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Optimizing denileukin diftitox (Ontak®)
therapy

Denileukin diftitox (Ontak) is a
genetically engineered recom-
binant fusion protein com-

posed of the full length interleukin 2
and the catalytic domain of diphtheria
toxin. As such, Ontak or formerly
DAB389IL2 is the first targeted therapy
of the fusion toxin class to be
approved. This therapy has broad
applicability for targeting any ligand
receptor that internalizes after bind-
ing. Ontak was first introduced in 1992,
and tested for safety and activity in
autoimmune disease (rheumatoid
arthritis, psoriasis), type I diabetes,
HIV, and hematologic malignancies
(Strom TB 1993). The initial fusion
protein DAB486IL2 initially tested (Le-
Maistre 1993) wasmodified to DAB389
which is cleared more slowly and has
longer half-life of 72 minutes. On the
basis of a randomized two arm, Phase
III multi-center clinical trial, Ontak
received FDA approval in 1999 for cuta-
neous T-cell lymphoma (CTCL)(Olsen
2001). Since that time Ontak has been
studied and shown efficacy in peripher-
al T-cell lymphomas, Non-Hodgkin’s B
cell lymphoma, chronic lymphocytic
leukemia, graft-vs-host disease and
against T-regulatory cells present in sol-
id tumors.

Targeting the T-cell receptor
Cutaneous T-cell lymphomas are

extra-nodal non-Hodgkin’s lymphomas
that present in the skin but can
progress to systemic lymphomas, trans-
form to large cell lymphomas, or
become leukemic. The most common-
ly encountered CTCL are mycosis fun-
goides (MF) and its leukemic variant,
the Sèzary syndrome (SS) (Vonderheid
2002). MF arises from accumulation of
skin homing (epidermotropic)
helper/memory T-cells which may be
stimulated by chronic antigens. T-cells
that encounter antigens or superanti-

gens through their T-cell receptor are
activated and upregulate the expres-
sion of the IL-2 receptor. This stimu-
lates cell division and a clonal T-cell
expansion. Clonal expansion of T-cells
can be detected by polymerase chain
amplification of the T-cell γ or β vari-
able chain regions. Patients who have
the same clonal rearrangement of their
T-cell receptors from different sites or
over time, are more likely to have dis-
ease progression over time (Vega
2002).
In themajority of patients, MF begins

as an indolent and persistent eczema-
tous or psoriasiform dermatitis which
can be treated by skin directed modal-
ities. However, in patients who progress
or transform, aggressive chemothera-
py treatment can further compromises
the immune system and can lead to
fatal infection. Thus, for this disease,
therapy targeting only themalignant T-
cells specifically would represent an
advance in treatment strategy.
Waldman first targeted the IL-2

receptor with anti-Tac antibody and
showed that the IL-2 receptor is
expressed on activated and HTLV-1
infected T-cells but not on resting T
and B cells (Waldmann 1993). Ontak is
somewhat similar to targeted antibod-
ies in that it binds to the receptor. But
Ontak is a ligand for the receptor, and
once it binds is internalized with high
and intermediate affinity IL-2 receptors
found on the surface of activated T-
cells. The high affinity T-cell receptor is
formed by a trimer of three distinct
protein chains: CD25 (α. p55), CD122
(β, p75) and CD132 (γ, p 65). Ontak
can bind to any of the receptors but
only the intermediate (β,γ) and the
high affinity receptors are able to inter-
nalize Ontak, which is essential for its
cytotoxicity. Following binding of
Ontak, the IL-2 receptor plus fusion
protein is internalized by endocytosis.
The active fragment of diphtheria tox-
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in is released into the cytosol following cleavage
and inhibits protein synthesis through ADP- ribo-
sylation and causes cell death (Nichols 1997).

Clinical trials
In the first Phase I multi-center dose escalation

trial, DAB389IL2 (Ontak, denileukin diftitox)
was administered to 109 patients with hemato-
logic malignancies(LeMaistre 1998). In this
study, expression of IL-2 receptor subunits was
required for entry and was detected in patientsí
lesions using immunohistochemistry staining.
CTCL patients, compared to patients with
Hodgkin or with NHL had a higher number of
patients with the receptor detected by staining
for p55 (CD25) or p75 (CD122) subunits
(LeMaistre 1998). Seventy-three patients (44
men and 29 women), aged 16 to 81 years (mean,
50.7) with CTCL (n = 35), NHL (n = 17), andHD
(n = 21) who had failed 0 to 15 previous therapies
(median, 4) were treated. Ontak was adminis-
tered as short intravenous infusions daily for 5
days and courses were repeated every 21 days.
Patients received one to six courses (mean, 3.3)
of Ontak with doses of 3 to 31 µg/kg/day. Asthe-
nia was the dose limiting toxicity at a maximum
tolerated dose of 27 µg/kg/day. Half of all
patients had significant antibody titers to diph-
theria toxin or to DAB389IL-2 at the time of
enrollment compared with 92%with titers at the
end of treatment but antibodies did not block
clinical responses. In CTCL patients, five com-
plete (CR) and eight partial (PR) remissions
were observed for an overall response rate of
38% among 32 CTCL patients (Nichols 1997;
Saleh 1998). One CR and two PR were seen in
patients with NHL and none among patients with
HD. Median time to response was 2 months and
duration of response was 2 to 39+ months (Le-
Maistre 1998).
The observation of efficacy and complete

responses seen in CTCL patients was the basis
for the design of two larger multicenter random-
ized Phase III trials for registration of denileukin
diftitox (DAB389IL-2, Ontak) [Ligand Pharma-
ceuticals Inc, San Diego, CA, USA]. One Phase
III study in early patients who had received less
than three prior therapies included randomiza-
tion to a placebo arm and has been slow in accru-
ing patients. The other Phase III trial was suc-
cessfully conducted in patients with stage IB to
IVA CTLC who had received three or more pri-
or therapies with a median of 5 (Olsen 2001).
Patients required biopsy-proven CTCL express-
ing CD25 on > or = 20% of lymphocytes. Patients

were randomized to receive infusions of either 9
or 18 µg/kg/d of denileukin diftitox adminis-
tered 5 consecutive days every 3 weeks for up to
8 cycles. Overall, 30% of 71 CTCL patients had
an objective response (20%partial responses and
10% complete responses). Response was meas-
ured by the Skin Weighted Assessment Tool
(SWAT) and required two visits three weeks apart
to confirm response. Many other patients had
clinical responses but left the study early for infu-
sion reactions and did not have responses con-
firmed at two visits as required by the protocol.
The response rate and duration of response
based on the time of the first dose of study drug
for all responders (median of 6.9 months with a
range of 2.7 tomore than 46.1months) were not
statistically different between the two doses. How-
ever, in patients with tumor stage disease (IIB)
the response rate was 38% at the higher dose lev-
el compared to 10% at the lower dose (p=0.07).
The overall response rate in early patients (stage
I) was 43% at 9 µg/kg/day and was 33% at the
higher dose level. One patient with stage IA dis-
ease treated on study achieved a complete remis-
sion for the past five years following Ontak ther-
apy(Carretero-Margolis 2003).
CTCL is a disfiguring tumor which is highly

symptomatic in many patients. As part of the tri-
al, overall quality of life was assessed at each cycle
using the Functional Assessment of Cancer Ther-
apy-General (FACT-G) questionnaire, skin
appearance (7-point scale), and pruritus severi-
ty (10-cm visual analogue scale). Composite
FACT-G and most individual subscale scores
(physical, social/family, emotional, and function-
al well being) in documented responders (n =
21) gradually increased during the study period
and generally reached statistical significance (P
< 0.05) by cycle 3. The scores of the responding
patients were significantly (p < or = 0.041) high-
er than the scores of nonresponders at endpoint.
Responders also assessed their skin severity and
pruritus as having significant improvement (p <
or = 0.05) at study endpoint compared to base-
line(Duvic 2002).

Side effects of Ontak
In this study, premedications were limited to

acetameniphen and benadryl and steroids were
not given such that many patients experienced
infusion reactions. The severity and number of
side effects were not associated with dose level of
Ontak. Adverse events consisted of flu-like symp-
toms (fever/chills, nausea/vomiting, and myal-
gias/arthralgias), and acute infusion-related
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events (hypotension, dyspnea, chest pain, and
back pain) were seen in 69% of the patients and
were responsible for 29% of patients leaving the
trial early. Chest and back pain and shortness of
breath were relieved by slowing the rate of infu-
sion. A delayed vascular leak syndrome (hypoten-
sion, hypoalbuminemia, edema) was experi-
enced in 27% of the patients at about 10 days
after the first infusion, and generally did not
recur. Hypoalbuminemia occurred in 79%,
including 15% with grade 3 or 4 changes. Sixty-
one percent of patients experienced transient
elevations of hepatic transaminase levels with
17% grade 3 or 4. Hypersensitivity rashes were
seen uncommonly in some patients, but could
be followed by clearing of skin lesions. There was
no evidence of cumulative toxicity and no asso-
ciation between response and formation of anti-
bodies. Infection rate was not increased and no
myelosuppression was seen.
Using Ontak in the outpatient setting is safe

and can be given through peripheral lines. Acute
allergic reactions which are rare as well as fever
and chills can be blocked by giving low doses of
prednisone (10-20 mg) or decadron prior to the
infusion. The use of steroid premedication in a
small study of 15 patients was associated with
increased reported response rates of 60% and is
suggested to induce expression of CD25 on T
cells. Only three of 15 patients experienced infu-
sion reactions and 2 had vascular leak syndrome
(VLS). Saline infusion and hydration following
Ontak infusions also appears to dramatically
reduce the incidence of VLS. Bexarotene has
also been administered prior to Ontak and may
also be associated with increased IL-2 expression
and possible synergy. As part of this study we also
observed one case of thyrotoxicosis presenting
as infusion related tachycardia and hypertension.
Additional patients were observed with transient
thyroiditis and subsequent hypothyroidism sug-
gesting the need formonitoring thyroid function
in patients receiving Ontak (Ghori 2006 ). Visu-
al changes including blindness have recently
been reported in six patients.

Importance of IL-2 receptor in determining
response to Ontak
Reactivity to CD25 was variable among biopsies

taken from the same patient from different
lesions and over the course of the study and
patients who had lost CD25 staining were able to
respond toOntak. Since CD25 only stains for the
alpha chain and it is possible that low numbers
of IL-2 receptors may not be detectible, it is pos-

sible that patients with a low level of IL-2 recep-
tors on their malignant cells will respond. In
order to study the value of CD25 immunoreactiv-
ity for predicting response to Ontak, we prospec-
tively stained lesional skin biopsy specimens from
113 mycosis fungoides and Sezary Syndrome
patients for activation markers CD25 and
CD30(Talpur 2006). We proposed to correlate
expression with clinical tumor-node metastasis
(TNM) stage, histologic grade, and response to
denileukin diftitox. High expression was defined
as positivity of > or =20% of lesional T-cells using
immunohistochemistry (IHC).
We found that CD25 and CD30 expression was

more common among lesions from advanced
patients (p = 0.04 and 0.002, respectively) and
that advanced TNM (T3 or T4) was significantly
associated with intermediate-grade (p = 0.002)
and large-cell transformation histology (p = 0.04).
Clinical responses to Ontak were observed in
78.5% of patients with high CD25 expression ver-
sus only 20% with low to undetectable CD25
expression (p = 0.01) among 24 patients who
were treated with standard 5-day infusions of
denileukin diftitox at 18 µg/kg/day. Split biop-
sies examined by the reference lab had discor-
dant findings with our assay in over half of the
patients. These data suggest that high CD25
expression by IHC is associated with advanced
CTCL and with clinical response to denileukin
diftitox therapy. However, a multicenter trial has
also been conducted to assess this same question
(Foss et al, in press). Some of the issues relating
to detection are the threshold level of receptor
expression, difficulty in obtaining representative
tissue, lack of an assay that accurately reflects
high-affinity receptor, and the potential difficul-
ty of observer variability in evaluating the
assays(LeMaistre 2000).
Ontak in other indications:
Frankel et al treated patients with recurrent or

refractory chronic lymphocytic leukemia (CLL)
(Frankel 2006). Denileukin diftitox administered
as 60-minute intravenous infusions for 5 days
every 21 days at a dose of 18 mug/kg per day for
up to 8 courses produced complete remission in
1 of 22 (4%) patients who received at least two
cycles and partial remission in 5 of 22 patients
(23%) for a total remission rate of 27%. Twelve
of 22 patients achieved reductions of peripheral
CLL cells, with 5 of 12 patients achieving >80%
reductions. Six of 22 patients achieved reduc-
tions in the size of lymph node on examination
and computed tomography scans, and all 6 of
those patients met the criteria for a partial or
complete response that lasted > or = 2 months.
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Bone marrow complete remission lasted for 1
year in 1 patient. Progression-free intervals in the
responders were 2 months in 2 patients and 4
months, 6 months, 7 months, and 12 months in
1 patient each. Toxicities were moderate and no
infections associated with immunosuppression
were seen. We treated a patient with tumor stage
MF and CLL who had a two year complete remis-
sion of the CLL after receiving several courses of
Ontak therapy for his CTCL. This indication
deserves further study as it is not immunosup-
pressive or myelosuppressive.

Non-Hodgkin’s B-cell Lymphoma
In the original Phase I/II Trial, 3 NHL patients

responded, two of whom had follicular lym-
phomas, and a third having a primary intermedi-
ate-grade B-cell NHL refractory to chemothera-
py and stem cell transplant. This patient has
remained in complete remission over 3 years
after treatment with DAB(389)IL-2(LeMaistre
2000). Dang et al. conducted a Phase II trial in 45
patients with refractory NHL at MD Anderson
Cancer Center(Dang 2004). Thirty-two of the 45
patients (71%) were refractory to their last
chemotherapy. Patients received Ontak on the
standard dosing protocol of every three week five
day courses and were followed carefully for signs
of VLS. The overall response rate was 24.4%with
3 complete responses (6.7%), 8 partial respons-
es (17.8%) and 9 patients with stable disease.
Median time to treatment failure was 7 months
and progression free survival at 20 months was
24% (95% C.I. 0-60%). In this study there was
no difference in responses seen in patients with
high CD25+ staining (22%) and low CD25 reac-
tivity (29%).

Graft-vs-host disease and autoimmune disease
Targeting IL-2R-expressing lymphocytes may

be an effective strategy for the prevention of graft
rejection and to treat or prevent graft-versus-host
disease(LeMaistre 2000). In a small study 20
patients were treated at a low dose of 4.5
µg/kg/day on days 1-5 and then weekly day 8,
15, 22, and 29. At day 36 there were 9 of 20 com-
plete responses and at day 100, there were 6
responses, four of which were complete(Shaugh-
nessy 2005).
DAB(389)IL-2 has been examined in clinical

trials of psoriasis and rheumatoid arthritis and
has shown promising results. The potential util-
ity in other autoimmune disorders is unknown,
but diseases such as systemic lupus, scleroderma,
and vasculitis alsomay be effective candidates for
such ligand fusion therapy(LeMaistre 2000).
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