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To the editor:

Sinusoidal obstruction syndrome following CD33-targeted therapy in acute myeloid leukemia

Colin D. Godwin,1 George B. McDonald,2,3 and Roland B. Walter2,4,5

1Hematology/Oncology Fellowship Program, University of Washington, Seattle, WA; 2Clinical Research Division, Fred Hutchinson Cancer Research Center,

Seattle, WA; and 3Division of Gastroenterology, Department of Medicine, 4Division of Hematology, Department of Medicine, and 5Department of Epidemiology,

University of Washington, Seattle, WA

In late December 2016, Seattle Genetics, Inc., announced that the US
Food andDrugAdministration (FDA) had placed a hold or partial hold
on several early-stage clinical trials of vadastuximab talirine (SGN-
CD33A) in acute myeloid leukemia (AML) to further evaluate the
potential risk of hepatotoxicity with this CD33 antibody–drug
conjugate (ADC) when administered before or after allogeneic
hematopoietic cell transplantation (HCT).1 These holds arose from
the identification of 6 patients experiencing hepatotoxicity, including
several cases of sinusoidal obstruction syndrome (SOS; formerly
known as veno-occlusive disease), with 4 resulting deaths. Medical
details of these cases have not been provided, and it was not indicated
whether SOS was confirmed through liver biopsy and to what degree
other causes of liver injury were excluded if the diagnosis was made
based on a typical clinical presentation. SOS is a well-recognized and
often life-threatening complication following HCT, particularly in
individuals undergoing myeloablative conditioning, which damages
sinusoidal endothelial cells.2 Thus, the occurrence of posttransplant
SOS after SGN-CD33A exposure does not establish a causal link with
this ADC. Still, these recent adverse events involving the liver are
reminiscent of the experience with the first-generation CD33-directed
ADC, gemtuzumab ozogamicin (GO), when given at the initial dosing
of 9mg/m2 per dose, and call into question the safety of antibody-based
therapeutics targeting CD33, at least in some patients.

In GO, a humanized CD33 antibody is conjugated to a disulfide
derivative of calicheamicin-g1 via a hydrolyzable linker.3,4 Free and
conjugated calicheamicin caused nonspecific liver toxicity in pre-
clinical testing, and GO was found to be preferentially distributed to
the liver.4 An association between GO and SOS was noted early in the
clinic, and a subsequent FDA-requested prospective observational
registry showed anSOS rate of around 10%,with a substantial subset of
the cases being fatal.5,6 Histologically, GO-associated liver damage is
characterized by sinusoidal injury with extensive sinusoidal fibrosis,
stellate cell activation, centrilobular hemorrhage into the space ofDisse,

and zone 3 hepatocyte necrosis.7 The exact repair mechanisms after
GO-mediated sinusoidal injury are unknown, but a protractedprocess is
indicated by the fact that the association with SOS was particularly
strongwhenGOwas administeredwithin3 to4months fromallogeneic
HCT.5,8 In animal models of sinusoidal injury marked by loss of
sinusoidal endothelial cells, restoration of these cells is dependent on
the presence of marrow-derived progenitor cells.9

Proposed mechanisms through which GO could damage hepatic
sinusoids include exposure to unconjugated calicheamicin circulating
in the bloodstream, nonspecific uptake of the ADC by Kupffer cells
and liver sinusoidal endothelial cells, or CD33-mediated uptake of GO
by 1 or more of the cell populations in the liver that express CD33
(Kupffer cells, sinusoidal endothelial cells, stellate cells).7,10 It is
tempting to consider a CD33-specificmechanism as the primary cause;
however, antigen-mediated ADC uptake cannot explain the reported
association between SOS (seen primarily after HCT) and prior
exposure to inotuzumab ozogamicin (IO), an ADC in which the
calicheamicin derivative is linked to a humanized CD22 antibody.11

The latter suggests the importance of nonspecific (target-independent)
hepatic toxicity, with ADCs containing moieties toxic to sinusoidal
endothelial cells.

Recent studieswith anonbinding antibody-calicheamicin conjugate
containing the same linker payload as GO and IO in cynomolgus
monkeys showed loss of sinusoidal endothelial cells early after drug
exposure anddevelopment of changes consistentwith earlySOSat later
points.12 Clearance of antibody-bound tumor cells in the liver through
antibody-dependent phagocytosis by Kupffer cells is well documented
for several antibody-based therapeutics.13,14 Thus, ADCs, bound or
unbound to their target antigen, may be taken up by Kupffer cells via
Fc receptors, resulting in liver-dominant off-target delivery of the
antineoplastic molecule. In a similar fashion, sinusoidal endothelial
cells avidly takeup immunoglobulins throughendocytic pathways.15-17

The proposed mechanisms underlying the development of SOS are
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not mutually exclusive, and understanding the contributions of the
upstream pathophysiologic processes, which may vary between
individual CD33-targeted therapeutics and/or the antibody dose
or dosing schedule used (eg, because CD33 target saturation is reached
or not), will be of great clinical importance. Notably, if liver damage
results predominantly froma target-independentmechanism, antibody-
based therapeutics lacking an Fc domain such as fragment bispecific
antibodies and chimeric antigen receptor (CAR)-modified T cells
would have relatively little risk of SOS. On the other hand, if CD33-
specific mechanisms were dominantly involved, the potential for SOS
may increase with the potency of the individual therapeutics.Whatever
the mechanism of damage to sinusoidal endothelial cells, the result
is loss of signaling from sinusoidal endothelial cells to stellate
cells, leading to stellate cell activation and filling of sinusoids with
collagens.18

In SGN-CD33A, a humanized CD33 antibody is conjugated to a
synthetic pyrrolobenzodiazepine (PBD) dimer via a protease-cleavable
linker.19 Sinusoidal liver toxicity of pyrrolizidine alkaloids has been
known for decades,20 but how this might relate to the pyrrole moiety in
the PBD dimer and the possibility of SOS with PBD dimer-containing
ADCs is unknown. Still, the apparent association between SGN-
CD33A and SOS, be it through CD33- or Fc-mediated ADC uptake,
suggests that the potential for this type of liver injury may extend
beyond CD33-targeting with GO and other calicheamicin-based
ADCs. Of particular interest may be IMGN779, a novel CD33
ADC in early clinical development that is using an indolino-
benzodiazepine dimer as toxic payload.21 To what degree other
classes of CD33 antibody-based therapeutics are associated with
sinusoidal injury is unclear. In the setting of allogeneic transplantation,
SOS has been noted when radiolabeled CD33 antibodies were given
to intensify conditioning regimens.22

On the other hand, clinically apparent SOS was not observed
in randomized trials with lintuzumab (HuM195, SGN-CD33), an un-
conjugated CD33 antibody,23,24 indicating that CD33 engagement
with an antibody alone is not sufficient to cause signs and symptoms of
SOS. However, because of the limited cytotoxic activity of lintuzumab
against CD331 cells, the clinical experience with this monoclonal
antibody does not convincingly argue against a direct role of CD33 in
the pathogenesis of SOS. With new, highly potent CD33-targeted
drugs, including second-generationADCs, bispecific antibodies, and
CAR-modified T cells, entering clinical testing, classes of therapeutics
are now becoming available with which there is potential for signi-
ficant damage to CD33-expressing cells in the liver. This damage
could be exacerbated by myeloablative conditioning regimens given
to patients in whom sinusoidal endothelial cells are already injured,
with this concern being particularly relevant because some of these
agents (eg, CAR T cells) may require allogeneic hematopoietic cell
rescue to abrogate the duration of drug-induced cytopenias.

The experience with GO and SGN-CD33A should be a reminder
to carefully monitor patients for signs and symptoms indicative of
SOS. Because many factors can increase the risk of fatal SOS caused
by conditioning regimens in the HCT setting, well-controlled, ideally
randomized, studies will be necessary to fully understand the role of
exposure to CD33-targeted therapeutics as an additional risk factor.
Animal models have documented that sinusoidal endothelial cells can
be protected from toxic injury by increasing their content of reduced
glutathioneorbymatrixmetalloproteinase inhibitors,25but thesestrategies
havenot yet been tested inman.ForGO, someclinical datahave indicated
that defibrotide has a limited role for either prophylaxis or treatment of
SOS.3 However, the value of this drug in general is uncertain, especially
since a recent randomized trial in children undergoing allogeneic HCT
showed that defibrotide had no impact on survival.26

If the associationbetweenSOSandCD33-targeted drugs other than
GO is substantiated, development of methods to prevent sinusoidal
injury fromCD33-targeted therapeutics, particularly in a primatemodel
that expresses humanCD33 in CD331 cells of the liver,12may become
essential as an important strategy to improve the safety profile of the
new generation of CD33 antibody-based drugs. Animal models and
clinical epidemiology of cofactors associated with SOS in human trials
maypoint theway to prevention strategies.Data fromclinical trialswith
the new CD33-targeted agents—whether given alone, in combination,
or in proximity to allogeneic HCT—will be hypothesis-generating but
may not be definitive in view of uncontrolled variables (eg, baseline
liver disease, concomitant liver-toxic medications, variable pharmaco-
kinetics of drugs used in conditioning regimens, sepsis, endotoxemia).
Utilization of a primate model of sinusoidal injury should yield
carefully controlled studies that provide greater insight than clinical
experience can. There is much to be learned regarding the biology of
SOS and CD33, and those with interest in targeted therapy of AML
will watch closely to see towhat degree SOSwill be dose-limiting for
the use of SGN-CD33A, other potent CD33 antibody-based drugs,
and possibly other antibody-toxin conjugates.
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