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Cibisatamab and FAP-4-1BBL in 
microsatellite-stable colorectal  
cancer: a phase 1b trial
 

Ignacio Melero    1,2,19, Tamara Tanos3,19, Emiliano Calvo Aller    4, 
Camilla Qvortrup5, Marloes van Dongen6, Iosune Baraibar    7, 
Seung-Hoon Beom8, Fiona Thistlethwaite    9, Maria del Carmen Riesco10, 
Maria Martinez Garcia    11,12, Victoria Woodcock    13, Tae Won Kim    14, 
Pablo Umana15, Christine McIntyre16, Lining Chen3, Christian Heichinger    3, 
Heather Hinton3, Tulun Saylan3, Iakov I. Davydov    17, Ernesto Guarin3, 
Axel Boehnke    3   & Victor Moreno    18

We evaluated cibisatamab, a carcinoembryonic antigen (CEA)-directed 
CD3 T cell-engaging bispecific antibody, in combination with FAP-4-1BBL, 
a fibroblast activation protein (FAP)-targeted 4-1BB ligand providing 
tumor-localized co-stimulation, in an open-label phase 1b dose-escalation 
study in patients with microsatellite-stable (MSS) metastatic colorectal cancer 
(mCRC) progressing after two or more prior therapies. Patients received 
cibisatamab with escalating doses of FAP-4-1BBL weekly or every 3 weeks 
after obinutuzumab pretreatment to mitigate anti-drug antibody formation. 
The primary endpoint was safety; secondary endpoints included antitumor 
activity, pharmacokinetics and biomarker analyses. Among 52 treated 
patients, the combination showed a manageable safety profile. Dose-limiting 
toxicities occurred in 2 out of 52 patients (3.8%). Cytokine release syndrome 
(CRS) occurred in 30 out of 52 patients (57.7%; grade ≥3: 2 out of 52, 3.8%) 
and was manageable; after a cycle 1 cibisatamab dose reduction to 60 mg, 
serious CRS occurred in 4 out of 27 patients (14.8%; grade ≥3: 0 out of 27). 
Gastrointestinal toxicities consistent with CEA-directed T cell engagement 
were observed. Colitis occurred in 7 out of 52 patients (13.5%), including 
immune-mediated enterocolitis and one fatal cytomegalovirus colitis. No 
maximum tolerated dose of FAP-4-1BBL was established. Confirmed partial 
responses were observed in 7 out of 52 patients (13.5%). Pharmacodynamic 
analyses demonstrated systemic immune activation, including increased IFNγ, 
soluble CD25, soluble 4-1BB (CD137) and activated, proliferating CD8+ T cells. 
Paired tumor biopsies showed increased intratumoral CD8+ and CD8+Ki67+ 
T cell infiltration. These findings demonstrate the feasibility of combining 
tumor antigen-directed T cell engagement with localized co-stimulation, with 
evidence of immune activation and preliminary antitumor activity supporting 
further clinical development. ClinicalTrials.gov identifier: NCT04826003.
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drug and were analyzed for safety and efficacy. Baseline characteristics 
and demographics are summarized in Table 1, and patient disposition 
is shown in the CONSORT diagram (Fig. 1a,b). The safety and efficacy 
analyses were conducted in all patients who received at least one dose 
of study treatment (n = 52).

The study comprised two parts. Part 1 evaluated safety, pharmaco
kinetics and pharmacodynamics during weekly (QW) escalation of  
FAP-4-1BBL. Part 2 explored doses deemed safe in part 1 using every-
3-week (Q3W) dosing (Extended Data Fig. 1a,b). Cibisatamab was 
administered Q3W in both parts.

Initially, cibisatamab was given at 100 mg from cycle 1 (part 1 
cohorts 1 and 2; part 2 cohort 1). After a grade 3 CRS event, the cycle 1  
dose was reduced to 60 mg from part 1 cohort 3 and part 2 cohort 2 
onward, with escalation to 100 mg from cycle 2 (60 → 100 mg).

Study design and dosing schedules are shown in Extended Data  
Fig. 1a,b, with baseline characteristics and cohort dose levels summa-
rized in Table 1 and in the CONSORT diagrams (Fig. 1). Dose escalation 
of FAP-4-1BBL in combination with cibisatamab was discontinued for 
strategic reasons before a maximum tolerated dose (MTD) was defined.

Primary outcomes
Safety and tolerability. Treatment with cibisatamab plus FAP-4-1BBL 
was associated with immune-mediated adverse events consistent  
with the known safety profile of T cell-engaging therapies and prior 
clinical experience with cibisatamab, with most events occurring dur-
ing the early treatment cycles. Patients routinely received low-dose 
corticosteroid and non-steroidal anti-inflammatory premedication 
prior to infusions. The highest FAP-4-1BBL doses administered were 
130 mg QW and 90 mg Q3W. Two dose-limiting toxicities (DLTs) were 
observed: presyncope (grade 3 serious adverse event (SAE), related 
to FAP-4-1BBL) in the cibisatamab 100 mg plus FAP-4-1BBL 35 mg QW 
cohort and CRS (grade 3 SAE, related to both cibisatamab and FAP-4-
1BBL) in the cibisatamab plus FAP-4-1BBL 50 mg QW plus cohort. A 
summary of treatment-emergent adverse events is presented in Table 2, 
and details by cohort are provided in Extended Data Tables 1 and 2.

All patients (52 out of 52) experienced at least one adverse event. 
The most common (≥30%) were fatigue (63.5%), CRS (57.7%), diarrhea 
(55.8%), pyrexia (50.0%), decreased appetite (44.2%), cough (32.7%), 
anemia (32.7%), nausea (30.8%) and arthralgia (30.8%) (Table 2 and 
Extended Data Tables 1 and 2). Grade 3 or higher adverse events 
occurred in 38 patients (73.1%), and SAEs occurred in 34 patients 
(65.4%). Four patients (7.7%) experienced grade 5 events (sepsis, sud-
den death, general physical health deterioration and cytomegalovirus 
(CMV)-related colitis); the former two were not considered treatment 
related, whereas general physical health deterioration and CMV-related 
colitis were. The event coded as ‘general physical health deterioration’ 
reflects progressive clinical decline in the context of advanced disease 
without a clearly identifiable alternative cause.

Dose interruptions or modifications of FAP-4-1BBL occurred 
in 21 patients (40.4%), and adverse events resulted in treatment dis-
continuation in eight patients (15.4%). Adverse events considered 
related to FAP-4-1BBL led to dose modification or interruption in 
17 patients (32.7%) and to treatment discontinuation in one patient 
(1.9%) (Table 2 and Extended Data Table 1). Adverse events by dose 
level showed no clear dose-dependent increase in grade 3 or higher 
toxicity, although higher-dose weekly cohorts demonstrated a trend 
toward increased incidence of gastrointestinal and immune-mediated 
events (Extended Data Table 1)

CRS occurred predominantly during cycle 1 (median onset, day 
2) and was grade 1 in 25 patients (48.1%), grade 2 in 4 patients (7.7%) 
and grade 3 in 2 patients (3.8%). Serious CRS events were reported 
in 13 patients (25.0%) overall, including 4 out of 27 patients (14.8%) 
treated with cibisatamab 60 mg in cycle 1 followed by 100 mg from 
cycle 2 (Table 2 and Extended Data Table 3). CRS was managed per pro-
tocol and institutional guidelines with supportive care (antipyretics, 

Immune checkpoint inhibitors have substantially improved outcomes 
in CRC with mismatch repair deficiency or high microsatellite instability 
(dMMR/MSI-H)1. However, more than 85% of patients have mismatch 
repair proficient (pMMR)/MSS disease2, which is typically character-
ized by limited immune infiltration and poor responsiveness to current 
immunotherapies3,4, resulting in a persistently poor prognosis in the 
metastatic setting. Effective therapeutic strategies for this population 
remain an unmet need.

T cell receptor (TCR)-engaging therapeutics can activate cyto-
toxic T cells and have demonstrated clinical benefit in hematologic 
malignancies5,6 and, more recently, in selected solid tumors7,8. None-
theless, extending these approaches to non-inflamed tumors such as 
pMMR/MSS CRC remains challenging.

Effective activation of T lymphocytes requires integration of multi-
ple signals. In the classical two-signal model of T cell activation9, signal 
1 is provided by recognition of peptide–MHC complexes by the TCR, 
whereas signal 2 is delivered through co-stimulatory receptors that 
amplify TCR signaling10. In the absence of adequate co-stimulation, 
TCR engagement alone can result in incomplete activation or 
functional tolerance11.

Among inducible co-stimulatory receptors, 4-1BB (also known as 
CD137 or TNFRSF9) is upregulated after T cell activation and promotes 
proliferation, survival, memory differentiation and cytotoxic function 
upon engagement with its ligand or agonistic antibodies10,12–14. Combin-
ing targeted TCR engagement with complementary co-stimulatory 
signals may, therefore, enhance the magnitude and durability of anti-
tumor T cell responses.

Cibisatamab is a 2:1 T cell bispecific antibody that targets CEA,  
expressed in more than 80% of CRCs, and CD3ε on T cells15,16. By 
simultaneously binding CEA and CD3ϵ, cibisatamab induces 
T cell activation independently of native TCR specificity, resulting in 
lymphocyte-mediated tumor cell killing16,17. In a previous phase 1 study 
of cibisatamab monotherapy in CEA-positive solid tumors, preliminary 
antitumor activity was observed, with confirmed partial responses 
in 4.0% of evaluable patients and a median duration of response of 
6.5 months18.

We hypothesized that the antitumor activity of a T cell engager 
such as cibisatamab could be enhanced by spatially restricted 
co-stimulation mediated by a FAP-targeted 4-1BB ligand (FAP-4-1BBL). 
This concept is supported by preclinical co-culture models of tumor 
organoids and FAP-expressing cancer-associated fibroblasts (CAFs)19. 
FAP-4-1BBL enables selective 4-1BB engagement within FAP-expressing 
tissues, including the tumor microenvironment and tumor-draining 
lymph nodes13,20. In a first-in-human dose-escalation study, FAP-4-
1BBL (RO7122290) monotherapy showed modest clinical activity but 
demonstrated an acceptable safety profile and evidence of increased 
intratumoral T cell infiltration13.

Here we report the results of the phase 1b dose-escalation study 
evaluating the combination of cibisatamab and FAP-4-1BBL after obinu-
tuzumab pretreatment in patients with heavily pretreated MSS mCRC. 
Obinutuzumab pretreatment to deplete B cells was required because of 
induction of anti-drug antibodies (ADAs) by cibisatamab21. We further 
contextualize these findings in the combination setting by comparison 
with previously reported cibisatamab monotherapy data and associ-
ated pharmacodynamic analyses18. Our study assessed the impact of 
tumor-localized 4-1BB co-stimulation on safety, immune activation 
and clinical activity when combined with cibisatamab.

Results
Patient disposition
Between 19 April 2021 and 11 November 2024, patients with pMMR/MSS 
mCRC who had progressed after at least two prior lines of therapy were 
screened for this open-label, multicenter, phase 1b dose-escalation 
study. Fifty-four patients with measurable disease at baseline were 
enrolled. Fifty-two patients received at least one administration of study 
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intravenous fluids and corticosteroids as indicated); some patients 
required hospitalization, and tocilizumab was used in selected cases. 
Additional details on management of CRS are provided in the Methods.

Gastrointestinal toxicity, a known on-target/off-tumor effect of 
cibisatamab18, was also observed with combination therapy, includ-
ing nausea (30.5%), vomiting (23.1%) and diarrhea (55.8%). Diarrhea 
occurred throughout treatment (median onset, 36 days; range, −2 to 
393 days relative to first dose). The negative onset reflects the study 
design, in which treatment was initiated on study day 1, and patients 
received obinutuzumab lead-in dosing on study day −13 or −8 depend-
ing on the protocol version. Colitis was reported in seven patients 
(13.5%), including cases of immune-mediated enterocolitis and one 
case of CMV colitis.

Obinutuzumab was administered as B cell-depleting pretreatment 
to mitigate ADA formation; attribution of individual adverse events is 
limited. Immune-related adverse events were not prospectively cat-
egorized as a separate safety analysis group in this early-phase study. 
Details regarding the management of adverse events are provided in 
the Methods.

Secondary outcomes
Pharmacokinetics and immunogenicity outcomes. FAP-4-1BBL expo-
sure increased with dose. Geometric mean pharmacokinetic param-
eters, including area under the curve (AUC) and maximum plasma 
concentration (Cmax), rose with escalating doses. Elimination was nonlin-
ear, consistent with target-mediated drug disposition (TMDD)22. Phar-
macokinetic parameters are summarized in Supplementary Table 1.

Cibisatamab exposure was consistent with previous reports in 
monotherapy and in combination with atezolizumab, with cycle 1 
Cmax and AUC within established ranges18, suggesting no meaning-
ful effect of FAP-4-1BBL co-administration on cibisatamab pharma-
cokinetics. Cycle 1 pharmacokinetic parameters are summarized in 
Supplementary Table 2.

Two patients pretreated with obinutuzumab developed ADAs to 
FAP-4-1BBL; no patients had treatment-induced ADAs to cibisatamab.

Antitumor activity. All 52 patients receiving at least one dose of study 
drug were included in the efficacy analysis. One patient discontin-
ued treatment owing to clinical deterioration before the first radio-
graphic assessment and was, therefore, classified as having progressive  
disease. Confirmed partial responses were observed in seven patients 
(13% (7 out 52); 95% confidence interval: 6–26), and two patients  
had unconfirmed responses. No complete responses were observed. 
The disease control rate was 50.0% (26 out of 52). Individual tumor 
burden dynamics over time are shown in the spider plot (Fig. 2a).

Partial responses were observed across multiple dosing cohorts. 
By cibisatamab dosing strategy, partial responses occurred in three 
of 25 patients (12.0%) treated with 100 mg from cycle 1 and in four 
of 27 patients (14.8%) treated with cibisatamab 60 → 100 mg. Partial 
responses were observed across both QW and Q3W dosing schedules. 
Objective response rates (ORRs) with corresponding 95% confidence 
intervals (CI) across dosing cohorts are summarized in Table 3.

The disease control rate (DCR; confirmed partial response +  
stable disease) was 50.0% (26 out of 52), including 56.6% (17 out of 

Table 1 | Baseline demographic and clinical characteristics

Characteristic QW regimen (n = 30)a Q3W regimen (n = 22) Total (N = 52)

Age, median (range), years 56.0 (38−74) 54.5 (34−75) 57.0 (34−75)

Male sex, n (%) 18 (60.0) 15 (68.2) 33 (63.5)

Female sex, n (%) 12 (40.0) 7 (31.8) 19 (36.5)

White European, n (%) 9 (30.0) 6 (27.3) 15 (28.8)

Weight, median (range), kg 79.20 (50.9−121.8) 76.15 (37.1−116.1) 77.35 (37.1−121.8)

ECOG performance status 0, n (%) 27 (90.0) 16 (72.7) 43 (82.7)

ECOG performance status 1, n (%) 3 (10.0) 6 (27.3) 9 (17.3)

Colon disease by locationb, n (%)

Left 18 (60.0) 8 (36.3) 26 (50.0)

Right 5 (16.6) 9 (40.9) 14 (26.9)

No data 7b (23.3) 5 (22.7) 12b (23.1)

Primary tumor site: colon, n (%) 21 (70.0) 16 (72.7) 37 (71.1)

Primary tumor site: rectum, n (%) 6 (20.0) 3 (13.6) 9 (17.3)

RAS mutant (NRAS + KRAS), n (%) 16 (53.3) 16 (72.7) 32 (61.5)

BRAF mutant, n (%) 2 (6.6) 1 (3.3) 3 (5.8)

Liver metastases present, n (%) 20 (66.6) 18 (81.8) 38 (73.1)

Lung metastases present, n (%) 14 (46.6) 12 (54.5) 26 (50.0)

Peritoneum metastases present, n (%) 4 (13.3) 4 (18.2) 8 (15.4)

Prior lines of therapy, median (range) 3 (2−6) 3 (2−5) 3 (2−6)

CEA expression H-score, median (range)c 190.0 (13.0−290.0) 190.0 (0.0−290.0) 190.0 (0.0−290.0)

Prior immunotherapy, n (%) 28 (93.3) 21 (95.4) 49 (94.2)

Prior anti-VEGF therapy, n (%) 26 (86.6) 20 (90.9) 46 (88.5)

Prior anti-EGFR therapy, n (%) 14 (46.6) 5 (22.7) 19 (36.5)

Prior CPI, n (%) 2 (6.6) 0 2 (3.8)
aCounts derived from cohort-level data in part 1 (QW cohorts) and part 2 (Q3W cohorts). Some demographic values were approximated from cohort summaries where pooled values were not 
explicitly reported. bOne patient was reported with transverse colon disease. cA valid test result from available archival or fresh tissue was obtained for only 27 patients in the QW regimen and 
from only 21 patients in the Q3W regimen. CPI, checkpoint inhibitor; ECOG, Eastern Cooperative Oncology Group.
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30) among patients treated with FAP-4-1BBL QW and 40.9% (9 out 
of 22) among patients treated Q3W. DCR was 56.0% (14 out of 25)  
in patients treated with cibisatamab 100 mg from cycle 1 and 44.4% 
(12 out of 27) in patients treated with the reduced cibisatamab dose 

at the first treatment cycle. Responses were observed across multiple 
dose levels, including higher weekly dose cohorts (Table 3). Notably, 
higher response rates were observed in later part 1 cohorts that evalu-
ated higher FAP-4-1BBL dose levels in combination with the reduced 

Part 1 cohort 2
Cibistamab 100 mg

+ FAP-4-1BBL QW 50 mg
(n = 3)

Part 1 cohort 3
Cibistamab C1 60 C2 100 mg

+ FAP-4-1BBL QW 50 mg
(n = 3)

Part 1 cohort 4
Cibistamab C1 60 C2 100 mg

+ FAP-4-1BBL QW 90 mg
(n = 7)

Part 1 cohort 5
Cibistamab C1 60 C2 100 mg

+ FAP-4-1BBL QW 130 mg
(n = 5)

End of study status
  Complete study           2 (16.7%)
  Discontinued study     10 (83.3%)

Reason for discontinuation from 
study
  Adverse event              0
  Death                             6 (50.0%)
  Lost to follow-up         1 (8.3%)
  Progressive disease    0
  Study terminated
  by sponsor                    1 (8.3%)
  Withdrawal
  by subject                     2 (16.7%)

End of treatment status
  Completed                    0
  Discontinued                12 (100%)

Reason for discontinuation from 
treatment
  Adverse event              1 (8.3%)
  Death                             1 (8.3%)
  Other                             0
  Progressive
  disease                          9 (75.0%)
  Symptomatic
  deterioration                1 (8.3%)

End of study status
  Complete study              0
  Discontinued study        3 (100%)

Reason for discontinuation from 
study
  Adverse event                 1 (33.3%)
  Death                                2 (66.7%)
  Lost to follow-up            0
  Progressive disease       0
  Study terminated
  by sponsor                      0
  Withdrawal
  by subject                       0

End of treatment status
  Completed                      0
  Discontinued                   3 (100%)

Reason for discontinuation from 
treatment
  Adverse event                 1 (33.3%)
  Death                                0
  Other                                0
  Progressive
  disease                             2 (66.7%)
  Symptomatic
  deterioration                   0

End of study status
  Complete study             0
  Discontinued study       3 (100%)

Reason for discontinuation from 
study
  Adverse event                0
  Death                               2 (66.7%)
  Lost to follow-up           0
  Progressive disease      1 (33.3%)
  Study terminated
  by sponsor                     0
  Withdrawal
  by subject                      0

End of treatment status
  Completed                     0
  Discontinued                  3 (100%)

Reason for discontinuation from 
treatment
  Adverse event                0
  Death                               0
  Other                               0
  Progressive
  disease                            3 (100%)
  Symptomatic
  deterioration                  0

End of study status
  Complete study             1 (14.3%)
  Discontinued study       6 (85.7%)

Reason for discontinuation from 
study
  Adverse event                0
  Death                               5 (71.4%)
  Lost to follow-up           0
  Progressive disease      0
  Study terminated
  by sponsor                      1 (14.3%)
  Withdrawal
  by subject                       0

End of treatment status
  Completed                     0
  Discontinued                  7 (100%)

Reason for discontinuation from 
treatment
  Adverse event                2 (28.6%)
  Death                               0
  Other                               0
  Progressive
  disease                            5 (71.4%)
  Symptomatic
  deterioration                  0

End of study status
  Complete study             1 (20.0%)
  Discontinued study       4 (80.0%)

Reason for discontinuation from 
study
  Adverse event                0
  Death                               2 (40.0%)
  Lost to follow-up           0
  Progressive disease       2 (40.0%)
  Study terminated
  by sponsor                     0
  Withdrawal
  by subject                       0

End of treatment status
  Completed                     0
  Discontinued                  5 (100%)

Reason for discontinuation from 
treatment
  Adverse event                0
  Death                               0
  Other                               0
  Progressive
  disease                            5 (100%)
  Symptomatic
  deterioration                 0

Part II cohort 1
Cibistamab 100 mg

+ FAP-4-1BBL Q3W 35 mg
(n = 10)

Part II cohort 2
Cibistamab C1 60 C2 100 mg

+ FAP-4-1BBL Q3W 35 mg
(n = 9)

Part II cohort 3
Cibistamab C1 60 C2 100 mg

+ FAP-4-1BBL Q3W 90 mg
(n = 3)

End of study status
  Complete study             1 (10.0%)
  Discontinued study       9 (90.0%)

Reason for discontinuation from 
study
  Adverse event                0
  Death                               5 (50.0%)
  Lost to follow-up            1 (10.0%)
  Progressive disease       0
  Study terminated
  by sponsor                      1 (10.0%)
  Withdrawal
  by subject                       2 (20.0%)

End of treatment status
  Completed                      0
  Discontinued                  10 (100%)

Reason for discontinuation from 
treatment
  Adverse event                1 (10.0%)
  Death                               0
  Other                               1 (10.0%)
  Progressive
  disease                            8 (80.0%)
  Symptomatic
  deterioration                  0

End of study status
  Complete study             1 (11.1%)
  Discontinued study       8 (88.9%)

Reason for discontinuation from
study 
  Adverse event                0
  Death                               6 (66.7%)
  Lost to follow-up           0
  Progressive disease       2 (22.2%)
  Study terminated
  by sponsor                      0
  Withdrawal
  by subject                       0

End of treatment status
  Completed                     0
  Discontinued                  9 (100%)

Reason for discontinuation from 
treatment
  Adverse event                1 (11.1%)
  Death                               1 (11.1%)
  Other                               0
  Progressive
  disease                            7 (77.8%)
  Symptomatic
  deterioration                  0

End of study status
  Complete study             0 
  Discontinued study       3 (100%)

Reason for discontinuation from 
study
  Adverse event                0
  Death                               2 (66.7%)
  Lost to follow-up            0
  Progressive disease       0
  Study terminated
  by sponsor                      1 (33.3%)
  Withdrawal
  by subject                       0

End of treatment status
  completed                      0
  Discontinued                  3 (100%)

Reason for discontinuation from 
treatment
  Adverse event                 1 (33.3%)
  Death                                1 (33.3%)
  Other                                0
  Progressive
  disease                             1 (33.3%)
  Symptomatic
  deterioration                   0

Part 1 cohort 1
Cibistamab 100 mg

+ FAP-4-1BBL QW 35 mg
(n = 12)

Fig. 1 | Study design and participant disposition. CONSORT diagrams 
summarizing the design of the phase 1b study evaluating the CEA-targeted T cell 
engager cibisatamab in combination with the tumor-targeted 4-1BB agonist  
FAP-4-1BBL in patients with advanced solid tumors and the disposition of patients 
included in the present analysis. The diagrams illustrate the dose-escalation 

cohorts evaluating different FAP-4-1BBL dose levels and schedules administered 
with cibisatamab, including cohorts receiving a flat cibisatamab dose from cycle 
1 and cohorts evaluating a refined step-up regimen (60 mg at cycle 1 followed by 
100 mg from cycle 2). C1, cycle 1; C2, cycle 2.
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cibisatamab dose at cycle 1, compared to earlier cohorts receiving the 
full cibisatamab dose of 100 mg also at the first cycle. Cohort-level 
efficacy is summarized in Table 3, categorized by FAP-4-1BBL dose and 
schedule and by cibisatamab dosing strategy (cibisatamab 100 mg 
versus cibisatamab 60 → 100 mg). Progression-free survival (PFS) 
by investigator assessment suggested a trend toward longer disease 
control in patients treated in the later dose-escalation cohorts part 1 
cohort 4 (P1C4) and part 1 cohort 5 (P1C5) (n = 12) compared to earlier 
part 1 cohorts 1–3 (P1C1–P1C3) (n = 18) (Extended Data Fig. 2). Although 
progression events occurred in both groups, separation of the PFS 
curves became apparent at later timepoints, with a higher proportion 
of patients in part 1 cohorts 4–5 (P1C4−P1C5) remaining progression 
free beyond approximately 150 days. Median PFS was not reached in 
the P1C4−P1C5 group at the time of analysis, whereas patients in earlier 
part 1 cohorts experienced progression earlier. These findings are 
exploratory and should be interpreted cautiously given the limited 
sample size and non-randomized cohort structure.

Treatment duration suggested longer exposure with QW versus 
Q3W FAP-4-1BBL (Fig. 2a,b). For example, median FAP-4-1BBL treat-
ment duration was 123 days (range, 1–435) in the 35 mg QW cohort 
plus cibisatamab 100 mg (n = 12) versus 64 days (range, 1–260) in the 
corresponding 35 mg Q3W cohort (n = 10). Similarly, in the 90 mg 
cohorts, median duration was 99 days (range, 1–232) for QW (n = 6) 
versus 43 days (range, 22–57) for Q3W (n = 3). In cohorts treated with 
the same FAP-4-1BBL dose and schedule, longer treatment duration 
was observed in patients who received cibisatamab 60 → 100 mg versus 
100 mg from cycle 1 (Extended Data Table 4).

Exposure−safety analysis. We evaluated associations between  
FAP-4-1BBL exposure and adverse events of interest (CRS, infusion- 
related reaction (IRR), rash, diarrhea and colitis). For acute events  
(CRS and IRR), analyses used first-dose Cmax (evaluable: QW n = 28 and 
Q3W n = 22). For delayed events (rash, diarrhea and colitis), analyses 

used cumulative exposure over the first 63 days (AUC0–63d) to approxi-
mate exposure through approach to steady state.

No consistent exposure–adverse event relationships were 
observed for CRS, IRR, rash, or colitis across regimens. A possible trend 
between higher exposure and diarrhea was noted in the QW regimen 
but not in Q3W. Owing to low event counts, logistic regression analyses 
were underpowered for definitive inference. Additional details are 
provided in Supplementary Fig. 1.

Analysis of baseline markers in association with clinical response. 
To explore predictors of response, we assessed changes in tumors 
from baseline across patients (Fig. 2b). Partial responses occurred 
across a range of baseline biomarker profiles, with clinical benefit 
not restricted to a single subgroup. Heatmap overlays of CEA and FAP 
expression, immune phenotype, prior therapy and baseline tumor 
CD8+ infiltration suggested that responses also occurred in patients 
with adverse features, including liver metastases and excluded/desert 
immune phenotypes.

Baseline profiling identified tumor-intrinsic and clinical features 
associated with outcome. Tumor CEA by immunohistochemistry (IHC) 
was associated with DCR (Extended Data Fig. 3a): patients with low 
CEA (histochemistry score (H-score) ≤100) had shorter PFS than those 
with medium (101–200) or high (201–300) scores. No association was 
observed when CEACAM5 was assessed by RNA sequencing (RNA-seq) 
(Supplementary Fig. 2b). Baseline FAP expression did not correlate 
with DCR or ORR; tertile stratification suggested a favorable PFS trend 
in the intermediate-expression group (Extended Data Fig. 3b), which 
may reflect two opposing effects of FAP expression in this combination 
setting: sufficient target availability for FAP-4-1BBL activity but less 
stromal immunosuppression than in highly FAP-rich tumors.

Consensus molecular subtype (CMS) analysis23 suggested enrich-
ment of responders in CMS2, an epithelial, WNT/MYC-driven transcrip-
tional subtype (Extended Data Fig. 3c). Although the overall association 
between CMS category and clinical outcome did not reach statistical 
significance (P = 0.069), patients with CMS2 tumors showed numerical 
improvements in both PFS and overall survival. No partial responses 
were observed in CMS1 and CMS4 tumors, characterized by epithe-
lial–mesenchymal transition and a TGFβ-driven immunosuppressive 
phenotype, were likewise non-responsive24.

Liver metastases, an adverse prognostic factor25,26, did not influ-
ence response, PFS or overall survival; four of seven of confirmed 
partial responses (57%) occurred in patients with at least one liver 
target lesion (Extended Data Fig. 3d). No clear pattern of early response 
followed by rapid progression was observed among patients with liver 
metastases, although the limited sample size precludes firm conclu-
sions regarding durability.

Pretreatment immune phenotyping showed that most partial 
responses occurred in tumors with an excluded immune pheno-
type, whereas progressive disease was more frequently observed in 
immune-desert tumors27. The T cell-excluded phenotype was asso-
ciated with longer PFS (Extended Data Fig. 3e). By contrast, neither 
baseline tumor 4-1BB+ or CD8+ density nor circulating cytokines/
immune cell subsets (including IL-8, lymphocyte-to-neutrophil ratio, 
circulating CD8+Ki67+ T cells, IFNγ, CXCL10, soluble IL-2 receptor 
and soluble target proteins) were associated with clinical outcomes 
(Supplementary Fig. 2).

Pharmacodynamics. Pharmacodynamic effects were assessed in 
peripheral blood and paired tumor biopsies.

Pharmacodynamic changes in peripheral blood. Peripheral blood 
cytokines and immune cell populations were analyzed to character-
ize treatment-associated pharmacodynamic changes18 and further 
extended by additional pharmacodynamic analyses performed on 
previously unpublished data from the cibisatamab monotherapy study.

Table 2 | Summary of adverse events

Adverse event Any grade n (%) Grade ≥ 3 n (%)

Overall safety outcomes

Any adverse event 52 (100) 38 (73.1)

SAEs 34 (65.4) —

Adverse events leading to treatment 
withdrawal

8 (15.4) —

Adverse events leading to dose 
modification/interruption

21 (40.4) —

DLTs 2 (3.8) 2 (3.8)

Grade 5 adverse events 4 (7.7) 4 (7.7)

Treatment‑related grade 5 adverse events 2 (3.8) 2 (3.8)

Most common adverse events (≥30% of patients)

Fatigue 33 (63.5) —

CRS 30 (57.7) 2 (3.8)

Diarrhea 29 (55.8) —

Pyrexia 26 (50.0) —

Decreased appetite 23 (44.2) —

Cough 17 (32.7) —

Anemia 17 (32.7) —

Nausea 16 (30.8) —

Arthralgia 16 (30.8) —

Data represent treatment‑emergent adverse events among patients who received at least one 
dose of cibisatamab plus FAP‑4‑1BBL (n = 52). Values are the number of patients with events 
and corresponding percentages. Adverse events were graded according to CTCAE version 
5.0. CRS grading followed ASTCT consensus criteria.
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Cibisatamab plus FAP-4-1BBL induced increases in circulating IFNγ, 
soluble CD25 (also known as IL-2Rα) and IL-6 (Extended Data Fig. 4). 
IFNγ rose by day 15 and remained elevated. Soluble CD25 showed a 
similar sustained pattern. IL-6 increased with kinetics similar to mono-
therapy. TNF and IL-10 were also higher on day 15, consistent with an 
enhanced immunostimulatory profile.

Flow cytometry (Extended Data Fig. 4b) showed an early, transient 
circulating lymphocyte reduction (8 h and cycle 1 day 2), consistent 
with margination and/or trafficking, followed by return to baseline.

The combination increased proliferating CD8+Ki67+ T cells and 
activated CD8+ subsets (TIM3, 4-1BB and HLA-DR), along with expan-
sion of central and effector memory compartments. By day 22 (cycle 2  
day 1), signs of immune activation were more pronounced, includ-
ing higher CD8+4-1BB+ and CD8+HLA-DR+ frequencies and increased 

expression of PD-1 (also known asCD279) on central memory and effec-
tor CD8+ T cells, consistent with more pronounced CD8+ activation.

Soluble 4-1BB increased across response groups, consistent with 
target engagement28. Patients with partial response showed more sus-
tained induction during cycles 1–2, whereas stable disease/progressive 
disease showed lower and more variable changes.

Serum CEA declined in patients with partial response from  
cycle 2 onward (median, approximately 0.5–1.0 log reductions by 
cycles 6–8), with smaller changes in stable disease and little change 
in progressive disease.

Pharmacodynamic changes in fresh paired tumor biopsies. Paired 
fresh biopsies were collected at baseline and on day 23 after the first 
combination dose to assess intratumoral immune pharmacodynamics.
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Fig. 2 | Tumor response dynamics and best change in tumor burden.  
a, Spider plot showing the longitudinal percentage change from baseline over 
time according to RECIST v1.1 for individual patients (n = 52). Lines represent 
individual patients and are color coded by FAP-4-1BBL dosing regimen (QW, 
red; Q3W, blue). b, Waterfall plot showing the best percentage change from 
baseline in sum of longest diameters (SLD) by RECIST v1.1. Bars are color coded 

by best overall response (BOR): progressive disease (PD, red), stable disease (SD, 
orange) and partial response (PR, blue). Heatmaps indicate baseline tumor and 
clinical features, including CEA and FAP expression, immunephenotype, liver 
metastases, prior lines of therapy and dosing regimen. Color gradients represent 
quantitative assessments of CEA and FAP H-score and CD8+Ki67+ cell density and 
the immunephenotype. mets., metastases; P1, part 1; P2, part 2; Y/N, yes/no.

http://www.nature.com/naturemedicine


Nature Medicine

Article https://doi.org/10.1038/s41591-026-04380-z

Duplex IHC (CD8 and Ki67) showed more than two-fold increases 
in intratumoral CD8+ T cells in 12 out of 14 evaluable pairs and more 
than two-fold increases in CD8+Ki67+ cells in 10 out of 14 pairs (Fig. 3a 
and Extended Data Fig. 5a). Immune phenotype profiling27 classified 
baseline lesions as desert (79%), excluded (14%) or inflamed (7%). On 
treatment, desert lesions decreased to 21%, with increases in excluded 
(50%) and inflamed (29%) phenotypes (Fig. 3b).

Quantitative image analysis demonstrated increases in intra
tumoral CD8+ and CD8+Ki67+ T cell density after treatment. Substan-
tial increases in intratumoral CD8+ and CD8+Ki67+ T cell density were 
observed after combination therapy (P = 0.056), with a corresponding 
five-fold increase in CD8+Ki67+ cell density (P = 0.019) (Fig. 3c and 
Extended Data Fig. 5a). Such increases were also observed in 10 out of 
11 patients with liver metastases (Extended Data Fig. 5a).

RNA-seq of paired biopsies passing quality control (n = 6) 
showed induction of immune effector genes (CXCL9, CXCL10, IFNG 
and TNFRSF9) (Fig. 3d and Extended Data Fig. 5b,c). IFNγ response, 
cytotoxic T cell, T effector and antigen processing machinery (APM) 
signatures increased (all P < 0.01). Induction was greater in partial 
response/stable disease than in progressive disease despite higher 
baseline expression in progressive disease, consistent with a less robust 
transcriptional response in progressive disease tumors.

A modest but significant increase in the M1/M2 macrophage ratio 
was estimated based on gene signatures (Extended Data Fig. 5b,c). 
Adaptive immune-regulatory programs were also induced, including 
PD-L1 (also known as CD274), LAG3, EOMES29,30 and IDO1 (refs. 31,32) 
(Extended Data Fig. 5c). FAP and CEA expression showed no consistent 
treatment-induced change (Extended Data Fig. 5d).

Exploratory outcomes
Circulating tumor DNA. In an exploratory, tissue-informed patient- 
specific assay, baseline circulating tumor DNA (ctDNA) levels varied 
widely (median, 1,604 mean tumor molecules per milliliter (MTM/ml)) 
and tended to be lower in patients with partial response than in those 
with stable disease or progressive disease (Extended Data Fig. 6a). 
ctDNA was not clearly associated with liver metastases, suggesting that 
it reflects overall tumor burden rather than site-specific disease. Lower 
baseline ctDNA showed a non-significant trend toward improved PFS 
and overall survival (Extended Data Fig. 6b), although these findings 
are exploratory and limited by small sample size. Lower baseline ctDNA 
showed a non-significant trend toward improved PFS (P = 0.061) and 
overall survival (P = 0.2) (Extended Data Fig. 6b). By cycle 3 day 1 (C3D1), 
lower residual ctDNA (<364.42 MTM/ml) was associated with longer PFS 
(P = 0.008) and overall survival (P= 0.033) (Extended Data Fig. 6c,d). 
From baseline to C3D1, ctDNA decreased more than three-fold in five of 
five patients with partial response and in six of eight patients with stable 
disease, whereas patients with progressive disease showed minimal 

change or increases (Extended Data Fig. 6e). A greater ctDNA decline 
was associated with longer PFS (P = 0.009) (Extended Data Fig. 6f).

Sensitivity analyses
Sensitivity analyses were limited by the non-randomized, dose- 
escalation design, small cohort sizes and heterogeneity across dose 
levels and schedules. Stratified analyses by FAP-4-1BBL dosing schedule 
(QW versus Q3W) and cibisatamab dosing strategy (100 mg all cycles 
versus reduced dose of 60 mg at cycle 1) showed generally consist-
ent directional trends in safety and efficacy outcomes but were not  
powered for formal statistical comparisons. Exposure−safety anal-
yses did not demonstrate consistent relationships between FAP-4-
1BBL exposure and adverse events of interest. A potential association 
between higher exposure and diarrhea was observed in the QW cohort 
but not in the Q3W cohort. Comparisons of PFS across dose-escalation 
cohorts suggested longer disease control in later cohorts; however, 
these findings were sensitive to cohort composition and dosing modi-
fications and should be interpreted with caution.

Discussion
Our findings demonstrate that coordinated signal 1 and signal 2  
immunostimulation can be achieved using a tumor-directed T cell  
engager with spatially restricted co-stimulation33,34. As a signal 1 
provider, the CEA-directed T cell engager cibisatamab induces 
antigen-dependent T cell activation and tumor infiltration16 and pre-
viously demonstrated modest but reproducible clinical activity in 
heavily pretreated MSS CRC18.

Cibisatamab provides antigen-dependent T cell activation, and 
FAP-4-1BBL delivers tumor-localized co-stimulation. Together, this 
approach aims to enhance T cell activation and durability while limiting 
systemic toxicity35. 4-1BB is selectively upregulated after T cell priming 
and largely absent on resting lymphocytes13,20. Based on this biology, we 
hypothesized that cibisatamab-mediated T cell engagement combined 
with FAP-4-1BBL co-stimulation would enhance antitumor immunity 
while restricting signal 2 delivery to the tumor microenvironment36,37.

Obinutuzumab was incorporated to mitigate ADA formation previ-
ously observed with cibisatamab monotherapy and to enable sustained 
drug exposure18. Although B cell depletion raises theoretical concerns 
regarding disruption of tertiary lymphoid structures and humoral sup-
port of antitumor immunity38–40, no clear detrimental effects on clinical 
or immunologic outcomes were observed. However, the absence of 
a non-B-cell-depleted comparator cohort remains a limitation, par-
ticularly given that there is preclinical evidence that B cells can also 
promote tumor progression41.

Dose and schedule selection for cibisatamab was informed by 
clinical and preclinical evidence of prolonged intratumoral retention 
despite a short systemic half-life17. For FAP-4-1BBL, both QW and Q3W 

Table 3 | Best overall response by investigator assessment (RECIST v1.1)

Combination schedule FAP-4-1BBL 
dose (mg)

Cibisatamab 
dose (mg)

n evaluable Confirmed PR  
n (%) (95% CI)

Confirmed SD  
n (%) (95% CI)

Confirmed ORR  
n (%) (95% CI)

Confirmed DCR 
n (%)

Cibisatamab + FAP-4-1BBL QW

35 100 12a 2 (17) (2−48) 5 (42) (15−72) 2 (17) (2−48) 7 (58) (28−85)

50 100 3 0 (0–71) 1 (33) (1–91) 0 (0–71) 1 (33) (1–91)

50 60 → 100 3 1 (33) (1–91) 1 (33) (1–91) 1 (33) (1–91) 2 (67) (9−99)

Cibisatamab + FAP-4-1BBL QW
90 60 → 100 7 2 (29) (4−71) 2 (29) (4−71) 2 (29) (4−71) 4 (57) (18−90)

130 60 → 100 5 1 (20) (1−72) 2 (40) (5−85) 1 (20) (1−72) 3 (60) (15−95)

Cibisatamab + FAP-4-1BBL Q3W

35 100 10 1 (10) (0−45) 5 (50) (19−81) 1 (10) (0−45) 6 (60) (26−88)

35 60 → 100 9 0 (0−34) 2 (22) (3−60) 0 (0−34) 2 (22) (3−60)

90 60 → 100 3 0 (0−71) 1 (33) (1−91) 0 (0−71) 1 (33) (1−91)

All All All 52 7 (13) (6−26) 19 (37) (24−51) 7 (13) (6−26) 26 (50) (36−64)

Cibisatamab + FAP-4-1BBL, confirmed responses only Cibisatamab 60 → 100 indicates 60 mg at cycle 1 followed by 100 mg from cycle 2 onward. aOne participant withdrew after a single study 
dose (cibisatamab + FAP-4-1BBL) but was later reported as a confirmed PR without receiving any anticancer therapy, per investigator assessment.
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regimens were explored to evaluate sustained versus intermittent 
co-stimulatory signaling42. Weekly dosing showed numerically higher 
response rates, greater tumor shrinkage and longer treatment dura-
tion; however, interpretation is limited because the Q3W cohort was 
predominantly treated at the lowest (35 mg) dose.

Clinical activity with cibisatamab plus FAP-4-1BBL was encour-
aging in this heavily pretreated MSS mCRC population. Although 
cross-study comparisons should be interpreted cautiously, prior 
cibisatamab monotherapy provides context for these findings18. 
These findings are consistent with preclinical evidence demonstrat-
ing synergistic antitumor effects of T cell engagement combined with 
4-1BB co-stimulation20,43.

The safety profile was consistent with known toxicities of cibisa-
tamab and prior experience with FAP-4-1BBL. Gastrointestinal toxicity, 
an on-target/off-tumor effect of CEA-directed T cell engagement18, 
was common but manageable and not dose limiting. Notably, 

tumor-targeted 4-1BB co-stimulation did not increase systemic immune 
toxicity, in contrast to untargeted 4-1BB agonists44.

Biomarker analyses supported treatment activity, showing induc-
tion of peripheral immune activation markers and increased intra-
tumoral CD8+ and proliferating CD8+Ki67+ T cells, consistent with 
coordinated T cell engagement and co-stimulation45. These effects 
were also observed in liver metastases, suggesting partial mitigation 
of liver-associated immune suppression.

Baseline analyses identified tumor CEA expression by IHC as a 
potential predictor of disease control and PFS, whereas intermedi-
ate FAP expression was associated with more favorable outcomes, 
suggesting that optimal co-stimulation may require sufficient but 
not excessive FAP targeting46. Partial responses in CMS2 tumors and 
immune-excluded lesions support redirection of stromal T cells by 
CD3-engaging bispecific antibodies enhanced by tumor-localized 
4-1BB co-stimulation47,48.
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Fig. 3 | Intratumoral immune remodeling after cibisatamab + FAP-4-1BBL 
treatment in MSS mCRC. a, Representative duplex IHC of paired baseline 
(BL) and on-treatment (OT) tumor biopsies showing increased infiltration of 
CD8+ T cells (yellow) and proliferating CD8+Ki67+ T cells (purple) within tumor 
nests and stroma after combination therapy. b, Distribution of tumor immune 
phenotypes at BL and OT (n = 14 paired biopsies), demonstrating a shift from 
immune-desert toward inflamed and immune-excluded phenotypes after 
treatment. c, Quantification of intratumoral CD8+ and CD8+Ki67+ T cell densities 
(cells per mm2) across paired biopsies. Lines connect individual participants 

from BL to OT, stratified by best overall response (partial response, stable disease 
and progressive disease). Insets show corresponding fold change distributions.  
A significant increase in CD8+ and CD8+Ki67+ T cells was observed with 
cibisatamab + FAP-4-1BBL (Combo) but not with cibisatamab alone (Cibi 
mono). d, RNA-seq analysis of paired biopsies (n = 6) demonstrating induction 
of immune activation markers (CXCL10, IFNG and TNFRSF9 (encoding 4-1BB)) 
and enrichment of cytotoxic T cell, IFNG and T effector gene signatures after 
treatment. Lines represent individual participants, colored by best overall 
response (PR, SD and PD).
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On-treatment biomarkers confirmed robust immune activa-
tion, including sustained induction of IFNγ, soluble CD25, activated 
CD8+ T cell subsets and soluble 4-1BB, consistent with 4-1BB path-
way engagement28. A transient decrease in circulating lympho-
cytes after dosing was consistent with redistribution observed with 
T cell engagers7,18,49,50, and early reductions in serum CEA and ctDNA  
were associated with improved outcomes51–53. Baseline ctDNA did 
not clearly associate with liver metastatic burden, suggesting that it 
reflects overall tumor burden, although interpretation is limited by 
sample size.

Treatment also induced adaptive immune regulatory programs, 
including PD-L1, LAG3, EOMES and IDO1 (ref. 54), alongside a more 
proinflammatory myeloid milieu and increased antigen presentation 
not seen with cibisatamab monotherapy18. These findings support 
potential benefit from PD-(L)1 blockade combinations55, although 
cross-study comparisons remain exploratory.

This study has several limitations. As a phase 1, non-randomized, 
dose-escalation trial, the sample size was limited, and biomarker 
analyses were performed in relatively small subsets based on sample 
availability. Nevertheless, the consistent clinical, pharmacodynamic 
and biomarker findings support the biological rationale for combin-
ing T cell-engaging bispecific antibodies with tumor-localized 4-1BB 
co-stimulation and warrant further investigation of this strategy in 
solid tumors.

In conclusion, cibisatamab plus FAP-4-1BBL demonstrates  
that spatially restricted co-stimulation can enhance intratumoral  
T cell activation and antitumor activity while maintaining an acceptable 
safety profile in MSS CRC. These findings provide proof of principle  
that localized co-stimulatory signaling can augment the efficacy  
of T cell engagers without recapitulating the systemic toxicities asso-
ciated with untargeted agonists and support further development  
of T cell engager combinations incorporating tumor-restricted  
co-stimulation.
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Methods
Inclusion and ethics
This study was an open-label, multicenter, phase 1b dose-escalation 
trial conducted across 15 globally approved clinical sites, of which 12 
actively recruited patients. The trial was performed in accordance with 
Good Clinical Practice guidelines and applicable regulatory require-
ments. Approval was obtained from institutional review boards or 
independent ethics committees at each participating site. All patients 
provided written informed consent prior to enrollment and before the 
initiation of any study-related procedures.

Ethics approval and consent
Details of the boards/committees and approvals are provided below:

Netherlands: Sekretariatet for De Videnskabsetiske Komiteer for 
Region Hovedstaden. Date of approval: 30 November 2021

Canada: Ontario Cancer Research Ethics Board. Date of approval: 
3 June 2022

Denmark: Medisch-Ethische Toetsingscommissie. Date of 
approval: 15 March 2022

UK: NHS Health Research Authority. Date of approval: 7 March  
2022

Spain: Comité de Ética de la Investigación con Medicamentos. 
Date of approval: 8 April 2022

Korea: Korean Institutional Review Board, Seoul. Date of approval: 
16 April 2022

Trial design, patients and treatments
The study followed a standard 3 + 3-style dose-escalation framework 
designed to explore different FAP-4-1BBL exposure profiles. The two 
study parts were conducted sequentially rather than in parallel, with 
the weekly FAP-4-1BBL dose-escalation cohorts in part 1 informing 
the dose levels and schedules subsequently explored in part 2. Part 
1 evaluated continuous exposure to FAP-4-1BBL administered QW, 
whereas part 2 investigated a pulsatile exposure strategy with FAP-4-
1BBL administered Q3W. In both study parts, cibisatamab was admin-
istered intravenously Q3W, with dosing consisting of either 100 mg in 
all cycles or a step-up regimen of 60 mg in cycle 1 followed by 100 mg 
thereafter (Extended Data Fig. 1).

At study initiation, participant eligibility required high tumor 
CEACAM5 expression determined by quantitative PCR analysis of 
formalin-fixed paraffin-embedded (FFPE) tumor tissue, consistent with 
previous cibisatamab studies18. After enrollment of the first 11 patients, 
this requirement was removed to enable assessment of the cibisatamab 
and FAP-4-1BBL combination in an unselected CRC population, reflect-
ing the high prevalence of CEA expression in CRC18.

Key inclusion criteria included histologically confirmed mCRC 
with pMMR/MSS status, progression after at least two prior lines of 
therapy, measurable disease per Response Evaluation Criteria in Solid 
Tumors version 1.1 (RECIST v1.1) and adequate organ function. Key 
exclusion criteria included prior treatment with CEA-targeting T cell 
engagers, active autoimmune disease requiring systemic therapy and 
uncontrolled comorbid conditions.

The primary endpoints were safety, tolerability and DLTs. Secon
dary endpoints included preliminary antitumor activity assessed 
by RECIST v1.1, pharmacokinetics, immunogenicity and pharma-
codynamic effects. Exploratory endpoints included biomarker 
analyses, including tumor and circulating immune parameters and 
ctDNA dynamics.

ADA mitigation strategy
To mitigate the development of ADAs against cibisatamab, as previ-
ously reported18, patients received B cell-depleting obinutuzumab 
as pretreatment 1–2 weeks prior to cycle 1 day 1. Repeat dosing of 
obinutuzumab was planned after approximately 6 months of treat-
ment in patients who remained on study therapy. This approach was 

intended to suppress de novo ADA formation while preserving preexist-
ing humoral immunity mediated by long-lived plasma cells.

Adverse events were graded according to the National Cancer 
Institute Common Terminology Criteria for Adverse Events (CTCAE) 
version 5.0. CRS was graded according to American Society for Trans-
plantation and Cellular Therapy (ASTCT) consensus criteria. Study 
objectives and corresponding endpoints for BP42675 are summarized 
in the study protocol provided as Supplementary Information.

Statistical analysis
Safety and efficacy analyses were conducted in the intention-to-treat 
population unless otherwise specified. The safety population included 
all patients who received at least one dose of study treatment. One par-
ticipant discontinued treatment before the first post-baseline tumor 
assessment and was classified as having progressive disease in efficacy 
analyses, in accordance with intention-to-treat principles.

No formal sample size calculation was performed. The sample 
size was based on standard considerations for phase 1 dose-escalation 
studies to evaluate safety, tolerability and pharmacokinetics.

Pharmacokinetic sampling and parameter calculation
Serial pharmacokinetic samples were collected from all patients to char-
acterize the pharmacokinetic profiles of FAP-4-1BBL and cibisatamab 
after initial administration. Based on these data, key pharmacokinetic 
exposure parameters were calculated for each participant using stand-
ard non-compartmental analysis. Only patients with a sufficient num-
ber of pharmacokinetic samples to allow robust non-compartmental 
analysis were included in exposure–response analyses.

Exposure–safety analysis
Potential associations between FAP-4-1BBL exposure and the incidence 
and severity of adverse events of particular interest were evaluated in 
all safety-evaluable patients. Adverse events assessed included CRS, 
IRR, rash, diarrhea and colitis.

The pharmacokinetic exposure metric selected for analysis was tai-
lored to the anticipated timing and mechanism of each adverse event. 
For acute events such as CRS and IRR, which typically occur shortly after 
infusion, exposure was evaluated using Cmax after the first dose. For 
adverse events with potentially delayed onset, including rash, diarrhea 
and colitis, cumulative exposure over the first 63 days (AUC0–63d) was 
used, corresponding to the period during which drug concentrations 
were expected to approach steady state. Exposure–safety analyses 
were stratified by QW and Q3W dosing regimens. Exploratory box 
plots were generated to visualize the distribution of exposure metrics 
across adverse event grades.

Baseline and pharmacodynamic assessments
Pharmacodynamic assessments were conducted using whole blood, 
plasma and tumor tissue samples, all of which were analyzed centrally. 
Whole blood and plasma samples were collected to evaluate changes in 
soluble biomarkers, cytokines and immune cell subsets using validated 
flow cytometry and immunoassay methods. Tumor tissue samples 
were analyzed by IHC, immunofluorescence and whole-transcriptome 
RNA-seq to assess biomarkers of tumor inflammation and immune 
infiltration, including CD8+ tumor-infiltrating lymphocytes and 
immune-related gene signatures.

On-treatment tumor biopsies for the combination study were 
obtained on cycle 2 day 2 (day 23). In the cibisatamab monotherapy 
study, on-treatment biopsies were collected at either cycle 2 day 1 
(day 21; Q3W dosing) or cycle 7 day 1 (day 43; QW dosing), reflecting 
differences in treatment schedules.

Cytokines, soluble 4-1BB and CEA assessment
Blood samples were collected at baseline and at 1, 8, 15, 22, 29, 36 
and 43 days after the first administration of FAP-4-1BBL. Peripheral 
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inflammatory cytokines, soluble CD25, soluble 4-1BB and serum CEA 
were quantified using validated ELISA-based platforms, including 
ProteinSimple Ella cartridges for IFNγ, IL-6, IL-2 receptor and TNF; Pep-
roTech ELISA for soluble 4-1BB; and the Elecsys CEA assay (cobas E170).

For cytokine analyses, values below the lower limit of quantifica-
tion (LLOQ) were imputed as 0.5× LLOQ with the addition of a small 
random noise term to facilitate model convergence, followed by log2 
transformation (log2(value + 1)). Soluble CEA values were analyzed 
without imputation and were log10 transformed. Soluble 4-1BB values 
below the LLOQ were handled similarly to cytokines and log10 trans-
formed. All analyses were performed on changes from baseline.

Random-effects models were used for longitudinal analyses, with 
participant specified as a random effect and visit timepoint as a fixed 
effect. Correction for multiple testing was performed using the false 
discovery rate (FDR), with statistical significance defined as FDR < 0.05.

Flow cytometry
Peripheral blood samples were collected in sodium heparin tubes and 
processed according to validated assay protocols. All staining and 
incubation steps were performed at room temperature in the dark. 
Data acquisition was performed using FACSCanto II instruments (BD 
Biosciences), with analysis conducted using FACSDiva software and 
assay-specific acquisition templates. Cell preparation was automated 
using a FACS Lyse Wash Assistant (BD Biosciences).

Surface staining was performed using antibody cocktails applied 
to whole blood samples, followed by red blood cell lysis, washing and 
resuspension in PBS. For intracellular staining, samples were addi-
tionally permeabilized using Perm Buffer II prior to incubation with 
intracellular antibody cocktails. A complete list of antibody reagents 
is provided as supplementary data.

Immunohistochemistry
Tumor tissue was collected at baseline and on cycle 2 day 2 (±2 days 
where feasible), preferentially from the same lesion. All samples were 
processed and paraffin embedded according to standardized histopa-
thology protocols. FFPE tissue sections were stained for hematoxylin 
and eosin, IHC and immunofluorescence at Discovery Life Sciences or 
Roche Tissue Diagnostics. Only samples meeting predefined quality 
control criteria for tumor content and tissue integrity were included. 
Details of staining assays are provided as supplementary data.

CD3/CD8/Ki67/4-1BB/OX40 multiplex immunofluorescence
Multiplex immunofluorescence staining using five primary antibod-
ies and tyramide signal amplification fluorophores was performed 
on a Ventana DISCOVERY ULTRA IHC/ISH platform, as previously 
described18. Whole-slide imaging was performed using a Zeiss Axio 
Scan.Z1 scanner. Quantitative image analysis was conducted using 
a custom-developed algorithm implemented in HALO (Indica Labs). 
Antibody and fluorophore details are provided as supplementary data.

Management of adverse events
Adverse events were managed according to protocol-defined 
guidelines and institutional standards of care. Premedication with 
low-dose corticosteroids and non-steroidal anti-inflammatory drugs 
was routinely administered prior to study drug infusions to mitigate 
infusion-related reactions and CRS. Treatment interruption, dose delay 
or discontinuation was implemented according to protocol-defined 
toxicity management guidelines. CRS was graded according to ASTCT 
criteria. Patients were closely monitored during early treatment cycles 
when CRS events were most frequently observed. Management strate-
gies included symptomatic treatment with antipyretics and intrave-
nous fluids, corticosteroids for more severe symptoms and temporary 
interruption of study treatment when clinically indicated. Patients with 
more pronounced CRS manifestations were hospitalized for obser-
vation and supportive care as needed. Tocilizumab, an IL-6 receptor 

antagonist, was administered in selected cases of clinically manifested 
CRS in accordance with institutional practice and established CRS  
management guidelines. Most CRS events occurred early during treat-
ment and resolved with supportive management.

Gastrointestinal adverse events associated with CEA-directed 
T cell engagement, including diarrhea and colitis, were managed using 
standard supportive care measures, such as antidiarrheal agents, 
hydration and corticosteroids in cases of suspected immune-mediated 
enterocolitis. Diagnostic evaluation for infectious etiologies was per-
formed when clinically indicated. Participants with severe gastrointes-
tinal toxicity underwent treatment interruption and additional clinical 
assessment to guide management.

Participants received obinutuzumab pretreatment for B cell 
depletion to mitigate ADA formation against cibisatamab. Monitor-
ing for infectious complications was performed throughout the study. 
Routine antimicrobial or antiviral prophylaxis was not mandated by 
the study protocol and, therefore, was not systematically adminis-
tered. Suspected infections were managed according to institutional 
standards of care, including targeted antimicrobial therapy where 
appropriate. In the case of CMV colitis observed during the study, diag-
nostic confirmation and antiviral treatment were initiated according 
to institutional practice.

Overall, adverse event management was guided by protocol- 
defined safety procedures, investigator clinical judgment and 
established institutional practices to ensure participant safety 
during treatment.

Statistical considerations
The safety, efficacy, pharmacokinetic and pharmacodynamic analy-
sis populations comprised all participants who received at least one 
dose of the combination of FAP-4-1BBL and cibisatamab. For efficacy 
analyses, participants were required to have at least one evaluable 
post-baseline assessment, such as a tumor response evaluation.

Dose escalation and dose selection were guided by a modified con-
tinual reassessment method (mCRM) incorporating overdose control 
through the escalation with overdose control (EWOC) framework, in 
conjunction with clinical judgment. Multiple participants were enrolled 
at each dose level, with a minimum of three participants required per 
level to inform mCRM-based decisions. Escalation decisions were 
made jointly by the sponsor and participating investigators after a 
comprehensive review of available safety data and in accordance with 
the clinical trial protocol.

Statistics for IHC and immunofluorescence analyses
Pharmacodynamic analyses were restricted to patients with matched 
baseline and on-treatment tumor samples. Paired changes were 
assessed using Wilcoxon matched-pairs signed-rank tests. Compari-
sons between pooled complete response/partial response patients 
and stable disease/progressive disease patients were conducted using 
unpaired Mann–Whitney tests. Additional comparisons were per-
formed between patients with progressive disease and all remaining 
patients. All analyses were performed using GraphPad Prism version 
10.0.0 software.

Statistics for baseline associations with response
Associations between baseline biomarkers and clinical response 
were evaluated using unpaired Mann–Whitney tests for continuous 
variables. Fisher’s exact test was used to assess associations among 
liver metastases, consensus molecular subtype (CMS) and objective 
response. PFS and overall survival were estimated using Kaplan–Meier 
methods with 95% confidence intervals, and group comparisons were 
performed using log-rank tests.

Longitudinal analyses of circulating cytokines and flow- 
cytometry-derived immune cell populations were performed using 
random-effects models, with participant specified as a random effect 
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and visit timepoint as a fixed effect. Correction for multiple testing 
was applied using the FDR, with statistical significance defined as 
FDR < 0.05. All analyses were conducted using the lme4 and multcomp 
packages in R.

In addition to longitudinal model-based analyses, non-parametric 
statistical tests were used for paired and groupwise comparisons. 
Paired longitudinal changes were assessed using two-tailed Wilcoxon 
matched-pairs signed-rank tests. Comparisons between pooled 
responders (complete or partial response) and non-responders (sta-
ble or progressive disease) were performed using two-tailed unpaired 
Mann–Whitney U-tests. Associations between baseline biomarker 
values and clinical response categories were evaluated using two-tailed 
unpaired Mann–Whitney U-tests for continuous variables.

Gene expression analyses
RNA sequencing and processing. RNA was isolated from FFPE tumor 
tissue using the Qiagen AllPrep DNA/RNA FFPE kit. Library preparation 
was performed using the Illumina TruSeq RNA Exome kit. Basecalling 
was conducted using bcl2fastq2, and sequence quality was assessed 
using FastQC56. Paired-end reads were aligned to the human genome 
(hg38) using STAR. Quality control was performed using MultiQC18. 
Gene-level read counts were generated using featureCounts57 and 
normalized to transcripts per million (TPM).

Differential gene expression and signature analyses. Differential 
gene expression analyses were conducted using the limma package 
with log-transformed TPM values. Single-sample gene signature scores 
were calculated as the mean z-score of constituent genes. For signa-
tures with upregulated and downregulated components, z-scores for 
downregulated genes were sign inverted. Group comparisons were 
performed using limma.

Adjustment of P values. Raw P values were adjusted for multiple test-
ing using the Benjamini–Hochberg procedure58.

ctDNA analysis. ctDNA was analyzed using a personalized, tumor- 
informed, 16-plex PCR next-generation sequencing assay (Signat-
era RUO; Natera)59. Patient-specific somatic variants were identified 
from whole-exome sequencing data and used to design multiplex PCR 
assays. Plasma samples with two or more detected variants were clas-
sified as ctDNA positive, and ctDNA levels were reported as MTM/ml.

Whole-exome sequencing. Whole-exome sequencing was performed 
on DNA extracted from macrodissected FFPE tumor tissue and matched 
germline DNA from peripheral blood, as previously described59. Reads 
were aligned to hg38 using BWA; duplicates were removed; and base 
quality score recalibration was performed using GATK60. Somatic 
variants were identified using Mutect2 and annotated with Variant 
Effect Predictor (VEP)61. Tumor mutational burden was calculated after 
standard filtering and normalized per megabase62,63.

ctDNA data analysis and statistics. Kaplan–Meier analyses for PFS 
and overall survival were performed using survfit2 and visualized 
using ggsurvfit64. Patients were stratified into high and low ctDNA 
groups based on median baseline values. Landmark analyses at cycle 
3 day 1 were applied to minimize immortal time bias, with follow-up 
reanchored at the landmark timepoint.

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 participant-level 
data and supporting documents for Roche-sponsored studies via 

the Vivli platform (https://vivli.org/ourmember/roche/). Access is 
granted to researchers with appropriate qualifications who submit a 
scientifically sound proposal and analysis plan, subject to independ-
ent review for scientific merit and compliance with patient consent 
and data-sharing policies. Eligible studies typically include phase 2–4 
trials after regulatory review and a defined waiting period that varies 
depending on the nature of the trial. Approved requesters must sign 
a data use agreement and access data within a secure environment. 
Initial review may occur within days; however, full review, contracting 
and data access typically take up to 3 months.

References
56.	 Ewels, P., Magnusson, M., Lundin, S. & Käller, M. MultiQC: 

summarize analysis results for multiple tools and samples in a 
single report. Bioinformatics 32, 3047–3048 (2016).

57.	 Andrews, S., Gilley, J. & Coleman, M. P. Difference Tracker: ImageJ 
plugins for fully automated analysis of multiple axonal transport 
parameters. J. Neurosci. Methods 193, 281–287 (2010).

58.	 Liao, Y., Smyth, G. K. & Shi, W. featureCounts: an efficient general 
purpose program for assigning sequence reads to genomic 
features. Bioinformatics 30, 923–930 (2014).

59.	 Benjamini, Y. & Hochberg, Y. Controlling the false discovery rate: 
a practical and powerful approach to multiple testing. J. R. Stat. 
Soc. Series B Stat. Methodol. 57, 289–300 (2018).

60.	 Reinert, T. et al. Analysis of plasma cell-free DNA by ultradeep 
sequencing in patients with stages I to III colorectal cancer.  
JAMA Oncol. 5, 1124–1131 (2019).

61.	 Auwera, G. V. D. & O’Connor, B. D. Genomics in the Cloud: Using 
Docker, GATK, and WDL in Terra (O’Reilly Media, 2020).

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

63.	 Karczewski, K. J. et al. The mutational constraint spectrum 
quantified from variation in 141,456 humans. Nature 581, 434–443 
(2020).

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

Acknowledgements
We thank the patients for their participation in the study; the study 
nurses and site coordinators for their professionalism and dedication 
in supporting the conduct of the study; C. Claus, C. Klein, V. Karanikas 
and M.-H. Wasmer for continuous support and valuable discussions; 
A. Geiger for ensuring drug availability; M. Wilde, N. Kumpesa and 
M. Cordonnier for their contributions to study setup; and C. Oii for 
providing the initial RNA-seq analysis and D. Dejardin and V. Vasylenko 
for assistance during the revision of the manuscript. We also thank 
S. Heyn for editorial assistance with the preparation of this article as 
well as the numerous anonymous individuals at the research sites and 
at Roche who have been essential in supporting this project. Medical 
writing and editorial assistance were provided by A. R. Choudhury in 
accordance with Good Publication Practice (GPP3) guidelines and 
were funded by F. Hoffmann-La Roche Ltd. This work was supported 
by F. Hoffmann-La Roche Ltd., which substantially contributed to the 
study design in collaboration with study investigators; contributed to 
the collection of data; substantially contributed to the analysis and 
interpretation of the data in collaboration with study investigators; 
contributed to the writing of the report with study collaborators; 
and agreed with the study investigators in the decision to submit the 
manuscript for publication. No grant number is applicable.

Author contributions
I.M., E.C.A., C.Q., M.D., I.B., S.B., F.T., M.C.R., M.M.G., V.W., T.W.K. and 
V.M. were clinical investigators on the study. A.B., E.G., C.H., T.T., H.H., 
C.M., P.U. and I.M. planned, designed and refined the study. A.B. led 

http://www.nature.com/naturemedicine
http://vivli.org/ourmember/roche/


Nature Medicine

Article https://doi.org/10.1038/s41591-026-04380-z

the Roche study team. T.T., E.G. and A.B. wrote the initial draft of the 
manuscript, and all authors reviewed and edited the manuscript. 
C.H., I.D. and T.T. conducted biomarker analyses. C.M. conducted 
pharmacokinetics analysis. L.C. developed the clinical analysis plan 
and analyzed data. H.H. conducted the safety analysis. E.G., E.C. 
and O.K. provided medical support and oversight. T.S. performed 
operations oversight.

Competing interests
T.T., P.U., C.M., L.C., C.H., H.H., T.S., I.I.D., E.G. and A.B. are employees of 
F. Hoffmann-La Roche Ltd. and/or Genentech Inc. and may hold Roche 
stock or stock options as part of their employment compensation. 
I.B. reports accommodation and travel expenses from Amgen, Merck, 
Sanofi and Servier and personal speaker honoraria from AstraZeneca 
and Amgen. V.M. declares financial and non-financial interests with 
AbbVie, Achilles, Adaptimmune, ADC Therapeutics, Ascendis Pharma, 
AstraZeneca, Bayer, BeiGene, Bicycle Therapeutics, BioInvent, Biomea 
Fusion, BioNTech, Bristol Myers Squibb, Boehringer Ingelheim, 
C4 Therapeutics, Calico Life Sciences, Celgene, Constellation 
Pharmaceuticals, Crescendo Biologics, Cullinan Therapeutics, Daiichi 
Sankyo, Debiopharm, Dragonfly Therapeutics, Enliven Therapeutics, 
Epizyme, Exelixis, FameWave, F-Star Beta Limited, Genentech, 
Genmab, Gilead, Grey Wolf Therapeutics, GlaxoSmithKline, Hexal Ag 
& Sandoz, HiFiBiO, Hookipa Biotech, HUTCHMED, IGM Biosciences, 
ImCheck Therapeutics, Immunocore, Immutep, Incyte, iOmx 
Therapeutics, Iovance, Italfarmaco, Iteos, Janssen, Light Chain 
Bioscience, Lilly, Loxo Oncology, Merck, Merus, Miltenyi Biomedicine, 
Monta Biosciences, Merck Sharp & Dohme, Mythic Therapeutics, 
Ningbo Newbay, Novartis, Oxford Biotherapeutics, Pfizer, PharmaMar, 
PMV Pharma, Prelude Therapeutics, Pyxis Oncology, Regeneron, Relay 
Therapeutics, Repare Therapeutics, Revolution, Roche, Schrödinger, 
Scorpion Therapeutics, Seagen, Shattuck Labs, Synthorx, Takeda, 
Tango Therapeutics, Tesaro, Totus Medicines, Turning Point 
Therapeutics and Vividion Therapeutics. F.T. declares institutional 
funding from Achilles, Adaptimmune, Amgen, Bicycle Therapeutics, 
BioNTech, Bristol Myers Squibb, Byondis, Chugai, Corbus, Crescendo 
Biologics, Epkin, Grey Wolf Therapeutics, GlaxoSmithKline, 
Immunocore, Iovance, Janssen, Kymab/Sanofi, Leucid, Moderna, 
Novalgen, Nucana, Oxford Vacmedix, Roche, RS Oncology, Seagen, 
Takeda, T-Knife Therapeutics, UCB, Zelluna and Zymeworks; 

advisory board/consultancy/honoraria from AstraZeneca, Grey Wolf 
Therapeutics, OncoBayes, Pan Cancer T, T-Knife Therapeutics and 
Waypoint; and data and safety monitoring board for Immatics.  
I.M. declares the following interests: grants from Roche, AstraZenca, 
Bristol Myers Squibb and Genmab and consultancy for Roche, 
Genmab, Regeneron, Pioneer Medicines, Bright Peak Therapeutics, 
PharmaMar, Curon, Mestag Therapeutics and Light Chain Bioscience. 
E.C. reports the following interests: ownership interests in Oncoart 
Associated; honoraria from HM Hospitales Group; consulting/advisory 
roles at Nanobiotix, Janssen-Cilag, Roche/Genentech, TargImmune 
Therapeutics, Servier, Bristol Myers Squibb, Amunix, Adcendo, 
Anaveon, AstraZeneca/MedImmune, Chugai, MonTa, MSD Oncology, 
Nouscom, Novartis, OncoDNA, T-Knife Therapeutics, Elevation 
Oncology, PharmaMar, Ellipses Pharma, Syneos Health, Genmab and 
Diaccurate; and president and founder of Foundation INTHEOS. T.W.K. 
declares institutional funding from Genentech and Inocras. S.H.B. 
declares the following interests: researcher/grant/contract (clinical 
trial principal investigator): Roche, Merck Sharp & Dohme, Bayer, 
Boryung, Takeda, Jeil Pharmaceutical, Merck, Janssen, Pfizer, Amgen, 
Revolution Medicines, IGM Biosciences and STCube. All other authors 
not listed above declare no competing interests.

Additional information
Extended data is available for this paper at  
https://doi.org/10.1038/s41591-026-04380-z.

Supplementary information The online version contains supplementary 
material available at https://doi.org/10.1038/s41591-026-04380-z.

Correspondence and requests for materials should be addressed to 
Axel Boehnke.

Peer review information Nature Medicine thanks Andrew Ko, 
Benjamin Schlechter, and the other, anonymous, reviewer(s) for their 
contribution to the peer review of this work. Peer reviewer reports are 
available. Primary Handling Editor: Ulrike Harjes, in collaboration with 
the Nature Medicine team.

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

http://www.nature.com/naturemedicine
https://doi.org/10.1038/s41591-026-04380-z
https://doi.org/10.1038/s41591-026-04380-z
http://www.nature.com/reprints


Nature Medicine

Article https://doi.org/10.1038/s41591-026-04380-z

**
**

C1 C2
D1 D8 D15 D1 D8

Optional On-treatment 
Tumor Biopsy****

Optional Pre-
treatment 

Tumor Biopsy**** 

Obinutuzumab 
Pre-treatment

C1D-8/-7 or C1D-8 and re-
treatment every 6 months

D−37 to D-9

Cibisatamab

FAP-4-1BBL FAP-4-1BBL FAP-4-1BBL

Cibisatamab

FAP-4-1BBL FAP-4-1BBL
Max.

24 months

MTD

cibisatamab 100 mg Q3W  + FAP-4-1BBL*** Dose-Escalation 35 mg QW 
starting dose 

C1 C2
D1 D1

Cibisatamab

FAP-4-1BBL

Cibisatamab

FAP-4-1BBL

Obinutuzumab 
Pre-treatment

C1D-8/-7 or C1D-8 and re-
treatment every 6 months

Optional Pre-
treatment 

Tumor Biopsy*** 

D−37 to D-9

Optional On-treatment 
Tumor Biopsy***

Max.
24 months

cibisatamab 100 mg Q3W + FAP-4-1BBL** XX* mg Q3W

Extended Data Fig. 1 | Dose escalation schema of FAP-4-1BBL in combination 
with cibisatamab across weekly and 3-weekly dosing schedules. a. Study 
design Part 1: Q3W cibisatamab in combination with QW FAP-4-1BBL dose-
escalation*. b. Study design Part 2: Q3W cibisatamab in combination with Q3W 
FAP-4-1BBL*. C = Cycle; D = Day; MTD = Maximum tolerated dose; QW = Once a 
week; Q3W = Every 3 weeks. Modified continual reassessment method (mCRM) 
with escalation with overdose control (EWOC) design; n ≥ 3 per cohort; N: up 
to approximately 60 evaluable participants (Part 1 and Part 2 combined not to 
exceed approximately 80 evaluable participants). For a FAP-4-1BBL QW schedule 
in combination with cibisatamab in a Q3W schedule, 1 cycle 21 days, which 
corresponds to 3 doses of FAP-4-1BBL and 1 dose of cibisatamab. * Depending 
on the nature and the time course of emerging safety events, the dosing 
frequency for FAP-4-1BBL during Part 1 can be modified as described in Protocol 
Section 4.1. ** If deemed necessary to further characterize the safety, PK, and/or 
pharmacodynamic profile of FAP-4-1BBL, additional participants may be enrolled 
at specific dose levels. *** Based on emerging safety data, FAP-4-1BBL may be 

initiated only at C1D8,15 or C2D1. **** For the first 3 evaluable participants at every 
dose level, optional tumor biopsies at baseline and on treatment can be collected. 
For each additional evaluable participant at each dose level (up to a maximum 
of 9 participants), mandatory tumor biopsies at baseline and on treatment will 
be collected. C = Cycle; D = Day; Q3W = Every 3 weeks. A maximum of 5 specific 
dose levels will be tested; N: Up to approximately 40 evaluable participants (Part 
1 and Part 2 combined not to exceed approximately 80 evaluable participants). 
For the FAP-4-1BBL Q3W schedule in combination with cibisatamab in a Q3W 
schedule, 1 cycle 21 days, which corresponds to 1 dose of FAP-4-1BBL and 1 dose of 
cibisatamab. * The selection of FAP-4-1BBL dose levels will be based on emerging 
clinical data, including safety, PK, and/or pharmacodynamic from Part 1 and  
Part 2. ** Based on emerging safety data, FAP-4-1BBL may be initiated only at 
Cycle 2. *** For the first 3 evaluable participants at every dose level, optional 
tumor biopsies at baseline and on treatment can be collected. For each additional 
evaluable participant at each dose level (up to a maximum of 9 participants), 
mandatory tumor biopsies at baseline and on treatment will be collected.
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Extended Data Fig. 2 | KM Plot cibisatamab + FAP-4-1BBL QW low dose 
(35 + 50) vs high dose (90 + 130) - progression free survival. PFS was evaluable 
in 18 participants receiving low-dose FAP-4-1BBL QW (35 or 50 mg; blue line) and 
12 participants receiving high-dose FAP-4-1BBL QW (90 or 130 mg; red dotted 
line). Both groups received cibisatamab Q3W. Small sample sizes limit the 
interpretation of the PFS data; however, consistent with PD data and responses, 
PFS appears to be longer in the FAP-4-1BBL higher dose cohorts compared with 

the lower dose cohorts. (See figure 4b KM plot). In the group of lower doses 
(n = 18), time to event median was 90.5 days (95% CI 57-150), while in the group 
of higher doses (n = 12), time to event median was 143 days (95% CI 60-210). Of 
note, all participants in the higher FAP-4-1BBL dose cohorts received a reduced 
cibisatamab dose of 60 mg at the first cycle, while 15 out of 18 participants 
received 100 mg cibisatamab also at the first cycle.
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Extended Data Fig. 3 | See next page for caption.
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Extended Data Fig. 3 | Baseline biomarker associations with clinical outcomes. 
(a) Baseline tumor CEA expression by immunohistochemistry (IHC) H-score 
in relation to disease control rate (DCR; PR/SD vs PD) and objective response 
rate (ORR; PR vs SD/PD), with progression-free survival (PFS) stratified by CEA 
H-score categories ( < 100, 101-200, and ≥201-300). Analyses included n = 44 
for ORR/DCR and n = 48 for PFS. (b) Baseline FAP expression by IHC median 
intensity score in relation to DCR and ORR, with PFS stratified by FAP tertiles. 
Analyses included n = 43 for ORR/DCR and n = 47 for PFS. (c) Distribution of 
consensus molecular subtypes (CMS1-4) across best overall response categories 

(PR, SD, PD), with PFS and overall survival (OS) shown according to CMS subtype. 
Analyses included n = 27. (d) Best overall response according to the presence or 
absence of liver metastases, with corresponding PFS and OS analyses stratified 
by liver metastasis status. Analyses included n = 48 for best overall response and 
n = 52 for PFS/OS. (e) Baseline immune phenotype distribution (desert, excluded, 
inflamed) across best overall response categories, with corresponding PFS and 
OS analyses according to immune phenotype. Analyses included n = 45 for best 
overall response and n = 47 for PFS/OS.
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Extended Data Fig. 4 | Peripheral pharmacodynamic effects of cibisatamab 
plus FAP-4-1BBL. (a) Longitudinal changes in circulating cytokines following 
treatment with cibisatamab plus FAP-4-1BBL in comparison with cibisatamab 
monotherapy, including IFNγ, soluble CD25 (sCD25), IL-6, TNFα and IL-10, shown 
relative to baseline (cibisatamab + FAP-4-1BBL n = 44, cibisatamab monotherapy  
n=19). (b) Changes in peripheral immune-cell populations assessed by flow  
cytometry. The left panel includes n = 47 patients, and the right panel includes  
n = 23 patients, reflecting analyte-specific availability across visits. (c) Longitudinal 
changes in soluble 4-1BB (sCD137). Analyses include n = 39 patients in total,  

with per-timepoint sample sizes ranging from n = 14 to n = 33 across visits.  
(d) Longitudinal changes in serum CEA (sCEA). Analyses include n = 41 patients 
in total, with per-timepoint sample sizes ranging from n = 8 to n = 38. Boxplots 
show median and interquartile range; whiskers are based on 1.5 IQR. Longitudinal 
measurements were obtained from repeated samples from the same 
participants. Statistical analyses are described in the Methods. Differences  
in sample size across panels and timepoints reflect variability in biological 
sample and assay readout availability.
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Extended Data Fig. 5 | Tumor pharmacodynamics. (a) Representative duplex 
CD8/Ki67 IHC of paired baseline and on-treatment biopsies from all participants 
providing fresh paired biopsies. Participants receiving cibisatamab 100 mg all 
cycles (top) or cibistamab 60 mg at cycle 1 followed by 100 mg for subsequent 
treatment cycles (bottom). Tables summarize BOR, treatment regimen, fold-
change in CD8+ and CD8 + Ki67+ cells, immune-phenotype shifts, biopsy site, 
and baseline FAP/CEA scores. (b/c) RNA-seq of paired biopsies (n = 6) after 

combination treatment showing induction of APM, IFNγ response, cytotoxic 
T-cell, T-effector, and M2-macrophage signatures (b), with a modest increase in 
the M1/M2 index. Single-gene analysis demonstrated upregulation of CD274, 
CXCL9, EOMES, IDO1, and LAG3 (c). Lines denote BOR (PR, SD, PD). (d) Paired IHC 
showed no consistent change in CEA H-score and heterogeneous, non-directional 
changes in FAP intensity, suggesting continued target availability for cibisatamab 
and FAP-4-1BBL.
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Extended Data Fig. 6 | See next page for caption.
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Extended Data Fig. 6 | Circulating tumor DNA (ctDNA) dynamics, 
pharmacodynamic effects, and clinical outcomes. (a) Association of baseline 
ctDNA with best overall response (cBOR) and liver metastases. Left, baseline 
ctDNA levels (MTM/mL, log scale) stratified by cBOR (PD, SD, PR). Right, baseline 
ctDNA levels according to the number of baseline liver metastases. Individual 
patients are shown with overlaid boxplots; p-values from group comparisons 
are indicated. (b) Association of baseline ctDNA with survival outcomes. 
Kaplan–Meier curves for progression-free survival (PFS; left) and overall survival 
(OS; right) stratified by baseline ctDNA (high vs low, threshold as indicated). 
Shaded areas represent 95% confidence intervals; p-values from log-rank tests 
are shown. (c) Association of ctDNA status at Cycle 3 Day 1 (C3D1) with survival 
outcomes. Kaplan–Meier curves for PFS (left) and OS (right), conditioned on 
patients remaining event-free up to C3D1. Patients are stratified by ctDNA levels 
at C3D1 (high vs low, threshold indicated). (d) Forest plot of hazard ratios for PFS 
according to ctDNA dynamics and baseline ctDNA. Faster ctDNA clearance at 

C3D1 is associated with improved PFS compared with slower clearance/increase 
(reference). Hazard ratios with 95% confidence intervals and p-values are shown. 
Baseline ctDNA (low vs high) is included as a comparator. (e) Association of 
pharmacodynamic (PD) effects with cBOR. Left, waterfall plot showing best 
percentage change from baseline in ctDNA (log10 fold-change) per patient, 
colored by cBOR. Right, distribution of ctDNA changes across visits (for example, 
C1D1, C3D1, etc.) with individual patient data overlaid and stratified by cBOR.  
(f ) Association of ctDNA dynamics at C3D1 with survival outcomes. Kaplan–
Meier curves for PFS (left) and OS (right), conditioned on patients event-free at 
C3D1, comparing patients with faster ctDNA clearance versus slower clearance  
or increase (threshold indicated). Shaded areas represent 95% confidence 
intervals; p-values from log-rank tests are shown. Abbreviations: ctDNA, 
circulating tumor DNA; MTM, mean tumor molecules; cBOR, confirmed best 
overall response; PD, progressive disease; SD, stable disease; PR, partial  
response; PFS, progression-free survival; OS, overall survival.
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Extended Data Table 1 | Summary of adverse events

Part I Part II

All
(N=52

)

Cohort 
1

(N=12)

Cohor
t 2

(N=3)

Cohort 
3

(N=3)

Cohort 
4

(N=7)

Cohort 
5

(N=5)

Cohort 
1

(N=10)

Cohort 
2

(N=9)

Cohort 
3

(N=3)

Total No. of pts with 
at least
one AE, n (%)

12 
(100%)

3 
(100%

)

3 
(100%)

7 
(100%)

5 
(100%)

10 
(100%)

9 
(100%)

3 
(100%)

52 
(100%

)

Total No. of Aes 250 36 44 153 92 159 222 18 974

Total No. of patients with at least one, n (%)

AE with fatal outcome 1 
(8.3%)

1 
(33.3

%)

0 0 0 0 1 
(11.1%)

1 
(33.3%)

4 
(7.7%)

Serious AE 10 
(83.3%)

3 
(100%

)

2 
(66.7%)

4 
(57.1%)

4 
(80.0%)

5 
(50.0%)

5 
(55.6%)

1 
(33.3%)

34 
(65.4

%)

AE leading to 
withdrawal from FAP-
4-1BBL

1 
(8.3%)

1 
(33.3

%)

0 2 
(28.6%)

0 2 
(20.0%)

1 
(11.1%)

1 
(33.3%)

8 
(15.4

%)
AE leading to FAP-4-
1BBL dose 
modification/ dose 
interruption

6 
(50.0%)

3 
(100%

)

2 
(66.7%)

3 
(42.9%)

4 
(80.0%)

1 
(10.0%)

2 
(22.2%)

0 21 
(40.4

%)

AE related to FAP-4-
1BBL leading to 
withdrawal from 
treatment

0 0 0 0 0 0 0 1 
(33.3%)

1 
(1.9%)

AE related to FAP-4-
1BBL leading to dose 
modification/interrup
tion

6 
(50.0%)

3 
(100%

)

2 
(66.7%)

3 
(42.9%)

2 
(40.0%)

1 
(10.0%)

0 0 17 
(32.7

%)

Grade 3-5 AE 8 
(66.7%)

3 
(100%

)

3 
(100%)

6 
(85.7%)

4 
(80.0%)

6 
(60.0%)

7 
(77.8%)

1 
(33.3%)

38 
(73.1

%)

No. of patients with a 
DLT

1 
(8.3%)

1 
(33.3

%)

0 0 0 0 0 0 2 
(3.8%)
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Extended Data Table 2 | Adverse events in ≥ 30% patients overall regardless of relationship to study treatment

Part I Part II

MedDRA 
Preferred Term

Cohort 
1

(N=12)

Cohort 
2

(N=3)

Cohort 
3

(N=3)

Cohort 
4

(N=7)

Cohort 
5

(N=5)

Cohort 
1

(N=10)

Cohort 
2

(N=9)

Cohort 
3

(N=3) ALL

Fatigue 8 
(66.7%

2 
(66.7%)

3 
(100%)

5 
(71.4%)

3 
(60.0%)

6 
(60.0%)

5 
(55.6%)

1 
(33.3%)

33 
(63.5%)

Cytokine 
release 
syndrome

6 
(50.0%)

1 
(33.3%)

3 
(100%)

6 
(85.7%)

2 
(40.0%)

6 
(60.0%)

4 
(44.4%)

2 
(66.7%)

30 
(57.7%)

Diarrhea 6 
(50.0%)

1 
(33.3%)

2 
(66.7%)

5 
(71.4%)

3 
(60.0%)

5 
(50.0%)

6 
(66.7%)

1 
(33.3%)

29 
(55.8%)

Pyrexia 7 
(58.3%)

1 
(33.3%)

2 
(66.7%)

2 
(28.6%)

3 
(60.0%)

5 
(50.0%)

5 
(55.6%)

1 
(33.3%)

26 
(50.0%)

Decreased 
appetite

7 
(58.3%)

1 
(33.3%)

1 
(33.3%)

1 
(14.3%)

4 
(80.0%)

4 
(40.0%)

4 
(44.4%)

1 
(33.3%)

23 
(44.2%)

Cough 4 
(33.3%)

0 0 3 
(42.9%)

2 
(40.0%)

3 
(30.0%)

4 
(44.4%)

1 
(33.3%)

17 
(32.7%)

Anemia 5 
(41.7%)

3 
(100%)

1 
(33.3%)

3 
(42.9%)

1 
(20.0%)

1 
(10.0%)

3 
(33.3%)

0 17 
(32.7%)

Nausea 4 
(33.3%)

0 1 
(33.3%)

3 
(42.9%)

2 
(40.0%)

2 
(20.0%)

4 
(44.4%)

0 16 
(30.8%)

Arthralgia 5 
(41.7%)

2 
(66.7%)

1 
(33.3%)

2 
(28.6%)

2 
(40.0%)

1 
(10.0%)

3 
(33.3%)

0 16 
(30.8%)

http://www.nature.com/naturemedicine


Nature Medicine

Article https://doi.org/10.1038/s41591-026-04380-z

Extended Data Table 3 | Cytokine release syndrome

 
Cibisatamab 60→100 mg dose 
(n=27) 

Cibisatamab flat dose 
(n=25) 

All Participants 
(n=52) 

All 
grades 17 (63.0%) 13 (52.0%) 30 (57.7%) 

Grade 1 14 (51.9%) 11 (44.0%) 25 (48.1%) 

Grade 2 3 (11.1%) 0 4 (7.7%) 

Grade 3 0 2 (8.0%) 2 (3.8%) 

Grade 4 0 0 0 

Grade 5 0 0 0 

SAE 4 (14.8%) 9 (36.0%) 13 (25.0%) 
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Extended Data Table 4 | Cibisatamab + FAP-4-1BBL treatment exposure (days)

Combination 
Schedule

FAP-
4-
1BBL 
Dose 
(mg)

Cibisatamab 
(mg)

# of 
participants 
evaluable 
for efficacy

FAP-4-
1BBL 
Median

Cibisatamab 
Median

FAP-
4-
1BBL 
Mean

Cibisatamab 
mean

FAP-4-1BBL 
QW

+ 
Cibisatamab 
Q3W

35 100 12* 123 116 153.9 147.4

50 100 3 57 50 59.3 52.3

60→100 3 114 98 97.7 83.0

90 60→100 7 99 85 121.7 133.9

130 5 85 85 131.6 125.6

FAP-4-1BBL 
Q3W

+ 
Cibisatamab 
Q3W

35 100 10 64 64 108.1 108.1

60→100 9 85 85 87.6 87.6

90 3 43 43 40.7 40.7

All All All 52 85 85 111.9 110.2

60→100: cibisatamab 60 mg at C1, 100 mg from C2. *1 participant withdrew after a single study 
dose (FAP-4-1BBL +cibisatamab). However, the participant was reported with cPR later on 
without receiving any anticancer treatment after study withdrawal according to the main site 
investigator.

60 → 100: cibisatamab 60 mg at C1, 100 mg from C2. *1 participant withdrew after a single study dose (FAP-4-1BBL +cibisatamab). However, the participant was reported with cPR later on 
without receiving any anticancer treatment after study withdrawal according to the main site investigator.
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