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On May 17, 2000, the US Food and Drug Administration (FDA)
granted accelerated approval for the use of gemtuzumab ozogamicin
(GO) in older patients (age � 60 years) with acute myeloid leukemia
(AML) in first relapse who were not considered candidates for stan-
dard cytotoxic chemotherapy.1 Approval for this novel anti-CD33
immunoconjugate was based on a phase II trial demonstrating a 30%
response rate (including complete response [CR] and CR with incom-
plete platelet recovery)2 and was conditional on future demonstration
of benefit in treatment of AML. Over the past 10 years, several phase II
and III trials have addressed this issue.

A review of the phase II studies in 277 patients (median age, 61
years) with relapsed AML noted a response rate of 26%, essentially
identical to that in the studies that led to the FDA approval.3 GO has
less GI toxicity than anthracyclines or cytarabine (Ara-C), but distinc-
tively, it has been associated with hepatic sinusoidal obstructive syn-
drome (SOS).4 However, the incidence of SOS was only 0.9% in
patients who did not undergo prior or subsequent allogeneic hemato-
poietic cell transplantation (HCT).3 Although SOS was more frequent
after HCT, it was uncommon if more than 3.5 months had elapsed
between the last GO dose and the HCT.5

Used alone, GO is most effective in acute promyelocytic leukemia
(APL), likely because of a high surface expression of CD33, the target
of GO. The combination of all-trans-retinoic acid (ATRA) and GO
can be a substitute for ATRA plus anthracyclines in curing newly
diagnosed APL, producing a response rate of 84%,6 plausibly with less
acute toxicity, less early and delayed cardiotoxicity, and a lower risk of
therapy-related myelodysplastic syndrome–AML. Hence, as demon-
strated by Breccia et al,7 GO is an attractive option for the treatment of
older patients with APL, with all treated patients responding with
durable molecular remissions. Furthermore, GO has been successfully
combined with ATRA and arsenic trioxide in newly diagnosed pa-
tients, particularly those with high-risk disease, where the high pre-
senting WBC count puts patients at increased risk of early death and
relapse. In a study conducted at the MD Anderson Cancer Center, the
CR rate was 81% in high-risk patients who received GO.8 The combi-
nation of ATRA and arsenic trioxide plus GO is now being evaluated
in a North American Intergroup APL trial (SWOG [Southwest On-
cology Group] 0535) for high-risk APL. Italian investigators noted
that early treatment of molecular relapse of APL with single-agent GO

resulted in longer survival than was seen when treatment began at
hematologic relapse.9 The relative rarity of APL, particularly of molec-
ular relapse, makes a randomized study to confirm these findings
infeasible. Other areas in which GO has significant value include the
relapsed AML and pediatric settings.

Although the beneficial results in APL alone would make the
availability of GO desirable, patients with APL constitute only 10% to
12% of those with AML. However, several phase II trials of GO with
cytarabine plus anthracycline in relapsed AML have demonstrated
that the combination is safe and well tolerated,10,11 setting the stage for
its evaluation in newly diagnosed patients. Burnett et al12 reported a
randomized trial (MRC [Medical Research Council] AML15) show-
ing that addition of 3 mg/m2 GO to cytarabine and daunorubicin
induction in younger patients (typically age � 60 years) with AML
significantly improved survival in those with cytogenetically favorable
risk and in 70% of patients with intermediate-risk disease. They devel-
oped a model that reproducibly allowed identification of patients who
would live longer after treatment with the GO, anthracycline, and
cytarabine combination. GO also improved outcomes when added to
a regimen using higher doses of cytarabine (FLAG-Ida [fludarabine,
cytarabine, granulocyte colony-stimulating factor, and idarubicin]),
suggesting that it was not merely a substitute for high-dose cytara-
bine.12 However, the randomized SWOG 106 study, which added 6
mg/m2 to 3 � 7 (3-day anthracycline plus 7-day cytarabine) in un-
treated patients age � 60 years, found an increase in 30-day mortality
uncompensated by improvements in CR, event-free survival (EFS),
disease-free survival, or overall survival (OS).13 These results appar-
ently prompted Pfizer to voluntarily withdraw GO from the market at
the request of the FDA in June 2010, before the results of other
randomized trials were available.

Because of the pivotal role played by the SWOG results, com-
ment on this study seems appropriate. First, as in the MRC study, there
was a survival advantage for patients with favorable cytogenetics who
received GO. However, unlike in the MRC study, the doses of dauno-
rubicin were not the same in the two randomized arms. In particular,
to arrive at equitoxic doses, the daily daunorubicin doses were desig-
nated, somewhat arbitrarily, as 45 mg/m2 in the GO arm and 60
mg/m2 in the non-GO arm. The similar efficacy in both arms of the
trial thus might be taken as evidence that GO contributed to this
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efficacy. Of course, the lower dose of daunorubicin could be impli-
cated when arguing that GO substantially added to induction mortal-
ity. However, the definition of induction mortality is less precise, given
the variable time at risk, compared with overall survival, which was the
same in both arms. Indeed, the induction mortality was unusually low
(� 1%) in the non-GO arm of the study.

Results of three other randomized trials comparing induction
chemotherapy with or without GO in newly diagnosed AML were
presented at the 53rd Annual Meeting of the American Society of
Hematology in 2011 and are also noteworthy (Table 1). The Acute
Leukemia French Association (ALFA) compared cytarabine (200
mg/m2 daily for 7 days) plus daunorubicin (60 mg/m2 daily for 3 days)
with or without GO 3 mg/m2 on days 1, 4, and 7 in patients age 50 to
70 years and found improved EFS (P � .002) and OS (P � .04) in the
GO arm.14 As in the AML15 study, benefit was limited to the patients
with cytogenetically favorable and intermediate-risk disease. The
GOELAM (Groupe Ouest-Est Leucémies Aiguës Myéloblastiques)
found that the addition of GO 6 mg/m2 to a 3 � 7 regimen improved
EFS in adults age � 60 years who did not undergo subsequent HCT.15

Finally, Burnett et al16 reported the results of the AML16 trial, which

randomly assigned older patients (median age, 67 years; range, 51 to
84 years) to receive daunorubicin and either clofarabine or cytarabine,
with or without GO 3 mg/m2. They demonstrated a statically signifi-
cant survival advantage for the patients who received GO; again, the
benefit was confined to those subsets with favorable and intermediate-
risk cytogenetics. Importantly, in none of these three trials was the
addition of GO associated with a significant increase in induction
mortality (Table 1).

Therefore, overall, five of five randomized trials have found a
benefit for GO in newly diagnosed patients with favorable-risk AML,
and four of five (three in primarily younger, and one in primarily
older, patients) have found the same benefit in patients with
intermediate-risk AML as defined by cytogenetics. Thus, a reproduc-
ible method is available to select patients likely to benefit; these con-
stitute the majority of those age � 60 years. It might be argued that the
need for GO could be dispensed with, if daunorubicin at 90 mg/m2

replaced the typical 60-mg/m2 dose used in most of these trials. This
contention rests on the observation that to date, the benefit of GO
seems most obvious in younger patients with better-risk disease, sim-
ilar to those who benefitted from the escalation of the daunorubicin

Table 1. Reported Randomized Trials of Chemotherapy With or Without GO

Trial

No. of Patients
Age Group

(years) Induction Chemotherapy
CR Rate

(no GO v GO)

Induction
Mortality

(no GO v GO)

Grades 3 and 4
Liver Toxicity
(no GO v GO)

Outcomes
(no GO v GO)Total No GO v GO

Burnett et al12 1,113 557 v 556 � 60 DA v ADE v FLAG-Ida � GO 3
mg/m2 on day 1

83% v 82% 6% v 7% Lower AST
after
course 1

OS for favorable risk, 51% v
79% (HR, 0.32; 95% CI,
0.18 to 0.59); internally
validated model found
670 patients (75% of
total) had predicted
survival benefit (HR, 0.69;
95% CI, 0.55 to 0.87)

P .6 .005
Petersdorf et al13 627 18-60 DNR 45 mg/m2 per day on

days 1-3 � ara-C 100 mg/m2

per day on days 1-7 � GO
6 mg/m2 on day 4 v DNR
60 mg/m2 per day on days
1-3 � ara-C 100 mg/m2 per
day on days 1-7

69% v 66% 0.8% v 5.8% NA RFS overall population (HR,
1.0; 95% CI, 0.69 to
1.44)

P .002
Castaigne et al14 278 139 v 139 50-70 DNR 60 mg/m2 per day on

days 1-3 � ara-C 200 mg/m2

per day on days 1-7 � GO
3 mg/m2 per day on days 1,
4, 7

75% v 81% 4% v 6.5% 8% v 13% OS overall population, 44%
v 53% (HR, 0.7; 95% CI,
0.5 to 0.99)

P .6 .24 .046
Delaunay et al15 238 119 v 119 18-60 DNR 60 mg/m2 per day on

days 1-3 � ara-C 200 mg/m2

per day on days 1-7 � GO
6 mg/m2 on day 4

87% v 92% 2.5% v 4.2% 11.5% v 22% OS ELN favorable

P NS .04 .0008
Burnett et al16 1,115 556 v 559 51-84 DNR 50 mg/m2 per day on

days 1, 3, 5 and CLO 20
mg/m2 per day on days 1-5
or ara-C 100 mg/m2 every
12 hours on days 1-10 �
GO 3 mg/m2 on day 1

58% v 62% 11% v 12% ALT, 4% v 4% 29% v 35% (HR, 0.81; 95%
CI, 0.67 to 0.97)

P .4 .3

Abbreviations: ADE, cytarabine, daunorubicin, and etoposide; ara-C, cytarabine; CLO, clofarabine; CR, complete response; DA, daunorubicin plus cytarabine; DNR,
daunorubicin; EFS, event-free survival; ELN, European LeukemiaNet; FLAG-Ida, fludarabine, cytarabine, granulocyte colony-stimulating factor, and idarubicin; GO,
gemtuzumab ozogamicin; HR, hazard ratio; NA, not available; NS, not significant; OS, overall survival; RFS, relapse-free survival.
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dose from 45 to 90 mg/m2 in two recently reported randomized
trials.17,18 However, this inadequate-dose argument flies in the face of
the superior outcome seen with GO in the AML15 trial, even when the
non-GO arm was intensive. In particular, given the low toxicity profile
of GO, certainly at 3 mg/m2, patients and physicians might prefer to
have the drug available today rather than await the results of potential
future trials randomly assigning patients between cytarabine plus
daunorubicin 90 mg/m2 and cytarabine plus daunorubicin 60 mg/m2

plus GO. Regarding the choice and the dose of anthracycline that
might be combined with GO, it seems that a relatively small dose of
GO (3 mg/m2 in the MRC and ALFA studies and 6 mg/m2 in the
GOELAM study) can be safely added to daunorubicin 60 mg/m2 daily
for 3 days, or to idarubicin 10 mg/m2 daily for 3 days in the context of
the FLAG-Ida regimen in the MRC study (Table 1).

Perhaps the most compelling reason to reverse the decision to
withdraw GO is that AML is not a homogeneous disease but rather a
group of diseases, some of which are particularly sensitive to the drug.
Thus, although perhaps the average patient did not benefit from GO,
as seen in the SWOG 106 trial, specific subsets of patients did benefit.
Decades of research have emphatically demonstrated that AML differs
widely both clinically (most notably in response to standard treat-
ments) and in molecular, genetic, and epigenetic characteristics. The
extreme heterogeneity in the latter is uniformly acknowledged to
indicate that optimal management of AML will eventually encompass
many specific regimens, with APL being an obvious example. It can be
argued that if an appropriate study of the addition of GO to chemo-
therapy had been conducted exclusively in the cytogenetically favor-
able subsets of AML, we would have observed an advantage for GO
much earlier and more clearly (similar to the studies demonstrating
the remarkable benefit of ATRA in APL). It can also be argued that
despite the flaws associated with subset analyses of randomized trials,
such data should be acceptable when the same benefit is demonstrated
repeatedly in several large studies. The data for the benefit of adding
GO to chemotherapy for patients with better-risk AML were not
available at the time of the decision to withdraw the agent from the
market. However, the compelling data available from the more re-
cently reported trials clearly suggest that the reversal of the decision is
the correct way forward. On the basis of the available studies, we
suggest that the most appropriate indication for reapproval of GO
would be in patients with the more favorable–risk AML in addition to
cytarabine- and anthracycline-based chemotherapy.
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