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Abstract

Progress in treatment of acute myeloid leukemia (AML) is slow. Many new 
agents have been tested, but few were approved. Gemtuzumab Ozogamicin 
(GO) is a new AML-targeted drug that is composed by a monoclonal antibody 
targeting a surface antigen of myeloid leukemic cells (CD33) combined with 
a potent cytotoxic (calicheamicin). We review here the studies of GO in AML, 
including an update of the Italian studies, and we trace back the story of a drug 
that was developed 15 years ago and, regrettably, is no longer available for 
the treatment of AML, with the exception of Japan. GO was approved by the 
US FDA for the second-line treatment of AML in the elderly, and was shown by 
several European large prospective and randomized studies to be active also in 
first line, both alone, but particularly in combination with standard chemotherapy. 
Regrettably, a registration study that was performed in US could not confirm 
the superiority of GO and chemotherapy on chemotherapy alone, and the drug 
was withdrawn. The differences among the US and the European studies are 
discussed. The profile of the AML patients who are expected to benefit more by 
the reintroduction of GO is proposed: first-line, less than 60 years old, CD33 
expressed in more than 20% leukemic cells, low/intermediate cytogenetic risk, 
and low expression of the PGP multidrug resistance protein.

Keywords: Acute myeloid leukemia; Gemtuzumab ozogamicin; Induction 
therapy; Multidrug resistance

Introduction
The therapy of many haematologic malignancies has improved 

dramatically in the last 30 years, but the therapy and the outcome of 
acute myeloid leukemia (AML) have changed only partially and less 
than five new drugs have been approved for AML in the past 25 years 
(Gemtuzumab-ozogamicin, decitabine, azacitidine) [1,2].

Recent efforts to improve the efficacy of the therapy for 
remission induction have included several potential strategies such 
as modulation of anthracyclines and cytarabine doses, addition of 
multidrug resistance1 (MDR) modulators, and the use of targeted 
agents, such as Gemtuzumab-ozogamicin (GO) [1,3,4]. Particularly, 
GO has been investigated primarily as mono therapy (9 mg/sqm as a 
standard dose every 2 weeks) in elderly patients with relapsed disease, 
with a reported overall response rate (ORR) of 25-35%, and a median 
duration of response shorter than 8 months [5-9]. Based on these 
results, GO obtained approval, in May 2000, by the United States 
(US) Federal Drug Administration (FDA) for treatment of patients 60 
years old, or older, with AML in first relapse who are not candidates 
for intensive cytotoxic therapy [9-11]. Then, the effectiveness of GO 
was also evaluated as first induction monotherapy, always in the 
elderly. More recently, some randomized trials with addition of GO 
to induction chemotherapy were performed confirming the potential 
role and the interest of GO in an induction setting [4-7,12-16].

Here, we review the studies testing GO for the induction of first 
remission in the specific setting of young adult patients with AML. In 
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this context we also summarize the final results of a multicenter Italian 
trial where GO was combined with a FLAI scheme (fludarabine, 
cytarabine, and idarubicin) as induction strategy in AML patients less 
than 65 years old.

Gemtuzumab-Ozogamicin-Structure and 
Mechanism of Action

Gemtuzumab-ozogamicin (CMA-676; Mylotarg®) is a 
chemotherapy agent composed of a recombinant humanized anti-
CD33 antibody (IgG4) conjugated with a cytotoxic antitumor 
antibiotic, calicheamicin, isolated from fermentation of a bacterium, 
Micromonospora echinospora ssp. Calichensis (Figure 1). The 
antibody portion of GO binds specifically to the CD33 antigen, a 
67-kDA sialic acid-dependent adhesion protein expressed on the 
surface of leukemic blasts in more than 90% of AML but not on 
normal hematopoietic stem cells. The expression of CD33 peaks 
in promyelocytes and myelocytes, and is down regulated with 
maturation of myeloid lineage (mature granulocytes do not express 
CD33). The binding of the anti-CD33 antibody portion of GO with 
the CD33 antigen results in the formation of a complex that is rapidly 
internalized and transferred into lysosomes. Calicheamicin is then 
released with subsequent hydrolysis and binds in a sequence-specific 
manner the minor groove of DNA, resulting in DNA double strand 
breaks, cell cycle arrest and apoptosis.

Of interest, at low concentrations (0.01-0.025 ng/mL), the in vitro 
sensitivity of AML cells to GO correlates with CD33 expression, but 
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at high concentrations (1-10 μg/mL), the GO uptake may be CD33-
independent.

After administration of the dose that was initially identified as 
maximum tolerated dose, and then approved (9mg/sqm given as a 2 
hour infusion), the elimination half lives of total and unconjugated 
calicheamicin were about 41 and 143 hours, respectively. After 
a second 9 mg/sqm dose, the half life of total calicheamicin was 
increased to about 64 hours and the area under the concentration-
time curve (AUC) was about twice that in the first dose period. This 
is probably due to decreased clearance by CD33 positive blast cells in 
case of successful first-dose administration. GO is eliminated mostly 
by the hepatobiliary system and age, gender, body surface area, and 
weight were not reported to affect pharmacokinetics [17,18].

Main Clinical Trials including Addition of 
GO to Induction Chemotherapy in Young 
Adults with AML

The five studies described below and summarized in Table 1 
provide important information regarding efficacy and toxicity of 
GO combined with intensive chemotherapy in the first line setting in 
younger AML patients. All but one of these studies showed that the 
addition of GO improved survival in a subset of patients with newly 
diagnosed AML when added to conventional induction chemotherapy 
(Table 1). Specifically, there were four European prospective studies 
in which 2744 patients were randomized.

In the MRC/NCRI AML15 trial, 1113 adult patients with 
de novo AML, were randomized to receive or not a single low 
dose of GO (3 mg/sqm) on day 1 of induction course with one of 
three different induction regimens (cytarabine/daunorubicin/
etoposide, daunorubicin/cytarabine, fludarabine/cytarabine/G-
CSF/idarubicin). As reported in Table 1, there were no differences 
in the complete remission (CR) rate and in death during induction 
(DDI) between those patients who did and those who did not receive 
GO. However, a subgroup analyses showed that the addition of GO 
improved 5-year overall survival (OS) in patients with favorable 
karyotype (79% vs. 51%; p=0.0003) but not in those with unfavorable 
cytogenetics (8% vs. 11%; p=0.4). In addition, this study showed that 
GO could improve survival for some intermediate-risk patients [19].

In the GOELAMS AML 2006 IR study, 238 adults patients, 

aged 18–60 years, with de novo AML and intermediate karyotype, 
received daunorubicin/cytarabine with or without GO (6 mg/sqm) 
on day 4; GO was also added to consolidation therapy according to 
the initial randomization. There was no difference in overall response 
rate (ORR) or DDI between the two treatment arms, and GO did not 
increase toxicity. Overall, there was also no statistically significant 
difference in event free survival (EFS) (GO vs. control: 51% vs. 33%) 
or OS (53% vs. 46%) at 3 years. However, subgroup analyses showed 
that in patients who did not undergo allogeneic hematopoietic stem 
cell transplantation (allo SCT), EFS was significantly higher in the GO 
group (54% vs. 27%, p=0.03) [20].

In the ALFA 0701 trial, 278 patients, aged 50–70 years, received 
daunorubicin/cytarabine with or without GO (3 mg/sqm) on days 
1, 4, and 7. A second course of daunorubicin/cytarabine was given 
on day 15, in case of residual disease. Patients in remission then 
received 2 courses of daunorubicin/cytarabine with or without GO 
(3 mg/sqm) on day 1 of each cycle. While there was no statistically 
significant difference in ORR and DDI between the 2 arms, the event-
free survival (EFS) at 2 years was significantly superior in the GO arm 
(41% vs. 17%, p=0.0003), as disease-free survival (DFS) (50% vs. 23%, 
p=0.0003) and OS (53% vs. 42%, p=0.037). Subgroup analysis showed 
that the EFS benefit occurred in patients with favourable/intermediate 
cytogenetics but not in those with an adverse karyotype [21]. 

Finally, in the MRC/NCRI AML16 trial, 1115 adults, aged 51–84 
years, with AML or high-risk myelodysplastic syndrome (defined 
as >10% marrow blasts at diagnosis) received either daunorubicin/
cytarabine or daunorubicin/clofarabine for 2 cycles with or without 
GO (3 mg/sqm) on day 1 of the first induction course. Similar to 
the previous reported trials, there was no significant difference 
in ORR and DDI between the two treatment arms. However, the 
administration of GO was associated with reduced relapse risk (at 3 
years: 68% vs. 76%; p=0.007) and superior DFS (21% vs. 16%; p=0.04) 
as well as OS (25% vs. 20%; p=0.05).

A later meta-analysis of AML15 and AML16 trials on 2224 
patients showed a significant benefit of GO for risk of relapse (odds 
ratio [OR]: 0.82 [95% confidence interval: 0.72–0.93], p=0.002) and 
survival (OR: 0.88 [0.79–0.98], p=0.02). This survival benefit was clear 
in patients with favourable (OR: 0.47 [0.28–0.77]) and intermediate-
risk (OR: 0.84 [0.73–0.97]) but not with poor-risk (OR: 1.02 [0.81–
1.27]) disease [4,22].

Of note, the safety and efficacy of GO combined with induction 
chemotherapy was also clearly demonstrated, by the Children’s 
Oncology Group in pediatric AML and, in both AAML0391 (350 pts) 
and AAML05331 (1070 pts) trials, GO was associated with increased 
EFS and RFS rates [23,24].

Unfortunately, the Southwest Oncology Group (SWOG) 
study-S0106, which was designed and performed, in accordance with 
the company sponsor (Pfizer), to expand the GO indications after the 
first FDA approval, failed to confirm and reproduce the European 
studies (Table 1). In that trial, 637 patients, aged 18–60 years, with de 
novo AML, were randomized to receive an induction chemotherapy 
with daunorubicin/cytarabine with or without a single dose of GO (6 
mg/sqm) on day 4 of the induction [25]. Unlike the European studies, 
in which identical doses of conventional chemotherapy were used in 

 

Figure 1: Schematic structure of GO. 
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both arms, S0106 used a lower daunorubicin dose with GO (45 mg/
sqm vs. 60 mg/sqm), a difference that is likely to be critical. Overall, 
study S0106 showed no benefit in ORR or OS with the addition of 
GO, but a trend towards improved OS was seen in patients with 
favourable risk leukemias (hazard ratio: 0.49 [0.12–2.04]. Regrettably, 
S0106 was not powered to detect outcome differences in this patient 
subset. Nonetheless, based on unfavourable outcome of S0106 trial, 
specifically the lack of OS benefit in the entire study cohort and the 
increased rate of early (30-day) mortality in the GO arm (6% vs. 1%), 
this study was prematurely terminated and, following discussions 
with the FDA, Pfizer voluntarily withdrawned GO from the United 
States and European markets (June 2010) before the final results of 
other phase III trials (ALFA 0701, MRC-AML15) were available. 
Conversely, the drug continues to be commercially available in Japan, 
where it has received full regulatory approval [18,26,27].

The Italian Multicenter Study of GO and 
FLAI for Remission Induction in AML 
Patients less than 65 Years 

In four Italian Haematologic Centres, between 2007 to 2010, a 
prospective multicenter, phase 2, single-arm, clinical trial (NCT 
00909168) with GO incorporated in induction chemotherapy (FLAI 
scheme) in patients younger than 65 years with newly diagnosed 
AML (FLAI-GO Induction scheme), was performed. This study has 
now a follow up of more than 5 years [12,13].

The main objective of this prospective multicenter study was 
to evaluate feasibility, efficacy and toxicity of an induction scheme 
including low dose of GO (3 mg/sqm) combined with a Fludarabine 
based regimen (FLAI) in patients 18-65 years old with previously 
untreated and CD 33 positive AML. 

One hundred thirty consecutive patients were included with a 
median age of 52 years (range 18-65). CD33 expression exceeded 20% 
in all cases, 25% of patients (31/123 evaluable cases) had an adverse 
karyotype, 25% (33/130) were secondary AML, and 22% (27/120 

evaluable cases) had a Multidrug-Resistance (MDR) phenotype with 
a P-glycoprotein (PGP) over-expression on blast cells. FLAI-GO 
regimen included fludarabine 25 mg/sqm (days 1–5), cytarabine 2 g/
sqm (days 1–5), idarubicin 10 mg/sqm (days 1, 3 and 5), and single 
dose of GO 3 mg/sqm on day 6. Patients were evaluated for response 
rate and treatment-related adverse events. After induction with FLAI-
GO, CR rate was 83% (104 of 126 evaluable pts); five patients achieved 
partial remission (PR) with residual blast cells on bone marrow 
between 5 and 10% and 17/130 patients were primary resistant, with 
an ORR of 87%. There were only 4 cases of DDI (3%)-Table 1.

REFERENCE STUDY
Sigle

STUDY
type Eligibility criteria

Median age
(age group 
or range)

N° 
Pts

Induction 
Scheme

Cumulative
GO dose 
(mg/m2)

Liver 
toxicity
III°- IV°

CR 
rate DDI

Overall 
Benefit
on AML 

Outcome

Burnett AK,
JCO 2011

MRC/NCRI 
AML15

R (GO vs 
No GO)

AML de novo or 
secondary, aged  < 

60

49
(< 60)

556
vs

557

DA vs ADE vs 
FLAG-IDA±GO

day 1
3 NA

82%
vs

83%

7%
vs
6%

YES

Burnett AK,
JCO 2012

MCR/NCRI 
AML16

R (GO vs 
No GO)

AML de novo or 
secondary or HR 

MDS

67
(51-84)

559
vs

556

DA±GO day 4
vs DClo±GO 

day 4
6

4%
vs
4%

62%
vs

58%

12%
vs

11%
YES

Castaigne S,
Lancet 2012 ALFA 0701 R (GO vs 

No GO)
AML de novo, aged 

50-70
62

(50-70)

139
vs

139

DA±GO
days 1,4,7 9

13%
vs
8%

81%
vs

75%

6,5%
vs
4%

YES

Petersdorf SH,
Blood 2013 SWOG S0106 R (GO vs 

No GO)
AML de novo, aged 

18-60
47

(18-60)

277
vs

229

DA**±GO
day 4 6 NA

66%
vs

69%

5,8%
vs
0,8 
%*

NO

Delaunay J,
Blood 2011 (abs)

GOELAMS 
AML2006 IR

R (GO vs 
No GO)

AML de novo, aged 
18-60

50
(18-60)

119
vs

119

DA±GO
day 4 6

22%
vs

11,5%

92%
vs

87%

4,2%
vs

2,5%
YES

Candoni A, 
Haematologica 2014 

(abs) GO-FLAI Trial NR
AML de novo or 

secondary,  aged 
< 65

52
(18-65) 130 FLAI+GO

day 6 3 1% 82% 3 % YES

Table 1:  Main clinical studies including Gemtuzumab Ozogamicin in induction chemotherapy in young adult AML patients.

*P=0,002; **(Daunorubicin 45 mg/sqm  in GO Arm vs 60 mg/sqm in control Arm)
R: Randomized trial; NR: Not Randomized trial. NA: Not Available.
DA: Daunorubicin, Cytarabine; IDA: Idarubicin, FLAI: Fludarabine, Cytarabine, Idarubicin; DClo: Daunorubicin, Clofarabine; 
DAE: DA plus Etoposide.

PMN > 0.5 x109/L
Mean ± SD, days

Median (range), days

23 ± 3.3
23(19-32)

PRC, No.
Mean ± SD,

Median (range)

12 ± 4.5
12(6-26)

PMN > 1 x109/L
Mean ± SD, days

Median (range), days

25 ± 4.7
23(19-39)

PU, No.
Mean ± SD

Median (range)

7.3 ± 3.6
7(3-15)

PLT > 20 x109/L
Mean ± SD, days

Median (range), days

23 ± 4
22(18-38)

G-CSF vials
Mean ± SD

Median (range)

6 ± 6.2
8(0-18)

PLT > 50 x109/L
Mean ± SD, days

Median (range), days

26 ± 5
24(18-43)

Hospitalization
Mean ± SD, days

Median (range), days

30 ± 7
31(22-59)

Table 2A: Italian experience with GO (3 mg/sqm) +FLAI. A) Hematologic and B) 
Extrahematologic toxicities (Candoni 2014).

FUO 68/130 (52%) HSV infectious 24/130 (18%)

BACTEREMIA 34/130 (26%) PNEUMONIA 22/130 (17%)
(5 mycosis)

MUCOSITIS (II-IV°
WHO)

Grade II°
Grade III°
Grade IV°

22/130 (17%)
20/130 (15,5%)
2/130 (2,5%)
0/130 (0%)

ENTERITIS
(II-IV° WHO)

Grade II°
Grade III°
Grade IV°

16/130 (12%)
13/130 (10%)
3/130 (2%)
0/130 (0%)

LIVER TOXICITY (WHO)
Grade II°
Grade III°
Grade IV°

10/130 (8%)
9/130 (7%)
1/130 (1%)
0/130 (0%)

Fever during
GO infusion 58/130 (45%)

VOD 0/130 Other Encephalitis 1/130

Table 2B: Italian experience with GO (3 mg/sqm)+FLAI. A) Hematologic and B) 
Extrahematologic toxicities (Candoni 2014).
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The hematological and extra-hematological toxicity of FLAI-GO 
was comparable to FLAI alone as reported in our previous studies 
(Table 2 A/B) [13]. Of note, 45% of patients experienced transient 
and reversible GO infusion-related adverse events (especially fever 
and chills), but no cases of veno-occlusive disease (VOD) occurred 
during chemotherapy or after allo SCT. After induction patients 
received consolidation therapy with cytarabine (2 g/sqm days 1-5) and 
idarubicin (12 mg/sqm, days 1-3) followed, after the hematological 
recovery, by high dose of cytarabine (6 g/sqm, days 1-4) and allo SCT 
when indicated (high risk AML). The probability of 2 and 5-year OS 
was 63% and 52%, respectively. The probability of 2 and 5-year DFS 
was 54% and 47% respectively. Allogeneic SCT was performed in 58 
patients (44%) and auto SCT in 24 (18%) cases.

Thus, the final results of this trial, even if phase 2, single-arm, 
not randomized, confirmed the safety of low dose of GO (3 mg/
sqm) when added to induction therapy and suggested that FLAI-GO 
is an effective induction regimen for AML patients younger than 65 
years, with a high complete response rate (ORR 87%), favourable 
safety profile, low DDI, and sustained RFS, allowing consolidation 
therapy with SCT early and in a high proportion of cases (62%) [13]. 
Moreover, the results of this study support, in accordance with the 
results of the trials previous summarized, the reassessment of GO-
containing combination as front-line AML therapy.

Discussion and Conclusion
Gemtuzumab-ozogamicin, (GO) was the first example of antibody 

targeted therapy developed for AML. According to the opinion of 
the majority of AML experts GO was prematurely withdrawn from 
US and European markets, and its role in induction chemotherapy 
should be re-evaluated [5,26-29]. Overall, in most randomized trials 
where a lower dose of GO (3-6 mg/sqm) was combined with intensive 
induction therapy in young adults and pediatric patients with AML, 
a significant survival benefit (even without improving the initial 
response rate), particularly in the specific subgroups of AML with 
favourable and intermediate risk cytogenetic, was achieved [4,5]. The 
differences between the positive GO trials and the SWOG S0106 trial, 
that caused the withdrawn of the drug, can be clarified. Firstly, in this 
trial, the dose of daunorubicin in the GO arm was lower compared 
the control arm (45 mg/sqm vs. 60 mg/sqm)  and this may negatively 
affected the ORR and the positive effect of GO. Secondly, in the 
control arm of this trial the mortality was unusually low (1%) while 
the mortality in the GO arm (6%) was in line with other conventional 

induction schemes. Thirdly, in the four favourable studies GO was 
delivered as a fractionated and/or lower doses, resulting in less 
hematologic and extra-hematologic toxicity.

Unfortunately, the favourable data regarding GO combined 
with induction chemotherapy in young adults with AML, have been 
published after the withdrawn of GO and, for this reason, the FDA 
decision should be revised and changed.

Clearly, based on the recent published studies, some aspects of 
GO target therapy should be reviewed, in order to identify the best 
candidate who could benefit from this drug. Particularly, some key 
items regarding GO therapy include: the administration schedule 
and dose of GO when combined with chemotherapy, the interactions 
between GO and MDR phenotype, the relationship between GO 
efficacy and the amount of CD33 expression and the concerns on 
safety profile of GO.

Considering the timing and administration schedule of GO, some 
studies indicated that surface CD33 levels returned to pre-treatment 
levels within 72 hours after anti-CD33 antibody administration, 
despite internalization and modulation. This suggests that repeated 
administrations of lower, but saturating, doses of GO may enhance 
intracellular accumulation of calicheamicin over the initial 
administration schedule of 9 mg/sqm every 2 weeks [4,5,30]. In 
addition, data from trials in which GO has been used at lower doses 
suggested that low doses of GO were able to increase the intensity 
of induction or salvage therapy without increasing its toxicity 
[4,5,19,21,30,31]. In fact, in most of the recent phase 3 trials, there 
were no significant differences with regard to non-hematologic 
toxicities between the GO arm and the control arm, when GO was 
added to induction chemotherapy [4,19,21]. The same results were 
observed in the Italian study with an extra-hematologic toxicity in 
line with a conventional induction chemotherapy scheme [12,13]. In 
conclusion, all recent data support the use of lower (3 mg/sqm) and 
repeated doses of GO in combination with chemotherapy.

It is well established that ABC transporter activity, in particular 
mediated by P-glycoprotein (PGP), predicts for therapeutic failure of 
standard induction therapy with persistence of AML marrow blasts, 
failure to achieve CR or reduced in vitro drug-induced apoptosis. By 
analogy to other chemotherapeutic agents (such as antracyclines) 
the cytotoxicity of GO is influenced by the expression of the multi-
drug resistance (MDR) phenotype of AML blasts [32]. Particularly, 
PGP over-expression leads to expulsion of calicheamicin resulting 
in clinical resistance to GO [33-35]. In detail, after the lysosome 
hydrolysis of GO, the calicheamicin is detached and intracellularly 
released but, in MDR positive blast cells, it can be pumped out 
through PGP. Obviously, this susceptibility to cellular drug efflux 
may significantly limit the therapeutic efficacy of GO, especially for 
the treatment of relapsed or refractory AML where PGP is often over-
expressed [33-35]. Recently, Walter et al, demonstrated that patients 
responding to GO had significant lower PGP activity and higher 
CD33 expression than non responsive cases [36,37].

The relationship between amount of CD33 expression and GO 
efficacy remains uncertain. In the majority of trials, patients were not 
selected according to the CD33 expression status. Some studies did 
not find a correlation between CD33 expression levels and response 
to GO [38]. Particularly, in the AMLMRC15 trial and in the ALFA-

PATIENT
CHARACTERISTICS

-AGE < 60 years.
-No Hepatic Diseases.

-PS < 2

AML
CHARACTERISTICS

-De Novo AML.
-LOW or INTERMEDIATE RISK.
-PGP NOT OVEREXPRESSED.
-(CD33  EXPRESSION  > 20%).

GO THERAPY
CHARACTERISTICS

- Combine GO with anthracyclines and
cytarabine based induction chemotherapy

(e.g. DA, DAE, FLAI).
-LOW DOSE of GO (3 mg/sqm).

-REPEAT for 2-3 doses (ALFA0701 trial)
(e.g. GO 3-3-3 regimen, day 1,4,7).

-If hyperleukocytosis, place the first dose of
GO after leukemia debulking (between 2°

and 6° day from start chemotherapy).

Table 3: An attempt at identifying the characteristics of the best AML candidate 
to receive induction therapy with GO plus chemotherapy.
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0701 trial the CD33 expression status (> 20% classified as positive) 
did not seem to have a predictive value for survival [19,21]. However, 
van der Velden et al found that the effect of GO on marrow blast 
cells was related with the expression of CD33 in blood blast cells 
[39]. Particularly, in case of high peripheral blast count, GO may 
be lost in the circulation before it reaches the bone marrow [39]. In 
clinical practice, this suggest that GO might be made more effective 
by the reduction of CD33 positive blast cells in peripheral blood by 
chemotherapy before the GO administration [32, 39]. 

Undoubtedly, an example of the excellent sensitivity to GO is 
the acute promyelocytic leukemia (APL) in which the efficacy of GO 
is well established both in the front-line and in relapse and may be 
partially explained with the well know over-expression of the CD33 
antigen in APL blast cells coupled with their low drug efflux activity 
(the low PGP expression is a common finding in APL) [40,41].

The toxicity of GO is still of concern and a peculiar side effect, that 
was reported very early, is liver veno-occlusive disease (VOD) [14,42]. 
Symptoms of GO-associated VOD can include: rapid weight gain 
(due to fluid retention), right upper quadrant pain, hepatomegaly, 
ascites, elevations in bilirubin and/or liver enzymes and portal 
hypertension. Developing a median of 10–14 days following GO 
treatment, VOD occurs more likely when the drug is given at doses 
higher than 6 mg/sqm or when it is combined with a hepatotoxic 
agent (e.g. thioguanin). Patients who had received GO after allo SCT 
and those who had received allo SCT (within 3–4 months) following 
GO, were at a higher risk of VOD (15-22%) than patients who had 
not been transplanted (1%) [42,43]. The etiology of GO-related VOD 
remains unclear although proposed mechanisms include exposure to 
unconjugated calicheamicin-γ1 in the circulation, nonspecific uptake 
of GO by CD33+ Kupffer cells or CD33-mediated uptake of GO by 
one or more of the cell populations in the liver that expressed CD33 
(some data suggest that CD33 is also found on hepatocytes). Indeed, 
in the induction setting, when lower doses of GO were combined 
with chemotherapy, the occurrence of VOD and hepatotoxicity were 
very low, as reported in both ALFA-0701 and MRC15 trials and also 
confirmed in our experience [13,19,21]. Thus, the hepatotoxicity of 
GO (and specifically VOD), is most common when GO is given at 
higher doses (9 mg/sqm) or in combination with hepatotoxic agents 
and when using GO within a few months before or after allo SCT.

In summary, GO was withdrawn from the US and European 
markets in 2010 due to post marketing concerns about the drug safety 
and of lack of efficacy (SWOG-S0106 trial). However, after withdrawal 
from the market, several large, well-controlled, randomized clinical 
trials, combining lower and fractionated doses of GO to standard 
first-line chemotherapy, showed better tolerability and clear efficacy 
with significant improvement of EFS and OS, particularly in AML 
with favorable and intermediate-risk cytogenetics, leading to renewed 
interest in this drug. It is worthy of note that the ALFA 0701 trial 
reported a median EFS of 19,6 months for GO plus chemotherapy 
combination vs. 11,9 months for chemotherapy alone, while median 
OS was 34 months vs. 19,2 months, respectively. In addition, the 
metanalysis of available data suggest that, using a fractionated dosing 
regimen of GO (3 mg/sqm per administration) the adverse events 
were substantially lower than those reported with the single-dose 
infusion of the drug (9 mg/sqm, one shot) [4, 14, 44]. These results 

cannot be ignored in an era of tailored and targeted therapy. Thus, 
even if there is no precedent for a drug to be withdrawn and then 
successfully reintroduced, the regulatory approval should be revised 
leading to restore GO as a treatment option at least for some subsets 
of AML.

However, in clinical practice some efforts are needed to identify 
the AML patients that most likely benefit from such agent. In 
our opinion, taking into account the new available data, the best 
AML candidate to receive GO therapy should have the following 
characteristics: age less than 60 years, no hepatic diseases, de novo 
AML, first induction phase, favorable or intermediate cytogenetic 
risk, no PGP over-expression (no MDR phenotype), and expression 
of CD33 on blast cells over 20%. The preferred schedule of GO, in 
addition to induction chemotherapy, should include lower doses 
and repeated administrations (e.g. 3 mg/sqm days 1,4,7) to avoid 
toxicity without affecting efficacy as proposed by ALFA group. The 
chemotherapy in association of GO should include cytarabine plus 
daunorubicin based regimens (e.g DA, DAE) or FLAI scheme which 
includes drugs not MDR related such as fludarabine and a more 
potent and less PGP sensitive anthracycline (idarubicin) (Table 3).
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