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ABSTRACT
Antibody-drug conjugates (ADCs) represent a new class of cancer therapeutics. Their design involves a
tumor-specific antibody, a linker and a cytotoxic payload. They were designed to allow specific targeting
of highly potent cytotoxic agents to tumor cells whilst sparing normal cells. Frequent toxicities that may
be driven by any of the components of an ADC have been reported. There are currently more than 50
ADCs in active clinical development, and a further »20 that have been discontinued. For this review, the
reported toxicities of ADCs were analysed, and the mechanisms for their effects are explored in detail.
Methods to reduce toxicities, including dosing strategies and drug design, are discussed. The toxicities
reported for active and discontinued drugs are important to drive the rational design and improve the
therapeutic index of ADCs of the future.

Abbreviations: ADCs, antibody-drug conjugates; FcR, Fc receptors; PBD, pyrrolobenzodiazepines; EGFR, epidermal
growth factor receptor; DLT, dose limiting toxicity; q3w, every 3 weeks; Can M, cantuzumab mertansine; Can R, can-
tuzumab ravtansine; DAR, drug-to-antibody ratio; TDC, THIOMAB drug conjugate; NHL, non-Hodgkin’s lymphoma;
CLL, chronic lymphocytic leukemia; MTD, maximum tolerated dose; ORR, overall response rate; ADCC, antibody-
dependent cell-mediated cytotoxicity; BV, brentuximab vedotin; PK, pharmacokinetic
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Introduction

Antibody-drug conjugates (ADCs) are relative newcomers into
oncology treatment. Currently, 3 drugs have been licenced:
gemtuzumab ozogamicin (CMA-676, Mylotarg®), which has
since been withdrawn in all regions apart from Japan; brentuxi-
mab vedotin (BV; SGN-35, Adcetris®) and ado-trastuzumab
emtansine (T-DM1, Kadcyla®). However, the field of ADC
development is expanding rapidly, with »55 active clinical
compounds, »20 that have discontinued clinical trials and
many more that are showing preclinical promise. ADCs were
designed to harness the specificity of antibody targets with the
cytoxicity of chemotherapeutic agents, and should therefore
exhibit high specificity and low toxicity. This ideal has been dif-
ficult to achieve in practice because ADCs repeatedly induce
toxicities that limit the therapeutic window of these compounds
or prevent further clinical development. There are many exam-
ples of ADCs that have shown early preclinical promise and
that entered clinical trials briefly, but have not progressed or
have been terminated abruptly. These were terminated for a
variety of reasons, including financial and strategic, but there
are others that may have failed because of unforeseen or unac-
ceptable toxicities.1 It is important that the results from these
failed compounds are disclosed so that ADC research and
development does not continue to repeat mistakes of the past.

In this review, the reported toxicities from 35 active and dis-
continued compounds were identified and a comprehensive
assessment of the role that each component of the ADC has on

the toxicities exhibited was carried out. As expected, the pay-
load often drives the toxic effects; however, the target and linker
may determine the organ specificity of the toxicity, and this is
discussed in detail. Knowledge of the role that each component
plays in an ADC will enable development of ADCs with
improved therapeutic indices by increasing the efficacy and
decreasing the toxicity. Novel techniques for designing ADCs
are driving the next generation into the clinic. As the field of
ADC design evolves, it will become increasingly important to
assess the toxicities of past ADCs in order to design the ADCs
of the future.

ADC design

ADCs are composed of 3 well-defined components, the anti-
body, linker and payload, and these have been comprehensively
reviewed by Sievers et al.2 and Jain et al.3 An optimal ADC
achieving maximum efficacy with minimal toxicity requires the
appropriate combination of each of these components.

Antibody

Within the context of toxicities, the antibody needs to bind
accurately and efficiently to the antigen on tumor cells whilst
avoiding normal cells. It is therefore very important that an
antibody binds to a suitable target antigen, one that is preferen-
tially or exclusively expressed on tumor cells. Reasons that an
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antibody may not be suitable include inappropriate or low
affinity binding, insufficient antigen expression on tumor cells
or a lack of internalization following binding. Some ADCs,
however, may not need to be internalized to release toxic pay-
load. As CEACAM5 is not thought to be internalized, the
Immunomedics anti-CEACAM5 labetuzumab govitecan
(IMMU-130) may release payload after binding of antibody
without internalization.4,5 CEACAM5 is also the target of
SAR408701, which is in Phase 1 study.

Inappropriate binding may be due to expression of the target
antigen on normal cells 6-8 or non-specific binding to Fc recep-
tors (FcR) or lectin receptors, such as the mannose receptor.9,10

Also, antibodies with specific biological effects that bind non-
specifically or inappropriately to target antigens on normal cells
may induce toxic effects irrespective of the payload. Indeed,
MEDI-547, an EphA2-targeting ADC conjugated to MMAE,
exhibited toxicities at very low doses, which may suggest an
antibody-mediated biological effect rather than delivery of
cytotoxic payload.7

Linker

Linker chemistry is very important in the timely release of the
payload from the antibody. Like the antibody, an effective
linker will improve the therapeutic index of an ADC by ensur-
ing accurate release of the payload (reviewed in ref.3). Whilst
the linker itself does not appear to drive toxicities, the stability
of the linker has considerable impact on the toxicities that are
then exerted by the payload. The more stable linkers will release
their payload in a target-specific manner, inducing more spe-
cific toxicities whilst a less stable linker is more likely to
undergo non-specific cleavage, resulting in a broader toxicity
profile. Increasing the steric hindrance of a linker (e.g., SPDB-
DM4 linker payload construct) can enhance the stability of the
ADC in circulation, with the aim of reducing non-specific tox-
icities. Cleavable linkers are mostly cleaved from the payload in
endosomes or lysosomal compartments via a variety of mecha-
nisms including acidic degradation (hydrazones); protease
cleavage by cathepsin B (dipeptide); thiol-disulfide exchange
reactions (disulfide, carbonate). Conversely, non-cleavable link-
ers (MC and SMCC) require complete lysosomal proteolytic
degradation of the antibody, generating a toxic payload with
charged lysines or cysteines (Table 1).

Payload

The payloads utilized in ADCs are highly potent cytotoxic
drugs, exerting their effects on critical cellular processes
required for survival (Table 1). Most compounds in current
clinical testing utilize either maytansine derivatives (DM1/
DM4) or auristatins (MMAE/MMAF), which are both micro-
tubule inhibitors. These typically induce apoptosis in cells
undergoing mitosis by causing cell cycle arrest at G2/M. More
recent work shows that microtubule inhibitors may also dis-
rupt non-dividing cells in interphase.11 These findings provide
explanation of how the microtubule inhibitors are cytotoxic to
slowly replicating or non-dividing tumor cells.

Other classes of cytotoxic drugs used in ADCs include ene-
diynes (calicheamicin), duocarmycin derivatives, pyrrolobenzo-
diazepines (PBDs) and indolinobenzodiazepines, all of which
target the minor groove of DNA, and quinoline alkaloids (SN-
38), which inhibit topoisomerase I.

The majority of payloads utilized in ADCs are highly potent,
often cytotoxic in the picomolar range, which is a requirement
because only a very small amount (<1%) of the injected dose
of antibody localizes to the tumors.9 However, it is this potency
that drives the toxicity of ADCs, resulting in the majority of
toxicities being characterized by the class of payload.

Other components to consider

The conjugation process of ADCs results in a heterogeneous
population of constructs with multiple drug-antibody-ratios.
Indeed, the first ADC to receive FDA approval, gemtuzumab
ozogamicin, had an average DAR of 2–3, but nearly half the
antibodies had no drugs attached.12,13 The variations in the
number of cytotoxic molecules conjugated to each antibody
can have significant effects on the disposition of an ADC,14

with implications for toxicity.
The conjugation site is an area of intense scrutiny currently,

with increased emphasis on this as a means to control the spe-
cific pharmacokinetic (PK) profile. Engineering of ADCs to
contain specific numbers of payload molecules per antibody at
known sites results in a homogeneous population of ADCs,
which may result in a better therapeutic window (increased effi-
cacy vs. decreased toxicity). Techniques for site-specific conju-
gation of ADCs currently under investigation include the use of
engineered cysteines, unnatural amino acids and the addition

Table 1. Antibody-drug conjugate linker payload combinations.

Payload Class Payload Linker Cleavable/non-cleavable Nature of bond Active metabolite

Microtubule inhibitor DM1 SPP Cleavable Disulfide DM1
DM1 SMCC Non-cleavable Thioether Lys-SMCC-DM1
DM4 SPDB Cleavable Disulfide DM4, S-methyl DM4
DM4 Sulfo-SPDB Cleavable Disulfide DM4, S-methyl DM4
MMAF MC Non-cleavable Thioether Cysteine-mc-MMAF
MMAE VC Cleavable Dipeptide MMAE

DNA synthesis inhibitor Calicheamicin Acetyl butyrate Cleavable Hydrazone Calicheamicin
Doxorubicin — Cleavable Hydrazone Doxorubicin
Duocarmycin derivative VC Cleavable Dipeptide Duocarmycin
PBD VC Cleavable Dipeptide PBD

Topo-isomerase inhibitor SN-38 CL2A Cleavable Carbonate SN-38

Abbreviations: SPP, N-succinimidyl 4-(2-pyridyldithio) pentanoate; SMCC, succinimidyl 4-(N-maleimidomethyl) cyclohexane-1-carboxylate; SPDB, N-succinimidyl 4-(2-pyri-
dyldithio) pentanoate; MMAF, monomethyl auristatin F; MC, maleimidocaproyl; MMAE, monomethyl auristatin E; VC, valine-citrulline; PBD, pyrrolobenzodiazepine
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of a selenocysteine, glutamine or aldehyde tag.9 Addition of an
engineered cysteine site to yield engineered thio (THIOMAB)
antibody conjugates 15 results in ADCs with approximately 2
drugs per antibody. There are several ADCs utilizing this tech-
nology in preclinical testing.(reviewed in ref. 9)

The only ADCs in the clinic to have disclosed the use of site-
specific conjugation techniques are SGN-CD33A and SGN-
CD70A, which use engineered cysteines to site-specifically con-
jugate 2 PBD dimers per antibody.

As ADCs are evolving it is becoming clear that no single
component of the ADC will drive the efficacy or indeed toxic-
ity. Rather, each has a role to play, and the biology of the tumor
and target antigen may also influence the activity of an ADC.
Improving the therapeutic index of an ADC requires optimiza-
tion of each component in combination with the others to gen-
erate the best ADC for specific disease indications.

Mechanisms for toxicities

ADC toxicities can be mediated via any of the components
of the drug. Low level expression of a target antigen on nor-
mal cells may result in specific toxicities whilst early cleavage
of the linker, releasing free drug, may produce more wide-
spread toxicities. Other ways that an ADC may induce toxic-
ity is through Fc and mannose receptor binding. The
majority of ADC toxicity is thought to be derived from the
payload. Normal, rapidly dividing cells are at risk of toxicity
from microtubule inhibitors as they exert their cytotoxic
effects on rapidly proliferating cells. Normal cells that are
commonly affected by standard chemotherapy and by ADCs
include cells lining the digestive tract, causing gastrointesti-
nal symptoms; cells in the hair follicles, causing hair loss;
and myeloid cells, causing myelosuppression. Some key tox-
icities are found with different payloads (Table 2). In partic-
ular, MMAE induces peripheral neuropathy and
neutropenia; MMAF is associated with thrombocytopenia
and ocular toxicities; DM1 causes gastrointestinal effects as
well as thrombocytopenia and neutropenia, depending on
the linker and consequent metabolites; ocular toxicity is the
most common adverse event with DM4-conjugated ADCs;
calicheamicin causes thrombocytopenia and hepatic dysfunc-
tion; and early indications from SN-38 conjugated drugs sug-
gests neutropenia as a frequent toxicity.

How and why ADCs exert these toxicities on different cell
types is of considerable interest when trying to minimize toxic-
ity for future drug development, and some of the known factors
are discussed below.

Thrombocytopenia

Thrombocytopenia may arise from either enhanced destruc-
tion or decreased production of platelets. It manifests as
increased bruising and bleeding (gums and nose bleeds),
and in severe cases can cause mucosal hemorrhage. Throm-
bocytopenia induced by ADCs is thought to be due to inhi-
bition of megakaryocyte differentiation 16,17 and apoptosis
of megakaryocyte progenitors.18 It is a key toxicity of cali-
cheamicin-utilizing ADCs, and of potent tubulin-acting

agents that use non-cleavable linkers. Toxicity is mediated,
in the case of MMAF- and DM1-conjugated ADCs, by the
toxic metabolites cys-mc-MMAF or lys-SMCC-DM1,
respectively. Thrombocytopenia (all grades) was reported in
32%, 26% and 11% of patients treated with the MMAF
ADCs AGS-16M8F,19 SGN-75,20 and ABT-414,21 respec-
tively. In the SGN-75 trial, there was no cumulative effect
with repeated cycles.20 In the case of SGN-CD19A, the inci-
dence of � grade 3 thrombocytopenia is about 10%.22-24

Thrombocytopenia is more widespread for the calicheami-
cin-containing ADCs than those containing MMAF. In a Phase
2 trial of inotuzumab ozogamicin in non-Hodgkin’s lymphoma
(NHL) patients, 77% of patients experienced thrombocytope-
nia, which was � grade 3 in 53% and caused treatment discon-
tinuation in 22% of patients. The recovery was variable, but
was reduced to grade 1 or was resolved by 3 months post treat-
ment in most patients.25 Meanwhile, nearly all (99%) the acute
myeloid leukemia (AML) patients treated with gemtuzumab
ozogamicin experienced � grade 3 thrombocytopenia, and 15%
of patients experienced � grade 3 bleeding.26 Early results from
the first-in human study of PF06647263 show 33% of patients
experiencing thrombocytopenia.27

Furthermore, thrombocytopenia has been reported for
the DM1 conjugates ado-trastuzumab emtansine and lorvo-
tuzumab mertansine. Interestingly, the incidence of throm-
bocytopenia following treatment with ado-trastuzumab
emtansine was higher in Asians than Caucasians (� grade 3
in 45% and 12%, respectively).28 Trastuzumab and ado-tras-
tuzumab emtansine have been shown to bind to FcgRIIa on
megakaryocyte progenitors, but only ado-trastuzumab
emtansine affected platelet production, indicating that the
thrombocytopenia induced by this ADC was due to DM1
or its metabolite lys-SMCC-DM1.16 In contrast, thrombocy-
topenia is not particularly clinically significant for the tubu-
lin inhibitors that use cleavable linkers, such as vc-PAB-
MMAE or disulfide-linked DM4 conjugates.

Neutropenia

Disruption of microtubule function during mitosis in the bone
marrow results in neutropenia. The reduced neutrophil counts
increase the incidence of infections, including febrile neutrope-
nia and sepsis. This is a consistent toxicity in ADCs utilizing
MMAE. It is thought to be due to the instability of the valine-
citrulline cleavable linker in the plasma or due to the rapid
clearance of higher drug-loaded species present in these conju-
gates, resulting in systemic release of free drug and thus a
broader spectrum of toxicities. The actively dividing hemato-
poietic cells are preferentially affected by MMAE, resulting in
neutropenia that is largely reversible with neutrophil numbers
improving between treatment cycles. Neutropenia has been
reported for BV, pinatuzumab vedotin, polatuzumab vedotin,
glembatumumab vedotin and PSMA-ADC (Table 2).

In a target-dependent toxicity, the CD33-specific ADCs
gemtuzumab ozogamicin and SGN-33A are also known to
induce neutropenia through binding to CD33 on the surface of
myeloid progenitor cells,29 whilst no myelosuppression was
observed for AVE9633.30
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Ocular toxicity

Ocular toxicities have been reported in a range of ADCs and for
a variety of targets (Table 2). A recent comprehensive review of
the ocular toxicities reported for ADCs has highlighted the vari-
ety of ocular events that are associated with ADCs, with blurred
vision, keratitis, dry eye and microcystic epithelial damage being
the most commonly reported.31 There is a clear payload associa-
tion, with ocular toxicity typically induced by ADCs that include
DM4 and MMAF. Both tend to utilize a stable linker: a stable
cleavable disulfide link in the case of SPDB-DM4, and an
uncleavable link in the case of mc-MMAF. The SPDB-DM4
ultimately releases neutral diffusible metabolites (DM4 and S-
methyl-DM4), which have the potential for bystander killing of
neighboring cells, while the mc-MMAF produces cysteine-mc-
MMAF as the charged active metabolite within the cell, which
does not have bystander effects. It is unclear why the eye is par-
ticularly sensitive to toxicities with these payloads, but, for
MMAF-conjugated ADC, the toxicity may be related to accu-
mulation of the drug within cells. Conversely, ocular events are
rarely described for ADCs utilizing MMAE.

Ocular toxicities have been reported as a dose-limiting toxic-
ity (DLT) for ABT-414 (corneal deposits); 21 AGS-16C3F; 19

cantuzumab ravtansine (decreased visual acuity, corneal depos-
its and keratitis); 32 mirvetuximab soravtansine (punctate kera-
titis and blurred vision); 33 and coltuximab ravtansine.34 The
incidence of ocular toxicities for SGN-75 had a median time to
onset of 44 days, following multiple doses of SGN-75.20 For
this trial, the incidence of ocular events was 57% (� grade 3,
21%), and resulted in treatment discontinuation in 15% of
patients. Toxicities included dry eye (30%), corneal epitheliop-
athy (15%), blurred vision (11%) and keratitis (9%), and were
reversible with a median time to resolutions of 79 days.20

Prophylactic steroid eye drops have been reported to be used
successfully to reduce the incidence of ocular events for ABT-
414 21 and SGN-CD19A,22 whilst dose modification of the
DM4-conjugated drugs SAR3419 and IMGN853 has been used
to successfully reduce the incidence and severity of ocular tox-
icity (see section below on dose modifications to minimize tox-
icity ) and the addition of a sulfo group to the SPDB linker has
been used in IMGN853 as a means to reduce ocular toxicity
(patent number US20120282282A1).

Many of the critical signalling molecules that drive cancer
growth are expressed in ocular tissues,35 in particular, epider-
mal growth factor receptor (EGFR) is expressed in corneal basal
epithelial cells and signalling through this receptor is important
in many ocular functions (e.g., sebaceous glands, hair follicles
conjunctiva, capillaries). ADCs targeting EGFR might be par-
ticularly susceptible to ocular toxicities; however, 2 ADCs in
clinical development (AMG-595 and ABT-414) are designed to
limit binding to wild-type EGFR, and thus reduce ocular toxic-
ities. AMG-595 binds specifically to a mutant form of EGFR,
EGFRvIII expressed by some glioblastoma multiforme patients,
and should not bind EGFR wildtype, which may prevent ocular
events. ABT-806, the antibody used in the ADC ABT-414,
binds to an epitope of EGFR that is only exposed on activated
and tumor-specific EGFR without binding wild-type EGFR on
normal tissues.36 ABT-414 is conjugated to MMAF via a mc
linker, whilst AMG-595 utilises DM1 with an SMCC linker.

Initial results for ABT-414 show that ocular disturbances are
indeed significant toxicities for this compound, with 89% of
patients reporting ocular events,21 which appears more than
has been reported for other MMAF-conjugated ADCs (see
above), but it is difficult to conclude definitively because of dif-
ferences in reporting and the small number of results available.
The toxicities for AMG-595 have not yet been reported.37

Head-to-head comparison of these 2 compounds in clinical
testing will determine whether targeting this mutation will
reduce the toxicities, particularly ocular ones seen with EGFR
wild-type ADCs.

Peripheral neuropathy

Numbness and tingling in the extremities that spreads to cause
shooting pains and muscle weakness are characteristics of
peripheral neuropathy. This is primarily seen with microtubule
inhibitor drugs, such as the auristatins and maytansinoid deriv-
atives (Table 2), as well as with taxanes and vinca alkaloids.
Whilst these drugs are normally active on highly proliferating
cells, adult neurones do not actively divide, but microtubules
play an important role in the survival and function of neurones
by mediating the active transport of proteins from the cell body
to distal synapses. Peripheral neuropathy is thought to occur
because of disruption of interphase microtubule function.11 It
is particularly associated with MMAE conjugates with a prote-
ase-cleavable linker (e.g., valine-citrulline). The cleavable linker
is less stable than other linkers, allowing systemic release of free
drug.

Peripheral neuropathy is widely reported in patients treated
with BV, affecting up to 50% of patients,38-40 but is less frequent
for polatuzumab vedotin and glembatumumab vedotin, affect-
ing 9% and 4% of patients, respectively.41,42 For BV, the inci-
dence of peripheral neuropathy was cumulative, with a median
time to onset of any grade peripheral neuropathy of more than
12 weeks. The time to onset for grade 2 and 3 neuropathy was
27 and 38 weeks, respectively.43 Peripheral neuropathy resulted
in dose reduction in 10% of patients, dose delay in 13% and
drug discontinuation in 9% patients. The majority of patients
had resolution or improvements to their peripheral neuropa-
thy; however, complete resolution was noted in only 50%
patients.43

Skin toxicity

The EGFR signalling pathway and receptor tyrosine kinases are
important in normal functioning of epithelial cells. Therefore,
ADCs that target these pathways are likely to exhibit higher inci-
dence of skin toxicity, for example, bivatuzumab mertansine,
which induced very severe skin toxicities due to expression of
CD44v6 on normal keratinocytes. This ADC targets CD44v6,
which is expressed in a variety of solid tumors, and was in clini-
cal testing for head and neck squamous cell carcinoma and met-
astatic breast cancer. Preclinical testing in cynomolgus monkeys
indicated reversible skin toxicities due to expression of CD44v6
on normal keratinocytes.6 Based on preclinical data, mild to
moderate skin toxicities were expected in the clinic, and were
experienced in themajority of patients;44-46 however, one patient
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in the dose escalation developed grade 4 epidermal necrolysis at
140 mg/m2 (below the MTD determined in a parallel study) and
subsequently died.6 In this instance, the human expression of
CD44v6 on keratinocytes resulted in very effective on-target
cytotoxicity by bivatuzumab mertansine, but the target was
inappropriate, resulting in unacceptable toxicities. This
highlighted the requirement to thoroughly assess normal
expression of a target antigen prior to the introduction to the
clinic.

Toxicity to endothelial cells

MEDI-547, a potential candidate for treatment of solid tumors,
targeted EphA2, a member of the receptor tyrosine kinase fam-
ily. The antibody was cross reactive with EphA2 of various spe-
cies in vitro, including rats, mice and cynomolgus monkeys.47

The first-in-man study started at a dose of 0.08 mg/kg, which
was ten times lower than the highest non-severely toxic dose
predicted by rat and cynomolgus monkeys. In humans, how-
ever, this dose exceeded the maximum tolerated dose, with
excessive bleeding, hemorrhage and epistaxis noted in the
patients treated. This unexpected toxicity was thought to be
due to the antibody component of the ADC, rather than the
auristatin payload.7 This suggests that there are instances when
the level of toxicity predicted from animal studies is not the
level observed in human patients, and highlights the require-
ment for continued development of suitable animal studies,
which may more accurately predict human responses.

Gastro-intestinal

Most patients experience gastro-intestinal toxicities following
chemotherapy treatment. Nausea and vomiting can affect more
than 90% of patients, particularly those treated with cisplatin,
cyclophosphamide or dacarbazine,48 and 20% of patients still
experience symptoms even in the presence of prophylactic
anti-emetics.49 Most ADCs also induce gastro-intestinal toxic-
ity, but they are mostly grade 1 or 2 in severity. Gastro-intesti-
nal toxicities, including nausea, vomiting, diarrhea and
constipation, are most frequently reported for MMAE-, cali-
cheamicin- and DM1-conjugated ADCs (Table 2). The mecha-
nisms by which ADCs induce gastro-intestinal toxicity have
not been explored, but may result from the non-specific effects
of microtubule inhibitors on rapidly proliferating cells within
the gastro-intestinal tract. There are a variety of mechanisms
by which chemotherapy is thought to induce toxicity (discussed
in ref. 50), but the mechanisms by which ADCs induce this tox-
icity have not been determined.

Of note, about 30% of patients treated with irinotecan
monotherapy experience diarrhea, whilst early indications
from the SN-38-conjugated ADCs suggest they have signifi-
cantly lower rates of diarrhea than irinotecan (Table 3), possi-
bly indicating lower distribution of the ADC in the gastro-
intestinal tract than the naked small molecule cytotoxic.

Hepatic disturbances including veno-occlusive disease

Veno-occlusive disease occurs when toxic injury to the liver
sinusoids causes sloughing of endothelial cells. These then

embolize to hepatic venules and cause fibrosis of venules, lead-
ing to hepatic congestion and a failure to remove toxins or
other waste products. It has been reported as a toxicity for
inotuzumab ozogamicin51 and gemtuzumab ozogamicin.52,53

Other compounds that have reported elevated hepatic transa-
minases include cantuzumab mertansine,54 AVE963330 and
bivatuzumab mertansine.46 It has been proposed that this
effect is mediated via uptake of ADCs by mannose receptor
expressed on hepatic sinusoidal cells.10

Preclinical toxicities

Many of the antibodies in clinical and preclinical stage ADCs
are not cross-reactive with mice or rats, preventing assessment
of “on-target” toxicities and only allowing non-specific, anti-
gen-independent effects in these species. Murine assessment of
toxicities may be informative for less stable ADCs, but as more
specific, stable ADCs start to enter the clinic, a better under-
standing of animal toxicities will be needed, and better preclini-
cal models may be required.

The best information on tolerability/toxicity studies may be
obtained from non-human primate models, specifically cyno-
molgus monkeys, although these have not proven to be an
accurate guide in predicting the toxicities in humans, e.g.,
MEDI-547, bivatuzumab mertansine (described above). The
starting dose for the first Phase 1 clinical study of ado-trastuzu-
mab emtansine was determined by studies of cynomolgus mon-
keys. These toxicology studies found microscopic axonal
degeneration of sciatic nerves, which suggested peripheral neu-
ropathy would be the dose limiting toxicity (DLT).55 Low level
HER2 expression on human and cynomolgus glial cells and
peripheral nerve spindle cells was anticipated to drive this tox-
icity. However, in patients, the DLT that was observed was
thrombocytopenia, which was minimal in the animal models.
This is thought to be an antigen-independent effect, as both
ado-trastuzumab emtansine and an ADC made with an irrele-
vant antibody and the same linker-payload (SMCC-DM1) were
subsequently shown to impair megakaryocyte maturation in
vitro.55

Toxicities of ADCs vs. standard treatments

The efficacy and tolerability of standard chemotherapeutic
regimens are both dose-dependent, i.e., better efficacy may be
achieved with higher doses, but the risk of toxicity also
increases. Due to their targeted nature, the tolerability of
ADCs may not be related to the clinical outcome. It is, there-
fore, important to ensure that the toxicities for ADCs are less
debilitating than those of standard treatments. There are
many trials currently underway that compare currently
approved drug regimens with ADCs, but the majority of these
have yet to report results. As these studies mature, it will be
important to compare the toxicities of ADCs with standard
treatment. Currently, it is possible to compare toxicities of
ado-trastuzumab emtansine, inotuzumab ozogamicin and
glembatumumab vedotin to a comparator arm. The compara-
tor arms may contain drugs with the same or different mecha-
nism of action to that of the ADCs. Like many of the ADCs,
taxanes (e.g., docetaxel) and vinca alkaloids (e.g., vincristine)
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are microtubule inhibitors and thus have similar class effect
toxicities. Other classes of chemotherapeutic agents, such as
the tyrosine kinase inhibitors (e.g., labatinib), nucleoside ana-
logues (e.g., gemcitabine) and alkylating agents (e.g., benda-
mustine) each have their own key toxicities, which may be
more or less debilitating than the investigational ADC. Ado-
trastuzumab emtansine induced more thrombocytopenia and
elevated AST, but lower neutropenia and diarrhoea than other
regimens including trastuzumab plus docetaxel or labatinib
plus capecitabine (Table 4).

Inotuzumab ozogamicin (anti-CD22-calicheamicin ADC)
reported higher incidence of veno-occlusive disease than inten-
sive chemotherapy (15% vs. 1%, respectively) in patients with
acute lymphoblastic leukemia (ALL) on the INO-VATE ALL
study.51 This trial is showing significantly better responses than
the comparator arm for patients with ALL.51 In a Phase 3 trial
of relapsed/refractory NHL patients, inotuzumab ozogamicin
was associated with higher incidence of thrombocytopenia, but
lower neutropenia than the comparator arm of bendamustine
or gemcitabine. This study was terminated for futility in these
largely refractory NHL patients.56

In the Emerge trial, heavily pretreated breast cancer
patients were treated with glembatumumab vedotin or the

investigator’s choice, which consisted of eribulin (nD15), ixa-
bepilone (nD7), gemcitabine (nD5), vinorelbine (nD5), doxo-
rubicin (nD3) or albumin-bound paclitaxel (nD2).42 Patients
treated with glembatumumab vedotin experienced less throm-
bocytopenia (4%), neutropenia (29%) and leukopenia (10%)
than the investigator’s choice (15%, 44% and 27%, respec-
tively). Conversely, incidence of rash was 47% in glembatumu-
mab vedotin treated compared to 2% in the comparator arm
and the rate of peripheral neuropathy was nearly double in
the glembatumumab vedotin arm than the investigator’s
choice (23% compared to 12%).42

In a combination study of BV for frontline treatment of
Hodgkin’s lymphoma, patients were given a standard regimen
containing doxorubicin, bleomycin, vinblastine, and dacarba-
zine (ABVD) plus BV or a modified regimen of doxorubicin,
vinblastine, and dacarbazine (AVD) plus BV. Patients receiving
BV plus ABVD experienced unacceptable pulmonary toxicity
effects (44% of patients), which was a higher rate than that gen-
erally seen for ABVD alone.57 Bleomycin is known for its
adverse effects on the lung,58 and addition of BV to the bleomy-
cin containing ABVD regimen enhanced this effect. Removing
bleomycin from the BV arm removed the pulmonary effects
and did not reduce the number of complete responses.57 A new

Table 3. Grade 3/4 toxicities reported for SN-38 ADCs & irinotecan.

Irinotecan monotherapy Labetuzumab govitecan Sacituzumab govitecan

Dosing regimen once weekly 125 mg/m2
Once weekly 10 mg/kg or twice

weekly 6 mg/kg
days 1 and 8 of 21 day

cycle 10 mg/kg

Neutropenia 26% 10% 24%
Febrile neutropenia 3% 6%
Diarrhea 31% 2% 3%
Leukopenia 28% 2%
Anemia 7% 3% 6%

Table 4. Reported toxicities for ado-trastuzumab emtansine (T-DM1) compared to other treatment options in three randomized trials.

Th3resa (NCT01419197) 96 NCT00679341 97 EMILIA (NCT00829166) 98

T-DM1 Investigator’s Choice T-DM1 TrastuzumabC docetaxel T-DM1 LapatinibC capecitabine

Thrombocytopenia 15% 3% 28% 6% 28% 3%
Neutropenia 5% 22% 16% 65% 6% 9%
Leukopenia <1% 6% 10% 26%
Diarrhea 10% 22% 16% 46% 23% 80%
Elevated AST 8% 5% 44% 6% 22% 9%
Febrile neutropenia <1% 4% 0% 14%
Anemia 9% 10% 13% 27% 10% 8%
Dyspnea 10% 9% 15% 27%
Arthralgia 23% 30%
Cough 26% 21% 19% 29%
Vomiting 25% 26% 19% 29%
Increased ALT 26% 6% 17% 9%
Abdominal pain 6% 13%
Peripheral edema 10% 44%
Pyrexia 41% 23%
Headache 41% 18%
Back pain 28% 32%
Epistaxis 28% 9%
Pneumonia 9% 2%
Alopecia 4% 67%
Palmar – plantar erythrodysesthesia 1.20% 58%
Mucosal inflammation 6.70% 19%

Reported adverse events affecting >5% of patients.
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trial is currently underway that compares BV plus AVD with
ABVD alone.59

SN-38 is the active metabolite of irinotecan, enabling a direct
comparison of the toxicities of ADCs utilizing SN-38 payloads
(labetuzumab govitecan and sacituzumab govitecan) with those
of irinotecan monotherapy. The most significant difference is a
reduction in diarrhea experienced by patients administered the
ADCs compared to monotherapy (Table 3).60,61

Although small, this group of studies indicates that the tox-
icities of the ADCs show some restricted distribution, rather
than overall cytotoxicity seen with the comparator arms. How-
ever, it is still clear that, in the ADCs that have been developed
to date, the main toxicities are driven by the payload metabo-
lites, indicating a non-specific nature to the ADCs. The next
generation of ADCs, with better targeted antibodies, more sta-
ble linkers, and with attention paid to the chemical nature of
the final toxic metabolite, will hopefully show fewer payload
specific toxicities. Instead, the toxicities may be more organ or
cell-type specific, which can be predicted and, if necessary,
managed with prophylactic care.

Dose modifications to minimize toxicity

The assessment of PK is important in optimizing the efficacy of
a drug whilst minimizing the toxicity. IMGN853 and SAR3419
both had narrow therapeutic windows, but effective dose modi-
fications have reduced the high peak plasma concentrations
and minimized toxicities. IMGN853 (mirvetuximab soravtan-
sine) is a folate receptor alpha (FRa)-targeting ADC conjugated
to DM4 via a sulfo-SPDB linker, and is currently in a Phase 1
clinical study for patients with FRaC platinum resistant ovar-
ian cancer. Early testing with this drug, using total body weight
to determine dose, revealed high levels of reversible ocular tox-
icity that was associated with high early exposure levels of mir-
vetuximab soravtansine.62 Clinical benefit was seen at lower
doses with a lower incidence of ocular toxicity. Dose modifica-
tion, based on adjusted ideal body weight calculations, reduced
the variability of plasma concentrations and kept them below
the threshold for ocular toxicity. As a result of this dose modifi-
cation, the Phase 1 dose expansion cohort is continuing with
early indications of clinical benefit with 40% overall response
rate (ORR) in heavily pre-treated FRaC platinum resistant
ovarian cancer.63

Another drug that has undergone dose modification to limit
the toxicity whilst maximizing the anti-tumor efficacy is
SAR3419 (coltuximab ravtansine). This is a CD19-targeting
ADC that utilizes the DM4/SPDB payload/linker combination.
Initial Phase 1 studies of dosing once every 3 weeks (q3w) gave
an ORR of 22%, and attempts to increase this were made by
increasing the frequency of dosing whilst reducing the dose.
Weekly administration of coltuximab ravtansine resulted in
accumulation of the drug, due to a long half-life of 7 days and
slow clearance, which in turn caused the development of late
onset (at week 7 or 8) grade 3 peripheral neurotoxicities. The
plasma concentration was maintained at a plateau level by
reducing the dosing to once every 2 weeks after an initial phase
of once weekly dosing for 4 weeks. This optimal dosing sched-
ule reduced the incidence of nervous system and ocular

toxicities compared to weekly dosing, and improved the ORR
to 33% compared to q3w dosing.64

Gemtuzumab ozogamicin was approved for CD33-positive
AML patients in first relapse who were not candidates for other
therapies. The recommended dose was 2 infusions of 9 mg/m2

gemtuzumab ozogamicin, given at least 2 weeks apart. Key tox-
icities experienced by patients given this dose of drug included
thrombocytopenia (99%) and neutropenia (97%), which was
often prolonged. Hepatic events were common, with 23% of
patients having grade 3 or 4 hyperbilirubinemia and 17%
patients had grade 3 or 4 elevated alanine transaminase or
aspartate transaminase levels.26 There was also a high incidence
of veno-occlusive disorder, particularly in patients who
received hematological stem cell transplantation following
treatment with gemtuzumab ozogamicin.26 More recently, frac-
tionated dosing of gemtuzumab ozogamicin has been investi-
gated so that patients receive the 9 mg/m2 divided over 3 doses
of 3 mg/m2 on days 1, 4 and 7.65 This dose modification
resulted in lower incidence of thrombocytopenia and fewer
abnormal liver function indicators.65 Analysis of the PK of
gemtuzumab ozogamicin, and of inotuzumab ozogamicin, has
shown that the toxicities are driven by peak plasma concentra-
tions, whilst the efficacy is driven by the AUC.66 Reducing the
dose will thus reduce the peak plasma concentration and
reduce toxicities, whilst more frequent dosing will allow for
longer exposure to the drug, to maintain the efficacy.66

Overall, study results suggest that the therapeutic window of
ADCs can be increased by dose modifications to optimize the
plasma concentration, and thereby enhance clinical benefit,
whilst limiting the toxicity. Good monitoring of PK profiles in
patients beyond Phase 1 will continue to be important in man-
aging toxicities that are observed as trials are extended.

Modifications to drug to decrease toxicity

Agensys, Inc., an affiliate of Astellas Pharma Inc., have devel-
oped AGS-16M8F and AGS-16C3F for the treatment of renal
cell carcinoma. These are fully human IgG2k anti-ENPP3 anti-
bodies conjugated to MMAF via a mc linker. AGS-16C3F was
generated in Chinese hamster ovary cells to allow increased
production compared to the hybridoma-derived AGS-16M8F.
In preclinical testing they were shown to have similar PK and
toxicological profiles,67 but the Phase 1 studies do show some
differences. In the initial Phase 1 study, using AGS-16M8F, no
MTD was reached at 4.8 mg/kg, but there were significant ocu-
lar toxicities, resulting in discontinuation of treatment in 3/8
subjects. However, 4.8 mg/kg exceeded the MTD for AGS-
16C3F, resulting in de-escalation to find the MTD of 1.8 mg/
kg. Side effects reported for AGS-16C3F were fatigue and
thrombocytopenia. AGS-16C3F is continuing in clinical trials
because disease control has been observed. The incidence of
thrombocytopenia in patients given either drug is similar,
which may suggest a different mechanism for induction of the
ocular toxicities and thrombocytopenia. The differences in the
toxicities for these 2 compounds is surprising as preclinical
results found similar antibody binding, cytotoxicity and tumor
size reductions for both AGS-16M8F and AGS-16C3F.67 It is
unclear why the compounds have different MTDs, but it may
be due to differences in protein glycosylation.68 The differences
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suggest a role for the manufacturing process as well as each of
the components of an ADC in driving toxicities. This is an area
that warrants further investigation.

Cantuzumab mertansine (Can M) and cantuzumab ravtan-
sine (Can R) are two ADCs that target CanAg, which is overex-
pressed on tumors of the colon and pancreas. They differ in the
payload and linker combinations. Whilst Can M has a relatively
labile disulfide link formed between the SPP linker and DM1,
Can R has a more hindered, relatively stable disulfide link
formed by conjugation of DM4 to SPDB. These two drugs had
different toxicity profiles; elevated transaminases in the case of
Can M54 and ocular toxicities with Can R.32 The incidence of
elevated hepatic transaminases was greatest in patients with
hepatic metastases, suggesting a bystander effect on normal
hepatocytes. Neither compound has progressed further than
Phase 1, possibly due to their minimal anti-tumor effects.32,54

Different toxicities in different disease types with the
same drug

During the dose escalation of polatuzumab vedotin, DLTs were
observed in patients with CLL at much lower doses than NHL.
The MTD for NHL was defined as 2.4 mg/kg, but 2 of 5 CLL
patients treated with 1.8 mg/kg experienced DLTs of grade 4
neutropenia and grade 4 fungal infection. This resulted in a
MTD for CLL of 1.0 mg/kg, below the levels required for clini-
cal benefit.41 Analysis of the PK profile revealed lower exposure
and faster clearance in patients with CLL compared to NHL,
consistent with target-mediated clearance due to higher num-
bers of circulating B cells in CLL.41

In a study of 43 melanoma patients treated with glemba-
tumumab vedotin (CDX-011), the incidence of rash as an
adverse event was 74%, and in 30% of patients this was of
grade 3 or higher severity, affecting more than 50% of the
body surface area,69 whilst the incidence for breast cancer
patients was 47%, with only 4% � grade 3.42 A correlation
was noted between incidence of rash and improved ORR
and progression-free survival for melanoma patients, and
improved overall survival for breast cancer patients. Mela-
noma patients also experienced higher levels of pruritus
(63%) and alopecia (65%) than breast cancer patients (21%
and 25%, respectively).42,69 The incidence of hematological
adverse events was similar in the 2 patient groups, with
»30% experiencing neutropenia (of which 20% was � grade
3) and 5% experiencing thrombocytopenia.42,69

Early reports from sacituzumab govitecan (IMMU-132) sug-
gest that there may be differences in the incidence of neutrope-
nia in different patient groups, with 30% of triple negative
breast cancer patients, 24% of gastrointestinal cancer patients
and 18% of lung cancer patients reporting neutropenia.70-72 It
is perhaps too early to conclude that these are true differential
toxicities due to the small numbers of patients, and additional
monitoring is warranted as more patients in each disease group
are enrolled.

The future of ADCs, preclinical evidence

Reducing the DAR heterogeneity of an ADC may result in a
better clinical profile, both in efficacy and toxicity. The majority

of ADCs currently in clinical testing are a heterogeneous mix-
ture of compounds with different DARs, generally ranging
from 0–8 drugs per antibody. Multiple variants of ADCs may
cause a broad spectrum of PK values, which may limit the ther-
apeutic window.

Novel techniques for designing ADCs that enable the pro-
duction of compounds with specific numbers of drugs per anti-
body will potentially produce ADCs with better therapeutic
indices. For example, studies on a range of conventionally con-
jugated CD30-MMAE ADCs with DARs of either 2, 4, or 8
show that DAR 8 was cleared more rapidly with a lower thera-
peutic index than DAR 4 or 2 in murine studies.14 Site-specific
conjugation73 or improved linker design74 may improve thera-
peutic index of ADCs by reducing the hydrophobicity of higher
DAR ADCs, and thus increasing the exposure of the drug in
vivo.

There are several potential ways in which to site-specifi-
cally conjugate ADCs, including substituting amino acids
with a cysteine (THIOMAB) or non-natural amino acids
and enzymatic conjugation using bacterial transglutami-
nases.74 Using THIOMAB technology, a MUC16 ADC was
generated by substitution of heavy chain alanine 114 with
cysteine, producing a THIOMAB drug conjugate (TDC)
with an average DAR of 1.6 compared to 3.5 for the origi-
nal anti-MUC16 ADC. A murine xenograft model demon-
strated that the TDC had superior in vivo efficacy and
tolerance, with lower liver and bone marrow toxicities than
the original MUC16 ADC.15 cAC10 (the same antibody as
in BV) was conjugated to MMAE using the bacterial trans-
glutaminase method to produce a homogeneous ADC with
DAR 4. In rats, this new ADC showed better tumor uptake
than BV and lower non-targeted uptake in liver and spleen,
which allowed for a higher maximum tolerated dose.75

The first publically disclosed site-specific ADC in clinical
development is SGN-33A, a CD33-targeting ADC that has
been stably linked to the PBD dimer using site-specific engi-
neered cysteines. This generates an ADC with 2 PBD dimers
per antibody. Initial toxicities that have been reported include
neutropenia (Table 2).76 SGN-70A also utilizes this technology,
but toxicities have yet to reported.

Conclusions

This review of the toxicities that have been reported for ADCs
has shown that, for the majority of compounds, the toxicities
are driven by the payload and the nature of the final metabolite.
There are some specific examples of target-mediated toxicities.
Understanding the role that each of the different parts of an
ADC plays in the toxicity of a drug (aside from that needed for
efficacy) will help in the design of candidates with better safety
profiles. Where available, comparison with other treatment
options were discussed. The compounds that have progressed
to Phase 3 testing (BV, inotuzumab ozogamicin, ado-trastuzu-
mab emtansine, and glembatumumab vedotin) do indeed have
fewer toxicities than those of standard treatments. However,
the majority of ADCs are in Phase 1 clinical testing, and the
toxicities that some of these report are not manageable and will
likely result in their failure to progress. As the field expands to
include more rationally designed ADCs with specific DARs, it
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will be important to monitor the toxicities, to ensure that the
improved targeting of drugs will improve the therapeutic index.

Disclosure of potential conflicts of interest

No potential conflicts of interest were disclosed.

Acknowledgments

The author thanks John Lambert for critical review of the manuscript.

References

1. Williams RJ, Tse T, DiPiazza K, Zarin DA. Terminated trials in the
ClinicalTrials.gov results database: Evaluation of availability of pri-
mary outcome data and reasons for termination. PLoS One 2015; 10:
e0127242; PMID:26011295; http://dx.doi.org/10.1371/journal.
pone.0127242

2. Sievers EL, Senter PD. Antibody-drug conjugates in cancer therapy.
Annu Rev Med 2013; 64:15-29; PMID:23043493; http://dx.doi.org/
10.1146/annurev-med-050311-201823

3. Jain N, Smith SW, Ghone S, Tomczuk B. Current ADC linker chemis-
try. Pharm Res 2015; 32(11):3526-40; http://dx.doi.org/10.1007/
s11095-015-1657-7

4. Cardillo TM, Govindan SV, Sharkey RM, Trisal P, Goldenberg DM.
Humanized anti-trop-2 IgG-SN-38 conjugate for effective treatment
of diverse epithelial cancers: Preclinical studies in human cancer xeno-
graft models and monkeys. Clin Cancer Res 2011; 17:3157-69;
PMID:21372224; http://dx.doi.org/10.1158/1078-0432.CCR-10-2939

5. Govindan SV, Cardillo TM, Moon SJ, Hansen HJ, Goldenberg DM.
CEACAM5-targeted therapy of human colonic and pancreatic cancer
xenografts with potent labetuzumab-SN-38 immunoconjugates. Clin
Cancer Res 2009; 15:6052-61; PMID:19789330; http://dx.doi.org/
10.1158/1078-0432.CCR-09-0586

6. Tijink BM, Buter J, de Bree R, Giaccone G, Lang MS, Staab A, Lee-
mans CR, van Dongen GA. A phase I dose escalation study with anti-
CD44v6 bivatuzumab mertansine in patients with incurable squa-
mous cell carcinoma of the head and neck or esophagus. Clin Cancer
Res 2006; 12:6064-72; PMID:17062682

7. Annunziata CM, Kohn EC, LoRusso P, Houston ND, Coleman RL,
Buzoianu M, Robbie G, Lechleider R. Phase 1, open-label study of
MEDI-547 in patients with relapsed or refractory solid tumors. Invest
New Drugs 2013; 31:77-84; PMID:22370972; http://dx.doi.org/
10.1007/s10637-012-9801-2

8. Tolcher AW, Sugarman S, Gelmon KA, Cohen R, Saleh M, Isaacs C,
Young L, Healey D, Onetto N, Slichenmyer W. Randomized phase II
study of BR96-doxorubicin conjugate in patients with metastatic
breast cancer. J Clin Oncol 1999; 17:478-84; PMID:10080588

9. Panowksi S, Bhakta S, Raab H, Polakis P, Junutula JR. Site-specific
antibody drug conjugates for cancer therapy. MAbs 2014; 6:34-45;
PMID:24423619; http://dx.doi.org/10.4161/mabs.27022

10. Gorovits B, Krinos-Fiorotti C. Proposed mechanism of off-target tox-
icity for antibody-drug conjugates driven by mannose receptor uptake.
Cancer Immunol Immunother 2013; 62:217-23; PMID:23223907;
http://dx.doi.org/10.1007/s00262-012-1369-3

11. Komlodi-Pasztor E, Sackett D, Wilkerson J, Fojo T. Mitosis is not a
key target of microtubule agents in patient tumors. Nat Rev Clin
Oncol 2011; 8:244-50; PMID:21283127; http://dx.doi.org/10.1038/
nrclinonc.2010.228

12. Hamann PR, Hinman LM, Hollander I, Beyer CF, Lindh D, Holcomb
R, Hallett W, Tsou HR, Upeslacis J, Shochat D, et al. Gemtuzumab
ozogamicin, a potent and selective anti-CD33 antibody-calicheamicin
conjugate for treatment of acute myeloid leukemia. Bioconjug Chem
2002; 13:47-58; PMID:11792178

13. Senter PD. Potent antibody drug conjugates for cancer therapy. Curr
Opin Chem Biol 2009; 13:235-44; PMID:19414278; http://dx.doi.org/
10.1016/j.cbpa.2009.03.023

14. Hamblett KJ, Senter PD, Chace DF, Sun MM, Lenox J, Cerveny
CG, Kissler KM, Bernhardt SX, Kopcha AK, Zabinski RF, et al.
Effects of drug loading on the antitumor activity of a monoclonal
antibody drug conjugate. Clin Cancer Res 2004; 10:7063-70;
PMID:15501986

15. Junutula JR, Raab H, Clark S, Bhakta S, Leipold DD, Weir S, Chen Y,
Simpson M, Tsai SP, Dennis MS, et al. Site-specific conjugation of a
cytotoxic drug to an antibody improves the therapeutic index. Nat
Biotechnol 2008; 26:925-32; PMID:18641636; http://dx.doi.org/
10.1038/nbt.1480

16. Uppal H, Doudement E, Mahapatra K, Darbonne WC, Bumbaca D,
Shen BQ, Du X, Saad O, Bowles K, Olsen S, et al. Potential mecha-
nisms for thrombocytopenia development with trastuzumab emtan-
sine (T-DM1). Clin Cancer Res 2015; 21:123-33; PMID:25370470;
http://dx.doi.org/10.1158/1078-0432.CCR-14-2093

17. Thon JN, Devine MT, Jurak Begonja.A, Tibbitts J, Italiano JE, Jr.
High-content live-cell imaging assay used to establish mechanism of
trastuzumab emtansine (T-DM1)–mediated inhibition of platelet pro-
duction. Blood 2012; 120:1975-84; PMID:22665936; http://dx.doi.org/
10.1182/blood-2012-04-420968

18. Zeuner A, Signore M, Martinetti D, Bartucci M, Peschle C, De Maria
R. Chemotherapy-induced thrombocytopenia derives from the selec-
tive death of megakaryocyte progenitors and can be rescued by stem
cell factor. Cancer Res 2007; 67:4767-73; PMID:17510405

19. Thompson JA, Motzer R, Molina AM, Choueiri TK, Heath EI, Koll-
mannsberger CK, Redman BG, Sangha RS, Ernst DS, Pili R, et al.
Phase I studies of anti-ENPP3 antibody drug conjugates (ADCs) in
advanced refractory renal cell carcinomas (RRCC). ASCO Meeting
Abstracts 2015; 33:2503

20. Tannir NM, Forero-Torres A, Ramchandren R, Pal SK, Ansell SM,
Infante JR, de Vos S, Hamlin PA, Kim SK, Whiting NC, et al. Phase I
dose-escalation study of SGN-75 in patients with CD70-positive
relapsed/refractory non-hodgkin lymphoma or metastatic renal cell
carcinoma. Invest New Drugs 2014; 32:1246-57; PMID:25142258;
http://dx.doi.org/10.1007/s10637-014-0151-0

21. Gan HK, Papadopoulos KP, Fichtel L, Lassman AB, Merrell R, Van
Den Bent MJ, Kumthekar P, Scott AM, Pedersen M, Gomez EJ, et al.
Phase I study of ABT-414 mono- or combination therapy with temo-
zolomide (TMZ) in recurrent glioblastoma (GBM). ASCO Meeting
Abstracts 2015; 33:2016

22. Moskowitz CH, Forero-Torres A, Shah BD, Advani R, Hamlin P, Kim
S, Kostic A, Sandalic L, Zhao B, Fanale MA. Interim analysis of a phase
1 study of the antibody-drug conjugate SGN-CD19A in relapsed or
refractory B-lineage non-hodgkin lymphoma. Blood 2014; 124:1741

23. Moskowitz CH, Fanale MA, Shah BD, Advani RH, Chen R, Kim S,
Kostic A, Liu T, Peng J, Forero-Torres A. A phase 1 study of denintu-
zumab mafodotin (SGN-CD19A) in Relapsed/Refactory B-lineage
non-hodgkin lymphoma. Blood 2015; 126:182

24. Fathi AT, Borate U, DeAngelo DJ, O’Brien MM, Trippett T, Shah BD,
Hale GA, Foran JM, Silverman LB, Tibes R, et al. A phase 1 study of
denintuzumab mafodotin (SGN-CD19A) in adults with relapsed or
refractory B-lineage acute leukemia (B-ALL) and highly aggressive
lymphoma. Blood 2015; 126:1328

25. Advani A, Coiffier B, Czuczman MS, Dreyling M, Foran J, Gine E,
Gisselbrecht C, Ketterer N, Nasta S, Rohatiner A, et al. Safety,
pharmacokinetics, and preliminary clinical activity of inotuzumab
ozogamicin, a novel immunoconjugate for the treatment of B-cell
non-hodgkin’s lymphoma: Results of a phase I study. J Clin Oncol
2010; 28:2085-93; PMID:20308665; http://dx.doi.org/10.1200/
JCO.2009.25.1900

26. Sievers EL, Larson RA, Stadtmauer EA, Estey E, Lowenberg B, Dom-
bret H, Karanes C, Theobald M, Bennett JM, Sherman ML, et al. Effi-
cacy and safety of gemtuzumab ozogamicin in patients with CD33-
positive acute myeloid leukemia in first relapse. J Clin Oncol 2001;
19:3244-54; PMID:11432892

27. Hong DS, Garrido-Laguna I, Krop IE, Subbiah V, Werner TL, Cotter
CM, Hamilton EP, Velastegui K, Xuan D, Bugarini R, et al. First-in-
human dose escalation, safety, and PK study of a novel EFNA4-ADC
in patients with advanced solid tumors. ASCO Meeting Abstracts
2015; 33:2520

668 H. DONAGHY

http://dx.doi.org/26011295
http://dx.doi.org/26011295
http://dx.doi.org/23043493
http://dx.doi.org/23043493
http://dx.doi.org/21372224
http://dx.doi.org/19789330
http://dx.doi.org/19789330
http://dx.doi.org/17062682
http://dx.doi.org/22370972
http://dx.doi.org/22370972
http://dx.doi.org/10080588
http://dx.doi.org/24423619
http://dx.doi.org/23223907
http://dx.doi.org/23223907
http://dx.doi.org/21283127
http://dx.doi.org/21283127
http://dx.doi.org/11792178
http://dx.doi.org/19414278
http://dx.doi.org/19414278
http://dx.doi.org/15501986
http://dx.doi.org/18641636
http://dx.doi.org/18641636
http://dx.doi.org/25370470
http://dx.doi.org/25370470
http://dx.doi.org/22665936
http://dx.doi.org/22665936
http://dx.doi.org/17510405
http://dx.doi.org/25142258
http://dx.doi.org/25142258
http://dx.doi.org/20308665
http://dx.doi.org/20308665


28. Dieras V, Harbeck N, Budd GT, Greenson JK, Guardino AE, Samant
M, Chernyukhin N, Smitt MC, Krop IE. Trastuzumab emtansine in
human epidermal growth factor receptor 2-positive metastatic breast
cancer: An integrated safety analysis. J Clin Oncol 2014; 32:2750-7;
PMID:25024070; http://dx.doi.org/10.1200/JCO.2013.54.4999

29. Sievers EL, Appelbaum FR, Spielberger RT, Forman SJ, Flowers D,
Smith FO, Shannon-Dorcy K, Berger MS, Bernstein ID. Selective
ablation of acute myeloid leukemia using antibody-targeted che-
motherapy: A phase I study of an anti-CD33 calicheamicin immu-
noconjugate. Blood 1999; 93:3678-84; PMID:10339474

30. Lapusan S, Vidriales MB, Thomas X, de Botton S, Vekhoff A, Tang R,
Dumontet C, Morariu-Zamfir R, Lambert JM, Ozoux ML, et al. Phase
I studies of AVE9633, an anti-CD33 antibody-maytansinoid conju-
gate, in adult patients with relapsed/refractory acute myeloid leuke-
mia. Invest New Drugs 2012; 30:1121-31; PMID:21519855; http://dx.
doi.org/10.1007/s10637-011-9670-0

31. Eaton JS, Miller PE, Mannis MJ, Murphy CJ. Ocular adverse events
associated with antibody-drug conjugates in human clinical trials. J
Ocul Pharmacol Ther 2015; 31:589-604; PMID:26539624; http://dx.
doi.org/10.1089/jop.2015.0064

32. Mita MM, Ricart AD, Mita AC, Patnaik A, Sarantopoulos J, Sankhala
K, Fram RJ, Qin A, Watermill J, Tolcher AW. A phase I study of a
CanAg-targeted immunoconjugate, huC242-DM4, in patients with
can ag-expressing solid tumors. 2007; 25:2062

33. Borghaei H, O’Malley DM, Seward SM, Bauer TM, Perez RP, Oza
AM, Jeong W, Michenzie MF, Kirby MW, Chandorkar G, et al. Phase
1 study of IMGN853, a folate receptor alpha (FR{alpha})-targeting
antibody-drug conjugate (ADC) in patients (pts) with epithelial ovar-
ian cancer (EOC) and other FRA-positive solid tumors. ASCO Meet-
ing Abstracts 2015; 33:5558

34. Younes A, Kim S, Romaguera J, Copeland A, Farial SdC, Kwak
LW, Fayad L, Hagemeister F, Fanale M, Neelapu S, et al. Phase I
multidose-escalation study of the anti-CD19 maytansinoid immu-
noconjugate SAR3419 administered by intravenous infusion every
3 weeks to patients with Relapsed/Refractory B-cell lymphoma. J
Clin Oncol 2012; 30(22):2776-82; http://dx.doi.org/10.1200/
JCO.2011.39.4403

35. Renouf DJ, Velazquez-Martin JP, Simpson R, Siu LL, Bedard PL. Ocu-
lar toxicity of targeted therapies. J Clin Oncol 2012; 30:3277-86;
PMID:22649132; http://dx.doi.org/10.1200/JCO.2011.41.5851

36. Cleary JM, Reardon DA, Azad N, Gandhi L, Shapiro GI, Chaves J,
Pedersen M, Ansell P, Ames W, Xiong H, et al. A phase 1 study of
ABT-806 in subjects with advanced solid tumors. Invest New Drugs
2015; 33:671-8; PMID:25895099; http://dx.doi.org/10.1007/s10637-
015-0234-6

37. Hamblett KJ, Kozlosky CJ, Siu S, Chang WS, Liu H, Foltz IN, True-
blood ES, Meininger D, Arora T, Twomey B, et al. AMG 595, an anti-
EGFRvIII antibody-drug conjugate, induces potent antitumor activity
against EGFRvIII-expressing glioblastoma. Mol Cancer Ther 2015; 14
(7):1614-24; PMID:25931519

38. Younes A, Bartlett NL, Leonard JP, Kennedy DA, Lynch CM, Sievers
EL, Forero-Torres A. Brentuximab vedotin (SGN-35) for relapsed
CD30-positive lymphomas. N Engl J Med 2010; 363:1812-21;
PMID:21047225; http://dx.doi.org/10.1056/NEJMoa1002965

39. Vaklavas C, Forero-Torres A. Safety and efficacy of brentuximab
vedotin in patients with hodgkin lymphoma or systemic anaplastic
large cell lymphoma. Ther Adv Hematol 2012; 3:209-25;
PMID:23606932; http://dx.doi.org/10.1177/2040620712443076

40. Seattle Genetics. Adcetris (brentuximab vedotin) prescribing informa-
tion. 2015.

41. Palanca-Wessels MC, Czuczman M, Salles G, Assouline S, Sehn LH,
Flinn I, Patel MR, Sangha R, Hagenbeek A, Advani R, et al. Safety and
activity of the anti-CD79B antibody-drug conjugate polatuzumab vedo-
tin in relapsed or refractory B-cell non-hodgkin lymphoma and chronic
lymphocytic leukaemia: A phase 1 study. Lancet Oncol 2015; 16:704-15;
PMID:25925619; http://dx.doi.org/10.1016/S1470-2045(15)70128-2

42. Yardley DA, Weaver R, Melisko ME, Saleh MN, Arena FP, Forero A,
Cigler T, Stopeck A, Citrin D, Oliff I, et al. EMERGE: A randomized
phase II study of the antibody-drug conjugate glembatumumab vedo-
tin in advanced glycoprotein NMB-expressing breast cancer. J Clin

Oncol 2015; 33:1609-19; PMID:25847941; http://dx.doi.org/10.1200/
JCO.2014.56.2959

43. Younes A, Gopal AK, Smith SE, Ansell SM, Rosenblatt JD, Savage
KJ, Ramchandren R, Bartlett NL, Cheson BD, de Vos S, et al.
Results of a pivotal phase II study of brentuximab vedotin for
patients with relapsed or refractory hodgkin’s lymphoma. J Clin
Oncol 2012; 30:2183-9; PMID:22454421; http://dx.doi.org/10.1200/
JCO.2011.38.0410

44. Sauter A, Kloft C, Gronau S, Bogeschdorfer F, Erhardt T, Golze W,
Schroen C, Staab A, Riechelmann H, Hoermann K. Pharmacokinetics,
immunogenicity and safety of bivatuzumab mertansine, a novel
CD44v6-targeting immunoconjugate, in patients with squamous cell
carcinoma of the head and neck. Int J Oncol 2007; 30:927-35;
PMID:17332932; http://dx.doi.org/10.3892/ijo.30.4.927

45. Riechelmann H, Sauter A, Golze W, Hanft G, Schroen C, Hoermann
K, Erhardt T, Gronau S. Phase I trial with the CD44v6-targeting
immunoconjugate bivatuzumab mertansine in head and neck squa-
mous cell carcinoma. Oral Oncol 2008; 44:823-9; PMID:18203652;
http://dx.doi.org/10.1016/j.oraloncology.2007.10.009

46. Rupp U, Schoendorf-Holland E, Eichbaum M, Schuetz F, Lauschner I,
Schmidt P, Staab A, Hanft G, Huober J, Sinn HP, et al. Safety and
pharmacokinetics of bivatuzumab mertansine in patients with
CD44v6-positive metastatic breast cancer: Final results of a phase I
study. Anticancer Drugs 2007; 18:477-85; PMID:17351401; http://dx.
doi.org/10.1097/CAD.0b013e32801403f4

47. Lee JW, Han HD, Shahzad MM, Kim SW, Mangala LS, Nick AM, Lu
C, Langley RR, Schmandt R, Kim HS, et al. EphA2 immunoconjugate
as molecularly targeted chemotherapy for ovarian carcinoma. J Natl
Cancer Inst 2009; 101:1193-205; PMID:19641174; http://dx.doi.org/
10.1093/jnci/djp231

48. Inrhaoun H, Kullmann T, Elghissassi I, Mrabti H, Errihani H. Treat-
ment of chemotherapy-induced nausea and vomiting. J Gastrointest
Cancer 2012; 43:541-6; PMID:22733566; http://dx.doi.org/10.1007/
s12029-012-9401-6

49. Bouganim N, Dranitsaris G, Hopkins S, Vandermeer L, Godbout L,
Dent S, Wheatley-Price P, Milano C, Clemons M. Prospective valida-
tion of risk prediction indexes for acute and delayed chemotherapy-
induced nausea and vomiting. Curr Oncol 2012; 19:e414-21;
PMID:23300365; http://dx.doi.org/10.3747/co.19.1074

50. Gibson RJ, Keefe DM. Cancer chemotherapy-induced diarrhoea and
constipation: Mechanisms of damage and prevention strategies. Sup-
port Care Cancer 2006; 14:890-900; PMID:16604351; http://dx.doi.
org/10.1007/s00520-006-0040-y

51. DeAngelo DJ, Stelljes M, Martinelli G, Kantarjian H, Liedtke M, Stock
W, Goekbuget N, Wang K, Pacagnella L, Sleight B, et al. Efficacy and
safety of inotuzumab ozogamicin (INO) vs standard of care (SOC) in
salvage 1 or 2 patients with acute lymphoblastic leukemia (ALL): An
ongoing global phase 3 study. 2015.

52. McKoy JM, Angelotta C, Bennett CL, Tallman MS, Wadleigh M,
Evens AM, Kuzel TM, Trifilio SM, Raisch DW, Kell J, et al. Gemtuzu-
mab ozogamicin-associated sinusoidal obstructive syndrome (SOS):
An overview from the research on adverse drug events and reports
(RADAR) project. Leuk Res 2007; 31:599-604; PMID:16959316

53. Nabhan C, Rundhaugen L, Jatoi M, Riley MB, Boehlke L, Peterson LC,
Tallman MS. Gemtuzumab ozogamicin (MylotargTM) is infrequently
associated with sinusoidal obstructive syndrome/veno-occlusive dis-
ease. Ann Oncol 2004; 15:1231-6; PMID:15277263; http://dx.doi.org/
10.1093/annonc/mdh324

54. Tolcher AW, Ochoa L, Hammond LA, Patnaik A, Edwards T, Taki-
moto C, Smith L, de Bono J, Schwartz G, Mays T, et al. Cantuzumab
mertansine, a maytansinoid immunoconjugate directed to the CanAg
antigen: A phase I, pharmacokinetic, and biologic correlative study. J
Clin Oncol 2003; 21:211-22; PMID:12525512; http://dx/doi.org/
10.1200/JCO.2003.05.137

55. Poon KA, Flagella K, Beyer J, Tibbitts J, Kaur S, Saad O, Yi JH,
Girish S, Dybdal N, Reynolds T. Preclinical safety profile of tras-
tuzumab emtansine (T-DM1): Mechanism of action of its cyto-
toxic component retained with improved tolerability. Toxicol
Appl Pharmacol 2013; 273:298-313; PMID:24035823; http://dx.
doi.org/10.1016/j.taap.2013.09.003

MABS 669

http://dx.doi.org/25024070
http://dx.doi.org/10339474
http://dx.doi.org/21519855
http://dx.doi.org/21519855
http://dx.doi.org/26539624
http://dx.doi.org/26539624
http://dx.doi.org/22649132
http://dx.doi.org/25895099
http://dx.doi.org/25895099
http://dx.doi.org/25931519
http://dx.doi.org/21047225
http://dx.doi.org/23606932
http://dx.doi.org/25925619
http://dx.doi.org/25847941
http://dx.doi.org/25847941
http://dx.doi.org/22454421
http://dx.doi.org/22454421
http://dx.doi.org/17332932
http://dx.doi.org/18203652
http://dx.doi.org/18203652
http://dx.doi.org/17351401
http://dx.doi.org/17351401
http://dx.doi.org/19641174
http://dx.doi.org/19641174
http://dx.doi.org/22733566
http://dx.doi.org/22733566
http://dx.doi.org/23300365
http://dx.doi.org/16604351
http://dx.doi.org/16604351
http://dx.doi.org/16959316
http://dx.doi.org/15277263
http://dx.doi.org/15277263
http://dx.doi.org/12525512
http://dx.doi.org/12525512
http://dx.doi.org/24035823
http://dx.doi.org/24035823


56. Dang NH, Ogura M, Castaigne S, Fayad L, Jerkeman M, Radford JA,
Pezzutto A, Bondarenko I, Stewart DA, Shnaidman M, et al. Random-
ized, phase 3 trial of inotuzumab ozogamicin plus rituximab (R-InO)
versus chemotherapy for relapsed/refractory aggressive B-cell non-
hodgkin lymphoma (B-NHL). ASCO Meeting Abstracts 2014; 32:8529

57. Younes A, Connors JM, Park SI, Fanale M, O’Meara MM, Hunder
NN, Huebner D, Ansell SM. Brentuximab vedotin combined with
ABVD or AVD for patients with newly diagnosed hodgkin’s lym-
phoma: A phase 1, open-label, dose-escalation study. Lancet Oncol
2013; 14:1348-56; PMID:24239220; http://dx.doi.org/10.1016/S1470-
2045(13)70501-1

58. Bristol-Myers Squibb. Blenoxane (bleomycin sulfate), prescribing
information. 1999.

59. NCT01712490. Phase 3 frontline therapy trial in patients with
advanced classical hodgkin lymphoma.

60. Pfizer. CAMPTOSAR (irinotecan hydrochloride) prescribing informa-
tion. 2014.

61. Dotan E, Starodub A, Berlin J, Lieu CH, Guarino MJ, Marshall J,
Hecht JR, Cohen SJ, Messersmith WA, Maliakal PP, et al. A new anti-
CEA-SN-38 antibody-drug conjugate (ADC), IMMU-130, is active in
controlling metastatic colorectal cancer (mCRC) in patients (pts)
refractory or relapsing after irinotecan-containing chemotherapies:
Initial results of a phase I/II study. ASCO Meeting Abstracts 2015;
33:2505

62. Moore KN, Ponte J, LoRusso P, Birrer MJ, Bauer TM, Borghaei H,
O’Malley DM, Ruiz-Soto R, Lutz R, Malik L. Relationship of pharma-
cokinetics (PK), toxicity, and initial evidence of clinical activity with
IMGN853, a folate receptor alpha (FRa) targeting antibody drug con-
jugate in patients (pts) with epithelial ovarian cancer (EOC) and other
FRa-positive solid tumors. ASCO Meeting Abstracts 2014; 32:5571

63. Moore KN, Martin LP, Seward SM, Bauer TM, O’Malley DM, Perez
RP, Oza AM, Jeong W, Kirby MW, Zhou Y, et al. Preliminary single
agent activity of IMGN853, a folate receptor alpha (FR{alpha})-target-
ing antibody-drug conjugate (ADC), in platinum-resistant epithelial
ovarian cancer (EOC) patients (pts): Phase I trial. ASCO Meeting
Abstracts 2015; 33:5518

64. Ribrag V, Dupuis J, Tilly H, Morschhauser F, Laine F, Houot R,
Haioun C, Copie C, Varga A, Lambert J, et al. A dose-escalation study
of SAR3419, an anti-CD19 antibody maytansinoid conjugate, admin-
istered by intravenous infusion once weekly in patients with relapsed/
refractory B-cell non-hodgkin lymphoma. Clin Cancer Res 2014;
20:213-20; PMID:24132920; http://dx.doi.org/10.1158/1078-0432.
CCR-13-0580

65. Castaigne S, Pautas C, Terre C, Raffoux E, Bordessoule D, Bastie JN,
Legrand O, Thomas X, Turlure P, Reman O, et al. Effect of gemtuzu-
mab ozogamicin on survival of adult patients with de-novo acute mye-
loid leukaemia (ALFA-0701): A randomised, open-label, phase 3
study. Lancet 2012; 379:1508-16; http://dx.doi.org/10.1016/S0140-
6736(12)60485-1

66. Sapra P, Betts A, Boni J. Preclinical and clinical pharmacokinetic/
pharmacodynamic considerations for antibody-drug conjugates.
Expert Rev Clin Pharmacol 2013; 6:541-55; PMID:23978126; http://
dx.doi.org/10.1586/17512433.2013.827405

67. Donate F, Raitano A, Morrison K, An Z, Capo L, Avina H, Karki S,
Morrison K, Yang P, Ou J, et al. AGS16F is a novel antibody drug con-
jugate directed against ENPP3 for the treatment of renal cell carci-
noma. Clin Cancer Res 2015;

68. Hossler P, Khattak SF, Li ZJ. Optimal and consistent protein glycosyl-
ation in mammalian cell culture. Glycobiology 2009; 19:936-49;
PMID:19494347; http://dx.doi.org/10.1093/glycob/cwp079

69. Ott PA, Hamid O, Pavlick AC, Kluger H, Kim KB, Boasberg PD,
Simantov R, Crowley E, Green JA, Hawthorne T, et al. Phase I/II study
of the antibody-drug conjugate glembatumumab vedotin in patients
with advanced melanoma. J Clin Oncol 2014; 32:3659-66;
PMID:25267741; http://dx.doi.org/10.1200/JCO.2013.54.8115

70. Bardia A, Vahdat LT, Diamond JR, Starodub A, Moroose RL, Isakoff
SJ, Ocean AJ, Berlin J, Messersmith WA, Thomas SS, et al. Therapy of
refractory/relapsed metastatic triple-negative breast cancer (TNBC)
with an anti-trop-2-SN-38 antibody-drug conjugate (ADC),

sacituzumab govitecan (IMMU-132): Phase I/II clinical experience.
ASCO Meeting Abstracts 2015; 33:1016

71. Guarino MJ, Starodub A, Masters GA, Heist RS, Messersmith WA,
Bardia A, Ocean AJ, Thomas SS, Maliakal PP, Wegener WA, et al.
Therapy of advanced metastatic lung cancer with an anti-trop-2-SN-
38 antibody-drug conjugate (ADC), sacituzumab govitecan (IMMU-
132): Phase I/IIclinical experience. ASCO Meeting Abstracts 2015;
33:2504

72. Starodub A, Ocean AJ, Messersmith WA, Picozzi VJ, Guarino MJ,
Bardia A, Thomas SS, Berlin J, Shah MA, Maliakal PP, et al. Therapy
of gastrointestinal malignancies with an anti-trop-2-SN-38 antibody
drug conjugate (ADC) (sacituzumab govitecan): Phase I/IIclinical
experience. ASCO Meeting Abstracts 2015; 33:3546

73. Strop P, Delaria K, Foletti D, Witt JM, Hasa-Moreno A, Poulsen K,
Casas MG, Dorywalska M, Farias S, Pios A, et al. Site-specific conjuga-
tion improves therapeutic index of antibody drug conjugates with
high drug loading. Nat Biotechnol 2015; 33:694-6; PMID:26154005;
http://dx.doi.org/10.1038/nbt.3274

74. Lyon RP, Bovee TD, Doronina SO, Burke PJ, Hunter JH, Neff-LaFord
HD, Jonas M, Anderson ME, Setter JR, Senter PD. Reducing hydro-
phobicity of homogeneous antibody-drug conjugates improves phar-
macokinetics and therapeutic index. Nat Biotechnol 2015; 33:733-5;
PMID:26076429; http://dx.doi.org/10.1038/nbt.3212

75. Lhospice F, Bregeon D, Belmant C, Dennler P, Chiotellis A, Fischer E,
Gauthier L, Boedec A, Rispaud H, Savard-Chambard S, et al. Site-spe-
cific conjugation of monomethyl auristatin E to anti-CD30 antibodies
improves their pharmacokinetics and therapeutic index in rodent
models. Mol Pharm 2015; 12:1863-71; PMID:25625323

76. Kennedy DA, Alley SC, Zhao B, Feldman EJ, O’Meara M, Sutherland
M. SGN-CD33A: Preclinical and phase 1 interim clinical trial results
of a CD33-directed PBD dimer antibody-drug conjugate for the treat-
ment of acute myeloid leukemia (AML). 2015:DDT02-04.

77. Bayer Health Care. Clinical study report no. PH-37705. 2014.
78. Coveler AL, Von Hoff DD, Ko AH, Whiting NC, Zhao B, Wolpin BM. A

phase I study of ASG-5ME, a novel antibody-drug conjugate, in pancreatic
ductal adenocarcinoma. ASCOMeeting Abstracts 2013; 31:176

79. Bendell J, Saleh M, Rose AAN, Siegel PM, Hart L, Sirpal S, Jones S,
Green J, Crowley E, Simantov R, et al. Phase I/II study of the anti-
body-drug conjugate glembatumumab vedotin in patients with locally
advanced or metastatic breast cancer. J Clin Oncol 2014; 32:3619-25;
PMID:25267761; http://dx.doi.org/10.1200/JCO.2013.52.5683

80. Cruz Zambrano C, Almhanna K, Messersmith WA, Rodon Ahnert J,
Ryan DP, Faris JE, Jung J, Fasanmade A, Wyant T, Kalebic T.
MLN0264, an investigational antiguanylyl cyclase C (GCC) antibody-
drug conjugate (ADC), in patients (pts) with advanced gastrointestinal
(GI) malignancies: Phase I study. ASCO Meeting Abstracts 2014;
32:3546

81. Petrylak DP, Kantoff PW, Mega AE, Vogelzang NJ, Stephenson J,
Fleming MT, Stambler N, Petrini M, Blattman S, Israel RJ. Prostate-
specific membrane antigen antibody drug conjugate (PSMA ADC): A
phase I trial in metastatic castration-resistant prostate cancer
(mCRPC) previously treated with a taxane. ASCO Meeting Abstracts
2013; 31:5018

82. Petrylak DP, Vogelzang NJ, Chatta GS, Fleming MT, Smith DC,
Appleman LJ, Hussain A, Modiano M, Singh P, Tagawa ST, et al. A
phase 2 study of prostate specific membrane antigen antibody drug
conjugate (PSMA ADC) in patients (pts) with progressive metastatic
castration-resistant prostate cancer (mCRPC) following abiraterone
and/or enzalutamide (abi/enz). ASCO Meeting Abstracts 33:144

83. Chen AI, Lebovic D, Brunvand MW, Goy A, Chang JE, Hochberg E,
Yalamanchili S, Kahn R, Lu D, Chai A, et al. Final results of a phase I
study of the anti-CD22 antibody-drug conjugate (ADC) DCDT2980S
with or without rituximab (RTX) in patients (pts) with relapsed or
refractory (R/R) B-cell non-Hodgkin/textquoterights lymphoma
(NHL). Blood 2013; 122:4399

84. Advani R, Lebovic D, Brunvand M, Chen AI, Goy A, Chang JE, Maeda
LS, Ho W, Kahn R, Lu D, et al. A phase I study of DCDT2980S, an
antibody-drug conjugate (ADC) targeting CD22, in relapsed or refrac-
tory B-cell non-hodgkin’s lymphoma (NHL). Blood 2015; 120:59

670 H. DONAGHY

http://dx.doi.org/24239220
http://dx.doi.org/24239220
http://dx.doi.org/24132920
http://dx.doi.org/24132920
http://dx.doi.org/23978126
http://dx.doi.org/23978126
http://dx.doi.org/19494347
http://dx.doi.org/25267741
http://dx.doi.org/26154005
http://dx.doi.org/26154005
http://dx.doi.org/26076429
http://dx.doi.org/25625323
http://dx.doi.org/25267761


85. Infante JR, Sandhu SK, McNeil CM, Kabbarah O, Li C, Zhong W,
Asundi J, Wood K, Chu Y, Hamid O. Abstract CT233: A first-in-
human phase I study of the safety and pharmacokinetic (PK) activity
of DEDN6526A, an anti-endothelin B receptor (ETBR) antibody-drug
conjugate (ADC), in patients with metastatic or unresectable mela-
noma. Cancer Res 2014; 74:CT233; http://dx.doi.org/10.1158/1538-
7445.AM2014-CT233

86. Weekes CD, Lamberts LE, Borad MJ, Voortman J, McWilliams RR,
Diamond JR, De Vries E, Verheul HMW, Lieu CH, Yue H, et al. A
phase I study of DMOT4039A, an antibody-drug conjugate (ADC)
targeting mesothelin (MSLN), in patients (pts) with unresectable pan-
creatic (PC) or platinum-resistant ovarian cancer (OC). ASCO Meet-
ing Abstracts 2014; 32:2529

87. Liu J, Moore K, Birrer M, Berlin S, Matulonis U, Infante J, Xi J, Kahn
R, Wang Y, Wood K, et al. Abstract LB-290: Targeting MUC16 with
the antibody-drug conjugate (ADC) DMUC5754A in patients with
platinum-resistant ovarian cancer: A phase I study of safety and phar-
macokinetics. Cancer Res 2013; 73:LB-290

88. Genentech I. Kadcyla prescribing information. 2015.
89. Galsky MD, Eisenberger M, Moore-Cooper S, Kelly WK, Slovin SF,

DeLaCruz A, Lee Y, Webb IJ, Scher HI. Phase I trial of the prostate-
specific membrane antigen-directed immunoconjugate MLN2704 in
patients with progressive metastatic castration-resistant prostate can-
cer. J Clin Oncol 2008; 26:2147-54; PMID:18362364; http://dx.doi.
org/10.1158/1078-0432.CCR-15-1542

90. Berdeja JG. Lorvotuzumab mertansine: Antibody-drug-conjugate for
CD56C multiple myeloma. Front Biosci (Landmark Ed) 2014; 19:163-
70; PMID:24389179

91. Thompson DS, Patnaik A, Bendell JC, Papadopoulos K, Infante JR,
Mastico RA, Johnson D, Qin A, O’Leary JJ, Tolcher AW. A phase I
dose-escalation study of IMGN388 in patients with solid tumors.
ASCO Meeting Abstracts 2010; 28:3058

92. Kelly KR, Chanan-Khan A, Heffner LT, Somlo G, Siegel DS, Zimmer-
man T, Karnad A, Munshi NC, Jagannath S, Greenberg AL, et al.
Indatuximab ravtansine (BT062) in combination with lenalidomide

and low-dose dexamethasone in patients with relapsed and/or refrac-
tory multiple myeloma: Clinical activity in patients already exposed to
lenalidomide and bortezomib. Blood 2014; 124:4736

93. Jagannath S, Chanan-Khan A, Heffner LT, Avigan D, Zimmerman
TM, Lo