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Abstract
The phase 3 ALFA-0701 trial demonstrated improved outcomes with fractionated-dose gemtuzumab ozogamicin (GO)
combined with standard chemotherapy vs. standard chemotherapy alone in adults with de novo acute myeloid leukemia
(AML). We examined post-transplant outcomes and occurrence of hepatic veno-occlusive disease/sinusoidal obstruction
syndrome (VOD/SOS) in patients who received hematopoietic stem cell transplantation (HSCT) as follow-up therapy in
ALFA-0701. Patients aged 50–70 years were randomized to standard chemotherapy with or without GO (3 mg/m2 on days
1, 4, and 7 of induction and day 1 on each of two consolidation courses). Allogeneic HSCT was recommended for patients in
first complete remission with matched (related or unrelated) donor, except those with core-binding factor AML or normal
karyotype and either NPM1+/FLT3-ITDwt or CEBPA+ AML. Eighty-five patients (GO: n= 32; control: n= 53) received
HSCT in first complete remission or after relapse/primary induction failure. Three patients (GO: n= 2; control: n= 1
[received GO as follow-up therapy]) developed VOD/SOS after HSCT or conditioning. Post-transplant survival, non-relapse
mortality, and relapse were not different between arms. Results indicate fractionated-dose GO as part of induction and
consolidation chemotherapy for AML does not induce excess post-transplant VOD/SOS or mortality and thus does not
preclude the use of HSCT as consolidation treatment.

Gemtuzumab ozogamicin (GO), a humanized anti-CD33
monoclonal antibody linked to calicheamicin, is indicated for

the treatment of adult and pediatric (aged ≥ 1 month) patients
with newly diagnosed CD33-positive (CD33+) acute mye-
loid leukemia (AML) and adult and pediatric (aged ≥ 2 years)
patients with relapsed/refractory CD33+AML [1]. The phase
3 ALFA-0701 trial demonstrated significant improvement of
event-free and relapse-free survival with fractionated-dose
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GO added to standard chemotherapy vs. standard che-
motherapy alone [2, 3]. Veno-occlusive disease/sinusoidal
obstruction syndrome (VOD/SOS) is a concern with GO,
particularly when administered before hematopoietic stem
cell transplantation (HSCT) [4]. However, lower, fractio-
nated GO dosing may mitigate this risk [5, 6].

This retrospective analysis examined VOD/SOS and
post-transplant outcomes in patients who received HSCT
as follow-up therapy in ALFA-0701. Study design and
patient eligibility have been described [3]. Briefly, 271
patients, aged 50–70 years, with previously untreated de
novo AML were randomized to a 3+ 7 induction course
of daunorubicin (days 1–3) and cytarabine (days 1–7) with
or without GO 3 mg/m2 (maximum dose 5 mg; days 1, 4,
and 7). Patients in complete remission (CR) following
induction received two consolidation courses of daunor-
ubicin and cytarabine with or without GO (3 mg/m2 on
day 1) according to their initial randomization. Patients
with delayed count recovery were not given GO for con-
solidation. Allogeneic HSCT was recommended for
patients in first CR with matched (related or unrelated)
donor, except patients with core-binding factor AML or
with normal karyotype and either NPM1+/FLT3-ITDwt or
CEBPA+AML. A 2-month interval between last GO dose
and HSCT was recommended. Conditioning type was left
to the discretion of the transplant center.

Data on VOD/SOS were collected as described [2].
Diagnosis and grading were based on investigator judgment.
VOD/SOS was classified as pre- or post-transplant relative to
first HSCT date. Time-to-event endpoints were post-
transplant survival, non-relapse mortality (NRM), relapse,
and overall survival (OS; see Supplementary Methods).

ALFA-0701 was approved by the ethics committee of
Saint-Germain en Laye, France, and institutional review
board of the French Regulatory Agency, and conducted in
compliance with the Declaration of Helsinki. All patients
provided written informed consent (EudraCT Number,
2007-002933-36; ClinicalTrials.gov, NCT00927498).

Eighty-five patients (GO: n= 32; control: n= 53)
received HSCT as follow-up therapy. One patient received
autologous HSCT. Eight patients in the control arm
received GO as follow-up therapy before HSCT, and one
patient in the GO arm received HSCT but not GO, totaling
39 patients (GO: n= 31; control: n= 8) who received GO
before HSCT.

Baseline and transplant characteristics were generally
similar between arms (Table S1). In the GO and controls
arms, respectively, transplant was performed during first CR
in 53.1 and 41.5%, after induction failure in 6.3 and 17.0%,
and after relapse in 40.6 and 41.5% of patients. One patient
received HSCT<2 months after last GO dose (as follow-up
therapy). Most patients received reduced-intensity con-
ditioning (GO: 78.1%; control: 75.5%). In patients who

achieved CR in the GO (n= 29) and control (n= 44) arms,
respectively, median time from first CR to HSCT was 6.4
and 7.8 months.

Post-transplant/conditioning VOD/SOS occurred in
three patients (GO: n= 2; control: n= 1; Table S2), for a
rate of 6.5% (n= 2/31) among GO-treated patients in the
GO arm and 7.7% (n= 3/39) among all patients receiving
GO before HSCT. Of these, one patient in the GO arm
first developed VOD/SOS during induction. GO was
permanently discontinued. The patient recovered within
~1.5 months and subsequently received two allogeneic
HSCTs with reduced-intensity conditioning. VOD/SOS
occurred again after second HSCT from an HLA-matched
donor (relatedness unknown) following rejection of first
HSCT; symptoms included painful hepatomegaly and
moderate cholestatic jaundice. No treatment was given.
The patient fully recovered within ~1 month but died
~14.8 months after first HSCT.

The second patient in the GO arm developed VOD/SOS
after reduced-intensity conditioning but before allogeneic
HSCT from an HLA-matched unrelated donor. Symptoms
included weight gain, abdominal distension with frank
ascites, peritoneal effusion revealed by ultrasound, and
increased liver function tests with cytolysis. Severe sepsis
was a concomitant event. Treatment included defibrotide.
After progressive normalization of liver function tests
within 10 days, the patient experienced a recurrence of
cholestatic injury with hepatocellular injury associated with
respiratory distress, leading to the patient’s death within a
month of HSCT. VOD/SOS was not resolved at the time
of death.

The third patient, who was in the control arm and
received GO as follow-up therapy before HSCT, devel-
oped VOD/SOS after autologous HSCT with myeloa-
blative conditioning. Symptoms included hepatomegaly
with signs of portal hypertension and intraperitoneal
effusion with thickening of gallbladder walls revealed by
abdomen ultrasound, and increased total bilirubin and liver
enzymes. Treatment included furosemide and heparin. The
patient fully recovered within 1 month and was still alive
~28.7 months after HSCT.

VOD/SOS occurred before HSCT in three patients
(GO: n= 2; control: n= 1; Table S3). Both patients in the
GO arm developed VOD/SOS during induction and fully
recovered. One of these patients developed VOD/SOS again
after second HSCT (described above). The patient in the
control arm developed VOD/SOS after follow-up therapy
with GO and cytarabine and fully recovered.

Overall, post-transplant outcomes did not differ between
treatment arms (Fig. 1). In the GO vs. control arm, median
survival was 21.4 vs. 17.1 months; the 12-month rate (95%
confidence interval [CI]) of NRM was 28.7% (14.1–45.2)
vs. 21.6% (11.5–33.8) and relapse 9.4% (2.3–22.6) vs.
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31.4% (19.1–44.4). Post-transplant survival did not differ
between arms in patients receiving HSCT in first CR or
after relapse/induction failure (Fig. S1). OS did not differ
between arms in patients who received HSCT (hazard ratio
[HR] 0.97; 95% CI: 0.54–1.75; P= 0.9190; median
OS: 34.0 vs. 32.5 months), but was longer in the GO vs.
control arm in patients who did not receive HSCT (HR

0.68; 95% CI: 0.48–0.97; P= 0.0333; median OS: 23.7 vs.
14.9 months).

Our findings indicated that fractionated-dose GO added
to standard chemotherapy was associated with a low
incidence of VOD/SOS after HSCT in this cohort.
The rate of post-transplant/conditioning VOD/SOS in
GO-exposed patients (7.7%) was consistent with other
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Fig. 1 Post-transplant
outcomes. Post-transplant
outcomes in all patients who
received HSCT including
A post-transplant survival,
B cumulative incidence of
NRM, and C cumulative
incidence of relapse. CI
confidence interval, GO
gemtuzumab ozogamicin,
HR hazard ratio, HSCT
hematopoietic stem cell
transplantation, NE not
estimable, NRM non-relapse
mortality, OS overall survival.
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recent retrospective reports of GO-exposed patients who
received HSCT [7, 8]. Fractionated dosing, the use of
reduced-intensity conditioning in most patients, and the 2-
month interval between last GO dose and HSCT, followed
in all but one patient, may have contributed to our low
observed rate. Another small study of patients with high-
risk, relapsed/refractory AML who received fractionated-
dose GO plus chemotherapy found that no patient
who underwent allogeneic HSCT—the majority with
reduced-intensity conditioning—developed VOD/SOS
[6]. It should be noted that VOD/SOS prophylaxis data
were not systematically collected in our study; therefore,
we cannot exclude the possibility that some patients may
have received prophylactic defibrotide.

Post-transplant outcomes were similar between arms,
although the small sample size may have precluded the
detection of small differences in outcomes. Alternatively,
transplant may have eliminated any differences in outcomes
between arms, as OS was improved in the GO vs. control
arm in patients who did not receive HSCT, but did not differ
between arms in patients who received HSCT.

In conclusion, these findings suggest that fractionated-dose
GO as part of induction and consolidation chemotherapy for
adult AML does not induce excess post-transplant mortality
and VOD/SOS and thus does not preclude the use of HSCT
as consolidation treatment following induction or salvage
treatment.

Acknowledgements The authors would like to thank Regis Peffault de
Latour for providing his expertise in HSCT procedure and contributing
to patient care during the study. This study was sponsored by Pfizer.
Medical writing support was provided by Emily Balevich, PhD, of
Engage Scientific Solutions and was funded by Pfizer.

Data sharing statement Upon request, and subject to certain criteria,
conditions, and exceptions (see for more information), Pfizer will
provide access to individual de-identified participant data from Pfizer-
sponsored global interventional clinical studies conducted for medi-
cines, vaccines, and medical devices (1) for indications that have been
approved in the US and/or EU or (2) in programs that have been
terminated (i.e., development for all indications has been dis-
continued). Pfizer will also consider requests for the protocol, data
dictionary, and statistical analysis plan. Data may be requested from
Pfizer trials 24 months after study completion. The de-identified par-
ticipant data will be made available to researchers whose proposals
meet the research criteria and other conditions, and for which an
exception does not apply, via a secure portal. To gain access, data
requestors must enter into a data access agreement with Pfizer.

Compliance with ethical standards

Conflict of interest CP has received travel grants from Pfizer and
served on advisory boards for Pfizer. RJB, EV, and KG are employees
of and own stock in Pfizer. HD has received research funding and
personal fees for participating on advisory boards from Pfizer. SCa has

received consultant fees and honoraria from Pfizer. The other authors
have no conflicts of interest to declare.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Pfizer Inc. Mylotarg (gemtuzumab ozogamicin) [prescribing informa-
tion]. 2020. Available at: https://www.accessdata.fda.gov/drugsatfda_
docs/label/2020/761060s004lbl.pdf.

2. Lambert J, Pautas C, Terre C, Raffoux E, Turlure P, Caillot D, et al.
Gemtuzumab ozogamicin for de novo acute myeloid leukemia:
final efficacy and safety updates from the open-label, phase III
ALFA-0701 trial. Haematologica. 2019;104:113–9.

3. Castaigne S, Pautas C, Terre C, Raffoux E, Bordessoule D, Bastie
JN, et al. Effect of gemtuzumab ozogamicin on survival of adult
patients with de-novo acute myeloid leukaemia (ALFA-0701): a
randomised, open-label, phase 3 study. Lancet. 2012;379:1508–16.

4. McKoy JM, Angelotta C, Bennett CL, Tallman MS, Wadleigh M,
Evens AM, et al. Gemtuzumab ozogamicin-associated sinusoidal
obstructive syndrome (SOS): an overview from the research on
adverse drug events and reports (RADAR) project. Leuk Res.
2007;31:599–604.

5. Burnett AK, Russell N, Hills RK, Cavenagh J, Kell J, Jones G, et al.
A comparison of single dose gemtuzumab ozogamicin 3 mg/m2 and 6
mg/m2 combined with induction chemotherapy in younger patients
with AML: Data from the UK NCRI AML17 trial. Blood. 2014;
124:2308–2308.

6. Paubelle E, Ducastelle-Lepretre S, Labussiere-Wallet H, Nicolini
FE, Barraco F, Plesa A, et al. Fractionated gemtuzumab ozogamicin
combined with intermediate-dose cytarabine and daunorubicin as
salvage therapy in very high-risk AML patients: a bridge to reduced
intensity conditioning transplant? Ann Hematol. 2017;96:363–71.

7. Battipaglia G, Labopin M, Candoni A, Fanin R, El Cheikh J, Blaise
D, et al. Risk of sinusoidal obstruction syndrome in allogeneic stem
cell transplantation after prior gemtuzumab ozogamicin treatment: a
retrospective study from the Acute Leukemia Working Party of the
EBMT. Bone Marrow Transpl. 2017;52:592–9.

8. Ho VT, St Martin A, Perez WS, Steinert P, Zhang MJ, Chirnomas D,
et al. Prior gemtuzumab ozogamicin exposure in adults with acute
myeloid leukemia does not increase hepatic veno-occlusive disease
risk after allogeneic hematopoietic cell transplantation: a center for
international blood and marrow transplant research analysis. Biol
Blood Marrow Transplant. 2020;26:884–92.

C. Pautas et al.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/761060s004lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/761060s004lbl.pdf

	Outcomes following hematopoietic stem cell transplantation in patients treated with standard chemotherapy with or without gemtuzumab ozogamicin for acute myeloid leukemia
	Abstract
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




