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Abstract
Despite the recent onslaught of approved medications in oncology, 
acute myeloid leukemia (AML) has been a disease state bereft of 
pharmaceutical development for decades. The long-standing first-line 
regimen, 7 + 3, was developed in 1973. A group of four physicians at 
Roswell Park Memorial Institute built upon prior combinations of dau-
norubicin and cytarabine to find the optimal combination of 7 days of 
cytarabine and 3 days of daunorubicin (Lichtman, 2013). This regimen 
has undergone multiple modifications and patient performance status-
based stratifications, but has remained the first-line therapy for AML 
for the past 45 years. In September 2017, gemtuzumab ozogamicin 
returned to market and shortly thereafter was added to the National 
Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines 
for AML, to be administered in combination with 7 + 3, and as mono-
therapy for both newly diagnosed and relapsed patients with acute 
myeloid leukemia (NCCN, 2018; US Food & Drug Administration, 2017). 
Gemtuzumab ozogamicin continues to be explored in various leukemia 
settings and is a welcomed addition to the currently available treat-
ment options for AML.

A cute myeloid leukemia 
(AML) is a malignancy 
characterized by differ-
entiation abnormalities 

combined with uncontrolled clonal 
proliferation that prevents normal 
bone marrow hematopoiesis. These 
immature, undifferentiated, malig-
nant cells are often referred to as 
“blasts,” as they are unable to prog-
ress past the myeloblast stage of the 
hematopoietic cascade. 

The American Cancer Society 
predicts that almost 20,000 patients 
will be diagnosed with AML in 2018, 
with the majority of those patients 
greater than 60 years of age (Na-

tional Cancer Institute [NCI], 2017). 
In spite of recent advances, 5-year 
overall survival (OS) rates are still a 
paltry 27.4% (NCI, 2017). Although 
this does represent a vast improve-
ment from 6.3% in 1975 when 7 + 3 
was adopted as the new standard of 
care for AML (NCI, 2017), there re-
mains much room for improvement. 
When adjusting the 27.4% 5-year OS 
rate for age, 39% of patients younger 
than 65 years old were alive at 5 years 
compared to 8.5% for patients 65 to 
74 years of age. 

Potentially curative therapy 
hinges on aggressive induction, fol-
lowed by multiple cycles of high-J Adv Pract Oncol 2019;10(1):68–82
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dose chemotherapy and/or an allogeneic stem cell 
transplant, which has often proven too toxic for 
elderly patients. Through off-label use, hypometh-
ylating agents such as azacitidine and decitabine 
have increased treatment options for elderly pa-
tients with AML. However, these agents are typi-
cally reserved for those patients deemed unfit for 
high-intensity therapy (Schuh et al., 2017). This 
gap in therapy has created a need to target the 
disease in our aging populations in a way that pro-
vides both safe and effective treatment. 

FDA APPROVAL
In May 2000, the US Food and Drug Adminis-
tration (FDA) granted accelerated approval for 
gemtuzumab ozogamicin (Mylotarg) for patients 
aged 60 or greater with CD33-positive relapsed 
AML who were not candidates for conventional 
chemotherapy (Bross et al., 2001). Gemtuzumab 
ozogamicin is a humanized anti-CD33 monoclo-
nal antibody covalently linked to a semisynthetic 
derivative of calicheamicin, a potent cytotoxic an-
tibiotic (Bross et al., 2001). Accelerated approval 
was granted based on three early phase studies 
that demonstrated complete response (CR) or 
complete response with incomplete platelet re-
covery (CRp) in 30% of adult patients with an ac-
ceptable adverse event profile. Through the accel-
erated approval process, gemtuzumab ozogamicin 
was allowed admittance to the market based on 
its early phase successes with the requirement 
that phase III studies be completed as planned to 
prove benefit over existing therapy. Unfortunately, 
the phase III Southwest Oncology Group (SWOG) 
S0106 trial found no benefit of gemtuzumab ozo-
gamicin combined with chemotherapy over che-
motherapy alone, and an increase in treatment-
related mortality (Petersdorf et al., 2013). 

The most common causes of treatment-relat-
ed fatal adverse events were hemorrhage, infec-
tion, and/or acute respiratory distress syndrome. 
This data combined with other negative phase III 
studies led to Pfizer voluntarily withdrawing gem-
tuzumab ozogamicin from the market, 10 years af-
ter its original approval (NCI, 2010). In September 
2017, the FDA reapproved gemtuzumab ozogami-
cin for the indications of adults with newly di-
agnosed CD33-positive AML and for relapsed or 
refractory CD33-positive AML in patients aged 2 

years and older (FDA, 2017). The FDA specifically 
cited changes to the dosing regimen that improved 
gemtuzumab ozogamicin’s safety and efficacy and 
led to its reapproval.

PHARMACOLOGY AND  
MECHANISM OF ACTION
The CD33 surface antigen is expressed on the 
majority of immature myeloblasts and is down-
regulated as the normal cell matures. However, in 
AML, this maturation process never occurs, mean-
ing a plethora of binding sites for a CD33-specific 
agent are present to direct therapy. Mature hema-
topoietic stem cells, as a result of the aforemen-
tioned downregulation, and nonhematopoietic 
cells do not express this receptor (Linenberger, 
2005). Multiple methodologies have been tested 
in determining the most efficacious use of a CD33 
antibody, including radioimmunoconjugates and 
immunotoxin conjugates. These studies showed 
that the CD33-positive cells were quick to inter-
nalize these antibodies after binding. 

Gemtuzumab ozogamicin is a humanized IgG4 
monoclonal antibody-drug conjugate that binds to 
the CD33 surface receptor and is then rapidly in-
ternalized, as seen in Figure 1 (Bross et al., 2001; 
Jerjian, Glode, Thompson, & O’Bryant, 2016). The 
antibody is linked to its payload, calicheamicin, 
which is an extremely cytotoxic enediyne antibiot-
ic (Figure 2). The peptide linker that connects the 
antibody portion to calicheamicin was designed to 
only release within an acidic environment, such 
as the lysosome of the myeloblast. The antibody-
drug conjugate delivery method allows for clinical 
use of calicheamicin, as it was proved to be too cy-
totoxic for direct therapeutic use. Calicheamicin’s 
cytotoxicity is conveyed through its binding to the 
minor groove of DNA, leading to double-strand 
breaks and ultimately cell death. Due to the high 
level of potency and cytotoxicity demonstrated by 
calicheamicin, the specificity of antibody binding 
and the focused expression within the body of the 
antibody’s target are key to limiting toxicity from 
its administration (Appelbaum & Bernstein, 2017; 
Smith & Nicolaou, 1996).

CLINICAL TRIALS
Gemtuzumab ozogamicin was first approved 
in 2000 by the FDA’s accelerated approval pro-
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gram for single-agent use in patients with CD33- 
positive AML in first relapse who were 60 years or 
older and not considered candidates for other cy-
totoxic treatment (Pfizer Inc., 2017). As part of the 
accelerated approval pathway, a confirmatory trial 
was required to be completed. As stated previous-
ly, this trial was negative, and 10 years later Pfizer 
voluntarily withdrew gemtuzumab ozogamicin 
from the market (Pfizer Inc., 2017). 

Initial dosing of gemtuzumab ozogamicin 
was 9 mg/m2 intravenously (IV) every 2 weeks 
based on phase I data showing complete or 

near-complete CD33-binding site saturation and 
lack of dose-limiting nonhematologic toxicity. 
However, further data showed that new CD33 
proteins are continuously expressed on the cell 
surface, and antigen levels return to baseline 72 
hours after gemtuzumab ozogamicin exposure 
(Godwin, Gale, & Walter, 2017). Therefore, sub-
sequent studies sought to overcome this through 
the use of fractionated dosing, or lower doses 
given more frequently.

Gemtuzumab ozogamicin received FDA ap-
proval for a second time on September 1, 2017, 

Figure 1. Antibody-drug conjugate (ADC) structure and mechanism of action. The ADC consists of three 
key components: (A) site-specific monoclonal antibody; (B) cytotoxic drug; and (C) functional linker 
that binds drug to antibody. ADC mechanism of action: (1) binding of ADC to antigen of cancer cell;  
(2) internalization of antigen-ADC complex; (3) lysosomal degradation releases drug from antibody;  
(4) drug causes DNA or microtubule disruption. From “Antibody-drug conjugates: A clinical pharmacy 
perspective on an emerging cancer therapy,” by Jerjian et al., 2016, Pharmacotherapy, 36(1), 99–116.  
© 2016 Pharmacotherapy Publications, Inc. Reprinted with permission. 
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for adults with newly diagnosed CD33-positive 
AML and adults and children 2 years and older 
with relapsed or refractory CD33-positive AML 
(Pfizer Inc., 2017). This reapproval was based 
upon several trials discussed below evaluating 
gemtuzumab ozogamicin as treatment of AML in 
various clinical scenarios using the fractionated 
dosing strategy.

DATA FOR INITIAL APPROVAL
Cumulative Results From  
Trials 201, 202, and 203
Gemtuzumab ozogamicin received accelerated 
approval based upon aggregate data from three 
open-label phase II studies (Trials 201, 202, 203). 
Collectively, 142 patients were enrolled who had 
CD33-positive AML in first relapse. Patients in-
cluded in Trials 201 and 202 were ≥ 18 years of 
age, with a first remission duration of ≥ 6 months. 
Trial 203 only included patients ≥ 60 years, and 
their first remission had to have lasted at least 
3 months. Patients with secondary leukemia or 
white blood cell count (WBC) ≥ 30,000/µL were 
excluded. Patients were treated with two 9 mg/m2  
IV infusions separated by 14 days and were fol-
lowed up 28 days after the last dose. Patients 
received premedications of acetaminophen and 
diphenhydramine. The primary endpoint for all 

three trials was the rate of CRs, defined as leu-
kemic blasts absent from the peripheral blood,  
≤ 5% blasts in the bone marrow, hemoglobin  
≥ 9 g/dL, platelets ≥ 100,000/µL, absolute neu-
trophil count ≥ 1,500/µL, and red cell and plate-
let transfusion independent (no red cell trans-
fusions for 2 weeks and no platelet transfusions 
for 1 week) or CRp (meeting the definition of CR 
without platelet recovery to ≥ 100,000/µL; Bross 
et al., 2001; Wyeth Laboratories, n.d.). 

The overall response rate for the three studies 
was 30% (42/142), with 16% (23/142) of patients 
with a CR and 13% (19/142) with a CRp. The me-
dian time to remission was 60 days regardless of 
response type. Patients < 60 years of age had a 34% 
response rate, with an overall response rate of 
26% for those ≥ 60 years. The relapse-free survival 
(RFS) was 6.8 months for those with a response, 7.2 
months for CR, and 4.4 months for CRp. Patients  
> 60 years had RFS of 2.3 months vs. 17 months for 
patients < 60 years of age. The median duration 
of overall survival for the entire study population 
was 5.9 months (Bross et al., 2001; Wyeth Labora-
tories, n.d.). 

The data from these three phase II studies 
supported gemtuzumab ozogamicin’s acceler-
ated approval based upon the overall response 
rate (CR and CRp) being a surrogate endpoint 

CD33

Figure 2. Gemtuzumab ozogamicin structure. 
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“reasonably likely” to predict clinical benefit. 
The FDA approved gemtuzumab ozogamicin for 
use in patients with CD33-positive AML in first 
relapse who were ≥ 60 years and not candidates 
for cytotoxic chemotherapy. The approved dosing 
regimen was 9 mg/m2 IV over 4 hours repeated 14 
days later. A requirement of the accelerated ap-
proval was confirmatory studies of clinical benefit 
(Bross et al., 2001).

Confirmatory Study SWOG S0106
Based upon the tolerability and efficacy of gem-
tuzumab ozogamicin in combination with dauno-
rubicin and cytarabine in phase I/II trials, SWOG 
began enrolling patients in a prospective phase III 
randomized trial in a 1:1 ratio to evaluate the effects 
of adding gemtuzumab ozogamicin to standard in-
duction chemotherapy (daunorubicin and cytara-
bine) in patients with newly diagnosed AML. Pa-
tients with secondary AML were excluded. 

Patients who were randomized to receive all 
three drugs were given the following: daunorubi-
cin at 45 mg/m2 IV on days 1 to 3, cytarabine at 
100 mg/m2 continuous IV infusion on days 1 to 7, 
and gemtuzumab ozogamicin at 6 mg/m2 IV over 
2 hours on day 4. Those receiving standard induc-
tion therapy were administered daunorubicin at 
60 mg/m2 IV on days 1 to 3 and cytarabine at 100 
mg/m2 IV continuous infusion. A second 1:1 ran-
domization was also part of the study design, in 
which patients who achieved a CR after 3 cycles 
of cytarabine consolidation therapy could be giv-
en 3 doses of gemtuzumab ozogamicin at 5 mg/m2  
IV at least 28 days apart in hopes of improv-
ing disease-free survival (DFS). With the double 
randomization scheme, investigators planned to 
evaluate if a benefit was seen with the addition of 
gemtuzumab ozogamicin during induction, post-
consolidation, or both. The two primary objec-
tives were to test whether the CR rate was higher 
in patients who received gemtuzumab ozogamicin 
as part of induction therapy and to see if the post-
consolidation DFS rate was higher among patients 
randomized to the gemtuzumab ozogamicin arm 
(Petersdorf et al., 2013).

At the second planned interim analysis, the 
SWOG Data and Safety Monitoring Committee 
(DSMC) recommended closing the study. The CR 
rates at that time were 66% in the 227 patients 

who were treated with gemtuzumab ozogamicin 
induction, and 69% in the 229 patients treated 
with standard induction chemotherapy. The hy-
pothesis that the combination regimen would 
increase the CR rate by 12% was rejected at the 
predefined significance level (p < .0025). In addi-
tion, RFS was also not significantly better in the 
gemtuzumab ozogamicin induction arm. The first 
planned analysis of the postconsolidation out-
come also resulted in the DSMC recommending 
closure of this arm, as the hypothesis was rejected 
that gemtuzumab ozogamicin would improve DFS 
with a hazard ratio of 1.5 at the prespecified sig-
nificance level (p < .001). The study team accepted 
the DSMC recommendations and SWOG closed 
the study to accrual. Based on the results from this 
study, Pfizer voluntarily withdrew gemtuzumab 
ozogamicin from the US market in June 2010, pri-
or to the release of results from other randomized 
trials. The Acute Leukemia French Association 
(ALFA) 0701 trial was one of the trials ongoing at 
the time of this trial closure and was actually sup-
portive of gemtuzumab ozogamicin’s reapproval 
at a lower dose (Petersdorf et al., 2013). 

DATA FOR REAPPROVAL
Newly Diagnosed Acute Myeloid Leukemia
ALFA-0701 Trial. The ALFA-0701 trial was a 
phase III, open-label evaluation of the addition of 
low fractionated dose gemtuzumab ozogamicin 
to standard front-line chemotherapy to improve 
survival outcomes without excessive toxicity. The 
study was conducted at 26 centers in France and 
enrolled patients 50 to 70 years of age with previ-
ously untreated de novo AML. Patients were not 
required to have CD33 expression on leukemic 
blast cells to be enrolled. Patients were excluded if 
they had a previous myeloproliferative or myelo-
dysplastic syndrome (MDS) or exposure to che-
motherapy or radiation therapy. 

Two hundred and eighty patients were ran-
domized in a 1:1 ratio to receive standard treat-
ment with or without gemtuzumab ozogamicin. 
Patients received methylprednisolone prior to 
each dose of gemtuzumab ozogamicin. Standard 
induction treatment included 7 + 3 induction: cy-
tarabine at 200 mg/m2 continuous IV infusion on 
days 1 to 7, and daunorubicin at 60 mg/m2 IV on 
days 1 to 3. Patients randomized to gemtuzumab 
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ozogamicin received 3 mg/m2 (max of 5 mg) IV 
over 2 hours on days 1, 4, and 7 during induction 
in addition to 3 + 7. Patients with > 10% leukemic 
blasts in the day 15 bone marrow were given a sec-
ond induction course of daunorubicin at 60 mg/
m2 IV for 2 days and cytarabine at 1,000 mg/m2 
IV over 2 hours every 12 hours for 3 days without 
gemtuzumab ozogamicin, followed by daily gran-
ulocyte colony-stimulating factor until neutro-
phil recovery. Clinical and hematologic responses 
were evaluated after induction therapy. Patients 
who did not respond to induction treatment were 
discontinued from treatment and those who did 
respond with a CR or CRp were given two consoli-
dation courses of daunorubicin at 60 mg/m2 IV for 
one day in course 1, and two days in course 2, in 
combination with cytarabine at 1,000 mg/m2 IV 
over 2 hours every 12 hours on days 1 to 4 with or 
without gemtuzumab ozogamicin at 3 mg/m2 on 
day 1. Evaluation of clinical and hematologic re-
sponses were conducted before the beginning of 
the second consolidation course and then every 3 
months for 2 years (Castaigne et al., 2012).

The primary outcome of event-free survival 
(EFS) estimated at 2 years was superior in the gem-
tuzumab ozogamicin arm (40.8% [32.8%–50.8%] 
vs. 17.1% [10.8%–27.1%]; hazard ratio [HR], 0.58 
[0.43–0.78]; p = .0003). The secondary endpoints 
of RFS and OS were also improved in the inves-
tigational arm. Relapse-free survival was 50.3% 
(41.0%–61.6%) in the investigational arm vs. 22.7% 
(14.5%–35.7%) in the standard care arm (HR, 0.52 
[0.36–0.75]; p = .0003) and OS was 53.2% (44.6%–
63.5%) vs. 41.9% (33.1%–53.1%), respectively (HR, 
0.69 [0.49–0.98]; p = .0368). In general, patients in 
the gemtuzumab ozogamicin arm experienced an 
increased incidence of hematologic and nonhema-
tologic adverse events, but patients did not experi-
ence an increase in the risk of death from toxicity 
(Castaigne et al., 2012). 

In 2014, the final analysis of the ALFA-0701 
study was reported with a longer median follow- 
up for patients alive at 43 months (30–63.5 
months). The estimated 3-year EFS in the gemtu-
zumab ozogamicin arm was 31% vs. 19% (HR, 0.66 
[0.50–0.87]; median 15.6 vs. 9.7 months; p = .0026). 
Three-year RFS was reported as 38% in the gem-
tuzumab ozogamicin arm vs. 25% in the standard 
treatment arm (p = .006). Overall survival at 3 

years did not remain statistically significant (44% 
vs. 36%; HR, 0.82 [0.60–1.10]; median 25.4 vs. 20.8 
months; p = .18). At the reference date, 132 patients 
had relapsed; 63 in the gemtuzumab ozogamicin 
arm and 69 in the control arm. The majority of 
patients post relapse received intensive salvage 
treatment with idarubicin and cytarabine or gem-
tuzumab ozogamicin as a single agent or in com-
bination. Second CR rates were not significantly 
different based upon prior study treatment (p = 
.38). The ALFA-0701 trial supports the safe and 
effective use of fractionated lower doses of gemtu-
zumab ozogamicin in the newly diagnosed setting 
in combination with induction therapy (Castaigne 
et al., 2014).

AML-19 Trial. The purpose of the AML-19 se-
quential phase II/III trial was to compare gem-
tuzumab ozogamicin as a single agent with best 
supportive care (BSC) including hydroxyurea as 
first-line therapy in older adults with AML un-
suitable for intensive chemotherapy. Two differ-
ent gemtuzumab ozogamicin dosing strategies 
were evaluated in the phase II portion of the trial 
to determine the optimal dose for the sequential 
phase III portion. In the open-label phase III part 
of the trial, 237 patients > 60 years old were ran-
domized 1:1 to receive a single induction course 
of gemtuzumab ozogamicin dosed at 6 mg/m2 on 
days 1 and 3 and 3 mg/m2 on day 8 with BSC, or 
BSC alone. Best supportive care included blood 
product transfusions, antimicrobials, and other 
symptomatic therapies per institutional policies. 
Patients in the BSC arm alone were allowed to 
receive hydroxyurea at doses to keep their WBC 
count < 20,000/ µL. Randomization was stratified 
by age (61–75, 76–80, ≥ 81 years), World Health 
Organization (WHO) performance score (0–1, 2, 
> 2), CD33 expression (< 20%, 20%–80%, > 80%, 
unknown), WBC count at diagnosis (< 30,00/µL, 
≥ 30,000/µL), and treating center. This study was 
conducted at 35 centers in three European coun-
tries. Patients who did not progress after gem-
tuzumab ozogamicin induction were allowed 
to receive gemtuzumab ozogamicin at 2 mg/m2 
monthly for up to 8 doses (Amadori et al., 2016).

The primary endpoint of OS was superior in 
the patients who received gemtuzumab ozogami-
cin; there was a median OS 4.9 (4.2–6.8) vs. 3.6 
months (2.6–4.2) in those who received BSC (HR, 
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0.69 [0.53–0.90]; p = .005). At 1 year, the OS rate 
remained superior in the gemtuzumab ozogami-
cin arm, at 24.3% vs. 9.7%. In the exploratory sub-
group analyses, there was no interaction between 
baseline patient characteristics and treatment ef-
fect for OS, with the exception of CD33 expres-
sion, sex, and cytogenetic profile. After induction, 
24.3% of patients in the gemtuzumab ozogami-
cin group experienced CR (8.1% CR + 16.2% CRi 
[CR with incomplete recovery of peripheral blood 
counts]). Additionally, 6.3% of patients had a par-
tial remission and 39.6% had stable disease. The 
median progression-free survival (PFS) for the pa-
tients who received gemtuzumab ozogamicin was 
2.8 months (2.4–3.8). 

The secondary endpoint of this phase III trial 
was safety. Adverse event rates were similar be-
tween the two arms, and patients did not expe-
rience excess mortality with gemtuzumab ozo-
gamicin treatment. The overall incidence of any 
grade of adverse event was 87.3% in the gemtu-
zumab ozogamicin arm compared to 90.4% in the 
BSC arm, with the incidence of grade ≥ 3 adverse 
events being 61.2% vs. 67.5%, respectively. Death 
from any adverse event was 17.1% in the gemtu-
zumab ozogamicin arm and 20.2% in the BSC 
arm. AML-19 supports the use of low-dose gem-
tuzumab ozogamicin as first-line monotherapy in 
older patients with AML who are ineligible for in-
tensive chemotherapy based on an improvement 
in OS over BSC (Amadori et al., 2016). 

Relapsed Acute Myeloid Leukemia
MyloFrance-1 Trial. The MyloFrance-1 trial was 
a phase II multicenter uncontrolled sequential 
trial to assess the efficacy and safety of fraction-
ated doses of gemtuzumab ozogamicin given to 
57 adult patients with AML in first relapse. Pa-
tients were required to have CD33-positive AML 
as determined by bone marrow aspirate and im-
munophenotyping. Gemtuzumab ozogamicin 
was administered at 3 mg/m2 IV over 2 hours on 
days 1, 4, and 7 as induction therapy. Patients who 
experienced CR or CRp were recommended to 
receive consolidation with high-dose cytarabine  
(< 55 years: cytarabine at 3 g/m2 IV every 12 hours 
for 3 days; or > 55 years and/or creatinine clear-
ance < 50 mL/min: cytarabine at 1 g/m2 IV every 
12 hours for 3 days). Eligible patients could go on 

to receive a hematopoietic stem cell transplant 
(HSCT) after a minimum delay of 90 days from 
gemtuzumab ozogamicin treatment (Taksin et 
al., 2007).

This study was planned to detect a 15% ben-
efit in response rate from gemtuzumab ozogami-
cin compared to the referenced literature of 15%. 
At the second interim analysis, based upon 26 en-
rolled patients, the trial was stopped due to the 
upper boundary being crossed, therefore con-
cluding gemtuzumab ozogamicin was beneficial. 
At the final analysis, 57 patients had been en-
rolled. The overall response rate was 33.3%, with 
26% of patients achieving a CR and 7% CRp. The 
median RFS was 11 months. The median OS was 
8.4 months (8.3 months for patients < 60 years 
vs. 8.9 months for those > 60 years; p = .15). Pa-
tients with a CR or CRp recovered their absolute 
neutrophil count to > 500/µL in a median of 23 
days and platelet count to > 50,000/µL in a me-
dian of 20 days from the first dose of gemtuzumab 
ozogamicin. No grade 3 or 4 liver toxicity was re-
ported and no episodes of veno-occlusive disease 
(VOD) occurred. The results of the MyloFrance-1 
study supports the use of fractionated lower-dose 
gemtuzumab ozogamicin in the relapsed setting 
(Taksin et al., 2007).

TOXICITIES AND  
THEIR MANAGEMENT
Gemtuzumab ozogamicin has a black box warning 
for hepatotoxicity, including severe or fatal VOD. 
In the ALFA-0701 trial, VOD was reported to occur 
in 5% of patients during or following gemtuzumab 
ozogamicin treatment or following HSCT. Median 
time from dosing to onset of VOD was 9 days (2 to 
298 days), with 83.3% of events occurring within 
28 days of any gemtuzumab ozogamicin dose. In 
the MyloFrance-1 study, VOD was not reported in 
any of the 57 patients during or following treat-
ment with gemtuzumab ozogamicin, or following 
HSCT. When analyzing trial data, the risk of VOD 
was higher in adults who received higher doses 
of gemtuzumab ozogamicin as monotherapy, in 
patients with moderate or severe hepatic impair-
ment prior to gemtuzumab ozogamicin (8.7 times 
more likely compared with patients without mod-
erate or severe hepatic impairment at baseline), 
in patients treated with gemtuzumab ozogami-
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cin after HSCT (2.6 times more likely compared 
with those without prior HSCT), and in patients 
who had an HSCT after gemtuzumab ozogamicin 
treatment (2.9 times more likely compared with 
those without HSCT after gemtuzumab ozogami-
cin treatment). If a patient develops VOD, it is rec-
ommended that gemtuzumab ozogamicin be dis-
continued (Pfizer Inc., 2018). 

Additional warnings and precautions in the 
product labeling include the risk of infusion-
related reactions occurring during or within 24 
hours following infusion (including anaphylaxis). 
Patients should be premedicated with a cortico-
steroid, acetaminophen, and diphenhydramine 
to minimize the risk of infusion-related reac-
tions. They should also be monitored during the 
infusion, and for at least 1 hour after the end of 
the infusion. If a patient experiences an infu-
sion reaction, the infusion may be interrupted, 
steroids or antihistamines given, or permanent 
discontinuation of the gemtuzumab ozogami-
cin may be necessary. Patients are also at risk for 
severe (including fatal) hemorrhage due to pro-
longed thrombocytopenia. Platelet counts should 
be monitored frequently and transfusions given 
as necessary. Patients may need to have gemtu-
zumab ozogamicin held or even permanently 
discontinued for severe bleeding, hemorrhage, 
or persistent thrombocytopenia. QT interval pro-
longation has been reported in patients receiv-
ing drugs containing calicheamicin, the cytotoxic 
payload. Patients who have a history of or predis-
position for QTc prolongation, those who are tak-
ing medications known to prolong the QT inter-
val, or those who have electrolyte abnormalities 
should have an electrocardiogram and receive 
electrolyte supplementation prior to the start of 
gemtuzumab ozogamicin and throughout treat-
ment as needed (Pfizer Inc., 2018). 

Adverse event rates varied by clinical tri-
al due to differences in the patient population 
studied and additional therapies received. The 
most common (> 15%) adverse reactions re-
ported were hemorrhage, infection, fever, nau-
sea, vomiting, constipation, headache, increased 
aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT), rash, and mucositis. 
Patients should have blood counts and chem-
istries monitored at least three times per week 

through recovery from treatment-related toxici-
ties. Management of some adverse events may 
require doses of gemtuzumab ozogamicin to be 
held or therapy discontinued. There are no dose 
reductions recommended. 

Gemtuzumab ozogamicin should be discon-
tinued in patients receiving it in combination 
with chemotherapy if their platelet count does 
not recover to ≥ 100,000/µL or neutrophil count 
does not recover to ≥ 500/µL within 14 days fol-
lowing the planned start date for consolidation. If 
a patient has a total bilirubin ≥ 2 × upper limit of 
normal (ULN), or AST and/or ALT ≥ 2.5 × ULN, 
treatment should be delayed until the bilirubin re-
covers to ≤ 2 × ULN, and AST and ALT to ≤ 2.5 × 
ULN prior to each dose. If a dose is delayed more 
than 2 days between sequential infusions, then it 
should be omitted (Pfizer Inc., 2018). 

Gemtuzumab ozogamicin is considered low 
emetic risk, and patients should receive nausea/
vomiting prophylaxis according to institutional 
practice. Patients with AML are considered at high 
risk for infection and should receive appropriate 
antimicrobial prophylaxis. Refer to Tables 1 to 4 
for reported trial-specific adverse effect incidence 
rates and severities. Tables 1 and 2 contain results 
from the ALFA-0701 trial of gemtuzumab ozo-
gamicin in combination with chemotherapy given 
to patients with newly diagnosed de novo AML 
ages 50 to 70 years. Table 3 contains data from the 
AML-19 trial evaluating single-agent gemtuzumab 
ozogamicin in elderly patients with a performance 
status > 2 and newly diagnosed AML. Table 4 re-
ports on the MyloFrance-1 trial that enrolled pa-
tients with relapsed or refractory CD33-positive 
AML in first relapse who were treated with single-
agent gemtuzumab ozogamicin.

CURRENT PLACE IN THERAPY 
Gemtuzumab ozogamicin is not considered inten-
sive therapy, which makes it an attractive option 
for patients who cannot tolerate intensive thera-
py, such as frail, elderly patients or patients with 
significant comorbidities. Due to its tolerability, 
it can also be used in combination with intensive 
chemotherapy in patients who have favorable or 
intermediate-risk disease (e.g., core binding factor 
+/- KIT mutation, normal cytogenetics, etc.; Na-
tional Comprehensive Cancer Network [NCCN], 
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2018). Gemtuzumab ozogamicin has a serious risk 
of hepatotoxicity and VOD, making it less than 
ideal in patients who are likely to proceed to al-
logeneic transplant. 

FDA Indication
Gemtuzumab ozogamicin is indicated in adults 
with CD33-positive newly diagnosed AML and 
relapsed/refractory CD33-positive disease in 
adults and children ages 2 years and up (Pfizer 
Inc., 2018). Gemtuzumab ozogamicin is only con-

traindicated in a patient with a hypersensitivity 
to the drug or a component but should be used 
with extreme caution in patients who are stem 
cell transplant candidates, have a history of stem 
cell transplant, have AML with adverse-risk cyto-
genetics, WBC > 30,000/µL, hepatic impairment, 
electrolyte abnormalities, QT prolongation or 
family history of QT prolongation, history of tor-
sades de pointes or ventricular arrhythmias, bra-
dycardia, recent myocardial infarction, or conges-
tive heart failure.

Table 1. Hematologic Adverse Effects From ALFA-0701 Trial

Duration of treatment-induced cytopenias (days)

Control arm (n = 139) Gemtuzumab arm (n = 139) Point difference (95% CI) p valueb

Neutropenia (< 0.5 × 109 cells/L)

After induction 22 (18–27) 22 (20–26) –0.4a (–2.6 to –1.8) .68

After first 
consolidation

10 (8–15) 13 (10–18) –2.9a (–5.4 to –0.6) .0017 

After second 
consolidation

13 (10–16) 15 (12–20) –3.7a (–6.2 to –1.4) .0021 

Thrombocytopenia (< 50 × 109 cells/L)

After induction 21 (18–25) 25 (20–30) –3.3a (–5.8 to –0.8) .0006 

After first 
consolidation

9 (6–13) 17 (11–27) –9.5a (–16.4 to –2.8) < .0001 

After second 
consolidation

13 (9–20) 24 (15–35) –9.5a (–13.5 to –5.4) < .0001 

Note. CI = confidence interval. Information from Castaigne et al. (2012). 
aMean difference. 
bp values calculated with two-sided Wilcoxon test. 

Table 2. Nonhematologic Adverse Effects From ALFA-0701 Trial

Grade 3/4 adverse event
Control arm 
(n = 139), n (%)

Gemtuzumab arm 
(n = 139), n (%) Relative risk (95% CI) p value

Hemorrhage 4 (3) 12 (9) 0.33 (0.12–0.95) .068

Cardiac 9 (6) 11 (8) 0.82 (0.36–1.87) .82

Liver 9 (6) 18 (13) 0.50 (0.24–1.05) .10

Skin or mucosa 25 (18) 32 (23) 0.11 (0.03–0.42) .37

Gastrointestinal 14 (10) 22 (16) 0.64 (.034–1.18) .21

Pulmonary 16 (12) 16 (12) 1.00 (0.53–1.90) 1.00

Grade 3/4 infections

During induction 50 (38) 59 (46) 0.83 (0.62–1.11) .26

During first consolidation 38 (40) 48 (49) 0.80 (0.59–1.11) .19

During second consolidation 38 (46) 38 (47) 0.99 (0.71–1.37) .99

Note. CI = confidence interval. Information from Castaigne et al. (2012).
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Acute Myeloid Leukemia 
The NCCN Clinical Practice Guidelines for AML 
were updated February 2018 and now include rec-
ommendations for gemtuzumab ozogamicin in 
several clinical scenarios (NCCN, 2018). 

Gemtuzumab ozogamicin is recommended for 
the front-line treatment of AML in patients < 60 
years of age in combination with standard induction 
regimens when fluorescence in situ hybridization 
analysis shows CD33 positivity (NCCN, 2018). If CR 
is achieved in this population, postremission ther-
apy includes gemtuzumab ozogamicin in combina-
tion with standard maintenance therapy. This is the 
recommendation for core binding factor transloca-
tions or other favorable-risk molecular abnormali-
ties, as well as intermediate-risk cytogenetics and/
or molecular abnormalities. Note that there is cur-
rently no recommendation for repeat gemtuzumab 
ozogamicin dosing in the reinduction setting in the 
event that complete remission is not achieved with 
primary induction therapy. Poor-risk populations 
do not have a recommendation for gemtuzumab 
ozogamicin treatment at this time (NCCN, 2018). 

For the AML population that is ≥ 60 years, 
gemtuzumab ozogamicin can be used in combina-
tion with standard intensive induction regimens if 
the patient is appropriately fit and lacks unfavor-
able cytogenetics/molecular markers. It can also 
be used in maintenance therapy combined with 
chemotherapy in these patients if they achieved 
CR with induction. For a patient > 60 years who 
is not a candidate for intensive induction, gem-
tuzumab ozogamicin is recommended as a single 
agent for induction therapy. 

Acute Promyelocytic Leukemia
Acute promyelocytic leukemia (APL) is consid-
ered highly curable with contemporary treat-
ment consisting of all-trans retinoic acid (ATRA), 
arsenic trioxide (ATO), and anthracycline-based 
chemotherapy. However, these agents come with 
risks of toxicity and long-term sequelae, especially 
in patients with preexisting comorbid conditions. 
In the NCCN Guidelines, gemtuzumab ozogami-
cin is a recommended treatment option for the 
front-line treatment of APL in the high-risk set-
ting (presentation with WBC > 10,000/µL) in 
combination with ATRA and ATO (NCCN, 2018). 
It is important to note that the dose for this popu-
lation is typically 9 mg/m2 IV on day 1 of therapy. 

Table 3. Adverse Effects From AML-19 Trial Reported in > 5% of Patients

 Gemtuzumab arm (n = 111) BSC arm (n = 114)

Adverse event Any grade, n (%) Grade ≥ 3, n (%) Any grade, n (%) Grade ≥ 3, n (%)

Infection 49 (44.1) 39 (35.1) 48 (42.1) 39 (34.2)

Febrile neutropenia 20 (18) 20 (18) 27 (23.7) 27 (23.7)

Bleeding 28 (25.2) 14 (12.6) 34 (29.8) 14 (12.3)

Fatigue 51 (45.9) 13 (11.7) 69 (60.5) 24 (21)

Liver 57 (51.3) 8 (7.2) 52 (45.6) 7 (6.1)

Cardiac 31 (27.9) 7 (6.3) 37 (32.5) 16 (14)

Metabolic 18 (16.2) 4 (3.6) 17 (14.9) 7 (6.1)

Renal 7 (6.3) 4 (3.6) 9 (7.9) 5 (4.4)

Note. BSC = best supportive care. Information from Amadori et al. (2016).

Table 4. �Grade 3 Treatment-Emergent Adverse 
Events Occurring in > 1% of Patients 
Enrolled in the MyloFrance-1 Trial

Adverse event
Gemtuzumab treatment  
(n = 57)

Sepsis 31.5%

Fever 15.8%

Rash 10.5%

Pneumonia 7%

Bleeding 7%

Mucositis 3.5%

Diarrhea 1.75%

Headaches 1.75%

Tachycardia 1.75%

Edema 1.75%

Note. Information from Taksin et al. (2007).
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Gemtuzumab ozogamicin is recommended for 
APL consolidation therapy as a single agent if the 
patient cannot continue their ATRA and ATO con-
solidation due to toxicities (NCCN, 2018).

In the APL patient who is high risk with cardi-
ac issues (i.e., low ejection fraction or established 
QTc prolongation), gemtuzumab ozogamicin is 
recommended both in combination with ATRA 
and ATO (at varying doses), as well as with ATRA 
alone in both the induction and consolidation set-
tings (NCCN, 2018). 

Gemtuzumab ozogamicin is also recommend-
ed in APL in the relapsed setting if the patient has 
had no prior exposure to ATO (induction with only 
ATRA +/- anthracycline), or the patient has had a 
late relapse (≥ 6 months after an ATO-containing 
regimen) in combination with ATO and ATRA un-
til count recovery with confirmation of remission 
(NCCN, 2018). 

FUTURE DIRECTIONS 
Despite the array of data available for gemtuzum-
ab ozogamicin from its previous approval, studies 
are ongoing to determine its role in additional pa-
tient populations and therapy combinations. Cur-
rently, enrolling studies are looking at gemtuzum-
ab ozogamicin in elderly patient populations and 
in combination with hypomethylating agents and 
other unique combinations (see Table 5). 

Acute Promyelocytic Leukemia
As previously mentioned, gemtuzumab ozogami-
cin is now an NCCN category 2A recommenda-
tion for the treatment of APL in combination 
with ATRA and ATO or as a single agent in the 
event ATRA and/or ATO is not tolerated. This is 
partly based on the study by Abaza and colleagues 
published in 2017. This trial examined long-term 
outcomes of patients with newly diagnosed APL 
treated at the University of Texas MD Ander-
son Cancer Center using ATRA and ATO, with 
or without gemtuzumab ozogamicin. Induction 
consisted of ATRA (45 mg/m2 IV daily) and ATO 
(0.15 mg/kg IV daily) with gemtuzumab ozogami-
cin (9 mg/m2 IV on day 1) added to induction of 
high-risk patients (WBC > 10,000/µL), as well 
as low-risk patients with leukocytosis. The study 
concluded that the combination of ATRA, ATO, 
and gemtuzumab ozogamicin was a safe and ef-

fective treatment option for APL that maintained 
durable responses and spared high-risk patients 
the exposure of chemotherapy that has histori-
cally been the treatment of choice. It remains to 
be seen if the FDA-approved indication for gem-
tuzumab ozogamicin is expanded to include APL 
at the 9 mg/m2 dose. 

Hypomethylating Agents
Azacitidine and decitabine remain the backbone 
of AML treatment in the elderly, frail, and re-
lapsed population (NCCN, 2018). Hypomethylat-
ing agents tend to be well tolerated and achieve 
some level of response, though it is rarely dura-
ble (Tessoulin et al., 2014). A phase II study by 
Daver and colleagues published in Leukemia in 
2016 studied the combination of gemtuzumab 
ozogamicin with decitabine in 110 patients at the 
University of Texas MD Anderson Cancer Center 
(Daver et al., 2016). Included were patients who 
had relapsed/refractory AML, had newly diag-
nosed AML but had been determined unfit for 
intense chemotherapy-based induction by their 
treating physician, or had an MDS or myelofibro-
sis diagnosis. This study concluded that the com-
bination had improved response rates but did not 
show improved OS when compared to historical 
analysis in the AML group, and would therefore 
be an acceptable treatment regimen. However, 
the MDS group had inferior outcomes, and more 
research is needed for that population.

Ongoing Studies
Studies with gemtuzumab ozogamicin in alternate 
diseases and with varying combinations are ongo-
ing. See Table 5 for more details. 

IMPLICATIONS FOR THE  
ADVANCED PRACTITIONER 
Like most medications for AML, gemtuzumab 
ozogamicin is dosed slightly differently based 
on the indication and place in therapy. In a pa-
tient with CD33-positive AML who is newly di-
agnosed (de novo) and appropriate for intensive 
therapy, gemtuzumab ozogamicin is given in 
combination with institution-specific 7 + 3 in-
duction regimens. The recommended dose when 
used in this combination is 3 mg/m2 IV (capped 
at 4.5 mg) on days 1, 4, and 7. As previously men-
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tioned, gemtuzumab ozogamicin is not recom-
mended in the second induction cycle if one is 
needed. For the consolidation/maintenance cy-
cles for this population, the recommended dose 
of gemtuzumab ozogamicin is 3 mg/m2 IV on 
day 1 only (up to one 4.5-mg vial) in combination 
with daunorubicin and cytarabine (based on in-
stitution practice). The average wholesale price 
per vial of gemtuzumab ozogamicin is around 
$10,000 (Castaigne et al., 2012; NCCN, 2018; 
Pfizer Inc., 2018). 

In a patient with newly diagnosed CD33- 
positive AML who is not appropriate for inten-
sive induction chemotherapy, gemtuzumab ozo-
gamicin can be used for induction and up to 8 
cycles of continuation therapy. For single-agent 
induction, the recommended dose is 6 mg/m2 
IV on day 1, and 3 mg/m2 (not capped at 4.5 mg) 
IV on day 8. For continuation, the recommended 
dose is 2 mg/m2 (not capped at 4.5 mg) IV as a 
single agent on day 1 every 4 weeks (NCCN, 2018; 
Pfizer Inc., 2018). 

In relapsed/refractory AML, when using gem-
tuzumab ozogamicin as a single agent, the dose 
is 3 mg/m2 (up to 4.5 mg) IV on days 1, 4, and 7 
(NCCN, 2018; Pfizer Inc., 2018). 

Like all antibodies, there is a significant risk 
of infusion-related reactions with IV admin-
istration of gemtuzumab ozogamicin. When 
administering gemtuzumab ozogamicin, prac-
titioners should premedicate patients appropri-
ately with acetaminophen and diphenhydramine 
1 hour prior to infusion and methylprednisolone 
at 1 mg/kg orally or IV, or an equivalent dose of 
an alternative corticosteroid 30 minutes prior to 
infusion. Adult patients should receive 650 mg 
of acetaminophen orally and 50 mg of diphen-
hydramine orally or IV. Pediatric patients should 
receive acetaminophen at 15 mg/kg (maximum 
of 650 mg) and diphenhydramine at 1 mg/kg 
(maximum of 50 mg). Additional doses of acet-
aminophen and diphenhydramine may be ad-
ministered every 4 hours after the initial pre-
treatment doses. Additional corticosteroid doses 
may be needed for an infusion reaction during 
the infusion or within 4 hours afterwards (Pfizer 
Inc., 2018).

Gemtuzumab ozogamicin should be recon-
stituted appropriately according to the package 

insert, and then diluted to a final concentration 
of 0.075 mg/mL to 0.234 mg/mL and infused 
over 2 hours with an inline 0.2 micron polyether-
sulfone filter. The IV bag should be protected 
from light during infusion. Practitioners should 
monitor vital signs frequently (per institutional 
practice) during the infusion. If signs of an infu-
sion reaction occur (fever, chills, dyspnea, bron-
chospasm, or hypotension), practitioners should 
interrupt the infusion immediately and manage 
the reaction by repeating doses of acetamino-
phen, diphenhydramine, and the corticosteroid 
as described above. The infusion should be held 
until symptoms resolve, and then restarting the 
infusion can be considered at no more than half 
of the previous rate. Gemtuzumab should be per-
manently discontinued in the event of severe or 
life-threatening reactions (anaphylaxis, severe 
respiratory symptoms, or clinically significant 
hypotension; Pfizer Inc., 2018). 

Prophylaxis and management of tumor ly-
sis syndrome should always be considered when 
treating patients with AML, and supportive medi-
cations should be given as appropriate and dictat-
ed by institutional practice. Cytoreduction should 
be considered in patients with a leukocyte count  
≥ 30,000/µL (Pfizer Inc., 2018). 

SUMMARY 
Gemtuzumab ozogamicin, much like 7 + 3 and 
many other treatment regimens that have come 
before it, has been examined, modified, and 
tested numerous times in an attempt to maxi-
mize both its safety and efficacy. Despite its re-
cent FDA approval, gemtuzumab ozogamicin is 
quickly climbing up the therapeutic ladder for 
both AML and APL. This includes options for 
first-line therapy for select patients, as well as 
multiple options in the relapsed and refractory 
settings for both disease states. Furthermore, 
within AML, regimens exist featuring gemtu-
zumab ozogamicin as monotherapy or as com-
bination therapy with traditional chemotherapy. 
This should allow for more patients to receive 
induction therapy for their leukemia, where pre-
viously few options existed.

It is important to remember that the new 
package insert still carries a black box warning 
for hepatotoxicity (Pfizer Inc., 2018). Overall, tox-
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icity is less than what was previously seen with 
the original FDA approval; however, this is by no 
means a benign medication and does carry the 
risk for adverse events that require close clinical 
monitoring. The toxicity profile and efficacy data 
demonstrated by gemtuzumab ozogamicin make 
it an attractive option for the treatment of AML 
and APL going forward. l

Disclosure
Dr. Yacko is Regional Medical Liaison, Oncology, 
for Amgen US Medical Affairs. The other authors 
have no conflicts of interest to disclose. 
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