CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

A combination of anti-CD3 and anti-CD7 ricin A-immunotoxins
for the in vivo treatment of acute graft versus host disease

Ypke V. J. M. van Oosterhout, Liesbeth van Emst, Anton V. M. B. Schattenberg, Wil J. M. Tax, Dirk J. Ruiter, Hergen Spits,
Fokke M. Nagengast, Roos Masereeuw, Sabine Evers, Theo de Witte, and Frank W. M. B. Preijers

This study evaluated the anti-graft versus
host disease (GVHD) potential of a combina-
tion of immunotoxins (IT), consisting of a
murine CD3 (SPV-T3a) and CD7 (WT1)
monoclonal antibody both conjugated to
deglycosylated ricin A. In vitro efficacy data
demonstrated that these IT act synergisti-
cally, resulting in an approximately 99%
elimination of activated T cells at 10-8 mol/L
(about 1.8 pg/mL). Because most natural
killer (NK) cells are CD7+, NK activity was
inhibited as well. Apart from the Kkilling
mediated by ricin A, binding of SPV-T3a by
itself impaired in vitro cytotoxic T-cell cyto-
toxicity. Flow cytometric analysis revealed

that this was due to both modulation of the
CD3/T-cell receptor complex and activation-
induced cell death. These results warranted
evaluation of the IT combination in patients
with refractory acute GVHD in an ongoing
pilot study. So far, 4 patients have been
treated with 3 to 4 infusions of 2 or 4 mg/m?
IT combination, administered intravenously
at 48-hour intervals. The Ty, was 6.7 hours,
and peak serum levels ranged from 258 to
3210 ng/mL. Drug-associated side effects
were restricted to limited edema, fever, and
a modest rise of creatine kinase levels. One
patient developed low-titer antibodies
against ricin A. Infusions were associated

with an immediate drop of circulating T
cells, followed by a more gradual but
continuing elimination of T/NK cells. One
patient mounted an extensive CD8 T-cell
response directly after treatment, notaccom-
panied with aggravating GVHD. Two pa-
tients showed nearly complete remission of
GVHD, despite unresponsiveness to the
extensive pretreatment. These findings jus-
tify further investigation of the IT combina-
tion for treatment of diseases mediated by T
cells. (Blood. 2000;95:3693-3701)
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Introduction

Stem cell transplantation forms a widely accepted method for
restoration of normal hematopoiesis of patients treated for a
hematologic malignancy or otherwise suffering from a defective
hematopoietic or immunologic system. For a successful engraft-
ment, a minimal number of donor T cells in the graft appears to be a
prerequisite. The underlying mechanism by which these cells
promote engraftment is not fully understood, but probably includes
the creation of an immunologically tolerogenic environment by
eliminating the remainder of the patient’s immune system.

In treatment of a malignancy, the cotransplantation of donor T cells
confers additional benefit because they contribute to the so-called graft
versus leukemia (GVL) effect, which involves the elimination of
residual malignant cells." The basis of GVL forms the recognition by
donor T cells of (minor or major) histocompatibility antigens expressed
by the malignant recipient cells. Unfortunately, this antigenic disparity
may also lead to graft versus host disease (GVHD), a major cause of
morbidity and mortality after allogeneic stem cell transplantation.?
GVHD is thought to be initiated by alloactivation of donor T cells
resulting in the production of cytokines (interleukin [IL]-2 and inter-
feron [INF]-y), which in turn activate additional effector cells, like
monocytes, macrophages, and natural killer (NK) cells, to produce
inflammatory proteins (IL-1, tumor necrosis factor [TNF]-«, and IL-6).
This may result in serious direct and indirect cytotoxicity to epithelial
cells of skin, liver, and gut.

When prophylaxis has failed (typically cyclosporine, often

combined with methotrexate), severe GVHD is usually treated with
low-dose corticosteroids. If the reaction progresses, the dose may
be increased (up to levels of 10-20 mg/kg/d) or, alternatively,
polyclonal antithymocyte/antilymphocyte globulin (ATG/ALG) or
experimental immunosuppressive drugs may be applied. An ex-
ample of such an experimental reagent is Xomazyme-CD5 Plus, a
murine CD5 monoclonal antibody (MoAb) conjugated to the A
chain of the phytolectin ricin. Especially in the initial reports,
Xomazyme-CDS5 Plus demonstrated substantial efficacy in treating
steroid-resistant acute GVHD.*> In more recent comparative trails,
Xomazyme-CD5 Plus was not more effective than high-dose
corticosteroids or ATG.%7 Encouraged by its initial success, we
developed a therapy based on the use of a combination of 2
anti-T-cell immunotoxins (IT): murine MoAb SPV-T3a (CD3) and
WTT1 (CD7), both conjugated to deglycosylated ricin A (dgA). We
present the preclinical efficacy data and preliminary clinical results,
both of which suggest that this IT combination has the potential for
helping to control severe acute GVHD.

Materials and methods

Immunotoxins

The “IT combination” as referred to in this article consists of a 1:1 mixture
(w/w) of murine MoAb SPV-T3a (CD3)® and WTI1 (CD7)*! both
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conjugated to dgA (Inland, Austin, TX) using the SMPT-cross-linker
(Pierce, Rockford, IL), according to Ghetie et al.!' The preparation and
validation were supervised by the institutional Department of Clinical
Pharmacy. The major characteristics of the IT are summarized in Table 1;
details will be reported elsewhere (manuscript in preparation). Murine
MoAb UPC-10 (IgG2a) and MOPC-141 (IgG2b) (both Sigma, St. Louis,
MO) conjugated to dgA served as isotype-matched irrelevant controls for
the in vitro experiments. Noteworthy, in vitro tissue screening unveiled a
cross-reactivity of MoAb SPV-T3a with the basal epithelium of the human
esophagus. To investigate potential in vivo consequences, the IT combina-
tion was administered to 2 cynomolgus monkeys sharing the same
cross-reactivity. Subsequent esophagus biopsies revealed no toxicity to-
ward the esophagus epithelium, nor could any localization of SPV-T3a-dgA
be detected. Both monkeys demonstrated a transient rise of creatine kinase
(CK)-levels on administration of the IT combination.

Peripheral blood mononuclear cells (PBMC)

PBMC were isolated from peripheral blood by Ficoll-Hypaque density
centrifugation (Pharmacia, Uppsala, Sweden), and cultured in Iscove’s
medium (Flow, Irvine, Scotland) supplemented with 10% heat-inactivated
pooled human serum (PHS), penicillin (100 U/mL), and streptomycin (100
pug/mL). For generation of phytohemagglutinin (PHA)-activated T cells,
PBMC were preincubated with 40 pg/mL PHA-HA1S5 (Murex, Dartford,
UK) for 48 hours.

Flow cytometric quantification of in vitro cell kill

Nonactivated as well as PHA-activated PBMC (10%/mL) were incubated in
triplicate with varying concentrations of IT (10~'3-10~8 mol/L) at 37°C for
24 hours. After treatment, cells were washed and cultured in the presence of
PHA (40 pg/mL) for an additional 4 days to enable full exposure of IT
toxicity. Subsequently, cells were labeled with propidium iodine (PI)
(Molecular Probes, Junction City, OR) and calcein AM (Calc) (Molecular
Probes) (both: 2 pg/mL for 30 minutes at room temperature), and analyzed
on a flow cytometer (Coulter Epics Elite, Hialeah, FL). Cells being PI~ and
Calc™ were referred to as viable cells. Prior to flow cytometric analysis, a
fixed amount of inert beads (Flow-Count fluorospheres, Coulter) was added
to each sample (1 X 10*/mL) to enable the quantification of surviving cells.

Reduction of cytotoxic T-cell toxicity by SPV-T3a

Cytotoxic T-cell (CTL) toxicity was assayed in vitro using an EBNA3C!'2-
reactive CTL clone. The CTL clone was incubated with MoAb SPV-T3a
(1078 mol/L) or isotype-matched control MoAb MOPC-141 at 37°C for 24
hours. Subsequently, cells were washed and cultured in culture medium for
another 72 hours. Remaining cytolytic activity was assayed with an
autologous Epstein-Barr virus (EBV)-transformed lymphoblastoid cell line

Table 1. IT characteristics
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(EBV-LCL), labeled with 100 yCi >'Cr (Amersham, Bucks, UK) at 37°C for
2 hours. Labeled EBV-LCL were plated in triplicate (10%/well) in V-bottom
microtiter plates (Greiner, Fickenhausen, Germany) and saturated with
endogenous EBNA3C (5 umol/L for 1 hour at 37°C) to enhance T-cell
receptor (TCR)-mediated lysis. Subsequently, varying numbers of MoAb-
treated CTL cells were added to each well in a final volume of 150 uL
culture medium. Plates were centrifuged (50g, 1 minute) and further
incubated at 37°C. After 4 hours, 100 pL supernatant was collected from
each well and counted in a gamma counter. Specific lysis was expressed as
percentage maximal lysis by detergent, both corrected for spontaneous
SICr release.

Modulation of the CD3-antigen by SPV-T3a

Surface CD3 expression of SPV-T3a-treated CTL was determined by
indirect fluorescence staining with a saturating amount of SPV-T3a (10
pug/mL, 4°C 30 minutes), followed by a fluorescein isothiocyanate (FITC)-
conjugated F(ab"), goat-antimouse IgG (American Qualex International, La
Mirada, CA). CD3 antigen still bound by SPV-T3a used for treatment was
identified by staining with the FITC-conjugated antibody only. Expression
was indicated as percentage relative to untreated control cells.

In vitro reduction of NK activity

The PBMC (10%mL) were incubated with 10~% mol/L MoAb or IT for 24
hours. Subsequently, cells were washed and cultured for 3 additional days
without MoAb/IT (to enable full exposure of toxicity). PBMC were serially
diluted in 96-well U-bottomed plates, and a fixed concentration of
SICr-labeled K562 cells was added (10%/well) to yield effector/target ratios
of 10:1 to 0.37:1 in a final volume of 150 yL culture medium. Plates were
centrifuged (50g, 1 minute) and further incubated at 37°C. After 4 hours,
100 pL supernatant was collected from each well and counted in a gamma
counter. NK activity was expressed as percentage maximum lysis by
detergent, both corrected for spontaneous >'Cr release. Recombinant IL-2
(500 U/mL) (Cetus, Emeryville, CA) was present during the entire assay to
increase NK activity.

Clinical pilot study

The first patients were treated in a single center, nonrandomized, open-
labeled, dose-escalating study (ongoing) with the aim of obtaining esti-
mates of the safety and efficacy of the IT combination administered to
patients with life-threatening GVHD. Patients with acute GVHD were
eligible if they had received second-line high-dose corticosteroid therapy
(methylprednisolone 1000 mg/d) for at least 3 days without a decrease in
the severity of clinical symptoms. Patients were not eligible if they had
evidence of intrapulmonary disease (which might aggravate the clinical
severity of vascular leak syndrome [VLS]'?), or had allergy or antibodies to

SPV-T3a-dgA (CD3)

WT1-dgA (CD7)

MoAb
Composition (SDS-PAGE)

murine 1gG2b
MoAb(dgA)=3 (6%)
MoAb(dgA)1.2 (88%)

MoAb 6%

dgA 0%
Sterility Sterile
Endotoxins (EU/mg protein) <0.8
DNA content (pg/mg protein) <!
Protein A (ng/mg protein) 1.1 +03
Cybacron blue (nmol/L) <10
A-chain activity (% native dgA) 84
Binding activity (% native MoAb) 70
Dissociation in human plasma at 37°C (% in 24 h) 10

In vitro cross-reactivity

Esophagus epithelium (++)

murine IgG2a
MoAb(dgA)=3 (0%)
MoAb(dgA)+.2 (78%)
MoAb 23%

dgA 0%

Sterile

<0.7

<9

27+08

<10

91

90

10

Kupfer cells (+/-)

Smooth muscle cells (+/—)

LD50
Toxicity cynomolgus monkey

25-45 pg/g mouse for the IT-combination

Reversible increase of CK levels on administration of human doses IT combination (0.1-0.25 mg/kg)

SDS-PAGE indicates sodium dodecyl sulfate-polyacrylamide gel electrophoresis.
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mouse Ig or dgA. Before entering the trial, all patients gave informed
consent in accordance with the institutional review board and ethics
committee. For assessment of safety and responses, patients were evaluated
daily during hospitalization, and weekly thereafter, with a physical exami-
nation and by obtaining serum chemistries, complete blood counts, and
leukocyte differential. In addition, blood samples were collected for
determination of the pharmacokinetics and immunogenicity of the IT
combination. Toxicities were graded according to the National Cancer
Institute Common Toxicity Criteria (NCI-CTC; version 2.0).

Administration of the IT combination

Patients were supposed to receive 4 doses of the IT combination adminis-
tered intravenously in 4-hour infusions at 48-hour intervals. Prior to the-
rapy, an intravenous test dose of 200 ug IT combination was administered to rule
out anaphylactic reactions. Immunosuppressive agents used for prophylaxis
and initial treatment of GVHD were allowed to remain unchanged.

Pharmacokinetics

Plasma levels of intact IT were measured with an enzyme immunoassay.
Affinity-purified rabbit antiricin antibody (Sigma) in carbonate buffer (pH
9.6) was adsorbed to 96-wells maxisorp plates (Nunc, Roskilde, Denmark),
and residual binding sites were blocked with 4% bovine serum albumin
(BSA). Patient plasma samples were serially diluted in 50% PHS in the
absorbed microtiter plates and incubated at 37°C for 1 hour. Subsequently,
plates were washed and alkaline-phosphatase conjugated goat antimouse
1gG2b or IgG2a (SBA, Birmingham, MI) was added at 37°C for 1 hour to
bind captured SPV-T3a-dgA or WT1-dgA, respectively. Plates were washed
and the reaction was developed using p-nitrophenylphosphate. Optical
densities were read at 450 nm, and levels of circulating IT were calculated
from standard curves obtained with a known concentration of IT combina-
tion diluted in pretreatment plasma. The detection limit was 0.02 yg/mL for
both SPV-T3a-dgA and WT1-dgA. Plasma concentration versus time data
were analyzed using the nonlinear least square regression program WinNon-
lin version 1.1 (Scientific Consulting, Apex, NC).

Measurement of human antimouse antibodies (HAMA)
and human antiricin antibodies (HARA)

An enzyme immunoassay was used for detection of antibody responses to
components of the IT combination. Patient plasma samples were serially
diluted (undiluted to 1:2048) in phosphate-buffered saline with 1% human
serum albumin in 96-well maxisorp plates (Nunc) containing either
adsorbed SPV-T3a, WT1, or dgA. Bound human antibodies were probed
using alkaline phosphatase-conjugated goat antihuman IgG/IgM (H+L)
antibodies (Jackson, West Grove, PA), and the reaction was developed with
p-nitrophenylphosphate. Optical densities were read at 450 nm, and the
serum titer was expressed as the end-point dilution. Positive titers were
considered to be at least 3 times background.

Flow cytometry

Lymphocyte phenotyping was performed by multicolor flow cytometry
using directly fluorescent-labeled MoAb according to a whole blood lysis
method (FACS lysing, Becton Dickinson, San Jose, CA). T cells and NK
cells were identified simultaneously with a mixture of fluorescence-labeled
CD2 and CD5 MoAb (MT910-PE and DK23-PE, respectively) (DAKO,
Copenhagen, Denmark). The percentage T/NK cells relative to all leuko-
cytes was determined by costaining with a CD45-FITC MoAb (J33-FITC)
(Immunotech, Marseille, France), and converted to absolute numbers based
on the leukocyte count. B cells were quantified accordingly, using a
PE-conjugated CD19 MoAb (HD37-PE) (DAKO).

Staging of GVHD and definitions of clinical responses

Each organ system was staged grade 1 through 4 acute GVHD according to
established criteria.!* Patients were also given an overall grade of acute
GVHD (I through IV) based on severity of organ involvement.'* Responses
to therapy were defined as follows:
e Complete response (CR)—the disappearance of symptoms in all
organ systems
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Partial response (PR)—the improvement of 1 organ or more, with no
worsening in other organs

Mixed response (MR)—the improvement of 1 organ or more, with
worsening in 1 other organ or morexix

Stable disease (SD)—no significant change in any organ system
Progressive disease (PD)—progression in 1 organ system or more
without improvement in other organs

Results

In vitro elimination of T cells

T cells may become more susceptible to dgA-IT on activation.!?
This would be beneficial for the treatment of immunologic
disorders. Ideally, such treatment inhibits ongoing or beginning
immune responses without affecting the resting T-cell pool with its
ability to counter future hazardous infections. To address this issue,
nonactivated and PHA-activated PBMC were treated with IT for 24
hours and analyzed by flow cytometry for the number of surviving
cells (Figure 1). Without prior PHA activation, treatment with
SPV-T3a-dgA and WTI1-dgA, either alone or in combination,
resulted in a 2.0- to 2.7-fold reduction of viable cells at 10~3mol/L
(about 1.8 ug/mL, the highest nontoxic concentration in Vitro).
After 48 hours of PHA activation, SPV-T3a-dgA, WT1-dgA, and
the combination demonstrated an approximate 3-, 11-, and 34-fold
increase in maximal killing capacity, respectively. The combination
appeared very effective at concentrations above 107° mol/L,
resulting in the elimination of 99% of activated T cells at 108
mol/L. Costaining with lineage-specific markers revealed no
difference in vulnerability between CD4* and CD8" T-cell subsets
(data not shown). Neither incubation with isotype-matched control
IT, nor with MoAb SPV-T3a or WT1, significantly reduced the
number of viable cells (< 1.15-fold reduction at 10~® mol/L;
n = 3, data not shown).

Immunosuppressive activity of native MoAb SPV-T3a

SPV-T3a may deliver an immunosuppressive effect, irrespective of
its conjugation to dgA, by modulation of the T-cell receptor/CD3
complex (TCR/CD3 complex) or by induction of Fas-mediated
apoptosis according to the process described as activation-induced
cell death (AICD).'® To mimic the alloactivation induced in a
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Figure 1. Surviving T cells after treatement with IT. Nonactivated (A) and
PHA-activated (B) T cells were eliminated by SPV-T3a-dgA (CJ) and WT1-dgA (O),
applied individually and in combination (A) (half a dose each). Nonactivated and
PHA-activated PBMC were incubated with various concentrations IT for 24 hours at
37°C. Following treatment, cells were washed and cultured for an additional 4 days in
the presence of PHA to enable full exposure of IT toxicity. Subsequently, cells were
stained with viability markers and analyzed by flow cytometry for the number of viable
T cells relative to the untreated control. Data represent the mean + SD as obtained
with the PBMC of 3 healthy individuals.
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Figure 2. Reduction of CTL cytotoxicity by native MoAb SPV-T3a. An EBNA3C-
reactive CTL clone was incubated with 10-8 mol/L MoAb SPV-T3a (A), isotype-
matched irrelevant MoAb MOPC-141 (@) or culture medium (M) for 24 hours at 37°C.
Subsequently cells were washed and cultured for another 72 hours in culture
medium. CTL cytotoxicity was then assayed by specific lysis of a 5'Cr-loaded
autologous EBV-LCL and expressed as percentage relative to maximum lysis by
detergent. Data represent the mean = SD of 3 experiments performed in triplicate.

transplantation setting, a CTL clone reactive with minor histocom-
patibility antigen, EBV-peptide EBNA3C, was stimulated with an
autologous EBV-LCL. Incubation of this CTL with MoAb SPV-
T3a for 24 hours abrogated almost completely its cytolytic activity
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Figure 3. AICD and CD3-modulation by native SPV-T3a. The EBNA3C-reactive
CTL clone was incubated with 10~8 mol/L MoAb SPV-T3a, or isotype-matched control
MoAb MOPC-141, for 24 hours at 37°C. Subsequently, cells were washed and
cultured for another 72 hours in culture medium. The number of surviving cells was
then determined by viability staining and flow cytometric analysis, and expressed as
percentage relative to the untreated control (A). Membrane expression of free and
SPV-T3a-bound CD3-antigen was determined as described in Materials and meth-
ods and indicated as percentage relative to control cells (B). Data represent the
mean = SD of 3 experiments performed in triplicate.
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as measured in a 3'Cr-release assay (Figure 2). Flow cytometric
analysis (Figure 3) revealed that this may be attributed to both (1)
AICD of the CTL clone (to 16% of the untreated control) and (2)
modulation of the CD3 antigen (to 20% of the untreated control). In
addition, about half of the nonmodulated CD3 antigen was still
occupied by SPV-T3a.

NK activity after IT treatment

Although initiated by CTL, GVHD is thought to be aggravated by
less specific cytokine-stimulated ‘‘bystander cells” like NK
cells 31718 The capacity of the described MoAb or IT to reduce NK
activity was assayed by inhibition of lysis of 3'Cr-loaded K562
cells. Figure 4 shows the NK activity of PBMC incubated with IT
for 24 hours. As expected, treatment with SPV-T3a-dgA did not
affect the NK activity (NK cells being CD37). In contrast, NK
activity was almost completely abolished 3 days after incubation
with WT1-dgA. Similar results were obtained with cell line Daudi,
which is predominantly vulnerable for lymphokine-activated killer
cells (data not shown). Neither nonconjugated MoAb WT1, nor
isotype-matched control IT UPC-10-dgA, impaired the lysis of
K562 or Daudi cells (data not shown,n = 3).

Pilot study participants

So far, 4 patients, all white men, have been enrolled in the study.
The clinical features of these patients are summarized in Table 2.
Patients 1 and 2 have been treated at the lowest dose level (2 X 2
mg/m? followed by 2 X 4 mg/m?) and patients 3 and 4 at the second
dose level (4 X 4 mg/m?). Due to their early deaths, patients 1 and
4 received only 3 of the 4 planned infusions.

Pharmacokinetics

The plasma clearance curves best fitted a 1-compartment model
with a constant rate infusion and a first-order elimination rate for
both SPV-T3a-dgA and WTI-dgA individually and given in
combination. The pharmacokinetic parameters determined over the
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Figure 4. Effect of IT treatment on NK activity. PBMC were treated with 10-8 mol/L
WT1-dgA (M) or SPV-T3a-dgA (A) or without IT (), for 24 hours at 37°C. After
treatment, cells were washed and cultured for an additional 3 days in culture medium
without IT. Subsequently, remaining NK activity was determined by specific lysis of
51Cr-labeled K562 blasts and expressed as percentage relative to untreated cells.
During the experiment, 50 U/mL recombinant IL-2 was added to the culture medium
to increase NK activity. Data represent the mean + SD of 3 experiments performed in
triplicate.
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Table 2. Patient characteristics
Patient no.
1 2 3 4

Age/Sex 65/M 34/M 47/M 49/M
Primary disease* MM CML MDS MM
Primary treatmentt M, P H, a-I none V,A,D
Transplant proceduret I, C, TBI, PSCT ATG, C, TBI, BMT I, C, TBI, BMT C, TBI, BMT, DLI
Staging of GVHD§ Liver: 3 Liver: 0 Liver: 0 Liver: 4

Gut: 1 Gut: 0 Gut: 2 Gut: 0

Skin: 4 Skin: 4 Skin: 0 Skin: 0

Overall: IV Overall: Il Overall: Il Overall: IV
Previous GVHD medication|| C,PLS C,PILS C,PI,S C,PI,S
IT combination 2,2, 4 mg/m? 2,2, 4,4 mg/m? 4,4, 4, 4 mg/m? 4, 4, 4 mg/m?

*MM indicates multiple myeloma; CML, chronic myeloid leukemia; MDS, myelodysplastic syndrome.
1M indicates melphalan; P, prednisone; H, Hydrea, a-I: a-interferon; V, vincristine; A, Adriamycin; D, dexamethasone.
1l indicates idarubicine; C, cyclophosphamide; TBI, total body irradiation; PSCT, allogeneic peripheral stem cell transplantation; ATG, antithymocyte globulin; BMT,

allogeneic bone marrow transplantation; DLI, donor lymphocyte infusion.

§Each organ system was staged grade 1 through 4 aGVHD according to Glucksberg et al.’* Patients were also given an overall grade of aGVHD (I through 1V) based on

severity of organ involvement.'4

||C indicates cyclosporine A; PI, prednisolone; S, Solu-Medrol (up to 1 g daily for at least 3 days).

entire courses are listed in Table 3. The mean T, was 6.5 * 2.4
hours for SPV-T3a-dgA, 7.5 = 1.7 hours for WT1-dgA, and
6.7 = 2.1 hours for the IT combination. Peak plasma levels were
attained directly after each infusion and decreased (nearly) to
baseline level in about 48 hours (Figure 5). The maximum plasma
concentration (C,.) for the IT combination ranged from 258
ng/mL after the first dose for patient 2 (2 mg/m?) to 3210 ng/mL
after the third dose for patient 1 (4 mg/m?). The latter seemed to be
an exception because the maximum peak plasma level in the other
patients fell within the relative narrow range of 1220 to 1650
ng/mL (all attained after a dose of 4 mg/m?). The 2-fold higher
level in patient 1 may be explained by his aggravating multiorgan
failure interfering with the IT plasma clearance. When comparing
the separate infusions, the mean T/, of the IT combination almost
doubled over the complete treatment course (Table 4). This may be
explained by a reduction of available target antigens, which act as
an antigen sink especially during the first infusion(s).

Safety

The adverse events noted during the first 6 weeks following
initiation of therapy are listed in Table 5. Because of the advanced
disease of the patients, the etiology of the observed clinical events
was obscured by multiple medical complications and concomitant
medications. Patients 1 and 4 died during therapy due to worsening
of complications already existing before start of the treatment,
patient 1 from progressive multiorgan failure and patient 4 from
generalized aspergillosis in combination with a cytomegalovirus

(CMV) infection. Symptoms thought to be related to the IT
combination were mild and transient. Patient 1 demonstrated
edema in his shoulder not associated with weight gain, potentially
due to limited capillary leakage. Patient 3 experienced episodes of
fever during and between the IT combination infusions. This fever
may have been caused by a viral infection as well (see biologic
responses). Patient 4 demonstrated a rise of plasma CK levels (not
accompanied by myalgia) to 280 U/L on day 9 of therapy, being
145 times the upper limit of the normal range for men. The
increase was not accompanied by a rise in the heart muscle isomer
creatine kinase MB (CK-MB). Patient 4 had aphasia of short duration
(< 1 hour) 1 day after the first infusion of the IT combination. At
that time he was taking cyclosporine and had hemolysis with high
reticulocyte counts, progressive thrombocytopenia, and frag-
mented red cells in the blood smear. It was concluded that aphasia
was associated with cyclosporine-induced thrombotic thrombocy-
topenic purpura (TTP) and was not caused by the IT combination
(aphasia has been reported as a side effect of other immunotoxins'®-2!).
Cyclosporine was withdrawn and aphasia did not recur despite the
further administration of the IT combination.

Immunogenicity

Patient plasma samples were measured frequently before, during,
and after the trial for HAMA and HARA. No antibodies against
SPV-T3a nor WT1 were detected in any of the cases. Patient 4
demonstrated a weakly positive HARA titer, 8 times the pretreat-
ment value, on day 8 (1 day before his death).

Table 3. Pharmacokinetic parameters determined over the complete treatment course

Patient no. (dose, mg/m?2) IT T2 (h) AUC (mg X h/mL) Cl (L/h) Vq (L) Crmax (ng/mL)
1(2,2,4) SPV-T3a-dgA 3.4 +06 56 = 0.6 0.36 = 0.04 1.8 0.2 1830
WT1-dgA 55+ 1.2 5.3+0.8 0.37 = 0.06 3.0+0.3 1380
IT-combination 4.0 +0.7 105 +1.3 0.19 + 0.02 1.1+01 3210
2(2,2,4,4) SPV-T3a-dgA 6.5+ 1.0 3.4+03 0.59 = 0.06 5.6 £0.5 720
WT1-dgA 6.7+ 14 3.9 +05 0.52 *= 0.07 5.0+ 0.6 930
IT-combination 6.6 = 1.2 7.3x08 0.28 = 0.03 2.6 0.3 1650
3(4,4,4,4) SPV-T3a-dgA 6.9 +0.8 9.5+0.7 0.64 = 0.05 6.4 +04 675
WT1-dgA 9.1+14 3.4 +0.3 0.58 = 0.06 7.6 0.6 545
IT-combination 6.9 +0.8 124 = 0.9 0.32 = 0.02 3.2+0.2 1220
4(4,4,4) SPV-T3a-dgA 92+15 122 = 1.1 0.32 = 0.03 44 +04 910
WT1-dgA 8827 75+13 0.54 = 0.09 6.8 1.2 668
IT-combination 9.1 =19 19.7 =23 0.20 = 0.02 27 0.3 1560

T2 indicates plasma half-life; AUC, area under the concentration versus time curve; Cl, clearance; Vg, volume of distribution; and Cpax, maximum plasma concentration.
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Concentration (pg/ml)

Hours after start of therapy

Figure 5. Plasma clearance curves. IT combination plasma clearance curves are
shown from patient 1 (treated with 2, 2, and 4 mg/m?) (O); patient 2 (2, 2, 4, and 4
mg/m?) (O); patient 3 (4, 4, 4, and 4 mg/m?) (A); and patient 4 (4, 4, and 4 mg/m?)5
(X). IT combination plasma concentrations were deduced by summation of the
individual values as determined for SPV-T3a-dgA and WT1-dgA.

Biologic responses

Biologic responses were monitored by flow cytometric evaluation
of circulating T cells or NK cells or both. The concentrations of NK
cells were too low to enable a reliable quantification with NK-
specific markers. Therefore, NK cells and T cells were identified
simultaneously using a mixture of a fluorescent-labeled CD2
(binding T cells and NK cells) and a CD5 MoAb (binding T cells).
Figure 6 shows the amount of circulating T/NK cells expressed as a
percentage relative to the concentration at start of therapy. Patient 2
could not be adequately monitored due to the low initial number of
circulating T/NK cells (about 6 X 107/L). All 3 evaluable patients
already demonstrated a remarkable reduction of T/NK cells during
the first administration of the IT combination. Immediately after
the 4 hours of infusion, the number of circulating T/NK cells of
patients 1, 3, and 4 had dropped to 17%, 8%, and 24% of the
pretreatment level, respectively. For patients 1 and 4, this number
gradually declined to 1% to 3% after the third infusion. Patient 3, in
contrast, showed signs of a rebound of NK/T cells between the
infusions. After the last infusion, a progressive expansion of T/NK
cells was observed resulting in a peak concentration of about 45
times the pretreatment value at day 14. Flow cytometric analysis
with CD4/CD8 MoAb and a T-cell receptor V3-panel pointed out
that these cells were virtually all CD8* and oligoclonal in origin. At
day 18, the number of T cells had decreased again to about 5 times
the pretreatment level (probably by apoptosis as suggested by
annexin staining, data not shown). These observations, combined
with the episodes of fever patient 3 experienced during the first
week, are suggestive of a T-cell response after a viral infection.
The slow B-cell repopulation following stem cell transplanta-
tion prevented a reliable quantification of circulating B cells in
patients 1,2, and 3. The concentration of peripheral blood B cells of
patient 4 showed a normal biologic fluctuation (0.1- 0.2 X 10%/L),
which was not affected by the IT combination. Moreover, the
complete blood counts and leukocyte differential of all patients
revealed no toxicity toward any of the other hematopoietic lineages

Table 4. The T4, (mean = SD) determined over the separate infusions

Infusion no.
1 2 3 4
(n=4) (n=4) (n=4) (n=2)
SPV-T3a-dgA 45+0.8 54 +0.7 6.5+28 6.2+ 14
WT1-dgA 32+15 8.3 +48 7.9 *+20 9.0 + 3.3
IT combination 3.8+13 57+15 71 x22 71 04
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Table 5. Adverse events observed during the first 6 weeks of therapy

Total no. grades 3/4
adverse events

All adverse events likely
related to IT combination

Allergy/immunology 0 1t
Auditory/hearing 0 0
Blood/bone marrow 0 0
Cardiovascular 0 11
Coagulation 1§ 0
Constitutional symptoms 2|| 1t
Dermatology/skin 0 0
Endocrine 0 0
Gastrointestinal 0 0
Hemorrhage 0 0
Hepatic 19 0
Infection/febrile neutropenia 2# 0
Lymphatics 0 0
Metabolic/laboratory 0 0
Musculoskeletal 0 1**
Neurology 11t 0
Ocular/visual 0 0
Pain 0 0
Pulmonary 0 0
Renal/genitourinary 0 0
Sexual/reproductive 0 0
Syndromes 0 0

NCI-CTC criteria (version 2.0), using the bone marrow transplantation-specific
scaling when applicable.

tEpisodes of fever during and between infusions.

tLimited capillary leakage.

§TTP.

||140% decrease Karnofsky (n = 2).

{[Transient rise of SGOT & SGPT (after day 24).

#Aspergillosis, CMV-infection.

**Rise in CK levels to 1.45 times upper normal value.

ttTransient aphasia (<1 hour), probably related to TTP.

(data not shown), thereby illustrating the selectivity of treatment
for T/NK cells.

Skin biopsy specimens from patient 2 clearly demonstrated the
biologic efficacy of the IT combination treatment (Figure 7). The
microscopic appearance before treatment is typical for severe acute
GVHD, with scattered infiltration of lymphocytes and a severely
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Time following initation of treatment (h)

Figure 6. Number of T/NK cells after IT combination treatment. Patients 1 (A) and
4 (O) received 3 and patient 3 (H) received all of the 4 planned IT combination doses,
given as 4-hour infusions at 48-hour intervals. The arrow beneath the x axis indicates
the start of the first infusion. T/NK cells were identified by being CD2* or CD5* or
both. Their number was expressed as percentage relative to the concentration at start
of therapy (being 0.7, 1.0, and 0.2 X 10° cells/L for patients 1, 3, and 4, respectively).
The inlay figure represents the amount of T/NK cells of patient 3 as determined over a
longer period.
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Figure 7. Skin biopsy specimens. Skin biopsies were obtained from patient 2 just
before (A) and 2 weeks after (B) treatment with the IT combination. The appearance
of the skin before treatment is typical for severe GVHD. A scattered infiltration of
lymphocytes can be observed, localized primarily around the blood vessels and the
junctional region of dermis (lower side) and epidermis (upper side). The epidermal
basal layer is destroyed and the epidermis is disrupted from the basal lamina.
Following treatment, no remaining signs of lymphocyte infiltrations were detectable.
The basal layer had regained its natural well-organized configuration (original
magnification X 100, hematoxylin-eosin).

affected epidermal basal layer. After treatment, no remaining signs
of lymphocyte infiltration could be detected, and the basal epider-
mis had regained its natural well-organized configuration. The
intestinal GVHD of patient 3 was confirmed by a biopsy from the
colon performed at day —5 (grade 3). When repeated at day 31,
biopsy demonstrated a marked reduction of lymphocyte infiltrates
without further signs of active GVHD. In patient 4 only a
postmortem liver sample could be taken. Microscopic analysis
revealed extensive cholestasis. Notably, no infiltrating lympho-
cytes could be detected.

Clinical responses

Patient 1 showed a slight but clear improvement of his skin, from
grade 4 to 3, starting at day 4. His (abnormal) liver functions
remained stable; his gastrointestinal tract could not be objectively
monitored due to administration of morphine. After 7 days of
therapy, he died as a consequence of multiorgan failure. Patient 2
showed a dramatic reduction of his grade 4 GVHD of the skin to
grade 0/1, starting 4 days after the first infusion and lasting for
about 1.5 months. He then developed a modest relapse, GVHD
grade 2 of the skin, which responded well to standard therapy with
relatively low-dose corticosteroids supplemented with UV-B radia-
tion. Patient 2 died 8 months after the IT combination administra-
tion due to generalized aspergillosis and toxoplasmic encephalitis.
Patient 3 showed strong improvement of his intestinal GVHD,
grade 2 to grade 0, within 7 days after initiation of therapy. Apart
from a mild and controllable GVHD reaction of his skin, grade 1 to
2 responding to low-dose corticosteroids, he showed no further
signs of active GVHD. Two months after initiation of therapy,
patient 3 died of a bacterial infection. Patient 4 showed a more or
less stable GVHD of his liver during the 7 days of treatment. He
died from a generalized aspergillosis in combination with a CMV
infection on day 8.

Discussion

The in vitro efficacy data demonstrate that simultaneous applica-
tion of SPV-T3a-dgA and WTI1-dgA results in a synergistic
cytotoxicity, leading to an approximately 99% elimination of
activated T cells. A comparable synergism has been described for
other IT combinations as well.1>2>28 The most obvious advantage
above single IT treatment is that fewer target cells will be negative
for multiple antigens than for a single antigen. In addition, the cells
that express substantial levels of multiple target antigens may be
loaded with more IT molecules. When the respective IT follow a
different intracellular routing, the chance to escape the cytotoxic
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activity of the IT may be further reduced. With respect to anti-T-cell
IT, reports addressing the combination approach are thus far
focused on in vitro applications, including the purging of bone
marrow grafts.!32>24 In this resport, we state that the combination
of SPV-T3a-dgA and WT1-dgA appears appropriate for the in vivo
elimination of unwanted T cells as well. This particular combina-
tion affords important benefits that surpass the ‘““common syner-
gism™ as observed with the combinations of anti-T-cell IT de-
scribed so far.

SPV-T3a was selected as CD3 MoAb based on its IgG2b-
isotype which strongly reduces the risk of cytokine release
syndrome >3 The presence of a CD3-IT provides instant immuno-
suppression independent of dgA-based cytotoxicity (Figures 2 and
3). This may be of vital importance in vivo during treatment of
acute life-threatening situations such as refractory GVHD. The
limited (AICD) as well as temporal nature (blocking and modula-
tion of CD3/TCR) of the underlying mechanisms provide argu-
ments for making a “‘real killer”” of SPV-T3a by conjugating it to
dgA. The inclusion of the CD7-IT is essential, apart from the
above-mentioned synergism, because it makes NK cells a target for
the IT combination as well (Figure 4). Accumulating evidence
points to a distinctive role of NK cells in the pathophysiology
of GVHD.'7:18

The pioneer work of Vitetta and colleagues was of great value in
designing the clinical pilot study. They thoroughly studied the in
vivo efficacy of RFB4-dgA (CD22) and HD37-dgA (CD19) in
treating patients with non-Hodgkin lymphoma in relation to
different dose regimens.!32021.31-33 In the present study, 4 patients
with refractory acute GVHD have been treated with individual
doses of 2 or 4 mg/m? IT combination, according to their
intermittent bolus infusion protocol. The mean Ty, of SPV-T3a-
dgA and WT1-dgA resembled those of RFB4-dgA and RFB5-dgA
(6.1-7.8 hours), the latter being a CD25-IT for the treatment of
Hodgkin lymphoma.3* The blood clearance of these IT is more than
twice as fast as reported for HD37-dgA (T, of 18.2 hours). As with
RFB4-dgA and RFB5-dgA, the clearance appeared to be influenced
by circulating target cells. In contrast to RFB4-dgA and RFB5-
dgA, this did not result in large interpatient variations. Instead, the
T/, of the IT combination increased about 2-fold during the entire
treatment course, probably due to (1) the rapid elimination of
“MoAb-capturing”’ target cells (Figure 6), or (2) by a reduction of
available binding sites per cell (modulation/occupation). The latter
possibility especially holds true for CD3 (see also Figure 3B). The
CD7 antigen, in contrast, demonstrates a rapid re-expression of free
antigen, resulting in the restoration of pretreatment expression
levels within 48 hours (in vitro and in vivo observations, data not
shown). Three patients suffered from severe GVHD that was more
or less restricted to the skin, gastrointestinal tract, and liver,
respectively. Their relative narrow-ranged T;, and C,,, demon-
strate that the type of organ involved has no major impact on the
pharmacokinetics. The single exception was the patient suffering
from a generalized GVHD (affecting skin, liver, and gastrointesti-
nal tract) in combination with a severe kidney failure. His about
2-fold higher C,,,x may reflect a different IT handling due to his
worsening multiorgan failure.

In 3 patients, Cp,x exceeded 1.2 to 1.6 times and in 1 patient
Chax exceeded 3.5 times the “clinically save threshold level” as
defined for RFB4-dgA and HD37-dgA (1 ug/mL).'32032 Drug-
related toxicities appeared to be restricted to limited capillary
leakage and a modest rise of CK levels (both n = 1). This may be
the result of the IT combination encompassing 2 distinct IT, each
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having a different spectrum of side effects (resulting in a distribu-
tion and, thereby, reduction in severity of drug-related toxicities).
This is in agreement with observations of Vallera et al*> and Onda
et al,’ who both reported on comparable IT (directed against the
same target cell/antigen and containing the same toxin), that
displayed different toxicity profiles when tested in the same mouse
model. None of the 4 patients treated with the IT combination
developed detectable HAMA. Only 1 patient showed a positive
HARA titer (8 times baseline level). Apart from the small
population size, this may be attributed to the huge dosages of
corticosteroids administered and to incomplete reconstitution of the
B-cell compartment early after transplantation.

The design of the pilot study does not allow an estimation of
long-term toxicities (eg, increase in opportunistic infections or
secondary malignancies). Three of the 4 patients treated so far
eventually died of an infection. The IT combination cannot be
excluded as a contributing factor to the underlying immunosuppres-
sion. However, a realistic long-term safety profile can only be
obtained when the IT combination is applied without extensive
preceding and concomitant second-line medication. At least theo-
retically, based on its short T, and narrow specificity range, the IT
combination is expected to accomplish a relatively limited immuno-
suppression by only temporarily affecting the T/NK cell compart-
ment. Moreover, the composition of the I'T combination is better
defined and expected to vary less than that of ATG/ALG,*-* which
use is often associated with sustained T-cell depletion.**#! From
this viewpoint, it appears encouraging that the third patient showed
a strong oligoclonal T-cell expansion directly after treatment with
the IT combination. The presumed antiviral T-cell response was not
associated with a relapse of GVHD. This suggests a strong immunoge-
nicity of the respective antigen or some form of treatment selectivity
toward activated cells. The latter is in agreement with the in vitro
observations and might be explained by the fact that on activation T cells
show an increased expression of the CD7 target-antigen®'? and become
vulnerable for CD3-triggered AICD.*#

All patients showed a response, ranging from the elimination of
the majority of circulating T/NK cells, to the dramatic clinical
responses as observed in the patients 2 and 3. The biphasic pattern
of T/NK cell removal indicates that multiple mechanisms are
involved, some of which have not been observed in vitro. As for the
in vitro efficacy data, the IT combination needs several days before
it displays its full killing capacity. This is in accordance with
observations of Beyers et al,> who reported that it took 5 daily
infusions of H65-ricin A (CD5) to achieve a more or less gradual
reduction of T cells to 20% of the initial number. In contrast, the IT
combination induced in vivo a massive and rapid reduction of
T/NK cells already during the first 4 hours of infusion. Comparable
biologic responses have been described for native murine MoAb *+4¢
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including anti-CD3/TCR MoAb of IgG2b isotype.*’#8 The underly-
ing mechanism is not fully clear yet. Some indirect evidence is
provided that MoAb SPV-T3a is responsible for this initial rapid
T-cell reduction. Tax and colleagues (unpublished observation,
W.JM.T.) demonstrated that nonconjugated MoAb WT1 did not
influence the number of circulating T cells when administered in
vivo to renal patients for the treatment of graft rejection. In
addition, flow cytometry analysis of blood samples of the first
patient demonstrated that the minor population of CD3~CD7" cells
(mostly NK cells) was reduced at a much slower rate (up to 2 days)
than the CD3*CD7* T cells (data not shown). In general, reduction
of lymphocytes by native murine MoAb is often transient, a few
days or less. In the present study, the initial rapid elimination was
followed by a more gradual but sustained reduction of T/NK cells.
This suggests a dgA-based elimination of target cells, which is
supported by the in vitro killing capacity of the IT combination
observed at concentrations obtained in vivo.

It is impossible from the clinical data to determine the exact
contribution of SPV-T3a-dgA and WTI1-dgA (or their MoAb
moieties) to the observed biologic and clinical responses. Unfortu-
nately, no animal models are available that allow an efficacy
evaluation of the individual components (SPV-T3a does not bind
monkey-CD3). The high tolerability of the IT combination argues
against the clinical testing of theoretically less effective individual
components (being single IT or MoAb). Instead, further studies
should be focused on elucidating the full potency of the IT
combination in its present form. Apart from dose optimization and
application in an earlier phase of GVHD, this may include the
treatment of alternative indications that potentially benefit from the
in vivo elimination of T cells.

The authors are aware of the limited nature of the clinical data
obtained so far. However, the major finding that emerged from
these data is that the IT combination concept might work.
Substantial biologic as well as clinical responses have been
observed in the absence of acute severe toxicities. This is especially
meaningful considering the extensive pretreatment of the enrolled
patients. Ideally, further studies will point out that the IT combina-
tion forms a safe and effective tool for helping control certain
diseases mediated by T cells.
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