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Chapter 03

Translational relevance

Despite major impact of immune checkpoint inhibitors in patients with cancer, not all 
patients benefit. Therefore, new immune-therapeutics are warranted. A novel approach 
is the use of bispecific antibodies such as ~55 kDa bispecific T-cell engager antibody 
constructs. After CD19/CD3 directed blinatumomab has provided clinical proof of 
concept for the BiTE platform in hematological tumors, studies in solid tumors started.

 The carcinoembryonic antigen (CEA)/CD3 directed AMG 211 preclinically 
inhibits growth of CEA expressing cancer cells. To optimize drug exposure, we 
conducted a phase 1 study with AMG 211 administered continuously intravenously to 
patients with advanced gastrointestinal adenocarcinomas. AMG 211 was generally well 
tolerated. At higher doses antibody-drug antibody formation reduced drug exposure. 
Best tumor response was stable disease in 14% of patients. Increased cytotoxic T-cell 
tumor infiltration during treatment showed pharmacodynamic effect, indicating the 
potential of a bispecific molecule to create an immunogenic tumor microenvironment.
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A phase I continuous intravenous infusion study with the bispecific T-cell engager AMG 211/MEDI-565

Abstract

Purpose 
A phase 1 study was performed with AMG 211/MEDI-565, a 55 kDa bispecific 
carcinoembryonic antigen (CEA)-directed cluster of differentiation 3 T-cell engager 
(BiTE), which inhibits growth of CEA-expressing cancer cells to study safety, tolerability, 
immunogenicity, pharmacokinetics (PK), efficacy, and pharmacodynamics (PD).

Methods
Patients with advanced gastrointestinal adenocarcinomas received continuously 
intravenous AMG 211 for 7, 14 or 28 days at 200-12,800 µg/day followed by 14 days 
drug free interval. Adverse events (AEs) were evaluated using NCI CTCAE v4 and 
response with modified immune-related response criteria. Blood was collected for 
serum antibody-drug antibodies (ADAs), PK and PD. At baseline, and in 6 paired 
biopsies immunohistochemistry (IHC) and NanoString analyses were performed.

Results 
Forty-four patients received maximal 7 cycles (median 2) in 8 dose-cohorts. No dose 
limiting toxicity occurred. AEs in >20% of patients were fatigue (54.5%), pyrexia 
(38.6%), nausea (36.4%), abdominal pain (34.1%), and diarrhea (29.5%). The study 
was discontinued because of ADAs reducing AMG 211 exposure in patients receiving ≥ 
3,200 µg/day. Steady-state drug concentrations were reached < 2 days and maintained 
throughout treatment. Best response was stable disease (14-38 weeks) in 6 patients. 
Nineteen of 22 available tumors expressed CEA on IHC and CEA transcripts were 
detected in all tumors. Increased cytotoxic T-cell tumor infiltration during treatment 
indicated PD drug effect.

Conclusion
AMG 211 is generally well tolerated with SD as best response. At higher doses ADA 
formation reduced drug exposure. Increased cytotoxic T-cell tumor infiltration showed 
the BiTE potential to increase tumor immunogenicity.
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Introduction

The observation that presence of a high number of tumor infiltrating T-cells correlates 
with survival in patients with different types of cancer, has encouraged the development 
of immune-therapeutics that might unlock cancer immunity.1,2 Twelve cancer immune-
therapeutics have been approved and these new agents have quickly become the 
standard of care for many cancer types.3 Moreover, numerous organizations are 
developing 1,287 clinical immune-oncological agents, organized into six different 
classes based on different mechanisms of action.3 One platform of interest is cluster 
of differentiation 3 (CD3)-targeting bispecific antibodies, including bispecific T-cell 
engager (BiTE) antibody constructs, dual-affinity re-targeting molecules and tandem 
diabodies.4,5

 
 BiTE antibody constructs have a molecular mass of ~55 kDa, which is 
significantly smaller than ~150 kDa IgG antibodies. These constructs comprise two 
single-chain variable fragment arms directed against a tumor associated antigen and 
usually CD3 of the T-cell receptor complex. They are engineered to bridge tumor 
cells to cytotoxic T-cells, without the need for antigen specificity of co-stimulatory 
molecules,6-8 thereby inducing target cell dependent T-cell activation and proliferation 
resulting in apoptosis of bound tumor cells.9-11 The anti-CD19/CD3ε BiTE antibody 
construct blinatumomab is the first, and so far, the only BiTE approved by the U.S. 
Food and Drug Administration and European Medicines Agency to treat patients with 
B-cell precursor acute lymphoblastic leukemia (ALL). It is administered continuously 
intravenously (cIV), given its short serum half-life of 2 hours. Moreover, nine potential 
BiTE candidates have been or are evaluated in clinical trials.10

 The AMG 211 BiTE antibody construct is targeting carcinoembryonic antigen 
(CEA) and CD3. In vitro AMG 211 recognized and lyzed metastatic colorectal cancer 
cell explants of patients with chemotherapy-refractory disease.12 AMG 211 exposure 
induced upregulation of programmed cell death protein 1 (PD-1) and programmed 
death-ligand 1 (PD-L1) in CEA positive tumor cell lines at 0.1 – 1 ng/mL.13 Moreover, 
1 – 8.9 pg/mL concentrations of AMG 211 monotherapy inhibited growth of CEA-
expressing tumor cells in human xenograft bearing immunocompromised mice that 
had received human T-cells.14,15 Activity was not reduced with repeated AMG 211 
exposure or by mutational status of tumor cell lines including mutated KRAS, BRAF, 
PTEN, P13KCA and TP53 oncogenes, and soluble CEA (sCEA).12,14,15

 
 In a first in human study in patients with advanced gastrointestinal (GI) 
adenocarcinomas, AMG 211 was IV administered over 3 hours at 0.75 µg to 7.5 mg/
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day on days 1-5 in 28-day cycles.16 Best response was stable disease in 11 out of 39 
patients. AMG 211 pharmacokinetics (PK) was linear and dose-proportional with a dose 
dependent serum half-life ranging from 2.2 to 6.5 hour. To achieve continuous target 
coverage, we performed a study with AMG 211 administration cIV. In this phase 1 study, 
we evaluated the safety, tolerability, immunogenicity, PK, and efficacy of cIV infusion 
of single-agent AMG 211 in heavily pretreated patients with relapsed or refractory 
GI adenocarcinomas. Moreover, as exploratory objectives, pharmacodynamic (PD) 
parameters including plasma inflammatory cytokines were assessed and baseline 
and on-treatment biopsies were used to study biomarkers such as CEA expression on 
tumor cells and T-cell behavior in the tumor microenvironment.

Patients and methods

Patients
Patients over 18 years of age with pathologically proven GI adenocarcinoma, including 
but not limited to esophageal, gastric, small intestine, colorectal, or pancreatic 
cancers, who failed standard treatments of for whom no standard treatment was 
available, were eligible for study participation. Other inclusion criteria were a life 
expectancy of ≥ 3 months, Karnofsky performance status ≥ 70%, body weight ≥ 45 
kg, adequate bone marrow (absolute neutrophil count > 1.5 x 109/L, white blood 
count > 3.0 x 109/L, hemoglobin > 9.0 g/dL, and platelet count > 100 x 109/L), liver 
(total bilirubin < 1.5 x upper limit of normal (ULN), alkaline phosphatase ≤ 2.5 x ULN, 
aspartate aminotransferase and alanine aminotransferase < 3 x ULN), renal (creatinine 
clearance > 50 mL/min), pancreas (lipase/amylase < 1.5 x ULN) and blood clotting 
function (prothrombin time, partial thromboplastin time, and international normalized 
ratio ≤ 1.5 x ULN). Finally, willingness to undergo biopsy unless archival tumor tissue 
was available and the availability of at least one measurable tumor lesion per modified 
immune related response criteria (irRC) were required.17 Major exclusion criteria were 
history of allergy or reaction to AMG 211, evidence of uncontrolled systemic disease, 
hepatitis B and/or C, human immunodeficiency virus, (recent) history of cardiac 
disease including severe congestive heart failure with New York Heart Association 
severity classification > class 1, significant central nervous system pathology, and 
chronic autoimmune disease apart from stable type 1 diabetes. Treatment with any 
therapy for cancer within 14 days prior to study entry or 28 days in case of receiving 
another investigational device or study drug was not allowed.
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Study design
This multicenter, dose-escalation and expansion phase 1 study was performed in five 
centers, two in the Netherlands and three in Germany.

 AMG 211 was administered as cIV infusion via a central venous access at a 
constant flow rate for 24 hours per day, for either 14 consecutive days in 28-days cycles, 
or 28 consecutive days in 42-days cycles (Supplementary Fig. S1). The standard 3 + 
3 dose escalation contained 8 cohorts ranging from 200 µg/day cIV infusion for 7 days 
in cycle 1 and 14 days in following cycles (cohort 1) to 12,800 µg/day cIV infusion for 
28 days in all cycles (cohort 8) (Supplementary Fig. S1). Subsequently, additional 
patients were treated in a dose expansion cohort.

 A Bayesian logistic regression model was intended to guide dose escalation 
after a first dose limiting toxicity (DLT). Prophylactic dexamethasone was administered 
either orally or IV on the evening before the start of each AMG 211 treatment cycle 
(day 0; 8 mg), day 1 (3x 8 mg), and 2 (3x 4 mg) from cohort 4 onwards to mitigate the 
risk of (re)occurrence of cytokine release syndrome (CRS). Based on the opinion of the 
investigator dexamethasone dose adjustments were allowed.

 For safety reasons, at the start of each cycle, patients were hospitalized 
for a minimum of 72 hours in cycle 1 and for 48 hours from cycle 2 onwards. Safety 
was monitored by assessment of vital signs, physical examinations, laboratory tests, 
and electrocardiograms. If deemed safe/stable by the investigator, patients were 
subsequently allowed to receive AMG 211 cIV infusion in the outpatient setting. During 
outpatient cIV infusion patients visited the clinic 2 times a week in cycle 1 and once 
a week from cycle 2 onwards. In addition, the patient was contacted by telephone 
daily in cycle 1 and every 2 days from cycle 2 onwards by study site personnel or 
an ambulant/home care service provider to check for adverse events (AEs) and any 
issues with cIV infusion or the infusion pump. In the event of cIV infusion interruption ≥ 
24 hours, the restart of the infusion was performed in the hospital. Infusion bags were 
changed every 4 days to ensure sterility of the infusion. Infusion bags were changed at 
the study site or at home by study site personnel or a well-trained ambulant/home care 
service provider. Preprogrammed infusion pumps (BodyGuard 323, Caesarea Medical 
Electronics) were used and carried together with an infusion bag in a shoulder bag. 
The pumps were recharged daily.

 Treatment was terminated in case of DLT, unmanageable toxicity, disease 
progression, withdrawal of consent, study protocol non-compliance or the occurrence 
or progression of a medical condition which could jeopardize patients’ safety.
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 The trial was approved by the Medical Ethical Committee of the University 
Medical Centre Groningen and the Central Committee on Research Involving Human 
Subjects, the competent authority in the Netherlands and by the leading Ethical 
Committee of the Ludwig-Maximilian-University Munich and the Paul-Ehrlich Institute 
in Germany. All patients provided written informed consent prior to study participation. 
The study was registered at ClinicalTrials.gov with identifier NCT02291614.

Safety and immunogenicity
Safety was evaluated according to NCI CTCAE v4.0 criteria.18 DLTs were defined as 
any treatment-related grade 3-4 AEs occurring within the first 28 days of AMG 211 cIV 
infusion, including grade ≥ 4 neutropenia lasting ≥ 7 days or associated with fever, 
grade ≥ 4 thrombocytopenia lasting ≥ 7 days, grade ≥ 3 non-hematologic toxicity 
excluding nausea and vomiting non-refractory to anti-emetics, flare-up pain because of 
potential increase in tumor volume, CRS manageable with symptomatic treatment and/
or infusion interruption of up to 2 days. The maximum tolerated dose was defined as the 
dose at which ≥ 1 of six patients experienced a DLT. For each patient serum anti-drug 
antibody (ADA) levels were determined in blood samples before the start of treatment, 
at the end of each treatment cycle, at the end of treatment and the end of study.
  
 A validated assay was used to detect the presence of anti-AMG 211 
antibodies. All available protocol-specified samples were tested in a three-tier 
electrochemiluminescence based bridging immunoassay to detect antibodies capable 
of binding to AMG 211. Presence of antibodies was tested in the screening assay and 
confirmatory assay whereas characterization was done using a titer assay.

Pharmacokinetics
Before study start predictions were made regarding exposure and PK profiles of 
AMG 211 cIV infusion and compared to serum concentrations of AMG 211. Therefore, 
blood samples were collected at several time points during AMG 211 treatment 
(Supplementary Table S1).

 The bioanalytical electrochemiluminescence assays ranged from 0.10 ng/mL 
lower limit of quantification (LLOQ) to 218.67 ng/mL upper limit of quantification (ULOQ). 
Samples above ULOQ were reanalyzed with appropriate predilution. AMG 211 exposure 
was assessed by the maximum concentration (Cmax), concentration at steady state (Css), 
and area under the curve (AUC). AMG 211 half-life was calculated for patients from 
whom AMG 211 cIV serum concentrations were available for at least 3 time points.
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Tumor responses
Response assessments were performed at baseline and after every 2 treatment cycles 
using standardized contrast-enhanced CT or MRI of the chest, abdomen, pelvis, 
and all other known sites of disease. Radiological imaging was centrally evaluated 
according to the modified irRC.17 Response (immune-related complete response or 
partial response) and progression required confirmation by a repeat, consecutive 
assessment no less than 4 weeks from the date of the first documented assessment. 
Until confirmation of immune-related progressive disease, treatment continued if the 
subject had stable or improved clinical status. In addition, sCEA was determined 
during response evaluation.

Plasma inflammatory cytokines
At predetermined time points blood was collected to evaluate levels of inflammatory 
cytokines (Supplementary Table S2).

 For analysis of plasma concentrations of the human cytokines interleukin 
(IL)-2, IL-4, IL-6, IL-10, tumor necrosis factor alpha (TNFα), and interferon gamma 
(IFNγ), the commercially available FACS-based Cytometric Bead Array Human Th1/
Th2 Cytokine Kit II was applied. This is a ready-to-use kit developed by BD Biosciences 
(San Jose, CA). The method was modified and optimized for the analysis of serum 
samples at Amgen Research (Munich) GmbH, see MET-003504 “Zytokinbestimmung 
mittels CBA Kit von BD”. To demonstrate that the method is reliable and reproducible 
for the intended use, it was validated according to the requirements of SOP-019326. 
For details refer to validation studies VP/VR-BIA-00-003, VP/VR-BIA-00-005, VP/VR-
BIA-00-008, VP/VR-BIA-00-010, VP/VR-BIA-00-015, and VP/VR-BIA-00-025. The LLOQ 
of this assay is 125 pg/mL and the ULOQ is 2000 pg/mL Higher concentrations can 
be quantified after sample pre-dilution. In the case of ≥ 80% missing or below LLOQ 
values for an endpoint, that endpoint was excluded from analysis.

Tumor tissues
Archival tissue or a fresh biopsy from the primary tumor or metastases was collected 
before the start of treatment. Patients who provided a separate consent may undergo 
an optional on-treatment biopsy at cycle 1 day 8 to 14. CEA tumor expression was 
centrally assessed immunohistochemically (IHC). CEA staining was scored as 3+ for 
strong, 2+ for moderate, 1+ for weak, and 0 for absence of any staining. In addition, 
the percentage stained tumor cells was determined. The histo-score (H-score) was 
calculated using the following formula: [1 x (% cells 1+) + 2 x (% cells 2+) + 3 x (% cells 
3+)]. Moreover, CEA transcript expression was analyzed by NanoString. In addition to 
CEA, NanoString analysis was applied to study 26 biomarkers, including cytokines and 



49

immune checkpoints, in patients from whom paired biopsies were available. Therefore, 
total RNA was isolated from three 10 µm thick formalin-fixed paraffin-embedded (FFPE) 
sections and optimal cutting temperature samples. RNA isolation was performed with 
the Qiagen RNeasy FFPE total RNA extraction kit (catalog# 73504, QIAgen). NanoString 
gene expression profiling was conducted using 300 ng of RNA run on the nCounter 
PanCancer Immune Profiling Panel (NanoString Technologies, Seattle, WA) and a 
custom 30 gene Plus Panel per manufacturer’s instructions. CEA transcript expression 
was considered high at ≥ 500 counts.

Statistics
Statistical analyses were performed using SPSS Version 25. The occurrence of AEs 
in patients with or without ADAs was compared. Firstly, a test for the comparison of 
two binomial populations has been applied as a function of an assumed maximum 
number of AEs on the assumption that each AE has the same probability of occurring. 
Secondly, the medians of the numbers of AEs observed in patients with or without 
ADAs were compared using the Mann-Whitney U test. The test’s assumption of equally 
shaped distributions was supported by the two sample Kolmogorov-Smirnov test. The 
same tests were performed to study the occurrence of infusion reactions in patients 
with or without ADAs. In addition, the association between the occurrence of AEs and 
the H-scores has been explored by estimating and testing the Pearson correlation 
coefficient. Correlations between PK and sCEA were tested with Spearman rank 
correlation. All tests were performed at the 5% level of significance.

Results

Baseline demographics and treatment exposure
A total of 45 patients were enrolled between October 2014 and March 2017. Forty-four 
patients received ≥ 1 dose of AMG 211, one patient withdrew consent before the start 
of treatment. Patient characteristics of the 44 remaining patients are shown in Table 1.

 The cut-off date for analysis was March 6th, 2018. Twenty-six patients received 
treatment for 14 consecutive days in 28-days cycles, and 18 patients for 28 consecutive 
days in 42-days cycles (Supplementary Fig. S1). Patients received a median of 2 cycles 
AMG 211 cIV with a maximum of 7 cycles in one patient. At the time of this analysis all 
patients had discontinued study treatment because of disease progression (n = 33; 
75.0%), AE (n = 7; 15.9%), patient request (n = 2; 4.5%), and other reasons (n = 2; 4.5%).
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Safety and immunogenicity
AEs reported in ≥ 20% of patients were fatigue (54.5%), pyrexia (38.6%), nausea 
(36.4%), abdominal pain (34.1%), and diarrhea (29.5%). Treatment-related AEs are 
shown in Supplementary Table S3, including 9 grade 3 AEs and 15 serious AEs. 

Table 1 Demographics and baseline characteristics

Characteristic

Age, mean in years (range)

Sex, n (%)

 Male

 Female

Race, n (%) 

 White

 Asian

 Other

Tumor type, n (%)

 Colorectal adenocarcinoma

 Pancreatic adenocarcinoma

 Cholangiocarcinoma

 Esophageal adenocarcinoma

 Adenocarcinoma of the appendix

Prior chemotherapy, n (%)

 1 line

 2 lines

 ≥ 3 lines 

Karnofsky performance status, n (%)

 80

 90

 100

Tumor marker in serum 

 CEA, mean in µg/mL (range) 

Immunohistochemical CEA expression, n (%)

 Positive

 Negative

 Missing data

63 (41 – 79)

23 (52)

21 (48)

42 (95)

1 (2)

1 (2)

32 (73)

6 (14)

4 (9)

1 (2)

1 (2)

2 (5)

12 (27)

30 (68)

16 (36)

20 (45)

8 (18)

483 (2 – 9849)

19 (43)

3 (7)

22 (50)
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Grade 2 CRS, a well-known phenomenon of T-cell stimulating therapies,19 was observed 
in two patients (6.8%), mild to moderate symptoms associated with cytokine release 
were also seen, such as pyrexia or hypoxia. After the first two reports of CRS or CRS 
associated symptoms, occurring in cohort 4 at a dose of 800 µg/day, all other patients 
received corticosteroid prophylaxis. DLTs were not observed. However the study was 
prematurely discontinued after observation of anti-AMG 211 antibodies in all patients (n 
= 24) treated at high dose of ≥ 3,200 µg/day. One patient presented with pre-existing 
ADAs at treatment start. In 20 patients treated at doses < 3,200 µg/day, ADAs were 
present in nine patients (45.0%). In eight out of 15 ADA-positive patients (53.3%) treated 
at doses ≥ 3200 µg/day with at least 2 cycles, AMG 211 concentrations were decreased 
in cycle 2 or later and for two patients exposure information is lacking after cycle 1.

 There was no increased incidence of infusion reactions in patients with ADA 
development (P = 0.17). The median number of infusion reactions per patient in the 
ADA-positive group was 1, and 0 in the ADA-negative group (P = 0.31). The probability 
of occurrence of any AE did not differ between ADA-positive and ADA-negative patients 
(P = 0.73). Furthermore, the median number of AEs per patient did not differ between 
these groups (eight versus seven, respectively) (P = 0.90).

Pharmacokinetics
PK steady-state concentrations of AMG 211 were reached within 2 days of dosing, 
ranged between 18.1 to 238.64 ng/mL, and were maintained throughout the cycle 1 
infusion. Mean serum clearance ranged from 1.20 to 3.20 L/hour and half-life from 6.48 
to 15.2 hour (Table 2). Exposure to AMG 211 increased dose proportionally, but ADA 
presence reduced drug exposure in several patients.

Tumor responses
Among the 44 patients who received ≥ 1 dose of AMG 211, 31 patients (70.5%) had 
progressive disease and six patients (13.6%) experienced stable disease with a minimum 
duration of 8 weeks, per response evaluation by irRC. The median time to progression 
was 124 days (range 99 - 267 days). For two patients (4.5%), the post-baseline scans 
were not readable. No post-baseline scans were performed for five patients (11.4%) who 
prematurely discontinued treatment because of clinical progression (n = 1), adverse 
events (n = 3), or withdrawal of consent (n = 1).

 In two patients, the tumor load increased by > 200% according to irRC 
investigator assessment and central read between the baseline scan and the first 
response evaluation, possibly being indicative for hyperprogression. Two additional 
subjects were identified with > 200% increase in tumor load by central read.
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Table 2 Pharmacokinetic parameters of AMG 211 after the first treatment cycle

AMG 211 dose

200 µg/day, 

7 days

200 µg/day, 

14 days

400 µg/day, 

14 days

800 µg/day, 

14 days

1,600 µg/day, 

14 days

1,600 µg/day, 

28 days

3,200 µg/day, 

14 days

3,200 µg/day, 

28 days

6,400 µg/day, 

14 days

6,400 µg/day, 

28 days

12,800 µg/day, 

28 days

n

3

3

3

5

3

3

6

3

3

10

2

Cmax (SD) 

in ng/mL

5.32 

(2.26)

11.5 

(7.21)

13.9 

(1.13)

19.8 

(3.67)

55.1 

(11.0)

45.4 

(8.86)

116 

(32.4)

150 

(68.6)

129 

(51.0)

145 

(45.0)

398 

(NR)

AUClast 

(SD) in 

ng·day/mL 

29.7 

(19.4)

138 

(84.7)

172 

(23.0)

214 

(77.5)

617 

(186)

1040 

(245)

1540

(936)

3250 

(1700)

1420 

(666)

2610 

(1940)

6080 

(NR)

Css in 

(SD) ng/mL 

4.32 

(3.27)

9.92 

(6.05)

12.4 

(1.73)

16.6 

(4.42)

45.3 

(12.9)

35.9 

(7.50)

88 

(26.4)

130 

(63.9)

96.9 

(50.8)

109 

(36.1)

306 

(NR)

CL (SD) in 

L/day 

2.93 

(2.18)

1.36 

(1.28)

1.36 

(0.175)

2.13 

(0.61)

1.57 

(0.52)

1.91 

(0.41)

1.62 

(0.45)

1.17 

(0.45)

3.21 

(1.31)

2.66 

(0.75)

1.75

 (NR)

T1/2 

(SD) in hour  

10.4 

(3.34)

10.3 

(0.7)

10.2 

(4.37)

7.25 

(2.63)

7.78 

(2.37)

11.1 

(3.45)

10.3 

(1.72)

6.48 

(5.16)

11.9 

(3.53)

8.81 

(4.58)

15.2 

(NR)

Chapter 03

Abbreviations: SD, standard deviation; NR, not reported; AUClast, AUC from time 0 to time of last quantifiable 

concentration; CSS, concentration at steady-state; CL, serum clearance; Cmax, observed maximum 

concentration; t1/2, half-life.
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 At baseline, in 81% of the patients sCEA results were quantifiable. These 
sCEA levels spanned several orders of magnitude (range 2 – 9849 µg/mL), but no 
systematic changes from baseline were observed during either cycle. Baseline sCEA 
levels did not correlate with subsequent PK. A correlation between post-baseline sCEA 
concentrations and PK was observed, with AMG 211 decreasing 1.09-fold ± 0.04 per 
doubling of sCEA.

Plasma inflammatory cytokines
Exploratory soluble markers were analyzed for 45 subjects. Four (57%) of seven 
cytokines were uniformly reported at levels below the assay’s detection limits (IFNγ, 
IL-2, IL-4 and TNFα). In post-baseline blood samples 1% of granzyme B and IL-10, 4% 
of IL-6, 79% of monocyte chemo attractant protein-1 (MCP-1) were quantifiable. MCP-
1 transiently increased 1.2 to 1.6 fold 2-8 days after start of treatment in each cycle 
but appeared to be a class effect as it was unrelated to AMG 211 dose. The lack of 
responders in the study hindered our ability to establish biomarker associations with 
response.

Tumor tissues
At baseline, IHC CEA tumor expression was present in 19 out of 22 IHC evaluable patients 
(86.4%). The three patients in whom CEA tumor expression was absent, were diagnosed 
with cholangiocarcinomas. There was no correlation found between the calculated H-score 
for IHC CEA expression at baseline and the occurrence of AEs (P = 0.15). Paired biopsies 
for IHC CEA expression analysis were available for two patients. Either archival (n = 1) or 
fresh biopsies (n = 1) were used for baseline analysis. In case of archival tissues, these 
were obtained ~6 months before study enrollment. While results were comparable for 
one patient, in the other patient the percentage of tumor cells with positive CEA staining 
decreased from 100% in archival tissue to 15% at day 8 of cycle 1 (Fig. 1).

 CEA transcript expression by NanoString was detected in all 26 tumor 
samples analyzed. Except for cholangiocarcinomas samples and one colon carcinoma 
sample, CEA was moderately to highly expressed (Fig 2A). CEA transcript expression 
did not correlate with the duration of study participation of the patient. Moreover, for 
CEA transcript analysis paired biopsies were available for four patients. For baseline 
analysis, archival tissue was used once (gained ~6 months before on-treatment 
biopsy), and fresh biopsies in the remaining three patients. In two patients a reduction 
in CEA counts at day 8 in comparison to baseline was detected (Fig 2B). These two 
patients were assigned to a higher dose cohort (AMG 211 6,400 µg/day for 14 days in 
28-days cycles) than the other two patients who received AMG 211 either 400 or 800 
µg/day for 14 days in 28-days cycles.

A phase I continuous intravenous infusion study with the bispecific T-cell engager AMG 211/MEDI-565
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Supplementary Table S4 shows NanoString transcript analysis for 26 
biomarkers across paired biopsies from four patients. During AMG 211 treatment, a 
slight increase in T-cells was seen (Supplementary Table S4). Except for increasing 
IL-8 in the fi rst patient, cytokines and activation markers in blood showed little change 
from baseline. No changes in response to AMG 211 treatment were observed for 
immune checkpoints.

Figure 1

IHC CEA staining of paired tumor biopsy. Paired tumor biopsy of one patient diagnosed with colorectal cancer 

treated with AMG 211 6,400 µg/day for 14 consecutive days in 28-days. A) Baseline sample showing 100% 

CEA staining of tumor cells. B) Sample obtained at day 8 of cycle 1 showing CEA staining of 15% of tumor 

cells.

Abbreviations: CEA, carcinoembryonic antigen; IHC, immunohistochemistry.

A B
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CEA transcript expression NanoString analysis at baseline and in paired biopsies. A) CEA transcript expression 

at baseline was moderate to high (≥ 500 counts) in all tumor samples except for cholangiocarcinomas and 

one colon carcinoma. B) CEA transcript expression was performed on paired biopsies of four patients. In two 

patients a reduction in CEA counts at day 8 in comparison to baseline was observed.
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Figure 2  continued
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Discussion

This phase 1 study shows that AMG 211, a novel CEA/CD3 directed BiTE antibody 
construct, is generally well tolerated as single agent cIV infusion in patients with 
advanced GI adenocarcinomas. Steady-state concentrations were reached within 48 
hours. Paired tumor biopsies in six patients showed decreased IHC CEA staining in one 

CEA transcript expression NanoString analysis at baseline and in paired biopsies. A) CEA transcript expression 

at baseline was moderate to high (≥ 500 counts) in all tumor samples except for cholangiocarcinomas and 

one colon carcinoma. B) CEA transcript expression was performed on paired biopsies of four patients. In two 

patients a reduction in CEA counts at day 8 in comparison to baseline was observed.

Abbreviations: C1D8, cycle 1 day 8; CEA, carcinoembryonic antigen; CRC, colorectal cancer.
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out of two patients analyzed and reduced CEA transcript expression in two out of four 
patients in on-treatment samples. T-cell infiltration in tumor supports BiTE mechanism 
of action in solid tumor types. Best response was stable disease in six patients (13.6%). 
Doses of ≥ 3,200 µg/day resulted in ADA formation causing a decrease in serum drug 
levels.

 The development of bispecific antibodies, comprising two arms with different 
binding affinities for targets which might consequently affect tissue biodistribution, for 
clinical use is more challenging than for regular monoclonal antibodies.4 Questions 
regarding biodistribution and role of drug characteristics like molecular size, antigen 
binding affinities, and stability of the drug are still unanswered.4 Relatively few reports 
of clinical studies with such compounds are available and studies with BiTE antibody 
constructs are of interest given their smaller size compared to antibodies, which might 
benefit tumor tissue penetration. The current study provides several insights. We 
showed induction of T-cell infiltration in the tumor. Stable disease as maximal response 
and disease control occurred in 6 out of 44 patients (14%) all with advanced GI disease. 
This may well be due to the fact that our patients were heavily pretreated and their 
tumor types presumably are not very immunogenic, although DNA mismatch repair 
deficiency was not tested. Moreover, the low response rate found could also be due to 
ADA presence, assuming that neutralization also causes loss of antitumor activity. For 
the full-size CEA/CD3 antibody CEA-TCB (ClinicalTrials.gov identifier NCT02650713, 
active not recruiting) preliminary results of two ongoing phase 1 studies showed partial 
response in 6% and stable disease in 39% of n = 28 pretreated (≥ 2 lines) patients 
with advanced CEA-positive solid tumors who received CEA-TCB monotherapy at 
doses ≥ 60 mg.20 Mismatch repair status was unknown for 3 patients, the others were 
microsatellite stable. Improved efficacy was observed in n = 11 patients when CEA-TCB 
was combined with the PD-L1 directed antibody atezolizumab, with partial response 
in two patients (18%), including one patient with microsatellite instability colorectal 
cancer, and stable disease in 7 patients (64%).20 This study indicates the relevance 
of simultaneously targeting CEA on tumor cells and CD3 on T-cells. This is of interest 
as this approach might also be of interest for AMG 211 as it did induce T-cell tumor 
infiltration. Moreover preclinically, the combination of AMG 211 with PD-1 and PD-L1 
directed immune checkpoint inhibitors resulted in a more potent T-cell cytolytic activity 
in vitro in comparison to AMG 211 as single agent.13 Immunogenicity data is currently 
lacking for CEA-TCB. Knowledge about this would be of interest as in comparison to 
full-sized bispecific antibodies, BiTE antibody constructs are considered to be less 
immunogenic due to the lack of an Fc domain.21 With AMG 211 mouse residues remain, 
eliciting ADA formation.

A phase I continuous intravenous infusion study with the bispecific T-cell engager AMG 211/MEDI-565
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 Although several plasma cytokine levels were studied, only MCP-1 was 
detected at quantifiable levels in ≥ 20% of samples. This data supports the assumption 
of incomplete T-cell stimulation, possibly due to insufficient tumor drug exposure. For 
solitomab, a CD3/epithelial cell adhesion molecule directed BiTE antibody construct, 
cytokine levels peaked after escalation to target dose in patients with advanced solid 
tumors.22 However, solitomab was associated with severe toxicity, which precluded 
dose escalation to potentially therapeutic levels. With AMG 211, sCEA might be a sink 
for the drug and influence PK and response. Although a slight correlation between 
sCEA and PK was observed, with lower AMG 211 concentrations observed in patients 
with high sCEA, this effect was quite small compared to the 10-1000-fold PK changes 
expected for a given patient during the start and end of the infusion. In paired biopsies, 
on-treatment lower IHC CEA expression was observed in one out of two patients in 
comparison to baseline, and reduced CEA transcript expression levels were found in 
two out of four patients at higher AMG dose levels (≥ 6,400 µg/day). This might be an 
indication of tumor cell killing.

 In a subgroup of the patients in this study, AMG 211 labeled with 89Zr was 
administered at a tracer dose for PET imaging, to study 89Zr-AMG 211 whole-body 
biodistribution in healthy tissues and tumor lesions.23 A clear and presumably CEA-
mediated tumor uptake was seen, that was highly heterogeneous, both within and 
between patients. Moreover, a CD3-specific tracer accumulation in lymphoid organs 
like the spleen and bone marrow was observed. AMG 211 therapeutic dose resulted 
in high and sustained 89Zr-AMG 211 presence in the blood pool and absence of tumor 
lesion visualization. These findings reflect (tumor) tissue saturation, thereby supporting 
the cIV infusion approach to deliver uninterrupted therapeutic pressure by maintaining 
AMG 211 exposure to the tumor as applied in this phase 1 study.

 We observed T-cell infiltration induction in the tumor supporting BiTE 
mechanism of action in a subset of patients with solid tumor types. Approaches are 
ongoing to increase therapeutic benefits. One strategy focuses on prolongation of the 
drug circulation time by increasing the size of the drug, for instance via albumin-fusion, 
Fc-fusion, or glycosylation.24-26 This could facilitate sustained tumor drug exposure 
and accumulation, as has been shown for a CEA/CD3 single chain diabody in mice 
bearing CEA-positive tumors.27 Moreover, concomitant administration of BiTE antibody 
constructs with other anti-cancer therapeutics might be beneficial with regards to 
efficacy. Such an approach is already being investigated for blinatumomab. In an 
ongoing phase 1 study in patients with ALL, blinatumomab is combined with nivolumab 
alone or with ipilimumab (ClinicalTrials.gov identifier NCT02879695).
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Conclusion

Infiltration of cytotoxic T-cells in tumor indicated PD activity and showed some 
evidence of AMG 211 mechanism of action. However, despite an acceptable safety 
profile immunogenicity leading to insufficient drug exposure precluded the definition of 
a therapeutic window for AMG 211.
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Supplementary Figure S1

Study design. A) AMG 211 cIV infusion for 14 consecutive days in 28-days cycles. Patients were assigned to 

the following AMG 211 dosing cohorts: 200 µg/day for 7 days in cycle 1 and 14 days in subsequent cycles 

(cohort 1, n = 3), 200 µg/day (cohort 2, n = 3), 400 µg/day (cohort 3, n = 3), 800 µg/day (cohort 4, n = 5), 

1,600 µg/day (cohort 5A, n = 3), 3,200 µg/day (cohort 6A, n = 6), or 6,400 µg/day (cohort 7A, n = 3). B) AMG 

211 cIV infusion for 28 consecutive days in 42-days cycles via the following AMG 211 dosing cohorts: 1,600 

µg/day (cohort 5B, n = 3), 3,200 µg/day (cohort 6B, n = 3), 6,400 µg/day (cohort 7B, n = 3), or 12,800 µg/

day (cohort 8B, n = 2). In addition, n = 8 patients were treated with AMG 211 6,400 µg/day for 28 consecutive 

days in 42-days cycles in the expansion cohort. A particular dosing cohort was opened if patients in the 

previous dosing cohort did not experience a DLT during the first 28 days of treatment (independent of the 

length of the infusion).

Abbreviation: DLT, dose limiting toxicity.
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Supplementary Table S1 Blood sample collection for measurement of serum   
   concentration of AMG 211 at several time points

14 consecutive days in 28-days cycles

Cycle 1 

 Day 1, pre-dose

 Day 1, 2 hours after start of treatment

 Day 1, 6 hours after start of treatment 

 Day 2

 Day 3-5*

 Day 8

 Day 15, EOI

 Day 15, 0.5 hours after EOI

 Day 15, 2 hours after EOI

 Day 15, 4 hours after EOI 

 Day 15, 8 hours after EOI 

 Day 16

Cycle 2, 4, 6, 8

 Day 2

 Day 3-5*

 Day 15 

28 consecutive days in 42-days cycles

Cycle 1 

 Day 1, pre-dose

 Day 1, 2 hours after start of treatment

 Day 1, 6 hours after start of treatment 

 Day 2

 Day 3-5*

 Day 8

 Day 15

 Day 29, EOI

 Day 15, 0.5 hours after EOI

 Day 15, 2 hours after EOI

 Day 15, 4 hours after EOI 

 Day 15, 8 hours after EOI 

 Day 30

Cycle 2, 4, 6, 8

 Day 2

 Day 3-5*

 Day 15 

 Day 29

AMG 211 treatment

* Blood collection on either day 3, 4 or 5 based on investigators choice. 

Abbreviation: EOI, end of infusion.

Supplementary data
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Supplementary Table S2 Blood sample collection to evaluate levels of inflammatory  
   cytokines at several time points

Supplementary Table S3 Blood sample collection to evaluate levels of inflammatory  
   cytokines at several time points

14 consecutive days in 28-days cycles

Cycle 1 

 Day 1, pre-dose

 Day 1, 6 hours after start of treatment 

 Day 2

 Day 3-5*

 Day 8

Cycle 2, 4, 6, 8

 Day 1, pre-dose

 Day 2

 Day 3-5*

 Day 8 

Blood and lymphatic system disorders

 Anemia

Cardiac disorders

 ECG abnormality

Eye disorders

 Eye irritation 

Gastrointestinal disorders

 Abdominal distention

 Abdominal pain

 Constipation

1 (2)

1 (2)

1 (2)

1 (2)

2 (5)

1 (2)

1 (2)

28 consecutive days in 42-days cycles

Cycle 1 

 Day 1, pre-dose

 Day 1, 6 hours after start of treatment 

 Day 2

 Day 3-5*

 Day 8

Cycle 2, 4, 6, 8

 Day 1, pre-dose

 Day 2

 Day 3-5*

 Day 8 

AMG 211 treatment

Number of patients (%)

Grade

1 or 2

Grade

1 or 2

AE SAE

Grade

3

Grade

3

* Blood collection on either day 3, 4 or 5 based on investigators choice.
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Supplementary Table S3 continued

 Diarrhea

 Dry mouth

 Dyspepsia

 Nausea 

 Vomiting

General disorders

 Catheter site pain

 Chills

 Fatigue

 Feeling hot 

 Flu like symptoms

 Gait disturbance

 Infusion site extravasation

 Pyrexia

 Temperature elevation 

Hepatobiliary disorders

 Extrahepatic biliary obstruction

Immune system disorders

 Cytokine release syndrome

Infections

 Bacteremia 

 Infection of unknown origin

 Port infection

 Skin infection

 Urinary tract infection

Laboratory abnormalities

 Alanine aminotransferase increased

 Alkaline phosphatase increased

 Amylase increased 

 Aspartate aminotransferase increased

 Bilirubin increased

 C-reactive protein increased

 Hypokalemia     

3 (7)

1 (2)

1 (2)

5 (11)

3 (7)

1 (2)

2 (5)

11 (25)

1 (2)

2 (5)

1 (2)

1 (2)

8 (18)

1 (2)

1 (2)

1 (2)

1 (2)

2 (5)

1 (2)

1 (2)

2 (5)

1 (2)

1 (2)

2 (5)

2 (5)

1 (2)

1 (2)

1 (2)

1 (2)

1 (2)

1 (2)

1 (2)

1 (2)

Number of patients (%)

Grade

1 or 2

Grade

1 or 2

AE SAE

Grade

3

Grade

3

Supplementary data
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Supplementary Table S3 continued

 Hypomagnesemia

 Hyponatremia

 Hypophosphatemia

 Lactate dehydrogenase increased

 Lipase increased

 Liver biochemistry disturbances

Metabolism and nutrition disorders

 Appetite decreased

 Dehydration

Musculoskeletal and connective tissue disorders 

 Myalgia

 Pain, back

 Pain, extremity

Neoplasms, benign, malignant and unspecified 

 Pain, tumor

Nervous system disorders

 Dizziness

 Dysgeusia

 Headache

 Syncope

Respiratory, thoracic and mediastinal disorders

 Breath sounds abnormal

 Cough

 Dyspnea

 Epistaxis

 Hiccups

 Hypoxia

Skin and subcutaneous tissue disorders

 Alopecia

 Palmar erythema

 Rash

 Skin exfoliation 

2 (5)

1 (2)

2 (5)

2 (5)

3 (7)

1 (2)

1 (2)

1 (2)

1 (2)

1 (2)

1 (2)

1 (2)

3 (7)

1 (2)

2 (5)

4 (9)

1 (2)

3 (7)

1 (2)

1 (2)

3 (7)

1 (2)

2 (5)

1 (2)

1 (2)

2 (5) 1 (2)

1 (2)

1 (2)

Number of patients (%)

Grade

1 or 2

Grade

1 or 2

AE SAE

Grade

3

Grade

3

Abbreviations: AE,  adverse event; ECG, electrocardiogram; SAE,  serious adverse event.
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Biomarker

CD4

CD8

EPCAM

CEA

GITR

CD28

IL2RA

GZMA

GZMB

GZMH

GZMK

GZMM

IFNG

IL10

IL2

IL4

IL6

IL8

TNF

PD-L1

CD79

CD86

FOXP3

IDO1

CTLA4

TIGIT

Patient 

1, 

baseline

46

52

823

13213

36

22

76

61

43

31

42

53

60

9

52

53

6

76

39

55

75

58

36

95

72

39

Patient 

1,

C1D8

304

49

1722

825

28

16

89

83

30

20

46

26

35

13

12

16

33

1178

39

35

50

77

29

48

41

26

Patient 

2, 

baseline

291

59

6274

30973

39

28

88

253

1054

29

154

14

19

12

5

4

29

219

89

44

21

88

41

160

146

106

Patient 

3, 

baseline

8

5

16

34

1

2

17

13

10

1

4

3

13

2

5

4

1

49

4

7

6

10

9

10

10

10

Patient 

4, 

baseline

82

85

567

686

23

24

139

113

124

78

92

16

112

4

57

67

13

113

52

76

38

103

68

39

117

70

Patient 

2,

C1D8

298

144

1442

9766

67

45

129

186

272

51

154

40

45

18

26

28

37

352

86

64

46

123

54

105

120

97

Patient 

3,

C1D8

143

113

298

1560

32

50

190

149

127

78

155

30

149

5

80

137

9

151

73

115

35

162

132

151

160

128

Patient 

4,

C1D8

112

128

695

732

35

46

244

198

233

143

220

42

228

8

170

151

13

203

95

142

60

180

100

75

259

160

Annotation

Helper T-cell

Cytotoxic T-cell

Epithelial marker

CEA, target

T-cell activation

T-cell activation

T-cell activation

Cell lysis

Cell lysis

Cell lysis

Cell lysis

Cell lysis

Cytokine

Cytokine

Cytokine

Cytokine

Cytokine

Cytokine

Cytokine

Immune checkpoint

Activation marker

Activation marker

Immune checkpoint

Immune checkpoint

Immune checkpoint

Immune checkpoint

Abbreviations: CD, cluster of differentiation; EPCAM, epithelial cell adhesion molecule; CEA, carcinoembryonic 

antigen; GITR, glucocorticoid-induced tumor necrosis factor receptor related protein; IL2RA, interleukin-2 

receptor alpha chain; GZMA, granzyme A; GZMB, granzyme B; GZMH, granzyme H; GZMK, granzyme K; 

GZMM, granzyme M; IFNG, interferon gamma; TNF,  tumor necrosis factor; PD-L1, programmed death-ligand 

1; FOXP3, forkhead box P3; IDO1, indoleamine 2,3-dioxigenase 1; CTLA4, cytotoxic T-lymphocyte associated 

protein 4; TIGIT, T-cell immunoreceptor with Ig and ITIM domains.

Supplementary Table S4 Transcript biomarker NanoString analysis in paired   
   biopsies

Supplementary data
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