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A phase | study of bendamustine hydrochloride administered
once every 3 weeks in patients with solid tumors

Marika Rasschaert>®", Dirk Schrijvers®, Jan Van den Brande?, Joke Dyck?,
Johan BosmansP®, Karlheinz Merkle® and Jan B. Vermorken®

The present phase | trial was planned to assess the
maximum tolerated dose, the dose-limiting toxicity and the
pharmacokinetics of bendamustine hydrochloride in a once
every 3 weeks schedule, and to recommend a safe dose for
future phase Il studies. Included were patients with
refractory solid tumors. Bendamustine hydrochloride was
administered as a short intravenous infusion over 30 min.
The starting dose was defined at 160 mg/m? and dose
escalation used increments of 20 mg/m?2. Plasma and urine
samples were analyzed using validated high-pressure
liquid chromatography/fluorescence assays. Twenty-six
patients (14 men, 12 women) were enrolled for the study.
At 280 mg/m?, one out of four patients developed a
thrombocytopenia grade 4, two experienced grade 3
fatigue and three experienced cardiac toxicity (grade 2).
The latter toxicity was considered dose limiting also and
further dose escalation was stopped. Plasma
pharmacokinetics parameters of bendamustine
hydrochloride and its metabolites were assessed in 15
patients. Mean pharmacokinetic parameters of
bendamustine hydrochloride were a t,.x of 32.3min, a t;/,
of 37.8 min, a volume of distribution of 14.21/m? and a
clearance of 287.8 ml/min/m2 No dose dependency of
bendamustine hydrochloride was observed within the used

Introduction

Bendamustine (bendamustine hydrochloride; BM) has
cytotoxic and immunosuppressing activities, and was
synthesized in 1963 by Ozegowski and colleagues in Jena,
Germany [1]. Chemically, BM (4-[5-[bis(2-chloro-ethy-
l)amino]-1-methyl-2-benzimidazolyl] butyric acid) is a
cytotoxic agent that was developed to combine both
alkylating, antimetabolite activity and solubility in water
[2,3]. In-vitro data have suggested that it is only partially
resistant with other alkylating agents and that the DNA
double-strand breaks, induced by BM, are more long-
lasting [4]. Its unique mechanism of action in comparison
with other alkylators might be due to a specific gene
signature regulated by BM [5] and the fact that DNA
damage caused by BM is repaired by base excision repair
rather than by the alkylguanine transferase mechanism.
All of these characteristics could explain the lack of
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dose range. The metabolites comprised only 23% of the
overall area under the concentration-time curve. The
maximum tolerated dose of bendamustine hydrochloride
on day 1 g 3 weeks is 280 mg/m?2. Fatigue and cardiac
toxicity were dose limiting. The plasma pharmacokinetics
data of bendamustine and its metabolites were in
accordance with previous reports. The recommended dose
for future trials is 260 mg/m? every 3 weeks. Anti-Cancer
Drugs 18:587-595 © 2007 Lippincott Williams & Wilkins.

Anti-Cancer Drugs 2007, 18:587-595

Keywords: bendamustine, day 1 every 3 weeks schedule, phase |,
solid tumors

Departments of *Medical Oncology and PCardiology, University Hospital
Antwerp, Edegem, “Department of Medical Oncology Middelheim Hospital,
Antwerp, Belgium and “Clinical Research, Ribosepharm, Munich, Germany

Correspondence to Dr Jan B. Vermorken, MD, PhD, Department of Medical
oncology, Oncologisch Centrum GVA, St Augustinus Hospital, Oosterveldlaan
24, 2610 Wilrijk, Belgium

Tel: +32 3 821 39 54; fax: +32 3 825 05 64;

e-mail: jan.b.vermorken@uza.be

Received 14 July 2006 Revised form accepted 25 November 2006

activity correlation between BM and other drugs present
in the National Cancer Institute Developmental Ther-
apeutics Program database [6]. Furthermore, other
preclinical data suggest a concentration-dependent in-
duction of apoptosis in lymphoma cells [7,8]. Evidence is
available for synergism with fludarabine or cladarabine,
which is thought to be associated with down-regulation of
the inhibitors of apoptosis proteins, prostate-apoptosis-
response-gene 4, death-associated protein and enforced
caspase activity [9,10].

Following intravenous administration, a high percentage
(>95%) of the drug is bound to proteins, primarily
albumin. Only free, unbound BM is active. The elimination
of BM is biphasic, rapid and — for the unchanged agent and
the hydrolysis products, hydroxybendamustine (OH-BM)
and dihydroxybendamustine (DiOH-BM) — mostly renal
[11-13]. Pharmacodynamic studies in rats have shown that
the polar metabolites which are produced by hepatic
metabolization have a biliary excretion pattern [14]. The
main biotransformation products are a cytotoxic hydroxy-
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derivative  (y-hydroxybendamustine, y-OH-BM) and
N-demethylbendamustine (N-demethyl-BM) [2].

Since 1971, BM has been used in the treatment of various
malignant diseases including chronic lymphocytic leuke-
mia, Hodgkin’s disease, non-Hodgkin’s disease, multiple
myeloma and breast cancer. All of these earlier studies
have used BM, both in monotherapy and combination
schedules, in arbitrary dosages.

Thus the clinical side effects of the drug, such as
myelosuppression (leukopenia usually being more pro-
nounced than thrombocytopenia), nausea, vomiting, loss
of appetite, anticholinergic effects, allergic reactions and
cardiotoxicity, have been described. Moreover, BM also
demonstrated mutagenic, embryotoxic and teratogenic
potential in animal studies [15,16].

Recently the compound has attracted renewed interest,
and a whole range of preclinical and clinical trials were
initiated. A multitude of phase II clinical studies
evaluated BM’s activity in hematologic malignancies
[17-23]. Also in more recent studies, the activity of the
compound was demonstrated in patients with solid
tumors such as lung, breast and germ cell cancer [24-29].

As the dose-limiting toxicity (DLT) and maximum
tolerated dose (MTD) had never been formally addressed
in a 3-weekly dosing schedule, we studied this in a single-
center phase I study. The present report summarizes our
findings with respect to safety, tolerability, tumor
response and clinical pharmacokinetics (PK) for BM
given as a short intravenous infusion over 30 min at
3-week intervals.

Patients and methods

Patient selection

Patients could be included in this phase I study if the
following criteria were present: (1) histologically confirmed
advanced cancer refractory to standard therapy or for which
no standard therapy existed; (2) age older than 18 years;
(3) World Health Organization performance status 0-2;
(4) a life expectancy of >3 months; (5) a negative
pregnancy test and use of effective means of contraception
in fertile women; and (6) a hemoglobin (Hb) level of
> 8.0 g/dl, white blood cells > 4.0 x 10°/1 and a platelet
count > 100 x 10%/1. Exclusion criteria included: (1) liver
enzymes more than two times the upper limit of normal
[aspartate (AST) and alanine aminotransferases (ALT") and
bilirubin]; (2) renal dysfunction with a serum creatinine
more than two times the upper limit of normal or any other
severe metabolic disorder; (3) chemotherapy or experi-
mental medications within the last 4 weeks before the
start of the study; (4) prior treatment with BM; (5) serious
concomitant disease such as congestive heart failure,
uncontrolled infection, epilepsy or peptic ulcer; (6) alcohol

and/or drug dependency; and (7) suspected central
nervous system involvement.

In accordance with the Declaration of Helsinki, Interna-
tional Conference on Harmonization Good Clinical Practice
guidelines and applicable local laws, all patients provided
signed informed consent. The Ethics Committee of the
University Hospital of Antwerp approved the protocol.

Treatment schedule

Ribosepharm (Munich, Germany) supplied the study drug
in sterile vials containing 100mg BM and 120mg of
mannitol. The calculated dose had to be administered in a
final volume of 500 ml normal saline over 30min by a
peripheral or central intravenous infusion. The treatment
was given on an outpatient basis. BM was administered
once every 3 weeks. The selected starting dose of BM was
160 mg/m®. As higher doses of the drug had already been
used in combination chemotherapy regimens, this starting
dose appeared adequately safe and hence ethically
acceptable. The dose increment per treatment group
consisted of 20mg/m?, providing that no dose-limiting
event occurred in the first cycle of the previous group. At
least three patients were recruited at each given dose level.

Treatment continued until disease progression or unac-
ceptable toxicity occurred, whatever came first. Suppor-
tive care was at the discretion of the treating physician.
The concomitant use of other cytotoxic or experimental
agents was not permitted. Also hematopoietic growth
factors were not permitted.

Definition of dose-limiting toxicity, dose-escalation
procedure and maximum tolerated dose

Initially, three patients were to be included at the first dose
level. If no DLT occurred, dose escalation would continue.
If one of three patients developed a DLI] another three
would be enrolled at that same dose level. If then only one
of the six patients had developed a DLT, dose escalation
would proceed. If at least two of three patients or at least
two of six patients had developed an identical DLT, that
dose level was considered to be the MTD.

No intrapatient dose escalation was permitted. Once
three patients completed the first cycle of treatment
(defined as 21 days after the first BM administration) and
had been observed for acute toxicity, patients were
allowed to start treatment at the next dose level. DLT
was defined as (1) any grade 3 or 4 nonhematologic
toxicity, which was possibly, probably or definitely related
to BM and occurring up to 3 weeks after BM adminis-
tration; (2) any grade 4 anemia or thrombocytopenia
or grade 4 leukopenia or neutropenia lasting for at least
5 days (lymphocytopenia was not considered dose limit-
ing); and (3) febrile neutropenia. Nausea and vomiting
were not considered as DLT; if antiemetics had not been
used adequately or if it was considered disease related.
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The protocol was amended, after the evaluation of three
cardiac events (all grade 2) at the 280-mg/m? level.
Although grade 2 nonhematologic toxicity was defined as
significant toxicity, it was decided to consider ischemic
cardiac changes grade 2 as dose limiting because of its
clinical relevance.

Assessment of toxicity

Patients were monitored for safety and tolerability using
the National Cancer Institute of Canada Common
Toxicity Criteria (NCIC-CTC version December 1994).
The evaluation of side effects was based on weekly
outpatient visits with laboratory and clinical investiga-
tions, medical history, and a full physical examination.
The following investigations were performed before each
3-week cycle: physical examination, toxicity assessment
with pulse rate, blood pressure, body temperature and
body weight; blood sedimentation rate, coagulation
parameters, hematologic blood examination including:
Hb, white blood cells, platelets and differential blood
count; serum analysis including sodium, potassium,
calcium, magnesium, phosphate, creatinine, blood urea
nitrogen, uric acid, AST and ALT, alkaline phosphatase,
y-glutamyltranspeptidase, lactate dehydrogenase, biliru-
bin, creatine kinase (CK), CK-MB, protein, albumin,
C-reactive protein, glucose, B-human chorionic gonado-
tropin (for women only), tumor markers and urine
analysis with urinary sediment and creatinine clearance
(calculated by the Cockroft—Gauld formula).

Physical examination, toxicity assessment, Hb, white
blood cells, platelets, differential blood count, blood urea
nitrogen, AST, AL'T, CK, CK-MB, glucose, urine analysis
and urinary sediment were evaluated weekly. For the
assessment of cardiac toxicity, electrocardiograms were
performed on days 1 and 8 of each cycle. The left
ventricular ejection fraction was evaluated by technetium
scan before the first administration of BM.

Every two cycles, patients were evaluated for tumor
response by imaging. In this phase I study, the World
Health Organization criteria were used to evaluate tumor
response: complete response was defined as complete
disappearance of the tumor for at least 4 weeks; partial
response as a tumor reduction of more than 50%
(calculated as the product of largest diameter and its
perpendicular measurement); minimal response as a
reduction of 25-50%, stable disease was defined as a
reduction of less than 25% or a tumor progression of less
than 25% and progressive disecase was a tumor expansion
of more than 25%.

Statistical analyses

For the interpretation of the clinical data, the SPSS 11.5
statistical software (SPSS, Chicago, Illinois, USA) was
used.
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Results are described in absolute numbers or as group
medians with the range or mean values and standard
deviation (SD) or standard error as indicated.

Pharmacodynamics and pharmacokinetic
measurements

Venous blood samples were taken from individual patients
and collected into heparinized tubes at the following time
points: 0 (predose baseline), 10, 20, 30 (end of infusion),
35, 40, 50, 60, 75, 90, 105, 120, 180, 280, 360 and 480 min.
Immediately upon collection, the samples were transferred
in ice water and centrifuged (4-6°C) at 2000g for 4 min.
The plasma was then divided into three aliquots and
immediately deep-frozen at —70°C. Before the first
treatment, a 2-ml predose urine sample was collected
from each patient. The urine produced after drug infusion
(first micturition) was collected throughout cycles 1 and 2,
therefore sampling periods differ from each other. Two
1-ml aliquots of each collection were stored at —70°C
immediately after micturition.

Plasma and urine samples were analyzed using validated
high-performance liquid chromatography and fluorescence
assays. The lowest limit of detection in plasma samples for
BM was 2ng/ml. Those for the metabolites varied
considerably (100, 500, 2 and 2 ng/ml for OH-BM, DiOH-
BM, y-OH-BM and N-demethyl-BM, respectively). The
lowest levels of quantification in urine samples for BM,
OH-BM, DiOH-BM, y-OH-BM and N-demethyl-BM were
7, 68, 160, 7 and 7 ng/ml, respectively. The concentrations
of OH-BM and DiOH-BM were not quantifiable in some
urine samples because of interfering matrix peaks.

PK calculations were performed by the PK software
package WinNonlin Pro 4.0 (Pharsight Corporation,
Mountain View, California, USA; 2002). Parameters were
determined by noncompartmental analysis. The noncom-
partmental analysis was based on a model requiring a
constant infusion of the drug (duration of infusion:
30min). The area under the plasma concentration—time
curve (AUC) was calculated using a log-linear trapezoidal
method from the first to the last measurable concentration
(AUC,) and extrapolated to infinity (AUC;.¢) using the
ratio of the last measured concentration to the terminal
slope. The peak plasma concentration (C,,,) and the time
to reach C.x (fma) Wwere read directly from the
concentration—time data. The terminal elimination half-
life (#1/23) was calculated using a log-linear regression of the
concentration data. The volume of distribution (V4) and
the clearance (Cl) were calculated by standard methods
and normalized to body surface area. Mean values were
compared with the 7-test for unpaired small samples.

Results

Between August 2000 and November 2002, 26 patients
were enrolled in this phase I study. They all gave written
informed consent.
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Patient characteristics
Patient characteristics are given in Table 1. All patients
were Caucasian.

Three patients were chemonaive whereas the remaining
23 patients had been treated earlier with a median of two
different chemotherapy regimens (range 0-7). Only five
patients had been treated with nitrosoureas. More often
prior treatment consisted of platinum salts, antimetabo-
lites and taxanes. Few patients had been treated with
anthracyclines, vinca alkaloids or topoisomerase inhibitors
before study entry. At the 220-mg/m? dose level a fourth
patient was enrolled, although no DLTs were evaluated in
the previous three patients, this was carried out for PK
evaluation at that dose level.

Bendamustine treatment

The number of patients treated at each dose level
studied is given in Table 2. Sixty cycles were given and
the cumulative dose of BM ranged from 296 to 3088 mg.
Three patients declined further study treatment after
one cycle, 20 patients stopped because of progressive
disease and three patients died while on treatment.
These deaths were not considered related to BM
treatment.

Toxicity

Hematologic toxicity

Hematologic toxicity per patient and cycle is shown in
Table 3. Preexisting cancer-related anemia was present in

Table 1 Patient characteristics (n=26)

Age (years)
Median 60
Range 35-75
Sex (n)
Male 14
Female 12
Performance status (WHO)
0 7
1 13
2
Primary tumor (n)
Primary unknown
Colorectal cancer
Melanoma
Urinary tract cancer
Pancreatic cancer
Breast cancer
Soft tissue sarcoma
Renal cell cancer
Thyroid cancer
Gastric cancer
Head and neck cancer
Number of previous chemotherapeutic regimens per patient (n)
0
1
2
3
>3
Previous radiotherapy
Yes 11
No 15

2]
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WHO, World Health Organization.

Table 2 Bendamustine administration (humber of cycles=60)

Treatment Number of patients

Dose level (mg/m?)

160 3
180 3
200 3
220 4
240 3
260 6
280 4
Cycles per patient
1 5
2 17
>3 4
Reason for treatment discontinuation
Progressive disease (radiological) 18
Progressive disease (clinical) 22
Refusal 3°
Death 3¢
Adherence to protocol
Delay due to hematologic toxicity 0
Delay due to nonhematologic toxicity 3¢
Dose reduction 0

“Two patients with jaundice and worsened general condition.
®Two disease-related, one unknown.

°Considered not to be therapy-related.

%Three patients with flu-like symptoms.

five patients; two patients developed anemia grade 3
during treatment (dose level 160 and 240 mg/mz). One
patient experienced thrombocytopenia grade 4, 22 days
after the first administration of 280 mg/m* of BM, for
which no platelet transfusion was required. Leukopenia
and neutropenia were rarely severe. Leukopenia and
neutropenia grade 3 were seen in only five and two
patients, respectively.

A severe decrease in the absolute number of lymphocytes
(grade 4 lymphocytopenia) was present at every dose
level. In total, 25 patients and 78% of all cycles (47 of 60
cycles) demonstrated severe lymphocytopenia. Often this
lymphocytopenia was already present after the first cycle
of BM. Of notice, 13 of 26 patients presented with some
depletion of lymphocytes before the start of treatment
(seven patients grade 3 and six patients grade 4). None of
the patients suffered from neutropenic fever or opportu-
nistic infections.

Nonhematologic toxicity

Nonhematologic toxicities were observed at all dose
levels (Table 4). Among the most frequent were nausea
and vomiting, dryness of mouth and diarrhea. Although no
episodes of febrile neutropenia or bacteremia occurred,
some patients — at every dose level — developed mild
fever and flu-like symptoms. No neurologic toxicity was
observed.

Some gastrointestinal complaints (vomiting, nausea,
anorexia and diarrhea) were described as severe and
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Table 3 Hematologic toxicity (NCIC-CTC version December 1994) per cycle/patient

Toxicity Dose level (mg/m?)
(NCIC-CTC)
160 (cycles= 180 (cycles= 200 (cycles= 220 (cycles 240 (cycles= 260 (cycles= 280 (cycles=
11/pts=three) five/pts =three) 13/pts= three) =eight/pts=four) five/pts=three) 11/pts=six) seven7/pts =four)
Hemoglobin
3 1Al -/- -/- -/- 11 -/- -/-
4 -/= -/= -/=- -/ -/= -/= -/=
1-4 2/1 2/2 7/2 7/4 3/2 6/4 6/4
Thrombocytopenia
3 -/- -/- -/- -/- -/- -/- -/-
4 -/= -/= -/= -/= -/= -/= 11
1-4 -/- 11 8/3 3/3 -/- 2/2 4/3
Leukopenia
3 11 -/= 11 11 -/= -/= 2/2
4 -/= -/= -/= -/= -/= -/= -/=
1-4 6/2 11 11/2 6/4 -/- 6/4 4/2
Neutropenia
3 31 -/ -/= 11 -/- -/= 11
4 -/- -/- -/- -/- -/- -/- -/-
1-4 4/2 11 3/2 3/2 -/- 2/2 2/2
Lymphopenia
3 4/2 11 11 2/2 -/= -/ -/=
4 6/3 4/3 11/3 6/3 4/3 10/6 6/4
1-4 10/3 5/3 12/3 8/3 5/3 10/6 6/4

NCIC-CTC, National Cancer Institute of Canada Common Toxicity Criteria; pts, patients.

scored as grade 3 toxicities at lower dose levels (at 200
and 220 mg/m?, respectively). These events were not
considered dose limiting as they were of short duration
and did not seem related to BM administration. Indeed,
at higher dose levels these events were not severe or did
not occur.

No DLT was observed until the dose level of 280 mg/m?.
At this dose level, two patients experienced grade 3
fatigue and three patients had grade 2 cardiologic
events (Table 5). Three out of four patients had

electrocardiogram (ECG) changes compatible with
ischemic cardiac lesions (ST-segment and T-wave
changes).

One 60-year-old woman using antihypertensive medica-
tion entered the trial with a normal ECG, but showed
anterolateral ischemia on ECG before the start of the
second cycle. No clinical symptoms of angor were noted
nor was there any biochemical change to suspect cardiac
infarction. She received the second treatment cycle,
but refused further follow-up investigations by day 15.
Her general condition deteriorated fast and she died on
day 30 of the second cycle. The ischemic ECG changes
were noted until the last investigations before her
death.

The second patient was a 47-year-old man with bladder
cancer, who in addition had arterial hypertension and
diabetes. Previously, he had been treated with anthracy-
clines. His ECG demonstrated a T-wave inversion after
the first administration of BM (on day 8), at which time
he experienced grade 2 anemia. These nonsymptomatic

ECG changes recuperated by day 15. The third patient
with cardiac toxicity was a 67-year-old man with
disseminated rectal cancer, who developed asymptomatic
ischemic ST deviations during the first cycle, which
remained similar throughout the treatment period (two
cycles). In this case, no relationship with anemia was
suspected as this only developed by day 15 of the second
cycle. Before the therapy the left ventricular ejection
fraction had been normal in all these patients.

Although the patients did not experience clinical
symptoms of cardiac ischemia, these ECG changes were
felt to be important enough to consider them as dose
limiting.

No further dose escalation was applied beyond the
280 mg/m? dose level and this dose level was considered
the MTD with fatigue and cardiac toxicity as DLTs.

In total, six patients were treated with BM at the
260-mg/m? dose level and no DLTs occurred. Therefore,
this level was considered to be the recommended dose for
future phase II trials.

Tumor response

Tumor response was evaluable in 18 patients; all received
at least two cycles. One patient with a metastatic
melanoma showed a complete response for eight treat-
ment cycles (four evaluations). Stable disease was
observed in three other patients (with unknown primary,
renal cell cancer and thyroid cancer, respectively) for the
duration of two, two and four treatment cycles, respec-
tively.
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Table 5 Cardiotoxicity per patient in three patients receiving a
dose of 280 mg/m?

4 pts)

o~ B> I I T T B (" I Patient Cycle Cardiac event ECG changes NCIC-CTC
number  number

280 mg/m?

(n

— |l mN= 1N 20 2 Antero-lateral ischemia ST and T-wave 2
deviations
21 1 Sinustachycardia, Nonspecific T-wave 2°
inferior and anterior inversion
ischemia
23 2 Sinus bradycardia, Infero-lateral 2
mild ischemia ischemic ST-changes

6 pts)

260 mg/m?
2
2
2
2
1

(n

NCIC-CTC, National Cancer Institute of Canada Common Toxicity Criteria.
®Patient was pretreated with doxorubicin.

Pharmacokinetics

The plasma PK of BM and its metabolites OH-BM,
DiOH-BM, y-OH-BM and N-demethyl-BM were inves-
- —o o -N o tigated after the first infusion of the study drug in 15
patients. Noncompartmental PK parameters AUC,,,
Craxs V4 and CL normalized for body surface area are
shown in Table 6.

240 mg/m?
=3 pts)

2

1

1

1

(n

220 mg/m?
=4 pts)

2

2

1

1

(n

BM is rapidly eliminated from the plasma with a mean
t12p of 37.8min (SD: 2,6). The mean V4 was 14.2 1/m?
with a SD of 6.61/m* and the mean CI of BM was
287.8 ml/min/m* with a SD of 166.4. As expected,
ol i1t maximum plasma concentrations of BM were found at
the end of the 30 min lasting infusion period.

200 mg/m?
=3 pts)

2

2

(n

In this study, all mean values of 7, and 71,3 estimated
- —mNN L - for BM and its metabolites OH-BM, DiOH-BM, y-OH-
BM and N-demethyl-BM were in range from 31 to 49 min.
No valid evaluation could be performed for DiIOH-BM
beause of few data. The mean AUC,; of BM was 77 and
66% for the patients receiving 160 and 260 mg/m?,
respectively. These percentages are expressed as percen-
tages of the sum of the AUCs of all compounds
determined in the study and indicated lack of dose
dependency. A similar conclusion could be made when
BM CI was correlated with the given dose. Furthermore,
no significant correlation between dose and 7,3 of BM
and its metabolites could be found. In this study, the
AUC,; was calculated to be 76.6, 3.1, 12.2, 7.2 and 1.0%
for BM, OH-BM, DiOH-BM, y-OH-BM and N-demethyl-
BM, respectively, expressed as mean percentage of the
sum of the parent compound and all detected metabo-
lites. The mean total amount of BM and its metabolites
recovered in the first micturition was 9.8%, expressed as
percentage of the administered dose. The amounts of BM
and its metabolites excreted via the urine in the first
micturition were found in the order: BM (41.5%) > OH-
BM (30.3%) > DiOH-BM (18.5%) > y-OH-BM (8%) > N-
demethyl-BM (1.9%) expressed as mean percentage of
the sum of the parent compound and identified
metabolites.

180 mg/m?
=3 pts)

2

1

1

1

1

(n

160 mg/m?
=3 pts)

2

1

2

3

1

1

(n

Table 4 Nonhematologic toxicity (NCIC-CTC, version December 1994) per evaluable patient
NCIC-CTC, National Cancer Institute of Canada Common Toxicity Criteria; pts, patients.

#Bronchopneumonia, leading to death (not therapy-related).

Peripheral neuropathy
Dose-limiting toxicity.

Myocardial ischemia

Toxicity grade
Fever

Alopecia
Fatigue
Anorexia
Nausea
Vomiting
Constipation
Diarrhea
Dry mouth
Tachycardia
Arrhythmia
Infection
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Table 6 Individual pharmacokinetic parameters of bendamustine in plasma
Number Subject number  Dose (mg/m?) t1/2(min) tax(min) Crmax(ng/ml) AUC,, Vy(l/m?) CI (ml/min/m?)
(min/ng/ml)

1 1 160 58.4 35 125675 626860.5 21.5075 255.1
2 2 160 25.1 30 10476.0 4190195 13.8143 381.7
3 3 160 421 35 9156.9 446151.3 21.7878 358.5
4 4 180 24.7 30 20778.8 11493478 5.5917 156.6
5 7 200 42.3 35 18990.4 1175780.0 10.373.6 170.1
6 9 200 28.9 35 12638.5 594530.0 14.0140 336.4
7 10 220 32.6 30 9081.3 374857.5 276118 586.7
8 15 220 474 30 12634.2 640694.3 23.4599 343.3
9 13 240 35.5 35 18091.4 1075470.3 11.4156 233.1
10 16 240 44.0 30 23939.7 1748762.8 8.7080 137.1
11 17 260 54.0 30 42981.4 3309375.3 6.1116 78.4
12 18 260 27.9 30 18765.0 904573.1 11.5868 287.4
13 24 260 40.9 30 20825.4 1170014.3 13.1175 222.2
14 25 260 473 35 46337.9 2246363.3 7.897.7 115.7
15 22 280 16.0 35 12544.8 417270.8 15.366.1 665.2
Mean 378 32.3 14.1576 287.8
SD 11.9 2.6 6.6436 166.4

AUC,, first to the last measurable concentration; Cl, clearance; t;,op, terminal elimination half-life; Vg, volume of distribution.

Discussion

The present phase I study with BM used a 3-weekly
schedule and a short (30-min) intravenous infusion. It
showed that thrombocytopenia, fatigue and cardiac
events were dose-limiting at 280 mg/m? and indicated
that a dose of 260 mg/m* might be a safe dose for further
phase II studies.

The clinical development of BM has not followed the
present standards of good clinical practice and evidence-
based medicine. Almost all previously published clinical
trials used arbitrary dosages and schedules. Despite this,
BM’s value in the treatment of hematologic malignancies
such as multiple myeloma, chronic lymphocytic leukemia
and non-Hodgkin’s lymphoma, and more recently meta-
static breast cancer, has been established, underlining the
importance of the compound.

This study is one of a series of more recently performed
phase I trials with this agent. Schoffski ez a/ [30,31]
studied BM in a weekly schedule and in a day 1+8 every
4 weeks schedule. The DLTs observed in both schedules
were dryness of the mouth and fatigue, which occurred at
80 mg/m* in the first and at 160 mg/m* in the second
schedule.

As mentioned, next to thrombocytopenia and fatigue,
cardiac events were recorded in our study. This is not
unique; disturbances in cardiac rhythm had been
observed in the phase I studies reported by Schoffski
et al. also [30,31]. In those studies these cardiac events,
however, were not considered as dose limiting. They
described a transient tachyarhythmia (atrial flutter) in a
patient receiving the weekly schedule (at 60 mg/m?/
week) [30] and a reversible total atrio-ventricular block in

a patient with the day 148 schedule, already after the
first dose of 160 mg/m2 [31].

Furthermore, in several other studies cardiac events in
patients treated with BM have been reported [24,26,32].
The highest frequency of cardiac events has been
reported in a single-center phase II study in which
advanced lung cancer patients were treated with BM in a
70 mg/m?/day x 4 every 4 weeks schedule. Seven of the
43 included patients (16.3%) showed intermittent cardiac
arrhythmias [24]. In our study, we observed cardiac
ischemia in addition to disturbances in the rhythm.
These cardiac events were serious enough to be
considered as DLT.

The potential clinical relevance of BM-induced cardiolo-
gic toxicity clearly deserves further investigation.

Mean values of the PK parameters of BM as found in this
study are quite comparable with previously reported PK
data [11,32]. It should be noted, however, that variable
hydrolysis of BM might alter concentrations for DiOH-
BM as well as for BM itself resulting in altered PK
parameters. Therefore, the calculated PK parameters
should be interpreted with caution. The results, however,
provide strong evidence that a considerable part of the
BM moiety underwent chemical hydrolysis in any period
of drug or sample management.

BM is rapidly eliminated from the plasma (#;,,p 37.8 min)
and the Vy of 14.21/m” is closely related to blood volume
indicating no strong binding of the native substance to
peripheral tissues. No dose dependency was observed in
this study in the dose range of 160-280 mg/m?*, when the
dose was correlated with either 7,5, AUC or Cl of BM.
The mean percentual AUC of BM and its hydrolysis
products OH-BM and DiOH-BM was 77, 3 and 12%,
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respectively, expressed as percentage of the sum of the
AUCG:s of all compounds. With a mean percentage of 7 and
1%, respectively, v-OH-BM and N-demethyl-BM repre-
sented only a minor part of the overall AUC. Similar
proportions were found in the urine. The mean
percentage of the administered dose as BM and its
metabolites recovered in the first micturition was 9.8%,
which is comparable to the results obtained by Teichert ¢z
al. [33] These investigators recovered 8.5 *+ 5.2% of the
administered BM dose in urine during a 0-24 h interval.
Other PK analysis by the same investigators, however,
demonstrated higher levels of recovery of BM and its
metabolites in urine (20 and 14%, respectively) [34,35].
The different sampling periods (‘first micturition’) and
the varying chemical hydrolysis — resulting in large
interpatient variability — are likely to influence the
quantification of BM and its hydrolysis products in urine.

In summary, this study indicates that a dose of 260 mg/m?
of BM given by short infusion every 3 weeks is the
recommended dose for further use as a single agent in
phase II settings. A cardiologic evaluation as part of the
pretreatment workup seems advisable.
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