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ABSTRACT

On September 2, 2017, the U.S. Food and Drug Administration
approved gemtuzumab ozogamicin (GO; Mylotarg; Pfizer, New
York City, NY) for treatment of relapsed or refractory (R/R)
CD33-positive acute myeloid leukemia (AML) in patients 2 years
of age and older. GO is a CD33-directed antibody drug conju-
gate linked to the cytotoxic antibiotic calicheamicin. It originally
received accelerated approval for treatment of older patients
with relapsed CD33-positive AML in 2000, but it was withdrawn
from the market in 2010 when the confirmatory trial failed to
demonstrate clinical benefit among safety concerns, such as a
higher rate of induction fatalities on the GO combination arm
compared with chemotherapy alone. In addition, GO was asso-
ciated with hepatic veno-occlusive disease (VOD), which has
substantial morbidity and mortality. Pharmacokinetic analyses
suggested a lower maximum concentration of GO would result

in less VOD without affecting target saturation or efficacy.
A meta-analysis across dose schedules of GO in patients with
R/R AML showed that a lower-dose “fractionated” schedule of
3 mg/m2 days 1, 4, and 7 was associated with less early mortal-
ity, hemorrhage, and VOD, without an apparent decrease in
complete remission (CR) rate. MyloFrance 1 was a single-arm
study evaluating response rates in patients with relapsed CD33-
positive AML treated with the lower-dose fractionated GO regi-
men.The CR rate was 26% (95% confidence interval 16%–40%).
Common adverse reactions were fever, infections, nausea,
vomiting, constipation, bleeding, increased liver enzymes, and
mucositis. There were no cases of VOD.These results supported
the approval of GO as monotherapy for R/R CD33-positive AML
using the lower-dose fractionated regimen. The Oncologist
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Implications for Practice: Gemtuzumab ozogamicin (GO) 3 mg/m2 days 1, 4, and 7 is an active regimen for induction of remission
when used to treat patients with relapsed or refractory CD33-positive acute myeloid leukemia without curative intent. The risks of
hepatic veno-occlusive disease and early mortality with this regimen appear to be lower than reported previously for GO 9 mg/m2

days 1 and 15.The data were not sufficient to enable conclusions about the safety of GO in children younger than 2 years of age.

INTRODUCTION

Acute myeloid leukemia (AML) is a potentially fatal disorder,
particularly in patients with relapsed or refractory (R/R) dis-
ease. For those in first relapse, prognosis varies based on dura-
tion of first complete remission (CR), cytogenetic risk, age, and
prior hematopoietic stem cell transplantation (HSCT), with 5-
year overall survival (OS) rate ranging from 4% to 46% depend-
ing on these factors [1]. Patients who can tolerate intensive
chemotherapy may achieve CR rates of 30%–70% [2]. However,
patients treated with low-intensity regimens, including hypo-
methylating agents and low-dose cytarabine, achieve CR rates
of only 10%–17%, with a median OS of 6–8 months [3, 4].
Patients with refractory AML or those with multiple relapses
have an even poorer prognosis [5]. Thus, there remains a need
for additional effective therapies for R/R AML.

Gemtuzumab ozogamicin (GO, also known as CMA-676)
is a humanized anti-CD33 monoclonal antibody linked cova-
lently to the cytotoxic agent N-acetyl gamma calicheamicin.
GO binds to the CD33 antigen, which is expressed on the sur-
face of most AML cells and on immature cells of the myelo-
monocytic lineage. Binding of GO to its cognate antigen
leads to internalization and release of calicheamicin, which
intercalates DNA, inducing double-strand DNA breaks and
cell death.

GO received accelerated approval on May 17, 2000, for
treatment of CD33-positive AML in first relapse in patients
60 years of age or older who were not considered candidates
for cytotoxic chemotherapy. The recommended GO regimen
for this approval was 9 mg/m2 for two doses 14 days apart.
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Myelosuppression and infusion-related reactions were identi-
fied as major safety concerns at the time [6]. In the postmarket-
ing period, fatal hepatotoxicity and veno-occlusive disease
(VOD) were added as boxed warnings, highlighting an especially
increased risk of VOD in patients who received GO before or
after hematopoietic stem cell transplantation (HSCT) [7].

The accelerated approval of GO was issued with a post-
marketing requirement to confirm clinical benefit. The confirm-
atory study, S0106, was a randomized clinical trial evaluating
GO 6 mg/m2 in combination with induction chemotherapy in
patients �60 years with newly diagnosed AML. Study S0106
failed to demonstrate clinical benefit for GO, and a higher rate
of fatal induction toxicities was observed in the GO combination
arm compared with chemotherapy alone [8]. GO was with-
drawn voluntarily from the U.S. market in 2010. Recent pharma-
cokinetic (PK) analyses indicate that the originally approved
dose of GO may have been too high, leading to excess toxicity.
More recent studies have assessed the safety and efficacy of
repeated lower doses of GO, referred to as the “fractionated”
dosing schedule, for treatment of R/R AML [9–12].

Herein, we provide a summary of the review and rationale
for the U.S. Food and Drug Administration’s (FDA) 2017
approval of GO at 3 mg/m2 days 1, 4 and 7, for treatment of
patients with R/R CD33-positive AML. Given the known serious
toxicities of the previously approved 9 mg/m2 dose of GO, the
rationale for the dose selected for use in the Prescribing Infor-
mation was a major focus of this review.

DOSE SELECTION

Clinical Pharmacology
FDA performed analyses on the PK and pharmacodynamics
(PD) of GO in patients with AML treated on a phase I dose-
escalation trial testing GO 0.25–9 mg/m2 for three doses 14
days apart [13]. PK analyses demonstrated that exposure
increasedmore than proportionally as the dose of GO increased.
That is, small increases in dose resulted in larger than

proportional increases in maximum concentration (Cmax) and
area under the time-concentration curve (AUC). Furthermore,
there was a notable decrease in clearance after subsequent
doses 14 days apart, resulting in an increase in Cmax and AUC
with subsequent doses. In simulation studies for regimens of
9 mg/m2 days 1 and 15 or 3 mg/m2 days 1, 4, and 7, Cmax and
total AUC were reduced by approximately 75% with the latter
fractionated regimen, although the total dose was half that of
the original regimen (i.e., 9 vs. 18 mg/m2). The PD analysis
showed that GO binding to CD33 was saturated at doses above
2 mg/m2.

FDA explored exposure-response relationships for safety
and efficacy outcomes using data from three single-arm trials
of GO 9 mg/m2 for two or three doses 14 days apart in patients
with AML [13]. Increase in Cmax was significantly correlated
with a higher risk of VOD. There was, however, no remarkable
association between Cmax or AUC and CR, suggesting that CR
did not differ across a range of exposures. Given that data
came from a single dose level, the conclusions regarding the
lack of an exposure-efficacy relationship were limited by the
fact that the range of exposure was driven primarily by individ-
ual variability rather than dose. Therefore, evidence from clini-
cal trials was required to establish a safe and effective dose.

Clinical Safety and Efficacy by Dose Schedule
Safety and efficacy outcomes were reviewed across trials of
single-agent GO in R/R AML using various unfractionated and
fractionated doses and schedules. Meta-analyses were per-
formed across multiple studies using VOD and CR as outcomes
by dose-schedule when data were available, and a pooled analy-
sis was used to assess the early mortality by dose-schedule. All
studies used are listed in supplemental online Table 1. Methods
for identification of the relevant publications and for the meta-
analysis are described in supplemental online Appendix 1.

As shown in Table 1, the incidence of VOD differed by dose-
schedule. For the 9 mg/m2 dose subgroup, the VOD incidence
was 6% (95% confidence interval [CI] 4%–8%). This is consistent

Table 1. Clinical outcomes by single-agent GO regimen for treatment of relapsed or refractory acute myeloid leukemia

Outcome

Single-agent GO regimen

9 mg/m2 3 2 6 mg/m2 3 2 3 mg/m2 days 1, 4, 7

VODa

Number of studies 10 7 3

Number of patients 378 48 87

VOD, % (95% CI) 6% (4%–8%) 15% (6%–26%) 0% (0%–1%)

Early mortalityb

Number of studies 9 5 2

Number of patients 410 41 81

Deaths, % (95% CI) 17% (14%–21%) 12% (5%–27%) 9% (4%–18%)

CRc

Number of studies 11 6 2

Number of patients 436 57 63

CR, % (95% CI) 14% (11%–17%) 1% (0%–6%) 25% (16%–37%)
aSee supplemental online Figure 1 for by-study results of the meta-analysis.
bSee supplemental online Table 2 for by-study results of the pooled analysis.
cSee supplemental online Figure 2 for by-study results of the meta-analysis.
Abbreviations: CI, confidence interval; CR, complete remission; GO, gemtuzumab ozogamicin; VOD, veno-occlusive disease.
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with the results of a large U.S. postmarketing observational
study, which showed a VOD incidence of 9% (95% CI 7%–12%);
3% were fatal [14]. By contrast, there were no cases of VOD in
87 patients treated with GO 3 mg/m2 days 1, 4, and 7, including
a high-risk subgroup of 19 patients who underwent HSCT before
or after treatment with GO [9–11]. A similar trend for less VOD
with lower doses of GO was seen in Study 100374 using GO for
treatment of post-HSCT relapse, in which the reported VOD inci-
dence was 33%, 17%, and 0% following GO doses of 6 mg/m2

(n 5 6), 4 mg/m2 (n 5 18), and 2 mg/m2 (n 5 13), respectively.
Acknowledging the limitations of small sample size, it appears
that the risk of VOD was reduced with lower doses of GO.This is
consistent with the conclusion of the pharmacometrics analysis
that the risk of VOD is related to Cmax of GO.

Table 1 also shows early mortality rates pooled by dose-
schedule. The point estimates suggest lower early mortality
with the GO 3 mg/m2 days 1, 4, and 7 fractionated regimen at
9% (95% CI 4%–18%) compared with 17% (95% CI 14%–21%)
using the 9 mg/m2 regimen. Further, where cause of death
information was available, treatment-related early mortality
was also lower with the fractionated regimen (2/57; 4%) than
with the 9 mg/m2 regimen (39/351; 11%). Infection and hem-
orrhage comprised the most common causes of treatment-
related early mortality with the 9 mg/m2 regimen. Coincident
with this, for patients who achieved CR or CR with incomplete
platelet recovery (CRp), the times to neutrophil and platelet
recovery were shorter with the fractionated regimen than with
the 9 mg/m2 regimen (supplemental online Table 3).

Lastly, the meta-analysis (Table 1) showed that the CR rate
was no worse using the GO 3 mg/m2 days 1, 4, and 7 fractio-
nated regimen (25%) than with 9 mg/m2 days 1 and 15 (14%)
in patients with R/R AML. In a pooled analysis excluding studies

limited to AML in first relapse, CR rates were 14% across trials
using GO 9 mg/m2 (supplemental online Table 1; supplemental
online Fig. 2) and 17% in a small retrospective study using the
fractionated regimen [10]. Cross-trial comparisons of efficacy
outcomes can be confounded by differences between studies
in the proportions of patients in prognostic subgroups, but the
meta-analysis confirmed that responses were seen across a
wide range of GO dose-schedules, and the results are consist-
ent with the conclusion of the pharmacometrics exposure-
response analysis. Thus, based on the available safety and effi-
cacy data, the GO 3 mg/m2 days 1, 4, and 7 fractionated regi-
men was expected to have a more favorable risk/benefit than
the 9 mg/m2 regimen.

TRIAL DESIGN

MyloFrance 1 [9] was identified by FDA as an adequate and
well-controlled trial, testing an appropriate dose of GO. The
single-arm, open-label trial tested fractionated dosing of GO
in adults with CD33-positive de novo AML in first relapse. Key
eligibility criteria included duration of first remission 3–18
months, CD33 positivity in >80% of cells, no prior autologous
or allogeneic HSCT, and no proposed HSCTwithin 3 months fol-
lowing GO. Induction consisted of GO 3 mg/m2 days 1, 4, and
7. In the absence of toxicity, responding patients were eligible
to receive consolidation with high-dose cytarabine. Patients
could undergo HSCT following GO, but it was recommended to
delay this by at least 90 days. The primary endpoint was overall
response rate (ORR; CR plus CRp) within 43 days from starting
GO. The study targeted a 30% ORR and aimed to exclude 15%.
Secondary endpoints included CR rate, OS, and relapse-free
survival (RFS).

RESULTS

Fifty-seven patients were treated with GO. Table 2 lists baseline
demographics and disease characteristics. All 57 patients
received the three planned doses of GO, and 18 of 19 patients
achieving CR/CRp received consolidation with high-dose cytar-
abine. Seven patients underwent HSCT a mean of 152 days
(range 112–220 days) after GO.

Efficacy
The efficacy of GO was established on the basis of CR and dura-
tion of CR. Fifteen (26%; 95% CI 16%–40%) patients achieved a
CR following GO, and the median relapse-free survival was 11.6
months. Remission rates were similar across the subpopula-
tions examined, including cytogenetics, age, and duration of
first remission, although some subgroups were small. The
investigators reported that ORR correlated with P-glycoprotein
and multidrug resistance protein 1 expression in leukemia cells
[9], but these data were not submitted for FDA review, so the
conclusion could not be confirmed.

Safety
Four (7%) patients died before day 43. Two died of persistent
AML and two died suddenly at home. Common adverse reac-
tions are shown in Table 3. There were no grade 4 adverse
reactions observed, no fatal infections, and no cases of VOD.
For patients who achieved a CR/CRp, the median time to abso-
lute neutrophil count (ANC)>0.5 Gi/L was 23 days and median

Table 2. MyloFrance 1: Patient characteristics and outcomes

Demographics, characteristics,
and outcomes n (%)

Patients 57

Median age, years (range) 64 (22–80)

�65 years 27 (47)

Sex

Male 29 (51)

Female 28 (49)

Disease status

First relapse 57 (100)

Cytogenetics

Favorable 0 (0)

Intermediate 44 (77)

Adverse risk 12 (21)

Unknown 1 (2)

Disease type

De novo 56 (98)

Secondary 1 (2)

CR (%; 95% CI) 15 (26; 16–40)

Median relapse-free survival, months 11.6

Abbreviations: CI, confidence interval; CR, complete remission.
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time to platelets >50 Gi/L was 20 days (supplemental online
Table 3).

PEDIATRIC EXPERIENCE
The safety and efficacy of GO as a single agent for treatment of
pediatric patients with R/R AML was supported by the single-
arm, dose-escalation study in 29 patients (Study 102) using
unfractionated dose-schedules. Median age was 12 years (range
1–16). A literature review included 96 additional patients ages
0.2–21 years [10, 15–18]. Across 52 pediatric patients with R/R
AML and CR data available, the pooled CR rate was 8%.The only
pediatric trial that looked at the fractionated regimen was a
small retrospective trial that included six patients treated with
GO 3mg/m2 days 1, 4, and 7 [10]; the CR rate was 17%.

The safety profile of GO in children in Study 102 was similar
to that seen in adults, with the exception of a higher incidence
of VOD (31% overall). However, almost half of the pediatric
patients underwent HSCT after treatment with the unfractio-
nated GO regimen, accounting for the high risk for VOD. From
the literature review, rates of VOD ranged from 0% to 18% in
children [10, 15–18], with no reported cases using the fractio-
nated regimen [10]. There was not, however, sufficient experi-
ence to confirm safety in children younger than 2 years of age
using body surface area-based dosing.

DISCUSSION

MyloFrance 1 served as the pivotal trial assessing the activity of
GO for treatment of CD33-positive R/R AML. The CR rate was
26% and the median RFS was 11.6 months in this first relapse
patient population. Additional studies of GO demonstrated CR
rates of 0%–32% in patients with CD33-positive refractory AML
or with later relapses (supplemental online Table 1; supplemen-
tal online Fig. 2). Although these are relatively low response
rates, the clinical benefit of GO was confirmed by the ALFA-

0701 trial, which demonstrated an event-free survival benefit
of GO 3 mg/m2 on days 1, 4, and 7 when added to 71 3 induc-
tion therapy in patients with newly diagnosed AML [19–21].
The details of this trial, a meta-analysis of five randomized trials
using GO in addition to induction chemotherapy, and the
randomized monotherapy trial in elderly patients with newly
diagnosed AML are discussed in a separate manuscript dedi-
cated to the newly diagnosed CD33-positive AML indication
[19]. Based on the entirety of the data, regular approval was
warranted. Nonetheless, given that treatment with GO alone is
not curative, how best to incorporate it into the R/R AML treat-
ment paradigm remains to be determined.

FDA approved GO for the treatment of R/R CD33-positive
AML. Although CD33 is expressed in approximately 90% of AML
patients [22], expression levels vary [23–25]. Nearly all clinical
studies investigating GO monotherapy in patients with R/R AML
enrolled patients with CD33 expression levels >80%. However,
some smaller studies suggested a benefit with a lower cutoff or
no cutoff for CD33 expression [10, 26]. Given a lack of data
regarding the optimal expression level for maximal treatment
benefit, FDA did not specify a threshold for CD33 positivity in
the drug label. Further study in this area may help to elucidate
R/R AML patients most likely to benefit from GO therapy.

Notably, as opposed to the original review [6], FDA did not
consider CRp responses in the current assessment of the activ-
ity of GO. The pooled analysis in the original approval showed
that CRps accounted for about half of the responses, and the
CR rate was only 16% [6]. Data published since that time indi-
cate that CRp and CR with incomplete hematologic recovery
responses are associated with higher levels of minimal residual
disease and shorter disease control than with CR responses
[27, 28]. For nonintensive therapies with a tolerable toxicity
profile, FDA has considered durable CR with partial hemato-
logic recovery (defined as meeting CR criteria but with lower
count thresholds of ANC >0.5 Gi/L and platelet count >50 Gi/
L) as a palliative benefit to patients with R/R AML, when
accompanied by data on transfusion independence [29]. In the
case of GO, CRp responses on MyloFrance 1 only required a
platelet count of >20 Gi/L, which could still represent a bleed-
ing risk to patients. Thus, the approval relied only on durable
CR rate, which remains a preferred endpoint for assessment of
new therapies for R/R AML [30].

FDA extended the GO indication for treatment of CD33-
positive R/R AML to pediatric patients 2 years and older. Pediat-
ric safety and preliminary efficacy outcomes were comparable
to adults, with the exception of a higher incidence of VOD with
the unfractionated regimen, likely a consequence of higher
rates of HSCT post-GO. Based on mechanism of action of GO,
the similar biology of AML in adults and children [31], and sup-
ported by the reviewed clinical trial experience, the efficacy of
GO could be extrapolated to the pediatric population. Although
the studies of GO included some children as young as 2 months
old, safety and PK data were limited for children below the age
of 2 years. Therefore, in the absence of adequate data for
review, FDA could not extend the indication to infants.

In the current approval, the recommended GO regimen of
3 mg/m2 days 1, 4, and 7 differs substantially from the regimen
of 9 mg/m2 for two doses 14 days apart proposed originally.
Altogether, the pharmacometrics analyses, the meta-analyses
of trials using various doses of GO, and the clinical efficacy and

Table 3. Common adverse events on MyloFrance 1a

Adverse event All grade Grade 3

Fever 79% 16%

Infection 42% 32%

Bleeding 23% 7%

Constipation 21% 2%

Mucositis 21% 4%

Nausea/vomiting 21% 0%

Headache 19% 2%

Rash 16% 11%

Pain 14% 4%

Diarrhea 12% 2%

AST increased 40% 0%

ALT increased 16% 0%

Pneumonia 14% 7%

Tachycardia 7% 2%

Lung edema 5% 2%
aIncludes all-grade adverse events in >15% of patients and grade 3
events in >1% of patients.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase.
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safety data provided a strong case for use of the lower-dose
fractionated schedule. The results are somewhat counter to the
traditional approach of using the maximal tolerated dose for
cancer drug development, but they are clearly consistent with
the current recommendation for targeted therapies to avoid
unnecessary toxicity by using the lowest biologically effective
dose [32]. Ultimately, this experience demonstrates the impor-
tance of optimizing the dose of novel targeted agents in early
stages of clinical development.

CONCLUSION
Treatment with GO was associated with notable toxicities, includ-
ing myelosuppression, infusion reactions, infection, bleeding, and
liver toxicity. Overall, however, the available data indicate that
the expected clinical benefit outweighs the safety concerns for
patients with CD33-positive R/R AML treated with GO 3 mg/m2

days 1, 4, and 7.
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For Further Reading:
Maria Nieto, Pierre Demolis, Eliane Béhanzin et al. The European Medicines Agency Review of Decitabine (Dacogen)
for the Treatment of Adult Patients With Acute Myeloid Leukemia: Summary of the Scientific Assessment of the
Committee for Medicinal Products for Human Use. The Oncologist 2016;21:692-700.

Implications for Practice:
Acute myeloid leukemia (AML) remains an area of significant unmet need, especially in older patients. Older patients
and those with comorbidities are often considered ineligible for standard induction therapy, and outcome for these
patients is poor. Decitabine has favorable effects in terms of overall survival, which were considered clinically
meaningful in the context of a manageable toxicity profile and after consideration of the lack of therapeutic
alternatives for these patients. Decitabine is widely used in the treatment of AML in patients aged >60 years, as per
current guidelines, including the European LeukemiaNet and the U.S. National Cancer Comprehensive Network.
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