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CEA-CD3 bispecific antibody cibisatamab
with or without atezolizumab in patients
with CEA-positive solid tumours: results of
two multi-institutional Phase 1 trials
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Aurelien Marabelle 6, Kristoffer Rohrberg 7, Maria E. Rodriguez-Ruiz2,
Joseph P. Eder8, Cathy Eng9, Gulam A. Manji10, Daniel Waterkamp11,
Barbara Leutgeb12, Said Bouseida 12, Nick Flinn12, Meghna Das Thakur11,
Markus C. Elze12, Hartmut Koeppen11, Candice Jamois12, Meret Martin-Facklam12,
Christopher H. Lieu 13, Emiliano Calvo 14, Luis Paz-Ares15,
Josep Tabernero 16 & Guillem Argilés16,17

Cibisatamab is a bispecific antibody-based construct targeting carcinoem-
bryonic antigen (CEA) on tumour cells and CD3 epsilon chain as a T-cell
engager. Here we evaluated cibisatamab for advanced CEA-positive solid
tumours in two open-label Phase 1 dose-escalation and -expansion studies: as a
single agent with or without obinutuzumab in S1 (NCT02324257) and with
atezolizumab in S2 (NCT02650713). Primary endpoints were safety, dose
finding, and pharmacokinetics in S1; safety and dose finding in S2. Secondary
endpoints were anti-tumour activity (including overall response rate, ORR)
and pharmacodynamics in S1; anti-tumour activity, pharmacodynamics and
pharmacokinetics in S2. S1 and S2 enrolled a total of 149 and 228 patients,
respectively. Grade ≥3 cibisatamab-related adverse events occurred in 36% of
S1 and 49% of S2 patients. The ORR was 4% in S1 and 7% in S2. In S2, patients
with microsatellite stable colorectal carcinoma (MSS-CRC) given flat doses of
cibisatamab and atezolizumab demonstrated an ORR of 14%. In S1 and S2, 40%
and 52% of patients, respectively, developed persistent anti-drug antibodies
(ADAs). ADA appearance could be mitigated by obinutuzumab-pretreatment,
with 8% of patients having persistent ADAs. Overall, cibisatamab warrants
further exploration in immunotherapy combination strategies for MSS-CRC.

New treatment options aim to expand the benefit of cancer immu-
notherapy beyond inflamed tumours1. Despite the approval of
immune checkpoint inhibitors in a diverse range of solid
malignancies2, these therapies lack efficacy in the majority of
patients. This is particularly true for patients with cancers that are
characterized as nonimmunogenic (sometimes termed cold)3

because they lack sufficient tumour-specific T cells, have insuffi-
cient expression of neoantigens, show defects in major histo-
compatibility complex antigen-presentation machinery and/or
are rich in immunosuppressive factors in the tumour
microenvironment2,4–7. Bispecific T-cell engagers were developed to
redirect cytotoxic T cells to predefined tumour targets, primarily
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for major histocompatibility complex–independent cancer cell
elimination8.

Cibisatamab is a T-cell bispecific antibody (TCB) that uses a 2-to-1
molecular format to target carcinoembryonic antigen (CEA) expressed
on the surface of tumour cells and CD3ε on T cells9. A human immu-
noglobulin G1 (IgG1)–based TCB, cibisatamab’s heterodimeric Fc
region has been disabled to avoid Fc receptor engagement and confer
an extended half-life. The flexible antibody structure, with 2 CEA
binding domains and 1 CD3ε binding domain, enables higher CEA
avidity, for selective killing of CEA-expressing tumour cells.

CEA is a cell-surface glycoprotein that reportedly plays a role in
cell adhesion, invasion and metastasis of cancer cells10 and is over-
expressed on a variety of cancers, including colorectal cancer
(CRC)11,12. CEA can be released from the plasma membrane upon
enzymatic disruption of the glycosyl phosphatidylinositol binding
bridge13 and constitutes a widely used measurable quantitative
biomarker14. Importantly, the CEA binding site for cibisatamab persists
on tumour cells even if the link is cleaved and released from theplasma
membrane. Indeed, to avoid toxicity from on-target off-tumour bind-
ing to circulating CEA, cibisatamab was optimized to recognize an
epitope that is only present in the CEA membrane-attached form9.

Simultaneous binding of cibisatamab to CEA and CD3ε causes
T-cell activation independent of T-cell receptor specificity, leading to
lymphocyte-mediated tumour cell killing, immune-stimulatory cyto-
kine release and further release of tumour antigens. In nonclinical
models, cibisatamab demonstrated the ability to increase T-cell infil-
tration in CEA-expressing tumours, thus converting non-inflamed
programmed death-ligand 1 (PD-L1)–negative tumours into highly
inflamed PD-L1–positive tumours15. Furthermore, combining cibisata-
mabwith an anti–PD-L1 blocking antibody synergistically enhanced its
efficacy in humanised mice16. In cultured human tumour organoids,
redirected T-cell–mediated cytotoxicity depended on the level of CEA
surface expression17.

Because monoclonal antibodies and related constructs may
induce the development of anti-drug antibodies (ADAs), researchers
have studied whether pre-treatment with obinutuzumab, a gly-
coengineered humanized anti-CD20 monoclonal antibody that
recognizes the CD20 antigen present on B-cells, could blunt or
attenuate ADA generation. In nonclinical and clinical studies, obinu-
tuzumab induces a profound B-cell depletion, which has been shown

to result in suppression of de novo antibody responses, while leaving
largely intact the protective humoral memory of long-lived plasma
cells18,19.

Here we collectively describe the results of twomulti-institutional
Phase 1 dose-escalation and -expansion studies of cibisatamab in
patients with advanced CEA-positive solid tumours: S1, studying cibi-
satamab as monotherapy (Study BP29541; NCT0232425720), and S2,
studying cibisatamab combined with atezolizumab (Study WP29945;
NCT0265071321). We evaluated the safety of cibisatamab as a single
agent as well as in combination with atezolizumab in patients with
MSS-CRC, demonstrating a safety profile consistent with that of each
individual agent. Coupled with preliminary efficacy results, these data
suggest that this treatment approach may be worth further clinical
investigation.

Results
Patients
From 2014 to 2018, 149 and 228 patients were enrolled and treated in
S1 and S2, respectively (Supplementary Figs 1 and 2). S1 included 125
patients with CRC (83.9%), 100 with confirmed microsatellite stable
(MSS) disease (67.1%), 2 with confirmed microsatellite instability-high
(MSI-H) (1.3%) disease and remaining patients unknown. All patients
hadmetastatic disease at study entry,mostwithmetastases to the liver
(n = 38 [25.5%]), lung (n = 30 [20.1%]) or both (n = 73 [49.0%]). At study
entry, patients’mean age was 60 years (range: 22-80 years), 61 (40.9%)
were female. EasternCooperativeOncologyGroupperformance status
(ECOG PS) at baseline was 0 (n = 82 [55.0%]) or 1 (n = 67 [45.0%]). 147
patients (98.7%) had received at least one prior line of therapy for
metastatic disease, 61 (40.9%) received prior adjuvant treatment and
90 (60.4%) received 3 or more prior lines of therapy.

S2 included 192 patients with CRC (84.2%), 187 with confirmed
MSS (82%) disease, 5 with confirmed MSI-H (2.2%) disease and
remaining patients unknown. All patients had metastatic disease at
study entry, most with metastases to the liver (n = 56 [24.6%]), lung
(n = 33 [14.5%]) or both (n = 127 [55.7%]). At study entry, patients’mean
age was 57 years (range: 24-81 years), 96 (42.1%) were female. ECOG PS
at baseline was 0 (n = 132 [57.9%]) or 1 (n = 96 [42.1%]). 227 patients
(99.6%) had received at least one prior line of therapy for metastatic
disease, 91 (39.9%) received prior adjuvant treatment and 140 (61.4%)
received 3 or more prior lines of therapy. Detailed baseline char-
acteristics for S1 and S2 are presented in Supplementary Table 1.

In S1, 149patientswere treatedwithflat-dose levels of cibisatamab
ranging from 0.052 to 600mg and with step-up dosing cohorts, and
with obinutuzumab pretreatment. In S2, 228 patients were treated at
flat-dose levels of cibisatamab ranging from5 to 300mgand in step-up
dosing cohorts in combination with atezolizumab.

All patients were included in the S1 and S2 safety- and efficacy-
evaluable populations, whichwere defined, respectively, as all patients
who received at least onedoseof cibisatamaborobinutuzumab and all
patients who received at least one dose of cibisatamab or atezolizu-
mab. In S1, 65 patients who received flat-dose cibisatamab without
obinutuzumab prior to treatment and 15 patients who received cibi-
satamab with obinutuzumab prior to treatment were evaluable for
dose-limiting toxicities (DLTs). Step-up dosing cohorts were explored
to assess whether the approach of starting with low-dose cibisatamab
then dose-escalating would mitigate infusion-related reactions
observed during late cycles. An additional 22 patients in step-up dos-
ing cohorts were evaluable for DLTs to determine the late cycle MTD.
In S2, 73 patients in Part IA (dose escalation) were evaluable, while 153
patients in Part IB (dose schedule finding) were evaluable for DLTs to
determine the late cycle MTD.

Safety (primary objective)
In S1, 116 of the 149 patients (77.9%) received cibisatamab only, 27
patients (18.1%) received obinutuzumab pretreatment followed by

Table 1 | Safety overview of S1 and S2

S1: cibisatamab mono-
therapy (N = 149)

S2: cibisatamab + ate-
zolizumab (N = 228)

Type of AE Patients, n (%) Patients, n (%)

Any AE 146 (98.0) 228 (100.0)

Cibisatamab-related AE 139 (93.3) 225 (98.7)

Grade 5 AE 6 (4.0) 6 (2.6)

Cibisatamab-related
grade 5 AE

3 (2.0) 1 (0.4)

Grade ≥3 AE 102 (68.5) 154 (67.5)

Cibisatamab-related
grade ≥3 AE

54 (36.2) 111 (59.7)

Max Grade 3 AE 89 (59.7) 131 (57.5)

Max Grade 4 AE 7 (4.7) 17 (7.5)

SAE 98 (65.8) 145 (63.6)

Cibisatamab-
related SAE

69 (46.3) 120 (52.6)

AE leading to with-
drawal of cibisatamab

6 (4.0) 15 (6.6)

AE leading to with-
drawal of atezolizumab

NA 13 (5.7)

AE Adverse event, NA Not applicable, SAE Serious adverse event.
Source data can be requested from the authors for academic research purposes
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cibisatamab and 6 patients (4.0%) received obinutuzumab only due
to treatment discontinuation prior to receiving the first dose of
cibisatamab. An overview of safety in S1 and S2 is provided in Table 1.
Apart from a lower incidence of both on-target/off-tumour gastro-
intestinal events (diarrhoea, nausea, vomiting) and infusion-related
reactions (IRRs) at doses below60mg in S1 and doses below 80mg in
S2, no clear trends for dose-dependent adverse events (AEs) were
observed. Of note, most patients developed early onset transient
tumour inflammation and systemic cytokine-related effects
(see below).

In S1, 6 of 149 patients (4.0%) experienced the following grade 5
events: dyspnoea, IRR and respiratory failure (all considered related to
cibisatamab); sepsis (considered related to obinutuzumab); and
cardio-respiratory arrest and tumour thrombosis (not considered
treatment-related by the investigator). In S2, 6 of 228 patients (2.6%)
experienced grade 5 events: 1 cibisatamab-related event of hypovo-
lemic shock and 5 events that were not considered treatment related
by the investigator (respiratory tract infection, urinary tract infection,
disseminated intravascular coagulation, bile duct obstruction and
cerebrovascular accident).

DLTs and MTD (primary objective)
In S1, the maximum tolerated dose (MTD) was defined as 400mg for
flat continuous dosing once weekly (QW) and once every 3 weeks
(Q3W), based on 7 cibisatamab-related DLTs reported in 7 of the 102
DLT-evaluable patients (6.9%). Two of these 7 DLTs were grade 5
events of respiratory failure and dyspnoea. In S2, which included Part
IA (dose escalation) and Part IB (dose schedule finding), a total of 17
DLTs were reported in 15 of the 226 DLT-evaluable patients (6.6%)
and included a grade 5 event of hypovolemic shock. During the S2
dose-escalation phase, all 3 patients at the 300-mg dose level had
serious AEs (SAEs) after their first infusion.While these SAEs were not
classified as DLTs, it was decided not to escalate the dose further.
Thus, the MTD for cibisatamab in combination with atezolizumab
was not reached.

Frequency and severity of AEs
Cibisatamab demonstrated a dynamic safety profile, with the onset of
most toxicity beginning in cycles 1 to 3 and decreasing as treatment
progressed and tolerance improved. Themain exceptions to this trend
were fatigue, arthralgia and pruritus; these had notably later median

a
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Fig. 1 | Treatment-related adverse events. a Most frequent treatment-related
adverse events (≥ 20% in either study) in S1 and S2. bMedian time to onset (middle
line; withmeans as circles, quartiles as boxes, and ranges as bars) of most common

treatment-related adverse events (≥20% in either study) in S1 and S2. CIBI Cibisa-
tamab, IRR Infusion-related reaction. Source data can be requested from the
authors for academic research purposes.
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onset times in S2 than in S1 and are known risks of atezolizu-
mab (Fig. 1).

AEs were predominantly associated with infusion of study treat-
ment and the subsequent activation of immune cells, leading to local
inflammation in the tumours and systemic cytokine-related effects.

In both S1 and S2, IRRs were reported in more than 70% of
patients, with pyrexia, chills, vomiting, nausea and diarrhoea being
the most commonly observed symptoms reported within 24 hours of
the end of infusion (Fig. 1 and Supplementary Table 2). Grade 3 IRRs
occurred in 31 of 143 S1 patients (21.7%) and 38 of 228 S2 patients
(16.2%). The majority of IRRs and associated symptoms were short in
duration and resolved the same day (see supplementary
Tables 3 and 4) with protocol-recommended premedication mea-
sures and supportive care. To further mitigate the risk of IRRs and
cytokine-release syndrome (CRS), corticosteroid pretreatment was
given during step-up dosing (intravenous [IV] dexamethasone 10mg
or equivalent) and for patients who experienced a grade 2 IRR or CRS
in the previous cycle (IV methylprednisolone 80mg or IV dex-
amethasone 16mg).

No CRS events were reported by preferred term in S1; in S2, CRS
events were reported in 7 of 228 patients (3.1%). Given the overlap in
signs and symptoms of IRR and CRS and the timing of the studies
relative to the evolving definition and clinical management of CRS, it is
clear that patients in studies S1 and S2 may have experienced CRS
events that were instead reported as IRRs. To assess the incidence of
CRS in these studies, a retrospective analysiswas conducted to identify
all events of hypoxia, hypotension or both (reported as standalone
events or as reported symptoms of IRR) that occurred within 48 h of
cibisatamab infusion. Patient records that indicated treatment of these
events with supplemental oxygen or vasopressors and laboratory
findings such as cytokine levels and ADA status were used to support
the analysis.

Twenty-eight of 143 patients (19.6%) in S1 and 23 of 228 patients
(10.1%) in S2 would have been captured as grade ≥ 2 CRS according to
National Cancer Institute Common Terminology Criteria for Adverse
Events (NCI CTCAE) v5.0 (in addition to the 7 patients in S2 [3.1%] for
whom CRS was reported as the preferred term) (Table 2).

Tumour inflammation
In addition to systemic cytokine-driven toxicities, engagement of the
tumour target and activation of T cellsmaydrive a rapidexpansion and
infiltration of immune cells, resulting in tumour inflammation or flair,

pain at the tumour site and, depending on the location of the inflamed
tumour, mass effects that can impact organ function.

This phenomenon of temporary tumour enlargement was con-
sistently observed in patients who received computed tomography
(CT) scans within 48 to 96 h after drug administration and was
attributed to inflammation of the tumour tissue (Fig. 2). Inmost cases,
events of tumour inflammation, tumour pain and associated sequelae
resolved within 2 to 3 days of administration, following management
with corticosteroids and supportive care. However, severe pulmonary
toxicity was observed in a small number of patients with multiple
bilateral lung lesions and in patients with tumours sited near critical
organ structures. Of note, one patient had respiratory failure and died
following their first dose of cibisatamab 600mg, as the result of an
extrinsic tracheal/bronchial obstruction by an enlarged tumour mass.
For this reason, patients with important thoracic involvement at cri-
tical sites and high lung tumour burden were excluded from ensuing
trials.

Incidence of AEs in ADA-positive and -negative patients
Cibisatamab induced the formation of ADAs in 50% to 70% of patients.
Figure 3 shows the combined incidence from S1 and S2 of selected AEs
and associated symptoms related to IRR and CRS in ADA-positive and
ADA-negative patients by infusion (first 7 infusions shown).

In both studies, IRRs and associated symptoms were more fre-
quent and of higher severity in ADA-positive patients than in ADA-
negative patients (Fig. 3). IRRs of grade 3 or higher were also more
persistent in later cycles in ADA-positive patients than in ADA-negative
patients. Irrespective of a patient’s ADA status, most IRRs were
observed following the first infusion (median time to ADA onset in S1
was 22 days; in S2, 16 days).

Pharmacokinetics and Immunogenicity (primary objective in S1;
secondary objective in S2)
A two-compartment pharmacokinetic (PK) model with first-order lin-
ear elimination well described the cibisatamab serum concentration
time course in ADA-negative patients. In S1 and S2, the median clear-
ance values were 0.063 L/h and 0.048 L/h and the volume of dis-
tribution at steady state values were 8.25 L and 8.31 L, respectively.

Clearance did not depend on dose and exposure and was similar
after administration of cibisatamab alone or in combination with ate-
zolizumab. After 100mg Q3W, the maximum concentration and area
under the time-concentration curve of the first dosing interval was
26.7μg/mL (13.8–47.9) and 756μg×h/mL (266–2398), respectively
(median, 5th-95th percentile, n = 20). In ADA-negative patients, phar-
macokinetics were time-independent. The cibisatamab clearance is
approximately 7-fold to 8-fold higher than a typical IgG1 antibody in
humans22.

The incidenceof ADAdevelopmentwashigh (50% in S1 in patients
not pretreated with obinutuzumab; 71% in S2; Table 3). The drug tol-
erance of the ADA assay used in S2 was significantly better than that of
the assay used in S1; therefore, the incidence of ADAs is not directly
comparable. The median time to ADA onset was 22 days (range,
6–146 days) and 16 days (range, 7–260 days) in studies S1 and S2,
respectively. Higher ADA titers were associatedwith a larger impact on
loss of cibisatamab exposure, suggesting that ADAs are neutralizing,
i.e., directed to epitopes in the CEA- or the CD3-binding regions of
cibisatamab, or both, or increasing drug clearance from plasma.

After obinutuzumab pretreatment, 11 of 26 patients (42%) were
ADA positive. Nine of 11 patients (82%) had transient ADAs, and in the
remaining 2 patients later time points were unavailable (the last
available ADA samplewas early—at 3 and 9weeks after the first dose of
cibisatamab). The maximum observed ADA titer in obinutuzumab-
pretreated patients was 1:270, while ADA titers were in general higher
in patients who were not pretreated with obinutuzumab, with a max-
imal observed titer of 1:196,830 (study S1). In the obinutuzumab-

Table 2 | Reported and retrospectively assessed incidence of
CRS in S1 and S2 according to National Cancer Institute
Common Terminology Criteria for Adverse Events v5.0

S1: cibisatamab mono-
therapy (N = 143)a

S2: cibisatamab + ate-
zolizumab (N = 228)

Derivation method
and grade

Patients, n (%) Patients, n (%)

CRS (as reported term) 0 7 (3.1)

Grade 1 0 1 (0.4)

Grade 2 0 1 (0.4)

Grade 3 0 5 (2.2)

CRS (retrospectively
assessed grade ≥2)

28 (19.6) 23 (10.1)

Grade 2 26 (18.2) 20 (8.8)

Grade 3 1 (0.7) 3 (1.3)

Grade 5 1 (0.7) 0

CRS Cytokine-release syndrome.
aCibisatamab with or without obinutuzumab. Excludes 6 patients who only received obinutu-
zumab.
Source data can be requested from the authors for academic research purposes
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pretreated population, cibisatamab exposure was sustained in ADA-
positive patients, and the cibisatamab concentration levels were
similar to those in ADA-negative patients (Supplementary Fig. 3).

In ADA-negative patients, PK was time-independent, i.e., serum
exposure was maintained after multiple doses. In persistent ADA-
positive patients, however, ADA-mediated, time-dependent PK was
observed with reduced or no detectable exposure at end of infusion.
Median time to onset of complete loss of exposure (exposure not
detectable at end of infusion) was 35 days (range, 21–111 days) and
63 days (range, 21–189 days) in studies S1 and S2, respectively. Step-up
dosing to high doses could not overcome the negative impact of ADAs
on active cibisatamab exposure.

Efficacy (secondary objectives)
In S1, all patients (n = 149) hadmeasurable disease at baseline andwere
evaluable for efficacy. Six patients (4.0%, 90% CI: 1.8, 7.8) achieved a
confirmed partial response (PR), including 3 of 46 patients (6.5%)
enrolled in the step-up cohorts, 2 of 27 patients (7.4%) enrolled in the
cohorts with obinutuzumab pretreatment and 1 of 65 patients (1.5%)
enrolled in theflat dose cohorts. Five of 6 PRs occurred in patientswith
MSS-CRC and one in a patient with pancreatic cancer. The median
duration of response was 6.5 months (90% CI: 3.9, 7.4). Forty patients
(26.8%) had a best overall response of stable disease (SD), 74 patients
(49.7%) had a best overall response of progressive disease (PD) and 29
patients (19.5%) had missing or non-evaluable best overall responses

Baseline CT scan CT scan on Cycle 1 Day 3 End of treatment

Fig. 2 | Patient with bilateral lung lesions at baseline and lung lesion inflammation and localised perilesional oedema onCycle 1 Day 3. The patient received 60mg
cibisatamab on Cycle 1 Day 1 and experienced transient hypoxia and transient dyspnoea 48h after infusion. CT Computed tomography.
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Fig. 3 | Combined incidence and severity of IRR- andCRS-relatedadverseevents
and associated symptoms. Data for (a) ADA-negative and (b) ADA-positive
patients are shown by infusion for patients receiving 40–600mg of cibisatamab
(flat-dose and step-up dosing cohorts) in S1 and S2. ADA, Anti-drug antibody; CRS,

Cytokine-release syndrome; IRR, Infusion-related reaction; M Grade information
not provided by site. Source data can be requested from the authors for academic
research purposes.
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across all dose cohorts. Response results for the cibisatamab mono-
therapy cohorts are summarized in Supplementary Tables 5 and 6.

In S2, all enrolled patients (n = 228) had measurable disease at
baseline and were evaluable for efficacy. Across all dose levels, sche-
dules and tumour types, the investigator-assessed overall response
rate (ORR) was 6.6% (90% CI: 4.1, 9.9); 34.6% of patients (79/228)
achieved a SD and 47.8% (109/228) showed PD as best overall response
and a disease control rate (DCR) of 41.2% (90% CI: 35.8, 46.9). Eleven
percent of the patients were non-evaluable for response.

In Part IA (n = 75), the DCR was 27.8% (5/18) in the patients who
were enrolled in the dose-escalation cohorts ranging from 5 to
40mg. No objective response was observed. In the dose-escalation
cohorts that ranged from 80 to 160mg, the DCRwas 61.5% (8/13) and
one patient had a PR (7.7%, 90% CI: 0.4, 31.6). Based on these early
efficacy findings, the 160-mg cohort was expanded to recruit an
additional 41 patients. In addition, Part IB was opened to test the
randomized flat dose with 100mgQWvs 100mgQ3W and to include
several step-up cohorts (see the CONSORT diagrams in Supplemen-
tary Figs. 1, 2).

Table 4 summarizes the efficacy results in the flat-dose 100- to
160-mg MSS-CRC cohorts, the step-up dose MSS-CRC cohorts and all
enrolled patients with MSS-CRC. Figure 4 shows the spider plot of
change in target lesion of the patients withMSS-CRRwhowere treated
in the randomized 100-mg cohorts. Efficacy based on objective
response appeared to be similar in patients with MSS-CRC who were
treated with flat doses of cibisatamab 100mg QW, 100mg Q3W or
160mgQW in combination with atezolizumab, and efficacy seemed to
be greater in these patients receiving flat doses than in those who
received step-up dosing.

Patients with several other diagnoses received cibisatamab in
combination with atezolizumab, including patients with pancreatic
(n = 17), gastric (n = 12), non-small cell lung (n = 3), breast (n = 2) and
bile duct (n = 2) cancer. The efficacy results are summarised in Sup-
plementary Table 7.

Of the enrolled patients in S2, 127 had CEA-related cell adhesion
molecule 5 (CEACAM5) messenger RNA expression data available; 105
of these patients hadMSS-CRC and 45were in the 100‑ to 160-mgdose
cohorts (Fig. 5A). Thirteen patients were classified as CEACAM5-high
and 32 patients were CEACAM5-low, according to a normalised RNA-
seq cutoff of 1500 reads per kilobase of transcript per million reads
mapped (RPKM). Importantly, all 4 of the tested patients who had a
confirmed PR were CEACAM5-high.

All key analyses were repeated disaggregated by sex with selected
results presented in SupplementaryTable 8. No substantial differences
between the sexes were found.

Exploratory biomarker results
The immunohistochemistry (IHC) data from the 100- to 160-mgQWor
Q3W cohorts show that in the majority of patients (80%, n = 31), cibi-
satamab in combination with atezolizumab induces an increase in
intra-tumoural T-cell infiltration (comparing the C2D1 and C3D1 on-
treatment time points to baseline levels). On-treatment PDCD1 levels
(PDCD1 encodes programmed death ligand-1 [PD-L1]) were similarly
higher than baseline levels (Fig. 5B–E presents the CD8 and PD-1 IHC
images and data that were quantified). Furthermore, cibisatamab
treatment frequently triggered the relocalization of the CD8 + T cells
from the stroma to the tumour beds, resulting in the conversion of
immune-excluded tumours (in which the CD8 T cells are primarily in
the tumour stroma) to inflamed tumours (in which the CD8 T cells are
infiltrating the tumour nests) (Fig. 5F). In this limited data set, these
biomarkers only reflect pharmacodynamic changes and are not pre-
dictive of response.

Cibisatamab is designed to allow for activation of T cells regard-
less of their antigen specificity. This was confirmed byRNAseq analysis
on tissue collected at baseline and on treatment (n = 23 in the
cibisatamab-atezolizumab 100-mg cohorts). As expected, T effector
(Teff) gene expression (CD8A, GZMA,GZMB, IFNG, EOMES, PRF1, CXCL9,
CXCL10, TBX21) increased on treatment (supporting theCD8 and PD-L1
data). However, no changes in antigen presentation genes (TAPBP,
TAP1, TAP2, PSMB8, PSMB9) were seen, supporting the theorized syn-
thetic immunity mechanism of action of TCBs, whereby conceivably
no antigen-specific T cells are necessary for activity (Fig. 6). Interest-
ingly, it does seem that in the Teff gene signature, the change was
greater in the patients with PR and SD than in those with PD (mean
changes: patients with PR, 1.5; SD, 1.3; PD, 0.7). However, this trend
needs further validation. Moreminimal changes in peripheral CD8 and
CD4 cells were seen by response in patients receiving cibisatamab
(Supplementary Fig. 4).

Dose selection
Multiple dose levels and schedules for cibisatamabmonotherapy (with
or without obinutuzumab pretreatment) and cibisatamab in combi-
nation with atezolizumab have been tested in studies S1 and S2 in
approaches intended to improve safety and efficacy. The flat-dosing

Table 3 | Incidence of patientswith cibisatamabADAs and incidence of patientswith complete loss of cibisatamab exposure in
S1 and S2

S1 (without obinutuzumab) S1 (with obinutuzumab
pretreatment)

S2 (without Obinutuzumab)

N n (%) N n (%) N n (%)

ADA positive at baseline 111 3 (2.7) 26 0 218 8 (3.7)

ADA-negative, persistent 110 55 (50) 26 15 (58) 219 64 (29)

ADA-positive, treatment-enhanced 110 1 (1) 26 0 219 2 (1)

ADA-positive, transient 110 10 (9) 26 9 (35) 219 39 (18)

ADA-positive, persistent 110 44 (40) 26 2 (8) 219 114 (52)

Complete LOE 116 30 (26) 27 0 228 42 (18)

ADA Anti-drug antibody, LOE Loss of exposure.
Treatment-emergent ADAs were classified and subclassified as either:
1) Treatment-induced ADA: Patient has negative or missing baseline ADA result(s) and ≥1 positive post-baseline ADA result.
(a) Persistent: Patient has post-treatment ADA-positive samples for ≥16 weeks or the last ADA time point is positive
(b) Transient: Patient has ≥1 post-treatment ADA-positive sample ANDhas only 1 ADA-positive sampleor the timebetween thefirst and last ADA-positive sample is <16weeksAND the last ADAsample
is negative
2) Treatment-enhanced ADA: Patient has positive ADA result at baseline and ≥1 post-baseline titer result that is ≥0.60 titer units greater than the baseline titer result
Complete LOE is defined as a cibisatamab exposure with target-binding competent PK assay (i.e., active concentration) that is not detectable at end of infusion. Note that N for on-treatment ADA
status can be larger than for baseline status as patients are still eligible for some categories with missing baseline samples. Source data can be requested from the authors for academic research
purposes
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regimens of cibisatamab (100mg QW, 100mg Q3W, and 160mg QW)
in combination with atezolizumab seemed to have a more favorable
benefit-risk profile than step-up dosing regimens that started at 40mg
and escalated to the 1200-mgdose. In S2, the safety profile and clinical
efficacy of cibisatamab appeared to be similar with both the rando-
mized 100-mg dose administered QW and Q3W and the 160-mg dose
administered QW in S2.

In a longitudinal mixed-effect nonlinear model that included
patients withMSS-CRCwhowere enrolled in S2 and had been exposed
to flat doses, doses of ≥ 80mg cibisatamab led to a higher tumour
shrinkage rate and to a trend toward lower growth rates.

Owing to the high affinity of cibisatamab to CEA and consistent
with cibisatamabpositron emission tomography (PET) imaging studies
in tumour-bearing mice23 and a clinical imaging study with a labeled
molecule (89Zr CEA-IL2v) that binds to the same CEA epitope as
cibisatamab24, tumour retention is predicted to be considerably longer
than that based on the serum PK half-life, which further supported the
Q3W schedule. In addition, the 100-mg Q3W schedule will be more
convenient for patients and will allow for a longer recovery period
between cibisatamab administrations. Thus, 100mg Q3W cibisatamab
in combination with 1200mg Q3W atezolizumab has been selected as
the recommended Phase 2 dose (RP2D) and schedule.

Discussion
There remains a significant unmet clinical need to optimize immu-
notherapeutic strategies for patients with cancer, in particular MSS-
CRC. T-cell redirecting therapies using bispecific antibodies present a
unique opportunity to engage T cells and induce potent anti-tumour
immunity. Cibisatamab is the first T-cell bispecific antibodywith a 2-to-
1 format, optimized for safety and efficacy, directly binding CEA on
tumour cells and CD3 on T cells, regardless of antigen specificity,
resulting in increased T-cell infiltration, T-cell activation and tumour-
cell killing15.

The S1 and S2 studies were performed in order to evaluate the
safety, optimal dose and schedule, and preliminary efficacy of cibisa-
tamab alone and in combination with atezolizumab. The safety profile
of cibisatamab was dominated by IRRs, diarrhoea and tumour
inflammatory events. Grade 3 and 4 toxicities were mostly IRRs,

diarrhoea, transaminitis and anaemia.We observed thatmost IRRs and
CRSs typically occurred following the first cibisatamab infusion and
likely mediated by on-tumour/on-target effects. Later-cycle IRR and
CRSs weremore pronounced in ADA-positive patients, potentially due
to ADA-mediated crosslinking of cibisatamab-bound CD3 leading to
peripheral T-cell activation. The tumour inflammation and flare events
occurred early and may be mediated by the mechanism of action of
cibisatamab at the tumour, leading to an influx of inflammatory cells,
thereby indicating an on-tumour/on-target effect. In contrast, the
observed gastrointestinal toxicity likely represents an off-tumour/on-
target effect of cibisatamab, targeting normal colonicmucosa,which is
known to express high levels of CEACAM5.

The MTD for cibisatamabmonotherapy was determined as a flat
dose of 400mg QW and Q3W. Safety of cibisatamab in combination
with atezolizumab was consistent with the known safety profiles of
the individual drugs, with no further signals reported. The MTD for
cibisatamab in combination with atezolizumab was not formally
determined since during the dose-escalation phase, all 3 patients at
the 300-mg dose level had a serious AE after the first infusion (chills,
hypoxia, diarrhoea) and it was decided not to escalate the dose fur-
ther. Cibisatamab exposure was similar after administration as a
single agent or in combination with atezolizumab. However, admin-
istration of cibisatamab was frequently associated with a high inci-
dence of ADAs, leading to reduced exposure or to exposure below
the limit of quantification in a significant number of patients. Cibi-
satamab exposure was sustained in obinutuzumab-pretreated
patients, with PK profiles similar to those in ADA‑negative patients,
demonstrating the usefulness of B-cell depletion to reduce the for-
mation of ADAs.

Preliminary data of anti-tumour activity with cibisatamab mono-
therapy and in combination with atezolizumab indicate these treat-
ments resulted in clinical efficacy, with a few confirmed responses in
patients with CEA-positive tumours across cohorts. Efficacy based on
objective response appeared to be best in patients with MSS-CRC who
were treated with flat doses of cibisatamab 100mg QW, 100mg Q3W
or 160mg QW in combination with atezolizumab. Additionally, effi-
cacy seemed to be further enhanced in patients with high CEACAM5
expression. However, small sample sizes must be acknowledged as a

Table 4 | Efficacy for all patients, all patients with MSS-CRC, all patients with MSS-CRC who received flat doses and step-up
dose MSS-CRC treated with cibisatamab in combination with atezolizumab

All (n = 228) All MSS-
CRC (n = 187)

Flat-dose MSS-CRC
100 QW (n = 20)

Flat-dose MSS-CRC
100 Q3W (n = 19)

Flat-dose MSS-CRC
160 QW (n = 35)

All step-up B1 +C2a

MSS-CRC (n = 50)
Step-up C1b MSS-
CRC (n = 39)

ORR, n (%)
90% CI

15 (6.6)
[4.1, 9.9]

13 (7.0)
[4.2, 10.8)

3 (15.0)
[4.2, 34.4]

3 (15.8)
[4.4, 35.9]

5 (14.3)
[5.8, 27.7]

0
[0.0, 5.8]

2 (5.1)
[0.9, 15.3]

CR, n (%)
90% CI

1 (0.4)
[0.0, 2.1]

0
[0.0, 1.6]

0
[0.0, 13.9]

0
[0.0, 14.6]

0
[0.0, 8.2]

0
[0.0, 5.8]

0
[0.0, 7.4]

PR, n (%)
90% CI

14 (6.1)
[3.8, 9.4]

13 (7.0)
[4.2, 10.8]

3 (15.0)
[4.2, 34.4]

3 (15.8)
[4.4, 35.9]

5 (14.3)
[5.8, 2.7]

0
[0.0, 5.8]

2 (5.1)
[0.9, 15.3]

SD, n (%)
90% CI

79 (34.6)
[29.4, 40.2]

68 (36.4)
[30.5, 42.6]

8 (40.0)
[21.7, 60.6]

7 (36.8)
[18.8, 58.2]

13 (37.1)
[23.6, 52.4]

21 (42.0)
[30.1, 54.6]

9 (23.1)
[12.6, 36.8]

PD, n (%)
90% CI

109 (47.8)
[42.2, 53.5]

88 (47.1)
[40.9, 53.3]

9 (45.0)
[25.9, 65.3]

8 (42.1)
[23.0, 63.2]

13 (37.1)
[23.6, 52.4]

22 (44.0)
[32.0, 56.6]

25 (64.1)
[49.7, 76.8]

NE, n (%) 25 (11.0) 18 (9.6) 0 1 (5.3) 4 (11.4) 7 (14.0) 3 (7.7)

DCR, n (%)
90% CI

94 (41.2)
[35.8, 46.9]

81 (43.3)
[37.2, 49.6]

11 (55.0)
[34.7, 74.1]

10 (52.6)
[32.0, 72.6]

18 (51.4)
[36.5, 66.2]

21 (42.0)
[30.1, 54.6]

11 (28.2)
[16.7, 42.3]

DOR
range, mo

1.9–35.6 1.9–28.6 3.8–6.9 3.6–27.7 1.9–28.6 NA 6.0–17.6

Patients were randomly assigned to the 100-mg QW or 100-mg Q3W cohorts.
CR Complete response, DCR Disease control rate, DOR Duration of response,MSS-CRC Microsatellite-stable colorectal cancer, NA Not applicable, NE Unevaluable or missing, PD Progressive
disease, PR Partial response, Q3W Once every 3 weeks, QW Once weekly, SD Stable disease, ORR Overall response.
aThe maximum planned cibisatamab dose was 1200mg in cohort B1 and 600mg in cohort C2.
bThe maximum planned cibisatamab dose was 150mg in cohort C1.
Source data can be requested from the authors for academic research purposes.
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Fig. 4 | Patterns of response. a Spider plot of change in sum of target lesions from
baseline according to Response Evaluation Criteria in Solid Tumors version 1.1 in
patients with MSS-CRC receiving cibisatamab flat dose 100mg once weekly (top,
n = 20), and 100mg once every 3 weeks (bottom, n = 19) plus atezolizumab in S2.
b Computerised tomography scan images from a RECIST-confirmed partial

responder withMSS-CRC taken at baseline andweek 16 after receiving cibisatamab
160mg QW and atezolizumab 1200mg Q3W. CEACAM5, Carcinoembryonic
antigen-related cell adhesion molecule 5; NA Not applicable, NE Not evaluable, PD
Progressive disease, PR Partial response, SD Stable disease. Source data can be
requested from the authors for academic research purposes.
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limitation of these results, and the studies were not designed to eval-
uate efficacy.

The biomarker data show that cibisatamab treatment triggered
the relocalization of CD8 T cells from the periphery and/or the
expansion of pre-existing CD8 T cells within the tumour, as well as

increased PDCD1 levels, leading to an inflamed tumour phenotype. The
biomarker data also support themechanisms of action of cibisatamab,
in that the drug can elicit anti-tumour responses by cross-linking
T cells to tumour cells and mediate polyclonal T-cell expansion that is
independent of T-cell receptor specificity; evidenced by an increase in
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Fig. 5 | CEACAM5 levels and intratumoural changes in CD8 +T cells and PDCD1
gene expression. a CEACAM5 level vs best overall response according to Response
Evaluation Criteria in Solid Tumors version 1.1 in the 100–160mg cibisatamab
cohort (MSS-CRC population) including all patients who received at least one dose
of any study treatment (medians shown as middle lines, quartiles as boxes, and
ranges as bars). b–f Refer to changes between baseline and on-treatment samples
from patients with MSS-CRC in S2 who received doses ≥ 100mg cibisatamab, by
best overall response. b Dual chromogenic IHC for CD8 (yellow) and Ki67 (purple
nuclear signal, outlining most tumour cells) for a patient with partial response
(upper panel) and a patient with stable disease (lower panel). Scale bar represents
88.5 μm (top left), 77.3μm (top right), 84.4μm (bottom left) and 73.0μm (bottom
right). c Changes in CD8 +T cells between baseline and on-treatment tissue were
quantified with a KI57/CD8 duplex assay. d Single chromogenic IHC for PD-1 at
baseline (left) and on-treatment (right). Scale bar represents 76.7μm (left) and

77.4μm (right). e Changes in PDCD1 gene expression between baseline and on-
treatment tissue were quantified by RNAseq. f Cibisatamab induces tissue phar-
macodynamic changes. IHC for CD8 (yellow) and Ki67 (purple, outlining most
tumour cells). The immune-excluded immunophenotype is shown on the left
(baseline sample) and the immune-inflamed immunophenotype is shown on the
right (on-treatment sample). Scale bar represents 65.4μm (top left), 60.2μm (top
right), 64.4 μm (middle left), 52.8μm (middle right), 64.5μm (bottom left), and
61.0μm (bottom right). In panels a, c, e, blue colour refers to PR, orange to SD, and
red to PD. The N or n refers to individual patients. In subplots (c, e) dots for the
same patient are connected by a line. The exploratory test in subplot f is two-sided.
Atezo Atezolizumab; BL Baseline tissue; BOR Best overall response; CEACAM5
Carcinoembryonic antigen-related cell adhesion molecule 5; cibi Cibisatamab OT
On-treatment tissue; PD Progressive disease; PR Partial response; RPKM Reads per
kilobase of transcript per million reads mapped; SD Stable disease.
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activated T cells in on-treatment tumour samples but no change in
antigen presentation machinery. However, these pharmacodynamic
changes did not correlate with response.

Cibisatamab is the first T-cell bispecific antibody consisting of a 2-
to-1 format, optimised for safety and efficacy, directly binding tumour
cells via CEA and T cells via CD3; resulting in increased T-cell infiltra-
tion, T-cell activation and tumour-cell killing. The preliminary efficacy
observed with cibisatamab in combination with atezolizumab in
patients with MSS-CRC warrants further exploration. Study CO40939
is anongoingPhase 1b study that enrolledpatientswith advancedMSS-
CRC with high CEACAM5 expression treated with cibisatamab at the
RP2D in combination with atezolizumab after pretreatment with obi-
nutuzumab (NCT03866239). Furthermore, a study of cibisatamab
combined with a similar bispecific construct targeting CD137/4-1BB
and fibroblast activation protein α is ongoing (NCT04826003).

Methods
Study design and ethics
S1 (BP29541, first-in-human study) was an open-label, multi-center,
multi-cohort dose-escalation Phase 1 study designed to evaluate the
safety, pharmacokinetics and therapeutic activity of cibisatamab (CEA-
TCB) as a single agent, with orwithout obinutuzumabpretreatment. S2
(WP29945) was an open‑label, multi‑center, multi-cohort dose-escala-
tion and dose schedule–finding Phase 1b clinical study of cibisatamab
in combination with atezolizumab. Both studies were designed and
conducted in compliance with the principles of the Declaration of
Helsinki and the Good Clinical Practice guidelines of the International
Council for Harmonisation, and the study design and conduct com-
plied with all relevant regulations regarding the use of human study
participants. Written informed consent was obtained from each
patient before the initiation of study procedures. Both study protocols
(available in Supplementary Information) were approved by the insti-
tutional review boards or independent ethics committee at each study
site. For study S1, the initial protocol was first approved by clinical

researchethics committee atVall d’HebronHospital (Barcelona, Spain)
on December 12, 2014, for study conduct at Vall d’Hebron University
Hospital (Barcelona, Spain) and the University of Navarra Hospital
(Navarra, Spain). For study S2, the clinical researchethics committeeof
theGovernment of Navarra Department of Health (Navarra, Spain) was
first to approve the initial protocol on December 15, 2015, for study
conduct at the same sites as for S1. Additional study sites in North
America and Europe were opened thereafter. S1 and S2 were first
authorised by The Spanish Agency for Medicine and Health Products
on December 18, 2014, and December 28, 2015, respectively, with
additional health authority authorizations occurring through 2017.
The S1 study record was first submitted to ClinicalTrials.gov on
December 12, 2014 (https://clinicaltrials.gov/study/NCT02324257);
patients in S1 were enrolled between December 2014 and May 2018.
The S2 study record was first submitted to ClinicalTrials.gov on Jan-
uary 6, 2016 (https://clinicaltrials.gov/study/NCT02650713); patients
in S2 were enrolled between January 2016 and May 2018.

Patients
In both studies, eligible patients aged 18 years or older were enrolled
from 17 (S1) and 23 (S2) academic hospitals in 6 (S1) and 7 (S2) coun-
tries between 2014 and 2018 with sponsorship by F. Hoffmann-La
Roche Ltd. Patients were required to have locally advanced or meta-
static solid tumours after progression on a standard therapy, be
intolerant of and/or non-amenable to the standard-of-care therapies
and have at least one tumour lesion of accessible non-critical location
to biopsy, adequate organ function, radiologically measurable and
clinically evaluable disease (per Response Evaluation Criteria in Solid
Tumors version 1.1 [RECIST 1.1]), and an ECOG PS 0 or 1. Patients with
select non-CRC tumourshad tumour CEA expression (≥ 20%of tumour
cells expressing moderate or high intensity CEA expression—IHC2+
and IHC3 + ) assessed locally in Europe and centrally in North America.
Patients were excluded if they had ongoing or recent autoimmune
disease, had undergone allogeneic bone marrow or solid-organ
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patients shown for antigen-processing and T-effector. Blue colour refers to PR,
orange to SD, and red to PD. Antigen-processing gene set: TAPBP, TAP1, TAP2,
PSMB8, PSMB9. T-effector gene set: CD8A, GZMA, GZMB, IFNG, EOMES, PRF1, CXCL9,
CXCL10, TBX21. BL Baseline tissue; OTOn-treatment tissue; PD Progressive disease;
PR Partial response; SD Stable disease.
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transplantation, or had concurrent cancer. A full list of inclusion and
exclusion criteria is provided in the Supplementary Methods.

Study drug administration and dose escalation
Because the human CEA binder of cibisatamab does not cross-react
with cynomolgus monkey CEA and CEA is absent in rodents, the
minimal anticipatedbiological effect level (MABEL) approachwasused
to define the starting dose for the first-in-human study S1. Results from
in vitro studies on human cells using the most sensitive test systems
and assay conditions yielded a MABEL dose for cibisatamab of
0.052mg, which was the starting dose for this study25.

In S1, patients were enrolled in single-patient ascending cohorts
with flat-dose levels (i.e., same dose at each infusion) starting from
0.052mg and up to 2.5mg cibisatamab QW. In Part II of S1, patients
were enrolled in multiple patient cohorts with flat-dose levels starting
from 2.5 to 600mg cibisatamab administered QW or Q3W (with or
without obinutuzumab pretreatment) or step-up dosing regimen with
QW and Q3W schedules (first dose of 40mg up to 1200mg, if toler-
ated). As preliminary data suggested that cibisatamab ADAs decreased
the cibisatamab serum exposure (see Pharmacokinetics and Immu-
nogenicity), new patient cohorts were created to include obinutuzu-
mab pretreatment, to assess whether obinutuzumab could attenuate
the development of ADAs. Step-up dosing cohorts were also added, to
assess whether, by increasing the cibisatamab dose, the negative
impact of cibisatamab ADAs on exposure could be overcome and
thereby optimize efficacy. Obinutuzumab was administered as pre-
treatment either on Day ‒13 at a dose of 2000mg or on two con-
secutive days, Day ‒13 and Day ‒12, at a dose of 1000mg prior to
treatment with cibisatamab on Cycle 1 Day 1.

In S2, patients were enrolled first into Part IA (dose-escalation), in
which they received flat-dose cibisatamab between 5 and 300mgQW,
and then into Part IB (dose- and schedule-finding), in which patients
withMSS-CRCwere randomized to cibisatamab 100mgQWor 100mg
Q3W (Cohort A). Several step-up cohorts were added with a cibisata-
mab starting dose of 40mg and stepwise dose increase QWduring the
first 3 administrations andQ3Wthereafter (CohortsC1 andC2: patients
with MSS-CRC who received a maximum cibisatamab dose of 150mg
and 600mg, respectively; Cohort B1: patients MSS or MSI-high CRC
who received amaximumcibisatamabdoseof 1200mg)The study also
included step-up safety cohorts enrolling patients with indications
other than CRC, including breast, gastric and pancreatic cancer, who
received a maximum cibisatamab dose of 600mg.

In both studies, a 24-h hospital stay was required following
administration of study drugs at Cycle 1 Day 1 and also where a patient
had experienced a grade ≥ 2 event of IRR/CRS at the previous admin-
istration. Patients were allowed to remain on therapy until loss of
clinical benefit, PD, unacceptable toxicities, loss of cibisatamab expo-
sure or withdrawal of consent. Investigators had the option to adjust
the dose and/or the schedule of cibisatamab to allow patients who
could potentially benefit from cibisatamab to remain on the
study drug.

Tumour response assessments
Tumour response was measured according to RECIST 1.1 and assessed
by the investigators in S1 and by the investigators and independent
review in S2.

Tumour assessment was performed once during screening. The
first assessment after the start of treatment was performed at 8 weeks,
and assessments were performed every 8 weeks thereafter for the first
year and every 12 weeks thereafter until PD or treatment
discontinuation.

Safety
In both studies, the safety assessments were done at each visit and
included vital signs, physical examinations, electrocardiograms, and

laboratory tests. AEs were graded according to the NCI CTCAE v4.03,
and CRS AEs were evaluated using NCI CTCAE v5.0. DLTs were defined
as prespecified AEs that in S1 were related to cibisatamab and in S2
were related to cibisatamabor/and atezolizumab and inboth cases had
occurred during the DLT period (21 days following Cycle 1 Day 1) in
patients enrolled during the dose-escalation part and during the step-
up dose-escalation part of each study. Reported causality of the
investigational drug was based on the judgment of the treating phy-
sicians. After each patient cohort (minimum of 3 patients) had been
completed (i.e., the last patient enrolled in the cohort had reachedDay
21), the Sponsor organized teleconferences with the investigators to
discuss the safety and tolerability of cibisatamab (with or without
obinutuzumab pretreatment) and in combination with atezolizumab
and to determine the dose level for the next cohort. The next dose
levels were recommended using a modified continual reassessment
method with dose escalation overdose control (mCRM with EWOC)
design (see Statistical Considerations) during the dose-escalation
phase and discussed by the Sponsor and investigators. In addition, the
clinical judgment of the Sponsor and investigatorswas also used in the
dose-selection process.

Pharmacokinetic and immunogenicity assessment
Serum PK and ADA samples were regularly collected. Validated
bifunctional PK assays with a lower limit of quantification of 0.925 ng/
mL (S1) and 2 ng/mL (S2) was used to determine cibisatamab serum
concentrations. Anti‑cibisatamab antibodies were analyzed in a
three‑tiered approach including screening, confirmation and titration
assay using a validated method (bridging enzyme-linked immunosor-
bent assay). Patients were categorized being ADA-negative or ADA-
positive as recommended by Shankar et al. 26. Non-linear mixed effect
modeling with software NONMEM version 7.4.3 (Icon Development
Solutions, Ellicott City, Maryland) was used to analyze the dose-
concentration-time data of cibisatamab.

Pharmacodynamics and biomarker assessments
In S1 and S2, baseline and on-treatment mandatory paired biopsies
were collected fromall patients treated atdose levels >5mg, except for
patients with non-small cell lung cancer, for whom there was no
accessible lesion. On-treatment tumour biopsy samples were assessed
centrally by IHC for increases in intratumoural CD8 T cells (using
PanCK-CD8 assay, Clone SP239 and Clone AE1/AE3/PCK26, at Histo-
GeneX), and PD-L1 (PD-L1 Clone SP263 at Ventana) expression on
tumour cells and T cells. In addition, RNA sequencing was also per-
formed on these matched-pair tissue samples (at Q2 Solutions) to
assess changes at the gene level. Formalin-fixed paraffin-embedded
(FFPE) tumour tissue wasmacrodissected tomaximize tumour area by
using hematoxylin and eosin as a guide. RNAextractionwas conducted
usingHighPureFFPETRNA IsolationKit (Roche) and assessedbyQubit
and Agilent Bioanalyzer for quantity and quality. The prepared librar-
ies were sequenced using the Illumina sequencing method. Whole
blood, serum and plasma samples were regularly collected and pro-
cessed centrally to analyse the number, activation and differentiation
of immune cells by flowcytometry, to analyse soluble CEA as a disease-
monitoring marker, to analyse cytokines and to assess relationships
with dose levels, efficacy ADA status or AEs such as an IRR, or a CRS.

Additionally, we performed a retrospective subgroup analysis of
efficacy by MSS-CRC status and of baseline CEACAM5 gene expression
in fresh baseline FFPE tumour tissue. Due to the limited dynamic range
of the CEA IHC assay (using Cell Marque CEA31 monoclonal antibody,
Catalog No. 236M-96, at Ventana), we analysed CEACAM5 expression
using RNA sequencing. Subgroup analyses of efficacy endpoints were
performedbased on a dichotomyofCEACAM5high (≥ 1500RPKM) and
low (< 1500 RPKM); 1500 RPKM was selected as the candidate bio-
marker cutoff based on the preliminary data, shown in Fig. 5A,
resulting from the subgroup analyses.
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Study objectives
In S1, the primary objectives were to assess the safety of cibisatamab
with or without obinutuzumab pretreatment in each cohort, as mea-
sured by the incidence of AEs and DLTs, to determine the MTD and/or
the RP2D and schedule, to establish the pharmacokinetics of cibisa-
tamab as monotherapy with or without obinutuzumab pretreatment
and to assess the effect of obinutuzumab pretreatment on the rate and
time of onset of ADA against cibisatamab. Secondary objectives were
to evaluate preliminary anti-tumour activity of cibisatamab with or
without obinutuzumab pretreatment and to describe the preliminary
pharmacodynamic effects for cibisatamab with or without obinutu-
zumab pretreatment in mandatory paired tumour biopsies and paired
blood samples.

In S2, the primary objectives were to establish the preliminary
safety and tolerability profile, to determine the MTD in Cycle 1 and in
later cycles, and to identify a RP2D of cibisatamab in combination with
atezolizumab. Secondary objectives were to evaluate preliminary anti-
tumour activity of cibisatamab in combination with atezolizumab and
to describe the preliminary pharmacodynamic effects in mandatory
paired tumour biopsies and paired blood samples.

Statistical considerations
Studies S1 and S2were analysed separately. The safety, efficacy, PK and
pharmacodynamic analysis populations consisted of all patients who
received at least one dose of any study drug. For efficacy analyses, at
least one post-baseline measurement (such as a tumour assessment)
was required for inclusion in the analysis.

Tominimize the number of patients treatedbelow therapeutically
relevant doses, Part I of S1 consisted of single-patient cohorts for each
dose level. In Part II of S1 and Part IA of S2, multiple patients were
enrolled per dose level, and a mCRM with EWOC was used to deter-
mine the MTD; at least 3 patients per dose level were required for the
mCRM. Dose-escalation decisions were made by the Sponsor and the
participating investigators after the review of all collected relevant
safety information. We also studied step-up dosing and QW vs Q3W
schedules in S1 and S2.

Efficacy was reported descriptively. Binary endpoints, including
ORR and DCR, were summarized using relative frequencies and 90%
CI. Time-to-event endpoints, including progression-free survival,
overall survival and duration of response, were summarized using
Kaplan-Meier methodology as well as median time-to-event endpoints
with 90% CI. Response endpoints were defined according to RECIST
1.1. Rave EDC (Medidata, New York, NY, USA) was used for capturing
and managing clinical data. SAS version 9.4 (SAS Institute Inc., Cary,
NC, USA) was used for statistical analyses of safety and efficacy data.

Analyses of biomarkers were post hoc and exploratory, with a
focus on hypothesis generation. The Kruskal-Wallis rank sum test was
used to assess the relationship between categorical and numerical
variables, and the McNemar test was used to assess the relationship
between two categorical variables.

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

Data availability
Due to the informed consent provided by patients during trial enrol-
ment, as well as applicable data protection laws in some countries,
source data, including RNA sequencing data, cannot be shared pub-
licly. However, qualified researchers can request it. Requests to access
the data from the trials described in the current manuscript can be
submitted through: https://vivli.org/members/enquiries-about-
studies-not-listed-on-the-vivli-platform/. Requested data are available
for 12months from the approval of the request. For -up-to-date details
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. Anonymised records for individual
patients across more than one data source external to Roche cannot,
and should not, be linked due to a potential increase in risk of patient
re-identification.

The remaining data are available within the Article and its Sup-
plementary Information.
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