with pNR. b, Box plot showing the percentage of viable tumor in pre-treatment
and on-treatment tumor tissue from patients in each pathological response
category after one treatment cycle (n = 79). Patients from different treatment
arms are pooled. ¢, Heatmap representation of changes in immune and tumor
genes and gene signatures in the TME on-treatment compared to pre-treatment
(left) with zoom out on the individual genes comprising stem-like T cells,

IFNy, T, cells and melanoma gene signatures, respectively (right). Patients

are grouped according to treatment. Statistical significance is indicated using

asterisks as defined in the legend (two-sided rank-sum test with Benjamini-
Hochberg multiple testing correction). d, Box plot representation of IHC/
IF-derived CD8' T cell and FOXP3 density and CD8/FOXP3 ratio in pre-treatment
and on-treatment metastatic tumor biopsies from patients treated with
tobemstomig (n =13) or nivolumab plus ipilimumab (n = 8). e f, Pooled analysis
across all study treatments of CD8 T cell dynamics on-treatment according to
pathological response. CD8 Tand stem-like CD8 T cell signatures were derived
from tumor bulk RNA-seq (n =79) (e), whereas CD8* and CD3"Perforin” T cell
densities were assessed by IHC and IF, respectively (n = 32) (f). Box plots illustrate
the median (central line), interquartile range (box) and minima and maxima
(whiskers, up to 1.5 times the interquartile range), with data points beyond this
limit shown as individual outliers. Individual patients (dots) are colored by
pathological response. FC, fold change; PRF1, Perforin; IF,immunofluorescence;
NK; natural killer; TC, tumor cell.
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Fig. 4| ctDNA dynamics. Longitudinal ctDNA dynamics assessed over timein
patients treated with tobemstomig or nivolumab plus ipilimumab. a, Swimmer
plot depicting ctDNA status over patient visit from screening (pre-treatment),
C2D1, week 7 (pre-surgery) and weeks 10 and 13 (post-surgery) (n = 39). Patients
are grouped by treatment and ordered by pathological response within each
treatment group. Purple arrow indicates the time of TLND (week 7). b, Box plot
representing change in ctDNA levels at the pre-surgery timepoints, C2D1and

week 7, compared to pre-treatment levels for pathological response categories
(n=39).Ratio represents the mean tumor molecules per milliliter of plasma at
on-treatment compared to baseline. Patients from different treatment arms are
pooled. Box plotsillustrate the median (central line), interquartile range (box)
and minima and maxima (whiskers, up to 1.5 times the interquartile range), with
data points beyond this limit shown as individual outliers. Individual patients
(dots) are colored by pathological response. SCRN, screening; WK, week.

pathological response as the gold standard in this setting'**°. Use of a
ctDNA assay (personalized to patient-specific tumor somatic muta-
tions) facilitated a high detection rate in this study (90%) compared
to previous reports in patients with early-stage melanoma (approxi-
mately 40%)*>. Chan et al.” reported clearance pre-surgery in seven
of nine patients whose disease did not recur in the OpACIN-neo and
PRADO studies, with positive ctDNA post-surgery, irrespective of
pre-treatment ctDNA status, predictive of recurrence. Ultrasensi-
tive ctDNA detection pre-surgery has also been shown to be highly
prognostic for overall survival in early-stage lung cancer®. Using
a high-sensitivity ctDNA detection methodology, we demonstrated
that a significant proportion of patients with pCR clear ctDNA as
early as after one treatment cycle, afinding consistent with profound
decreases in viable tumor in on-treatment biopsies from the same
patients at the same timepoint. Our findings support the utility of
ctDNA monitoring pre-surgery to inform clinical decision-making
on (neo)adjuvant treatment or surgery de-escalation and warrant
confirmatory prospective studies that link ctDNA dynamics to long-
term endpoints.

This study has several limitations. Beyond region and baseline
lactate dehydrogenase (LDH), no other stratification factors were
used at randomization due to the small study population, resulting
insome imbalances between groups (for example, for baseline CD8
and PD-L1status), whichis commonin small, signal-seeking studies.
Adjuvant treatment was not mandated but was left to the discre-
tion of the investigator, and patients were followed for a minimum
of 12 weeks only, due to closure of the study. Consequently, EFS,
relapse-free survival (RFS) and overall survival were not considered
meaningful endpoints and were not reported. Correlative analysis
of biomarkers and pathological response was limited by sample size;
in particular, few pNR patients were evaluated in the nivolumab plus
ipilimumab arm. At TLND, it was not feasible to collect and evaluate
biomarkers due to limited availability of tumor tissue (especially from
responding patients), restricting our ability to assess if the immune
dynamics after a single treatment cycle were sustained, expanded or
contracted with the subsequent treatment cycle. In addition, bulk

RNA-seq analysis did not enable precise characterization of T cell
functional states correlated with response orinduced by treatment.
Single-cell RNA-seq efforts are underway to gain deeper insight into
T cell subset biology, in particular stem-like T cells and their progeny.
Finally, the study did not fully evaluate the potential of tiragolumab to
deepen and prolong clinical response, as RFS, EFS and overall survival
were not assessed.

Morpheus-Melanoma clinically validated the MOA of tobem-
stomig, a bispecific that selectively engages PD-1/LAG-3 co-expressing
TILs over LAG-3" T, cells. Tobemstomig induced robust immune
activation, deep pathological responses and favorable safety in stage
Il melanoma, providing early clinical support for this bispecific
strategy. However, further development of tobemstomig has been
discontinued based on results from multiple randomized phase 2
trials across several tumor types, including NSCLC (NCT05775289)%,
esophageal squamous cell carcinoma (ESCC, NCT04785820) and
renal cell carcinoma (NCT05805501). In these trials, tobemstomig
monotherapy or combination regimens did not show clear benefit
over standard-of-care regimens containing anti-PD1 (for example,
pembrolizumab or nivolumab) (unpublished data on file; sponsor),
suggesting that tobemstomig was unlikely to provide sufficient added
benefit to supportabroad development strategy as anew CPlacross
solid tumors.

Nevertheless, the trial confirms the feasibility and potential utility
of bispecificimmune CPIs in early-stage disease, even in the absence
of abroader label. The efficacy and safety profile observed suggest
that development of dual PD-1/LAG-3 targeting strategies may still
be warranted in selected indications, particularly melanoma, where
LAG-3 biology may be uniquely relevant. Additionally, identification
of robust baseline and on-treatment biomarkers, including immune
gene signatures, TIL density and ctDNA clearance, provides a path
forward for patientenrichment and treatment stratification. Notably,
biomarkers were associated with response across treatment arms, sug-
gesting broader applicability across CPland immuno-oncology com-
binations. These findings can help inform personalized neoadjuvant
treatment approaches aimed at maximizing efficacy while minimizing
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toxicity. These data also add to the growing comparative landscape
of neoadjuvant immunotherapy in melanoma, which could help pri-
oritize future dual CPI strategies. Going forward, deeper mechanis-
tic investigation will be needed to understand why dual PD1/LAG-3
blockade appears more effective in melanoma versus other tumor
types. A cross-indication biomarker analysis is underway to compare
the immune microenvironments of responsive and non-responsive
tumors (for example, melanoma versus NSCLC/ESCC), with the aim
of elucidating determinants of heterogeneity in patient response to
dual PD-1/LAG-3 blockade. The unique MOA of tobemstomig and the
comprehensive translational profiling reported here provide avaluable
benchmark for such efforts.

In conclusion, in the Morpheus-Melanoma study, tobemstomig
demonstrated a similar pRR and improved safety profile compared
to nivolumab plus ipilimumab in patients with resectable stage Il
melanoma. Biomarker analyses identified baseline tumor and longitu-
dinal ctDNA correlates of pathological response that were conserved
across treatments and could informindividual risk-adapted treatment.
Future studies are needed to refine and mechanistically differentiate
CPlcombinations using double and triple blocking approaches and to
follow patients for long-term survival.

Online content
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Methods

Study design and participants

Morpheus-Melanoma was a global, phase 1b/2, open-label, multi-
center, randomized umbrella study conducted at 14 centers across
Australia, France, Italy, Spain and the United States with two cohorts:
stage lll melanoma (cohort 1) and stage IV melanoma (cohort 2). The
trial was designed with the flexibility to open new treatment arms as
novel treatment options became available and close existing treatment
arms that demonstrated minimal clinical efficacy or unacceptable
toxicity. For novel combinations that were tested clinically for the
first time in this study, a minimum of six patients with previously
treated stage IV melanomawere enrolled into the safety run-in phase
(cohort2).Ifthe treatment was determined to be tolerable during the
safety run-in phase, the same treatment arm opened for enrollment
(cohort1). Tolerability was determined if less than 30% of a minimum
of six patients experienced a grade 3 or higher TRAE that did not
improvetograde 2 or better within2 weeks; aserious TRAE; a TRAE that
required permanent discontinuation of study drug; or death, except
those that have beenincontrovertibly related to disease progression
or extraneous causes.

For cohort 1, eligible patients were randomized to one of several
treatment arms or the control arm. Enrollment within the experimen-
tal arms took place in two phases: a preliminary phase followed by an
expansion phase. Approximately 20 patients per arm were enrolled in
the preliminary phase, with the potential to add 20 additional patients
in the expansion phase if meaningful clinical activity was observed
during the preliminary phase.

The assessment of sex was conducted without a predefined meth-
odology and was used for descriptive purposes only. Investigators
reported patients’ sex based on local procedures. Gender was not
assessed or reported in this study. The reporting of race was optional
andreported only incountries where local regulations permitted such
documentation.

We report data only from cohort 1-that is, patients with resect-
able stage Il melanoma who have been treated in the neoadjuvant
setting.

Eligible patients were 18 years of age or older with resectable
stage Ill melanoma with measurable lymph node metastases (per
RECIST version 1.1) that could be biopsied and had an ECOG perfor-
mancestatus of 0 or 1. Patients were excluded from the trial ifthey had a
history of in-transit metastases within the last 6 months or had received
prior radiotherapy or systemic cancer therapy for their disease. Full
inclusion and exclusion criteria are as follows.

Inclusion criteria
Patients must have met all of the following criteria to qualify:

« Signed informed consent form

» Aged18years or older at the time of signing the informed con-
sent form

« ECOG performance status of 0 or 1

« Ability to comply with the protocol, in the investigator’s
judgment

 Histologically confirmed resectable stage Il melanoma (T: TO,
Tx or T1-4; N: cN1-3 or pN1b/2b/3b; M: MO according to the
American Joint Committee on Cancer, 8th Edition (AJCC-8)*
and no history of in-transit metastases within the last
6 months)

« Patients may have presented with primary melanoma with con-
current regional nodal metastasis or a history of primary mela-
noma or unknown primary melanoma with clinically detected
regional nodal recurrence and may have belonged to any of the
following groups:

o Primary cutaneous melanoma with concurrent clinically/radio-
logically apparent regional lymph node metastases

- Clinically/radiologically detected recurrent melanoma at the
proximal regional lymph node(s) basin

o Clinically/radiologically detected nodal melanoma (if single site)
arising from an unknown primary

Fit and planned for TLND (as assessed by the surgeon prior to

randomization according to local guidelines)

Measurable disease (at least one target lesion) according to

RECIST version 1.1

o At least one macroscopic lymph node metastasis (measurable
according to RECIST version 1.1) to be biopsied

Availability of a representative tumor specimen that is suitable
for biomarker testing via central laboratory
o Baseline tumor tissue samples were collected from all patients
by biopsy of a metastatic lymph node at screening.
In addition, archival primary tumor tissue was submitted from
all patients. In exceptional cases where no archival primary
tissue was available (for example, for patients with unknown
primary tumor), enrollment was permitted. For archival tissue,
aformalin-fixed, paraffin-embedded (FFPE) tumor specimenina
paraffinblock (preferred) with sufficient size and tumor content
representation, preferably including the invasive margin or,
if available, at least 16 slides containing unstained, freshly
cut, serial sections, was submitted along with an associated
pathology report.

Adequate hematologic and end-organ function, defined by the

following laboratory test results, obtained within 14 days prior

to initiation of study treatment:

 Absolute neutrophil count >1.5 x 10° per liter (1,500 per microliter)

o Lymphocyte count =0.5 x 10° cells per liter (500 per microliter)

Borderline machine lymphocyte counts may have been con-

firmed by a manual count.

- Platelet count =100 x 10? per liter (100,000 per microliter)

o Hemoglobin>=90 g™ (9 gdI™)

o Aspartate transferase, alanine aminotransferase and alkaline

phosphatase <2.5x upper limit of normal (ULN)

Total bilirubin <1.5x ULN, with the following exception:

= Patients with known Gilbert disease: bilirubin level <3x ULN

o Creatinine <1.5x ULN or creatinine clearance =30 ml min~
(calculated using the Cockcroft-Gault formula)

o Serumalbumin>25gI*(2.5gdl™)

o For patients not receiving therapeutic anticoagulation: inter-
national normalized ratio and activated partial thromboplastin
time <1.5x ULN

For patients receiving therapeutic anticoagulation: stable

anticoagulant regimen (that is, no new thrombosis, thrombo-

embolic event or bleeding episode within 3 months prior to
study treatment start)

Negative HIV test at screening, with the following exception:

Patients with a positive HIV test at screening were eligible

provided they were stable on antiretroviral therapy, had a

CD4 count >200 per microliter and had an undetectable

viral load.

o Patients without a prior positive HIV test result underwent
an HIV test at screening, unless not permitted per local
regulations.

Negative hepatitis B surface antibody and negative total

hepatitis B core antibody (HBcAb) test at screening. If a patient

had a negative hepatitis B surface antigen test and a positive
total HBcADb test at screening, a hepatitis B virus (HBV) DNA test
was also performed to rule out active HBV.

Negative hepatitis C virus (HCV) antibody test at screening or

positive HCV antibody test followed by a negative HCV RNA test

atscreening

o The HCV RNA test was performed only for patients who had a
positive HCV antibody test.

o

°

1
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For women of childbearing potential: agreement to remain
abstinent (refrain from heterosexual intercourse) or use contra-
ceptive measures

For men: agreement to remain abstinent (refrain from hetero-
sexual intercourse) or use contraceptive measures and agree-
ment to refrain from donating sperm

Exclusion criteria
Patients who met any of the following criteria were excluded from
study entry:

Mucosal and uveal melanoma

o Acrallentiginous melanomais excluded.

Distantly metastasized melanoma

History of in-transit metastases within the last 6 months

Prior radiotherapy

Prior immunotherapy, including anti-CTLA-4, anti-PD-1and

anti-PD-L1 therapeutic antibodies, and other systemic therapy

for melanoma

Treatment with investigational therapy within 28 days prior to

initiation of study treatment

Treatment with systemic immunostimulatory agents (including,

but not limited to, IFN and interleukin-2) within 4 weeks or five

drug-elimination half-lives (whichever is longer) prior to initia-
tion of study treatment

Prior allogeneic stem cell or solid organ transplantation

Known immunodeficiency or conditions requiring treatment

with systemic immunosuppressive medication (including, but

not limited to, cyclophosphamide, azathioprine, methotrexate,
thalidomide and anti-TNF agents) or anticipation of need for sys-
temic immunosuppressant medication during study treatment,
with the following exceptions:

Patients on replacement doses of corticosteroids to manage

hypopituitary or adrenal insufficiency are eligible for the study.

Patients who received acute, low-dose, systemic immunosup-

pressant medications or a one-time pulse dose of systemic

immunosuppressant medication (for example, 48 hours of cor-
ticosteroids for a contrast allergy) were eligible for the study.

Patients requiring chronic low-dose systemic corticosteroid

treatment (that is, amaximal dose of corticosteroids <10 mg d™*

equivalent prednisone) were eligible.

Patients who received mineralocorticoids (for example, fludro-

cortisone), corticosteroids for chronic obstructive pulmonary

disease or asthma or low-dose corticosteroids for orthostatic
hypotension or adrenalinsufficiency were eligible for the study.

Treatment with a live, attenuated vaccine within 4 weeks prior to

initiation of study treatment or anticipation of need for such a

vaccine during study treatment or within 5 months after the final

dose of study treatment

Active or history of autoimmune disease or immune deficiency,

including, but not limited to, myasthenia gravis, myositis, auto-

immune hepatitis, systemic lupus erythematosus, rheumatoid
arthritis, inflammatory bowel disease, antiphospholipid antibody
syndrome, Wegener granulomatosis, Sjogren syndrome, Guillain—-

Barré syndrome or multiple sclerosis, with the following exceptions:

- Patientswithahistory of autoimmune-related hypothyroidismwho
were onthyroid replacement hormone were eligible for the study.

o Patients with controlled type 1 diabetes mellitus who were on a
stable insulin regimen were eligible for the study.

o Patients with eczema, psoriasis, lichen simplex chronicus or
vitiligo with dermatologic manifestations only (for example,
patients with psoriatic arthritis were excluded) were eligible for
the study provided all of following conditions were met:
= Rash covered less than 10% of body surface area.
= Disease was well controlled at baseline and required only

low-potency topical corticosteroids.

o

o

o

m Therewas no occurrence of acute exacerbations of the under-
lying condition requiring psoralen plus ultraviolet A radiation,
methotrexate, retinoids, biologic agents, oral calcineurin
inhibitors or high-potency or oral corticosteroids within the
previous 12 months.

History of idiopathic pulmonary fibrosis, organizing pneumonia

(for example, bronchiolitis obliterans), drug-induced pneumo-

nitis or idiopathic pneumonitis or evidence of active pneumoni-

tis on screening chest computed tomography scan. Patients with

a history of cancer immunotherapy-related pneumonitis lower

than grade 2 were eligible.

History of malignancy other than malignant melanoma within

2 years prior to screening, with the exception of malignancies

with a negligible risk of metastasis or death (for example, 5-year

overall survival rate >90%), such as adequately treated carcinoma

in situ of the cervix, non-melanoma skin carcinoma, localized

prostate cancer, ductal carcinoma in situ or stage l uterine cancer

Active tuberculosis

Severe infection within 4 weeks prior to initiation of study

treatment, including, but not limited to, hospitalization for

complications of infection, bacteremia or severe pneumonia

or any active infection that, in the opinion of the investigator,

could impact patient safety

Treatment with therapeutic or prophylactic oral or intravenous

antibiotics within 2 weeks prior to initiation of study treatment

Significant cardiovascular disease, such as New York Heart Asso-

ciation cardiac disease (class Il or higher), myocardial infarction

or cerebrovascular accident within 3 months prior to initiation

of study treatment, unstable arrhythmia or unstable angina

Uncontrolled hypertension (defined as resting systolic

blood pressure >150 mmHg and/or diastolic blood pressure

>100 mmHg in two or more serial measurements)

Major surgical procedure, other than for diagnosis, within 4 weeks

prior to initiation of study treatment or anticipation of need for a

major surgical procedure other than TLND during the study

o Placement of central venous access catheter (for example, port
or similar) was not considered a major surgical procedure and
was, therefore, permitted.

Any other disease, metabolic dysfunction, physical examination

finding or clinical laboratory finding that contraindicated the

use of an investigational drug, may have affected the interpreta-

tion of the results, impaired the ability of the patient to partici-

pate in the study or may have rendered the patient at high risk

from treatment complications

History of severe allergic reactions to chimeric or humanized

antibodies or fusion proteins

Known hypersensitivity to Chinese hamster ovary cell products

or recombinant human antibodies

Known allergy or hypersensitivity to any of the study drugs or

their excipients

Known intolerance to any of the drugs required for premedi-

cation (acetaminophen, ranitidine, diphenhydramine and

methylprednisolone)

Pregnancy or breastfeeding or intention of becoming pregnant

during the study

o Women of childbearing potential must have had anegative serum
pregnancy test result within 14 days prior to initiation of study
treatment.

Eligible only for the control arm

Patients who met any of the following criteria were excluded from

the tobemstomig-containing arms:

« Prior treatment with an anti-LAG-3 agent
« History of myocarditis (regardless of etiology)
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« Left ventricular ejection fraction less than 50% assessed by
either transthoracic echocardiogram (TTE) or multiple-gated
acquisition scan (TTE preferred test) within 6 months prior to
initiation of study treatment

« Troponin T (TnT) or troponin I (Tnl) > institutional ULN

- Patients with TnT or Tnl levels between >1 and <2x ULN were
eligible if repeat levels within 24 hours were <1x ULN. If repeat
levels within 24 hours were between >1 and <2x ULN, patients
needed to undergo a cardiac evaluation and may have been
considered for treatment if there were no clinically significant
findings.

Patients who met any of the following criteriawere excluded from
the tiragolumab-containing arms:

* Prior treatment with an anti-TIGIT agent
« Acute Epstein-Barr virus (EBV) infection or known or suspected
chronic active EBV infection at screening

Patients with a positive EBV viral capsid antigen IgM test at screen-
ing were excluded from this arm. An EBV polymerase chain reaction
(PCR) test was performed as clinically indicated to screen for active
infection or suspected chronicactive infection. Patients with a positive
EBV PCR test were excluded from thisarm.

The study protocol was approved by theinstitutional review board
at each participating center and complied with Good Clinical Prac-
tice guidelines, the principles of the Declaration of Helsinki and local
laws. Anindependent datamonitoring committee wasin place, and all
patients provided written informed consent.

Randomization and masking

The study employed a permuted-block randomization method with
dynamically changing randomization ratios to account for the fluctua-
tion in the number of experimental treatment arms that were open
for enrollment during the study. The control arm remained open
throughout the study with the stipulation that the likelihood of being
allocated to the control arm was no more than 35%. Eligible patients
were randomly assigned to each treatment arm using an interactive
web-based response system. Randomization was stratified according
to geographic region and baseline LDH.

Procedures

Eligible patients were randomized to receive one of the following
treatments every 3 weeks for 6 weeks in the neoadjuvant setting
(that is, two doses): tobemstomig 2,100 mg; tobemstomig 2,100 mg
plus tiragolumab 600 mg; atezolizumab 1,200 mg plus tiragolumab
600 mg; or nivolumab 3 mg kg™ plus ipilimumab 1 mg kg™. TLND
occurred at week 7, and pathological response was evaluated according
to International Neoadjuvant Melanoma Consortium (INMC) criteria”.

Outcomes

The primary efficacy endpoint was pRR as assessed by independent
pathological review at the time of surgery, defined as the proportion
of patients with pCR, npCR and pPR. For CPI treatment, pathological
response is a well-established surrogate endpoint for RFS®". Second-
ary efficacy endpoints were pRR by local pathological assessment
and investigator-assessed ORR per RECIST version 1.1 (defined as the
proportion of patients witha complete response or a partial response
prior to surgery). Safety was an endpoint, and biomarkers were an
exploratory endpoint.

Tumor and blood collection for exploratory biomarker
analysis

Tumor biopsies were obtained from lymph node metastasis (3-4 core
biopsies, 14-gauge needle) prior to treatment and at week 3 (pre-dose)

and were formalin fixed and paraffin embedded. Blood was collected
for biomarker evaluation pre-treatment, at week 3, at the time of sur-
gery (week 7) and postoperatively at weeks 10 and 13.

Histology

FFPE tumor tissue blocks were obtained and sectioned consecutively
for hematoxylin and eosin (H&E), immunohistochemistry (IHC) and/or
immunofluorescence stains, which were performed at either Discovery
Life Sciences (Kassel, Germany) or Roche Tissue Diagnostics (Tucson,
Arizona) laboratories. Samples passing quality control for sufficient
tumor content without necrotic areas and excluding lymph node tis-
sue contamination were included in the analysis. Details regarding
the IHC and immunofluorescence assays performed can be found in
Supplementary Table 4.

DNA and RNA isolation

FFPE tumor tissues were macro-dissected from normal tissue and
subjected to DNA and RNA co-extraction using an AllPrep DNA/RNA
FFPEKit (Qiagen), following the manufacturer’s protocolinaQlAcube
(Qiagen). RNA was assessed by a 2100 Bioanalyzer (Agilent). Genomic
DNA (gDNA) was extracted from blood using a Puregene DNA Purifica-
tionKit (Gentra Systems).

RNA-seq

Bulk RNA-seq was performed with a TruSeq RNA ExomeKit (Illumina),
which captures the coding transcriptome and is optimized for sequenc-
ing RNA from FFPE tissues. Pre-hybridization and post-hybridization
capture molecules were amplified using PCR, with 15 cycles each. Final
libraries were assessed using quantitative PCR for quantitation and
TapeStation for fragment size assessment. Libraries were sequenced
onaNovaSeq 6000 (Illumina) using the Xp workflow using 50 base pairs
paired-end sequencing and aminimum read depth of 40 millionreads
persample. The RNA-seqdata processing involved mappingthe reads
to the human reference genome (hg38) using the STAR algorithm?.
Gene-level read counts were collated and normalized to account for
variationsinlibrary size and composition. The analysis was restricted
togenesexpressedinatleastthree samples, withaminimumread count
per million greater than 1. Differential gene expression analysis was con-
ducted using the voom/limma framework*. To identify enriched gene
signatures (Supplementary Table 5) and pathways among the differen-
tially expressed genes, we applied the CAMERA method, acompetitive
gene set test that considers inter-gene correlations”. We defined the
entire set of protein-coding genes as the background. CAMERA was
then employed to analyze the ranked differentially expressed genes for
each contrast, using the standard inter-gene correlation factor of 0.01.

Whole-exome sequencing

Whole-exome sequencing (WES) was performed on DNA extracted
frommacro-dissected FFPE tumor tissue and gDNA from matched nor-
malblood samples as described®. Paired-end FASTQ files from normal
and tumor samples were mapped to the human genome (hg38) using
BWA (version 0.7.17). Unmapped reads were removed, and mapped
reads were sorted and duplicates removed using SAMtools and Picard’s
MarkDuplicates, respectively. Base quality score recalibration was per-
formed using GATK (version 4.5.0.0)*. Somatic mutations were identi-
fied using GATK Mutect2 (version 4.1.8.1) in paired mode and annotated
with VEP (version 108.0)*%. For TMB computation, somatic mutations
were filtered based on criteriaincluding tumor allele frequency (>10%),
read depth (>10 reads), population frequency (<5% in the Genome
Aggregation Database)®, gene location (protein-coding genes), muta-
tiontype (missense, nonsense and nonstop mutations) and mappability
(excluding low mappability regions defined by Amemiya et al.>*). The
total count of somatic mutations per patient, after applying these
filters, was normalized by the length of the target exonic region
(34 megabases) to estimate TMB in units of mutations per megabase.
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Composite scores integrating immune biomarkers and TMB
Composite scores integrating pre-treatment immune biomarker
profiles with TMB were generated using a robust, non-parametric
rank-based method. For each patient, two independent rankings were
computed: (1) a percentile rank based on their baseline immune bio-
marker level (for example, PD-L1expression) and (2) a percentile rank
based on their TMB value. Percentile normalization (0-100 scale)
ensured equal weighting of biomarkers and TMB, regardless of their
absolute scales or dynamic ranges. The final composite score for each
patient was derived as the arithmetic mean of their normalized bio-
marker and TMB percentiles. Higher composite scores reflect con-
current elevation in both immune biomarker levels and TMB. These
scores were treated as continuous variables in downstream analyses
to evaluate their association with response.

ctDNA analysis

A personalized, tumor-informed, 16-plex PCR next-generation
sequencing assay (Signatera RUO; Natera) was used for the longitu-
dinal detection and quantification of ctDNA. In brief, a set of 2-16
patient-specific somatic single-nucleotide variants (SNVs) from WES
results was selected for multiplex PCR (mPCR). The mPCR primers
targeting the personalized SNVs were used to track ctDNA in the cor-
responding patients’ plasmasamples. Cell-free DNA was extracted from
patient plasma (median, 4.6 ml; range, 1.1-5.5 ml) atagiven timepoint
and was used to detect ctDNA. Plasma samples with two or more SNVs
detected were defined as ctDNA positive. ctDNA concentration was
reported in mean tumor molecules per milliliter of plasma®,

Statistical analysis of clinical and safety endpoints
This study was designed to obtain preliminary efficacy, safety and
biomarker data on immunotherapy-based treatment combinations
when administered to patients with melanoma. The study was not
designed with explicit power and type I error considerations for a
hypothesis test.Inapreliminary phase, asample size of approximately
20 patients for the experimental arms in cohort 1 (tobemstomig,
tobemstomig plus tiragolumab and atezolizumab plus tiragolumab)
was considered sufficient to obtain preliminary efficacy and safety
data on treatments or treatment combinations. If promising results
were observedinaninterimanalysis of an experimental arm, the study
had the potential toadd 20 additional patientsin the expansion phase.
Expansion of an experimental arm was gated on observing clini-
cally meaningful pRR in the treatment arm relative to the internal
controlarm. Decisions regarding further development of a treatment
combination were informed by calculating the Bayesian posterior
probability of equal pRR between experimental and controlarms. If the
posterior probability that the pRR was similar was sufficiently high (for
example, >50%), the respective arm could be opened for enrollment
of an additional 20 patients. The final decision-making for expansion
considered the benefit-risk balance of the totality of the data, including
safety data as well as other potential emerging external information.
The efficacy-evaluable population was defined as all patients
who received at least one dose of each drug for their treatment. The
safety-evaluable population was defined as all patients who received
any study treatment. Demographic and baseline characteristics were
summarized using descriptive statistics. pRR, MPR and ORR were
calculated for each arm along with 95% confidence intervals (Clop-
per-Pearson method). Adverse events were summarized and mapped
to the Medical Dictionary for Regulatory Activities thesaurus terms.
Immune-mediated adverse events were summarized by medical con-
cept, and TLND delays due to TRAEs were analyzed. Due to limited
sample size, no stratified analysis was performed, and randomization
stratification by geographicregion and baseline LDH was only applied
to facilitate balance for those factors. No statistical analysis based on
sex was performed as it was used for descriptive purposes only. All
analyses were done using SAS version 9.4 software.

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

Data availability

Qualified researchers may request access to individual patient-level
clinical and biomarker data through the clinical study data request
platform (https://vivli.org/). This trial enrolled across multiple regions,
and national data protectioninterpretations do not enable us to pub-
licly deposit individual patient raw sequencing files. Further details
onRoche’s criteria foreligible studies are available at https://vivli.org/
members/ourmembers/. For further details on Roche’s Global Policy on
the Sharing of Clinical Information and how to request access to related
clinical study documents, see https://www.roche.com/research_
and_development/who_we_are_how_we_work/clinical_trials/our_
commitment_to_data_sharing.htm.

References

26. Gershenwald, J. E. et al. Melanoma staging: evidence-based
changes in the American Joint Committee on Cancer eighth edition
cancer staging manual. CA Cancer J. Clin. 67, 472-492 (2017).

27. Dobin, A. et al. STAR: ultrafast universal RNA-seq aligner.
Bioinformatics 29, 15-21 (2013).

28. Law, C. W. et al. voom: precision weights unlock linear model
analysis tools for RNA-seq read counts. Genome Biol. 15, R29
(2014).

29. Wu, D. & Smyth, G. K. Camera: a competitive gene set test
accounting for inter-gene correlation. Nucleic Acids Res. 40, €133
(2012).

30. Reinert, T. et al. Analysis of plasma cell-free DNA by ultradeep
seguencing in patients with stages | to lll colorectal cancer.
JAMA Oncol. 5, 1124-1131 (2019).

31. Vander Auwera, G. A. & O’'Connor, B. D. Genomics in the Cloud
(O'Reilly Media, 2020).

32. MclLaren, W. et al. The Ensembl Variant Effect Predictor. Genome
Biol. 17,122 (2016).

33. Karczewski, K. J. et al. The mutational constraint spectrum quanti-
fied from variation in 141,456 humans. Nature 581, 434-443 (2020).

34. Amemiya, H. M., Kundaje, A. & Boyle, A. P. The ENCODE blacklist:
identification of problematic regions of the genome. Sci. Rep. 9,
9354 (2019).

Acknowledgements

This study was funded by F. Hoffmann-La Roche, Ltd. The authors
would like to thank M. Dereat, C. Watson, B. Hezelova, A. Blank,

F. Ribeiro, M. Cannarile and B. Gomes and all patients and their
families for their contributions. Medical writing support for the
development of this manuscript, under the direction of the authors,
was provided by R. Benatan of Ashfield MedComms, an Inizio
company, and funded by F. Hoffmann-La Roche, Ltd.

Author contributions

Conception and design: GV.L., N.N., D.C., R.N.A., A.AT, C.R., M.P,

VT., M. Muecke, C.M. and C.B. Provision of study materials or patients:
GV.L.,,N.N,,R.AS., DC., R.N.A,,PAA.,AAT,CR., OH., CG.-M.,, C.L.,
E.M.-C., A.M.M., C.P,, G.C., M. Mandala, C.M. and C.B. Collection and
assembly of data: GV.L., N.N., D.M., R.AS.,R.N.A., A AT, OH., CL.,
E.M.-C., A.M.M., G.C. and M.P. Data analysis and interpretation: GV.L.,
N.N.,D.M.,R.A.S.,SW.,, D.C.,,N.S.,RN.A,PA.A,AAT,CR.,OH.,
CG.-M,,C.L.,E.M.-C,, A.M.M., G.C., M. Mandala, N.J., U.B., M.P., VT,
C.M. and C.B. Manuscript writing and final approval of manuscript:
GV.L., N.N.,D.M.,R.AS.,SW., D.C.,,N.S.,R.N.A,,PAA,A.AT,CR., OH.,
C.G.-M.,C.L.,EMM.-C,, A.M.M., G.C., M. Mandala, N.J., U.B., VT., C.M. and
C.B. Accountable for all aspects of the work: GV.L., N.N., R.N.A., A. AT,
C.R.,O.H., A.M.M.,, G.C., M. Muecke and C.M.

Nature Medicine


http://www.nature.com/naturemedicine
https://vivli.org/
https://vivli.org/members/ourmembers/
https://vivli.org/members/ourmembers/
https://www.roche.com/research_and_development/who_we_are_how_we_work/clinical_trials/our_commitment_to_data_sharing.htm
https://www.roche.com/research_and_development/who_we_are_how_we_work/clinical_trials/our_commitment_to_data_sharing.htm
https://www.roche.com/research_and_development/who_we_are_how_we_work/clinical_trials/our_commitment_to_data_sharing.htm

Article

https://doi.org/10.1038/s41591-025-03967-2

Competing interests

G.V.L. is consultant advisor for Agenus, Amgen, Array Biopharma,
AstraZeneca, Bayer, BioNTech, Boehringer Ingelheim, Bristol Myers
Squibb, Evaxion, Gl Innovation, Hexal AG (Sandoz Company),
Highlight Therapeutics SL, Immunocore, Innovent Biologics USA,
|0Biotech, lovance Biotherapeutics, Merck Sharp & Dohme, Novartis,
PHMR, Ltd., Pierre Fabre, Regeneron, Scancell and SkylineDX BV. N.N.
is an employee of F. Hoffmann-La Roche, Ltd. D.M. is an employee of,
and holds share/stock options for, F. Hoffmann-La Roche, Ltd. R.A.S.
is employed by Sydney Local Health District/Royal Prince Alfred
Hospital; has received fees for professional services from SkylineDx
BV, IO Biotech ApS, MetaOptima Technology, F. Hoffmann-La Roche,
Ltd., Evaxion, Provectus Biopharmaceuticals Australia, QBiotics,
Novartis, Merck Sharp & Dohme, NeraCare, Amgen, Bristol Myers
Squibb, Myriad Genetics and GlaxoSmithKline; is supported by a
National Health and Medical Research Council of Australia (NHMRC)
Investigator Grant (2022/GNT2018514); and has a pending patent
application (application number 2024901602; title: ‘Methods for
identifying skin cancer, administering biopsies and treating skin
cancer’). SW. is an employee of Roche Products UK and reports
shareholder/stock options from Roche Holding. D.C. is an employee of,
and holds share/stock options for, F. Hoffmann-La Roche, Ltd. N.S. is
an employee of F. Hoffmann-La Roche, Ltd. R.N.A. reports funding and
non-financial competing interests (unpaid memberships and advisory
positions) from Roche, Obsidian, KSQ, Regeneron, Immatics and
Erasca. P.A.A. has received funding from Bristol Myers Squibb, Roche/
Genentech, Pfizer and Sanofi and consulting fees from Bristol Myers
Squibb, Roche/Genentech, Merck Sharp & Dohme, Novartis, Pierre
Fabre, Sun Pharma, Immunocore, Italfarmaco, Boehringer Ingelheim,
Regeneron, Pfizer, Nouscom, Medicenna, Bio-Al Health, ValoTX,
Replimmune, Bayer, Erasca, Philogen, Biontech, Anaveon, Genmab
and Menarini. A.AT. has received funding from Roche/Genentech;
research funding from OncoSec, Bristol Myers Squibb, Merck,
OncoSec, Sanofi/Regeneron, Clinigen Group, InflaRx, Acrotech
Biopharma, Pfizer, Agenus, Nested, Simcha, Moderna, Dragonfly

and Scholar Rock; and has served in a consulting or advisory role for
Agenus, Nested, OncoSec, Bristol Myers Squibb, Merck, Novartis,
Sanofi Genzyme, Regeneron, Pfizer, Partner Therapeutics, Eisai,
Bayer, Instil Bio, Teva Pharmaceuticals and ConcertAl. C.R. has
received consulting fees from Pierre Fabre, Sanofi, Bristol Myers
Squibb, Merck Sharp & Dohme, Novartis, Merck, Roche, Pfizer, Sun
Pharma, Ultimovacs, Regeneron, Egle, Philogen and Maat Pharma.
O.H. has received consulting fees from Roche/Genentech. C.G.-M.
has received consulting fees from Bristol Myers Squibb, Sun Pharma,
Merck Sharp & Dohme, Pierre Fabre and IOVANC. C.L. reports funding
(via institution) from Bristol Myers Squibb and Pierre Fabre and
consulting fees from Bristol Myers Squibb, Merck Sharp & Dohme,
Regeneron and Pierre Fabre. E.M.-C. has received consulting fees

from Bristol Myers Squibb, Merck Sharp & Dohme, Merck, Novartis,
Pierre Fabre, Sanofi, Regeneron and Immunocore. A.M.M. has received
consulting fees from, and served on advisory boards for, Bristol Myers
Squibb, Merck Sharp & Dohme, Novartis, Roche, Pierre Fabre and
QBiotics. C.P. has no conflicts to report. G.C. reports consulting fees
from Merck, AstraZeneca, Daichii Sankyo, Roche, Novartis, Pfizer,

Eli Lilly, Menarini, Bristol Myers Squibb, Exact Sciences and Gilead.

M. Mandala has received consulting fees from Novartis, Regeneron,
Bristol Myers Squibb, MSD-Merck and Sun Pharma. N.J. is an employee
of F. Hoffmann-La Roche, Ltd. U.B. is an employee of, and holds share/
stock options for, F. Hoffmann-La Roche, Ltd. M.P. has no conflicts to
report. VT. is an employee of F. Hoffmann-La Roche, Ltd. and has the
following patents or patent applications: WO2023010095A1 (filed by
F. Hoffmann-La Roche AG, Genentech, Inc. and Hoffmann-La Roche,
Inc.; inventors: H. Kao, C. Markert, C. Mclintyre, R. D. Meng, M. Muecke
and V. Teichgraeber; relates to methods and compositions for use

in treating cancer in a patient by administering a bispecific antibody
targeting PD-1and LAG-3). M. Muecke is an employee of, holds share/
stock options for and has received funding from F. Hoffmann-La
Roche, Ltd. C.M. is an employee of Roche Pharma Research and

Early Development and Roche Diagnostics GmbH; holds share/

stock options for Bristol Myers Squibb; and reports patents or patent
applications for WO 2023/279092 A3. C.B. reports advisory roles

for Bristol Myers Squibb, Merck Sharp & Dohme, Roche, Novartis,
GlaxoSmithKline, AstraZeneca, Pfizer, Eli Lilly, GenMab, Pierre Fabre
and Third Rock Ventures; research funding from Bristol Myers Squibb,
Novartis, NanoString Technologies and 4SC; stock ownership at Flindr
Therapeutics (co-founder); and patents (including submitted: WO
2021/177822 A1, N2027907 and PO91040NL2).

Additional information
Extended data is available for this paper at
https://doi.org/10.1038/s41591-025-03967-2.

Supplementary information The online version
contains supplementary material available at
https://doi.org/10.1038/s41591-025-03967-2.

Correspondence and requests for materials should be addressed to
Georgina V. Long or Nitya Nair.

Peer review information Nature Medicine thanks Alexander Huang,
Kim Margolin and the other, anonymous, reviewer(s) for their
contribution to the peer review of this work. Primary Handling Editor:
Saheli Sadanand, in collaboration with the Nature Medicine team.

Reprints and permissions information is available at
www.nature.com/reprints.

Nature Medicine


http://www.nature.com/naturemedicine
https://doi.org/10.1038/s41591-025-03967-2
https://doi.org/10.1038/s41591-025-03967-2
http://www.nature.com/reprints

Article https://doi.org/10.1038/s41591-025-03967-2

% viable tumor % fibrosis % necrosis % pig. macrophages
100~ (]
R=0.99 ® R=0.76 e ®e R=0.93 R=0.79 -~
o s ° e
75- ® ... (%) ..
(<] ® % =
50 - ® ® e o () ® %
()
25 - 2 ° Oy ° s °
o © p © g° o' & o
@ () [5) ‘Q (0]
0-e® ° B> (] )
< 100-
£ R=0.96 8 R=089 R=0.84 R=0.66
% e0° o
o 75- 8
(7] o) (6] ® 8'
%) ) oy
S s0- ° 3
é % ® ) " =:',
T 25 o 0o oo ® 9 ®e ¥ *
% © ’ ‘. - ... Y
2 o-e % o .'
>
o 100- (4]
0 R=0.96 ® R=0.86 ® R=0.73 R=0.55
c
8. 75- ® P >
8 o) ® (6] (0] g
= 50- ©) - +
@© ® 4
Q2 (6] e =
8 25- ® o 0® o0 3
2 °® ‘.. . 8 = ®o
E 0-& 8° 0° o
100 - e
R=0.9 5 R=0.86 R=0.9 R=0.78
75- o0 ° - ®
o o » = z
50 - ° P ° <
<) L ° *
e (&) © @ T.
25- - ° ’
© o () R ® °
0-|. 1 1 1 1 Ih 1 1 1 1 I'. 1 1 1 1 I'. I. 1 1 1
0 25 50 75 100 0 25 50 75 100 0 25 50 75 100 0 25 50 75 100

Pathological response by local assessment

Extended DataFig. 1| Correlation betweenindependent and local
pathological assessment. Scatterplots showing concordance between
independent and local pathological assessments of therapeutic lymph node
dissections from patients with Stage Ill melanoma treated with two cycles of
tobemstomig (n =36), tobemstomig plus tiragolumab (n = 18), atezolizumab plus

tiragolumab (n =18) and nivolumab plusipilimumab (n = 21), respectively. Shown
are percentages of viable tumor, fibrosis, necrosis and pigmented macrophages
asaproportion of the tumor bed. Dots represent individual patients; diagonal
linesindicate perfect agreement between the two assessments. R determined by
Spearman’s rank correlation.

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-025-03967-2

A

100+ Tobemstomig (N = 40*) Best overall response Independent pathological response
] CR pCR
14
K] H PR npCR
7] M SD PPR
E 504 m PO PNR
S NE NE/missing
[N
oo
£ £
S 0 48 00 SD NE SD SD NE SD NE SD SD SD SD SD SD SD NE PR PR PR PR PR PR PR PR PR PR PR PR PR CR PR
n 9 -1
< 8 PO PD PD PD SD NE SD SD SD 16 4g 59 g3 - n
o £ T84T 167 182
- 214 233 .23,
29 -30 35263293204
© - 40.0
< -50 4 TE]
3 -50.0-50.0-50.0-50.9 52,6 -53.3 -54.3 55 g
7 ¥ -60.0 -60.0
@ f -66.7
m PNR pNR npCR NE pNR pPR pNR pPR pCR pPR pPR npCRnpCR pCR NE pPR pCR npCR pNR pPR pCR npCR pPR pCR pCR pCR npCR pCR pCR pCR pCR pCR pCR pCR pCR pCR pCR pCR pCR
Z ) #.
-100 r 1~ 111 1. 1.1 rrrtrrrrTrr1r7T1r 71T 1T 11117 1T T1T1 1 1 1 1 1 1 1 1 T 11
Patients
B 100 i 1 Best I Independent pathological
Tobemstomig + Tiragolumab (N = 20) est overall response ndependent pathological response
7 B PR pCR
] W D PPR
° | PD PNR
£ _ NE NE/missing
s 50
T R
)
c £
©
9 0+
£
[
$E 30
c =
2% 50
< -50 - -
S 471 gy RS
-
] Ind, d hol I'r
]
m pNR  pNR pPR NE NE pNR  pNR pPR pNR pNR pPR pPR  pCR pCR pCR pCR  pCR pCR pCR pCR
-100 T T T T T T T T T T T T T T T T T T T T
Patients
C 1004 . i '
Atezolizumab + Tiragolumab (N = 20) Best overall response Independent pathological response
M PR pCR
4 H SsD npCR
K] M PD pPR
g 50 NE PNR
© NE/missing
T X 25.0
Y=~ 18.9
<) 12.5
g < 6.1 13 sD NE sD NE sD NE
So 04 T—
Z PD NE PD ) sD 53
c£a 23 28 BO -
s £ -30 -19. -20. 214
€2
8% 50
© hol 1
a- P resp
n
'.-an’ pNR NE NE pPNR PNR PNR pPNR PNR PNR pPR npCR PNR npCR PNR pCR pCR npCR pCR pCR pCR
-100 T T T T T T T T T T T T T T T T T T T T
Patients
D 100 . . i
Nivolumab + Iplllmumab (N = 22) Best overall response Independent pathological response
[ CR pCR
o M PR npCR
° W sD pPR
£ | NE PNR
< 50 NE/missing
= o
T
[N
°cg 148
E= 5.1 00 00 00 NE NE NE
20 0
c8 SO sD SD SD  SD
q_, £ -11.8 13,0 -13.3
(=2 0re) -30
c =
© L
= - -
c 90 467 478 500 500 -50.0
-
s pend hol I resp
Q
m pPNR pPR pNR pPCR PNR npCR pCR PCR PNR pCR pCR pCR PCR pCR pCR pCR NE pCR pCR pCR pCR pCR
-100 T T T T T T T T T T T T T T T T T T T T T T
Patients

Extended Data Fig. 2 | See next page for caption.
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Extended Data Fig. 2| Best percentage change in tumor size (RECIST v1.1)

and corresponding pathological response. Waterfall plots showing best
percentage change in tumor size (sum of longest diameters) per patient in the (a)
tobemstomig arm (n =40*), (b) tobemstomig plus tiragolumab arm (n = 20),

(c) atezolizumab plus tiragolumab arm (n = 20), and (d) nivolumab plus
ipilimumab arm (n = 22) per RECIST vl.1criteria. A percentage change above O
indicates anincrease in overall tumor size compared to baseline; a percentage

change below 0 indicates a decrease in overall tumor size compared to baseline.
Thereference line at-30% indicates the RECIST response criteria for target
lesions PR (partial response) as a decrease in the sum of diameters from baseline
ofatleast 30%. *One patient had no post-baseline RECIST tumor assessment.

CR, complete response; NE, not evaluable; npCR, near pathological complete
response; pCR, pathological complete response; pNR, pathological no response;
pPR, pathological partial response; PR, partial response; SD, stable disease.
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Extended Data Fig. 6 | Baseline tumor biomarker correlation matrix.
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node biopsies from patients treated with tobemstomig, tobemstomig plus
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(n=79). Tumor mutational burden (TMB, n = 41) was evaluated only in patients
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Extended Data Fig. 10 | ctDNA dynamics and association with pathological
response. (a) Longitudinal ctDNA levels across timepoints (screening (pre-
treatment), cycle 2day1(C2D1), Week 7 (pre-TLND) and Weeks 10 and 13 (post-
TLND)) in patients treated with tobemstomig or nivolumab plus ipilimumab
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Data collection  The clinical data was collected at each center and processed in electronic case report forms (eCRF) using RAVE. Patients were enrolled
between 2 February 2022 and 8 August 2023. Blinded central pathological review was provided by .csv files mapped together with the clinical
data to SDTM. Sequencing data (DNA and RNA) were collected as Fastq files. No custom algorithms or software were used for analysis.

Data analysis Statistical analysis of the clinical data was performed using SAS version 9.4M8.
The RNA-seq data processing involved mapping the reads to the human reference genome (hg38) using the STAR algorithm. Differential gene
expression analysis was conducted using the voom/limma framework. Paired-end FASTQ files from normal and tumor samples were mapped
to the human genome (hg38) using BWA (v0.7.17). Unmapped reads were removed, and mapped reads were sorted and duplicates removed
using SAMtools and Picard's MarkDuplicates, respectively. Base quality score recalibration was performed using GATK (v4.5.0.0). Somatic
mutations were identified using GATK Mutect2 (v4.1.8.1) in paired-mode and annotated with VEP (v108.0).
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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 The assessment of sex was conducted without a pre-defined methodology and was used for descriptive purposes only.
Investigators reported patients’ sex based on local procedures. Gender was not assessed or reported in this study. No
statistical analysis based on sex was performed as it was used for descriptive purposes only.

Reporting on race, ethnicity, or  Patients' race has been reported in countries where the documentation of race is allowed for descriptive reasons (no

other socially relevant statistical analysis by race or ethnicity were performed).
groupings
Population characteristics Resectable stage Il melanoma patients with one or more measurable lymph node metastases (according to RECIST v1.1) that

can be biopsied, no history of in-transit metastases within the last 6 months, naive for CTLA-4, PD-1 or PD-L1 immunotherapy
and more than 18 years old. Of all patients included, the median age was 63 years and 67% were male, 90% had an ECOG
performance status of 0 and 3% an elevated LDH at baseline.

Recruitment Patients were recruited by either surgical oncologists, dermatologists or medical oncologists from 15 clinical sites in the US,
Europe (Spain, France, Italy) and Australia. Patients were generally referred to the participating study centers by outside
hospitals. No specific bias in recruitment was identified.

Ethics oversight The study protocol was approved by the institutional review board at each participating center and complied with Good
Clinical Practice guidelines, the principles of the Declaration of Helsinki, and local laws. All patients provided written informed
consent.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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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 was not designed to make explicit power and type | error considerations for a hypothesis test. Instead, this study was designed to
obtain preliminary efficacy and safety data on treatments or treatment combinations when administered to patients with melanoma. Patients
were randomly assigned to a control arm (nivolumab + ipilimumab) or an experimental arm consisting of tobemstomig, tobemstomig +
tiragolumab or atezolizumab + tiragolumab. 20 patients were enrolled in the experimental arms in the preliminary phase, with the option to
enroll 20 additional patients during expansion phase if clinical activity was observed. The experimental arm, tobemstomig, was expanded to
the expansion phase.

Data exclusions 102 patients were randomized in Cohort 1 (neoadjuvant setting, in the experimental arms 40 patients in the tobemstomig arm, 20 patients
each in the tobemstomig + tiraoglumab arm and the atezolizumab + tiragolumab arm, and 22 patients in the control nivolumab + ipilimumab
arm). All patients were included in the safety and efficacy evaluable population, no patients were excluded from analysis. 8 further patients
were included in Cohort 2 in the metastatic setting (Cohort 2 is not reported in this article). Inclusion and exclusion criteria were prespecified
in the study protocol.

Replication Experimental replicates were not attempted. Due to limited availability of valuable patient biospecimen, replication of experiments was not




Replication feasible.

Randomization  The study employed a permuted-block randomization method with dynamically changing randomization ratios to account for the fluctuation
in the number of treatment arms that were open for enrollment during the study. Eligible patients were randomly assigned to each treatment
arm using an interactive web-based response system. Randomization was stratified according to geographic region (Australia vs Rest of
World) and baseline lactate dehydrogenase (<=ULN vs >ULN).

Blinding The study was an open-label study, investigators, site staff and patients were aware of the treatment assignment during the study

participation. Different treatment regimens were tested the first time in the patient population in the melanoma neoadjuvant setting for
safety and efficacy. Pathologists were blinded for clinical outcome and treatment arm.

Behavioural & social sciences study design

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

Study description Briefly describe the study type including whether data are quantitative, qualitative, or mixed-methods (e.g. qualitative cross-sectional,
quantitative experimental, mixed-methods case study).

)
Q
g
C
=
()
©
O
5‘:
o
=
—
™
©
O
=
)
Q
wn
C
3
=
Q
>
<

Research sample State the research sample (e.g. Harvard university undergraduates, villagers in rural India) and provide relevant demographic
information (e.g. age, sex) and indicate whether the sample is representative. Provide a rationale for the study sample chosen. For
studies involving existing datasets, please describe the dataset and source.

Sampling strategy Describe the sampling procedure (e.qg. random, snowball, stratified, convenience). Describe the statistical methods that were used to
predetermine sample size OR if no sample-size calculation was performed, describe how sample sizes were chosen and provide a
rationale for why these sample sizes are sufficient. For qualitative data, please indicate whether data saturation was considered, and
what criteria were used to decide that no further sampling was needed.

Data collection Provide details about the data collection procedure, including the instruments or devices used to record the data (e.g. pen and paper,
computer, eye tracker, video or audio equipment) whether anyone was present besides the participant(s) and the researcher, and
whether the researcher was blind to experimental condition and/or the study hypothesis during data collection.

Timing Indicate the start and stop dates of data collection. If there is a gap between collection periods, state the dates for each sample
cohort.
Data exclusions If no data were excluded from the analyses, state so OR if data were excluded, provide the exact number of exclusions and the

rationale behind them, indicating whether exclusion criteria were pre-established.

Non-participation State how many participants dropped out/declined participation and the reason(s) given OR provide response rate OR state that no
participants dropped out/declined participation.

Randomization If participants were not allocated into experimental groups, state so OR describe how participants were allocated to groups, and if
allocation was not random, describe how covariates were controlled.

Ecological, evolutionary & environmental sciences study design

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

Study description Briefly describe the study. For quantitative data include treatment factors and interactions, design structure (e.g. factorial, nested,
hierarchical), nature and number of experimental units and replicates.

Research sample Describe the research sample (e.g. a group of tagged Passer domesticus, all Stenocereus thurberi within Organ Pipe Cactus National
Monument), and provide a rationale for the sample choice. When relevant, describe the organism taxa, source, sex, age range and
any manipulations. State what population the sample is meant to represent when applicable. For studies involving existing datasets,
describe the data and its source.

Sampling strategy Note the sampling procedure. Describe the statistical methods that were used to predetermine sample size OR if no sample-size
calculation was performed, describe how sample sizes were chosen and provide a rationale for why these sample sizes are sufficient.

Data collection Describe the data collection procedure, including who recorded the data and how.
Timing and spatial scale |/ndicate the start and stop dates of data collection, noting the frequency and periodicity of sampling and providing a rationale for
these choices. If there is a gap between collection periods, state the dates for each sample cohort. Specify the spatial scale from which

the data are taken

Data exclusions If no data were excluded from the analyses, state so OR if data were excluded, describe the exclusions and the rationale behind them,
indicating whether exclusion criteria were pre-established.

Reproducibility Describe the measures taken to verify the reproducibility of experimental findings. For each experiment, note whether any attempts to
repeat the experiment failed OR state that all attempts to repeat the experiment were successful.




Randomization Describe how samples/organisms/participants were allocated into groups. If allocation was not random, describe how covariates were
controlled. If this is not relevant to your study, explain why.

Blinding Describe the extent of blinding used during data acquisition and analysis. If blinding was not possible, describe why OR explain why
blinding was not relevant to your studly.

Did the study involve field work? |:| Yes |Z No

Field work, collection and transport

Field conditions Describe the study conditions for field work, providing relevant parameters (e.g. temperature, rainfall).

Location State the location of the sampling or experiment, providing relevant parameters (e.qg. latitude and longitude, elevation, water depth).
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Access & import/export Describe the efforts you have made to access habitats and to collect and import/export your samples in a responsible manner and in
compliance with local, national and international laws, noting any permits that were obtained (give the name of the issuing authority,
the date of issue, and any identifying information).

Disturbance Describe any disturbance caused by the study and how it was minimized.

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.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies [] chip-seq
Eukaryotic cell lines |Z |:| Flow cytometry
Palaeontology and archaeology |:| MRI-based neuroimaging

Animals and other organisms
Clinical data

Dual use research of concern

MXOXXKX[ s
ODOOXOOOKX

Plants

Antibodies

Antibodies used 1) CD8 SP239 Rabbit monoclonal Abcam (ab178089)
2) Ki67 30-9 Rabbit monoclonal Ventana (790-4286)
3) PD-L1 SP263 Rabbit monoclonal Ventana (790-4905)
4) LAG3 17B4 Mouse monoclonal Abcam (ab40466)
5) CD3 SP162 Rabbit monoclonal Abcam (ab135372)
6) Perforin SP476 Rabbit monoclonal Spring (M7764.R)
7) FOXP3 SP97 Rabbit monoclonal Abcam (ab99963)

Validation Antibodies 1 through 7 were validated by the manufacturer as human-reactive for use in IHC or IF.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) State the source of each cell line used and the sex of all primary cell lines and cells derived from human participants or
vertebrate models.

Authentication Describe the authentication procedures for each cell line used OR declare that none of the cell lines used were authenticated.

Mycoplasma contamination Confirm that all cell lines tested negative for mycoplasma contamination OR describe the results of the testing for
mycoplasma contamination OR declare that the cell lines were not tested for mycoplasma contamination.

Commonly misidentified lines  pgme any commonly misidentified cell lines used in the study and provide a rationale for their use.
(See ICLAC register)




Palaeontology and Archaeology

Specimen provenance Provide provenance information for specimens and describe permits that were obtained for the work (including the name of the
issuing authority, the date of issue, and any identifying information). Permits should encompass collection and, where applicable,

export.

Specimen deposition Indicate where the specimens have been deposited to permit free access by other researchers.

Dating methods If new dates are provided, describe how they were obtained (e.g. collection, storage, sample pretreatment and measurement), where
they were obtained (i.e. lab name), the calibration program and the protocol for quality assurance OR state that no new dates are
provided.

|:| Tick this box to confirm that the raw and calibrated dates are available in the paper or in Supplementary Information.

Ethics oversight Identify the organization(s) that approved or provided guidance on the study protocol, OR state that no ethical approval or guidance
was required and explain why not.
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Note that full information on the approval of the study protocol must also be provided in the manuscript.

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals For laboratory animals, report species, strain and age OR state that the study did not involve laboratory animals.

Wild animals Provide details on animals observed in or captured in the field, report species and age where possible. Describe how animals were
caught and transported and what happened to captive animals after the study (if killed, explain why and describe method; if released,
say where and when) OR state that the study did not involve wild animals.

Reporting on sex Indicate if findings apply to only one sex; describe whether sex was considered in study design, methods used for assigning sex.
Provide data disaggregated for sex where this information has been collected in the source data as appropriate; provide overall
numbers in this Reporting Summary. Please state if this information has not been collected. Report sex-based analyses where
performed, justify reasons for lack of sex-based analysis.

Field-collected samples | For laboratory work with field-collected samples, describe all relevant parameters such as housing, maintenance, temperature,
photoperiod and end-of-experiment protocol OR state that the study did not involve samples collected from the field.

Ethics oversight Identify the organization(s) that approved or provided guidance on the study protocol, OR state that no ethical approval or guidance
was required and explain why not.

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

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 = NCT05116202

Study protocol Included with submission
Data collection Patients were enrolled between 2 February 2022 and 8 August 2023; study closure was 28 May 2024.
Outcomes The primary efficacy endpoint was independent pathological review-assessed pRR at the time of surgery, defined as the proportion

of patients with pCR, near-pCR and pPR. Secondary efficacy endpoints were pRR by local pathological assessment and investigator-
assessed ORR per RECIST v1.1 (defined as the proportion of patients with a CR or PR prior to surgery). Safety was an endpoint and
biomarkers were an exploratory endpoint.

Dual use research of concern

Policy information about dual use research of concern

Hazards

Could the accidental, deliberate or reckless misuse of agents or technologies generated in the work, or the application of information presented
in the manuscript, pose a threat to:




Yes

[ ] Public health

|:| National security

|:| Crops and/or livestock
|:| Ecosystems
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|:| Any other significant area

Experiments of concern

Does the work involve any of these experiments of concern:
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Demonstrate how to render a vaccine ineffective

Confer resistance to therapeutically useful antibiotics or antiviral agents
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Enhance the virulence of a pathogen or render a nonpathogen virulent
Increase transmissibility of a pathogen

Alter the host range of a pathogen

Enable evasion of diagnostic/detection modalities

Enable the weaponization of a biological agent or toxin

Oooddooods
Ooogoodd

Any other potentially harmful combination of experiments and agents

Plants

Seed stocks N/A

Novel plant genotypes  N/A

Authentication N/A

ChlIP-seq

Data deposition
|:| Confirm that both raw and final processed data have been deposited in a public database such as GEO.

|:| Confirm that you have deposited or provided access to graph files (e.g. BED files) for the called peaks.

Data access links For "Initial submission" or "Revised version" documents, provide reviewer access links. For your "Final submission" document,
May remain private before publication. | provide a link to the deposited data.

Files in database submission Provide a list of all files available in the database submission.
Genome browser session Provide a link to an anonymized genome browser session for "Initial submission" and "Revised version" documents only, to
(e.g. UCSC) enable peer review. Write "no longer applicable" for "Final submission" documents.

Methodology
Replicates Describe the experimental replicates, specifying number, type and replicate agreement.
Sequencing depth Describe the sequencing depth for each experiment, providing the total number of reads, uniquely mapped reads, length of reads and
whether they were paired- or single-end.
Antibodies Describe the antibodies used for the ChIP-seq experiments; as applicable, provide supplier name, catalog number, clone name, and

lot number.

Peak calling parameters | Specify the command line program and parameters used for read mapping and peak calling, including the ChIP, control and index files
used.




Data quality Describe the methods used to ensure data quality in full detail, including how many peaks are at FDR 5% and above 5-fold enrichment.

Software Describe the software used to collect and analyze the ChiP-seq data. For custom code that has been deposited into a community
repository, provide accession details.

Flow Cytometry

Plots

Confirm that:
|:| 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).
|:| 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 Describe the sample preparation, detailing the biological source of the cells and any tissue processing steps used.

Instrument Identify the instrument used for data collection, specifying make and model number.

Software Describe the software used to collect and analyze the flow cytometry data. For custom code that has been deposited into a
community repository, provide accession details.

Cell population abundance Describe the abundance of the relevant cell populations within post-sort fractions, providing details on the purity of the
samples and how it was determined.

Gating strategy Describe the gating strategy used for all relevant experiments, specifying the preliminary FSC/SSC gates of the starting cell

population, indicating where boundaries between "positive" and "negative" staining cell populations are defined.

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

Magnetic resonance imaging

Experimental design

Design type Indicate task or resting state, event-related or block design.

Design specifications Specify the number of blocks, trials or experimental units per session and/or subject, and specify the length of each trial
or block (if trials are blocked) and interval between trials.

Behavioral performance measures  State number and/or type of variables recorded (e.q. correct button press, response time) and what statistics were used
to establish that the subjects were performing the task as expected (e.g. mean, range, and/or standard deviation across

subjects).
Acquisition

Imaging type(s) Specify: functional, structural, diffusion, perfusion.

Field strength Specify in Tesla

Sequence & imaging parameters Specify the pulse sequence type (gradient echo, spin echo, etc.), imaging type (EPI, spiral, etc.), field of view, matrix size,
slice thickness, orientation and TE/TR/flip angle.

Area of acquisition State whether a whole brain scan was used OR define the area of acquisition, describing how the region was determined.

Diffusion MRI [ ] used [ ] Not used

Preprocessing

Preprocessing software Provide detail on software version and revision number and on specific parameters (model/functions, brain extraction,
segmentation, smoothing kernel size, etc.).

Normalization If data were normalized/standardized, describe the approach(es): specify linear or non-linear and define image types used for
transformation OR indicate that data were not normalized and explain rationale for lack of normalization.
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Normalization template Describe the template used for normalization/transformation, specifying subject space or group standardized space (e.g.
original Talairach, MNI305, ICBM152) OR indicate that the data were not normalized.

Noise and artifact removal Describe your procedure(s) for artifact and structured noise removal, specifying motion parameters, tissue signals and
physiological signals (heart rate, respiration).

Volume censoring Define your software and/or method and criteria for volume censoring, and state the extent of such censoring.

Statistical modeling & inference

Model type and settings Specify type (mass univariate, multivariate, RSA, predictive, etc.) and describe essential details of the model at the first and
second levels (e.qg. fixed, random or mixed effects; drift or auto-correlation).

Effect(s) tested Define precise effect in terms of the task or stimulus conditions instead of psychological concepts and indicate whether
ANOVA or factorial designs were used.

Specify type of analysis: [ | whole brain [ | ROI-based || Both
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Statistic type for inference Specify voxel-wise or cluster-wise and report all relevant parameters for cluster-wise methods.

(See Eklund et al. 2016)

Correction Describe the type of correction and how it is obtained for multiple comparisons (e.g. FWE, FDR, permutation or Monte Carlo).

Models & analysis

n/a | Involved in the study
|:| |:| Functional and/or effective connectivity

|:| |:| Graph analysis

|:| |:| Multivariate modeling or predictive analysis

Functional and/or effective connectivity Report the measures of dependence used and the model details (e.g. Pearson correlation, partial correlation,
mutual information).

Graph analysis Report the dependent variable and connectivity measure, specifying weighted graph or binarized graph,
subject- or group-level, and the global and/or node summaries used (e.g. clustering coefficient, efficiency,
etc.).

Multivariate modeling and predictive analysis  Specify independent variables, features extraction and dimension reduction, model, training and evaluation
metrics.
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