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Abstract Introduction: IMAB362 (Zolbetuximab) is a chimeric monoclonal antibody that

binds to Claudin-18.2, a target antigen specific to cancer cells. In vitro, IMAB362 mediates cell

death through antibody-dependent cellular cytotoxicity and complement-dependent cytotox-

icity; thus, IMAB362 may serve as a potent, targeted immunotherapeutic agent.

Methods: This first-in-human phase I study enroled adult patients (N Z 15) with advanced

gastric or gastro-oesophageal junction cancer into five sequential single doseeescalation co-

horts (33, 100, 300, 600, and 1000 mg/m2) following a 3 þ 3 design. Safety/tolerability,

including determination of maximum tolerated dose and recommended phase II dose, were

the primary objectives; secondary objectives included assessment of the IMAB362 pharmaco-

kinetic profile, immunogenicity, and antitumour activity (assessed by Response Evaluation

Criteria in Solid Tumors v1.0).
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Results: IMAB362 was generally well tolerated at all doses, with gastrointestinal toxicities be-

ing the most commonly observed treatment-related adverse events. As dose-limiting toxicity

was not observed within 4 weeks of treatment, a maximum tolerated dose was not established.

The pharmacokinetic profile of IMAB362 appeared to be proportional across the dose range;

and mean half-life ranged from 13 to 24 d. While most patients showed progressive disease at

weeks 4e5 after a single intravenous IMAB362 infusion, one patient in the 600 mg/m2 dose

group achieved and maintained stable disease for approximately 2 months postinfusion.

Conclusions: Findings from this study demonstrate that IMAB362 is generally well tolerated

and support further evaluation in patients with gastric/gastro-oesophageal junction cancer.

Clinical trial registry: ClinicalTrials.gov, Identifier NCT00909025.

ª 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Gastric cancer (GC) is among the leading causes of

cancer-related deaths worldwide, with a survival rate of

�5% at 5 years for patients with metastatic disease [1].

Because symptoms of early disease are mostly nonspe-
cific, the majority of patients with GC or GEJ cancer in

countries where routine screening is not available have

advanced disease at initial diagnosis [2]. Chemotherapy

with platinum and fluoropyrimidine derivatives is

currently recommended as first-line treatment of unre-

sectable or metastatic GC/GEJ cancer [3]; however,

patients eventually experience progressive disease on

first-line therapy, with a median progression-free sur-
vival of 5e7 months and a median overall survival of

9e11 months [4,5]. Targeted therapies for GC/GEJ

cancer are currently limited. [6e13].

Claudin 18 (CLDN18) is a member of the claudin

family of tetraspanin membrane proteins expressed at

epithelial tight junctions; claudin 18.2 (CLDN18.2) is a

splice variant of CLDN18 [14]. There is evidence to

suggest that expression of CLDN18.2, in normal tissue,
is strictly confined to tight junctions of the gastric mu-

cosa, buried within a supramolecular complex [14].

CLDN18.2 is largely inaccessible to intravenous (IV)

antibodies; however, upon malignant transformation,

perturbations in cell polarity lead to epitopes of

CLDN18.2 being exposed on the cancer cell surface,

targetable by antibodies [14].

CLDN18.2 expression is maintained in up to 80% of
GC tumours and aberrantly activated in a number of

other tumour types, such as oesophageal, pancreatic,

ovarian, biliary and lung adenocarcinomas [14,15].

IMAB362 (Zolbetuximab) is a first-in-development

chimeric IgG1 monoclonal antibody that specifically

binds to CLDN18.2 on the cell surface and mediates cell

death through antibody-dependent cellular cytotoxicity

(ADCC) and complement-dependent cytotoxicity
(CDC) [16]. The primary objectives of this phase I study

were to assess the safety and tolerability of single esca-

lating doses of IMAB362, including determining the
maximum tolerated dose (MTD) in pretreated patients

with advanced GC and GEJ cancer, as well as estab-

lishing a recommended phase II dose (RP2D). Second-

ary objectives were assessment of the IMAB362

pharmacokinetic (PK) profile, immunogenicity, and

antitumour activity.

2. Methods

2.1. Patients

Patients aged �18 years with metastatic, refractory, or

recurrent advanced GC or GEJ cancer who had positive

CLDN18.2 tumour expression (Supplemental

Information), one or more measurable sites of the dis-

ease (according to Response Evaluation Criteria in Solid

Tumors [RECIST], version 1.0), estimated life expec-

tancy �3 months, adequate organ function, and an

Eastern Cooperative Oncology Group performance
status <2 or Karnofsky 70e100% were eligible for

enrolment. Patients with ongoing anticancer therapies,

an allergy to mAbs, or those who had had <3 weeks

since a prior antitumour treatment were excluded.

2.2. Study design and conduct

This multicenter, first-in-human, phase I, single dose-

eescalation study was conducted at six centres in Ger-
many and Latvia from July 2009 to May 2010. All

patients received a single dose of IMAB362 as a 2-h IV

infusion and remained hospitalised at the study center

for 24 h postinfusion. A 4-week (�28 d) observation

period followed treatment.

The study had five dose-escalation cohorts (33, 100,

300, 600 and 1000 mg/m2) with three patients enroled at

each dose level. Initially, one patient in each dose cohort
received IMAB362. If no dose-limiting toxicities (DLTs;

as defined in Supplemental Information) were observed

within the first 5 d following treatment, two additional

patients within each cohort were treated. In the absence

of DLTs, and with approval from the Data and Safety

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Monitoring Board, doses were escalated to the next

increment until the 1000 mg/m2 dose was reached or at

least one patient experienced a DLT (Supplemental

Fig. 1).

The initial starting dose of 33 mg/m2 was based on the

lowest dose level with no observable adverse effect in

nonclinical toxicity studies in mice (100 mg/kg), including

a safety factor of 10 (data on file; Astellas Pharma Inc.).
Therefore, a dose of 33 mg/m2 was considered to be a

safe starting dose, with sequential planned dose escala-

tions to 100, 300, 600, and 1000 mg/m2.

2.3. Study end-points and assessments

2.3.1. Safety and tolerability

Safety and tolerability were based on monitoring of

DLTs and adverse events (AEs), as well as on physical
examinations, clinical laboratory evaluations, and elec-

trocardiogram (ECG) monitoring.

2.3.2. Pharmacokinetic profile

Blood samples were drawn prior to infusion and upon

completion of infusion (0 h) and at 3, 8, 12 and 24 h and

2, 4, 7, 14 and 28 d after the end of infusion. IMAB362
serum concentrations were determined at a central lab-

oratory (Vivo Science GmbH, Gronau, Germany) using

an enzyme-linked immunosorbent assay (ELISA) spe-

cific for the detection and quantification of IMAB362.

The concentration limit of quantification was from 2 ng/

mL to 20 ng/mL (at 80e120% recovery). Standard PK

parameters (eg, maximum observed serum concentra-

tion [Cmax], time to Cmax [Tmax], area under the serum
concentrationetime curve [AUC] and terminal half-life

[t1/2]) were calculated for IMAB362 using non-

compartment analysis. For the calculation of compart-

mental parameters (eg, volume of distribution at steady

state [Vss], systemic clearance [CL]), a 2-compartment

model was used.

2.3.3. Immunogenicity

Immunogenicity of IMAB362 was assessed by collecting

serum samples immediately prior to infusion and post-

infusion on days 14 and 28 (final visit) and analysed for

antidrug antibodies by ELISA. The ELISA system was

validated for the detection of free ADA present in

human serum samples based on a sandwich of captured
IMAB362 and biotinylated IMAB362.

2.3.4. Antitumour activity

Tumour lesions were assessed according to RECIST,

v1.0 by computerised tomography within 6 weeks prior

to and 2e5 weeks after IMAB362 treatment. Cancer
antigens in patient serum, including CA125, CA15-3,

CA19-9, and carcinoembryonic antigen (CEA), were

collected on infusion day (day 1) and on days 14 and 28

after IMAB362 infusion, and measured at a central

laboratory (Interlab GmbH, München, Germany).
2.3.5. ADCC and CDC assays

Peripheral blood mononuclear cells (PBMCs) taken

from untreated healthy donors or enroled patients with

GC/GEJ 14 d posttreatment were used as effector cells

in the presence of IMAB362 on CLDN18.2-positive

NUGC-4 human GC target cells (effector-to-target

[E:T] ratio of 20:1) to determine the patients’ capability

to induce ADCC. For determination of the kinetics of
IMAB362-mediated ADCC response, healthy donor

PBMCs were co-cultured with CLDN18.2-expressing

luciferase-transfected NUGC-4 human GC target cells

(E:T 40:1) in the presence of postinfusion serum samples

(days 0, 14 and 28e32); a healthy donor serum pool,

spiked with a saturating IMAB362 concentration, was

used as control (ADCC max). To calculate fold-change

lysis, patient-matched pre-infusion serum spiked with
IMAB362 was used as pre-infusion serum control.

The CDC capability of IMAB362 was tested by

spiking pre-infusion serum samples from patients with

GC/GEJ and healthy donor with IMAB362 and by

incubating CLDN18.2-expressing Chinese hamster

ovary (CHO-K1) target cells with the serum. For

determination of the kinetics of IMAB362-mediated

CDC response, luciferase-transfected CLDN18.2-
positive CHO-K1 target cells were incubated in serum

samples from patients postinfusion; a healthy donor

serum pool, spiked with a saturating IMAB362 con-

centration, was used as a control (CDC max).

For measuring IMAB362-mediated CDC kinetics,

luciferase-transfected CLDN18.2-positive CHO-K1

target cells were incubated with post IMAB362 infusion

serum (20% v/v) for 80 min at 37 �C. A healthy donor
serum pool, spiked with a saturating IMAB362 con-

centration (10 mg/mL), was used as a control (CDC

max). To calculate fold lysis, patient-matched pre-infu-

sion serum samples spiked with 10 mg/mL IMAB362

were used as a control.

2.4. Statistical analysis

All adverse events (AEs) and laboratory data were

summarised using descriptive statistics. Pharmacoki-
netic parameters were evaluated by dose cohort; calcu-

lations were performed using Phoenix WinNonlin

Professional, version 6.3 software (Certara L.P.,

Princeton, US) and reported using descriptive statistics

computed with Statistica 12.0 software (StatSoft Inc.,

Tulsa, US). Data on ADCC and CDC were analysed

using Excel and GraphPad software.

2.5. Study oversight

This study was conducted in accordance with the

Declaration of Helsinki ethical principles, Good Clinical

Practices, principles of informed consent, and re-

quirements of public registration of clinical trials

(ClinicalTrials.gov Identifier, NCT00909025). The

http://ClinicalTrials.gov


Table 1
Patient demographics and baseline disease characteristics.

Cohort 1

33 mg/m2

(n Z 3)

Cohort 2

100 mg/m2

(n Z 3)

Cohort 3

300 mg/m2

(n Z 3)

Cohort 4

600 mg/m2

(n Z 3)

Cohort 5

1000 mg/m2

(n Z 3)

Total

(N Z 15)

Median age, years (range) 54.3 (49e61) 58.3 (49e76) 67.0 (63e70) 64.7 (57e72) 62.3 (46e71) 61.3 (46e76)
Gender, n (%)

Male 3 (100) 1 (33) 2 (67) 3 (100) 2 (67) 11 (73)

Female 0 2 (67) 1 (33) 0 1 (33) 4 (27)

Median time since first

diagnosis, years (range)

1.4 (0.9e1.5) 2.1 (1.0e3.3) 3.6 (1.3e4.0) 0.6 (0.6e2.3) 1.7 (1.0e2.4) 1.5 (0.6e4.0)

Primary tumour location, n (%)

Stomach 0 3 (100) 2 (67) 2 (67) 1 (33) 8 (53)

Gastro-oesophageal junction 3 (100) 0 1 (33) 1 (33) 2 (67) 7 (47)
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protocol was approved by site-specific institutional re-
view boards. Written informed consent was obtained

from each subject at enrolment.
3. Results

3.1. Disposition, patient demographics, and baseline

disease characteristics

Of the 29 patients who were screened, 15 met the in-

clusion criteria, were sequentially enroled into five dose

groups (33, 100, 300, 600 and 1000 mg/m2) and received

a single infusion of IMAB362. As detailed in Table 1,

the median age of the total population was 61.3 years

(range: 46e76), and the median time since first diagnosis

was 1.5 years (range 0.6e4.0). All patients had received
�1 prior chemotherapy, seven patients had also under-

gone previous radiotherapy and one patient from the

33 mg/m2 and 1000 mg/m2 dose levels and two from

each of the 100, 300 and 600 mg/m2 dose levels had also

undergone gastrectomy. Except for one patient in the

300 mg/m2 group, patients showed CLDN18.2

expression.

3.2. Safety and tolerability

Across the entire dose range (33e1000 mg/m2) studied,

IMAB362 was generally well tolerated; no adverse event

lead to study discontinuation. No DLTs were observed

within 4 weeks postinfusion in any of the dose groups,

and thus the MTD was not identified. Overall, 13 of 15
patients experienced �1 AEs, with gastrointestinal dis-

orders being most commonly reported. Mild-to-

moderate gastrointestinal toxicities (eg, nausea, vomit-

ing), starting shortly after initiation of infusion, were the

most common treatment-related AEs (Table 2). Of the

grade 3 AEs observed in three patients, one event

(vomiting in a patient treated with 1000 mg/m2) was

classified as related to the study medication. While
gastrointestinal AEs were potentially related to on-

target effects of IMAB362, no clear dose dependency

was observed. Furthermore, no unexpected serious AEs

were reported, and neither of the two reported serious
AEs (grade 2 odynophagia [300 mg/m2]; grade 3 urinary
retention [600 mg/m2]) were considered by investigators

as treatment related. No significant safety observations

were made regarding vital signs, ECG, haematology,

clinical chemistry and coagulation parameters.

3.3. Immunogenicity

In this study, no patient was confirmed positive for

antidrug antibodies after receiving a single dose of

IMAB362 over the dose range of 33e1000 mg/m2.

3.4. Pharmacokinetic profile

Single-dose IMAB362 serum concentrations over time

are presented in Fig. 1a. IMAB362 demonstrated a
linear PK profile as both Cmax and AUCinf increased

proportionally across the dose range with no indication

for target-mediated drug disposition (Fig. 1b and Table

3). The overall mean elimination phase half-life of

IMAB362 was 17 d, ranging from a mean of 13e24 d for

the dose groups.

3.5. Preliminary antitumour activity

Clinical response was assessed during weeks 4e5 after

treatment. Most patients (n Z 12/15; 80%) showed

progressive disease after a single IMAB362 IV infusion.
However, one patient (patient 4) in the 600 mg/m2 dose

group had stable disease in conjunction with a steady

decline of previously elevated serum levels of tumour

markers CA125, CA15-3, CA19-9, and CEA during the

4-week follow-up post IMAB362 infusion

(Supplemental Fig. 2 and Supplemental Table). It

should be noted that this phase I study was neither

designed nor powered to evaluate the antitumour ac-
tivity of IMAB362.

3.6. Immune effectoreactivating capacity of a single dose

of IMAB362

Based on potent ADCC- as well as CDC-mediating

antitumour activity in nonclinical studies [16], a series

of experiments were conducted to confirm ADCC and
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CDC activity of IMAB362 using samples from enroled

patients, thereby generating ex vivo pharmacodynamic

data to help inform the RP2D determination. The pa-

tients’ PBMCs, collected 14 d postinfusion and used as

a source for FcRþ immune effectors, efficiently

executed IMAB362 dose-dependent lysis of

CLDN18.2-positive NUGC-4 human GC cells, with

the maximal lysis similar to that obtained with healthy
donor PBMCs (Fig. 2a and b). Similarly, pre-infusion

sera of patients, as a source of complement factors

supplemented with IMAB362, lysed CLDN18.2-

transfected CHO-K1 cells as efficiently as the healthy

donor serum pool (Fig. 2c).

In this small set of patients, the kinetics of the im-

mune effectoreactivating capacity of a single dose of

IMAB362 was evaluated by ex vivo testing of circulating
IMAB362 in the patients’ postinfusion sera collected on

days 1, 14, and 28. The magnitude of the fold change in

ADCC- and CDC-mediated lysis was dose-dependent

and gradually declined over time in accordance with

the serum levels of IMAB362 (Fig. 3, left panels). In

patients who had received a dose of at least 300 mg/m2,

the amplitude of both responses at day 28 postinfusion

was still above 50% of the respective maximum ampli-
tude, indicating a long lasting bioactivity. This effect

was more apparent when ADCC and CDC responses of

these patients were plotted against the received

IMAB362 dose. Independent of the received dose,

ADCC and CDC responses were close to maximum on
Table 2
Overview of treatment-related adverse events.

Dose group Patient number MedD

Cohort 1

33 mg/m2 (n Z 3)

None reported

Cohort 2

100 mg/m2 (n Z 3)

1 Nause

Vomit

2 Vomit

Malais

Myoca

Decrea

Salivar

3 Decrea

Saliva

Dysge

Cohort 3

300 mg/m2 (n Z 3)

1 Nause

Cohort 4

600 mg/m2 (n Z 3)

1 Nause

Hyper

Haema

Haemo

Cohort 5

1000 mg/m2 (n Z 3)

1 Vomit

2 Diarrh

3 Vomit

Nause

Increa

Vertig

Oesop

GGT, gamma-glutamyl transferase.
day 1 (Fig. 3, right panels). Doses above 300 mg/m2

resulted in robust and durable kinetics of both modes

of action over more than 4 weeks, further supporting

dose levels of �300 mg/m2 for additional clinical

development.
3.6.1. Determination of the recommended phase II dose

As no DLT was observed in this study, RP2D deter-
mination was based on the IMAB362 PK profile as well

as on the estimate of biologically active doses. The

objective was to maintain IMAB362 serum levels, by

repeated administration, in the range of EC95 values for

IMAB362-induced ADCC (0.3e28 mg/mL) and CDC

(30e183 mg/mL) [16]. In this study, patients who had

received a single dose of �300 mg/m2 were exposed to

IMAB362 serum levels in the EC95 range for both
ADCC and CDC up to 14 d after infusion of IMAB362.

Furthermore, modelling and simulation of the single-

dose PK parameters predicted marked accumulation

of IMAB362 at weekly dosing intervals, which is in line

with the long t1/2; a 2-week dosing interval predicted

reduced accumulation. Importantly, IMAB362 doses of

�300 mg/m2 were supported by ex vivo measurement of

ADCC and CDC activity of circulating IMAB362 in
conjunction with the patient’s respective immune effec-

tors. Based on these PK and PD data, a dose range of

300e600 mg/m2 every 2 weeks was selected as the

IMAB362 dose for further evaluation.
RA preferred term Intensity Outcome

a Moderate Recovered

ing Mild Recovered

ing Moderate Recovered

e Mild Recovered

rdial ischaemia Moderate Recovered

sed appetite Moderate Recovered

y hypersecretion Moderate Recovered

sed appetite Mild Recovered

altered Mild Recovered

usia Mild Unknown

a Moderate Recovered

a Moderate Recovered

tension Moderate Recovered

temesis Moderate Recovered

rrhagic gastritis Moderate Recovered

ing Severe Recovered

oea Mild Recovered

ing Moderate Recovered

a Moderate Recovered

sed GGT Moderate Not resolved

o Mild Recovered

hageal disorder Mild Recovered



Table 3
PK parameters of IMAB362 at different doses in patients with advanced GC/GEJ cancers.

PK parameter, mean (range) 33 mg/m2 (n Z 3a) 100 mg/m2 (n Z 3) 300 mg/m2 (n Z 3a) 600 mg/m2 (n Z 3) 1000 mg/m2 (n Z 3)

Cmax
b (mg/mL) 15.1 (14.9e15.4) 58.7 (41.1e75.6) 170 (164e176) 331 (290e362) 517 (466e606)

AUC0e672
b (mg/mL � h) 3.1 (2.4e3.8) 11.0 (9.7e13.2) 34.5 (23.7e41.9) 46.9 (26.1e73.8) 96.2 (87.9e111.0)

AUCinf
b (mg/mL � h) 4.1 (3.1e5.2) 16.9 (12.9e24.2) 62.9 (28.2e87.6) 66.1 (26.5e117.3) 123.5 (101.2e161.9)

t1/2
b (days) 14.9 (14.3e15.4) 19.3 (14.4e28.2) 24.1 (11.3e33.8) 14.6 (6.0e20.8) 13.1 (9.8e17.4)

Vss (L)
c 6.91 (5.34e8.49) 7.34 (6.69e7.96) 6.79 (6.55e7.04) 8.95 (5.84e14.0) 6.36 (5.99e7.05)

CL (mL/h)c 14.3 (11.8e16.8) 11.8 (7.6e14.1) 14.5 (8.1e21.0) 24.7 (7.3e49.4) 15.1 (11.3e18.3)

AUC0e672, area under the concentrationetime curve between time 0 and 672 h (28 d) postinfusion; AUCinf, area under the concentrationetime

curve from time 0 to infinity; CL, clearance; Cmax, maximum observed concentration; PK, pharmacokinetic; t1/2, terminal elimination phase

half-life; Vss, volume of distribution at steady state.
a In the 33 mg/m2 and 300 mg/m2 dose cohort, one patient was excluded from the estimation of the terminal elimination phase as it was poorly

estimated due to a large variability in concentrations.
b Obtained from non-compartmental analysis.
c Obtained from a two-compartmental pharmacokinetic model.

Fig. 1. Pharmacokinetics of IMAB362 in patients with advanced GC/GEJ cancer. (A) IMAB362 serum levels over time in patients following

a single intravenous administration of different IMAB362 doses (infusion time range: 105e167 min). (B) AUCinf (left panel) and Cmax

(right panel) of IMAB362 in patient serum were estimated with a non-compartmental model. Data are mean � SD of n Z 3 per IMAB362

dose with corresponding linear regression. AUCinf, area under the concentrationetime curve from time 0 to infinity; Cmax, maximum

observed concentration.
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4. Discussion

Single doses of IMAB362, up to 1000 mg/m2, showed a

favourable safety profile and were well tolerated in a

patient population with advanced/metastatic GC/GEJ
cancer. No life-threatening AEs or hypersensitivity re-

actions, a typical class-specific AE occurring with mAbs,

were reported; there were no discontinuations due to an

AE. This is consistent with the lack of IMAB362 bind-

ing site expression in all explored normal tissues, except



Fig. 2. Baseline capability of patients to induce ADCC and CDC. (A) ADCC activity of FcRþ PBMC of five patients at baseline was tested

ex vivo against the CLDN18.2-positive human gastric cancer cell line NUGC-4 at an effector-to-target ratio of 20:1 and compared with

PBMC from six healthy donors in the presence of ascending concentrations of IMAB362. Data are mean � SD of triplicate measurements

per patient or mean � SD of data from all healthy donors. (B) EC50 values and medians of IMAB362-mediated ADCC by PBMC from

patients versus healthy donors against NUGC-4 cells. (C) CDC activity against CLDN18.2-transduced CHO-K1 cells was tested ex vivo in

pre-infusion sera of six patients and compared with pooled healthy donor sera (both 20% v/v serum) as a source of complement factors in

the presence of 0.5 mg/mL (patient and healthy donor serum) or 10 mg/mL (heat-inactivated, healthy donor serum pool) IMAB362. A heat-

inactivated healthy donor serum pool served as negative control. Data are mean � SD of triplicate measurements per patient or healthy

donor serum pool. ADCC, antibody-dependent cellular cytotoxicity; CDC, complement-dependent cytotoxicity; EC50, half-maximal

effective concentration; FcRþ, Fc receptor positive; HD, healthy donor; HiHD, heat-inactivated, healthy donor; PBMC, peripheral

blood mononuclear cell.

U. Sahin et al. / European Journal of Cancer 100 (2018) 17e26 23



Fig. 3. Kinetics and DoseeResponse of Circulating IMAB362 to Mediate ADCC and CDC. (A) ADCC capacity of circulating IMAB362 in

patient serum against CLDN18.2-positive target cells was determined with HD PBMC. Serum samples obtained from patients treated

with IMAB362 on days 1, 14 and 28 at the indicated doses served as the IMAB362 source. To block parallel CDC activity, patient serum

samples were heat inactivated. Left panel: Fold lysis was calculated at the indicated time points based on patients’ maximum ADCC

capacities, determined with pre-infusion serum spiked with saturating 200 mg/mL IMAB362 antibody (ADCC psc) and set to 1 (dotted

line). Right panel: ADCC responses per patient were plotted against the received IMAB362 dose. Maximum ADCC (ADCC max) was

determined with an HD serum pool spiked with saturating 200 mg/mL IMAB362 (dotted line). Data are mean � SD of quadruplicate

measurements per patient. (B) CDC capacity of circulating IMAB362 was determined in serum samples collected on days 1, 14 and 28 as

the IMAB362 source from patients receiving the indicated IMAB362 doses. Left panel: Fold lysis was calculated at the indicated time

points based on patients’ maximum CDC capacities, determined with pre-infusion serum spiked with saturating 10 mg/mL IMAB362

(CDC psc) and set to 1 (dotted line). Right panel: CDC responses per patient plotted against the received IMAB362 dose. Maximum CDC

(CDC max) was determined with HD serum pool spiked with 10 mg/mL IMAB362 (dotted line). Data are mean � SD of triplicate

measurements per patient. ADCC, antibody-dependent cellular cytotoxicity; CDC, complement-dependent cytotoxicity; HD, healthy

donor; max, maximum; psc, pre-infusion serum control.
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gastric epithelia [14]. As CLDN18.2 is a highly selective

gastric epithelial lineage marker, the only toxicity-

relevant organ is the stomach; however, no major

manifestations of mucosal injury, such as ulceration,

gastritis or perforation, were reported. The most

commonly reported AEs were grade 1/2 nausea and

vomiting. The ability to fully assess dose-related safety/
tolerability trends was limited due to the small number

of patients in each dose cohort and due to the nature

and advanced phase of this disease, patients enroled in

this study already displayed gastrointestinal symptoms

at baseline.

Pharmacodynamic data from patients with GC/GEJ

cancer in this study demonstrate that circulating

IMAB362 retains the ability to stimulate ADCC and
CDC and that patient serum and effector cells can be
stimulated to elicit ADCC and CDC. Taken together,

these data support the results of nonclinical studies [16]

that suggest the mechanisms of action of IMAB362 are

ADCC and CDC via immune effector stimulation

following mAbetarget binding.

This first-in-human trial was not designed to assess

antitumour activity of IMAB362. Because patients with
varying levels of CLDN18.2 expression were enroled, no

conclusions can be made regarding potential association

of CLDN18.2 expression level and IMAB362 activity.

Nevertheless, antitumour activity was observed in one

patient treated with a single 600 mg/m2 dose of

IMAB362. Interestingly, this patient had the highest

CLDN18.2 expression level and presented the highest

capacity to induce ADCC and CDC in conjunction with
IMAB362.
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A key objective of this study was to determine an

appropriate dosing for future clinical studies. Because

DLTs were not observed in dose levels up to 1000 mg/

m2, dose-related safety concerns could not be factored

into the dose-finding estimates. Pharmacokinetic pa-

rameters obtained for IMAB362 correspond to those of

other IgG1 antibodies. In this study, IMAB362

demonstrated a dose-proportional PK profile with a
mean t1/2 of 17.2 d without any signs of target-mediated

drug disposition. By evaluating PK data and estimates

of biologically active dose levels based on preclinical

pharmacology, a dose range of 300e600 mg/m2 was

determined as suitable for further evaluation. This range

was further supported by ex vivo measurements of the

ADCC and CDC activity of circulating IMAB362 in

conjunction with individual patients’ respective immune
effectors.

5. Conclusions

The results from this study help to establish the single-

dose safety profile of IMAB362 across a wide dose range

as well as a dosing regimen for consideration in further

studies. These data prompted the initiation of clinical

trials addressing the antitumour activity of IMAB362 as
a single agent and in combination with standard

therapeutics.
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U.S. and Ö.T. were involved in the conception and

design of the study and provided guidance in the anal-

ysis and interpretation of the data, and contributions to

the writing and revision of the manuscript. M.S. and

C.H. advised on the study design. M.S., S.B., H.R.,

A.K., T.D., C.R. and K.D. were integral in data

collection and contributed to development and review of
the manuscript. M.J. and M.U. provided data analysis

and interpretation and critically reviewed the manu-

script. All authors are accountable for all aspects of the

work and approved the manuscript for submission.
Conflict of interest statement

For the work under consideration, S.B., T.D., K.D.,

A.K., H.R. and M.S. have nothing to declare. C.H.

received grant funding from the Federal Ministry of

Education and Research (Germany); M.J. received

consultancy fees from (Ganymed GmbH); at time of the
work, C.R. and M.U. were employees at Ganymed

GmbH. U.S. and Ö.T. were co-founders, stock

owners and shareholders of Ganymed GmbH; U.S.,
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