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Safety and efficacy of brentuximab vedotin in
patients with Hodgkin lymphoma or systemic
anaplastic large cell lymphoma
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Abstract: Antibody-based immunotherapy has become an integral part of cancer
therapeutics. However, monoclonal antibodies have their limitations as identifying an antigen
selectively expressed on malignant cells and developing a high-affinity antibody may not

by itself alter tumor growth. This is illustrated in the case of CD30; CD30 epitomizes many
properties of an ideal pharmacologic target such as high expression on malignant cells and
limited expression on normal tissues. However, until the advent of brentuximab vedotin, CD30
remained an elusive target as antibody-based anti-CD30 immunotherapy had been largely
clinically unsuccessful. Brentuximab vedotin (cAC10-vcMMAE, SGN-35] is an antibody-drug
conjugate consisting of a chimeric anti-CD30 monoclonal antibody whereupon the potent
microtubule inhibitor monomethyl auristatin E (MMAE] is attached via a valine-citrulline
linker. Once bound to CD30, brentuximab vedotin is internalized and MMAE is released with the
action of lysosomal enzymes on the linker. In phase | studies in relapsed or refractory Hodgkin
lymphoma and anaplastic large cell lymphoma, brentuximab vedotin induced unprecedented
responses with manageable toxicity. In phase Il studies, brentuximab vedotin induced overall
response rates of 75% and 86% in relapsed or refractory Hodgkin lymphoma and anaplastic
large cell lymphoma, respectively. The results of these trials led to the accelerated approval
of the drug by the US Food and Drug Administration in a patient population with few other
alternative options. Brentuximab vedotin has overall manageable toxicity profile; however,
cumulative peripheral neuropathy constitutes an important clinical consideration as it

may limit prolonged administration of the drug. The mechanism by which brentuximab
vedotin exerts its antitumor activity is not entirely clear. Diffusion of MMAE in the tumor
microenvironment and cytotoxicity on bystander cells may in part explain its activity,
especially in Hodgkin lymphoma. Herein, we review the biology of CD30 and brentuximab
vedotin, and the clinical data that has accumulated thus far with SGN-35.
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Introduction

The introduction of monoclonal antibodies in
cancer therapeutics has changed significantly the
clinical outlook of many malignancies. Monoclonal
antibodies exert their lytic effects on cancer cells
by inducing complement-mediated and antibody-
dependent cell-mediated cytotoxicity and by
blocking signaling cascades initiated by their
respective targets. The obvious advantage of anti-
body-based cancer immunotherapy is the selective

targeting of tumor cells whereas normal tissues are
relatively spared. Nonetheless monoclonal anti-
bodies have their limitations as not infrequently,
identifying a target protein selectively expressed
on malignant cells and developing a high-affinity
antibody may not be enough to significantly alter
tumor growth. In an attempt to enhance the effi-
cacy of monoclonal antibodies, several strategies
have been undertaken including administration of
higher doses of the monoclonal antibodies [Khouri
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et al. 2005] as well as combination with cytokines
to potentiate antibody-dependent cell-mediated
cytotoxicity [Ansell er al. 2006; Khan ez al. 2006].
The most promising strategies, however, have
been the fusion of monoclonal antibodies with
toxins, and conjugation with radioisotopes or
cytotoxic drugs [Teicher and Chari, 2011], thereby
utilizing the high selectivity of antibody-based
immunotherapy for targeted delivery of toxins,
radiation therapy, or toxic agents, respectively, to
the tumor sites.

Unlike radioimmunotherapy which has already
been incorporated into the treatment algorithms
of non-Hodgkin lymphoma [Fisher ez al. 2005;
Morschhauser er al. 2008; Witzig er al. 2002],
antibody—drug conjugate (ADC) therapeutics had
to overcome many hurdles before reaching broad
clinical applications. The immunogenicity of the
early compounds was overcome by replacing
murine antibodies with humanized or fully human
ones, potency was enhanced by the conjugation of
agents considerably more cytotoxic compared
with the agents used earlier, and selectivity was
improved by better antibody and target selection
[Teicher and Chari, 2011]. Advances in linker
technology have improved the pharmacodynam-
ics and, consequently, the therapeutic window of
ADCs by minimizing the release of the toxic con-
jugate in the circulation and optimizing its selec-
tive delivery in tumor sites. Also, progress in
monoclonal antibody engineering has addressed
the compositional heterogeneity and inconsist-
ency emanating from variable antibody:drug stoi-
chiometry of the early compounds [Teicher and
Chari, 2011]. These advances have paved new
avenues in cancer therapeutics with unprece-
dented potential. This is clearly illustrated in the
case of brentuximab vedotin, an ADC targeting
CD30, which demonstrated significant efficacy in
relapsed or refractory Hodgkin lymphoma (HL)
and anaplastic large cell lymphoma (ALCL).
Before the advent of brentuximab vedotin, both
conditions had few therapeutic options, all of
limited efficacy, and their prognosis was overall
dismal.

Biology of CD30 antigen

CD30 (tumor necrosis factor receptor superfam-
ily, member 8; TNFRSF8) is a type I transmem-
brane receptor that shares sequence homology in
the extracellular domain with other members of
the tumor necrosis factor (TNF) receptor super-
family [Locksley ez al. 2001; Younes and Kadin,

2003]. It adopts an elongated structure by a scaf-
fold of disulfide bonds that form between highly
conserved cysteine residues within its six cysteine-
rich domains. Its cytoplasmic tail is of moderate
length and functions as a docking site for signaling
molecules [Locksley et al. 2001]. There is no
sequence homology in the intracellular domain
among the TNF receptor superfamily members,
underlying their diverse context-dependent bio-
logic functions [Younes and Aggarwall, 2003]. The
ligand for CD30 (CD30L or CD153) is a type 11
transmembrane protein which can exist in a mem-
brane-embedded and a cleaved, soluble form
[Locksley er al. 2001]. In their active conforma-
tion, both CD30 and CD30L form self-assem-
bling noncovalent trimers. CD30 signals through
TNF receptor-associated factors (TRAFSs): upon
stimulation by its cognate ligand, CD30 recruits
TRAF2 and TRAFS5 via interaction with its TRAF
binding motif in the cytoplasmic domain. CD30
can also display noncanonical functions that do
not require the binding of CD30L trimer [Locksley
et al. 2001]. There is a crosstalk between CD30
and other members of the TNF receptor super-
family that contain Death Domain motifs in their
cytoplasmic tail, such as TNF-receptor 1 [Duckett
and Thompson, 1997]. The basis for this crosstalk
is TRAF2, a common signaling intermediate that
undergoes degradation upon CD30 stimulation
while, upon stimulation of TNFR1, TRAF2 inter-
acts with TNFR1 and TNF receptor-associated
death domain (TRADD) leading ultimately to the
activation of the nuclear factor (NF)-kB pathway
(Figure 1). NF-«B is a transcription factor family
that regulates the expression of various genes with
critical roles in apoptosis, tumorigenesis, and
inflammation. Activation of NF-kB (as can occur
with cytotoxic chemotherapy and radiation) has
been shown to block apoptosis and promote pro-
liferation [Wang ez al. 1998].

The normal functions of CD30 are not entirely
clear as no human disease has been associated
with defects in CD30/CD30L and studies in
transgenic mice generated conflicting data. Its
role in thymic negative selection and expansion of
autoreactive T lymphocytes has been a matter of
controversy [Amakawa ez al. 1996; Chiarle ez al.
1999; DeYoung ez al. 2000; Kurts ez al. 1999]. In
ALCL cell lines, CD30 activation led to rapid
induction of apoptosis via degradation and intra-
cellular depletion of TRAF2, thereby diverting
TNFR1 signaling from TNFR1-TRADD-
TRAF2-mediated NF-«B activation to induction
of apoptosis [Mir et al. 2000]. HL cells, on the
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Figure 1. CD30 signals through TRAFs: upon stimulation by CD30L, CD30 recruits TRAF2 via interaction with
its TRAF binding motif, resulting in TRAF2 degradation. TNFR1, on the other hand, signals through TRADD
leading to activation of caspases and ultimately apoptosis or activation of the classical NF-xB pathway

and ultimately survival and proliferation. Signaling through CD30 depletes intracellular TRAF2 diverting
signaling through TNFR1 to apoptosis [Mir et al. 2000]. Not all TRAF2 undergoes degradation upon CD30
stimulation. In certain ALCL cells, TRAF2 translocates to a detergent-insoluble cellular compartment, and
this translocation has been associated with NF-xB pathway activation [Wright et al. 2007]. Activation of the
classical NF-kB pathway involves activation of the IKK complex and proteasomal degradation of the kB
proteins. The proteasomal degradation of TRAF2, TRAF3, and c-IAP-1/2 which hold NIK upon recruitment by
a subset of TNF receptor superfamily proteins, notably CD40, leads to the activation of the alternative NF-xB
pathway via liberation and stabilization of NIK [Staudt, 2010]. Activation of the alternative NF-xB pathway
involves activation of IKK1 and proteolytic processing of the p100 precursor protein to the p52 subunit of NF-
kB. (Illustration courtesy of Alessandro Baliani. Copyright © 2012.) CD30, cluster of differentiation 30; CD40,

cluster of differentiation 40; CD30L, CD30 ligand; c-IAP1/2, cellular inhibitor of apoptosis protein; kB, inhibitor

of kappa B; IKK1/2, IkB kinase; NF-kB, nuclear factor kappa B; NIK, NF-kB inducible kinase; P, phosphate;
p50, p52, p65 (RelA), RelB, p50, p52, p65 (RelAl, RelB subunits of NF-xB; p100, p52 precursor subunit of
NF-«xB; TNF, tumor necrosis factor; TNFR1, TNF receptor 1; TRADD, TNF receptor-associated death domain;

TRAF2 and TRAF3, TNF receptor-associated factor 2 and 3, respectively; Ub, ubiquitin.

other hand, were insensitive to CD30 activation
secondary to constitutive NF-«xB pathway activa-
tion [Mir er al. 2000]. It is now clear, however,
that upon CD30 stimulation by its cognate ligand,
not all ALCL cells undergo apoptosis. Instead of
undergoing degradation, in some cells TRAF2
translocates to a detergent-insoluble cellular com-
partment, and this translocation has been associ-
ated with NF-«B pathway activation [Wright ez al.
2007]. Furthermore, the proteasomal degradation

of TRAF2 and TRAF3 upon recruitment by a
subset of TNF receptor superfamily proteins has
also been associated with activation of the alterna-
tive NF-kB pathway via liberation and stabilization
of the NF-kB inducible kinase (NIK, Figure 1)
[Staudt, 2010].

Like other members of the TNF receptor super-
family, CD30 can undergo ectodomain shedding
generating an 85 kDa soluble form of CD30
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Figure 2. CD30 immunohistochemical staining in HL, ALCL, and reactive lymphadenopathy. (A) classical HL
with Hodgkin cells (arrowhead) and Reed-Sternberg cells (arrow) in a background of nonneoplastic cells
(hematoxylin and eosin staining). (B) CD30 staining in HL. (C) ALK-negative ALCL with multiple pleomorphic
large ‘hallmark’ cells (hematoxylin and eosin staining). (D) CD30 staining in ALK-negative ALCL. (E) Reactive
lymphadenopathy (hematoxylin and eosin). (F) CD30 staining in reactive lymphadenopathy. Note the faint,
nonspecific staining as compared with HL and ALCL. (Courtesy of Dr Xiaojun Wu, Department of Pathology,

University of Alabama at Birmingham.)

(sCD30) which can be identified in culture super-
natants of CD30+ cell lines as well as sera of
patients harboring CD30+ tumors [Younes and
Aggarwall, 2003]. In fact, high serum levels of
sCD30 correlated with the presence of B symp-
toms, higher stage and tumor burden in HL
[Nadali ez al. 1998], as well as poor clinical out-
come in both HL. [Nadali ez al. 1998] and ALCL
[Zinzani et al. 1998].

CD30 is an attractive pharmacologic target due
to its restricted presence on normal cells unlike its
uniform, high-level expression pattern on the
malignant cells of HLL. and ALCL [Katz er al
2011] (Figure 2). Normally, CD30 expression is
limited to activated B and T lymphocytes and
virally infected lymphocytes [Horie and Watanabe,
1998]. CD30+ lymphocytes can be found in the
parafollicular areas, rim of the follicular centers,
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Table 1. Properties and expression patterns of CD30 and CD30L [Edinger et al. 2009; Gattei et al. 1997; Horie
and Watanabe, 1998; Pileri et al. 2003; Romagnani et al. 1998; Sotlar et al. 2011; Stein et al. 1985; Younes, 2011;
Younes and Carbone, 1999].

proliferating germinal centers, and thymic
medulla [Horie and Watanabe, 1998; Younes,
2011]. Other hematologic malignancies with
CD30 expression besides HL. and ALCL include
the primary cutaneous ALCL, lymphomatoid
papulosis [Kempf er al. 2011] and pagetoid retic-
ulosis, primary mediastinal B-cell lymphoma, pri-
mary effusion lymphoma associated with human
herpes virus-8, multiple myeloma, adult T-cell
leukemia/lymphoma [Younes, 2011; Younes and
Carbone, 1999], mast cell malignancies [Sotlar
er al. 2011], and mycosis fungoides [Edinger ez al.
2009]. Unlike its receptor, CD30L has a broader
spectrum of expression in hematopoietic malig-
nancies [Gattei et al. 1997] (Table 1).

Classical Hodgkin’s lymphoma

With an estimated 8490 new cases in 2010 [Jemal
et al. 2010], HL is a relatively uncommon human
malignancy. One of the histologic hallmarks of
HL is the scarcity of neoplastic cells which are dis-
persed in a background of abundant heterogene-
ous inflammatory and accessory cells (Figure 2A

and B). The pathognomonic large mononucleated
(Hodgkin cells) and multinucleated tumor cells
(Reed-Sternberg cells) derive from mature B cells
at a germinal center or post-germinal center stage
of differentiation that have acquired disadvanta-
geous immunoglobulin variable region gene muta-
tions and normally would have undergone apoptosis
[Kuppers, 2009].

With the advances made in frontline multiagent
chemotherapy, HL is deemed to be a highly cur-
able disease. Nonetheless, advanced HL (defined
as stage IIT or IV, presence of bulky disease or
B symptoms) remains a challenge as 10% of
patients will not achieve a complete remission
and 20-30% of patients who initially responded,
will experience a relapse [Kuruvilla ez al. 2011].
Salvage chemotherapy followed by autologous
stem-cell transplantation (SCT) has become the
treatment of choice in relapsed [Schmitz er al.
2002] or refractory [Lazarus ez al. 1999] disease.
Several salvage regimens have been reported,
mostly in single-arm phase II studies, and in
the absence of comparative trials, there is no

http://tah.sagepub.com
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consensus on the optimal regimen [Kuruvilla ez al.
2011]. With salvage chemotherapy, hematologic
toxicities and compromised stem-cell mobiliza-
tion are significant issues of concern. Despite the
reported overall response rates of 69—89%, lack
of response is not uncommon and proceeding to
autologous SCT in this setting is controversial
[Kuruvilla ez al. 2011]: evidence from rand-
omized trials supports autologous SCT only in
chemosensitive disease [Schmitz ez al. 2002] and
outcomes in the absence of complete response have
been inferior [Lazarus ez al. 1999]. Myeloablative
allogeneic SCT has been fraught with high
treatment-related mortality and early studies
failed to show an advantage over autologous
SCT [Milpied ez al. 1996]. Nonmyeloablative
allogeneic SCT on the other hand has lower
treatment-related mortality but the incidence of
relapsed/refractory disease is high (40-63% in
2 years) [Burroughs er al. 2008]. With an esti-
mated median survival of less than 3 years in the
setting of failure of first- and second-line ther-
apy [Younes, 2009], and a proportion of patients
ineligible for SCT, relapsed or refractory HL
represents a significant therapeutic challenge.

Anaplastic large cell lymphoma

ALCL is a rare CD30+ T-cell lymphoma that
constitutes 10-15% and 2-8% of non-Hodgkin
lymphomas in children and adults, respectively
[Merkel ez al. 2011]. The neoplastic cells are
pleomorphic, typically large, with eccentric,
horseshoe or kidney-shaped nuclei. They are
consistently present in all histologic variants of
ALCL, hence termed ‘hallmark’ cells (Figure 2C
and D). Two clinically and genetically distinct
but indistinguishable on morphologic grounds
alone ALCL entities are recognized based on the
expression of anaplastic lymphoma kinase (ALK),
ALK-positive and ALK-negative ALCL. ALK
expression results from translocations involving
ALK on chromosome 2 with various partner
genes, most commonly nucleophosmin on chro-
mosome 5, whereby the tyrosine kinase domain
of ALK fuses with the N-terminal part of the
partner gene. The fusion partner introduces
dimerization motifs in the chimeric protein lead-
ing to the constitutive activation of ALK which
results in oncogenic transformation and lym-
phomagenesis [Amin and Lai, 2007].

Unlike its primary cutaneous variant that has an
excellent prognosis, systemic ALLCL has an aggres-
sive clinical course with frequent involvement of

extranodal sites. Overall, ALK-negative ALCL has
a consistently worse prognosis compared with its
ALK-positive counterpart [Corradini ez al. 2006;
Savage et al. 2008]. A multiagent, anthracycline-
containing regimen is the mainstay first-line ther-
apy for remission induction, although the addition
of an anthracycline in the treatment of ALK-
negative ALCL is debatable [Vose ez al. 2008].
The treatment of relapsed or refractory disease
has been challenging as few agents have consist-
ently shown activity such as pralatrexate (overall
response rate 35%) [O’Connor er al. 2011]. Five-
year overall survival as high as 55% has been
reported for young patients who undergo alloge-
neic SCT, but refractory or progressive disease at
the time of transplantation are significant adverse
prognostic factors [Le Gouill ez al. 2008].

Brentuximab vedotin: composition and
mechanism of action

Brentuximab vedotin is an ADC consisting of the
monoclonal antibody cAC10 and the cytotoxic
agent monomethyl auristatin E (MMAE, Figure 3)
[Francisco et al. 2003].

cAC10 (SGN-30) is a chimeric anti-CD30
monoclonal antibody derived from the fusion
of the variable heavy and light region of the
murine anti-CD30 antibody AC10, with the
constant gammal-heavy and kappa-light region
of the human immunoglobulin [Wahl ez al
2002]. Unlike previous anti-CD30 antibodies
that have been active against ALCL [Tian ez al.
1995] but not HL cell lines (probably because
of the constitutively active NF-«B pathway),
both SGN-30 and its murine predecessor AC10
have shown activity against HL. [Wahl ez al.
2002]. It is not entirely clear why these particu-
lar antibodies have shown activity iz vitro as
well as in immunodeficient mouse models of
HL where antibody-dependent cell-mediated
and complement-mediated cytotoxicity are
expectedly compromised. A possible explana-
tion may involve the crosslinking properties of
SGN-30 and resultant clustering of SGN-
30-CD30 complexes on the surface of the cells
[Wahl ez al. 2002]. This, in turn, activates the
NF-kB pathway but the resultant changes in
the transcriptome lead to growth arrest and
apoptosis [Cerveny ez al. 2005; Wahl er al
2002]. While active by itself, SGN-30 was
shown to synergize well with conventional
chemotherapeutics used to treat HL. [Cerveny
et al. 2005].
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Figure 3. Composition of brentuximab vedotin (cAC10-vcMMAE, SGN-35). SGN-30 (cAC10, the parent naked
antibody) is a chimeric anti-CD30 monoclonal antibody derived from the fusion of the variable heavy and light
region of the murine anti-CD30 antibody AC10, with the constant gamma1-heavy and kappa-light region of the
human immunoglobulin [Wahl et al. 2002]. An average of 4 (2-8) MMAE molecules are attached to the SGN-30
scaffold. The points of MMAE attachment are -SH groups of cysteine residues produced by mild reduction of
the interchain disulfide bonds. The linker consists of a thiolreactive maleimidocaproyl spacer, the dipeptide
valine-citrulline linker, and a PABC spacer [Francisco et al. 2003]. The site of action of the lysosomal proteases
is also shown [Sutherland et al. 2006]. (Illustration courtesy of Alessandro Baliani. Copyright © 2012.) MMAE,
monomethyl auristatin E; PABC, p-aminobenzylcarbamate.

In an attempt to enhance the antitumor properties
of SGN-30, MMAE was conjugated to the mono-
clonal antibody generating the cAC10-vcMMAE
ADC (SGN-35, brentuximab vedotin) [Wahl
et al. 2002]. MMAE is a synthetic derivative of
dolastatin 10, a natural cytostatic pseudopeptide
originally isolated from the marine shell-less
mollusk Dorabella auricularia. MMAE exerts its
potent cytostatic effect by inhibiting microtubule
assembly, tubulin-dependent GTP hydrolysis and
polymerization [Bai et al. 1990]. By themselves,
both dolastatin 10 and MMAE have shown sig-
nificant activity against various cell lines of hemat-
opoietic tumors iz virro [Bai et al. 1990; Francisco
et al. 2003; Gerber et al. 2009]. The points of
MMAE attachment on SGN-30 scaffold are —-SH
groups of cysteine residues produced by mild
reduction of the interchain disulfide bonds. The
linker consists of a thiolreactive maleimidocaproyl
spacer, the dipeptide valine—citrulline linker, and
a self-immolative p-aminobenzylcarbamate spacer
[Francisco ez al. 2003] (Figure 3). The peptide-
based linker provides a highly stable bond between
the antibody and the cytotoxic compound under
physiologic conditions while it facilitates the rapid

and efficient drug cleavage upon internalization
of the ADC by the target tumor cell [Doronina
et al. 2003]. Indeed, after a 10-day incubation
in human plasma at 37°C, less than 2% of the
MMAE was released [Francisco ez al. 2003]. Two
to eight MMAE molecules are attached on each
antibody with an average MMAE:cAC10 stoichi-
ometry of 4:1.

In vitro, cAC10-veMMAE was shown to bind
with the same affinity to CD30 as the parent
naked antibody [Francisco et al. 2003]. Once
bound, the ADC is internalized by clathrin-
mediated endocytosis [Sutherland ez al. 2006].
The vesicle fuses with lysosomes where MMAE is
released with the action of cathepsin B and other
lysosomal cysteine proteases [Sutherland er al
2006] (Figure 4), thereby causing cell cycle arrest
followed by apoptotic cell death [Francisco et al.
2003]. Owing to plasma membrane permeability,
part of the MMAE is released in the tumor
microenvironment exerting a cytotoxic effect on
bystander cells [Okeley er al. 2010]. The efficacy
of cAC10-veMMAE was evaluated in mouse
models of ALCL and HL where the ADC was

http://tah.sagepub.com
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shown to be highly selective to the tumor cells
inducing durable and complete regressions in
doses significantly lower than the maximum toler-
ated dose (MTD). Both i wvitro and in vivo,
cAC10-veMMAE was superior to the unconju-
gated parent antibody [Francisco ez al. 2003]. In
mouse studies combining cAC10-veMMAE with
conventional regimens for HL such as ABVD
(doxorubicin, bleomycin, vinblastine, dacar-
bazine), a significant synergism was observed
[Oflazoglu ez al. 2008]. Moreover, durable remis-
sions were achieved even when the inoculated

Table 2. Clinical trials with anti-CD30 monoclonal antibodies.

tumors were allowed to reach large proportions,
recapitulating disease with high tumor burden
[Oflazoglu ez al. 2008].

Phase | studies

As CD30 was recognized early to be an appealing
therapeutic target, several variably successful
efforts have been undertaken over the years to tar-
get this receptor with the first proof-of-concept
clinical investigations dating as far back as 1992
[Falini ez al. 1992]. Table 2 provides a list of the

http://tah.sagepub.com
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Table 2. (Continued)

clinical studies published thus far with naked
antibodies [Ansell ez al. 2007; Bartlett ez al. 2008;
Forero-Torres et al. 2009], radioimmunoconju-
gates [Schnell ez al. 2005], immunotoxins [Falini
et al. 19925 Schnell ez al. 2002], bispecific anti-
bodies [Borchmann er al. 2002], Fc-engineered
antibodies [Blum ez al. 2009], while other strate-
gies, such as CD30L fusion toxins [Huhn ez al
2001], have also been investigated i vitro or in
vivo. Studies with the unconjugated parent anti-
body, SGN-30, have also been undertaken
[Bartlett ez al. 2008; Forero-Torres et al. 2009],
but further clinical development was curtailed
because of the low response rates [Katz er al
2011]. Objective responses were seen only in
ALCL and, while no objective responses were
seen in HL, 19-29% of patients achieved stable
disease [Bartlett er al. 2008; Forero-Torres et al.
2009].

Two phase I studies investigating two different
regimens of brentuximab vedotin were under-
taken [Fanale er al. 2011;Younes ez al. 2010].

In the first study, the ADC was administered
intravenously every 3 weeks at doses of 0.1 to 3.6
mg/kg according to a traditional dose-escalation
design followed by a cohort expansion phase
[Younes er al. 2010]. The primary objective was
to determine the MTD, while the secondary
objectives included assessment of antitumor
activity. The study enrolled a total of 45 patients:
42 with HL, 2 with ALK(-positive) ALCL and
one with angioimmunoblastic T-cell lymphoma.
All participants had relapsed or refractory disease
to multiple prior regimens; the median number
of prior chemotherapies was 3 (range, 1-7) while
73% had failed autologous SCT. The MTD and
the dose for further clinical investigations was
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Brentuximab vedotin (SGN-35)

| Monomethyl auristatin E (MMAE)

protease cleavable linker

| _—— CD30 receptor 1. SGN-35 binding to CD30 receptor

2. SGN-35 is internalized by endocytosis

3. fusion of vesicle with lysosomes

CD30-positive!
cell
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other lysosomal cysteine proteases
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cytotoxic effect
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i/
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Figure 4. SGN-35 binds to CD30 and is internalized by clathrin-mediated endocytosis [Sutherland et al. 2006].
The vesicle fuses with lysosomes where MMAE is released with the action of cathepsin B and other lysosomal
cysteine proteases [Sutherland et al. 2006]. MMAE inhibits microtubule assembly and polymerization thereby
causing G,/M cell cycle arrest followed by apoptotic cell death [Francisco et al. 2003]. Small amounts of free
MMAE may be diffused in the microenvironment where they exert potent cytotoxic effects on cells surrounding
the malignant ALCL cells, Hodgkin and Reed-Sternberg cells. (Illustration courtesy of Alessandro Baliani.
Copyright © 2012.) Lys, lysosome; MMAE, monomethyl auristatin E.
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determined at 1.8 mg/kg as at the 2.7 mg/kg dose
level 3 of 12 patients experienced dose limiting
toxicities and the single patient treated at 3.6 mg/kg
developed febrile neutropenia that contributed to
his subsequent death. The most common adverse
events included fatigue, pyrexia, diarrhea, nausea,
neutropenia and were mostly mild to moderate in
severity. Nonetheless, dose delays and treatment
withdrawal due to adverse events occurred in
36% and 27% of patients, respectively. Cumulative
dose-related peripheral neuropathy, probably
associated with unconjugated MMAE, was clini-
cally important as it occurred in 36% of patients
after a median of three cycles. Although it resolved
in most patients, 37% of patients had persistent
symptoms at the last safety assessment and 25%
of drug discontinuations due to adverse events
were associated with peripheral neuropathy
[Younes er al. 2010].

The highlight of the study though was the unprec-
edented responses observed in a patient popula-
tion with very few other treatment options [Younes
et al. 2010]. The overall objective response rate
was 38.6% (25% complete and 13.6% partial
response rate), whereas 81% of patients with dis-
ease-related symptoms at baseline experienced
resolution regardless of response status. At the
MTD, the overall response rate was 50% (67%
according to independent review). The median
duration of response was at least 9.7 months and
the progression-free survival 5.9 months [Younes
et al. 2010].

In the second phase I study, brentuximab vedotin
was administered weekly for three weeks of a
4-week cycle at doses of 0.4 to 1.4 mg/kg [Fanale
et al. 2011]. The hypothesis was that weekly
administration of the ADC would augment its
antitumor activity without compromising its
safety. This study also followed a traditional dose-
escalation design with cohort expansion phase.
The primary objectives were the determination of
MTD and safety profile of a weekly regimen,
while secondary objectives included assessment
of antitumor efficacy. The study enrolled 44
patients with relapsed (55%) or refractory (45%)
CD30+ hematologic malignancies: 38 patients
with HL,, 5 with ALCL (1 ALK-positive, 4 ALK-
negative), and 1 patient with peripheral T-cell
lymphoma not otherwise specified. The patient
characteristics were similar with the prior phase I
study: the median number of prior systemic ther-
apies was 3 (range, 1-8) and 68% of patients had
failed prior autologous SCT. With the dose of the

investigational drug escalated at smaller incre-
ments around the MTD compared with the prior
study, the MTD was determined at 1.2 mg/kg.
Hyperglycemia and diarrhea constituted the
dose-limiting toxicities in the immediately higher
cohort (1.4 mg/kg); no dose-limiting toxicities
were seen at the MTD. The nature of the most
common adverse events was similar between
weekly and g3-week administration of brentuxi-
mab vedotin; however, the incidence of fatigue,
nausea, arthralgia, diarrhea, upper respiratory
tract infection, infusion reactions, and primarily
peripheral neuropathy (sensory and motor) was
higher with the weekly regimen. Overall, 73% of
patients developed peripheral neuropathy, mostly
mild to moderate; grade III peripheral neuropa-
thy developed in 14% (as compared with 36%
incidence of any grade and 2.2% incidence of
grade III peripheral neuropathy with the g3-week
administration) [Fanale ez al. 2011].

This study showed that a weekly regimen is at
least as efficacious as q3-week administration in
inducing durable remissions [Fanale ez al. 2011].
The overall response rate was 59% with complete
remissions achieved in 34%. At the MTD, the
overall and complete response rates were 58%
and 25%, respectively. With a median follow up of
11 months, the median progression-free survival
was approximately 7 months, whereas the median
overall survival has not been reached [Fanale ez al.
2011]. Although more patients achieved complete
remissions when compared with the prior phase I
study, the results are not directly comparable as
the number of patients who received therapeutic
doses of the investigational drug are different.
Both studies have indicated a dose-response ther-
apeutic effect and efficacy was not their primary
objective. Weekly infusion of brentuximab vedotin
may be advantageous over a q3-week regimen in
inducing rapid responses in patients with bulky or
symptomatic disease, but cumulative peripheral
neuropathy may limit prolonged administrations.

Both phase I studies allowed retreatment with
brentuximab vedotin in patients who achieved
reductions in tumor volume to the investiga-
tional therapy but relapsed [Bartlett ez al. 2010].
The regimen consisted of 1.8 mg/kg q3 weeks
or 1 mg/kg weekly, depending on the prior
study. Preliminary data on seven patients (six
with HL and one with ALCL) who received
eight retreatments have been reported. Since
the last administration of brentuximab vedotin,
half of the retreatment cases did not receive any
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therapy, whereas the other half received one to
three chemotherapy regimens; one patient
underwent autologous SCT in the interim.
Responses were remarkable even in this setting,
as 2/8 and 4/8 retreatment cases achieved com-
plete and partial remissions, respectively. The
other two cases achieved stable disease. Adverse
events were similar to those reported in the
phase I studies including peripheral neuropathy
and upper respiratory tract infections [Bartlett
et al. 2010].

Phase Il studies/pivotal clinical trials

The encouraging results of the phase I studies
set the stage for the conduction of two single-
arm, multicenter phase II clinical trials with
brentuximab vedotin at 1.8 mg/kg q3 weeks up
to 16 cycles in relapsed or refractory HL. [Chen
et al. 2011] and ALCL [Pro er al. 2011]. In
both studies, the primary objective was objec-
tive response rate as assessed by independent
review.

The phase II study in HL enrolled a total of 102
patients with relapsed or refractory disease hav-
ing failed prior autologous SCT [Chen et al
2011]. The median age of the participants was
31 years (range, 15-77) and the median number
of prior treatments was 3.5 (range, 1-13) in
addition to high-dose chemotherapy followed by
autologous SCT. A total of 71% of patients
had primary refractory disease (defined as fail-
ure to achieve complete remission or progression
within 3 months of completing frontline therapy)
and 42% had not responded to their most recent
prior treatment. The objective response rate was
75% with complete remission rate of 34%. A
total of 79 of 102 patients (95%) achieved reduc-
tions in tumor size and 83% of patients with B
symptoms at baseline, experienced resolution of
these symptoms. With a median follow up of 9
months, the median duration of response in
patients who achieved complete remission has
not been reached and the reported estimated
12-month overall survival was 88%. The most
common adverse events of any grade were
peripheral neuropathy, fatigue, nausea, diarrhea,
and neutropenia, whereas common grade III
adverse events included peripheral neuropathy
and cytopenias; 18% of patients discontinued
treatment due to adverse events. Overall, bren-
tuximab vedotin showed remarkable antitumor
activity in a heavily pretreated population with
manageable toxicities [Chen ez al. 2011].

The phase II study in ALCL enrolled a total of
58 patients with relapsed or refractory disease [Pro
et al. 2011]. The median age of the participants
was 52 years (range, 14-76) and the median
number of prior treatments was 2 (range, 1-6).
Consistent with the aggressive nature of ALCL,
especially ALK-negative ALCL which was over-
represented in the study (72%), the incidence of
primary refractory disease and disease refractory
to the most recent treatment was high (62% and
50%, respectively). Moreover, 22% of patients
never responded to any prior therapy. In this dif-
ficult-to-treat population, the objective response
rate was 86% with complete remission rate of
53%. More than 90% of patients with secondary
cutaneous involvement experienced resolution of
the lesions after a median of 4.9 weeks. At the
time of presentation of the results, the median
duration of response was not reached but ranged
between 0.3 and 45.3 weeks. Interestingly, the
response pattern was similar in ALK-positive and
ALLK-negative disease. The treatment-related
adverse events were similar in nature and inci-
dence to those reported in the phase II study in
HL with cytopenias and peripheral neuropathy
constituting the most common grade III toxicities.
Opverall, brentuximab vedotin showed significant
antitumor activity in ALCL, both ALK-positive
and ALK-negative, and induced a high proportion
of durable complete remissions with manageable
toxicity [Pro er al. 2011].

The final results of those two pivotal trials have
not been published yet. Nonetheless, given the
unprecedented antitumor efficacy in a patient
population with few other treatment options, the
Food and Drug Administration (FDA) granted
accelerated approval of brentuximab vedotin in
relapsed or refractory HL and ALCL [FDA,
2011]. In HL, the indication includes failure of
autologous SCT or at least two prior multiagent
chemotherapy regimens in patients ineligible for
SCT. Given the paucity of effective second-line
regimens in ALCL (especially ALK-negative
ALCL), the indication in ALCL includes failure of
at least one prior multiagent chemotherapy. Owing
to cumulative toxicities, the treatment should not
exceed 16 cycles and, although effective [Bartlett
et al. 2010], retreatment with brentuximab vedotin
should be considered investigational.

Conclusions and future directions
It is important to highlight the significant differ-
ence in clinical activity between the naked parent
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antibody SGN-30 and the ADC counterpart,
SGN-35 [Forero-Torres er al. 2009; Younes et al.
2010]. It is evident that conjugation of SGN-30
with a potent cytotoxin, enhanced significantly its
antitumor activity. Possible explanations for the
modest activity of the naked antibody may include
impaired antibody-dependent cell-mediated cyto-
toxicity in the immunosuppressing tumor micro-
environment and sequestration by the soluble
CD30. The naked antibody may be active in its
own right as shown i virro and in mouse models
of HLL [Wahl ez al. 2002], but in practice, the
addition of a cytotoxic agent may be required to
significantly potentiate its antitumor efficacy.
On the other hand, the cytotoxic effect of free
MMAE diffused from CD30+ malignant cells on
bystander cells may in part account for the signifi-
cant antitumor activity of SGN-35 [Katz ez al
2011], especially in HL. where the tumor micro-
environment is essential for the proliferation and
survival of the malignant Hodgkin and Reed—
Sternberg cells [Kuppers, 2009].

Several studies of brentuximab vedotin are
currently ongoing. The AETHERA trial (ADC
Empowered Trial for Hodgkin to Evaluate
PRogression after Autologous SCT) is a phase
III randomized, double-blind study comparing
brentuximab vedotin plus best supportive care
versus placebo plus best supportive care in
patients with HL at high risk of relapse after
autologous SCT [ClinicalTrials.gov identifier:
NCTO01100502]. The results of this study will
provide the basis for full FDA approval. Building
on the encouraging results of a case series
[Bartlett ez al. 2010], a phase II trial is evaluating
the potential for retreatment with brentuximab
vedotin in patients who have relapsed after dis-
continuing previous therapy with the same agent
[ClinicalTrials.gov identifier: NCT00947856].

Given the significant antitumor activity and the
favorable toxicity profile of brentuximab vedotin,
many clinical trials are investigating its efficacy in
earlier stages of HL. A phase I, two-arm, open-
label, dose-escalation study is investigating the
combination of brentuximab vedotin with multia-
gent chemotherapy in front-line treatment of HL.
The treatment arms consist of brentuximab vedo-
tin in combination with ABVD or AVD (doxoru-
bicin, vinblastine, dacarbazine) [ClinicalTrials.
gov identifier: NCT01060904]. Another phase II
study is evaluating the efficacy of four courses of
brentuximab vedotin in patients with recurrent
HL prior to autologous SCT [ClinicalTrials.gov

identifier: NCT01393717]. Lastly, a phase II study
is evaluating the efficacy of brentuximab vedotin
as frontline therapy in elderly patients (older than
60 years of age) with HL. Treatment consists of a
lead-in phase with two cycles of brentuximab
vedotin g3 weeks, followed by six cycles of AVD.
Patients who achieve complete remission will
receive another 4 cycles of brentuximab vedotin
as consolidation [ClinicalTrials.gov identifier:
NCT01476410].

As other malignancies besides HL. and ALCL may
express CD30, ongoing clinical trials are currently
investigating the potential of SGN-35 in other
CD30+ neoplasms. A phase I trial is evaluating
brentuximab vedotin given sequentially or concur-
rently with multiagent chemotherapy as front-line
treatment in patients with CD30+ mature T-cell
or NK-cell neoplasms including ALLCL. The study
has three arms: brentuximab vedotin given
sequentially with cyclophosphamide, prednisone,
doxorubicin, and vincristine and brentuximab
vedotin given concurrently or sequentially with
cyclophosphamide, doxorubicin, and prednisone
[ClinicalTrials.gov identifier: NCT01309789]. A
phase II study is evaluating the antitumor efficacy
of brentuximab vedotin in CD30+ primary cuta-
neouslymphoproliferative disorders [Clinical Trials.
gov identifer: NCT01352520], whereas another
phase II study is evaluating brentuximab vedotin
in CD30+ nonlymphomatous malignancies,
including solid tumors [ClinicalTrials.gov identi-
fier: NCT01461538]. Lastly, the efficacy and
safety of brentuximab vedotin as a single agent in
CD30+ T-cell and B-cell non-Hodgkin lympho-
mas is under clinical investigation in a multicenter,
open-label phase II study [ClinicalTrials.gov iden-
tifier: NCT01421667].

In conclusion, CD30 epitomizes many properties
of an ideal pharmacologic target. However, until
the advent of brentuximab vedotin, antibody-
based anti-CD30 immunotherapy had been
largely unsuccessful. Brentuximab vedotin showed
significant antitumor activity in relapsed or refrac-
tory HL. and ALCL, leading to its accelerated
approval by the FDA. Before the advent of bren-
tuximab vedotin, both conditions had limited
alternative options and an overall unfavorable
prognosis. A major clinical consideration is cumu-
lative peripheral neuropathy which may limit
prolonged administrations. As other hematologic
malignancies may express CD30 and brentuxi-
mab vedotin has a favorable toxicity profile, its
indications are anticipated to expand.
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