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Abstract

Purpose TAS266 is a novel agonistic tetravalent Nano-
body® targeting the DRS receptor. In preclinical studies,
TAS266 was more potent than a cross-linked DRS antibody
or TRAIL. This first-in-human study was designed to eval-
uate the safety and tolerability, maximum tolerated dose,
pharmacokinetics, pharmacodynamics, immunogenicity,
and preliminary efficacy of TAS266.

Methods Adult patients with advanced solid tumors were
to receive assigned doses of TAS266 (3, 10, 15, or 20 mg/
kg) intravenously on days 1, 8, 15, and 22 of a 28-day treat-
ment cycle.

Results Grade >3 elevations in aspartate aminotrans-
ferase and/or alanine aminotransferase levels, occurring
during cycle 1 in three of four patients at the 3 mg/kg dose
level, were attributed to TAS266 and led to early study ter-
mination. Liver enzyme levels quickly returned to grade <1
following TAS266 discontinuation. Evidence of preexisting
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antibodies able to bind to TAS266 was found in the three
patients who experienced these dose-limiting toxicities.
Immunogenic responses remained elevated and strength-
ened at end-of-treatment (EOT). In the one patient who did
not develop hepatotoxicity, no evidence of immunogenicity
was observed at baseline or following administration of 4
TAS266 doses; however, incipient positive immunogenicity
was observed at the EOT visit.

Conclusion 'TAS266 was associated with unexpected, sig-
nificant but reversible hepatotoxicity. Although the under-
lying mechanism is not fully elucidated, factors including
the molecule’s high potency, immunogenicity to TAS266,
and possibly increased DR5 expression on hepatocytes
further enhancing the activity of the Nanobody® may have
contributed to enhanced DR5 clustering and activation of
hepatocyte apoptosis.

Keywords Hepatotoxicity - TAS266 - Nanobody® - DR5
receptor - Immunogenicity

Introduction

Restoring sensitivity to and exploiting the induction of apop-
tosis as a means to eradicate cancer cells is considered an
attractive anticancer strategy. As a result, tumor necrosis fac-
tor (TNF)-related apoptosis-inducing ligand (TRAIL) and
TNF-family death receptors, DR4 and DRS5, have received
considerable attention, primarily because of their ability to
induce rapid caspase-dependent apoptosis in a tumor cell-
selective manner in preclinical studies [1-6]. TRAIL induces
apoptosis through trimerization of its DR4 and DRS5 recep-
tor, leading to the formation of the death-inducing signaling
complex (DISC), which ultimately results in caspase activa-
tion and initiation of apoptosis [7—10].
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Compounds targeting DRS in clinical development have
involved either soluble recombinant human Apo2L/TRAIL
ligand or conventional bivalent DRS5 agonist antibodies
[11-16]. Despite promising preclinical data, results from
single and combination chemotherapy clinical studies have
been generally unimpressive.

Nanobodies® (Ablynx, Belgium) are a novel class of
therapeutic proteins based on high affinity single vari-
able domains (VHH) derived from heavy chain antibod-
ies, occurring naturally in camelids, which can be linked to
form multivalent molecules (Fig. 1) [17]. TAS266, a novel
agonistic 60 kDa Nanobody® that targets the DRS recep-
tor, is tetravalent, consisting of four identical humanized
VHH antibody fragments connected through three linkers
of 35 amino acids each. Each VHH monomer domain of
TAS266 can bind with high affinity to a DR5 molecule, and
the tetravalent TAS266 can potentially cluster 4 DRS mol-
ecules or bridge 2 DRS trimers, initiating more rapid DISC
formation and downstream apoptotic signaling as compared
with other conventional DR5 agonists or TRAIL (Fig. 2).
The tetravalent structure circumvents the need for second-
ary receptor cross-linking, a potential drawback of the con-
ventional monoclonal agonist antibodies, and improves

Fig.1 Comparison of a con-
ventional human antibody, a
camelid heavy chain antibody,
and DR5 Nanobodies®

Typical Antibody

Fig. 2 Multimerization (a) and
superclustering (b) of DRS5 by
TAS266. DISC death-inducing
signaling complex

A Multimerization
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receptor clustering, potentially enhancing TAS266 potency
as a DRS agonist.

Preclinical testing suggested that TAS266 was safe and
possessed highly potent in vivo biologic and pharmaco-
logic activities. In human tumor cell death assays, TAS266
was >1000-fold more potent when compared with a cross-
linked DRS antibody LBY135 or TRAIL [17]. In vivo,
TAS266 elicited single-dose tumor regressions in multiple
human tumor xenograft models. Furthermore, adminis-
tration of weekly TAS266 resulted in superior anti-tumor
activity in vivo compared with a DRS agonist antibody in
patient-derived pancreatic and colon xenograft models
[17]. These data supported further clinical development of
TAS266.

DRS5 receptors are differentially expressed; they are
upregulated in a range of tumors but also expressed at low
levels on normal hepatocytes [18]. Toxicology studies per-
formed in cynomolgus monkeys, where binding affinity
of TAS266 to DRS is comparable to humans, indicated no
clinical or histopathologic evidence of target organ toxic-
ity with doses up to the highest non-severely toxic dose
(HNSTD) of 200 mg/kg administered twice weekly, with
similar findings in animals with or without preexisting or
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treatment-emergent TAS266-binding IgG antibodies. In
particular, caspase immunohistochemistry of liver tissue
was negative. In addition, bioactivity of TAS266 was main-
tained (data on file, Novartis Pharmaceuticals). Prelimi-
nary data on preexisting IgG binding to TAS266 in human
serum were obtained by screening sera in an immunogenic-
ity sandwich ELISA. Overall, a majority of these samples
[57 % in healthy donors (n = 88) and 80 % in colorectal
cancer patients (n = 40), respectively, data on file Novartis
Pharmaceuticals] demonstrated preexisting TAS266-bind-
ing IgG antibodies. Of relevance, the presence of human
anti-VH autoantibodies (HAVH), a novel type of autoan-
tibody in humans that binds a cryptic epitope in the VH
domain of human IgG and interacts with heavy chain thera-
peutic domain antibodies, was reported in approximately
50 % of healthy human subjects in a study evaluating an
anti-TNFR1 VH domain antibody [19]. Autoantibodies to
other antibody-derived fragments have been reported and
may constitute different immunological entities, depend-
ing on the biotherapeutic under study [20, 21]. Thus, the
presence of preexisting antibodies in patients enrolled in
the first-in-human study might be anticipated. The primary
objective of this multicenter, open-label, single-arm study
of TAS266 was to estimate the maximum tolerated dose
(MTD) or the recommended dose for expansion (RDE) and
the associated dose-limiting toxicities (DLTs) of TAS266
when administered intravenously (IV) in patients with
relapsed or refractory solid tumors. The secondary end-
points included safety and tolerability, immunogenicity,
antitumor activity, and pharmacokinetics (PK) of TAS266
following single and multiple doses.

Materials and methods
Patients

Adults with pathologically confirmed advanced solid
tumors were included in this study. Key eligibility cri-
teria included: an Eastern Cooperative Oncology Group
(ECOG) performance status (PS) of <2; adequate hema-
tologic, renal, and hepatic function. Key exclusion crite-
ria included: central nervous system tumor involvement;
cyclical chemotherapy, wide field radiation therapy, or
major surgery within 4 weeks before study treatment; prior
anaphylactic or other severe infusion reactions to human
immunoglobulin or antibody formulations; impaired car-
diac function; previous hepatitis B, hepatitis C, or HIV
infection. This study was conducted in accordance with the
ethical principles of the Declaration of Helsinki and good
clinical practice. The protocol was approved by the institu-
tional review boards of the participating institutions. Writ-
ten informed consent was obtained from all patients.

Study design and treatment

Patients were to be enrolled in cohorts receiving doses of
TAS266 (3, 10, 15, or 20 mg/kg) IV over 1 h (£10 min)
on days 1, 8, 15, and 22 of a 28-day treatment cycle. A
1-week interval between the first and subsequent patients
in each cohort was required. TAS266 was to be continued
until a patient experienced unacceptable toxicities, disease
progression, withdrawal of consent, failure to comply with
study requirements, and/or at the discretion of the investi-
gator or sponsor.

DLTs were defined as any AE or abnormal laboratory
value occurring in the first treatment cycle that met either
of the following criteria: (1) CTCAE grade >3 hemato-
logic or non-hematologic toxicity of any duration related to
TAS266 or (2) any hematologic or non-hematologic AE or
abnormal laboratory value related to TAS266 that resulted
in either a dose delay or interruption for more than 14 days
(two consecutive doses) or resulted in permanent discontin-
uation of TAS266, regardless of severity. Safety and toler-
ability were assessed at baseline and weekly during treat-
ment. AEs were graded according to the CTCAE version
4.03.

Pharmacokinetics

Blood samples for TAS266 concentrations were collected
as follows: pre-infusion, end of infusion, and 2, 8, 24, 48,
and 72-h post-infusion of the first dose in cycle 1. Pre-
infusion PK samples were also collected on days 8, 15, and
22, and at end-of-treatment (EOT). Although PK samples
were planned for subsequent cycles, PK samples were only
collected in cycle 1 because the study was terminated early
due to the occurrence of DLTs in cycle 1. Additional PK
samples were collected during the occurrences of these
DLTs. Determination of TAS266 in human serum was
based on a validated bridging ELISA using target [DR5
extracellular domain (ECD)-IgG-Fc] fusion protein as the
capture reagent and biotinylated target (ECD-IgG-FC) as
the secondary reagent. The lower limit of quantification
was 15 ng/mL in serum. A non-compartmental PK analysis
was performed using WinNonlin Phoenix (Pharsight Cor-
poration; Mountain View, CA).

Immunogenicity

Immunogenicity testing to assess the presence and for-
mation of anti-TAS266 antibodies was performed in all
enrolled patients. Immunogenicity blood samples were
drawn concurrently with TAS266 PK samples pre-infusion
on days 1, 8, 15, and 22, and at EOT. Although immuno-
genicity samples were planned in subsequent cycles, immu-
nogenicity samples were only collected in cycle 1 because
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the study was terminated early due to the occurrence of
DLTs. Additional immunogenicity samples were collected
during the occurrences of these DLTs in cycle 1.

Anti-TAS266 IgG antibodies were detected by sand-
wich ELISA by first immobilizing TAS266 on a microti-
ter plate. After sample incubation, anti-TAS266 antibodies
were detected by horseradish peroxidase (HRP)-conjugated
goat antihuman IgG-Fc polyclonal antibody. Due to the
high incidence of preexisting antibodies in naive individual
sera, only individual sera obviously negative for this were
selected to determine the screening cut-point (SCP), con-
firmatory cut-point (CCP), and sensitivity of the assay. The
SCP was calculated as the 95th percentile of 30 individual
antidrug antibody (ADA) negative sera. An optical density
(OD) value of 0.16 or higher was considered to be a posi-
tive screening sample. The CCP, after spiking of individual
ADA negative sera with TAS266 5 mg/mL, was defined as
the 99th percentile of signal inhibition and was calculated
to be 54 %. Assay sensitivity was 329.5 ng/mL based on a
monoclonal antibody positive control.

Efficacy Assessments

Tumor responses, using computed tomography (CT) or
magnetic resonance imaging (MRI) scans, were determined
by investigators according to the response evaluation cri-
teria in solid tumors (RECIST) v1.1. Post-baseline tumor
evaluations were planned at the end of even cycles.

Statistical analyses

Escalation with overdose control (EWOC) principle
guided by an adaptive Bayesian logistics regression model
(BLRM) was used to recommend TAS266 doses [22]. Indi-
vidual data are presented for each patient. PK measure-
ments were summarized using descriptive statistics.

Results
Patient characteristics and disposition

From June 2012 to September 2012, a total of five patients
were enrolled, of whom four received at least one dose of
TAS266; the fifth patient was not treated because the study
was terminated early. All four patients treated with TAS266
were male and had an ECOG PS of <1 and metastatic dis-
ease (only one patient had liver metastases). All patients
had received >2 systemic anticancer therapies includ-
ing >1 monoclonal antibody (Table 1). All four patients
received at least one dose of TAS266 3 mg/kg (Fig. 3).
Two patients received only the day one dose; one patient
received the day 1 and eight doses, and one patient received
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one cycle of treatment, with dosing on days 1, 8, 15, and
22. At the time of the second DLT occurrence, the 3-mg/kg
dose cohort was expanded to six patients, and the BLRM
recommended lowering the dose for subsequent patients.
Before implementation of a reduced dose, a third patient
experienced a DLT. Following this third DLT, treatment
was discontinued for all patients, and further enrollment
was halted.

Safety and tolerability

Treatment with TAS266 was marked by grade >3 aspartate
aminotransferase (AST) and/or alanine aminotransferase
(ALT) elevations in three of four patients (Table 2; Fig. 3).
These three patients experienced grade 3 increases in AST
and/or ALT levels within the first 13 days on study, which
were considered DLTs related to TAS266. After discon-
tinuing TAS266, liver enzyme levels returned to grade <1
within 5-18 days following onset of liver toxicity. Bilirubin
levels increased to grade 1 in two patients and returned to
normal following TAS266 discontinuation.

Two patients with liver enzyme elevations were sympto-
matic. In one patient (patient 4), increases in AST and ALT
levels progressed to grade 4 and were considered SAEs
(Fig. 3d; Table 2). This patient had a concomitant grade 2
increase in serum creatinine, grade 1 increase in total biliru-
bin, grade 1 edema, and grade 2 weight gain of 10 pounds.
At study discontinuation, his total bilirubin had normalized
and serum creatinine had improved to grade 1; however, his
weight gain had not resolved. The second patient (patient
3) experienced right-sided musculoskeletal chest pain and
dizziness, both of which began on the same day he expe-
rienced grade 3 liver enzyme elevations. The pain and diz-
ziness resolved, respectively, within 4 and 2 days of onset,
coincident with a decline in his liver enzyme levels.

Other treatment-related grade 1 and 2 AEs are listed by
patient in Table 2. No dose reductions or infusion-related
reactions were reported.

Immunogenicity

Immunogenicity analyses were not performed in real time
and were available only after study enrollment had been
halted. Clinical decisions regarding patient management
were based on AEs and laboratory assessments.

Preexisting antibodies able to bind TAS266 were found
to be present at baseline in three of the four patients treated
with TAS266 (Table 3). Baseline liver function tests were
normal in these patients, with the exception of hypoalbu-
minemia (grade 1) and increased alkaline phosphatase
(grade 1) in one patient. Two of these three patients
(patients 1 and 4) experienced DLTs of grade 3 elevated
liver enzyme levels within 8 days of receiving the first dose
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Table 1 Baseline demographics and characteristics

Patient Age, years ECOG PS

Cancer type

Previous anticancer therapy

1 59 1

Colon adenocarcinoma KRAS mutant

Malignant melanoma

Laryngeal squamous cell carcinoma

Rectal adenocarcinoma KRAS wildtype

Surgery

Radiotherapy
mFOLFOX6 + bevacizumab
Irinotecan + bevacizumab
Capecitabine

Surgery

Radiotherapy

Ipilimumab

Interferon

Investigational therapy
Surgery

Cisplatin + radiotherapy
Carboplatin/paclitaxel
Cisplatin/fluorouracil
Docetaxel/investigational therapy
Cetuximab

Investigational therapy
Surgery

Radiotherapy
Capecitabine
mFOLFOX6

FOLFIRI + bevacizumab
Cetuximab

ECOG Eastern Cooperative Oncology Group, FOLFIRI irinotecan, fluorouracil/leucovorin, mFOLFOXG6 oxaliplatin, fluorouracil/leucovorin, PS

performance status

# Patients listed by chronological order in which they received TAS266. Patients 1, 3, and 4 experienced liver enzyme adverse events

of TAS266 (Fig. 3a, d). These increases in AST/ALT lev-
els coincided with an increase in immunogenicity response
with OD values 2.8- and 1.6-fold higher than baseline on
day 10 and day 8, respectively (Fig. 3; Table 3). At the end
of the study, AST/ALT levels had returned to grade <I.
Immunogenicity response in these two patients remained
significantly higher (three and twofold higher, respectively,
based on measured OD values) than at baseline.

The other patient (patient 3) had a 4.4-fold increase in
his immunogenicity response (based on measured OD val-
ues) on day 9 (measured before administration of the sec-
ond dose); his liver enzyme levels on that day were nor-
mal (Fig. 3c). By day 13, the patient had DLTs of grade 3
elevated liver enzyme levels. Following discontinuation of
TAS266, the patient’s liver enzyme levels returned to grade
1, but the immunogenicity response continued to increase
and was 6.8-fold higher at EOT compared with baseline
based on the OD value.

In the patient who completed treatment cycle 1, no
TAS266-related immunogenicity was observed at base-
line or before any of the 4 TAS266 doses. This patient’s

liver function tests also remained normal throughout the
treatment period. At the EOT visit, this patient was noted
to have developed a confirmed TAS266-specific posi-
tive immunogenicity with an OD value of 0.41 (Fig. 3b;
Table 3).

Pharmacokinetics

Following administration of TAS266 3 mg/kg as a 1-hour
IV infusion, the median maximum serum concentration
(Cmax) occurred 1.06 h (range 1.0-1.1 h) after the end
of the infusion (Table 4). Thereafter, the concentration—
time profiles declined in a bi-exponential manner, with a
median terminal phase half-life (t1/2) of 14.29 h (range
9.7-22.8 h). The mean total systemic clearance (CL) was
0.47 L/hr (standard deviation [SD] 0.12 L/hr). The mean
volume of distribution (Vd) was 3.13 L (SD 1.08). IV
administration of TAS266 resulted in a low to moderate
PK variability (Table 4). There was no correlation between
Cmax or mean concentration parameters and observed
hepatotoxicity.
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Fig.3 AST (blue) and ALT (red) levels and immunogenic-
ity response (green) in patients treated with TAS266; patient 1 (a),
patient 2 (b), patient 3 (c), and patient 4 (d). Blue arrows indicate

Table 2 Reported adverse events by patient

Treatment-related AE CTCAE toxicity grade

Patient 1* Patient 2 Patient 3 Patient 4°
ALT elevated 3 (DLT) 3(DLT) 4 (SAE)
AST elevated 3(DLT) 3(DLT)
4 (SAE)

ALP elevated 1
Dizziness
Musculoskeletal chest 2

pain
Nausea 2
Creatinine (blood) 2

elevated
Dysgeusia 1
Edema
Weight gain 2

AE adverse event, ALP alkaline phosphatase, ALT alanine ami-
notransferase, AST aspartate aminotransferase, CTCAE common ter-
minology criteria for adverse events, DLT dose-limiting toxicity, SAE
serious adverse event

4 Patients 1 and 4 experienced grade 1 increases in bilirubin levels
that were not reported as AEs
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study day TAS266 was administered. AST aspartate aminotransferase,
ALT alanine aminotransferase

Efficacy

Two patients had one post-baseline evaluation, at cycle 1
day 29 (melanoma) and cycle 1 day 15 (laryngeal squa-
mous cell carcinoma), showing stable disease by RECIST
vl.l1 As these assessments were performed earlier than
planned with fewer than the expected number of TAS266
doses delivered, the efficacy of TAS266 could not be
determined.

Discussion

This first-in-human study of TAS266 was terminated early
following the occurrence of DLTs of grade >3 increases
in liver enzyme levels in cycle 1 in three of four patients
enrolled in the first dose level (3 mg/kg). All three patients
who developed hepatotoxicity had normal baseline liver
enzyme levels, no hepatic metastases, and no history of
hepatitis, active infection, or alcoholism. The starting
dose of 3 mg/kg was based on the HNSTD, with a ten-
fold safety margin, the predicted minimal biological effect
level (MABEL), and historical safety information on target
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Table 3 TAS266 Immunogenicity

Patient Study day  Anti-TAS266 Optical density (OD)
antibody presence
1 1 Yes 0.68
10 Yes 1.94
15 Yes 2.03
2 1 No
8 No
14 No
21 No
29 Yes 0.41
3 1 Yes 0.24
Yes 1.05
15 Yes 1.64
4 1 Yes 1.00
Yes 0.81
Yes 1.610
15 Yes 2.06

Positive: OD >0.16. Patients 1, 3, and 4 experienced liver enzyme
adverse events

binding. No DLT was anticipated at the planned provisional
dose levels. The temporal relationship to TAS266 dose
administration was indicative of drug-induced hepatotoxic-
ity and was unexpected, particularly since TAS266 had not
shown hepatotoxicity in preclinical safety studies in cyn-
omolgus monkeys nor in ex vivo human hepatocyte culture
assays.

All three patients who developed a DLT had preexisting
antibodies, which bind to TAS266 based on OD values at
baseline. The patient without liver enzyme AEs had no evi-
dence of immunogenicity at baseline. In this patient, immu-
nogenicity developed after four doses of TAS266, sug-
gesting repeated exposure to TAS266 was required in this
patient for the development of ADAs that may have poten-
tially led to the hepatotoxicity with continued treatment. As
a class of agents, significant hepatocyte toxicity or immu-
nogenicity has been reported infrequently with other DRS

antibody agonists, despite preclinical evidence for a role of
DRS in liver injury [6, 11-14, 23-28]. Importantly, grade
3 or 4 elevations in liver enzyme levels were reported in
54 % (n =2) and 4 % (n = 2) of patients receiving lexatu-
mumab (DLT at 20 mg/kg, the highest dose administered)
and drozitumab, respectively, but neither increase was asso-
ciated with immunogenicity [12, 25, 26]. The presence of
ADAs has been reported in 21.9 % (n = 16) of patients
receiving LBY135 and 9 % (n = 10) of patients receiving
dulanermin, the recombinant ApoL2/TRAIL; no signifi-
cant hepatotoxicity was reported with either agent in these
patients [11, 13, 28].

Preexisting and treatment-emergent antibodies to
TAS266 were present in 28 % of cynomolgus monkeys
(data on file Novartis Pharmaceuticals), but their presence
did not cause AEs that would preclude patient administra-
tion. Importantly, bioactivity of TAS266 in cynomolgus
monkeys was maintained despite the presence of ADAs,
suggesting the affinity or avidity of TAS266 for DRS is
high enough to overcome interference by ADAs. In screen-
ing assays of human sera, the presence of preexisting anti-
bodies to TAS266 was reported in the majority of samples
(data on file Novartis Pharmaceuticals). It is possible that
preexisting antibodies could form immune complexes with
TAS266 that would accumulate in the liver for clearance by
the reticuloendothelial system. In the liver, these complexes
could potentially bind to DRS receptors and induce apop-
tosis in normal hepatocytes, with resultant hepatotoxicity.
Notably, no hepatotoxicity and minimal immunogenicity
has been reported with bivalent and trivalent Nanobod-
ies® that have been investigated in non-oncology diseases
or healthy volunteers [29-32]. Interestingly, Holland and
colleagues investigated the effect of HAVH autoantibod-
ies on an anti-TNFR1 VH domain antibody (GSK1995057)
in healthy human subjects [19]. Similar to TAS266 immu-
nogenicity, these HAVH autoantibodies were found in
about 50 % of subjects. In vitro, HAVH autoantibody/
GSK1995057 complexes were shown to activate TNFR1 in
concordance with the mode of action. Clinically, the admin-
istration of GSK1995057 resulted in mild to moderate

Table 4 Summary of pharmacokinetic parameters of TAS266 3 mg/kg on cycle 1

AUC_j (ug*hr/mL) AUC,_j (ug*hr/mL) Cmax (ug/mL) Tmax (h) T, () CL (L/h) Vd (L) Cmin (ug/mL)
n 4 4 4 4 4 4 4 4
Mean (SD) 467.64 (121.24) 463.93 (119.02) 69.63 (12.00) 0.47 (0.12) 3.13(1.08) 0.15(0.09)
CV % mean 26 26 17 26 35 62
Median 497.34 495.48 70.35 1.06 14.29 0.44 2.71 0.12
Min, Max 300.3, 575.6 298.4, 566.4 56.1, 81.7 1.0, 1.1 9.7,22.8 0.3,0.6 24,47 0.1,0.3

AUC area under the concentration—time curve, CL clearance, Cmax maximum concentration, Cmin minimum concentration, CV % coefficient
of variation (CV % = standard deviation/mean*100), SD standard deviation, ¢1/2 half-life, Tmax time to maximum concentration, Vd volume of

distribution
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cytokine release-like symptoms in subjects positive for
preexisting HAVH autoantibodies [19]. These effects were
not predicted by in vivo toxicological investigations in cyn-
omolgus monkeys, some of which had similar preexisting
VH autoreactivity. Unlike our study, the administration of
GSK1995057 to HAVH autoantibody-negative and autoan-
tibody-positive subjects did not result in treatment-induced
immunogenicity; antibody levels remained stable irrespec-
tive of the HAVH reactivity at baseline [19].

Stress factors including prior chemotherapy or inflam-
mation have been demonstrated to upregulate DR5 and
render hepatocytes more sensitive to TRAIL-induced
apoptosis in preclinical models [33, 34]. Therefore, DRS
agonists, like TAS266, may bind to more abundant DRS
receptors of stressed liver cells and induce apoptosis of
hepatocytes, resulting in hepatotoxicity. This may provide
a potential explanation for the difference in toxicity find-
ings between cynomolgus monkeys and patients treated on
this study. All three patients with hepatotoxicity entered
the study with normal baseline liver function and did not
have liver metastases nor a history of hepatitis or alcohol-
ism. Concomitant medications and prior antineoplastic
medications were reviewed as potential confounding and/or
contributing factors. Use of medications with known liver
toxicity (acetaminophen and atorvastatin) were reported in
one patient, and prior antineoplastic agents (5-fluorouracil,
irinotecan and oxaliplatin) associated with steatohepatitis
and hepatocyte damage were reported in the three patients
experiencing hepatotoxicity [35, 36]. These prior therapies
and their contribution to potential upregulation of DRS and
subsequent toxicity in the three patients is another potential
explanation for the findings.

Moreover, multivalent DR5 Nanobodies® are signifi-
cantly more potent than conventional DR5 agonists preclin-
ically due to their ability to induce more efficient caspase
activation [17]. As a tetravalent molecule, TAS266 could
potentially cluster 4 DRS receptors, as opposed to its native
trimeric state, or bridge 2 or more DRS trimers, thereby
inducing superclustering. We previously demonstrated
that multivalent DRS Nanobodies® elicit a more rapid and
intense apoptotic signaling response in cancer cells through
more efficient recruitment of signaling proteins [17]. Thus,
the combination of a very active agonist molecule (either
alone or possibly complexed with antidrug antibodies) and
possibly increased DRS expression or function on hepato-
cytes in patients could result in a higher rate of apoptosis,
resulting in hepatoxicity [2].

Intravenous administration of TAS266 resulted in a
low to moderate PK variability. The mean CL for TAS266
was relatively high, and the median terminal phase t1/2
(14.29 h) was relatively short as was expected for this
format. At 3 mg/kg, the mean Vd was 3.13 L, indicating
TAS266 had limited distribution into peripheral tissue
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compartments. These PK characteristics may have contrib-
uted to the relatively rapid resolution (within 5-18 days of
onset) of the observed liver enzyme toxicities. The mean
observed Cmax achieved with 3 mg/kg was predicted
by modeling from preclinical studies and was associated
with preclinical efficacy. The clinical efficacy of TAS266
could not be adequately determined due to early study
termination.

The results of this study show that the current tetrava-
lent Nanobody® TAS266 is not safe for human admin-
istration. The underlying mechanism of hepatotoxicity
is unknown, but may be related to the combination of a
highly active agonist molecule (alone or complexed with
antidrug antibodies) and possibly increased DRS expres-
sion on hepatocytes in patients, thereby resulting in a
higher level of apoptosis and liver enzyme elevations. The
exact role that preexisting or emerging immunogenicity
plays in the observed toxicity is unclear, but reinforces the
need for exploration of the potential impact of preexist-
ing antibodies on the safety of biotherapeutics on a case
by case basis, particularly those with agonist function
[20, 21]. Relevant to the development of drugs targeting
death receptors is that multimerization of DRS molecules
by multivalent DR5 antibodies could increase the effec-
tiveness of apoptosis initiation, potentially narrowing the
therapeutic window and increasing the risk of hepatotoxic-
ity. The development of TAS266 has been halted based on
these findings.
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