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Safety and activity of RO7300490,  
a bispecific CD40 agonist targeted to 
fibroblast activation protein, in patients 
with advanced solid tumors: a single-arm, 
multicenter, first-in-human, phase 1 trial
 

CD40 activation on dendritic cells (DCs) enhances tumor antigen 
cross-priming of tumor-specific cytotoxic T lymphocytes, strengthening 
anticancer immune responses. RO7300490 is a fibroblast activation protein 
(FAP)-targeted CD40 agonist antibody. In this phase I study, 80 patients with 
advanced and/or metastatic solid tumors received RO7300490 biweekly 
(dose range 16–1,100 mg). The primary objective was to evaluate safety and 
tolerability. Secondary/exploratory objectives included pharmacokinetics, 
antitumor activity and pharmacodynamics. Treatment-related adverse events 
(TRAEs) occurred in 53 patients (66.3%) and were mostly grade 1–2. Grade 3–4 
TRAEs (3.8%) and TRAEs leading to discontinuation (2.5%) were uncommon. 
No grade 5 TRAEs were reported. RO7300490 showed target-mediated drug 
disposition, with sustained exposure at higher doses. No objective responses 
and limited clinical activity (disease control rate 42.5%) were observed 
despite rapid and persistent tumor uptake of radiolabeled RO7300490. 
Intratumoral pharmacodynamic activity was demonstrated by a significant 
increase in DC-LAMP+ DC density in paired tumor biopsies. An increase in 
B cell density was also observed, along with the formation of pretertiary 
lymphoid structures, co-organized in focal micro-neighborhoods with DCs. 
In summary, treatment with a tumor-targeted CD40 agonist antibody is 
feasible, clinically manageable and induces immunomodulation of the tumor 
microenvironment. ClinicalTrials.gov registration: NCT04857138.

CD40 is expressed on antigen-presenting cells (APCs; dendritic cells 
(DCs), macrophages and B cells) and plays a central role in humoral and 
cellular immune responses1. CD40 activation is a promising approach 
for enhancing anticancer immunity2, and several CD40 agonistic mono-
clonal antibodies have been evaluated clinically3; however, high rates 
of cytokine release syndrome (CRS), hepatotoxicity and thrombo-
embolic events due to on-target, off-tumor CD40 activation have 
hampered their development4–9. Notably, the therapeutic window of 

CD40 agonists has been too narrow, resulting in only minor clinical 
effects, even in combination10–12. Fibroblast activation protein α (FAP) 
is expressed on a prominent fraction of cancer-associated fibroblasts 
and displays limited healthy tissue expression, identifying FAP as an 
actionable target for anticancer immunotherapies13–16. FAP is also asso-
ciated with protumor inflammation and suppression of innate and 
adaptive antitumor immunity, and its expression inversely correlates 
with prognosis17,18.
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The most relevant targets for RO7300490-mediated activation 
in cancer immunotherapy are conventional type 1 DCs (cDC1) and 
DC-lysosomal associated membrane protein-positive (DC-LAMP+) 
DCs. The cDC1 subset has high capacity for antigen cross-presentation 
to CD8+ cytotoxic T lymphocytes (CTLs)22,23. Indeed, cDC1s have 
been described as the most potent APCs due to their CTL activation 

RO7300490 is a bispecific, FAP-targeted, CD40 (FAP-CD40) 
agonist antibody19, engineered to exert CD40 agonism only when 
crosslinked to FAP-expressing cancer-associated fibroblasts in the 
tumor stroma of most human epithelial malignancies20. Tumor target-
ing is a key improvement over earlier CD40 agonists, considering the 
broad expression pattern of CD40 (ref. 21).

Table 1 | Patient characteristics

All doses (N = 80) 16 mg (n = 6) 48 mg (n = 4) 140 mg (n = 27) 280 mg (n = 7) 550 mg (n = 32) 1,100 mg (n = 4)

Age, years, median (range) 62.5 (35–77) 67.5 (46–77) 55.5 (35–56) 64 (42–77) 57 (46–75) 63 (40–75) 62 (53–69)

Female 28 (35.0) 4 (66.7) 1 (25.0) 12 (44.4) 2 (28.6) 9 (28.1) 0

Male 52 (65.0) 2 (33.3) 3 (75.0) 15 (55.6) 5 (71.4) 23 (71.9) 4 (100)

ECOG performance status = 0 37 (46.3) 1 (16.7) 3 (75.0) 18 (66.7) 2 (28.6) 11 (34.4) 2 (50.0)

ECOG performance status = 1 43 (53.8) 5 (83.3) 1 (25.0) 9 (33.3) 5 (71.4) 21 (65.6) 2 (50.0)

Previous LoT since diagnosis

One 4 (5.0) 0 0 3 (11.1) 0 1 (3.1) 0

Two 19 (23.8) 0 1 (25.0) 7 (25.9) 3 (42.9) 6 (18.8) 2 (50.0)

Three 26 (32.5) 4 (66.7) 1 (25.0) 11 (40.7) 1 (14.3) 8 (25.0) 1 (25.0)

More than three 31 (38.8) 2 (33.3) 2 (50.0) 4 (22.2) 3 (42.9) 17 (53.1) 1 (25.0)

CPI experienced 65 (81.3) 4 (66.7) 3 (75.0) 23 (85.2) 6 (85.7) 25 (78.1) 4 (100)

Progressed on the last LoT before 
enrollment

73 (91.3) 5 (83.3) 3 (75.0)* 24 (88.9)* 6 (85.7) 31 (96.9)* 4 (100)

Unresponsive (SD) to the last LoT before 
enrollment

4 (5) 1 (16.7) 0 1 (3.7) 1 (14.3) 0 0

Non-small cell lung cancer 19 (23.8) - 1 (25.0) 8 (29.6) 2 (28.6) 6 (18.8) 2 (50.0)

Mesothelioma 14 (17.5) 2 (33.3) - 7 (25.9) - 5 (15.6) -

Cervical squamous cell carcinoma 7 (8.8) 2 (33.3) - 2 (7.4) 1 (14.3) 2 (6.3) -

Triple negative breast cancer 7 (8.8) 1 (16.7) - 3 (11.1) - 3 (9.4) -

Hepatocellular carcinoma 7 (8.8) - - 3 (11.1) 1 (14.3) 2 (6.3) 1 (25.0)

Head and neck squamous cell carcinoma 4 (5) - - - - 4 (12.5) -

Cutaneous melanoma 5 (6.3) - 1 (25.0) - 1 (14.3) 3 (9.4) -

Urothelial cancer 4 (5.0) - - 1 (3.7) - 3 (9.4) -

Small cell lung cancer 4 (5.0) - - 1 (3.7) - 3 (9.4) -

Esophageal squamous cell carcinoma 2 (2.5) - - 1 (3.7) - - 1 (25)

Other 7 (8.8) 1 (16.7) 2 (50.0) 1 (3.7) 2 (28.6) 1 (3.1) -

Progressed on the last LoT before 
enrollment

73 (91.3) 5 (83.3) 3 (75.0)* 24 (88.9)* 6 (85.7) 31 (96.9)* 4 (100)

Unresponsive (SD) to the last LoT before 
enrollment

4 (5) 1 (16.7) 0 1 (3.7) 1 (14.3) 0 0

Non-small cell lung cancer 19 (23.8) - 1 (25.0) 8 (29.6) 2 (28.6) 6 (18.8) 2 (50.0)

Mesothelioma 14 (17.5) 2 (33.3) - 7 (25.9) - 5 (15.6) -

Cervical squamous cell carcinoma 7 (8.8) 2 (33.3) - 2 (7.4) 1 (14.3) 2 (6.3) -

Triple negative breast cancer 7 (8.8) 1 (16.7) - 3 (11.1) - 3 (9.4) -

Hepatocellular carcinoma 7 (8.8) - - 3 (11.1) 1 (14.3) 2 (6.3) 1 (25.0)

Head and neck squamous cell carcinoma 4 (5) - - - - 4 (12.5) -

Cutaneous melanoma 5 (6.3) - 1 (25.0) - 1 (14.3) 3 (9.4) -

Urothelial cancer 4 (5.0) - - 1 (3.7) - 3 (9.4) -

Small cell lung cancer 4 (5.0) - - 1 (3.7) - 3 (9.4) -

Esophageal squamous cell carcinoma 2 (2.5) - - 1 (3.7) - - 1 (25)

Other 7 (8.8) 1 (16.7) 2 (50.0) 1 (3.7) 2 (28.6) 1 (3.1) -

Data are presented as n (%) unless otherwise stated. In total, 80 patients were enrolled in 6 dose-escalation cohorts (16–1,100 mg, n = 29), 2 backfill cohorts (140 mg and 550 mg, n = 19 and n = 24, 
respectively) and 2 imaging cohorts with [89Zr]Zr-RO7300490 (140 mg and 550 mg, n = 4 each; all 8 patients received regular RO7300490 dosing after they completed the one-cycle imaging 
assessment). For the analyses, data from all patients were pooled based on the patient’s assigned dose level (corresponding to the effective dose level received on cycle 1 day 1), irrespective of 
the cohort in which the patient was enrolled or intra-patient dose escalation. *Disease status previous enrollment unknown for 1 patient each in the 48 mg and 550 mg cohorts, and 2 patients in 
the 140 mg cohort. ECOG, Eastern Cooperative Oncology Group; LoT, line of therapy.
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potential24,25. Mice lacking cDC1 cells cannot mount CTL responses26 
and immunotherapy with checkpoint inhibitors (CPIs) is ineffective 
in such mice27,28. DC maturation/activation is essential for effective 
antigen cross-presentation and CD8+ T cell cross-priming29. More-
over, the abundance of cDC1 and DC-LAMP+ DCs subsets in tumor 
biopsies has been associated with improved prognosis and outcomes 
in cancer immunotherapy, supporting their importance in immune 
cell-mediated antitumor responses22,30, including more prominent 
infiltration by CD8+ T cells31. CD40 agonists also activate B cells, whose 
function in antitumor immunity is the subject of intense research as 
part of intratumor tertiary lymphoid structures (TLSs)32.

By preferentially targeting tumor-infiltrating DCs, RO7300490 
aims to enhance their maturation/activation, resulting in increased CTL 
cross-priming against tumor antigens. Data in mice bearing syngeneic 
tumors show antitumor activity and evidence of targeted remodeling 
of the tumor microenvironment (TME) in a FAP-dependent fashion19. 
Here, we report results from an open-label, first-in-human, phase I 
study that evaluated RO7300490 in patients with advanced and/or 
metastatic solid tumors.

Results
Patient characteristics and treatment exposure
Eighty patients were enrolled across ten sites within five countries 
(Denmark, France, Spain, Republic of Korea and the United Kingdom) 
between May 2021 and January 2023 to receive intravenous RO7300490 
(dose range 16–1,100 mg) biweekly (Q2W). Baseline characteristics are 
presented in Table 1. Non-small cell lung cancer (NSCLC; 23.8%) and 
mesothelioma (17.5%) were the dominant indications. Most patients 
had received three or more lines of previous therapy (71.3%), had been 
exposed to ≥1 CPI (81.3%) and had progressive disease (PrD) before 
enrollment. Median treatment duration across all dose levels was 54.5 
days (1–374 days) (Table 2). All patients had discontinued treatment 
at the time of this analysis, mainly due to PrD (75%) or symptomatic 
deterioration (12.5%).

Safety
Treatment-related adverse events (TRAEs) occurred in 53 of 80 patients 
(66.3%) (Table 3). Arthralgia (25 of 80; 31.3%) and asthenia (11 of 80; 
13.8%) were the only TRAEs reported in ≥10% of patients; all events 
were grade 1–2, with no apparent dose relation. CRS (4 of 80; 5%) and 
infusion-related reactions (IRRs; 2 of 80; 2.5%) were all grade 1–2 and 

manageable. Most patients had no change in neutrophil or platelet 
counts (72 of 76 (94.8%) and 68 of 78 (87.2%), respectively). No adverse 
events (AEs) related to radiolabeled RO7300490 were reported.

Five grade 3–4 TRAEs occurred in three patients (3.8%); four were 
transient liver function test elevations (grade 3 alanine aminotrans-
ferase (ALT) increased, grade 3 γ-glutamyltransferase increased and 
grade 4 ALT/aspartate aminotransferase (AST) increased). The fifth 
TRAE was a grade 3 acute myocardial infarction (AMI). During percu-
taneous coronary intervention (PCI), diffuse narrowing of coronary 
arteries with no plaques or thrombi was observed.

No grade 5 TRAEs were reported. Two patients (2.5%) withdrew 
from treatment due to TRAEs (grade 2 drug hypersensitivity event 
associated with elevated IgE level and antidrug antibody (ADA) forma-
tion; grade 3 AMI).

No dose-limiting toxicities (DLTs) occurred during dose-escalation 
up to 1,100 mg, and the maximum tolerated dose (MTD) was not iden-
tified. However, following completion of dose escalation, a patient in 
the 140 mg backfill cohort had two TRAEs (grade 4 ALT/AST increased) 
meeting the definition of DLTs. Both events recovered with corticos-
teroids and did not recur after RO7300490 rechallenge.

Efficacy
Among 73 efficacy-evaluable patients, no objective clinical responses 
were observed per Response Evaluation Criteria in Solid Tumors 
(RECIST) version 1.1 (Fig. 1a). The disease control rate (DCR) was 
42.5% (95% confidence interval (CI): 30.97–54.59) (Table 4). Median 
progression-free survival (PFS) was 50 days (95% CI: 45–85). DCR and 
PFS did not differ between dose levels. Fifteen of 31 patients whose 
best overall response (BOR) was stable disease (SD) remained stable 
for ≥12 weeks (Fig. 1b), and all but one had received CPIs. Exploratory 
analyses based on previous CPI exposure or number of previous lines of 
anticancer therapies did not reveal differences in DCR or PFS between 
subgroups (Supplementary Table 1).

Pharmacokinetics and immunogenicity
Target-mediated drug disposition (TMDD) and sustained exposure 
were observed at higher doses of RO7300490 (Extended Data Fig. 1a). 
RO7300490 pharmacokinetics (PK) was well described by a TMDD pop-
ulation PK model. Volume of distribution (3.17 l, relative standard error 
(RSE) 3.53%) from the central compartment approximated plasma vol-
ume. Clearance (0.0183 l h−1, RSE 8.74%) seemed to be higher than that 

Table 2 | Patient exposure and disposition

All doses (N = 80) 16 mg (n = 6) 48 mg (n = 4) 140 mg (n = 27) 280 mg (n = 7) 550 mg (n = 32) 1,100 mg (n = 4)

Treatment duration, median days 
(min–max)

54.5 (1–374) 47.5 (16–71) 71.5 (57–199) 78 (1–374) 43 (1–155) 43 (1–255) 36 (29–127)

Number of cycles, median (min–max) 4 (1–25) 3.5 (2–6) 6 (5–15) 6 (1–25) 4 (1–11) 4 (1–13) 3.5 (3–9)

Total cumulative dose, median mg 
(min–max)

1,190 (32–12,645) 56 (32–96) 288 
(240–1,876)

840 
(140–10,610)

1,120 
(280–3,890)

2,200 
(550–12,645)

3,850 
(3,300–9,900)

Number of participants who discontinued 
treatment

80 (100) 6 (100) 4 (100) 27 (100) 7 (100) 32 (100) 4 (100)

Reason for discontinuation

Progressive disease 60 (75.0) 3 (50.0) 4 (100) 21 (77.8) 3 (50.0) 26 (81.3) 3 (75.0)

Symptomatic deterioration 10 (12.5) 1 (16.7) 0 4 (14.8) 2 (28.6) 3 (9.4) 0

Adverse event 4 (5.0) 1 (16.7) 0 0 1 (14.3) 1 (3.1) 1 (25.0)

Lack of efficacy 1 (1.3) 0 0 0 0 1 (3.1) 0

Withdrawal by participant 3 (3.8) 1 (16.7) 0 1 (3.7) 0 1 (3.1) 0

Other 2 (2.5) 0 0 1 (3.7) 1 (14.3) 0 0

Data are presented as n (%) unless otherwise specified. Seven patients were dose-escalated during study treatment (1 patient each in the 16 mg, 280 mg and 550 mg dose levels; 4 patients 
in the 140 mg dose level). Twelve patients were treated beyond initial evidence of disease progression until progression was confirmed at the next assessment (1 patient each in the 16 mg 
and 280 mg dose levels; 2 patients each in the 48 mg and 550 mg dose levels; 6 patients in the 140 mg dose level). For the analysis, data from all patients were pooled based on the patient’s 
assigned dose level (corresponding to the effective dose level received on cycle 1 day 1), irrespective of the cohort in which the patient was enrolled or intra-patient dose escalation.
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of a typical IgG1 antibody. Steady-state median concentrations were 
6.56 and 64.5 µg ml−1 for 140 and 550 mg Q2W, respectively. Median 
receptor occupancy (RO; saturation of the target-mediated clearance) 
derived from the TMDD population PK model for 140 and 550 mg Q2W 
was 30.3% and 87.6%, respectively (Extended Data Fig. 1b). Median time 
above 80% RO was 0.83 days (20 h) and 11.8 days, respectively. Satura-
tion of the target-mediated clearance and sustained serum exposure 
during the entire dosing interval was reached at doses ≥550 mg, with 
RO7300490 displaying a half-life of 7 days.

Pre-existing ADAs against RO7300490 were detected in 3 of 
80 (3.8%) patients before treatment, while 8 of 75 immunogenicity- 
evaluable patients developed ADAs during treatment (ADA incidence 
10.7%). None of these patients was reported as treatment-enhanced 
ADA positive. Given the sparse data and low occurrence of ADAs, their 
effect on the PK of RO7300490 could not be assessed. Excluding one 
patient who developed IgE-mediated drug hypersensitivity associated 
with ADA formation, no apparent impact of ADAs was observed on the 
safety profile of the other ADA-positive patients.

Tumor uptake
Despite considerable inter- and intra-patient variability, [89Zr]
Zr-RO7300490 uptake in tumor lesions of patients treated with 
the 140 mg labeled dose was detectable. Signals appeared 24 h 
post-infusion and displayed a best signal-to-background contrast after 
96 h (Fig. 2a and Extended Data Fig. 2). [89Zr]Zr-RO7300490 tumor 
uptake in patients treated with the 550 mg labeled dose was generally 
weaker, and occasionally not visible above background. A moderate 
signal was detected in healthy liver and spleen, which are highly per-
fused organs with high CD40 expression. Liver uptake and colon signals 
observed in some cases were consistent with hepatobiliary clearance of 
radiolabeled antibodies33. Median [89Zr]Zr-RO7300490 tumor-to-blood 
ratio (TBR) for the 140 mg dose 24 h post-infusion was 0.87, rising to 
2.5 and 5.3 after 96 and 168 h, respectively (Fig. 2b). At the 550 mg dose, 
tumor uptake was lower with median TBR of 0.51, 0.97 and 1.6 at 24, 
96 and 168 h post-infusion, respectively, suggesting that RO7300490 
binding sites become saturated with excess unlabeled RO7300490 
co-administered with the trace amount of [89Zr]Zr-RO7300490.  

Table 3 | Safety summary

All doses (N = 80) 16 mg (n = 6) 48 mg (n = 4) 140 mg (n = 27) 280 mg (n = 7) 550 mg (n = 32) 1,100 mg (n = 4)

Participants with at least one AE

AE 79 (98.8) 6 (100) 4 (100) 27 (100) 7 (100) 31 (96.9) 4 (100)

Treatment-related 53 (66.3) 3 (50.0) 3 (75.0) 16 (59.3) 5 (71.4) 23 (71.9) 3 (75.0)

Grade 3–4 AE 31 (38.8) 2 (33.3) 0 11 (40.7) 5 (71.4) 12 (37.5) 1 (25.0)

Treatment-related 3 (3.8) 1 (16.7) 0 3 (3.7) 1 (14.3) 0 0

Serious AE 28 (35.0) 2 (33.3) 0 10 (37.0) 6 (85.7) 9 (28.1) 1 (25.0)

Treatment-related 5 (6.3) 0 0 3 (11.1) 1 (14.3) 1 (3.1) 0

Grade 5 (fatal) AE 1 (1.3) 0 0 0 0 0 1 (1.3)

Treatment-related 0 0 0 0 0 0 0

AE leading to treatment withdrawal 4 (5.0) 1 (16.7) 0 0 1 (14.3) 1 (3.1) 1 (25.0)

Treatment-related 2 (2.5) 1 (16.7) 0 0 1 (14.3) 0 0

AE leading to dose interruption 28 (35.0) 2 (33.3) 0 13 (48.1) 3 (42.9) 9 (28.1) 1 (25.0)

DLT 1 (1.3) 0 0 1 (3.7) 0 0 0

IRR/CRS/hypersensitivity 7 (8.8) 1 (16.7) 0 1 (3.7) 1 (14.3) 4 (12.5) 0

ImAE requiring corticosteroid use 5 (6.3) 1 (16.7) 0 2 (7.4) 0 1 (3.1) 1 (25.0)

Participants with at least one TRAE with occurrence rate ≥ 10%

Arthralgia 25 (31.3) 0 2 (50.0) 7 (25.9) 2 (28.6) 12 (37.5) 2 (50.0)

Grade 1–2 25 (31.3) 0 2 (50.0) 7 (25.9) 2 (28.6) 12 (37.5) 2 (50.0)

Grade ≥3 0 0 0 0 0 0 0

Asthenia 11 (13.8) 2 (33.3) 0 2 (7.4) 0 6 (18.8) 1 (25.0)

Grade 1–2 11 (13.8) 2 (33.3) 0 2 (7.4) 0 6 (18.8) 1 (25.0)

Grade ≥3 0 0 0 0 0 0 0

Number of participants with total neutrophils (Abs) grade change post-baseline

Total 76 5 3 26 7 31 4

No change 72 (94.7) 5 (100) 3 (100) 25 (96.2) 6 (85.7) 30 (96.8) 3 (75)

Grade 1 2 (2.6) 0 0 1 (3.8) 1 (14.3) 0 0

Grade 3 1 (1.3) 0 0 0 0 1 (3.2) 0

Missing 1 (1.3) 0 0 0 0 0 1 (25)

Number of participants with platelets (Abs) grade change post-baseline

Total 78 6 4 26 7 31 4

No change 68 (87.2) 6 (100) 2 (50) 24 (92.3) 7 (100) 26 (83.9) 3 (75)

Grade 1 10 (12.8) 0 2 (50) 2 (7.7) 0 5 (16.1) 1 (25)

Data are presented as n (%). All participants enrolled in the study received at least one dose of RO7300490 and were evaluable for safety. For the analysis, data from all patients were pooled 
based on the patient’s assigned dose level (corresponding to the effective dose level received on cycle 1 day 1). Abs, absolute; ImAE, immune-mediated adverse event.
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These findings demonstrate that RO7300490 accumulates within the 
tumor tissue and that CD40 engagement is saturated at 550 mg.

Peripheral saturation of CD40 binding sites
CD40 RO on circulating lymphocytes was measured to assess 
RO7300490 binding to CD40 (peripheral sink). At the lowest 
dose, RO on B cells reached 100% within 24 hours post-infusion 
before rapidly declining to undetectable levels within 7 days 
(Extended Data Fig. 3a). High RO persisted longer as RO7300490 
doses increased, remaining at 100% over the entire treatment cycle 
at doses ≥280 mg. The dose-dependent RO kinetics on monocytes 
was similar to that seen on B cells (Extended Data Fig. 3b). CD40 RO 
data were consistent with the TMDD-derived RO from PK measure-
ments and TMDD population PK modeling (Extended Data Fig. 1b), 

indicating full saturation of the peripheral receptor sink at ≥550 mg 
over the dosing interval.

Limited RO7300490 peripheral pharmacodynamic effects
RO7300490 led to a marked, dose-dependent reduction of B cell 
count during the first cycle, down by approximately 90% com-
pared to pre-dose levels at the highest dose tested (1,100 mg) 
(Extended Data Fig. 3c). B cell count recovery before the next dose 
administration was dose-dependent at lower doses, but remained sup-
pressed throughout each cycle at doses ≥140 mg. A trend toward B cell 
count recovery in later cycles was observed.

RO7300490 did not result in significant elevation of circulat-
ing cytokines (Extended Data Fig. 3d). There was a minor trend for 
CXCL10 and interleukin (IL)-6 increase at doses >280 mg; maximum 
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Fig. 1 | Clinical activity. a, Best changes from baseline in the sum of the long 
diameters (SLD) of the target lesions for 73 patients who were evaluable for 
efficacy are shown. Each bar represents the results from an individual patient, 
and is color-coded according to the first dose of RO7300490 received.  
The patient’s BOR is indicated under or above each bar. b, Swimmer plot of 15 
patients who remained in SD (15 of 31) for ≥12 weeks. Cancer types are indicated 

on the y axis. Bars represent the duration of study treatment from the first dose 
to the last dose of RO7300490. Three patients discontinued study treatment for 
other reasons than PrD (AE, symptomatic deterioration, lack of efficacy). NE, 
not evaluable; HCC, hepatocellular carcinoma; RCC, renal cell carcinoma; SCC, 
squamous cell carcinoma; SCLC, small cell lung cancer.
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peak concentrations remained within the range of natural biologi-
cal variability. Soluble CD25 concentrations were not altered by 
RO7300490. No signs of peripheral lymphocyte activation were appar-
ent, except for reduced B cell counts, in line with preclinical data and 
the tumor-targeted mechanism of action (MOA)10.

Increased tumor DC-LAMP+ DC density and activation
Immunofluorescence (IF) image analysis from biopsies collected at 
baseline and on-treatment revealed a significantly higher tumor tissue 
density of total DC-LAMP+ DCs, and DC-LAMP+ DCs coexpressing the 
activation markers CD86 or PD-L1, after RO7300490 treatment. Total 
DC-LAMP+ DC density increased in nine of 11 samples in the 140 mg 
cohort (log2 fold change (FC) = 3.14, P value ~ 0.01, degrees of free-
dom (d.f.) = 10; Fig. 3a) and eight of eight samples in the 550 mg cohort 
(log2FC = 2.13, P value ≤ 0.01, d.f. = 7; Fig. 3b). CD86 + /DC-LAMP + DC 
density also increased following treatment at 140 mg (nine of ten 
samples, log2FC = 3.38, P value ≤ 0.01, d.f. = 9) and at 550 mg (eight of 
eight samples, log2FC = 3.9, P value ~ 0.01, d.f. = 7). Similarly, PD-L1+/
DC-LAMP+ DCs in both cohorts increased in density (140 mg, six of 
seven samples, log2FC of means = 3.13, P value = 0.04, d.f. = 6; 550 mg: 
six of eight samples, log2FC = 2.38, P value = 0.04, d.f. = 7). These proxi-
mal pharmacodynamic (PD) effects were independent of whether the 
patient experienced PrD or SD as BOR (Fig. 3 and Extended Data Fig. 4).

The treatment-induced increase in the density of the DC-LAMP+ 
DCs was clearly visible on IF images due to their scarcity in baseline 
biopsy samples (Fig. 3c). It was also confirmed visually that individual 
DC-LAMP+ DCs coexpressed CD86, PD-L1 or both (Fig. 3d), suggesting 
these DCs represent a mature DC subpopulation, consistent with the 
expression of DC-LAMP and its described association with mature 
DCs14. In one case, a focal accumulation of DC-LAMP+ DCs around ves-
sels in lesions collected after treatment was noted (Fig. 3e).

Decreased tumor cDC1 density
cDC1 DC density in tumor tissue decreased after treatment in most 
patients. In the 140 mg cohort, a decrease was observed in eight of 12 
samples (log2FC of means = –0.77, P value = 0.04, d.f. = 11; Fig. 3f). In the 
550 mg cohort, cDC1 decrease was apparent in five of seven samples 
(log2FC = –2.29, P value = ~0.09, d.f. = 6; Fig. 3g). When both cohorts 
were pooled, the reduction in cDC1 density upon treatment reached 
statistical significance (log2FC = –1.23, P value ≤ 0.01, d.f. = 18).

Increased tumor B cell density and focal colocalization with 
DC-LAMP+ DCs
Upon treatment, B cell density in tumor tissue increased in eight of 11 
samples in the 140 mg cohort (log2FC = 1.4, P value ~ 0.1, d.f. = 10) and 
in five of eight samples in the 550 mg cohort (log2FC = 2.5, P value = 0.3, 
d.f. = 7) (Fig. 4a,b). Despite numerical increases, changes were not 

statistically significant, including in a pooled analysis (log2FC = 1.84, 
P value = 0.058, d.f. = 18). B cell activation markers were not consist-
ently altered by treatment (Fig. 4a,b). B cell PD effects were independ-
ent of whether the patient experienced PrD or SD as BOR (Fig. 4 and 
Extended Data Fig. 4).

In patients with increased B cell density, the magnitude of the 
effect was visually striking. Figure 4c shows an increased number of 
enlarged B cell foci after treatment. Of note, the increased B cell foci 
in tissue contrast with the reduction in peripheral B cell count in blood 
(Extended Data Fig. 3c).

DC-LAMP+ DCs were frequently colocalized in scatters or in foci 
together with B cells, forming small lymphocytic aggregates morpho-
logically reminiscent of early TLS (Fig. 4d). However, the limited size of 
these focal structures and the absence of visible high endothelial ven-
ules led us to conclude these were not fully developed and mature TLS.

The cell density of total or activated CLEC10A+ cDC2 or mac-
rophages was not significantly altered by treatment within the tumor 
tissue (Extended Data Fig. 5). No changes in CD8+ T cell infiltration, 
granzyme B effector CD8+ T cells or Foxp3+ regulatory T cells were 
observed in paired biopsies after treatment (Extended Data Fig. 6a,b).

RNA sequencing of tissue PD effects
Paired biopsies were subjected to RNA sequencing to identify 
treatment-induced changes in the expression of individual genes 
(Extended Data Fig. 7a) or sets of genes grouped by pathways using 
published gene signatures (Extended Data Fig. 7b). Gene expression 
analysis showed strong upregulation of the DC-LAMP+-specific genes 
CCL17 and LAMP3 (DC-LAMP) (pooled analysis log2FC = 5, false discov-
ery rate (FDR) <0.01 and log2FC = 1.2, FDR = 0.07 for CCL17 and LAMP3, 
respectively), and induction of the activated DC-LAMP+ signature 
cDC_CCR7 (log2FC = 1.7, FDR = 0.01). A trend was observed for induc-
tion of genes associated with B cells (CR2 and MS4A1) or TLS formation 
(CCL19, CCL21, CCL22 and CXCL13). These gene-specific changes were 
reflected in B cell- and TLS-specific signatures, respectively, confirming 
results obtained by IF analysis. RNA sequencing indicated inflamma-
tory pathway initiation via PTGDS and TNFRSF9 upregulation, whereas 
drug target genes (CD40 and FAP) remained stable. Consistent with 
immunohistology, CD8/cytotoxicity genes trended downward, with 
CTL signatures significantly declining (0.1–0.01 FDR) in a patient subset 
(Extended Data Fig. 7c). Furthermore, significant reductions in mac-
rophage genes (C1QB, MS4A7 and CD209) and signatures suggested 
microenvironment remodeling.

Identifying sensitive patient population characteristics
Using hierarchical clustering on treatment-induced changes in gene 
expression, patients were categorized into two distinct clusters sep-
arated based on positive or negative gene regulation, regardless of 

Table 4 | Summary of efficacy

All doses (N = 73) 16 mg (n = 5) 48 mg (n = 4) 140 mg (n = 26) 280 mg (n = 5) 550 mg (n = 29) 1,100 mg (n = 4)

Overall response rate, % 0 0 0 0 0 0 0

DCR, n (%)
95% CI

31 (42.5)
31.0–54.6

2 (40.0)
5.3–85.3

2 (50.0)
6.8–93.2

13 (50.0)
29.9–70.1

3 (60.0)
14.7–94.7

10 (34.5)
17.9–54.3

1 (25)
0.6–80.6

PFS in days, median (95% CI) 50 (45–85) 50 (44–NE) 64 (43–NE) 80.5 (45–89) 85 (23–NE) 46 (43–86) 88 (37–NE)

Complete response 0 0 0 0 0 0 0

Partial response 0 0 0 0 0 0 0

SD
SD ≥12 weeks

31 (42.5)
15 (20.5)

2 (40.0)
0

2 (50.0)
1 (25.0)

13 (50.0)
6 (23.1)

3 (60.0)
2 (40.0)

10 (34.5)
5 (17.2)

1 (25.0)
1 (25.0)

Progressive disease 39 (53.4) 3 (60.0) 2 (50.0) 13 (50.0) 1 (20.0) 18 (62.1) 2 (50.0)

NE 3 (4.1) 0 0 0 1 (20.0) 1 (3.4) 1 (25.0)

Data are presented as n (%) unless otherwise specified. Seventy-three patients received at least one dose of RO7300490 and had at least one post-baseline tumor assessment after 6 weeks or 
discontinued the study due to symptomatic deterioration and were included in the efficacy-evaluable population.
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whether they received 140 or 550 mg (Extended Data Fig. 7c). Tumor 
samples from patients in cluster I exhibited upregulation of genes 
associated with DC and B cell activation, T cell activation and tumor 
rejection. Tumor samples from patients in cluster II exhibited a reduc-
tion in genes associated with tumor rejection (for example CD8+ T cell 
signatures, IFNγ pathway). Using a logistic regression model for each 
parameter, we investigated if this dichotomous separation was asso-
ciated with clinical or biomarker-derived parameters. Patients with 

NSCLC (all CPI-experienced) were significantly more likely to reside in 
the non-activated cluster II (odds ratio 0.09; P = 0.01). In contrast, three 
of three CPI-naive patients and four of five patients experiencing long 
SD (BOR of SD with a minimum duration of ≥12 weeks) were categorized 
into (activated) cluster I. Associations with CPI pretreatment and long 
SD did not reach statistical significance (P value, >0.1), possibly due to 
low sample numbers.

The reliability of the model prediction was assessed using a calibra-
tion plot, showing good agreement between predicted probabilities 
and observed outcomes, with an area under the receiver operating 
characteristic (ROC) curve of 0.71 (Extended Data Fig. 8).

Correlation between FAP expression and BOR or DC PD effects
The RO7300490 MOA suggests tumor stroma displaying high FAP 
expression would be more likely to elicit CD40 receptor crosslinking 
and subsequent response to treatment19. Although there was a trend for 
a higher median FAP expression in the BOR SD group, the difference ver-
sus FAP expression in the BOR PrD group was not significant (P = 0.16) 
(Extended Data Fig. 9a). When investigating association with PD effects 
(Extended Data Fig. 9b), a trend for a positive correlation between FAP 
expression and increased density in DC-LAMP+ DCs was seen in both 
the 140 mg (R = 0.46, P = 0.15) and 550 mg cohort (R = 0.48, P = 0.23). 
A significant inverse correlation between FAP expression and cDC1 
density was observed in the 550 mg cohort (R = –0.85, P = 0.015). Result 
interpretation requires caution as FAP and DC density assessments were 
performed on separate (non-adjacent) tissue biopsy slides, potentially 
confounding the analysis due to intratumoral variability. When dose 
cohorts were pooled, the increase in DC-LAMP+ and decrease in cDC1 
were significantly correlated with higher FAP expression (DC-LAMP, 
R = 0.47, P = 0.042; cDC1, R = –048, P = 0.045). Representative immuno-
histochemistry (IHC) images of FAP-positive cells in the tumor region 
(epithelium and stroma) of baseline samples from four patients are 
shown in Extended Data Fig. 9c.

Discussion
Results from this first-in-human, phase I study show that single-agent 
RO7300490 was well tolerated and that toxicities were manage-
able. Most AEs were mild-to-moderate and nonserious, including 
at doses demonstrating relevant exposure and proven saturation 
of the peripheral sink. There was no clear trend for a dose-related 
increase in TRAE incidence or severity. The MTD could not be identi-
fied. This therapeutic window is a marked improvement versus those 
achieved by conventional CD40 agonists4,8,34, and reaches a fourfold 
higher safe dose than the second-generation mesothelin-targeted 
bispecific CD40 agonist ABBV-428 (tolerable up to 3.6 mg kg−1)35. This 
is further illustrated by the low incidence of CRS/IRR or decrease in 
white blood cell and platelet counts that are commonly associated 
with CD40 agonists3,4,6–8,34. Transient abnormalities in liver function 
tests indicating hepatocyte cytolysis have also been reported4,6–8,34,35. 
It has been hypothesized that hepatotoxicity might be mediated by 
myeloid cells36,37 and IL-12p40 (ref. 38). Additionally, CD40+ hepatocytes 
undergo apoptosis after CD40 activation39. We observed no change or 
mildly increased transaminases in most patients, a notable improve-
ment versus earlier CD40 agonists. Arthralgia was the most frequent 
TRAE (31.3%). As FAP is overexpressed in osteoarthritic synovium40,41, 
this could be an on-target, off-tumor effect of RO7300490. Of note, 
FAP is identified as a potential factor mediating atherosclerotic plaque 
instability and fibrous cap degradation42,43; however, no cardiovascular 
or cerebrovascular events were observed in studies with FAP-targeting 
monoclonal antibodies15,16,44,45. Although reported as a TRAE, the grade 
3 AMI observed in one patient is unlikely to be a FAP-mediated AE. The 
participant had multiple cardiovascular risk factors and findings during 
PCI were inconsistent with the RO7300490 MOA.

A recurring challenge with targeting CD40 is its widespread expres-
sion, which impacts tolerability of CD40 agonists due to on-target, 
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Fig. 2 | Biodistribution of RO7300490. a, Representative images of baseline 
FDG-PET and post-dosing [89Zr]Zr-RO7300490 PET scans from 2 patients treated 
with an imaging dose of 140 mg or 550 mg, respectively. Darker areas indicate 
high radiolabeled uptake. b, TBR plotted over time post-dosing. In total,  
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89Zr, zirconium-89; SUVMax, maximum standard uptake value.
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off-tumor binding, and also limits their accumulation within tumor 
lesions. Saturation of peripheral CD40 binding sites is a likely prereq-
uisite to allow therapeutic concentrations of RO7300490 to reach the 
tumor. We confirmed that RO7300490 shows a TMDD with sustained 
exposure at higher doses, and a half-life of 7 days at doses ≥550 mg. The 
sustained exposure led to persistent saturation of peripheral CD40 
receptors, without triggering systemic inflammation, throughout the 
treatment cycle as predicted by preclinical models19. Saturation of the 
peripheral sink was further confirmed by [89Zr]Zr-RO7300490-positron 
emission tomography (PET). These analyses also showed that tumor 
uptake of RO7300490 was rapid and persisted over several days. No 
abnormal patterns of RO7300490 accumulation in healthy tissue 
were seen, consistent with the observed safety profile of the molecule.

For comparison, previous CD40 agonists including mitazalimab, 
a CD40 agonistic monoclonal antibody under clinical development, 
showed half-life values between 0.5 and 1 day at the efficacious dose range 
of 42 to 140 mg Q2W in a phase I study8,12. RO7300490 could be safely 
explored at substantially higher doses (up to 1,100 mg Q2W); its wider 
therapeutic window and improved half-life allowed the testing of doses 
achieving transient or persistent saturation of peripheral CD40 receptors.

RO7300490 caused a marked reduction of circulating B cells, as 
observed with other CD40-targeting drugs5,7,8. RO7300490 did not trig-
ger plasma cytokine elevations or severe CRS-related AEs, consistent 
with the intended design of the molecule requiring local, FAP-mediated 
crosslinking for activation of CD40 (ref. 19).

RO7300490 resulted in a notable increase of DC-LAMP+ DC den-
sity in tumor tissue, confirming intratumoral PD activity and thereby 
offering a proof of mechanism. The increase in intratumoral DC-LAMP+ 
DCs was consistently detected by IF and RNA sequencing. In parallel, a 
decrease in cDC1 density to almost undetectable levels was observed. 
This could be explained by overactivation causing cell demise, out-
migration toward tumor-draining lymph nodes, differentiation into 
more mature DCs or a combination of these. The intratumoral density 

increase of DC-LAMP+ DCs and the concurrent decrease of cDC1 precur-
sor cells suggests CD40 crosslinking directly or indirectly induced cDC1 
differentiation toward DC-LAMP+ DCs. This is consistent with literature 
reporting that mature DC-LAMP+ DCs can develop from both cDC1 or 
cDC2 DCs, retaining the respective functional properties of their pre-
cursor cells46. The magnitude of the PD effects on both DC subtypes 
correlated with FAP expression levels in tumor stroma, emphasizing the 
local, tumor-targeted MOA of RO7300490 and its specific biological 
activity on cells expressing high CD40 receptor levels.

DC-LAMP+ DCs are associated with TLS formation and B cell infil-
tration in the tumor47–50. In many patients, RO7300490 led to a notable 
increase in intratumor density and formation of pre-TLS, co-organized 
in focal micro-neighborhoods together with DC-LAMP+ DCs coex-
pressing activation markers. These observations strongly suggest 
that DC-LAMP+ DCs induced by RO7300490 assume an active, immu-
nomodulatory role in crosstalk with proliferating B cells. Previous 
reports have also implicated CD40 signaling with the induction of 
TLS51,52. Of note, intratumoral injection of an Fc-optimized agonist 
anti-CD40 mAb into superficial tumors demonstrated DC activation 
and TLS formation, consistent with our findings53.

Although CD40 engagement by RO7300490 leads to local immu-
nomodulation of the TME, it displayed limited clinical activity in our 
study when administered as a single agent. Induction of regulatory 
T cells by DC-LAMP+ DCs is an unlikely explanation, as their numbers 
did not change upon treatment. Consistent with the lack of evidence 
for single-agent efficacy is the absence of CD8 infiltration and T cell 
activation, a finding that was not unexpected in patients with solid 
tumors who have progressed on prior treatments, including CPIs54,55. 
Some patients who progressed on their previous line of therapy expe-
rienced prolonged SD, which has been associated with better overall 
survival in several solid tumors following different treatments56,57. 
Rational combinations seeking synergy include CPIs, but also other 
experimental agonists or cancer vaccines.

Fig. 3 | PD effects on DC subtypes in tumor. a,b, Infiltration and activation 
status (markers, CD86 and PD-L1) of mature DC-LAMP+ DCs were analyzed by a 
multiplex-IF assay of baseline (BL) and on-treatment (OT) paired tissue biopsies 
at 140 mg (a) or 550 mg (b). Number of paired biopsies tested: for the density 
of DC-LAMP+ cells, n = 19 (140 mg cohort n = 11; 550 mg cohort n = 8); for the 
CD86+DC-LAMP+ cells, n = 18 (140 mg cohort n = 10; 550 mg cohort n = 8); and 
for the PD-L1+DC-LAMP+ cells, n = 15 (140 mg cohort n = 7; 550 mg cohort n = 8). 
Infiltration was determined based on density (number of cells per mm2 tissue) 
and changes were calculated based on log2FC of means. Individual patient results 
are differentiated by color and the cross corresponds to the median value at each 
time point. Labels indicate patient RECIST v.1.1 BOR. Unconnected data points: 
paired sample did not meet quality check criteria and was not included in the 
analysis. c, Representative multiplex-IF images from two patients (pt. I (breast 
cancer, skin lesion) and pt. A (mesothelioma, lung lesion)) showing DC-LAMP+ 
density in paired BL and OT biopsy tissues. Pt. A: samples showing co-staining 
of DC-LAMP with CD86. At BL, no DC-LAMP and/or CD86+ cells are visible. At OT, 
some DC-LAMP+ cells (pink) are visible, and almost all were well positive for CD86 
(yellow). Purple, DC-LAMP; yellow, CD86; blue, 4,6-diamidino-2-phenylindole 
(DAPI) (nuclei). d, Example showing increased magnification with co-expression 

of the activation markers PD-L1 and CD86 on DC-LAMP+ DCs in OT biopsy tissues. 
Purple, DC-LAMP; yellow, CD86; orange, PD-L1; blue, DAPI (nuclei). e, Sample 
with DC-LAMP+ cells focally localized around vessels. Hematoxylin and eosin 
(H&E) images from an OT biopsy (pt. I, breast cancer, skin lesion) capture the 
accumulation of DC-LAMP+ DCs around vessels. DC-LAMP+ cell signals are shown 
superimposed on top of the H&E image. f,g, Infiltration and activation status 
(markers, CD86 and PD-L1) of CLEC9A+ cDC1 were analyzed by a multiplex-IF 
assay of BL and OT paired tissue biopsies at 140 mg (f) or 550 mg (g). Number of 
paired biopsies tested: for the total density of cDC1 cells, n = 19 (140 mg cohort 
n = 12; 550 mg cohort n = 7); for the CD86+ cDC1 cells, n = 14 (140 mg cohort n = 8; 
550 mg cohort n = 6); and for the PD-L1+ cDC1 cells, n = 12 (140 mg cohort n = 6; 
550 mg cohort n = 6). Infiltration was determined based on density (number of 
cells per mm2 tissue) and changes were calculated based on log2FC of means. 
Individual patient results are differentiated by color and the cross corresponds to 
the median value at each time point. Labels indicate patient RECIST v.1.1 BOR. For 
a, b, f and g, patients with paired biopsies from the backfill cohorts were included 
in this analysis. Three patients were removed from the analysis as samples did not 
pass the quality control check; see Supplementary Table 5 for details. Pt, patient; 
NS, not significant.

Fig. 4 | PD effects on tumor B cells and DC-B cell interactions. a,b, Infiltration 
and activation status (markers, CD86 and PD-L1) of CD20+ B cells were analyzed 
by a multiplex-IF assay of BL and OT paired tissue biopsies at 140 mg (a) or 550 mg 
(b). Patients with paired biopsies from the backfill cohorts were included in this 
analysis. Three patients were removed from the analysis as samples did not pass 
the quality control check; see Supplementary Table 5 for details. Number of 
paired biopsies tested: for the total density of B cells, n = 19 (140 mg cohort  
n = 11; 550 mg cohort n = 8); for the CD86+ B cells, n = 16 (140 mg cohort n = 8; 
550 mg cohort n = 8); and for the PD-L1+ B cells, n = 15 (140 mg cohort n = 7; 
550 mg cohort n = 8). Infiltration was determined based on density (number of 
cells per mm2 tissue) and changes were calculated based on log2FC of means.  

Individual patient results are differentiated by color and the cross corresponds to 
the median value at each time point. Labels indicate patient RECIST v.1.1 BOR.  
c, Exemplary multiplex-IF images from two patients (pt. I (breast cancer, skin) 
and pt. G (mesothelioma, abdomen)) capture distribution and frequency of B 
cell foci in the BL and OT paired biopsy tissues. Tumor area annotated in red. 
Light blue circles, B cells distributed in foci; green, CD20; blue, DAPI (nuclei). 
d, Exemplary multiplex-IF images from patient G. Total view on biopsy sample 
and enlarged view on individual foci, displaying the increased DC-LAMP+ DC and 
B cell abundance as well as the colocalization of both cell types on treatment. 
Tumor area annotated in red. Green, CD20; purple, DC-LAMP; blue, DAPI (nuclei).
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It is unclear whether T cells colocalized within the pre-TLS struc-
tures. T cell markers investigated were limited to CD8 and Foxp3 and 
were not included in the multiplex staining with DC and B cell markers. 
It also cannot be excluded that the intratumoral PD-L1+ B cells induced 
by RO7300490 display a regulatory phenotype, as has been shown in 
glioma after administration of systemic anti-CD40 (ref. 52), along with 
induced TLS structures.

Hierarchical clustering of gene expression changes after 
RO7300490 treatment separated the patients into two groups. Cluster 
II, displaying a gene expression profile associated with lack of immune 
cell-mediated tumor rejection, was significantly more likely to contain 
patients with NSCLC, all of which were CPI-experienced. In cluster 
I, displaying a gene expression profile associated with immune cell 
activation, there was a trend for enrichment of CPI-naive patients and 
patients experiencing long SD (≥12 weeks). Although this analysis is 
limited by low patient numbers and a heterogenous patient population, 
the results suggest that certain patient subsets may benefit from CD40 
pathway activation. Considering that the RO7300490 MOA targets and 
activates APCs, it is tempting to speculate that combined treatment 
with an antigen releasing agent to optimize local APC access to tumor 
antigens (for example low dose radiation therapy or chemotherapy) 
and a CPI to further enhance T cell activation may be a promising 
option58, especially in a CPI-naive population, which limits our ability 
to fully assess the clinical activity of the molecule.

Study limitations include the small sample size, nonrandomized 
design and heterogeneous patient population across multiple 
tumor indications.

In conclusion, the clinical therapeutic window for CD40 agonism 
can be safely increased to biologically active doses, in line with the 
expectations for this next-generation targeted CD40 agonist agent. 
Targeting CD40 agonism to the tumor achieves a strong and sustained 
target engagement and tumor tissue immunomodulation. These find-
ings warrant further studies in combination with other anticancer 
agents in earlier therapy lines.

Methods
Study design and patient population
This was an open-label, nonrandomized, multicenter, first-in-human, 
phase I study. The main study (NCT04857138) and the imaging substudy 
(at a single site in Spain) complied with all relevant regulations regard-
ing human study participants, were conducted in accordance with 
the Declaration of Helsinki and were approved by local institutional 
review boards (IRBs) and/or ethics committees (ECs) (CEIC de Navarra, 
EC_2021/2; HRA & HCRW, 21/FT/0031; De VK Region Hovedstaden, 
H-21017757; SNUH IRB, H-2104-078-1211; ASM IRB S2021-0747-0001; 
and CPP Ile de France I, CPPIDF1-2022-DI21-cat.1), with the substudy 
approved as an amendment (CEIC de Navarra, EC_2021/2). Participants 
provided written informed consent and were not compensated. Speci-
men collection and evaluation were in accordance with informed con-
sent. A redacted protocol is included in Supplementary Information.

Intravenous RO7300490 was administered on day 1 of every 
2-week cycle for 24 months or until PrD, unacceptable toxicity, or con-
sent withdrawal. Dose escalation was guided by the modified continual 
reassessment method (CRM) with escalation with overdose control 
design59. The MTD was defined as the dose with the highest probability 
of the DLT rate being within a target interval of 20–35%, with a low prob-
ability (<25%) of the DLT rate exceeding 35%. A two-parameter logistic 
model was used to fit the dose–toxicity relationship, and a minimally 
informative bivariate normal prior was used for the parameters of 
the DLT dose–response curve. Six ascending dose cohorts involving 
≥3 patients were assessed (16 mg, n = 6; 48 mg, n = 4; 140 mg, n = 4; 
280 mg, n = 7; 550 mg, n = 4; and 1,100 mg, n = 4). DLTs were monitored 
from the first dose until 7 days after the second dose. The decision to 
dose escalate was made by the sponsor and investigators following 
review of all available data, including safety and PK, and was guided 

by the CRM. No statistical methods were used to predetermine sample 
sizes, with enrollment into the dose-escalation cohorts determined by 
the operating characteristics of the CRM model, as in similar phase I 
dose-escalation trials.

Additional patients were enrolled into two backfill cohorts 
(140 mg, n = 19 and 550 mg, n = 24) to collect paired baseline and 
on-treatment (day 3 of cycle 3) biopsies for PD analysis. Sample sizes 
were determined empirically, with the aim being to collect approxi-
mately ten evaluable paired biopsies, sufficient to detect a differ-
ence of one s.d. This target was selected based on previous CD8 PD 
analyses in immunotherapy trials,60 accounting for anticipated biopsy 
failure rates.

In the one-cycle, nonrandomized, open-labeled, imaging substudy, 
PET/computed tomography (CT) was used with [89Zr]Zr-RO7300490 to 
determine RO7300490 tissue biodistribution. [89Zr]Zr-RO7300490 was 
manufactured at VU University Medical Center Amsterdam. Patients 
were enrolled into two imaging cohorts, at labeled doses of 140 or 
550 mg, after the safety and tolerability of each dose was confirmed. 
Patients received a single intravenous dose of 135 or 545 mg unlabeled 
RO7300490, followed by 5 mg [89Zr]Zr-RO7300490. Clinical grade 
RO7300490 was coupled with the bifunctional chelator DFO-Bz-NCS 
(Macrocyclics) and labeled with 89Zr (BV Cyclotron VU) according to 
good manufacturing practice standards with validated production 
processes and release criteria61. [89Zr]Zr-RO7300490 was administered 
~40 h after its release. RO7300490 was continued from cycle 2 onwards 
in the main study. Patients in the substudy did not undergo biopsy.

Patients aged ≥18 years with advanced and/or metastatic solid 
tumors that had progressed on previous cancer therapy or were not 
amenable to standard therapy, including NSCLC, small cell lung cancer, 
triple negative breast cancer, cutaneous melanoma, urothelial cancer, 
mesothelioma, hepatocellular carcinoma, head and neck squamous cell 
carcinoma, esophageal squamous cell carcinoma and cervical squa-
mous cell carcinoma, were enrolled. A wash-out period of 28 days or 
five half-lives of previous drug(s), whichever was shorter, was required 
before the first RO7300490 administration. Patients had an Eastern 
Cooperative Oncology Group performance status of 0 or 1, adequate 
bone marrow, renal, hepatic, coagulation and cardiovascular functions 
(Supplementary Table 2), and measurable disease per RECIST v.1.1 crite-
ria. Patients enrolled into the backfill cohorts had lesions that could be 
safely biopsied. Patients with untreated brain metastases, autoimmune 
disorders, coagulopathies or notable comorbidities were excluded.

Safety
The primary end points (incidence, nature and severity of AEs), were 
summarized per dose level. AEs were mapped using MedDRA v.26.1 and 
graded according to National Cancer Institute Common Terminology 
Criteria for Adverse Events v.5.0, except for CRS, which was graded 
using American Society for Transplantation and Cellular Therapy cri-
teria62. AEs considered DLTs are presented in Supplementary Table 3. 
Patients who received ≥1 RO7300490 dose were safety evaluable.

Efficacy
The secondary end points relating to efficacy (objective response rate, 
DCR, duration of response and PFS), were summarized per dose level. 
Tumor assessments were performed at screening, weeks 6, 12, 18 and 
every 12 weeks thereafter, using a CT scan with contrast (or magnetic 
resonance imaging). Responses were categorized according to RECIST 
v.1.1 by the investigator. Patients who received ≥1 RO7300490 dose and 
had ≥1 post-baseline tumor assessment after 6 weeks or discontinued 
the study due to symptomatic deterioration before the first on-study 
tumor assessment were efficacy evaluable. Patients with missing or no 
response assessments were classified as not evaluable unless there was 
documented clinical deterioration, in which case the patient was classi-
fied as a nonresponder. Time-to-event end points were censored at the 
day of the last tumor assessment for patients without documented PrD 
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or death. Exploratory subgroup analyses were performed based on CPI 
status or number of previous lines of anticancer therapy. Prolonged SD 
was defined as disease remaining stable per RECIST v.1.1 for ≥12 weeks 
(84 days) since the start of study treatment.

[89Zr]Zr-RO7300490 tumor uptake
The primary end points of the imaging substudy utilized standardized 
uptake value (SUV) metrics to quantify [89Zr]Zr-RO7300490 uptake 
in tumor lesions and healthy organs. Imaging assessments included 
a baseline [18F]-FDG-PET/CT (FDG-PET) scan and up to four [89Zr]
Zr-RO7300490 PET/CT (89Zr-PET) scans on treatment (2 (day 1), 24  
(day 2), 96 (day 5) and 168 h (day 8) post-infusion). Analysis was per-
formed by a nuclear medicine physician experienced in PET/CT imag-
ing. To quantify specific tumor uptake under different mass doses, TBR 
based on maximum SUV was used, which also considers the uptake sig-
nal in blood (descending aorta as reference region). Tumor lesions with 
positive signal on FDG-PET were segmented using semi-automated and 
manual methods. Relative threshold cutoffs of maximum uptake values 
within any given lesion region were used as starting point. Manual edits 
were made to adjust volume of interest (VOI) boundaries to account for 
missed regions of elevated uptake or to remove regions of high signal 
from adjacent organs. Lesion VOIs delineated on FDG-PET scans were 
transferred to 89Zr-PET scans. If a lesion was identified on FDG-PET but 
no uptake was detected on 89Zr-PET, the VOI were transferred onto the 
89Zr-PET using anatomical landmarks only. Up to ten lesions per patient 
were delineated. All patients consented to the publication of medical 
images using their individual participant ID.

Pharmacokinetics
Characterizing the PK parameters (clearance (CL) and volume of dis-
tribution (V) at steady state) of RO7300490 was a secondary study end 
point. Serum RO7300490 was quantified using a one-step electro-
chemiluminescence immunoassay on the Cobas e411 immunoanalyzer 
platform. Biotinylated rH-Cd40 receptor (rH-CD40-Bi, mono) was 
used as capture molecule, with Ru(bpy) human FAP (huFAP-SRu (NHS)) 
as a detection molecule, and streptavidin-coated complexes were 
visualized with the chemiluminescent co-reactant tripropylamine. 
Calibrators (RO7300490) and quality control samples were analyzed 
in parallel to the test samples using a bioanalytical validated assay.  
The PK-evaluable population included 80 patients who received ≥1 
dose of RO7300490 and had ≥1 PK post-dose sample. Overall, 1,742 
of 1,931 analyzed PK samples were evaluable and 189 (9.79%) were 
below the lower limit of quantification (1.16 ng ml−1). RO7300490 PK 
showed a TMDD, which could be well described by a TMDD population 
PK model using the quasi-steady-state approximation as described by 
Gibiansky and Gibiansky63; evaluation and simulation were carried out 
with NONMEM software v.7.5.1. Graphical analyses were performed 
with R v.4.3.1 using R studio (2023).

Immunogenicity
ADA incidence to RO7300490 was a secondary end point. ADA 
measurements were conducted on the Cobas e411 immunoana-
lyzer platform. Before analysis, test samples, negative controls and 
ADA-positive controls were incubated with a suppressor-reagent that 
binds to soluble (s) FAP in the sample matrix (serum) and blocks sFAP 
from binding to the labeled capture (RO7300490-Bi) and detection 
(RO7300490-Ru) molecules. The chemiluminescent agent was tripro-
pylamine. The ADA-evaluable population included 75 of a total of 80 
patients who received at least one RO7300490 dose and had at least 
one post-baseline ADA sample.

Flow cytometry
The RO of CD40 by RO7300490 was determined using a flow 
cytometry-based assay (see list of antibodies in Supplementary Table 4). 
Whole blood collected in sodium heparin was prepared following 

standard protocols. RO was determined using the bound receptor 
approach with the use of an ADA specific for the PG_LALA mutation 
on RO7300490. The following three conditions were measured: mean 
fluorescent intensity (MFI) of effectively bound RO7300490 (MFI 
effective binding); MFI of negative control binding corresponding to 
background fluorescence (MFI neg control binding); and MFI of satu-
rated RO7300490 binding (MFI saturation binding). The percentage 
of RO was calculated by RO (% = 100 × ((MFI effective binding − MFI neg 
control binding)/(MFI saturation binding − MFI neg control binding)).

Blood samples for immunophenotyping were collected in 
Cyto-Chex Blood Collection Tubes (Streck) and sent at ambient temper-
ature for sample preparation and flow cytometry analysis according to 
validated assay protocols. Cell preparation was carried out according to 
manufacturer’s instructions (https://www.bdbiosciences.com/en-ch/ 
products/reagents/flow-cytometry-reagents/clinical-diagnostics/ 
multitest-6-color-tbnk-kit). A list of antibodies is in Supplementary  
Table 5.

Immune cell subsets (T, B, natural killer (NK) cells and monocytes) 
and RO were analyzed using a standard hierarchical gating strategy on 
CD45+ singlets and lineage markers, comparable to fit-for-purpose vali-
dated methods previously described64. Data acquisition for the CD40 
RO assay was conducted using FACS Canto II (ten-color, three-laser) 
instruments (BD Biosciences). Data acquisition for the phenotyping 
assay was conducted using FACS Canto II (eight-color, three-laser) 
instruments (BD Biosciences). Analysis of CD40 RO and T, B, and NK cell 
assays was conducted using FACSDiva acquisition templates tailored 
to each specific assay (BD Biosciences). Data analysis was performed 
with FACSDiva software (BD Biosciences).

Cytokines
Peripheral cytokine levels were measured by ELISA utilizing the Pro-
tein Simple ELLA Cartridge SPCKC-PS-001845 (CD25/sIL-2R, IL-6, 
IL-8, IP-10/CXCL10).

PD effects in tumor tissue
The PD effects of RO7300490 were investigated in two backfill cohorts 
at 140 and 550 mg. These doses were selected based on the expected 
exposure of RO7300490 in the tumor tissue, considering CD40 RO 
results, population PK dose modeling, and tumor imaging data, and 
allowed testing at exposures that achieved either transient or persis-
tent saturation of CD40. Tumor biopsies were collected pretreatment 
and 48 h after the third cycle, preferentially from the same location.  
All samples were processed and paraffin-embedded according to stand-
ardized histopathology protocols. Formalin-fixed paraffin-embedded 
(FFPE) blocks were sectioned consecutively at 3 µm (IF assay) or 4 µm 
(hematoxylin and eosin stain and IHC assays). Only samples passing 
quality control for sufficient tumor content without necrotic areas and 
excluding major lymph node tissue contamination were included. Due 
to the scarcity and high variability of the cells of interest, particularly 
DCs, data were analyzed by individual dose cohorts and by pooling 
both cohorts. Details on the analyzed biopsy samples can be found in 
Supplementary Table 6.

FAP and CD8/FoxP3/GZMB-triplex IHC
The Ventana FAP (SP325) assay (Ventana Medical Systems) was used 
according to manufacturer’s instructions. A FAP staining protocol 
(list of antibodies in Supplementary Table 7) developed and validated 
with the OptiView detection kit was used to stain FFPE sections on a 
Benchmark ULTRA staining platform. Slides were visually scored by 
a board-certified pathologist. FAP was reported as the percentage of 
FAP-positive cells in the tumor area (epithelium and stroma).

A chromogenic CD8/FoxP3/GZMB-triplex assay protocol was 
applied on FFPE sections using a Ventana Discovery ULTRA platform 
(see list of antibodies in Supplementary Table 7). Whole slide images 
were digitized with a ×20 objective deploying Panoramic scan devices 
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(3DHistech). Upon annotation of the tumor area, CD8/FOxP3/GZMB 
cells were quantified by a validated automatic image analysis scor-
ing algorithm using Visiopharm software and quality checked by 
a pathologist.

LAMP3/CLEC9a/CLEC10a/CD20/CD70/CD68+163/CD86/
CD279-multiplex-IF
A validated custom developed eight-plex IF panel (in situplex) was per-
formed applying Ultivue technology. The markers used were optimized 
for specific identification of DC-LAMP+ mature DCs, CLEC9A+ cDC1 and 
CLEC10A+ classical type2 DCs (cDC2), macrophages (CD68/CD163) and 
B cells (CD20; see list of antibodies in Supplementary Table 8). This 
selection was informed by the analysis of CD40 expression in single-cell 
RNA sequencing datasets on tumor-infiltrating lymphocytes65.

FFPE sections were stained on the BOND RX staining platform. 
Whole slide images were digitized at ×20 magnification. Round 1 and 
2 images were co-registered and stacked with Ultivue’s UltiStacker 
software. Upon annotation, defined cell types were quantified by a 
validated automatic image analysis scoring algorithm using Visiop-
harm software and quality checked by a pathologist. CD70 results were 
noninformative and are not presented.

Immunofluorescence data analysis
For each cell type and feature, samples were excluded if only one time 
point (either baseline or on treatment) was available. As the data do not 
follow a normal distribution and show some extreme values that could 
not be classified as outliers due to lack of abnormalities in the IF images, 
the Wilcoxon signed-rank test (two-sided) was used to determine the 
statistical significance of baseline versus on-treatment comparisons. 
Due to the high variability inherent to IHC data and the different poten-
tial biological considerations for multiple testing corrections, raw  
P values are reported. Corrected P values were also computed using the 
FDR method, after checking for potential high correlations (correlation 
coefficient ≥0.8) between the five different cell types. For example, 
for the density of CD86+ cells, a correlation of 0.94 between cDC2 and 
macrophage cells resulted in 5 − 1 = 4 tests for FDR correction.

Gene expression profiling and data analysis
Total RNA was isolated from macro-dissected FFPE tumor tissue sec-
tions using the QIAGEN AllPrep DNA/RNA FFPE kit according to manu-
facturer’s instructions. RNA was subjected to library preparation with 
the Illumina TruSeq RNA Exome kit, which is a hybridization-based 
assay to enrich coding RNAs from total RNA sequencing libraries. 
RNA libraries were sequenced on a NovaSeq 6000 instrument (Illu-
mina) at a targeted read depth of 25 M per sample. Base calling (BCL) 
was performed with BCL to FASTQ file converter bcl2fastq2 v.2.20.0 
(Illumina). FASTQ files were quality checked with FastQC v.0.11.9 (ref. 
66). Reads were mapped to the human genome using STAR v.2.7.3a and 
default parameters67. Aligned reads were quality checked with MultiQC 
1.9 (ref. 68). Numbers of mapped reads were combined into a single 
value (count) per gene using featureCounts v.2.0.1 (ref. 69) assuming 
a reverse-stranded library and normalized as transcripts per million.  
All samples passed quality control and were retained, except three 
samples that did not pass histology criteria (due to cytology-like mor-
phology on baseline or residual lymph node tissue). Genes expressed 
at >1 counts per million (cpm) in ≥8 samples were further processed in 
R v.4.2.0 (ref. 70) and the packages limma v.3.54.2 (ref. 71) and edgeR 
v.3.40.2 (ref. 72). Differential gene expression analysis was performed 
using all paired samples and genes expressed at cpm >1 in ≥4 samples, 
by applying voom-limma and the model ~ 0 + patient + Visit73. Estimated 
log2 fold changes (log2FC) on-treatment versus baseline across patients 
and FDR-corrected P values were reported. Signature enrichment analy-
sis was performed using CAMERA74. FDR-corrected P values and median 
log2FC across all genes of a signature were reported. Employed signa-
tures were based on previous publications75–78 (Supplementary Table 9). 

To identify distinct groups of patients, we performed hierarchical 
clustering of on-treatment versus baseline signature log2FC values 
per individual as implemented in ComplexHeatmap in R, using default 
parameters (distance = ‘euclidean’, method = ‘complete’) and display-
ing all values as a heatmap. The resulting dendrogram was cut at the 
first level, dividing patients into two distinct groups based on their 
similarity of treatment-induced changes. To assess the association 
between the two patient clusters (Hclust) and patient metadata (vari-
ables IndicationSimple (simplified indication), Long SD (RECIST 1.1 
BOR of SD with a minimum duration of ≥12 weeks), FAP_IHC (FAP levels 
assessed by IHC), ACTARM (backfill cohort arm) and CPI (CPI treatment 
history)), we performed logistic regression analysis using the glm 
function (stats package, R), family = ‘binomial’, and reported results 
as odds ratios and P values.

Statistical analyses
The primary objective was to evaluate the safety and tolerability of 
RO7300490 and identify the MTD. Secondary objectives included 
evaluation of efficacy, PK and immunogenicity. Exploratory objectives 
focused on the drug’s MOA. The imaging substudy objective was to 
evaluate drug tumor uptake.

For safety, efficacy and PK analyses, data were pooled based on the 
patient’s assigned dose level (the effective dose level received on cycle 
1 day 1 for safety and efficacy and the actual dose level received for PK 
analysis), irrespective of the cohort in which the patient was enrolled 
or intra-patient dose escalation. For the analyses of peripheral PD, data 
from the dose-escalation and backfill cohorts were pooled based on 
the patient’s assigned dose level. Descriptive statistics were used to 
summarize baseline characteristics, exposure and disposition, clinical 
efficacy and safety. Kaplan–Meier methodology was used to estimate 
median time-to-event endpoints with associated 95% CI. Descriptive 
statistics were used to summarize PK data and derived RO from the 
TMDD population PK model. Two-tailed t-test and Mann–Whitney 
tests were used to analyze the differences in tumor uptake between 
the imaging dose groups. For detailed description of the methods 
performed to analyze PD data (RNA sequencing and IF data), see the 
respective sections on IF data analysis and gene expression profiling. 
A value of P < 0.05 was considered statistically significant.

Data collection and analysis were performed without blinding. 
Data distributions were assumed to be normal, but this was not formally 
tested. log2 transformation was applied where needed to approximate 
normality, and nonparametric methods were used otherwise.

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

Data availability
For eligible studies, qualified researchers may request access to indi-
vidual patient level clinical data through a data request platform. At 
the time of writing, this request platform is Vivli (https://vivli.org/ 
ourmember/roche/). For up-to-date information on Roche’s Global 
Policy on the Sharing of Clinical Information and how to request access 
to related clinical study documents, see here: https://go.roche.com/ 
data_sharing. Source data for all figures and extended data figures 
have been provided as source data files. All other data supporting the 
findings of this study, along with model specifications, files and quali-
fication, including final modeling parameters, are available from the 
corresponding author on reasonable request. RNA sequencing data 
cannot be made available due to regional secondary data use restric-
tions, data privacy and participant re-identification risks. Medical 
imaging data (DICOM images) are considered sensitive personal health 
information and there is currently no safe environment for sharing 
this kind of data. Anonymized records for individual patients across 
more than one data source external to Roche cannot, and should not, 
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be linked due to a potential increase in risk of patient re-identification. 
Source data are provided with this paper.
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Extended Data Fig. 1 | Pharmacokinetics. a, Median and individual observed 
serum RO7300490 concentrations over time after the first dose of RO7300490 
from evaluable patients who had at least one post-dose PK sample (n = 80). Thin 
lines represent individual profiles, and thick lines represent the median profile 
per dose level. b, Box plot of predicted RO7300490 steady-state TMDD-derived 
RO for the studied dose range on Q2W schedule, based on the TMDD population 

PK model (simulation with n = 1000 simulated subjects). Boxes represent the 
median, the 25th, and 75th percentiles (hinges), 1.5 x IQR (interquartile range, lower 
and upper whiskers). IQR, interquartile range; PK, pharmacokinetics; Q2W, every 
2 weeks; RO, receptor occupancy SS, steady-state; TMDD, target-mediated drug 
disposition.
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Extended Data Fig. 2 | See next page for caption.
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Extended Data Fig. 2 | Overview of tumor targeting and in vivo biodistribution 
of [89Zr]Zr-RO7300490. Representative images of baseline FDG-PET and 
96 hours post-dosing [89Zr]Zr-RO7300490 PET scans for all patients of both 
140 mg (blue) and 550 mg (yellow). Darker areas indicate high uptake of 
radiolabeled [89Zr]Zr-RO7300490. Beside tumor tissue, visible uptake beyond 
background was also observed in non-tumor tissues with known FAP expression, 

like healing rib cage bone fractures (ESCC) and arthritic joints (CSCC). CSCC, 
cutaneous squamous cell carcinoma; ESCC, esophageal squamous cell 
carcinoma; HCC, hepatocellular carcinoma; NSCLC, non-small cell lung cancer; 
SCLC, small cell lung cancer; TNBC, triple negative breast cancer; SUV, standard 
uptake value.
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Extended Data Fig. 3 | RO and PD effects in the periphery. Six cohorts were 
dosed with RO7300490 ranging from 16 up to 1100 mg, see legend for color-
coding. Each dosing period is labeled by Cycle ® and the Day (D) at which the 
sample was collected, for example C1D1 is the first day of the first treatment 
cycle. All safety-evaluable patients were included in this analysis (n = 80). 
Symbols represent mean measurements of single replicates of patient samples 
grouped per dose and time point. Error bars represent standard deviations.  

a, b, The percentage of CD40 RO on peripheral blood CD19 + B cells a, and 
peripheral blood CD14+ monocytes b, determined by flow cytometry is shown. 
The RO was measured before infusion and at several time points post EOI. c, The 
change from baseline of CD19 + B cell counts (plotted as % change from baseline) 
was measured using a whole blood flow cytometry-based assay. d, Plasma levels 
in pg/mL of IL-8, sIL-2R, CXCL10 and IL-6 measured by Ella. C, cycle; CFB, change 
from baseline; D, day; EOI, end of infusion; RO, receptor occupancy.
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Extended Data Fig. 4 | See next page for caption.
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Extended Data Fig. 4 | Immune cell subpopulation density analyzed by IF or 
IHC and their correlation with BOR response. Baseline immune cell densities 
a, c, e, g and immune cell density changes on treatment b, d, f, h were plotted 
according to BOR of SD and PrD. a, b, DC-Lamp density and change upon 
treatment. c, d, cDC1 density and change upon treatment. e, f, B cell density and 
change upon treatment. g, h, CD8 T-cell density and change upon treatment. 
For this figure, backfill cohort patients with at least one response assessment 
were used. Three patients were removed from the analysis as biopsy samples did 

not pass the quality check, see Table S9 for details (n = 27). The lower and upper 
hinges of the box plot correspond to the first and third quartiles (the 25th and 
75th percentiles). The middle bold line represents the median. The upper whisker 
extends from the hinge to the largest value no further than 1.5 x IQR (interquartile 
range) from the hinge. The lower whisker extends from the hinge to the smallest 
value at most 1.5 x IQR of the hinge. For better visualization, some of the graphs 
are plotted as log transformed y axis. Density is given as the number of cells/mm2 
tissue.

http://www.nature.com/natcancer


Nature Cancer

Article https://doi.org/10.1038/s43018-026-01157-8

Extended Data Fig. 5 | Summary heatmap visualizing Log2 fold changes 
(Log2FC) of tissue APC subsets investigated by multiplex-IF in the paired BL 
and OT biopsies. DC-LAMP: marker for mature DC-LAMP+ DCs, CLEC9A: cDC1; 
CLEC10A: cDC2; B cells: CD20; macrophages: CD68/CD163. Log2 fold changes 
from BL to OT samples are shown visually for both cohorts separately and for the 

pooled data, aggregating both cohorts together. Log2 fold changes of total cells 
and cells coexpressing CD86 or PD-L1 activation markers are shown, respectively. 
BL, baseline; DC-LAMP + DC, DC-lysosomal associated membrane protein-
positive dendritic cell; OT, on-treatment.
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Extended Data Fig. 6 | Infiltration and activation status of CD8 T cells  
(total cell density) and CD8 T cells positive for granzyme B as well as FoxP3+ 
cell regulatory T cells analyzed by IHC on BL and OT paired tissue biopsies 
from individual patients dosed at 140 mg (a) or 550 mg (b). Density is given 
as the number of cells/mm2 tissue. Unconnected data points: paired sample 

did not meet quality check criteria. Labels indicate patient RECIST 1.1 BOR. 
Unconnected data points: paired sample did not meet quality check criteria and 
was not included in the analysis. BL, baseline; BOR, best overall response; GZMB, 
Granzyme B; IHC, immunohistochemistry; OT, on-treatment; pt, patient; SD, 
stable disease; PrD, progressive disease.
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Extended Data Fig. 7 | See next page for caption.
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Extended Data Fig. 7 | RNA-Seq analysis of macro-dissected, paired biopsy 
tissues. Gene expression changes are visualized as heatmaps with the color 
corresponding to Log2FC of OT versus BL. All patients with paired biopsies from 
the backfill cohorts were included in this analysis, except for three samples 
which did not pass QC, see Table S5 for details. Number of evaluable paired 
biopsies tested: n = 20; 140 mg cohort n = 12; 550 mg cohort n = 8. OT-BL: Fold 
changes estimated across patients from both cohorts, or the 550 mg or 140 mg 
cohort, respectively. a, Aggregated Log2FC for selected genes, grouped and 
annotated by function. b, Aggregated Log2FC for selected gene signatures 
obtained from the public domain (see Methods and Table S9). c, Hierarchical 
clustering of signature Log2FC at patient level enables associations of gene 
expression changes with clinical and biomarker parameters. Overview of Log2FC 
OT versus BL for all individual patients (columns) and selected gene signatures 
(rows) as well as clinical parameters – response, SD for ≥12 weeks (Long SD), 
dose group, prior CPI status (naïve vs experienced), FAP expression at baseline 

(FAP – based on IHC, FAP_RNA – based on RNA-seq) and indication. Samples are 
hierarchically clustered, and the Hclust highlighted. Table below the hierarchical 
clustering (Extended Data Fig. 7c): logistic regression analysis for the association 
between the predictor variables CPI, FAP positivity, dose and indication (NSCLC 
or other indication) and the dose level and the cluster membership. We also 
show the association between cluster assignment and response in a logistic 
regression model predicting response based upon the clustering. Wald test 
statistics and corresponding p-values assess the significance of each predictor 
variable. Cluster II includes only experienced patients, thus rendering the 
logistic regression unestimable for CPI, with unrealistic odds ratio. There was no 
statistically significant association between cluster assignment and response 
in a logistic regression model (p > 0.1) predicting response based upon the 
clustering. BL, baseline; CPI, checkpoint inhibitors; FDR, false discovery rate; 
Log2FC, Log2 fold changes; OT, on-treatment.
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Extended Data Fig. 8 | Calibration plot for logistic regression model predicting 
Cluster II membership based on NSCLC indication. To evaluate the reliability of 
the model predicting Cluster II membership based on NSCLC status, we assessed 
calibration using a calibration plot. The model showed good agreement between 
predicted probabilities and observed outcomes. X-axis: the predicted probability 
of being in Cluster II. Y axis: actual observed frequency of membership to cluster 

II. Predicted probabilities ranged from 0.2 to 0.73, aligning well with observed 
frequencies. The diagonal line represents perfect calibration. The model showed 
good calibration, with an area under the ROC curve (AUC) of 0.71, indicating 
reasonable discriminatory ability and calibration. Shaded area indicates 95% 
confidence interval from 1,000 bootstrap resamples.

http://www.nature.com/natcancer


Nature Cancer

Article https://doi.org/10.1038/s43018-026-01157-8

550 mg140 mg

550 mg140 mg

C
el

l d
en

si
ty

 d
iff

er
en

ce
 (c

el
ls

/m
m

2 )

FAP staining positive at BL (%)

0

0

50

100

-30

-20

R = −0.097, P = 0.76 R = −0.85, P = 0.015

R = 0.46, P = 0.15 R = 0.48, P = 0.23

10

0

-10

20 40 60 80

0 20 40 60 80

0 20 40 60 80

0 20 40 60 80

cD
C

1
D

C
-L

AM
P

140 mg 550 mg

a b

PrD

140 mg

Cohort

Response

550 mg

SD

PrD

0

Cohort

95% CI p-valueOdds
Ratio

0.110.99–1.081.03FAP at
Baseline 

0.100.05–1.220.27Arm
550 mg

60

40

20

80

SD
Response

FA
P 

po
si

tiv
ity

 a
t B

L 
(%

)

c
Pt. L

Pt. N

Pt. J

Pt. P

Extended Data Fig. 9 | Correlation of FAP expression with response and PD 
effects. a, Baseline FAP expression and correlation with response-comparable 
FAP expression. FAP expression levels (% FAP-positive stroma) were analyzed 
by IHC in BL tumor tissues. Interpretation of odds ratio estimates: similar FAP 
positivity values at baseline for PrD and SD response status. Backfill cohorts’ 
patients with at least one response assessment were used. Three patients were 
removed from the analysis as biopsy samples did not pass the quality check, 
see Table S5 for details (n = 27). The lower and upper hinges of the box plot 
correspond to the first and third quartiles (the 25th and 75 percentiles). The 
middle bold line represents the median. The upper whisker extends from the 
hinge to the largest value no further than 1.5 x IQR from the hinge. The lower 
whisker extends from the hinge to the smallest value at most 1.5 x IQR of the 
hinge. Slightly greater median value for BOR = SD. Table, Logistic regression 
analysis for the association between the predictor variables FAP positivity 
at baseline and the dose level, and the binary outcome variable or response 
status (PrD or SD). Wald test statistics and corresponding p-values assess the 
significance of each predictor variable. b, FAP positivity of BL tissues assessed by 

IHC was correlated with the magnitude of the response of mature DC-LAMP + DC 
or cDC1, analyzed by multiplex-IF, in paired tumor tissue biopsies. The difference 
in OT – BL cell density is depicted on the y axis. Gray dashed line indicates the 
expected cell density difference using a linear regression model with predictor 
variables being the FAP positivity at BL. The Pearson correlation coefficient ® 
and its significance status (two-sided p-value) is indicated in the top of each 
subplot. Patients in the backfill cohorts with two DC-LAMP measurements at BL 
and OT. Four patients were removed from the analysis as samples did not pass the 
quality check, see Table S5 for details (total n = 19). c, Representative IHC images 
of FAP-positive cells in the tumor region (epithelium and stroma) of BL samples, 
showing a purely stromal staining pattern (patient IDs L and J) or a mixed pattern 
(patient IDs N and P), at 10x magnification. BL, baseline; BOR, best overall 
response; cCD1, cDC1, conventional type 1 DCs; CI, confidence interval; DC-
LAMP + DC, DC-lysosomal associated membrane protein-positive dendritic cell; 
FAP, fibroblast activation protein; OT, on-treatment; PrD, progressive disease; 
SD, stable disease.
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