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We conducted a phase Il multicenter study in order to
evaluate the efficacy and toxicity of two combination regi-
mens containing KRN8602 (MX2) for drug-resistant acute
myeloid leukemia (AML) and acute lymphoblastic leukemia
(ALL). AML was treated with KRN8602, 15 mg/m? i.v. push for
5 days, and cytarabine (AraC), 100 mg/m? by 24 h coutinuous
infusion for 7 days. ALL was treated with KRN8602, 15 mg/m?
i.v. push for 5 days, vincristine (VCR), 1.4 mg/m? iv. push,
once weekly, and prednisolone (PSL), 40 mg/m?, 3 h infusion
for 5 days. In AML and ALL, the complete remission (CR) rate
was 36.4% (16 of 44) and 24.1% (seven of 29), and the overall
response rate (CR+PR) was 52.3% (23 of 44) and 51.7% (15 of
29), respectively. Among the 29 relapsed cases of AML, a
higher CR rate, 51.7% (15 of 29), was obtained. A high
incidence of nausea/vomiting and anorexia was observed,
and some patients experienced central nervous system
disorders and peripheral neuropathy. There was a low
incidence of severe neurotoxicities; all other toxicities were
manageable. KRN8602 was found to overcome drug resis-
tance clinically, confirming results based on the preclinical
studies. We conclude that KRN8602 is an effective novel
anthracycline for drug-resistant acute leukemias. [« 1999
Lippincott Williams & Wilkins.]
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Introduction

High complete remission rates have been reported for
the initial treatment of acute leukemia.'™® However,
about 20-30% of patients fail to show a complete
remission and even if they achieve a complete
remission, more than half experience a recurrence.
Drug resistance is considered one of the reasons for
the recurrence and it is necessary to use new
anticancer agents that overcome resistance as a means
of inducing a remission in patients with relapsed or
refractory acute leukemia.

KRN8602 (3'-deamino-3-morpholino-13-deoxo-10-
hydroxycarminomycin hydrochloride, MX2) is a novel
anthracycline compound developed by the Institute of
Microbial Chemistry and Kirin Brewery Co., Ltd.”'" In
preclinical studies it showed high antitumor effects
against a variety of transplantable tumors in animals,
including P388 leukemia. It was also effective against
adriamycin (ADM)-resistant P388 leukemic cells,"
suggesting that KRN8602 might be clinically effective
against drug-resistant acute leukemia.

In the phase II study conducted on the basis of these
preclinical findings and phase 1 studies, administration
of KRN8602, 15 mg/m® for 5 days, to patients with
relapsed or refractory acute leukemia vyielded an
overall remission rate (CR+PR) of 21.4% (three of 11)
in acute myeloid leukemia (AML) and 29.4% (five of
12) in acute lymphoblastic leukemia (ALL).'? In the
pilot phase II study carried out to assess the optimal
dosage of KRN8602 in the combination therapy with
cytarabine (AraC) to patients with relapsed or
refractory acute leukemia, KRN8602, 15 mg/m” for 5
days, in combination with AraC, 100 mg/m? for 7 days,
yielded an overall remission rate of 100% (four of four)
in AML, and in combination with vincristine (VCR),
1.4 mg/m’ once weekly, and prednisolone (PSL),
40 mg/m” for 5 days, yielded an overall remission rate
of 100% (four of four) in ALL.'® In both studies there
was a high incidence of gastrointestinal toxicities,
including nausea/vomiting and anorexia, whereas
other toxicities were mild. All toxicities appeared to
be clinically tolerable. From these results, it seemed
that further studies are necessary to assess the efficacy
and toxicity of KRN8602 for acute leukemias.

In the present study, we conducted a multi-center
phase II study from November 1993 to October 1995
in order to evaluate the efficacy and toxicity of
combination therapy with KRN8602 against relapsed
or refractory acute leukemias. This study was carried
out in accordance with ‘Good Clinical Practice’ that
went into effect on 2 October 1989.

The expression of P-glycoprotein (P-gp),"*'> which
is considered to be one of the multidrug resistance
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factors, was analyzed in some of the cases, and the
possibility of an association between the therapeutic
efficacy of KRN8602 combination therapy and P-gp
expression was investigated.

Materials and methods
Patients

Patients who met the following eligibility criteria were
enrolled: (i) patients with treatment-resistant acute
leukemia whose bone marrow comprised at least 10%
leukemic cells; (ii) patients who had no influence from
previous therapy (at least 2 weeks from the prior
therapy); (iii) life expectancy of at least 2 months; (iv)
performance status (PS) 0-2; (v) no liver and kidney
dysfunction (total bilirubin less than 3.0 mg/dl; AST
and ALT within twice the upper limit of normal limit;
serum creatinine less than 2.0 mg/dl; (vi) no ECG
abnormalities; (vii) age between 15 and 59 years; and
(viii) patients who gave informed consent.

The following patients were excluded: (i) patients
who had been previously treated with KRN8602; (ii)
patients who were pregnant, lactating or who
expected to become pregnant; (iii) patients with
serious complications; (vi) patients with other active
cancer; and (v) patients with a history of severe
allergy.

‘Drug-resistant cases’ in this study means those
patients who met the following criteria: (i) patients to
whom this treatment will be given as the first
induction chemotherapy after relapse (relapsed cases)
and (ii) patients who showed no response in the
previous chemotherapy (refractory cases).

Methods

Administration and dosage was based on the results of
the pilot phase 1I preliminary study.'® AML patients
were treated by administering KRN8G02, 15 mg/m’
bolus i.v. for five consecutive days, and AraC, 100 mg/
m? by 24h iv. continuous infusion for seven
consecutive days. ALL patients were treated by
administering KRN8602, 15 mg/m? bolus i.v. for five
consecutive days, VCR, 1.4 mg/m® iv. push, once
weekly (4 times/month), and PSL, 40 mg/m’ 3 h
infusion on five consecutive days. Each of these
schedules was defined as one course and in principle
two courses were administered. If bone marrow
suppression was less than expected during the first
course (day 5-7), the additional administration of
KRN86G02 was permitted.



Evaluation criteria

The evaluation scores for acute leukemia were based
upon Kimura’s criteria,'® with a complete remission
(CR) being defined by normocellular bone marrow
containing normal erythroid and granuloid series with
less than 5% myeloblasts, accompanied by normal
levels of peripheral WBC and platelet counts with no
circulating blasts. A partial remission (PR) was defined
by a myeloblast reduction in bone marrow to less than
half the percentage observed at the initiation of
therapy and by a blast reduction in the peripheral
WBC to less than 5%.

Acute and subacute toxicities were graded accord-
ing to adverse drug reaction criteria'” by the Japan
Society of Cancer Therapy, which are almost the same
as the WHO toxicity criteria.

The final evaluation was made by the evaluation
comimittee.

P-gp analysis

Bone marrow or peripheral blood was collected from
patients before the start of the administration and the
level of P-gp expression was determined by the MACS
method'® at Kirin Brewery Co., Ltd Pharmaceutical
Research Laboratory.

Resulits

Patients

A total of five out of the 79 patients who were enrolled
in the study (AML: 46; ALL: 33) were judged to be

Table 1. Therapeutic responses

KRN8GO2 in a phase II study

ineligible. The reasons for the ineligibility were: no
drug administration in one AML case, inadequate
interval from the prior therapy in two ALL cases and
two early deaths (leukemia death on day 4; AML 1, ALL
1). The evaluations of efficacy and toxicity were
conducted on a total of 74 patients, 44 with AML and
30 with ALL.

Efficacy (Tables 1 and 2).

AML. The results in the 44 AML cases were CR in 16
cases and PR in seven cases, and thus the CR rate was
36.4% and the overall response rate (CR+PR rate) was
52.3%. Among the 29 relapsed cases, a CR was
obtained in 15 cases (51.7%) and a PR in five cases,
with an overall response rate of 68.9%. By contrast, in
the 15 refractory cases, there was one CR (6.7%) and
two PRs with an overall response rate of 20.0%, and
thus higher CR and the overall response rates were
obtained in the relapsed cases.

ALL One case was excluded from the efficacy
evaluation because a bone marrow examination was
not performed after administration. The results in
the 29 ALL cases were CR in seven cases and PR in
eight cases, and thus the CR rate was 24.1% and the
overall response rate was 51.7%. Among the 16
relapsed cases, a CR was obtained in six cases
(37.5%) and a PR in six cases, with an overall
response rate of 75.0%. By contrast, in the 13
refractory cases, there was a CR in one case (7.7%)
and a PR in two cases, with an overall response rate
of 23.1%, and thus higher CR and overall response
rates were obtained in the relapsed cases of ALL as
well.

n Response
CR PR NR CR(%) CR+PR(%)
AML 44 16 7 21 36.4 52.3
Relapse 29 15 5 9 51.7 68.9
first relapse 26 14 5 7 53.8 73.1
second relapse 3 1 2 333 333
Refractory 15 1 2 12 6.7 20.0
ALL? 29 7 8 14 241 51.7
Relapse 16 6 6 4 37.5 75.0
first relapse 15 6 5 4 40.0 73.3
second relapse 1 1 0 100.0
Refractory 13 1 2 10 7.7 231

2Except one patient not evaluable.
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Table 2. Patient characteristics and therapeutic responses

AML (n=44) ALL (n=29)
Total CR PR NR Total CR PR NR

No. of patients 44 16 7 21 29 7 8 14
Age

15-29 6 0 3 3 8 3 2 3

3044 20 7 2 11 9 3 3 3

45-60 18 9 2 7 12 1 3 7
Sex

male 25 8 4 13 16 2 5 9

female 19 8 3 8 13 5 3 5
PS

0 21 10 4 7 10 3 3 4

1 16 5 2 9 10 3 3 4

2 7 1 1 5 9 1 2 6
FAB classification

MO 4 2 0 2

M1 7 1 2 4

M2 15 8 1 6

M3 1 0 0 1

M4 11 4 3 4

M5a 5 1 1 3

M5b 1 1

L1 7 1 2 4

L2 22 6 6 10
Dose of anthracyclines (DNR conversion?) (mg/body)

1-200 0 0 0 0 3 1 1 1

201-550 11 3 2 6 15 5 3 7

551-1000 27 12 5 10 7 0 2 5

> 1001 6 1 0 5 4 1 2 1

2DNR 25 ;ng/kg is equal to adriamycin 500 mg/m?, acrarubicin 600 mg/body, pirarubicin 500 mg/m?, epirubicin 900 mg/m? and mitxantrone
160 mg/m<.

Table 3. Non-hematologic toxicity

Symptom AML ALL
Grade Total Incidence (%) Grade Total Incidence (%)
1 2 3 4 Grade 14 Grade 3, 4 1 2 3 4 Grade 14 Grade 3, 4

Nausea/vomiting 6 729 - 42/44 95.5 65.9 2 517 - 24/30 80.0 56.7
Anorexia 3 11 28 - 42/44 95.5 63.6 2 716 - 2530 83.3 53.3
Diarrhea 6 5 5 117/44 38.6 2.3 2 4 3 9/30 30.0 10.0
Stomatitis 8 5 1 14/44 31.8 2.3 2 3 5/30 16.7
Alopecia 510 5 20/44 455 11.4 5 4 3 - 1230 40.0 10.0
Cutaneous 10 3 2 15/44 341 45 2 - 2/30 6.7
Pain 3 2 5/44 114 2 2/30 6.7
Fever 22113 36/44 81.8 295 310 7 20/30 66.7 233
Infection 7 8 1 4 29/44 65.9 1.4 6 6 6 2 20/30 66.7 26.7
Abscess surrounding 1/44 23

tonsilla
Cardiotoxicity 1 2/33° 6.1 1 2 3/22 13.6
General malaise 1 1/44 23 2 1 3/30 10.0 3.3
Central nervous 2 1 1 4/44 9.1 45 2 2 2 930 30.0 13.3

toxicity?
Peripheral neuropathy 1 2 3/30 10.0

#Includes depressed state in three cases (two cases in grade 1 and one case in grade 3) for AML and one case (grade 3) for ALL, coma might
be caused by brain hemorrhage; (grade 4) on one case for AML, ischuria in one case for ALL (not graded), mesentery numbness (grade 4) in
two cases for ALL, cacosima (grade 1) in one case for ALL, dysgeusia (grade 1} in one case for ALL, lethargy—mental disorder—seizure (grade
3) in one case for ALL, disorientation (not graded) in one case for ALL and dyscaluculia (not graded) in one case for ALL.

®Not graded in one case.
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Toxicity

The summary of toxicities is shown in Table 3.
Gastrointestinal symptoms were frequently observed
in both AML and ALL. Nausea/vomiting occurred in 42
(95.5%) of the 44 AML cases and in 24 (80.0%) of the 30
ALL cases, anorexia occurred in 42 (95.5%) of the AML
cases and 25 (83.3%) of the ALL cases, diarrhea in 17
(38.6%) of the AML cases and nine (30.0%) of the ALL
cases, and stomatitis in 14 (31.8%) of the AML cases and
five (16.7%) of the ALL cases. As for other major
toxicities: alopecia was observed in 20 AML patients
(45.5%) and 12 ALL patients (40.0%), and cutancous
symptoms including erythema and rash were observed
in 15 AML patients (34.1%). In the AML patients, there
were two cases (4.5%) of central nervous system
disorders and coma in one case (2.3% each). In the ALL
patients, there were three cases of peripheral neuro-
pathy (10.0%), and one case each of various central
nervous toxicities including depressed state, ischuria,
cacosmia, dysgeusia, lethargy/mental disorder/seizure,
disorientation and dyscaluculia. Cardiotoxicity was
observed in 6.1% (two of 33) of the AML cases and
13.6% (three of 22) of the ALL cases.

Clinical laboratory studies showed a high rate of
reversible and transient liver dysfunction in 63.6% for
AML and 66.7% for ALL, but none of the abnormal
findings were particularly serious. Renal dysfunction
was mild; evelation of serum creatinine was 4.5% in
AML and 3.3% in ALL. Mild ECG abnormality was
observed in only two patients (6.1%) with AML.

Results of P-gp determinations

P-gp was determined in the cases in which it was
possible to collect peripheral blood or bone marrow
specimens before the start of treatment. The cutoff
value was set to 10% on the basis of P-gp expression
levels in healthy subjects. Values of 10% or more
above the cutoff value were judged to be P-gp-

Table 4. Relationship between P-gp and clinical effect

KRN8GO2 in a phase I study

positive and correlations were examined with the
results of clinical efficacy (Table 4). There were no
differences between the P-gp-positive rate in the
relapsed cases and the refractory cases in either AML
or ALL. There were no significant differences in CR
rates or the overall response rates between the P-gp-
positive cases and the P-gp-negative cases in any of
the groups.

Discussion

KRN8602 is a novel anthracycline compound devel-
oped for the purpose of overcoming the resistance and
reducing such adverse reactions as cardiotoxicity that
had become a problem in treatment with anthracy-
cline drugs including ADM. In preclinical studies, it
was observed that KRN8602 was highly effective
against multidrug-resistant P388 or K562 cells in vitro
and /n vivo. The lack of cross-resistance to pleiotropic
drug-resistant tumor cells may be explained by the fact
that drug efflux via P-gp is not rate limiting for
KRN8602 as it is for ADM, because of the very rapid
accumulation in the cells due to its high lipophilicity.'?
Morcover, in a study in rabbits, KRN8602 showed
milder cardiotoxicity than ADM.*’ In addition,
KRN8602 has been reported to pass through the
blood-brain barrier (BBB) and penetrate into the brain
due to its high lipophilicity.*'

In the present study, we evaluated the efficacy and
toxicity of KRN8602 in AML patients in combination
with AraC, and in ALL patients in combination with
VCR and PSL as induction chemotherapy for relapsed
or refractory acute leukemia. In combination therapy
with AraC in refractory cases, idarubicin and mitoxan-
trone yielded a CR rate of 60%*? and 48%,%
respectively. The CR rate of 51.7% of KRN86(O2
obtained in relapsed AML in the present study was
compared favorably with those of these pre-existing
drugs. KRN8602 is a novel drug and has been
expected to overcome the cross-resistance based on

P-gp n CR (%) PR (CR+PB%) NR  Wilcoxon two-sample test

AML relapse positive 9 4 (44.4%) 0 (44.4%) 5 p=0.962
negative 9 2 (22.2%) 4 (66.7%) 3

refractory  positive 4 1 (25.0%) 0 (25.0%) 3 p=0.453
negative 4 0 0 4

ALL relapse positive 5 2 (40.0%) 1 (60.0%) 2 p=0.744
negative 3 2 (66.7%) 0 (66.7%) 1

refractory  positive 3 0 1 (33.3%) 2 p=0414
negative 4 0 3 (75.0%) 1
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the results of preclinical studies. The results of the
present study confirmed this effect clinically, as well.

As a means of assessing the effect of KRN8G602
on multidrug resistance, P-gp was determined in
some of the cases in this study. An association
between P-gp expression and clinical effect was
investigated. There are reports that the P-gp-positive
rate is higher in the relapsed and refractory cases,
and that the response rate is lower for P-gp-positive
patients than P-gp-negative pzltients.25 However,
there is also a report denying any association
between P-gp expression and therapeutic effects.”®
The results of P-gp in the present study confirmed
the latter results, i.e. that the clinical effect is not
associated with P-gp expression. However, it was
noteworthy that against some P-gp-positive cases,
KRN8602-containing regimens were clinically effec-
tive and could induce CRs.

In this study, there was one AML patient and one
ALL patient with serious adverse reactions, i.e. an AML
patient with coma and an ALL patient with serious
psychoneurological symptoms, including lethargy,
mental disorder and seizure. Since the AML patient
had a cerebral hemorrhage due to the infection, the
relationship between the coma and KRN8602 was
unclear. The ALL patient had received high-dose prior
chemotherapy, including methotrexate. The influence
of this prior chemotherapy could not be ruled out, and
although the relationship between KRN8G02 and the
neurotoxicity was also unclear, it might be related to
the fact that KRN8G0O2 can cross the BBB. The
incidence of peripheral neurophathy tended to be
higher in ALL. Since similar toxicity has been reported
for VCR which was the combination drug for ALL, this
peripheral neuropathy seems to have a strong relation-
ship with VCR.

In conclusion, KRN8602 was found to overcome
drug resistance clinically, as suspected based on the
preclinical studies. Since response rates comparable to
those reported with idarubicin and mitoxantrone were
obtained, KRN8602 is expected to be an effective
novel anthracycline for the treatment of relapsed and
refractory acute leukemia.
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