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ABSTRACT

DAB4K6IL-2, a recombinant fusion toxin in which the native receptor
binding domain of diphtheria toxin has been replaced with interleukin-2
(IL-2), has displayed significant activity in patients with chemotherapy

refractory hematological cancers. To further investigate the safety and
antitumor effect of this agent, we conducted a single arm, dose escalation
study of a 90-min infusion of DAB486IL-2 daily for 5 days. Patients with

cancers of a histology previously reported to express the p55 component of
the IL-2 receptor and who could not receive potentially more effective

therapy were eligible for enrollment.
Fifteen men and 8 women with a median age of 49 years were given a

total of 51 courses of DAB486IL-2. The maximum tolerated dose was 0.3

mg/kg/day defined by renal insufficiency associated with hemolysis and
thrombocytopenia. The clearance of DAB486IL-2 from serum fit a one-
compartment model with a half-life of 11.5 Â±4.3 (SD) min at the 0.2-mg/kg

dose. Two patients sustained a partial response and 4 patients had tumor
reduction not qualifying for an objective response. No tumors that were
negative for expression of the p55 subunit of the receptor responded to
DAB4tt6IL-2 treatment. Reduction in size occurred in 2 tumors in which

p55 expression was unknown and 4 patients with tumors that were known
to be p55 positive. Dosing determined by specific activity rather than mass
also appeared to be an important determinant of response.

This study suggests that the presence of p55 expression on tumor cells
is necessary, but alone may not be sufficient to achieve a tumor response.
The correlation of additional variables such as specific activity of
DAB4S6IL-2 and tumor expression of the p75 subunit of the IL-2 receptor

and receptor function will also require further study.

INTRODUCTION

DAB486IL-2 is a ligand fusion toxin that selectively binds and
intoxicates only cells expressing the high affinity receptor for IL-23

(1-4). This molecule is a recombinant fusion protein engineered by

replacing the gene encoding for the native receptor binding domain of
diphtheria toxin with the human gene for IL-2. We previously de
scribed the first clinical trial of DAB4X()IL-2 in which 18 patients with
chemotherapy-resistant hematological cancers were treated with es

calating doses of this agent (5). The initial study demonstrated that
DAB4W>IL-2was well tolerated with the maximal tolerated dose de

fined by transient, asymptomatic hepatic transaminase elevations at
doses aO.l mg/kg/day for 10 days. Significant antitumor activity was
observed, even in chemotherapy-resistant patients.

Since some patients sustain significant tumor reduction after treat
ment with DAB4x,,IL-2, further investigation of the antitumor effect of
DAB4S(,IL-2 is of interest. For example, the rapid clearance of
DAB4K,,IL-2 after bolus administration suggests that longer infusion
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maximum tolerated dose, KU, kiliunit: one unit of specific activity is the amount of
DABwjlL-2 required to inhibit protein synthesis to 50% of control in a standardized
bioassay.

schedules might be associated with more sustained blood levels and
improved tumor contact time. An additional variable that might in
fluence response for a targeted agent such as DAB4K(,IL-2 is tumor
expression of the IL-2R. The high affinity IL-2R complex consists of

at least the low affinity (p55) subunit and the intermediate affinity
(p75) receptor. Whether due to previously described technical diffi
culties associated with detection of the high affinity IL-2 receptor, the
dose-finding nature of the initial study, or the enrollment of a heter

ogeneous patient population (i.e., differing tumor types, tumor bur
dens, and previous treatments), no correlation with receptor expres
sion and response could be made in our first study (5). Closer
examination of the relationship between receptor expression and re
sponse might allow better prediction of which patients might benefit
from DAB4ShIL-2 treatment. Also, since DAB4X(1IL-2 acts via the
IL-2R, dosing based upon activity, as measured in a high affinity
IL-2R-expressing cell line (a reflection of the affinity of DAB4fjf)IL-2

for the high affinity receptor) as opposed to dosing based upon mass
of the drug might yield a better understanding of the relationship
between dose and response. In this report, we describe a clinical trial
in which we attempted to address these issues.

MATERIALS AND METHODS

Description of DAB486IL-2. DAB4ij(,IL-2 is a genetically engineered fu

sion toxin isolated from the extracts of Escherichia coli by Â¡mmunoaffinity
chromatography and high performance liquid chromatography (1, 4). The
recombinant gene was created by replacing the diphtheria toxin receptor bind
ing domain with a synthetic gene encoding IL-2 and a translational stop signal.

The purified chimeric protein has been shown to selectively inhibit protein
synthesis in high affinity IL-2R-bearing target cells, while cells bearing the
intermediate or low affinity form of the receptor are 100â€”1000-fold less sen
sitive (2, 3). A total of 9 different lots of DAB4fii,IL-2 were used in this study,

each meeting standard release criteria for purity and potency. Specific activity
ranged from 900 to 2900 KU/mg using a standardized bioassay with an
interassay coefficient of variation s20%.

Protocol Design. The protocol was conducted under a United States In-

vestigational New Drug Application, and together with the informed consent
was approved by the Institutional Review Board of The University of Texas
Health Science Center at San Antonio. Written informed consent was obtained
from each patient prior to enrollment.

Only patients with cancers of a histology previously reported to express the
p55 component of the IL-2R were eligible for enrollment (6â€”1ft). Although
demonstration of IL-2R expression was not required for entry into the study,

every reasonable attempt was made to obtain tissue for immunohistochemical
studies. Patients over the age of 17 of either sex could be enrolled if they had
adequate hepatic and renal function and a performance score of 70% or greater
(Karnofsky).

The study was designed as a cohort dose escalation beginning at 0.2 mg/
kg/day administered as a 90-min infusion daily for 5 days. The total dose for

each course at this level was equivalent to the total dose for each course at the
MTD in our previous report (5). Patients were entered successively at prede
termined dose levels in groups of 3 to establish the MTD of this schedule.
Patients were allowed to escalate to a higher dose level providing a patient who
had not previously received DAB4K(,IL-2 had completed evaluation at that level

without significant toxicity. Responding patients could enter a maintenance
schedule consisting of 5 daily infusions repeated at approximately 21-day
intervals after the first dose. DAB4W)IL-2 administration was temporarily sus-
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pended for a grade III adverse effects and resumed at 50% dose reduction once

the effect had resolved.
Patient Evaluation. All patients had a complete physical examination,

including relevant assessment of tumor size before entry into the study and
prior to each course of therapy. A brief physical examination was performed 3
times/week during DAB4KhIL-2 administration and weekly thereafter. Labora

tory parameters were monitored 3 times/week during treatment and included
complete blood count, serum chemistries, coagulation tests, and urinalysis.
Baseline samples for flow cytometry of peripheral blood, soluble IL-2R, and

antibody response were obtained prior to treatment and repeated with each
course.

At each dose level, patients were evaluated for safety and antitumor effects.
Adverse effects were scored according to the Common Toxicity Criteria es
tablished by the National Cancer Institute for Phase I trials. In addition to the
primary objective of establishing the MTD, efforts were made to evaluate
efficacy. Evidence of response was based on standard criteria (5).

Pharmacology. Samples for pharmacokinetics were drawn on the first and
last days of drug administration at the following times: predose, 15 and 45 min
into the infusion, end of the infusion (O min), and 5, 15, 30, and 60 min after
the end of infusion. The samples were analyzed as previously described and

pharmacokinetic parameters were assessed using nonlinear regression analysis,
also described previously (5).

Immunohistochemistry. The presence of the p55 component of the IL-2R

was assessed by immunohistochemistry and flow cytometry. Immunohis
tochemistry was performed on frozen sections and cytospin preparations using
a conventional 3-step labeled streptavidin biotin method with osmium-inten
sified diamino-benzidine chromogen. Tissues were fixed for 15 min in cold

tretone:methanol (50:50) prior to incubation for l h with the primary antibody
IL-2R-Q (Dako, Inc., Carpentina, CA).

Flow cytometry was performed on a Becton-Dickinson FACScan (Becton

Dickinson, San Jose, CA) using a direct immunofluorescent method with
phycoerythrin-labeled CD25 (TAC; Becton Dickinson).

RESULTS

Patient Demographics. The characteristics of the 23 patients
treated in this study are listed in Table 1. Fifteen men and 8 women
with a median age of 49 years (range, 23-71 years) and a median
performance status of 100% (range, 50-100%) were treated. Fourteen

Table 1 Patient demographics

Patientno.123456789III11121314151617IX1920212223Age/sex46/F61/M23/M59/M32/M55/F41/M71/F32/M36/M63/F58/M67/M51/M56/M33/M55/M64/F55/M38/F49/M26/F28/FKPS"(%)too90'Â«1100100100so90501007080901001001001007010010010010090Diagnosis(grade)NHL

(int)NHL
(low)NHL

(int)NHL

(low)NHL

(low)NHL

(int)KSNHL

(low)KSCLL

(low)NHL
(int)CLLCLLNHL

(low)NHL

(low)KSNHL

(low)NHL
(int)CTCLCTCLCTCLNHL

(high)HDPrior

RX
(no. ofregimens)C(6),

R(l)C(4),
R(l)C(4),

BMT(1),R(l)C(l).

B(l)C(DC(l)C(3),

B(l),R(2)NoneC(4).

B(l),R(l)C(l)C(3),

B(l)C(6),
IT(1),B(l)C(2)C(7),

B(l)C(4),

B(l)NoneC(2),

IT(1),B(l)C(l),
R(l)C(l),
R(l)C(9),

BMT(l).IT(1)B(l),
R(l)C(3)C(2),

B(10),R(ll)C(5),
BMT(l), R(l)Course

no.112*12"i231234512345112312345I6112312"1231212111231234111Dose(mg/kg)0.20.20.30.20.30.20.20.250.30.20.250.411.40.30.150.20.250.30.20.20.150.150.20.20.20.30.30.250.25(1.250.30.250.250.250.250.20.30.30.30.30.40.40.250.40.40.40.40.20.30.30.40.30.1PKcourseYNNYYYNNYNNNNYNNYNNNNNNNNNNYYYNNYNYNNYNNNNNYNNNNNNYNN

" KPS, Karnofsky performance status; C, chemotherapy; R, radiotherapy; BMT, bone marrow transplant; B, biologies; IT, immunotoxin; PK, pharmacokinetics; int, intermediate;

Y, yes; N, no.
'' Less than 5 doses in course.
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Table 2 Adverse events 2 Grade II"

Cohort
(mg/kg/day)0.15'0.20.250.30.4Pt.no.81234567891421221461011121314185235612141516202251617192021Elevated

SOOT/
SCPT*IIHIIInmnminHIHinHIIIIIIImiiIHIIIIIIIIIIIVNausea/

Renal
vomitinginsufficiencyIIIIIIII

IIIIII

IVIIII11IIIIHII

IIInn

nII

IViiinn

nu
inFever/

Hyper- malaise/
sensitivitychillsIIIIIIIIIIII

11IIHIIIIIIIHIIHIIIIIIIIIIII

II
" National Cancer Institute common toxicity criteria.
h SGOT, serum glutamic oxaloacetic transaminase; SGPT, serum glutamic pyruvic

transaminase/ Patient 23 received 1 course at a dose of 0.1 mg/kg because of prior
chemotherapy-associated nephrotoxicity.

patients had non-Hodgkin's lymphoma, 3 had cutaneous T-cell lym-
phoma, 3 had Kaposi's sarcoma, 2 had chronic lymphocytic leukemia,
and 1 had Hodgkin's disease. The majority of patients had received

extensive treatment prior to study entry having received a median of
3 different regimens (range, 0-9 regimens). Patient 8 had received no

prior treatment, but was enrolled in this study only after she had
refused both standard and experimental chemotherapy. Tumor speci
mens of 15 patients with hematological cancers could be obtained for
examination for p55 expression by immunohistochemistry and 11
were positive. Tumor expression of the IL-2 receptor expression was

unknown in 8 patients for the following reasons: technical problems
with processing the tumors of the 3 Kaposi's patients and inability to

biopsy tumor in 5 patients.
Safety. The 23 patients received a total of 51 courses of

DAB486IL-2. As described in Table 2, the ligand fusion toxin was well

tolerated by the majority of patients at all dose levels. All patients

developed some degree of elevation in hepatic transaminases, but this
was typically asymptomatic, reversible, not associated with other
changes in hepatic function, and not considered clinically important.
Low grade fevers and/or chills developed in 75% of patients, but these
readily responded to acetaminophen. Hypersensitivity effects charac
terized by chest tightness, bronchospasm, and/or low back pain were
noted in 22% of courses and tended to be more common in follow-up

courses. These symptoms were readily alleviated or prevented by the
use of antihistamines, acetaminophen, and/or 0.5-1 mg/kg of hydro-

cortisone. Dosing was discontinued for 2 patients, both during their
second course of treatment, because of bronchospasm or back pain.
Notably one of these patients had diphtheria infection as a child. The
MTD of 0.3 mg/kg/day (1.5 mg/kg/course) was defined by renal
insufficiency associated with decreased hemoglobin, platelets, and/or
evidence of hemolysis in 2 of the 4 patients affected.

During the 51 courses, 7 infections were noted in 5 patients. None
of these infections was believed to be associated with DAB4S,,IL-2

treatment because each patient had experienced similar infections
previously: upper respiratory tract (3 patients), urinary tract (1 pa
tient), and recurrence of oral herpes (2 patients). One patient with
Kaposi's sarcoma died from complications of pneumocystis pneumo

nia; this patient entered the study with a long-standing history of

opportunistic infections, including pneumocystis, but chose to discon
tinue prophylaxis with trimethoprim/sulfamethoxzole without con
sulting his physicians.

Pharmacokinetics. Data were available for analysis on 22 indi
vidual administrations of DAB486IL-2 in 13 patients treated at 4 dose

levels (Tables 1 and 3). As described previously, the clearance of this
agent from serum closely fit a one-compartment model in all cases (5).
DAB4K6IL-2 cleared rapidly from serum with a mean serum half-life
of 11.5 Â±4.3 min at the 0.2-mg/kg dose level. There did not appear
to be a correlation between dose administered and the serum half-life.

The apparent volume of distribution approximated the blood volume
ranging from 7.2 Â±1.8 liters at the 0.2-mg/kg dose to 7.8 Â±2.0 liters
at the 0.4-mg/kg dose level. The area under the concentration curve,

the plasma concentration at infusion end, and the plateau concentra
tion during infusion all increased in direct (linear) proportion to the
increasing dose level. The clearance rate of drug from serum declined
slightly from 12.2 Â±5.7 ml/kg X min at the 0.4-mg/kg dose. How

ever, because of substantial interpatient variability, these differences
did not appear to be statistically significant. Therefore, these data
suggest that the clearance of DAB4K,,lL-2 follows dose-independent

pharmacokinetics at the range of data studied.
Antibody Status. Eight of the 23 patients (35%) entered had sig

nificant titers of antibody to Diptheria toxin and/or DAB4fi,,IL-2 at
entry (Table 4). After at least one course of DAB4X,,IL-2, most of the

patients had significant titers of antibody. No patients had significant
antibody titers to IL-2 at entry. After one or more courses of
DAB4X(SIL-2administration, 10 of 18 patients tested had low level
anti-IL-2 titers. All patients with tumor responses developed anti-IL-2

antibodies. In contrast to our previous report (5), tumor regressions in
this study occurred during the first or second courses of DAB48,,IL-2.

Antitumor Effects. Objective clinical responses were observed in
2 patients (Table 5). An additional 4 patients had minor responses

Table 3 Plmrmacokinelics of DAB^fJL-2 after 90-min infusion

Dose(mg/kg)0.2

0.25
0.3
0.4Half-life

(min)11.5

Â±4.3
10.5 Â±3.5
16.0 Â±5.6
9.5 Â±1.8Vd"(liters)7.2

Â±1.8
38.0 + 12.4
10.5 Â±2.47.8

Â±2Cxt(ng/ml

Xmin)28,789

Â±11.030
27,752 Â±11,815
41,237 Â±8,198
65,503 Â±12,592CP,,(ng/ml)1,796

Â±306
2,645 Â±1,951
2,5 13 Â±645
5,073 Â±857Cip(ml/kg

Xmin)12.2

+ 5.7
55.3 + 22.1

8.7 Â±1.5
6.8 Â±1.2Plateau

(ng/ml)893

Â±184
1,046 + 546
1,811 Â±459
3,181 Â±364

' Vd, volume of distribution; Cxt, area under the concentration curve; CPU, plasma concentration at infusion end; Cip, clearance rate of drug from serum.
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PHASE l TRIAL OF THE FUSION TOXIN

Table 4 Antibody response to diphtheria toxin, DAB^HfJL-2, and IL-2

Prctreatmcnt Posttreatment Peak value
Patient No. of

no DT" DAB IL-2 DT DAB IL-2 DT DAB IL-2 courses

2345678910121314151617192021I*0000000101000000010020101101005100000(I00(I000000000000531630301532054555336312506334455501031010011000121533660301263205555531661251163454555011320100011000221112351341323211342

" DT, diphtheria toxin: DAB4M,IL-2
''Rank (liter): 1 (sl:25); 2 (al:125); 3 (al:625); 4 (==1:3125); 5 (sl:15,625):

6(sl:15625).

characterized by more than 25%, but less than 50%, reduction in
tumor burden lasting for longer than 4 weeks. No responses occurred
in the group of patients whose tumors were p55 negative (Table 5A).
Two patients sustained minor responses in the group of patients in
which p55 expression was unknown (Table 5B). Four of the responses
occurred in patients whose tumors expressed p55 (Table 5C). Three of
these 4 patients received doses of DAB486IL-2 of 510 KU/kg or

greater during one of their courses of therapy. In contrast, 3 of the 7
patients with nonresponding tumors expressing p55 received
DAB486IL-2 above this level of activity.

DISCUSSION

This report describes a Phase Ib trial of DAB4H6IL-2, a genetically

engineered fusion toxin capable of selectively killing cells expressing
functional high affinity IL-2 receptors. DAB4H6IL-2 is well tolerated
when delivered by an i.v. infusion and is capable of inducing unmain-

tained complete remissions in patients whose cancers have progressed
through standard and experimental therapies (5, 17, 18). In addition to
confirming the findings of our initial Phase I trial of this agent, several
additional observations were made during the present study.

Observations made in vitro suggest that cytotoxicity is dependent
not only upon dose, but upon length of exposure of DAB4K6IL-2 to the

tumor cell (14). Therefore, an important objective of this study was to
determine whether the duration of potentially cytotoxic serum con
centrations could be extended by utilizing a longer i.v. infusion sched
ule for administration. DAB4K6IL-2 has a short half-life when deliv

ered by a bolus infusion, which in theory limits the time of exposure
to tumor cells expressing the IL-2 receptor. When administered by an
outpatient 90-min infusion, DAB486IL-2 was well tolerated by pa
tients enrolled in this study. As expected, levels of DAB4K,,IL-2 known

to be active in vitro could be achieved for the duration of the infusion
at all dose levels. Neither the clearance of the ligand fusion toxin nor
the area under the concentration curves was significantly different
from that seen in the initial Phase I study, possibly because of lower
peak serum levels achieved with the infusion schedule. The hetero
geneity of the patient population with regard to tumor type, IL-2

receptor expression, and dosage levels did not allow correlations of
tumor response with any pharmacokinetic parameter.

Patients were enrolled in this study without regard to IL-2 receptor
expression because of difficulties in measuring the IL-2 receptor in
our initial study and because of the possibility that DAB4K,,IL-2 might

effect tumor response in vivo by some mechanism other than direct
tumor cytotoxicity. Immunophenotyping including IL-2R status was

performed by immunohistochemistry and flow cytometry on all pa
tients from whom tumor could be obtained (19). None of the 4 patients
whose tumors were negative for p55 had any tumor reduction,
whereas 4 of the 11 patients whose tumors tested positive for p55 had
tumor regression (Table 5). It, therefore, appears that the presence of
p55 is necessary, but alone may not be sufficient to achieve an anti-
tumor response. When studied in vitro, DAB486IL-2 selectively binds

and intoxicates only cells expressing the high affinity receptor for
IL-2, which consists of at least the p55 and p75 subunits (1-4). The

numbers of patients in this study are small, and although care must be

Table 5 Tumor expression of p55 andresponsePatient

no.A.

p55negative040811ISB.

p55unknown0102030709061516C.

p55positive2310121314052217142(121Age5971636446612341325556332736586745324455553849SexMFFFFMMMMFMMFMMMMMFMMFMDiagnosisNHL"NHLNHLNHLNHLNHLNHLKSKSNHLNHLKSHDCLLCLLNHLNHLNHLNHLNHLCTCLCTCLCTCLMg/kg

Ku/kg0.2

5805000.25

2752250.2

5805805805005000.3

8705105100.1

2400.2
2752754254250.3

8705400.4

680400/760400/540760ResponseSDSDSDNEPDSDSDSDSDMRMRPDPDNEMRSDSDPRSDSDMRPRSDDuration

(mos.)122532

' NHL, non-Hodgkins's lymphoma; KS, Kaposi's sarcoma; HD, Hodgkin's disease; CLL, chronic lymphocytic leukemia. CTCL, cutaneous T-cell lymphoma.
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taken in interpreting these observations, they are consistent with our
understanding of the necessity for DAB4K6IL-2 to act through the high
affinity receptor. Also, even if a high-affinity receptor exists on the

tumor cell, it may not always be functional, and therefore the tumor
may be relatively resistant to the ligand toxin. An additional variable
precluding a direct correlation was the various doses of the ligand
fusion toxin used in this Phase I trial. This point is illustrated by the
observation that both of the responding patients in the "receptor un
known" group and 3 of the 4 responding patients in the "p55 positive"

group received doses of the ligand toxin at or above 510 KU/kg.
To definitively address these issues, a Phase II trial must be con

ducted with certain important considerations. Patient tumors must be
assayed for p75 as well as p55 prior to study entry so that only patients
with receptor-positive tumors will be treated. Furthermore, the inabil

ity to significantly enhance the area under the curve with longer
infusions mitigates against such a schedule because of the ease of
delivering a bolus infusion in the outpatient setting. Finally, dosing
should be based upon biological activity of the agent, and a uniformly
potent ligand fusion toxin should be administered. For this purpose, it
may be best to use an agent such as DAB389IL-2, which has been
rendered 10-fold more potent than the original ligand toxin by remov

ing a number of amino acids (20).
The present study again underscores the feasibility of using recom

binant DNA technologies to design rational targeted biological ther
apies for the treatment of cancer. It also illustrates the importance of
correlative laboratory studies that expand our understanding of tumor
biology as well as the mechanism of action of agents like
DAB486IL-2.
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