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Abstract: Gemtuzumab ozogamicin (GO), a CD33-targeting antibody drug conjugate, previously
showed longer relapse-free survival when combined with induction chemotherapy in patients with
favorable-risk acute myeloid leukemia (AML). In this patient population, characterized by lower
relapse risk as compared to other ELN risk groups, autologous stem cell transplantation (ASCT)
can be used as consolidation strategy. However, there are limited data on the impact of GO on the
peripheral blood stem cell (PBSC) mobilization potential. We therefore retrospectively analyzed data
from 54 AML patients with favorable-risk AML treated with (n = 17) or without (n = 37) GO during
induction treatment. We observed no significant differences in the PBSC mobilization rate between
patients treated with vs. without GO. The mobilization success in a first attempt directly following
cycle 2 was 65% vs. 70% (p = 0.92); and the mobilization success in a subsequent second attempt after
hematologic recovery and repeated stimulation procedure was 24% vs. 19% (p = 0.56). No significant
impact on treatment outcome in terms of EFS (p = 0.31) or OS (p = 0.99) was observed. Thus, our
results suggest that the addition of GO to induction regimens does not negatively impact PBSC
mobilization in favorable-risk AML patients. To our best knowledge, this is the first study comparing
the stem cell mobilization potential in favorable-risk AML patients treated with vs. without GO.

Keywords: acute myeloid leukemia (AML); gemtuzumab ozogamicin (GO); autologous stem cell
transplantation (ASCT); peripheral blood stem cells (PBSC); stem cell mobilization

1. Introduction

The therapeutic management of acute myeloid leukemia (AML) consists of an initial in-
duction treatment aiming to achieve complete remission (CR), followed by a post-remission
consolidation to prevent relapse [1]. In patients classified as European LeukemiaNet
(ELN) favorable-risk, cytarabine- and anthracycline-based induction treatment according
to the 7 + 3 regimen remains the standard of care [1,2]. Gemtuzumab ozogamicin (GO),
an antibody–drug conjugate composed of calicheamicin linked to a CD33-targeting mon-
oclonal antibody, is Food and Drug Administration (FDA)-approved for adult patients
with previously untreated CD33+ AML in combination with daunorubicin and cytarabine,
based on the results of the Acute Leukemia French Association (ALFA)-0701 trial [3–6].
In this randomized open-label phase 3 study, patients aged 50–70 were randomized to
receive induction treatment with cytarabine + daunorubicin with or without GO (3 mg/m2),
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administered on days 1, 4, and 7 during induction. Patients in the GO group showed a sig-
nificantly longer event-free survival (median: 17.3 vs. 9.5 months; hazard ratio (HR): 0.66,
p = 0.006) as compared to the control arm, with a greater efficacy observed in the favor-
able and intermediate ELN-risk groups. Prolonged time to platelet recovery compared
to the control arm was the main side effect observed in the GO group [6,7]. These find-
ings revealed that GO has a myelosuppressive effect [4] and might also potentially affect
non-leukemic CD34+ stem cells.

In agreement with the ELN guidelines, favorable-risk AML patients are commonly
consolidated with autologous stem cell transplantation (ASCT) [2,8,9], and granulocyte
colony-stimulating factors (G-CSF) are used to mobilize CD34+ stem cells from the bone
marrow. This graft stem cell source is referred to as peripheral blood stem cells (PBSC) [10].
The main goal of our single-center retrospective study was to assess whether the addition of
GO to AML induction regimens is associated with a poorer PBSC mobilization in favorable-
risk AML patients.

2. Materials and Methods
2.1. Patient Selection

In this study, we analyzed data from all consecutive patients with previously untreated
de novo or secondary favorable-risk AML, treated at the University Hospital of Bern,
Switzerland between 2013 and 2023. The following inclusion criteria were used: de novo
or secondary AML, ELN favorable-risk, patients who received two induction cycles with
cytarabine + anthracycline or cytarabine alone and at least one mobilization attempt. We
elected 54 patients and separated them into the GO group (n = 17) and the control group
(n = 37).

2.2. Procedures

All patients received two cycles of induction treatment consisting of cytarabine alone
for seven days or in combination with an anthracycline (idarubicin/daunorubicin). For
patients receiving the combination, induction cycle 1 consisted of cytarabine 200 mg/m2

(d1–7), idarubicin 12 mg/m2 (d1–3), +/− GO 3 mg/m2 (with capping at 5 mg total/d; at d
1, 4 and 7). Induction cycle 2 comprised cytarabine 1000 mg/m2 q12 h (d1–6), daunorubicin
65 mg/m2 (d1, 3 and 5), +/− GO 3 mg/m2 (with capping at 5 mg total/d; at d 1, 4 and 7).
One patient in the GO group additionally received venetoclax and one patient in the
control group, cladribine. Throughout the hematological recovery phase of the second
cycle, patients were stimulated with G-CSF for peripheral CD34+ mobilization up to and
including the first day of apheresis. Patients not achieving sufficiently high levels of
peripheral CD34+ cells underwent a second mobilization attempt with the addition of
vinorelbine followed by G-CSF. In patients treated after 2017, minimal residual disease
(MRD) status was determined before apheresis in bone marrow aspirate. These data were
not available for all patients treated before 2017, as they were not determined routinely.
If apheresis was successfully performed, patients proceeded to ASCT following high-
dose chemotherapy with treosulfan and melphalan, busulfan and melphalan, or busulfan
and cyclophosphamide.

2.3. Study Design

The primary endpoint of this study was the feasibility of successful collection of
peripheral CD34+ cells following the administration of GO during induction treatment.
Therefore, we compared the percentage of patients who were able to successfully complete
stem cell collection in the GO vs. in the control group. We defined the G-CSF mobilization
following the second induction cycle as the first mobilization attempt. Mobilization failure
on the first attempt was considered when patients did not achieve sufficient levels of
peripheral CD34+ cells for subsequent apheresis. If possible, a second mobilization attempt
was performed, and like the first one, if harvesting was not reliable, we classified it as
mobilization failure on second attempt.
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2.4. Statistics

Event-free survival (EFS) was defined as the time from the start of the second cycle
until the first relapse or last follow-up. Overall survival (OS) had the same starting point
as EFS and ending point was death of any cause or last follow-up. Since CR could be first
detected after the first induction cycle, we selected the date of the second induction cycle as
the starting timepoint for EFS and OS calculation. We censored patients receiving allogenic
stem cell transplantation (allo-SCT) after relapse on the date the allo-SCT was performed.
Data were locked on 29 December 2023. EFS and OS analyses were calculated by using the
log-rank (Mantel–Cox) test and visualized in Kaplan–Meier curves (Figure 1). Our survival
analysis corresponds to an intention-to treat analysis, since we included all patients having
at least one mobilization attempt regardless of whether it was successful and lead to ASCT
as post-remission therapy or not.
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Figure 1. Kaplan—Meier curves illustrating (A) event-free survival of GO vs. control group;
(B) overall survival of GO group and control group.

Data on continuous variables we compared by using the Mann–Whitney U test,
whereas we applied the Chi2 test with Yate’s correction for continuity for categorical
variables. A p-value ≤ 0.05 was considered as significant. All statistical analysis were
performed with GraphPad Prism® Version 8.0.1.

3. Results

A total of 54 favorable-risk AML patients were included in the study: 17 patients
within the GO group and 37 patients in the control group. Patient basal characteristics,
including clinical presentation (primary vs. secondary AML), FAB subtype and molec-
ular abnormalities, were evenly distributed between both patient cohorts. Patient basal
characteristics are shown in Table 1. All 17 patients in the GO group received GO during
induction treatment, ten of them during one cycle and seven of them in both cycles.

Table 1. Clinical characteristics at diagnosis.

GO Group
(n = 17)

Control Group
(n = 37)

All Patients
(n = 54) p

Median age at diagnosis, years (range) 52 (17–74) 54 (23–73) 53 (17–74) 0.72
Females, n (%) 5 (29) 22 (59) 27 (50) 0.08
Males, n (%) 12 (71) 15 (41) 27 (50)
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Table 1. Cont.

GO Group
(n = 17)

Control Group
(n = 37)

All Patients
(n = 54) p

Peripheral Blood Parameters
WBC 1 G/L median (range) 36 (1.4–214.6) 9.32 (1.54–202) 15.9 (1.4–214.6) 0.07

Platelets G/L, median (range) 53 (4–130) 76 (8–246) 71.5 (4–246) 0.34
Hemoglobin g/L, median (range) 83 (56–126) 82 (38–135) 82.5 (38–135) 0.80

LDH 2 U/L, median (range) 634 (162–2188) 716 (167–2086) 710 (162–2188) 0.76
Peripheral blasts %, median (range) 60 (0–98) 47 (0–95) 47 (0–98) 0.90

BM 3 blasts %, median (range) 80 (20–92.5) 85 (20–95) 80 (20–95) 0.34

FAB 4 classification
M0, n (%) 1 (6) 0 (0) 1 (2) 0.69
M1, n (%) 5 (29) 8 (22) 13 (24) 0.70
M2, n (%) 3 (18) 13 (35) 16 (30) 0.32
M4, n (%) 6 (35) 14 (38) 20 (37) 0.90
M5, n (%) 2 (12) 2 (5) 4 (7) 0.79

AML type
De novo AML, n (%) 16 (94) 34 (92) 50 (93) 0.79

Therapy related, n (%) 1 (6) 3 (8) 4 (7)

WHO recurrent abnormalities 5

RUNX1-RUNX1T1, n (%) 2 (12) 5 (14) 7 (13) 0.80
CBFB-MYH11, n (%) 3 (18) 6 (16) 9 (17) 0.79

CEBPAmut, n (%) 3 (18) 5 (14) 8 (15) 0.99
NPM1wt with FLT3-ITD, n (%) 0 (0) 1 (3) 1 (2) 0.69
NPM1mut with FLT3wt, n (%) 10 (59) 22 (59) 32 (59) 0.80

1 WBC: white blood cells; 2 LDH: lactat dehydrogenase; 3 BM: bone marrow; 4 FAB: French–American–British
classification; 5 WHO: World Health Organization.

3.1. Mobillization

At the start of mobilization, white blood cell counts in the GO group were lower
compared to the control group (median: 0.17 G/L vs. 0.60 G/L, p = 0.02). The median
duration of G-CSF administration was longer in the GO group (7 days vs. 4 days, p = 0.08).
A total of 11 patients in the GO group and 26 patients in the control group were successfully
harvested during a first mobilization attempt directly following hematologic recovery from
cycle 2 (65% vs. 70%, p = 0.92). Mobilization during a second attempt—with a repeated
stimulation procedure—was successful in an additional 4 (24%) vs. 7 (19%) patients,
p = 0.56. In the GO group, 5 out of the 6 patients with first-attempt mobilization failure
underwent a second mobilization attempt, whereby 1 (6%) patient did not achieve adequate
levels of CD34+ cells for subsequent apheresis in the second attempt. In the control group,
9 patients out of the 11 with mobilization failure during the first attempt underwent a
second mobilization attempt, whereas 7 of them were successfully harvested and 2 (5%)
patients experienced mobilization failure of the second attempt. Overall, no statistically
significant differences were observed.

3.2. Apheresis and ASCT

MRD status before apheresis was available for all patients from the GO group and
10/37 patients from the control group. Out of 17 patients in the GO group, 13 were MRD
negative, compared to 8 out of 10 patients with available MRD data in the control group.
The amount of circulating CD34+ cells was significantly lower in the GO group than in the
control group (25.1 × 106/L vs. 46.6 × 106/L, p = 0.04) at the day of apheresis. The differ-
ence in the amount of collected CD34+ cells between the two groups was not statistically
significant (5.23 × 106/kg b.w. vs. 9.02 × 106/kg b.w., p = 0.07). Fifteen (88%) patients in the
GO group and 33 (89%) in the control group successfully mobilized and harvested, when
considering both mobilization attempts. No significant differences were observed in the
median quantity of transplanted CD34+ cells (3.16 × 106/kg b.w. vs. 4.31 × 106/kg b.w.,
p = 0.06). The median time to neutrophil recovery (≥0.5 G/L) was 12 days in both groups,
whereas the median time to platelet recovery (>20 G/L) was longer in the GO group
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(35 days vs. 22 days, p = 0.04). Patient characteristics regarding mobilization, apheresis,
and ASCT metrics are shown in Table 2.

Table 2. Patient characteristics at mobilization, apheresis and ASCT.

GO Group
(n = 17)

Control Group
(n = 37)

All Patients
(n = 54) p

Mobilization
Day of mobilization start 1, median (range) 21 (10–27) 20 (10–28) 21 (10–28) 0.61

WBC 2 at day 1 of G-CSF 3 G/L, median (range) 0.17 (0.02–8.28) 0.60 (0–7.02) 0.48 (0–8.28) 0.02
Number of days G-CSF 3,4 stimulation, median (range) 7 (2–29) 4 (2–17) 6 (2–29) 0.08

Mobilization success/failure in first attempt, n (%) 11 (65)/6 (35) 26 (70)/11 (30) 37 (69)/17 (31) 0.92
Day of mobilization end 1 if failed, median (range) 29 (28–33) 30 (23–41) 30 (28–41) 0.67
WBC 2 at stop mobilization G/L, median (range) 7.14 (1.44–11.4) 7.35 (1.21–23.1) 7.35 (1.21–23.1) 0.88

CD34+ at stop mobilization ×106/L, median (range) 0.7 (0.1–8.53) 1.1 (0–6.1) 1.1 (0–8.53) 0.79
Second mobilization attempt 5, n (%) 5 (29) 9 (24) 14 (26) 0.56

Mobilization success/failure in second attempt, n (%) 4 (24)/1 (6) 7 (19)/2 (5) 11 (20)/3 (6) 0.56

Apheresis
Single day of apheresis/multiple days of apheresis, n (%) 14 (82)/1 (6) 30 (81)/3 (8) 44 (82)/4 (7) 0.78

WBC 2 at apheresis day G/L, median (range) 23.9 (7.11–63.8) 20 (3.14–63.6) 22.79 (3.14–63.8) 0.91
CD34+ at apheresis day ×106/L, median (range) 25.1 (3.1–643.8) 46.6 (3–620.7) 38.35 (3–643.8) 0.04

Collected CD34+ cells ×106/kg b.w. 6, median (range) 5.23 (2.09–32.15) 9.02 (2.81–58) 7.67 (2.09–58) 0.07

ASCT 7

Patients transplanted, n (%) 15 (88) 33 (89) 48 (89) 0.72
Median time from diagnosis to ASCT, months (range) 3 (3–4) 3 (2–13) 3 (2–13) 0.07
Transplanted CD34+ ×106/kg b.w. 6, median (range) 3.16 (2.09–10.84) 4.31 (1.88–18.05) 3.78 (1.88–18.05) 0.06

Median follow-up, months (range) 12 (1–35) 42 (1–106) 27 (1–106) 0.001
Time to neutrophil count ≥ 0.5 G/L 8,9, days, median (range) 12 (10–21) 12 (10–19) 12 (10–21) 0.37

Time to platelets > 20G/L 8,10, days, median (range) 35 (19–182) 22 (11–137) 26 (11–182) 0.04
Hospitalization duration 11, days, median (range) 22 (18–37) 25 (19–101) 25 (18–101) 0.32

1 Since start of cycle 2 induction chemotherapy; 2 WBC: white blood cells; 3 G-CSF: granulocyte colony-stimulating-
factor; 4 1 pt. in the GO group did not receive Filgrastim but was stimulated with pegfilgrastim singularly, 1 pt. in
the GO group was additionally treated 3 days with plerixavor; 5 1 pt. in the GO group and 2 pt. in the control group
had no second mobilization attempt; 6 b.w.: body weight; 7 ASCT: autologous stem cell transplantation; 8 since day
of ASCT, in which day of transplantation is day 0; 9 1 pt. in the go group did not achieve neutrophils > 0.5 G/L;
10 2 pt. in the GO group and 1 pt. in the control group did not recover > 20 G/L; 11 for high dose chemotherapy
followed by autologous stem cell transplantation.

3.3. Clinical Outcome

Overall, 48 out of 54 (89%) patients received ASCT as post-remission therapy. Of
these, 4 patients received high-dose cytarabine, 1 in the GO group and 3 in the control
group. One patient from each group did not receive post-remission therapy. Overall,
14 out of 54 (26%) patients analyzed experienced relapse. Relapse and mortality rates were
numerically lower in the GO group than in the control group: 2/17 (12%) vs. 12/37 (32%),
p = 0.2 and 3/17 vs. 10/37 (18% vs. 27%, p = 0.68), respectively. However, these differences
were not statistically significant (Table 3). Neither the EFS nor the OS was significantly
longer between both patient groups (p = 0.31 and p = 0.99, respectively). Four patients were
censored in the survival curves on the day of their allo-SCT.

Table 3. Outcomes.

GO Group
(n = 17)

Control Group
(n = 37)

All Patients
(n = 54) p

Relapse, n (%) 2 (12) 12 (32) 14 (26) 0.20
Median interval to relapse 1, moths (range) 8.5 (8–9) 6 (1–36) 7.5 (1–36) 0.36

Death, n (%) 3 (18) 10 (27) 13 (24) 0.68
Median time to death 1, months (range) 3 (2–15) 11 (1–28) 10 (1–28) 0.35

Death due to progression, n (%) 3 (18) 8 (22) 11 (20) 0.94
Death due to other causes 2, n (%) 0 (0) 2 (5) 2 (4)

1 Since start of cycle 2 induction chemotherapy; 2 biopsy-related complication (1 pt.), pneumonia with ARDS
(1 pt.).
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4. Discussion

In this study, we analyzed whether the addition of GO to induction chemotherapy in
favorable-risk AML patients was associated with impaired stem cell mobilization outcomes.
For this purpose, we retrospectively compared two AML patient cohorts, treated with
or without GO during induction therapy. GO combined with chemotherapy currently
constitutes a standard of care in the management of patients with newly diagnosed CD33-
positive favorable-risk AML.

Several randomized trials have shown that GO, when added to induction chemother-
apy, improves outcomes in this patient population [11,12]. The UK Medical Research Coun-
cil (MRC) AML15 trial analyzed the effect of a single dose of GO (3 mg/m2) administrated
on day one during induction therapy. In this trial, 1113 patients aged 15–71 with previously
untreated de novo or secondary AML received two induction cycles of chemotherapy, with
one of the following regimens: daunorubicin and cytarabine; daunorubicin, cytarabine and
etoposide; or fludarabine, cytarabine, and idarubicin. Patients were randomly assigned to
receive or not receive GO in addition to induction chemotherapy. Although no difference
was found regarding relapse rate, relapse-free survival or OS between patient groups, a
prespecified analysis by cytogenetics showed improved OS in favorable-risk patients [11].

Similarly, the UK National Cancer Research Institute (NCRI) AML16 randomized
trial analyzed the benefit of a single dose of GO (3 mg/m2) administered on day one
of the first induction cycle in patients aged 51–84. Induction regimens used in patients
with de-novo AML, secondary AML or high-risk myelodysplastic syndrome were either
daunorubicin combined with cytarabine or with clofarabine, with (n = 559) or without
(n = 556) additional administration of GO. The trial demonstrated a lower 3-year cumulative
incidence of relapse (68% vs. 76%, p = 0.007) and a better 3-year overall survival rate (25%
vs. 20%, p = 0.05) in the GO group compared to the control arm.

A meta-analysis including data from both, the MRC AML15 and the NCRI AML16
trials, was conducted which compiled information regarding the GO dose, application
time and induction regimen from both trials. Data analysis from a total of 2228 patients
with a median age of 61 confirmed a significantly reduced risk of relapse (p = 0.002) and
improved survival (p = 0.02) when adding GO to the induction treatment [12]. The MRC
AML15 trial as well as the NCRI AML16 trial were part of another meta-analysis published
in 2014 including five randomized controlled trials, which assessed efficacy of GO added
to first course of induction treatment. The meta-analysis combined data from more than
3300 patients and showed a benefit in relapse risk (OR 0.81, 0.73–0.90; p = 0.0001) and OS at
5 years (OR 0.90, 0.82–0.98; p = 0.01) [13].

The ALFA-0701 trial showed the benefit of adding GO in NPM1 mutated patients [7].
Moreover, the predictive value of NPM1 was analyzed in the German–Austrian Acute
Myeloid Leukemia Study Group (AMLSG) 09-09 phase III study, which compared pa-
tients with NPM1-mutated AML receiving two courses of induction therapy consisting
of idarubicin, etoposide and all-trans-retinoic acid with or without GO, respectively. GO
was administered as a single dose on day one (3 mg/m2) during induction and the first
consolidation cycle. The study failed to demonstrate an improvement in EFS or OS in the
GO group; however, addition of GO led to a lower relapse rate. Patients receiving GO
experienced prolonged thrombocytopenia (median platelet recovery following the second
induction cycle: 25 days in the GO arm vs. 20 days in the control arm; p ≤ 0.001) [14].
Prolonged treatment induced thrombocytopenia and neutropenia were also reported in
the ALFA 0701 trial [7]. Our observation of lower WBC levels on the first day of G-CSF
stimulation (median 0.17 G/L vs. median 0.60 G/L, p = 0.02) in the GO group would be in
line with these findings.

A potential impact on hematological recovery as well as the myelosuppressive effects
of GO is also suggested by our findings of significantly lower circulating CD34+ cells at
apheresis day (25.1 × 106/L vs. 46.6 × 106/L, p = 0.04). Moreover, since time of platelet
recovery to >20 G/L after ASCT was longer in the GO group compared to the control group
(35 days vs. 22 days, p = 0.04), our data suggest that the myelosuppressive effect of GO
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might persist after HDCT and ASCT. In previous work, we showed that patients mobilizing
more than 60,000 CD34+ cells/mL on apheresis day had significantly shorter OS (p = 0.0274)
and time to progression (p = 0.0014) and a higher relapse rate (p = 0.0177) [15]. Furthermore,
delayed hematological recovery, defined as recovery of neutrophils (>1 × 109/L) and
platelets (>20 × 109/L) occurring 20 days or later after ASCT, has been associated with
improved OS and time to progression (TTP) (OS, neutrophils: p =< 0.0001 and platelets:
p =< 0.0062; TTP, neutrophils: p =< 0.0003 and platelets: p =< 0.0125) [16]. In the current
study, we did not observe differences regarding EFS or OS between the GO and the control
groups; however, the limited sample size must be acknowledged.

In summary, our data showed no significant differences between the GO and the
control groups with regards to the success of peripheral stem cell mobilization. However,
patients receiving GO required longer G-CSF stimulation. These findings are in contrast to
the results of a retrospective analysis of 20 patients being treated with fractionated doses of
GO and the 7 + 3 regimen followed by 1–2 cycles of consolidation with high-dose cytarabine
alone or in combination with daunorubicin and GO. Only 11 out of 20 patients mobilized
successfully reaching a predefined threshold of 20 CD34+ cells/µL [17]. The retrospective
single-center design of our study, the limited sample size and the short follow-up time,
constitute potential limitations of our study.

5. Conclusions

Our study suggests that the use of GO during AML induction therapy does not have a
negative impact on PBSC mobilization potential. To our best knowledge, this is the first
study comparing stem cell mobilization metrics in favorable-risk AML patients treated
with intensive induction therapy with vs. without GO. No differences in clinical outcomes
for EFS or OS were detected. In conclusion, our findings indicate that the administration of
GO during induction treatment should not limit the use of ASCT as consolidation strategy.

Author Contributions: Conceptualization, T.P. and U.B.; methodology, T.P., D.M.F. and M.L.; software,
T.P.; validation, T.P.; formal analysis, T.P. and D.M.F.; investigation, D.M.F., K.S. and T.P.; resources,
D.A., K.S., M.D., M.-N.K. and T.P. (provided vital material and data); data curation, D.M.F. and
T.P.; writing/original draft preparation, D.M.F.; writing/review and editing, D.M.F., D.A., T.P. and
U.B.; visualization, D.M.F.; supervision, T.P. and U.B.; project administration, T.P. and U.B.; funding
acquisition: T.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The retrospective study was conducted according to the
guidelines of the Declaration of Helsinki and approved by the local IRB and Ethics Committee in
Bern, Switzerland (Number: 2024-00897).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author.

Acknowledgments: The authors thank the data management, the apheresis, the flow cytometry, the
clinical chemistry laboratory, and the stem cell laboratory teams of the ASCT program at the University
Hospital of Bern and its associated partner hospitals and collaborators for the documentation of the
data relevant to this study.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Pelcovits, A.; Niroula, R. Acute Myeloid Leukemia: A Review. R. I. Med. J. 2020, 103, 38–40.
2. Döhner, H.; Wei, A.H.; Appelbaum, F.R.; Craddock, C.; DiNardo, C.D.; Dombret, H.; Ebert, B.L.; Fenaux, P.; Godley, L.A.;

Hasserjian, R.P.; et al. Diagnosis and Management of AML in Adults: 2022 Recommendations from an International Expert Panel
on Behalf of the ELN. Blood 2022, 140, 1345–1377. [CrossRef] [PubMed]

3. Ricart, A.D. Antibody-Drug Conjugates of Calicheamicin Derivative: Gemtuzumab Ozogamicin and Inotuzumab Ozogamicin.
Clin. Cancer Res. 2011, 17, 6417–6427. [CrossRef] [PubMed]

https://doi.org/10.1182/blood.2022016867
https://www.ncbi.nlm.nih.gov/pubmed/35797463
https://doi.org/10.1158/1078-0432.CCR-11-0486
https://www.ncbi.nlm.nih.gov/pubmed/22003069


Biomedicines 2024, 12, 1616 8 of 8

4. FDA. MYLOTARGTM (Gemtuzumab Ozogamicin) for Injection. Available online: https://www.accessdata.fda.gov/drugsatfda_
docs/label/2017/761060lbl.pdf (accessed on 18 March 2024).

5. FDA. FDA Approves Mylotarg for Treatment of Acute Myeloid Leukemia. Available online: https://www.fda.gov/news-events/
press-announcements/fda-approves-mylotarg-treatment-acute-myeloid-leukemia (accessed on 18 March 2024).

6. Lambert, J.; Pautas, C.; Terré, C.; Raffoux, E.; Turlure, P.; Caillot, D.; Legrand, O.; Thomas, X.; Gardin, C.; Gogat-Marchant, K.; 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, 113–119. [CrossRef] [PubMed]

7. Castaigne, S.; Pautas, C.; Terré, C.; Raffoux, E.; Bordessoule, D.; Bastie, J.-N.; Legrand, O.; Thomas, X.; Turlure, P.; Reman, O.; 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, 1508–1516. [CrossRef] [PubMed]

8. Ferrara, F.; Picardi, A. Is There Still a Role for Autologous Stem Cell Transplantation for the Treatment of Acute Myeloid
Leukemia? Cancers 2020, 12, 59. [CrossRef]

9. Zhao, Y.; Chen, X.; Feng, S. Autologous Hematopoietic Stem Cell Transplantation in Acute Myelogenous Leukemia. Biol. Blood
Marrow Transpl. 2019, 25, e285–e292. [CrossRef] [PubMed]

10. Copelan, E.A. Hematopoietic Stem-Cell Transplantation. N. Engl. J. Med. 2006, 354, 1813–1826. [CrossRef] [PubMed]
11. Burnett, A.K.; Hills, R.K.; Milligan, D.; Kjeldsen, L.; Kell, J.; Russell, N.H.; Yin, J.A.L.; Hunter, A.; Goldstone, A.H.; Wheatley,

K. Identification of Patients with Acute Myeloblastic Leukemia Who Benefit from the Addition of Gemtuzumab Ozogamicin:
Results of the MRC AML15 Trial. J. Clin. Oncol. 2011, 29, 369–377. [CrossRef] [PubMed]

12. Burnett, A.K.; Russell, N.H.; Hills, R.K.; Kell, J.; Freeman, S.; Kjeldsen, L.; Hunter, A.E.; Yin, J.; Craddock, C.F.; Dufva, I.H.; et al.
Addition of Gemtuzumab Ozogamicin to Induction Chemotherapy Improves Survival in Older Patients with Acute Myeloid
Leukemia. J. Clin. Oncol. 2012, 30, 3924–3931. [CrossRef]

13. Hills, R.K.; Castaigne, S.; Appelbaum, F.R.; Delaunay, J.; Petersdorf, S.; Othus, M.; Estey, E.H.; Dombret, H.; Chevret, S.;
Ifrah, N.; et al. Addition of Gemtuzumab Ozogamicin to Induction Chemotherapy in Adult Patients with Acute Myeloid
Leukaemia: A Meta-Analysis of Individual Patient Data from Randomised Controlled Trials. Lancet Oncol. 2014, 15, 986–996.
[CrossRef] [PubMed]

14. Schlenk, R.F.; Paschka, P.; Krzykalla, J.; Weber, D.; Kapp-Schwoerer, S.; Gaidzik, V.I.; Leis, C.; Fiedler, W.; Kindler, T.;
Schroeder, T.; et al. Gemtuzumab Ozogamicin in NPM1-Mutated Acute Myeloid Leukemia: Early Results From the Prospective
Randomized AMLSG 09-09 Phase III Study. J. Clin. Oncol. 2020, 38, 623–632. [CrossRef]

15. von Grünigen, I.; Raschle, J.; Rüsges-Wolter, I.; Taleghani, B.M.; Mueller, B.U.; Pabst, T. The Relapse Risk of AML Patients
Undergoing Autologous Transplantation Correlates with the Stem Cell Mobilizing Potential. Leuk. Res. 2012, 36, 1325–1329.
[CrossRef] [PubMed]

16. Wetzel, D.; Mueller, B.U.; Mansouri Taleghani, B.; Baerlocher, G.M.; Seipel, K.; Leibundgut, K.; Pabst, T. Delayed Haematological
Recovery after Autologous Stem Cell Transplantation Is Associated with Favourable Outcome in Acute Myeloid Leukaemia. Br. J.
Haematol. 2015, 168, 268–273. [CrossRef] [PubMed]

17. Perrone, S.; Capria, S.; Bernardi, M.; Marchesi, F.; Ortu La Barbera, E.; Trisolini, S.M.; Minotti, C.; Shafii Bafti, M.; Scerpa, M.C.;
Mulé, A.; et al. Impact of Gemtuzumab Ozogamicin Consolidation on Hematopoietic Stem Cells (HSCs) Mobilization in AML:
Analysis of 20 Patients. Ann. Hematol. 2023, 102, 769–775. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/761060lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/761060lbl.pdf
https://www.fda.gov/news-events/press-announcements/fda-approves-mylotarg-treatment-acute-myeloid-leukemia
https://www.fda.gov/news-events/press-announcements/fda-approves-mylotarg-treatment-acute-myeloid-leukemia
https://doi.org/10.3324/haematol.2018.188888
https://www.ncbi.nlm.nih.gov/pubmed/30076173
https://doi.org/10.1016/S0140-6736(12)60485-1
https://www.ncbi.nlm.nih.gov/pubmed/22482940
https://doi.org/10.3390/cancers12010059
https://doi.org/10.1016/j.bbmt.2019.04.027
https://www.ncbi.nlm.nih.gov/pubmed/31054985
https://doi.org/10.1056/NEJMra052638
https://www.ncbi.nlm.nih.gov/pubmed/16641398
https://doi.org/10.1200/JCO.2010.31.4310
https://www.ncbi.nlm.nih.gov/pubmed/21172891
https://doi.org/10.1200/JCO.2012.42.2964
https://doi.org/10.1016/S1470-2045(14)70281-5
https://www.ncbi.nlm.nih.gov/pubmed/25008258
https://doi.org/10.1200/JCO.19.01406
https://doi.org/10.1016/j.leukres.2012.05.027
https://www.ncbi.nlm.nih.gov/pubmed/22727508
https://doi.org/10.1111/bjh.13118
https://www.ncbi.nlm.nih.gov/pubmed/25212255
https://doi.org/10.1007/s00277-023-05129-1
https://www.ncbi.nlm.nih.gov/pubmed/36795117

	1
	Materials and Methods 
	Patient Selection 
	Procedures 
	Study Design 
	Statistics 

	Results 
	Mobillization 
	Apheresis and ASCT 
	Clinical Outcome 

	Discussion 
	Conclusions 
	References

