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Purpose: Three open-label, multicenter trials were
conducted to evaluate the efficacy and safety of single-
agent Mylotarg (gemtuzumab ozogamicin; CMA-676;
Wyeth Laboratories, Philadelphia, PA), an antibody-
targeted chemotherapy agent, in patients with CD33-
positive acute myeloid leukemia (AML) in untreated first
relapse.

Patients and Methods: The study population com-
prised 142 patients with AML in first relapse with no
history of an antecedent hematologic disorder and a
median age of 61 years. All patients received Mylotarg
as a 2-hour intravenous infusion, at a dose of 9 mg/m?2,
at 2-week intervals for two doses. Patients were eval-
uated for remission, survival, and treatment-emergent
adverse events.

Results: Thirty percent of patients treated with My-
lotarg obtained remission as characterized by 5% or
less blasts in the marrow, recovery of neutrophils to at
least 1,500/ L, and RBC and platelet transfusion inde-
pendence. Although patients treated with Mylotarg had

CUTE MYELOID leukemia (AML) is the most com-

relatively high incidences of myelosuppression, grade 3
or 4 hyperbilirubinemia (23%), and elevated hepatic
transaminase levels (17%), the incidences of grade 3 or
4 mucositis (4%) and infections (28%) were relatively
low. There was a low incidence of severe nausea and
vomiting (11%) and no treatment-related cardiotoxic-
ity, cerebellar toxicity, or alopecia. Many patients re-
ceived Mylotarg on an outpatient basis (38% and 41%
of patients for the first and second doses, respectively).
Among the 142 patients, the median total duration of
hospitalization was 24 days; 16% of patients required
7 days of hospitalization or less.

Conclusion: Administration of the antibody-targeted
chemotherapy agent Mylotarg to patients with CD33-
positive AML in first relapse induces complete remis-
sions with what appears to be a favorable safety
profile.

J Clin Oncol 19:3244-3254. © 2001 by American
Society of Clinical Oncology.

approximately 62 to 64 yeafsWhen patients with newly

mon type of acute leukemia in adults. It occurs with diagnosed AML are treated with combination chemother-
an annual incidence of 2.4 per 100,000 adults in the Unitedapy, remission rates of 50% to 80% are obtaihd@dhe
States. The incidence increases with age and is 12.6 penedian duration of first complete remission (CR1) averages
100,000 for adults age 65 years or oldéfhe median age approximately 1 year. Approximately 60% to 80% of
of the total AML patient population at initial presentation is patients who achieve CR1 eventually relapse. Even with
current treatment regimens, less than 30% of all AML
patients survive for 3 yeafs:
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25% to 409%7° Because of donor limitations and substantial 80% of leukemic blast cells with CD33 immunofluorescence staining
morbidity often caused by reinduction efforts, however, four times above background staining. In study 1, which was conducted

o . . in the United States and Canada, and study 2, which was conducted in
only a minority of patients are currently candidates for Europe, patients were required to be at least 18 years old and to have

allogeneic HSCT. ) ) had a CR1 of at least 6 months’ duration. In study 2, previous HSCT
More than 80% of AML patients have myeloid blast cells was permitted, and five patients with prior HSCT were enrolled. In

that express the CD33 surface antigéR®This antigen also  study 3, patients were required to be at least 60 years old and to have

is present on the leukemic stem cells from at least Soméad a CR1 of at least 3 months’ duration. Other enroliment criteria

. 3, . . .. included an Eastern Cooperative Oncology Group (ECOG) perfor-
patlentsz. It is present on normal maturing hematopoietic mance status of O to 2, no antecedent hematologic disorder that

progenitor cells and_abse_nt from normal hematopoietic SterTﬁreoeded initial presentation with AML, normal renal and liver func-
cells. The CD33 antigen is not expressed by nonhematopotion, and a peripheral WBC count of less than 30,p00/Patients who

etic cells or tissues. On the basis of these propertiesjeveloped AML secondary to chemotherapy or exposure to toxins were
antibodies to the CD33 antigen have been explored aipeligible for enroliment. On the basis of these criteria, enroliment for
possible specific agents for AML, either in their unmodified studies 1, 2, and 3 comprised 65, 40, and 37 patients, respectively, from

. . . - cJ\/Iay 12, 1997, through April 30, 1999.
form or as carriers for antileukemic agents. When iodinated 5 ;g patients screened for CD33-positive AML, 78% (156 of 199)

anti-CD33 monoclonal antibody was used, it rapidly accu-were eligible. Thus, 43 patients were ineligible: 30 because their
mulated in the marrow of AML patients and internalized CD33-positive leukemic blasts were not at least 80% by flow cytom-
into leukemia cell$*2° This observation suggested that etry, one because the CD33 immunofluorescence staining was not

CD33 might be an appropriate target for an antibody_greater than four-fold above background, six because they were not in
. relapse, five because they were misdiagnosed, and one because the
chemotherapy conjugate P ¢ 9

bone marrow aspirate was inadequate. Fourteen of the eligible patients
Calicheamicin, a highly potent antitumor antibiotic that were not enrolled for various reasons, so the total enrollment for these

cleaves double-stranded DNA at specific sequeftags  studies was 142 patients.

conjugated to a humanized anti-CD33 monoclonal antibody Cytogenetic analyses were performed on 97 patients (68%) at first

to produce Mylotarg (gemtuzumab ozogamicin; CMA-676: relapse. Three risk groups were defined as folf%$ the favorable-

. . . " risk group included patients with t(8;21), t(15;17), t(16;16), inv(16), or
Wyeth Laboratories, Philadelphia, P%@.Mylotarg was +14 chromosomal abnormalities; the poor-risk group included patients

evaluated for its ability to specifically target and Kill with 1(9;22), —5/5¢—, —7/7g—, inv(3q), i(17q), del(20q)+13, 11q
leukemia cells in three test systems: cultured HL-60 leuke-abn, or 17p abn chromosome abnormalities or complex karyotypes; the

mia cells, HL-60 human xenograft tumors, and marrowintermediate-risk group included patients with normal cytogenetics or

specimens from AML patients in colony-forming assays mall other chromosome abnormalities; and the unknown-risk group

I Kill f leukemi I highl i included patients for whom cytogenetic analysis was not performed or
allcases, '_ Ing or leukemia cells W"’_ls Ighly speC| '_C for whom cytogenetic analysis was inconclusive.
compared with chemotherapy agents linked to antibodies pata collected from these studies were pooled so that increased

directed against nonspecific antigens. Thus, Mylotargnumbers of patients could be analyzed. Pooling of the data was
was evaluated in a dose-escalation trial with relapsed opupported by similarities in diagnosis and treatment among the three
refractory CD33-positive AML patients. Leukemic cells studies; all the patients had CD33-positive AML in first relapse and

liminated f th inh | blood db received the same dose and schedule of Mylotarg. All patients
were eliminated [irom- the - peripnera Qoa an Onesigned informed consent. The protocols were approved and moni-

marrow of eight of the 40 patients, and Mylotarg was tored by institutional review boards, and they were performed in a
reasonably well toleratet. manner consistent with the Declaration of Helsinki and Good

Phase |l studies then were initiated to evaluate Mylotarg Clinical Practice guidelines.
The data presented here demonstrate the efficacy and safety
of Mylotarg in patients with CD33-positive AML in first Mylotarg Dosage

relapse. On the basis of results obtained in the phase | dose-escalatiofftrial,
patients received Mylotarg monotherapy as a 2-hour intravenous (IV)
PATIENTS AND METHODS infusion at a dose of 9 mg/ior up to three doses with at least 14 days,
but no more than 28 days, between doses. This dose level was selected
for the phase Il studies because more than 75% of CD33 sites
consistently were saturated at this dose, and hematologic toxicity at this
A total of 142 patients with AML in untreated first relapse partici- dose was clinically considered dose limiting in the phase | study.
pated in three similar studies to evaluate the efficacy and safety oBefore patients received Mylotarg, they were required to have periph-
Mylotarg as monotherapy. Each study had an open-label, single-arneral WBC counts less than 30,000/ hydroxyurea treatment was
design and was conducted at multiple centers. Eligible patients werallowed to reduce peripheral WBC counts to that level. Patients
those with CD33-positive AML in untreated first relapse. Patients wereroutinely were premedicated with acetaminophen and antihistamines.
determined to have CD33-positive AML by analysis of bone marrow Patients were eligible to receive the second dose of Mylotarg if they
aspirates and by immunophenotypfiigFor these studies, patients had recovered from reversible nonhematologic toxicities caused by
were considered to have CD33-positive AML if they had greater thanthe previous dose and had no evidence of uncontrolled infection,

Patients
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disease progression, or detectable formation of antibodies reactivé\nalysis of Variables for Factors Predictive of Response
Patients who received two doses of Mylotarg without obtaining
remission could receive a third dose of the drug under certain An exploratory analysis of potential prognostic factors was per-
circumstances. Specifically, to receive a third dose, patients had téormed with data from the 142 patients. Twenty-seven variables were
(1) meet all the criteria required for the second dose, (2) have hadgxamined, including demographics (age, sex, location of study [United
a greater than 50% decrease in percentage of bone marrow blas&ates/Canada Europe], body-surface area, ECOG performance sta-
from the screening bone marrow aspirate, and (3) have demontus, and duration of CR1), treatment history (two courses of induction
strated more than 15% cellularity in a bone marrow biopsy per-therapy to obtain CR1, previous treatment with high-dose cytarabine,
formed after the second dose. and hydroxyurea treatment within 14 days of the first Mylotarg dose),
The outcome of patients was evaluated for the treatment periodand baseline laboratory data (hemoglobin level, ANC, WBC counts,
which was defined as the time administration of the drug began until 28latelet counts, bone marrow aspirate blast counts, bone marrow biopsy
days after completion of the Mylotarg therapy, and for the follow-up blast counts, peripheral-blood blast counts, expression of CD7, CD11,
period, which was defined as the time subsequent to the treatmerffD13, CD19, CD34, and CD56, quantitative expression of CD33,
period until the date of data cutoff on July 28, 1999. After Mylotarg percentage of cells below the CD33 expression cutoff, multidrug
therapy, patients were treated with the form of therapy thought mostesistance efflux, French-American-British classification, and cytoge-

appropriate by their treating physician. netics). Logistic regression analysis was used for evaluation of re-
) sponse (OR/ NR), and proportional hazards regression analysis was
Efficacy Assessments used for evaluation of landmark survival to obtain WgfdP values.

The primary efficacy end point in these studies was the rate of CRA Univariate analysis was performed first, then all the results
A patient was required to meet the following criteria to be classified assignificant at the .15 level were placed into a multivariate model.
having CR: (1) leukemic blasts absent from peripheral blood; (2)Some patients were not included in the analyses because of missing
percentage of blasts in the bone marrow 5% or less as measured Biata for various variables.
morphologic studies, either bone marrow aspirate or biopsy; (3)
peripheral-blood counts with hemoglobin level of 9 g/dL or greater; 1r€atment-Emergent Adverse Events

absolutflrgaouggphl_ll Co#nth(A_NCLO; 1}’?5521 or hlfghgr, gn(;i platzlet Treatment-emergent adverse events (TEAEs) were events not
count o ,00QLL or higher; and (4) transfusion independence present at baseline or those present at baseline that worsened during

for 2 weeks and platelet transfusion independence for at least 1 Weeifreatment The severity of the TEAEs was evaluated by use of the
Bor}e marrow slldehs Werebfvsllgated centrally by an experienceqaional Cancer Institute common toxicity criteria (NCI-CTC) version
reviewer (J.M.B.) who was blinded to treatment outcome. 1. Events with a severity of grade 1 or 2 were considered mild or

N o ; I
f In z:\?ph_aﬁe}: trial Wlth.Mylo]firg:I’ some patle;ntf mlet okl Crl')tef”a moderate and easily manageable. Grade 3 or 4 events were considered
or CR with the exception of full recovery of platelet counts before (. ..o or jife threatening.

additional therapy was received. These patients were identified as

having remission with incomplete platelet recovery (ERCR, was Analysis for Antibodies Directed Against Components of
defined in the same way as CR, except that platelet count was not |
specified although platelet transfusion independence for at least 1 WeeI}\/Iy otarg

was required. The rate of GRvas included as a secondary efficacy end  Mmylotarg contains three components: humanized monoclonal anti-
point in these phase Il studies. The overall remission (OR) rate was thgody hP67.6 against the CD33 antigen, a derivative of calicheamicin,
sum of the CR and CRrates. and a linker that connects the antibody and the calicheamicin deriva-
Patients were considered to have no remission (NR) if they did notjve, patients potentially could produce antibodies against hP67.6 and
meet all the criteria for CR or GRThe NR category included patients - the calicheamicin-linker portions of Mylotarg and were screened for
who had leukemic blasts in the peripheral blood or whose percentage ahese. Blood samples were obtained from patients before Mylotarg
blasts in the bone marrow was more than 5%. Patients with NR alsgdministration and on days 8 and 22 after each dose. Serum was
included those who met the bone marrow criteria for remission but didanalyzed for anti-hP67.6 and anticalicheamicin-linker antibodies by
not meet the criteria for peripheral count recovery or were notyse of enzyme-linked immunosorbent assays (ELISAs). A postdose
transfusion independent. sample was considered positive for antibodies to hP67.6 or the
Although remission rate is an important measurement to evaluateajicheamicin linker if the optical density value in the ELISA was

short-term efficacy, survival assessments are necessary to provide Yreater than or equal to 10 times the value in the ELISA of the
evaluation of the durability of the response. Thus, relapse-free survivalpredose sample.

landmark survival, and overall survival also were evaluated. Relapse-

free survival was measured from the date of first documentation of CR RESULTS

or CR, to the date of documentation of relapse, death, or data cutoff.

Landmark survival was measured from the end of the treatment periog5tient Characteristics

until the date of death or data cutoff. Landmark survival analysis was

performed so that patients who died during the study treatment period A total of 142 patients with AML in untreated first

or who received only one dose of Mylotarg were not included in the relapse were enrolled onto these phase Il studies. Patient
analysis, as these patients never had the opportunity to be ConSider%araCteriStiCS are listed in Table 1. The median age of the
remission patients. Overall survival was measured from the date of . .
administration of the first dose of Mylotarg until the date of death or patleljts was 61 years (range, 22 to 84 years). The median
data cutoff. Survival data were evaluated by use of Kaplan-Meierduration of CR1 before Mylotarg treatment was 11.1

estimates. months (range, 3 to 117 months).
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Table 1. Patient Characteristics Table 2. Patients by Remission Categories After Treatment With Mylotarg
Patients (N = 142) No. of Patients
Characteristic No. % Type of Remission (N = 142) % 95% Cl
A CR 23 16 11-23

ge, years

Median 61 CRFl 19 13 8-20

Range 22-84 OR 42 30 22-38

Sex *OR = CR + CR,.
Women 58 41
Men 84 59
Ethnic origin . .
White 133 94 interval [CI], 50 to 69 days for CR patients and 51 to 84
Black 4 3 days for CR patients). Among all 142 patients, 46% of
Asian 2 1 patients (65 of 142) had no more than 5% blasts in the
Oﬂfer 3 2 bone marrow after one dose of Mylotarg based on
Duration of CR1, months . .

Median 1 analysis of bone marrow aspirates.

R 3117 - . . )
POS: ;i?ssion therapy for CR1 Characteristics of Patients With CR and CR With

Yes 133 o4 Incomplete Platelet Recovery

No ? 6 Patients with CR or CRhad a similar median age (60
Cytogenetics at relapse . .

Kinown o7 years for CR patients and 59 years for (Qfatients) and a
Favorable-risk group 5 5 similar median duration of first remission (12.6 months for
Intermediate-risk group 54 56 CR patients and 11.1 months for ¢Ratients).

Poor-risk group 38 39 The difference between patients with CR and,@Rthat

Unknown 45

the CR, patients did not recover peripheral platelet levels to
100,0004L. The median time to recovery of all levels of
platelet counts was longer for the ¢Ratients than for the
Most of the patients in these trials had been treated"R patients. The median time to recovery of 25,000
aggressively after initial induction to prevent AML recur- plateletsil was 34 days from the first dose of Mylotarg for
rence. One hundred thirty-three of the patients (94%) hadcR patients and 51 days for GRatients (Fig 1). Similarly,
received postremission therapy during CR1 (Table 1); 7098he median time to recovery of 50,000 platelgtsivas 38
of the patients previously had received regimens that condays for CR patients and 66 days for Cpatients. The 23
tained high-dose cytarabine (cytarabine at 3 {dwse for
patients younger than 60 years and cytarabine at /g/m
dose for patients 60 years of age or older). The number of 1.0
cycles of postremission chemotherapy varied from zero to 0.9
11 (median, two cycles). At the time of relapse, 97 patients

had undergone cytogenetic evaluation; 5% of these patientsE 0.8
were in the favorable-risk category, and 39% were in the § 0.7
poor-risk group. z 06

G
© 05

Treatment Response 2
. . ) = 04

A total of 142 patients received the first dose of Mylotarg, £
109 patients received the recommended two doses, and five 0.3

patients received three doses. The primary reasons 28~ 0.2
patients did not receive two doses of Mylotarg were disease 0.1
progression and infection. The overall rate of remission for 0.0 & ‘ ‘ ‘ ‘ ‘
the 142 patients treated with Mylotarg was 30% (Table 2). 0 20 40 60 80 100 120
Twenty-three patients (16%) treated with Mylotarg obtained
CR, and 19 (13%) obtained GRo produce the OR rate

of 30%. The median time to remission, that is, the time to_Fig 1. Kaplan-Meier plot of time to recovery of platelet counts to
25,000/ L for patients with CR (®) and CR,, (M) (log-rank test; P = .0002).

m_eet all criteria for CR or CB vyas 60 days for patients There were 23 CR patients (median, 34 days) and 19 CR,, patients (median,
with CR as well as for those with GR95% confidence 51 days).

Days from First Dose
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Fig 2. Kaplan-Meier plot of time to recovery of ANCs to 500/ ulL for
patients with CR (@) and CR, (M) (log-rank test; P = .696). There were 23 CR
patients (median, 41 days) and 19 CR,, patients (median, 40 days).

Months from Date of Remission

Fig 3. Relapse-free survival for patients with CR (®) and CR, (H)
(log-rank test; P = .624). There were 23 CR patients (median, 7.2 months)
and 19 CR, patients (median, 4.4 months).

CR patients had recovery of 100,000 platejets/in a
median time of 50 days.

Although the median time to recovery of peripheral
platelet concentrations was longer for Qpatients than for Relapse-free survival for patients who obtained CR or
CR patients, the median times to recovery of ANC wereCR, is shown inFig 3. The curves for the CR and GR
similar. The median time to ANC recovery of 5/ was  patient groups are similar, and the differences between the
41 days from the first dose of Mylotarg for CR patients andCR and CR groups were not statistically significant (log-
40 days for CR patients Fig 2). The definition of both CR  rank testP = .624). The median relapse-free survival times
and CR, requires an ANC of at least 1,5Q0/. The median  were 7.2 months for the CR patients, 4.4 months for thg CR
times to ANC recovery of 1,50pL for CR and CR patients, and 6.8 months for the combined populations.
patients were 45 days and 54 days, respectively. Patients Landmark survival beginning after the treatment period
who received the second dose of Mylotarg 14 to 17 daysalso was evaluated. Landmark survival analysis produced
after the first dose had a shorter duration of neutropenia thasimilar curves for the CR and GRpatients, although the
those who received the second dose 18 days or longer afteurve for the NR patients was quite different (Fig 4). The
the first dose. median landmark survival times were 12.6 months for the

During the treatment period, platelet and RBC transfu-CR patients, at least 11.1 months for the GRtients, and
sions were given. For patients who received transfusions2.9 months for the NR patients. Clearly, patients who were
the number of platelet and RBC transfusions—but not thetreated with Mylotarg and obtained remission survived
specific number of units—were reported. The median numionger than those who were treated with Mylotarg and did
ber of platelet transfusions for the 23 patients with CR wasnot obtain remission. For the 142 patients, the median
four (95% ClI, three to seven). The median number ofoverall survival was 5.9 months (Kaplan-Meier analysis not
platelet transfusions for the 19 patients with ORas 12 shown). The probability of survival at 1 year was 31%.
(95% CI, nine to 19). This difference was statistically
significant @ = .0008, Wilcoxon rank sum test). The
median number of platelet transfusions during the treatment As postremission therapy, patients in the OR group
period for the 100 NR patients was 13 (95% CI, 11 to 15).received HSCT, chemotherapy, or no additional therapy as
The median number of RBC transfusions was two (95% Cl,deemed appropriate by their physicians. Fifteen OR patients
two to four) for the CR patients and five (95% ClI, four to received HSCT (two first received chemotherapy), four OR
eight) for the CR patients P = .0018, Wilcoxon rank sum  patients received chemotherapy alone, and 23 OR patients
test). The median number of RBC transfusions for the 100received no further therapy. In addition, 12 NR patients
NR patients was five (95% ClI, five to six). received HSCT (three first received chemotherapy), 42 NR

Survival Characteristics of Patients Treated With
| Mylotarg

Therapy After Mylotarg Treatment
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Fig 4. Landmark survival for patients with CR (@), CR,, (M), and NR (A).
There were 23 CR patients (median, 12.6 months), 19 CR,, patients (median,
> 11.1 months), and 63 NR patients (median, 2.9 months).
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Fig 6. Overall survival for OR patients who received HSCT(H) and for OR
patients who received no further therapy (®) as postremission therapy.
Fifteen OR patients received HSCT (median, > 14.5 months), and 23 OR
patients received no further therapy (median, 12.8 months).

patients received chemotherapy alone, and 46 NR patients

received no further therapy after Mylotarg therapy. further therapy were at least 14.5 months and 12.8 months,

Relapse-free survival for the OR patients who rece'Vedrespectively. Overall survival times for the NR patients who

.HSCT anq the. OR patients vyho received no furthgr thE.Eram}feceived HSCT and the NR patients who received no further
is shown in Fig 5. The median relapse-free survival times

. . _therapy are shown in Fig 7. The median overall survival
were at least 8.9 months for the OR patients who received. . .
. ) imes for the NR patients who received HSCT and the NR
HSCT and 2.1 months for the OR patients who received nao

. . : epatients who received no further therapy were 4.2 months
further therapy. Overall survival times for these patients ar . . .
o . ) ) and 2.5 months, respectively. Thus, patients who received
shown in Fig 6. The median overall survival times for the

OR patients who received HSCT and those who received no
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Fig 5. Relapse-free survival for OR patients who received HSCT (M) and
for OR patients who received no further therapy (®) as postremission
therapy. Fifteen OR patients received HSCT (median, > 8.9 months), and 23
OR patients received no further therapy (median, 2.1 months).

Months from First Dose

Fig 7. Overall survival for NR patients who received HSCT (M) and NR
patients who received no further therapy (®) after Mylotarg treatment.
Twelve NR patients received HSCT (median, 4.2 months), and 46 NR patients
received no further therapy (median, 2.5 months).
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HSCT after Mylotarg treatment survived longer than those Table 3. Remission Response of Patients After Treatment With Mylotarg

who received no further treatment. Based on Cytogenetic Risk at First Relapse
The median overall survival time for the four OR patients OR Patients NR Patients
who received chemotherapy alone was at least 4.7 monthsRisk Group No. No. % No. %
The median overall survival time for the 42 NR patients Favorable 5 2 40 3 60
who received chemotherapy alone was 4.0 months. Intermediate 54 19 35 35 65
Overall survival of the eight CR and seven Cpatients ~ Foor 38 12 32 26 68

. ) e Unk 45 9 20 36 80
who received HSCT in postremission also was analyzed "

Kaplan-Meier analysis indicated that the differences be-
tween the CR and CRpatient groups were not statistically
significant (log-rank testP? = .271; data not shown). The as prognostic factors for the treatment outcome of patients.
median overall survival times were 14.5 months for the CRAIthough preliminary, this analysis suggested that a greater
patients, at least 5.4 months for the (JRatients, and at least likelihood of achieving OR consistently was associated with
14.5 months for the combined populations. higher values of baseline hemoglobin, lower levels of
Equal numbers of CR patients (four) received allogeneicperipheral-blood blast cell counts, no expression of the
and autologous HSCT, six GRatients received allogeneic CD13 marker, and lower values of baseline multidrug
HSCT, and one received autologous HSCT. For NR partesistance efflil®d (Table 4). Multivariate analysis also
tients, 10 and two received allogeneic and autologoussuggested that there might be a relationship among patient
HSCT, respectively. These patients were evaluated fosurvival and favorable ECOG performance status, longer
survival at 100 days. Three of the four CR patients who hacduration of CR1, lower values of peripheral-blood blast cell
allogeneic HSCT survived for 100 days. All six of the counts, and no CD34 expression. The other variables
CR, patients who had allogeneic HSCT survived for 100 examined, including increased CD33 expression, were not
days. At the time of data cutoff, 100-day survival datarelated to response category or patient survifab( .05).
were available for nine NR patients; three survived for Sufficient data were not available to include all patients in
100 days. All patients who had autologous HSCT sur-the multivariate analysis; therefore, these results are consid-
vived for 100 days. ered preliminary.

Effect of Pretreatment Factors on Mylotarg Treatment TEAEs After Mylotarg Treatment

Outcome TEAESs were classified as infusion-related events, that is,

Mylotarg was equally active in patients with both a short those that occurred on the day of Mylotarg administration,
duration < 1 year) and a long duratior=(1 year) of CR1. and as events that occurred during the remainder of the
For those patients with a CR1 of less than 1 yea+(80), treatment period. Hematologic adverse events are described
the OR rate after Mylotarg treatment was 28%. For thoseseparately because they were observed in virtually all
patients with a CR1 of at least 1 year£n62), the OR rate
after Mylotarg treatment was 32%. The median overall
survival for patients with a CR1 of less than 1 year was 4.7 Table 4. Results of Multivariate Exploratory Analysis for Prognostic

months; the median overall survival for patients with a CR1 Factors
of at least 1 year was 11.7 months as determined from Relationship ~ Wald
Kaplan-Meier estimates (data not ShOWn). Analysis Prognostic Variable to Outcome ¥ P*

Response rates to Mylotarg were similar in younger andoR v NR,
older patients. The OR rate for patients younger than 60 "~ '

. H lobin level at baseli + .018
years (n= 62) was 34%. The OR rate for patients 60 years P:ﬂ)igefalf&:gj bl oall o i 02
of age or older (n= 80) was 26%. The median overall CD13 expression _ 001
survival for patients younger than 60 years and those 60 MDR efflux level at baseline - .001
years of age or older was 5.9 months (Kaplan-Meierlandmark survival,
analysis not shown). Patients with AML with favorable-, "~ %3
i diate-, and poor-risk cytogenetics at first relapse had ECOG performance status i 019
|r?te_rme late-, p ytog p Duration of CR1 + .010
similar response rates (Table 3). Peripheral-blood blast cell counts - .001
In an exploratory multivariate analysis, 27 variables CD34 expression - .003

(derived from demographics, treatment history, or baseline apbreviation: MDR, multidrug resistance.
laboratory data) were examined to determine their potential *Only P values < .05 are given.
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patients and were related to the pharmacologic goal ofo onset of grade 3 or 4 hyperbilirubinemia was 8 days, and
Mylotarg therapy. the median duration was 20 days. A total of 17% of patients
Grade 3 or 4 infusion-related TEAEs reported with an (24 of 142) had grade 3 or 4 increases in AST or ALT levels
incidence of at least 4% were chills (11%), fever (7%), and(grade 3 is five to 20 times the upper limit of the normal
hypotension (4%). The postinfusion symptom complexrange for both versions 1 and 2 of the NCI-CTC). The
(fever, chills, and, less commonly, hypotension and dys-smedian time to onset of these AST or ALT increases was 8
pnea) was similar to that observed with other antibody-days, and the median duration was 20 days. Abnormalities
based therapié$ and occurred despite prophylactic treat of liver function generally were transient and reversible.
ment with acetaminophen and antihistamines. Grade 3 or 4 Several patients exhibited more serious hepatic abnor-
hypotension occurred several hours after the end of thenalities. One patient died with liver failure in the setting
infusion period but was transient and reversible with IV of tumor lysis syndrome and multisystem organ failure
fluid support. 22 days after treatment. Another patient died after an
The incidence of postinfusion symptoms was signifi- episode of persistent ascites and hepatosplenomegaly 156
cantly lower after the second dose of Mylotarg than after thedays after treatment.
first dose. Although 34% of patients had grade 3 or 4 events Some patients received HSCT either before or after
after the first dose, only 12% of patients experienced suclMylotarg treatment. The five patients who received HSCT
events after the second doge < .001; two-sided Fisher’'s before Mylotarg treatment had no notable events. Among 27
exact test). No episodes of grade 3 or 4 hypotension wergatients who received HSCT after Mylotarg treatment, three
observed after the second dose of Mylotarg. (two with NR and one with CR) died of hepatic veno-
Severe (grade 3 or 4) TEAEs that occurred with anocclusive disease 22 to 37 days after transplantation.
incidence of at least 5% during the treatment period in-
cluded sepsis (16%), fever (15%), chills (13%), nausea andP€aths After Mylotarg Treatment
vomiting (11%), dyspnea (9%), hypertension (9%), hypo- A total of 19 (13%) of the 142 patients died during the
tension (8%), pneumonia (7%), and asthenia (7%). Treattreatment period. The causes of death included progression
ment-related cardiotoxicity, cerebellar toxicity, or alopeciaof disease (n= 8), multiorgan failure (n= 4), CNS
were not observed. hemorrhage (= 5), and sepsis (& 2). The median time
Myelosuppression is an expected complication of bothto death was 21 days for these 19 patients.
conventional chemotherapy and antibody-targeted chemo- o ) )
therapy with Mylotarg. Although pluripotent hematopoietic HOSPitalizations of Patients Treated With Mylotarg
stem cells are CD33-negative, more differentiated progen- These studies allowed patients to receive Mylotarg on an
itor cells express CD33 and are therefore targeted byutpatient basis. However, many patients already were
Mylotarg, which results in myelosuppression. Nearly all hospitalized for complications of recurrent leukemia. For
patients had grade 3 or 4 neutropenia (97%) and thrombathe first and second doses of Mylotarg, 38% (54 of 142
cytopenia (99%). Fifteen percent of patients experienceghatients) and 41% (47 of 114 patients), respectively, re-
grade 3 or 4 bleeding, which included epistaxis (3%) andceived Mylotarg therapy as outpatients; 24% (34 of 142
intracranial hemorrhage (4%). patients) received both doses as outpatients. Treatment of
Mucositis-related adverse events included stomatitis, orapatients with AML in first relapse typically requires inten-
ulcers, or mouth pain. During the treatment period, 50sive supportive care. This includes lengthy hospitalizations
patients had mucositis-related adverse events. Howevefor chemotherapy administration and treatment of therapy-
only five (4%) of 142 patients experienced severe mucositiselated complications, which include infections, bleeding,
(grade 3 or 4 stomatitis) during this period. and nonhematologic toxicities. Among the 142 patients, the
During the treatment period, 40 (28%) of 142 patients hadmedian duration of hospitalization during the treatment
grade 3 or 4 infections of any type. The most frequent gradgperiod was 24 days (range, 0 to 133 days). The median
3 or 4 infection-related TEAEs were sepsis (16%) andtotal duration of hospitalization for CR patients was 18
pneumonia (7%). days (range, 0 to 50 days), and for Cpatients it was 13
Twenty-three percent of patients (33 of 142) had grade 3lays (range, 0 to 71 days). For patients with NR, the
or 4 hyperbilirubinemia (grade 3 is 1.5 to three times abovemedian total duration of hospitalization was 27 days
the upper limit of the normal range for version 1 of the (range, 0 to 133 days).
NCI-CTC). Only one patient had a bilirubin elevation more  Several patients had only a short total duration of
than 10 times the upper limit of the normal range (grade 4hospitalization. There were 16% (23 of 142 patients) with
hyperbilirubinemia, NCI-CTC version 2). The median time 7 or fewer days of hospitalization during the treatment
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period of these studies, including 4% (five of 142 The results of the exploratory multivariate analysis must

patients) with no hospitalization. be considered preliminary, because not all patients could be
included. Nevertheless, they indicated that a potential rela-
Immunogenicity of Mylotarg in Treated Patients tionship of several variables to a positive response, which

includes lower values of baseline multidrug resistance

29 . )
patients had antibody responses detected to the hP67 flux,” should be explored further m_futurg studies.

. . S ese results do not support a relationship between
monoclonal antibody or the calicheamicin linker on day 8 or.

day 22 after each dose. In addition, four patients in theséncreased CD33 expression and response or survival,

- . . %NhiCh indicates that patients entered onto these studies
phase Il clinical trials later received a second course oa arently had levels of CD33 that were above the
Mylotarg therapy and did not develop positive antibody PP y

responses to the components of the dru threshold required for response.
P P 9. Patients with short first remission durations and those

with AML that arose from myelodysplastic syndrome or
secondary to previous treatment with chemotherapy were
The results of the previous phase | clinical trial dataexcluded from these trials. These patient populations have a
demonstrated that the elimination of CD33-expressing cellslismal outcome with conventional agents, and it is not yet
with antibody-targeted chemotherapy can lead to remissionknown whether Mylotarg monotherapy will be efficacious.
in patients with AML?® Those results have now been To address this issue, patients currently are being enrolled onto
extended with phase Il data that demonstrate the clinicak prospective trial to evaluate the use of Mylotarg in patients
utility of an antibody-targeted cytotoxic chemotherapy with untreated high-risk myelodysplastic syndrome.
agent in the treatment of patients with relapsed AML. The data presented here demonstrate that Mylotarg has a
Mylotarg monotherapy of 142 patients with CD33-positive different toxicity profile than other effective treatments for
AML in first relapse was associated with a 30% OR rate andpatients with AML in first relapse. The infusion-related
with apparent safety advantages compared with other therromplex was similar to that observed with other antibody
apies used to treat patients with AML. Two prognostic treatment$? The occurrence of hypotension several hours
factors for patients with AML in first relapse, age and after administration of Mylotarg in 4% of patients means
duration of CRI;1°'23had relatively little effect on that an observation period is required to prevent the occur-
response rates to Mylotarg. rence of symptomatic hypotension away from clinical
The 30% OR rate reflects a combination of patients withsupervision. Elevations of hepatic enzymes and bilirubin
CR and those with CR The CR, category of remission was occurred with moderate frequency, and evidence of more
designed prospectively to evaluate patients in second remiserious hepatic damage was observed in several patients.
sion who had platelet recovery to less than 100,800/ Mylotarg was associated with grade 4 neutropenia and
before the administration of other therapy after remission. Inthrombocytopenia in virtually all patients, as would be
every other way, CRpatients met the criteria for CR and expected with a drug targeted to CD33-expressing cells. The
had a similar overall outcome. Severe neutropenia andncidence of severe mucositis was relatively low (4%)
particularly thrombocytopenia were expected, becauseompared with most other studies, in which severe mucosi-
CD33 is expressed by hematopoietic precursor cells such &g was reported in 5% to 34% of relapsed and refractory
colony-forming unit—granulocytic-erythrocytic-monocytic- AML patients treated by conventional chemotherapy> 2
megakaryocytic celld' and persistent thrombocytopenia Although severe infections occurred in 28% of patients, this
was observed in several patients in the phase | st¥dy. also is relatively low compared with other studies that
Within these studies, it seems that CRatients were reported incidences of 45% to 65% for relapsed and
clinically comparable to CR patients, as relapse-free surfefractory patient$>*°® Alopecia was not observed,
vival, landmark survival, rate of HSCT, and overall survival which is consistent with the targeted nature of the treatment.
after HSCT were similar between these two groups. How-Although there is the suggestion that Mylotarg might be
ever, failure to recover platelets in time could delay orassociated with less serious toxicity than reported with the
prevent administration of subsequent chemotherapy tase of conventional chemotherapy, no prospective random-
CR, patients who are not transplantation candidatesized trials have been performed to confirm these findings.
Longer follow-up of these groups of patients and studies It is important that Mylotarg was not associated with
of Mylotarg in other clinical situations are needed to treatment-related cardiac or cerebellar toxicity, which sug-
draw definitive conclusions regarding the comparability gests that this therapy may be useful in patients for whom
of CR and CR patients. these side effects of anthracyclines or cytarabine have

According to the criteria of our assay, none of the 142

DISCUSSION
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been limiting. Thus, Mylotarg also may be useful in  Since monoclonal antibodies were developed in 1575,
combination therapy with other antileukemic agents asmany attempts have been made to produce an antibody-
to a large extent, nonhematologic toxicities are different.targeted chemotherapy. Humanization of mouse monoclo-
Studies of Mylotarg in combination with anthracycline nal antibodies was a critical step in the development, and
and cytarabine are underway. Mylotarg uses a humanized anti-CD33 antibody. Although
Although patients with relapsed AML often are hospital- humanization reduces the likelihood of antibody production
ized for the treatment of complications of AML before the to the antibody portion of the molecule, some of the agents
start of therapy, the first and second doses of Mylotarg wereonjugated to antibodies, such as the toxthsgere found to
given as outpatient therapy to approximately one third of thebe immunogenic themselves. Antibody responses to the
patients enrolled onto these studies. Thus, patients do naalicheamicin-linker component of Mylotarg were detected
need to be hospitalized for a week of continuous IV therapyijn two patients during the phase | stutibut none of the
as is the case with standard anthracycline and cytarabinghase Il study patients had antibody responses detectable by
regimens. The outpatient nature of the treatment, combinedur assay criteria. For antibody-targeted chemotherapy to be
with a relatively low rate of severe infections, led to a successful, a highly potent agent must be conjugated to the
median total duration of hospitalization of 24 days. Sixteenantibody, and calicheamicin seems to meet this requirement.
percent of patients were hospitalized for 7 or fewer daysThe target antigen needs to internalize on antibody binding,
during the treatment period. These data suggest that trea&s occurs with CD33. Finally, the linker technology must
ment with Mylotarg may be associated with fewer days ofkeep the antibody and cytotoxic agent together in the serum
hospitalization than other treatment regimens for patientyet allow cleavage and release once internalized inside the
with relapsed AML, but confirmation from a randomized target cells. The same antibody-targeting technology used to
trial would be more definitive. produce Mylotarg has the potential to produce treatments
Because older patients with recurrent AML experiencefor other malignancies by use of different antibodies, and
the deleterious effects of conventional chemotherapy at @xploration of other antibody-targeted chemotherapy agents
high rate, Mylotarg monotherapy was approved by the Foodtontinues in the laboratory.
and Drug Administration on May 17, 2000, to provide a
new treatment option for patients with CD33-positive AML ACKNOWLEDGMENT
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APPENDIX

Additional investigators in the Mylotarg Study Group afd: Boogaerts, Universitair Ziekenhuis Gasthuisberg, Leuven, Belgium; H. Erba,
University of Michigan, Ann Arbor, MI; P. Huijgens, Academisch Ziekenhuis Vrije Universiteit, Amsterdam, the Netherlands; R. Spielberger, City
of Hope National Medical Center, Duarte, CA; S. Tarantolo, University of Nebraska, Omaha, NE; S. Castaigne, Hospital A. Mignot, Le Chesnay,
France; M. Gramatzki, University Hospital of Erlangen-Nuremberg, Erlangen, Germany; J.-L. Harousseau, Centre Hosfifalial Bie
Universitaire de Nantes, Hel Dieu, Nantes, France; P. Mineur; pital St Joseph, Charlerloi, Belgium; D. Roy, Hospital Maisonneuve-Rosemont,
Montreal, Quebec, Canada; M. Tallman, Northwestern School of Medicine, Chicago, IL; D. Voliotis, University Hospital Cologne, Cologne,
Germany; G. Ehninger, University Hospital Dresden, Dresden, Germany; A. Goldstone, University of College Hospital, London, United Kingdom;
G. Juliusson, Universitetssjh Lifipng, Linkoping, Sweden; A. List, Arizona Cancer Center, Tuscon, AZ; M. Aglietta, Ospedasle Mauriziano
Umberto, Torino, Italy; A. Burnett, University of Wales, Cardiff, United Kingdom; N. Cambier, Universitaire de Lille, Lille, France; P. Cassileth,
University of Miami, Miami, FL; M.-N. Fernandez, Hospital Puerta de Hierro, Madrid, Spain; D. Fiere, Hospital Edouard Herriot, Lyon, France;
M. Gobbi, Universita Deglui Studi di Genova, Genova, Italy; G. Heil, Medizinische Hoschule Hannover, Hannover, Germany; U. Hess, Cantonal
Hospital, St Gallen, Switzerland; A. Horst, University Hospital, Kiel, Germany; J. Karp, University of Maryland, Baltimore, MD; M. Minden,
Princess Margaret Hospital, Toronto, Ontario, Canada; C. Paul, Huddinge SJH, Huddinge, Sweden; K. Rai, Long Island Jewish Medical Center,
New Hyde Park, NY; D. Schenkein, New England Medical Center, Boston, MA; M. Schuster, Cornell Medical Center, New York, NY; J. Sierra,
Hospital de la Santa Creu | San Pau, Barcelona, Spain; L. Stenke, Karolinska Hospital, Danderyd, Sweden; A. Wahlin, Norrlands University
Hospital, Umed, Sweden; and M. Wernli, Cantonal Hospital, Aarau, Switzerland.
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