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Abstract
Gemtuzumab ozogamicin (GO), an anti-CD33 immunoconjugate, was combined with high dose
cytarabine (HiDAC; cytarabine 3 g/m2 over 3 hours daily for 5 days) for adults with relapsed or
refractory AML. HiDAC plus GO 9 mg/m2 on day 7 and 4.5 mg/m2 on day 14 was not tolerated,
but HiDAC followed by GO 9 mg/m2 on day 7 was safe: 12/37 (32%) patients with relapsed AML
achieved complete remission. Median overall survival was 8.9 months. No grade 4 hepatic veno-
occlusive disease was observed. This regimen merits further study, both in this setting and as a
remission consolidation therapy.
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Introduction
Therapy for acute myeloid leukemia (AML) in adults remains disappointing. Approximately
one-third of adults between the ages of 18-60 years can expect long-term disease-free
survival (DFS) with anthracycline plus cytarabine chemotherapy for remission induction,
followed by consolidation with intensive chemotherapy or hematopoietic stem cell
transplantation (HCT) [1]. The situation for older adults is worse; even among those who are
treated aggressively, only 5-10% will be long-term survivors [2]. While rarely cured solely
by additional chemotherapy, patients with relapsed AML can sometimes be rendered into a
minimal disease state following reinduction therapy [3]. Such patients can often proceed to a
curative HCT either from an allogeneic[4] or autologous[5,6] source.

The optimal therapy for patients with relapsed or refractory AML in unclear. High-dose
cytarabine (HiDAC), either alone[7] or in combination with other agents[8] is commonly
used. However, increasingly routine use of this therapy during induction[9] and especially
during post-remission treatment[10] makes subsequent success less likely. Other agents used
to treat patients with relapsed AML include gemtuzumab ozogamicin (GO)[11] etoposide/
mitoxantrone[12], novel nucleoside analogs cladribine[13] or fludarabine[14] and non-
cytotoxic agents such as flavopiridol[15] or sirolimus[16]. The wide variation in remission
rates (10-50%) after these therapies reflects intrinsic differences among these agents and
combinations as well as host factors, such as age, the amount of prior of therapy, and most
importantly, the length of the disease-free interval preceding the relapse [17].

The most recently approved agent for the treatment of relapsed AML in adults is GO[18-20].
GO is a humanized monoclonal antibody directed against the CD33 antigen, expressed on
blast cells from 80% - 90% of patients with AML. The antibody is conjugated to the toxin
calicheamicin. When this molecule binds to a CD33-expressing cell, internalization occurs
and the calicheamicin toxin is liberated in the acidic microsomal environment. When
released, calicheamicin induces double strand DNA breaks and cell death. Pivotal studies
were performed in 142 patients with relapsed AML whose first complete remission (CR1)
lasted for at least 3 months and generally more than 6 months[18-20]. A 30% CR rate was
reported, although half of these responders had incomplete platelet recovery to <100,000/μl
(CRp). These data led to approval by the FDA for patients over age 60 with relapsed AML
whose blasts expressed CD33. Major side effects were limited to infusion-related toxicities,
reversible hepatic toxicity, and prolonged myelosuppression. Subsequent studies have
described severe hepatotoxicity when GO was given alone or in combination with
chemotherapy[21], or if an allogeneic HCT was done within 3 months after exposure[22].
GO has been investigated alone or in combination as frontline therapy in patients with
AML[23.24] including large randomized (MRC-15[25] and SWOG 0106[26]) trials, and/or
as a post-remission strategy (ECOG 1900[27] and SWOG 0106 trials). The MRC 15 trial
used GO at 3 mg/m2 on day 1 of induction and consolidation chemotherapy and the SWOG
0106 trial used 6 mg/m2 on day 4 of induction therapy and then 5 mg/m2 for 3 monthly
doses during maintenance.

The clinical trial reported here combined GO and HiDAC. These two drugs have different
mechanism of actions and toxicities. We hypothesized that GO could be given safely
immediately after cytarabine because it does not cause mucositis and that initial
cytoreduction with HiDAC would yield a low number of resdiual target cells, thus allowing
more concentrated binding of the anti-CD33 monoclonal antibody. Our study determined a
tolerable dose of GO that could be given following a standard 5-day regimen of HiDAC. We
originally hoped to employ a novel schedule wherein 2 doses of GO were given 7 days apart
in contrast to the standard 14-day interval, but this did not prove to be feasible. We now
report the Phase I component of the trial as well as the results obtained in 37 patients with
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relapsed AML who were treated at the recommended Phase II doses (RPTD) of cytarabine
at 3 gm/m2 per day for 5 days plus GO at 9 mg/m2 on day 7.

Methods
Trial Design

The objective of CALGB study 19902 was to define a tolerable combination of HiDAC and
GO in patients with relapsed or refractory AML. One objective was to explore a novel
schedule of GO given on day 1 and day 8 instead of the approved schedule that uses day 1
and day 15. Another objective was to determine the response rate of a tolerable schedule of
HiDAC + GO in patients with advanced AML. The initial trial design required that patients
have relapsed or primary refractory AML. CD33 expression was required on greater than
20% of the blasts measured by flow cytometry in clinical labs. Patients could not have had a
hematopoietic stem cell transplant within 6 months or exposure to HiDAC within 3 months
and could have no history of prior hepatic disease. The bilirubin level had to be less than 2
mg/dl. Primary refractory AML was defined as 10% residual AML blasts in the bone
marrow or blood following two cycles of standard cytarabine plus anthracycline-based
induction chemotherapy. Relapsed AML required that patients have had a prior documented
remission lasting at least 30 days, followed by recurrence of greater than 10% AML blasts in
the bone marrow or blood. Although more than one prior relapse was permitted, eligible
patients could not have had treatment for the current relapse. No active central nervous
system (CNS) involvement was allowed. After experience with the first 9 patients, the
eligibility criteria were amended to require an ECOG performance status of ≤ 2, no serious
active infection, and no cytotoxic therapy within 2 months for relapsed patients. Each
participant signed an IRB-approved, protocol specific informed consent in accordance with
federal and institutional guidelines.

The study was designed to have a Phase I component which would establish safety by
defining a maximum total dose (MTD) for both the novel day 1 and day 8 GO schedule and
the combination of HiDAC followed by GO. A subsequent Phase II component was
designed to establish efficacy in the relapsed patients. Patients with primary refractory AML
were not considered for determination of the number of patients required for the phase II
efficacy study. During the first 9 patient cohort, dose limiting toxicity (DLT) was defined by
grade 4 myelosuppression lasting longer than 35 days or grade 3 or greater non-
hematological toxicity. However, due to the frequent lack of blast clearance, the
determination of DLT was difficult. Therefore, when the eligibility criteria were amended,
the definition of DLT was changed to be based on the number of treatment-related deaths.
More than 2 deaths probably or definitely related to the chemotherapy in any cohort of 9 or
fewer patients was considered unacceptable.

Patient Cohorts
The first group of 9 patients (cohort I) received a dose of GO 9 mg/m2 IV over 2 hours on
day 1 and 4.5 mg/m2 on day 8. Hydroxyurea was used to lower the white blood cell count to
<30,000/ul prior to GO (Premedications were acetaminophen and diphenhydramine). The
second group of 9 patients (cohort IA) received HiDAC at 3 gm/m2 IV over 3 hours daily
for 5 days plus GO at 9 mg/m2 on day 7. The third cohort (II) received the same dose and
schedule of HiDAC plus GO at 9 mg/m2 on day 7 and 4.5 mg/m2 on day 14. This regimen
was deemed intolerable. Therefore, the Phase II dose was considered to be the cohort IA
dose (Table 1).
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Statistical Considerations
The statistical design for the initial Phase I component of the trial stated that the study would
be stopped if 2 or more of the first 9 patients had a DLT (when DLT was defined as grade 4
hematological toxicity lasting longer than 35 days after the last dose of GO or irreversible
nonhematological toxicity ≥ grade 3). The probability of 2 or more of the first 9 patients
having such DLT was approximately 0.86 if the true rate of a DLT were 0.33, with a 0.77
probability of continuing treatment on the arm if the true DLT rate were 10%. When the
study was amended to re-define DLT as treatment-related death, the statistical plan was
changed. Because HiDAC therapy for patients with relapsed/refractory AML has an
anticipated treatment related mortality rate of 30%, we decided the study could continue to
higher dose cohorts if 2 or fewer of the 9 patients in the cohort experienced treatment-related
mortality (not due to progressive AML) within 60 days. The probability of observing 3 or
more treatment-related deaths assessing 9 patients was approximately 0.62 if the true rate of
treatment related death were 33%. The probability of fewer than 3 treatment related deaths
in the first 9 patients was 0.74 if the true treatment related mortality rate were no more than
20%.

A two stage design was used to monitor the response rate in relapsed patients. The number
of total patients includes the relapsed patients receiving the dose established as the MTD in
the Phase I portion of the study (cohort IA as noted above) plus those in the Phase II portion.
The design stated that if ≤ 3 of the first 19 patients achieved a complete response (CR +
CRp), accrual to the phase II study would be stopped and the combination therapy rejected
for further research. However, if 4 or more of the first 19 patients had a complete response,
another 14 patients would be accrued at the established MTD. If ≤ 7 of the 33 total patients
achieved a response, the therapy would be rejected. If 8 or more of these patients achieved a
response, the therapy could be considered for further research. The probability of having a
complete response gives type 1 and type 2 error rates at 0.10 for the test of the null
hypothesis that the response rate is ≤ 0.15 versus the alternative hypothesis that the
probability is > 0.35. If the null hypothesis were true, there was a 68% probability of early
termination of accrual with the expected sample size of 23 patients. We expected that the
number of primary refractory patients would be around 10% of the total patients.

Patient registration, data collection and all analyses were performed by the CALGB
Statistical Center. Data quality was ensured by careful review of the data by Statistical
Center staff and the study chairperson following standard CALGB policies. The CALGB
Audit Committee visits all participating institutions at least once every 3 years to verify
compliance with federal regulations and protocol requirements for CALGB studies,
including those pertaining to eligibility, treatment, response, and follow-up. Such on-site
review of medical records was performed for a subgroup of 25 patients (42%) of the 60
patients under this study.

Results
Study Conduct and Phase I Results

60 patients were enrolled and began study treatment. The patient demographics are depicted
in Table 1 (including relapsed or refractory status per cohort) and Table 2. As expected, this
was an older group of patients, most of whom were experiencing their first relapse. Only
about one-third had received prior high dose ara-C; but the median duration of remission
was well under one year. Institutionally-derived pretreatment karyotyping data was available
for 38 patients: 22 had normal cytogenetics, 1 had inv16, 13 had unfavorable karyotypes and
2 had other intermediate risk abnormalities.
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The first 9 patients were treated at a dose schedule of GO 9 mg/m2 on day 1 and 4.5 mg/m2

on day 8. One patient achieved a CRp one month after GO, and experienced a CNS relapse
6.5 months after treatment ended. Many of these patients, however, could not have an
accurate assessment of their toxicities due to the presence of persistent leukemia. Therefore,
it was decided not to pursue the GO alone dosing but rather to move forward to HiDAC plus
GO.

Nine patients were treated in cohort IA which was HiDAC at 3 gm/m2 over 3 hours daily for
5 days plus GO 9 mg/m2 on day 7. There were no treatment-related deaths. As this was
eventually determined to represent the MTD, we subsequently analyzed these patients as a
group along with those treated at the same doses in the Phase II portion of the study.

After cohort 1A was deemed tolerable, we assigned 10 patients to cohort II. HiDAC was
given over 3 hours on days 1-5 plus GO 9 mg/m2 on day 7 and 4.5 mg2 on day 14. Four of
the first 7 patients were deemed to have had a treatment-related death and therefore this dose
schedule was rejected for further study. Two patients died of sepsis, at 11 and 23 days after
initiation of therapy. Another patient died of a gemtuzumab-associated allergic reaction on
day 7. A fourth patient died of an apparent pulmonary embolism 32 days after the start of
therapy. The patient's death was conservatively attributed to protocol therapy. Although >2
deaths mandated stopping accrual to a cohort, the last two deaths occurred at almost the
same date. There were three patients who were originally assigned to cohort II, but were
treated on cohort 1A. This occurred because they had started therapy just prior to the
determination that cohort II was too toxic, and we were able to delete the planned dose of
GO 4.5 mg/m2 on day 14. These patients are also considered in the analysis of the patients
treated at the RPTD.

Subsequently, all patients (including three originally assigned to cohort II) were treated with
the cohort 1A doses. Including the 9 original patients in cohort 1A, a total of 44 patients
were treated at this dose, 37 of whom had relapsed AML; thus meeting the accrual goal for
the two stage design.

Patient characteristics (Phase II study)
The 37 patients with relapsed AML treated at the RPTD had a median age of 64 years
(intraquartile range, 55-70 years), and 43% were female. Two were African American, 1
was Asian, 33 were Caucasian, and one unknown. The baseline performance status was 0 in
54%, 1 in 35%, and 2 in 11%.

Toxicity (Phase II study)
The treatment-related adverse events observed for the 37 patients with relapsed AML treated
at the Phase II dose (see appendix 1) included the following severe, life threatening, or fatal
toxicities which occurred in at least 10% of patients: fatigue 14% (3% were grade 4);
elevated transaminase in 29% (5% grade 4); hyperbilirubinemia in 27% (3% grade 4);
hypoalbuminemia in 11% (none grade 4), nausea in 11% (none grade 4), hemorrhage in
11% (none grade 4); neutropenic fever in 67% (8% grade 4); infection/fever of any type in
92% (11% grade 4; 8% grade 5); documented infections in 57% (5% grade 4), hypoxia or
dyspnea in 19% (8% grade 4); and hypotension in 19% (5% grade 4; 3% grade 5). Only 2
patients (6%) had grade 3 or 4 oral mucositis. The maximum non-hematologic treatment-
related adverse events were grade 3 in 59%, grade 4 in 19%, and grade 5 in 19%. All 37
patients had grade 4 neutropenia and 36 had grade 4 thrombocytopenia, as expected. Of the
37 patients, 31 have since died, 7 from treatment-related causes, 19 from disease-related
causes, and 5 from unknown or unrelated causes.
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Clinical responses
Refractory patients fared poorly: 0/3 (cohort 1), 0/2 (cohort 1A) and 0/5 at the phase II dose
(one patient at this dose achieved a PR) achieved a CR or CRp. Twelve of the 37 patients
(32%) with relapsed AML treated at the Phase II dose achieved CR and one additional
patient (3%) had a CRp. Based on the original design requiring at least 8/33 CRs, this
regimen can be considered for further research. Median overall survival was 8.9 months
(95% CI: 3.8 - 19.9 months) (Figure 1). The response rate did not vary based on age, CR1
duration or the prior use of hgh dose arac (Table 3). There are six long term survivors
among the 37 relapsed patients treated at the RPTD. Five for whom complete data are
available underwent an allogeneic HCT; three of which were from HLA-matched unrelated
donors. All other transplanted patients (n=6) died from transplant or disease-related causes.
The median age of those undergoing HCT was 55 (range 22-65), younger than the median
age of all patients in the study.

Discussion
We sought to develop a novel schedule of GO in which patients could receive two doses of
the drug only seven days apart as a way of shortening the overall period of
myelosuppression commonly observed with the standard administration given 14 days
apart[11,18-20]. However, in our initial cohort of patients with advanced AML, we found
the degree of leukemic reduction was insufficient to allow delineation of treatment-related
hematological toxicity. Thus, the study was amended to incorporate a standard 5-day course
of HiDAC for rapid cytoreduction prior to GO. It was then straightforward to assign DLT
based on an expected number of treatment-related deaths commonly observed when HiDAC
chemotherapy is given for relapse. A 33% toxic death rate is not unexpected for this difficult
group of patients. Thus, the problems of lack of treatment efficacy and treatment toxicity
could be summed together which is highly relevant for AML.

A single dose of GO on day 7 after 5 days of HiDAC appears to be feasible. A preliminary
study in untreated AML patients[23] documented tolerability of full doses of standard
cytarabine plus daunorubicin induction chemotherapy plus a single dose of GO at 6 mg/m2.
A randomized trial conducted in the United Kingdom[25] suggested a benefit when GO was
added to the induction chemotherapy; however, a SWOG trial failed to demonstrate a
superiority for chemotherapy + GO during induction[26]. Based on the results from the
SWOG trial, the manufacturer recently responded to a request from the United States Food
and Drug Administration (FDA) and withdrew GO from commercial availability.

The 32% CR rate seen in the Phase II portion of our trial with 37 patients with relapsed
AML is similar to what might be expected from other cytotoxic chemotherapy regimens. It
is difficult to compare one study with another because of the marked heterogeneity of the
relapsed AML population. More than half of our patients were older than 60 years. An
important prognostic factor is the duration of CR1, which was quite short in some of our
patients. We did not see an excess of hepatic toxicity in this patient population. This was
encouraging given the concerns[21.22] about veno-occlusive disease after GO
administration either alone, in combination with chemotherapy, or prior to allogeneic HCT.
At least 5 of our patients who achieved a CR were subsequently able to complete a
successful allogeneic HCT.

In summary, the combination of HiDAC and GO is reasonably well tolerated and yields
complete responses in relapsed AML. Other studies[14.28] have also demonstrated
remissions in relapsed patient who received chemotherapy plus GO. This therapy could also
be used as a consolidation after induction chemotherapy or in patients with underlying
cardiac disease who could not tolerate anthracyclines. However, given the lack of
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commercial availability as of October 15, 2010, any clinical research with such
combinations will require the submission of an Investigational New Drug application to the
FDA regarding the use of GO.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Overall (Kaplan-Meier) Survival for the 37 Patients with Relapsed AML treated at the
Recommended Phase II Dose of HiDAC + GO.
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Table 2
Baseline Characteristics, all patients (n=60)

Age at study entry median in years (IQR) 62.6 (52.7, 69.3)

Disease status refractory 10 (17%)

first relapse 47 (78%)

2 or more relapses 3 (5%)

Prior HiDAC Yes 21 (35%)

no 39 (65%)

Duration of CR1 median in months (IQR) 9.0 (4.0, 13.0)

FAB Classifications n/a 3 (5%)

AML 3 (5%)

M0 5 (8%)

M1 10 (16%)

M2 15 (25%)

M4 14 (23%)

M5B 1 (2%)

M6 3 (5%)

M7 1 (2%)

MDS (RAEB) 2 (3%)

Multilineage 2 (3%)

t-AML 1 (2%)

Leuk Res. Author manuscript; available in PMC 2012 March 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Stone et al. Page 13

Ta
bl

e 
3

R
es

po
ns

e 
by

 a
ge

, C
R

1 
du

ra
tio

n,
 a

nd
 p

ri
or

 H
iD

A
C

 th
er

ap
y

R
es

po
ns

e 
by

 a
ge

, C
R

1 
du

ra
tio

n,
 a

nd
 p

rio
r h

ig
h 

do
se

 a
ra

-C
 in

 p
at

ie
nt

s w
ith

 re
la

ps
ed

 A
M

L 
tre

at
ed

 a
t t

he
 p

ha
se

 II
 d

os
e 

(n
=3

7

N
C

R
 o

r 
C

R
p

PR
 o

r 
nr

Fi
sh

er
's

 E
xa

ct
 te

st
, t

w
o-

si
de

d

A
ge

 a
t s

tu
dy

 e
nt

ry
< 

60
15

6
9

p=
0.

73
04

≥
 6

0
22

7
15

C
R

1 
du

ra
tio

n
< 

m
ed

ia
n

14
4

10
p=

0.
72

45
≥

 m
ed

ia
n

21
9

14

Pr
io

r H
iD

A
C

 th
er

ap
y

Y
es

13
6

7
p=

0.
47

19
no

24
7

17

al
l p

at
ie

nt
s

37
13

24

Leuk Res. Author manuscript; available in PMC 2012 March 1.


