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Abstract
Background

Overall survival remains poor in older patients with acute myeloid leukemia (AML) with less than 10%
being alive after five years. In recent studies, a significant improvement in event-free, relapse-free and
overall survival was shown by adding gemtuzumab ozogamicin (GO), a humanized antibody-drug
conjugate directed against CD33, to intensive induction therapy once or in a sequential dosing schedule.
Glasdegib, the small-molecule inhibitor of smoothened (SMO), also showed improved overall survival in
patients not eligible for intensive chemotherapy when combined with low-dose cytarabine compared to
low-dose cytarabine alone. These findings warrant further investigations in the phase III GnG trial.

Methods/Design

This is a randomized phase III trial with measurable residual disease (MRD) after induction therapy and
event-free survival (EFS) as primary endpoints. The two research questions are addressed in a 2 by 2
factorial design. Patients age 60 years and older are upfront randomized 1:1 in one of the two induction
arms: GO administered to intensive induction therapy on days 1,4 and 7 versus GO administered once on
day 1 (GO-147 versus GO-1), and double-blinded 1:1 in one of the subsequent treatment arms glasdegib
vs. placebo as adjunct to consolidation therapy and as single-agent maintenance therapy for six months.
Chemotherapy backbone for induction therapy consists of standard 7+3 schedule with cytarabine
200mg/m² continuously days 1 to 7, daunorubicin 60mg/m² days 1, 2 and 3 and high-dose cytarabine
(1g/m², bi-daily, days 1,2,3) for consolidation therapy. Addressing two primary endpoints, MRD-negativity
after induction therapy and event-free survival (EFS), 252 evaluable patients are needed to reject each of
the two null hypotheses at a two-sided significance level of 2.5% with a power of at least 85%.

ETHICS AND DISSEMINATION:

Ethical approval and approvals from the local and federal competent authorities were granted. Trial
results will be reported via peer-reviewed journals and presented at conferences and scientific meetings.

TRIAL REGISTRATION: Clinicaltrials.gov identifier: NCT04093505; EudraCT Number: 2019-003913-32.

TRIAL REGISTRATION DATE: October 30, 2018

Background
Acute myeloid leukemia (AML) is predominantly a disease of older patients for whom the prognosis is
still poor [1, 2]. Intensive induction chemotherapy, usually consisting of an anthracycline and cytarabine,
induces remission in about 50% of older fit patients, but most of these patients relapse and still succumb
to their disease. Disease-related factors such as the genetic profile of the disease predict resistance to
current standard therapy [3]. In line, the proportion of patients with a high-risk disease profile according to
European LeukemiaNet (ELN)-2017 risk classification [4] increases with older age to roughly one-quarter
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of patients 70 years or older [5]. Combination of an anthracycline with cytarabine remains the standard of
care of intensive induction therapy in patients considered medically fit [1, 2, 4] and the proportion of
patients receiving intensive chemotherapy even in older patients is high with 80–90% in 60 to 70-year-old
patients and 50–75% in patients aged between 70 and 75 years [5]. For patients who achieve a complete
remission (CR) after induction chemotherapy, post-remission therapy is required to prevent relapse.
However, despite intensive consolidation therapy, overall survival in older (≥ 60 years) patients remains
poor with less than 10% being alive after five years [6]. Beyond age, genetic abnormalities constitute the
most influential prognostic factors for survival [7, 8]. This is reflected in the current World Health
Organization (WHO) classification of myeloid neoplasms and acute leukemia [9].

Gemtuzumab ozogamicin (GO) is a humanized immunoglobulin G4 antibody (hP67.6) directed against
CD33 and conjugated to the DNA toxin calicheamicin via a hydrolyzable linker. GO/CD33 complexes are
internalized into lysosomes, releasing calicheamicin and promoting single and double-strand breaks
hereby inducing cellular death [10]. GO initially received accelerated FDA approval in 2000 for the
treatment of patients aged ≥ 60 years with CD33 positive AML in first relapse [10]. Thereafter, a phase 3
study (S0106) was conducted by the Southwest Oncology Group (SWOG) in untreated de novo AML
patients, comparing daunorubicin/cytarabine (DA) with 45mg/m² daunorubicin plus GO 6mg/m² on day
4 versus DA alone with 60mg/m² daunorubicin. The GO arm showed higher induction mortality (5.5% vs.
1.4%), without improving CR or relapse-free survival [11]. Based on these negative results, GO was
withdrawn from the market in 2010. Meanwhile, results from five additional randomized studies with GO
as adjunct to intensive induction therapy are available: Groupe Ouest Est d’Etude des Leuce´ mies aigue¨s
et Autres Maladies du Sang (GOELAMS) AML2006IR [12], Medical Research Council (MRC) AML15 [13]
and ALFA-0701 [14, 15], National Cancer Research Institute (NCRI) AML16 [16], and German-Austrian
Acute Myeloid Leukemia Study Group (AMLSG) 09–09 [17]. ALFA-0701 randomized 278 patients aged 50
to 70 years with untreated de novo AML to either DA (60mg/m² daunorubicin) alone or to the same in
combination with a fractionated GO induction schedule (3mg/m² on days 1, 4, and 7) [14]. Although CR
with or without platelet recovery and early deaths were similar, patients in the GO arm had significantly
improved median event-free (19.6 vs. 11.9 months; P = 0.00018) and overall survival (OS) (34 vs. 19.2
months; P = 0.046). A subgroup analysis revealed that the clinical benefit is mainly restricted to patients
with favorable and intermediate-risk karyotype [14]. A meta-analysis of 3.325 patients (aged 18–84) from
5 randomized studies investigating GO as adjunct to induction chemotherapy in untreated AML
concluded that the addition of GO improved OS in patients without adverse cytogenetics [18]. Rates of
sinusoidal obstruction syndrome (SOS), a side effect associated with GO treatment, and 30- and 60-day
mortality were lower with 3mg/m² vs. 6mg/m² GO [19]. Out of the five studies included in the meta-
analysis, Castaigne et al. was the only one reporting on fractionated GO in a dosage of 3mg/m² on days
1, 4 and 7 (GO-147) [14, 18]. Interestingly, the addition of GO to induction therapy did not lead to an
improved CR rate but a significantly higher rate of patients being negative for measurable residual
disease (MRD-negative, 7% versus 39% in the standard and experimental arm, respectively) [20]. In
addition, treatment with fractionated GO-147 was associated with a significant survival benefit in the
large meta-analysis in comparison to patients that did not receive GO (OR:0.24, 99%-CI: 0.07–0.85), while
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this difference could not be shown for treatment with single dose GO-1 (3mg/m2) (OR: 1.0, 99%-CI: 0.78–
1.3). Importantly, non-relapse mortality was not increased in patients treated with GO [14]. A major
concern for patients receiving GO is the risk of SOS, especially among patients who received allogeneic
hematopoietic cell transplantation (allo-HCT) within the preceding three months [21]. Revised dosing
schedules significantly lowered rates of SOS to expected levels in patients being GO-naive [14][22][23].
Thus, the randomized comparison of GO-147 versus GO-1 as adjunct to intensive induction therapy
appears as a logical consequence in terms of safety and efficacy [24].

The efficacy of GO during consolidation therapy was evaluated in 2 trials assessing GO on a randomized
basis. In the MRC AML15 trial a total of 948 patients were assigned to receive or not receive GO as
adjunct to first consolidation therapy [25]. There were no differences in cumulative incidence of relapse
(GO 46% vs.no GO 51% p = 0.20) or OS (p = 0.9) between the two groups. In the study from the Hemato-
Oncologie voor Volwassenen Nederland (HOVON) group, older patients, who achieved CR after intensive
induction therapy were randomized to either 3 cycles of GO (6 mg/m² every 4 weeks) (n = 113) or no
postremission therapy (n = 119) [26]. There were no significant differences regarding OS (p = 0.52) and
disease-free survival (p = 0.40) between both groups. Thus, to date, no randomized data are available
supporting the addition of GO in consolidation therapy [24, 27].

In AML, cytotoxic chemotherapy can reduce tumor bulk but is less effective at targeting tumor-initiating
cells. The key challenge has been to identify the molecular mechanisms maintaining and sustaining
tumor-initiating cell activity, self-renewal and survival. The Hedgehog (Hh) signaling is critical in terminal
cell differentiation during embryogenesis and is believed to play a key role in development of human
malignancies when aberrantly activated. In AML aberrant activation of the Hh signaling pathway has
been shown to be implicated in the maintenance of leukemia stem cell populations in several model
systems [28]. Glasdegib is a selective, small-molecule inhibitor of smoothened (SMO), a membrane
protein that regulates the Hh pathway. In vivo treatment of AML cells with glasdegib attenuated the
leukemia-initiation potential in a serial transplantation mouse model [29]. Comprehensive gene set
enrichment analysis revealed that glasdegib modulates self-renewal signatures and cell cycle progression
[30]. Clinical data have supported these encouraging results. In a phase I study, a maximally tolerated
dose of 400mg daily was established and in a phase II study the recommended dose was 100mg daily
[31, 32]. In a randomized phase 2 study in older patients not fit for intensive chemotherapy, the addition
of glasdegib 100mg daily to low-dose cytarabine resulted in a significantly higher CR rate and OS as
compared to low-dose cytarabine alone [33]. Interestingly, the beneficial effect of glasdegib on OS was
not restricted to patients achieving a CR, as the observed beneficial effect on OS was larger than that
seen on the CR-rate supporting the leukemic stem cell targeting effect of glasedib [33].

Based on the compelling preclinical data and the results of the phase-I and randomized phase-II studies,
it appears reasonable and clinically feasible to combine standard intensive consolidation therapy with
glasdegib. In this manuscript, we describe the rationale, design, and dosing details of the GnG study
(clinicaltrials.gov identifier, NCT04093505; EudraCT No, 2019-003913-32), a phase III study to compare
two schedules of GO as adjunct to intensive induction therapy and to compare intensive postremission
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therapy with or without glasdegib in a double-blinded manner in older patients with newly diagnosed
AML.

Methods
Design

The GnG study is a randomized phase III trial with MRD after induction therapy and event-free survival
(EFS) as primary endpoints. The two research questions are addressed in a 2 by 2 factorial design. The
trial is designed to gain evidence of the anti-leukemic activity of GO and glasdegib in older patients with
newly diagnosed AML.

Randomization, treatments, study procedures

Patients will be recruited in 25 centers part of the Study Alliance Leukemia (SAL) group. All patients are
upfront randomized 1:1 to induction chemotherapy containing either fractionated GO treatment (GO-147)
or one single dose of GO (GO-1) and again 1:1 either to glasdegib or placebo (double-blinded) as adjunct
to consolidation therapy and as single-agent 6-months maintenance therapy. Randomization is stratified
by the assumingly important prognostic factors age (≤70 years vs. >70 years) and Eastern Cooperative
Oncology Group (ECOG) performance status (PS) (ECOG PS = 0 vs. ECOG PS > 0). Block randomization
with varying block lengths is used and performed using a web tool (www.randomizer.at). Patients have to
provide written informed consent before any protocol-specific procedures are performed.

Induction therapy

Patients receive one cycle of backbone induction therapy with standard 7+3 regimen; cytarabine
200mg/m2 administered via continuous intravenous (IV) infusion for a total of 7 days and daunorubicin
60mg/m2 days 1, 2 and 3. Patients are randomized to receive in addition GO 3mg/m² IV over one hour
(Mylotarg®), either on days 1,4 and 7 or only once on day 1 (GO-147 versus GO-1). Dose modification in
case of CTC grade ≤2 toxicity is allowed in the GO-147 schedule to enable continued administration of
GO on day 4 and day 7, respectively. In case of grade 3 toxicity on day 1 and/or 4, patients will receive GO
on day 4 and 7, respectively, if the CTC grade has improved to grade <3 toxicity prior to infusion. In case
of CTC grade 4 toxicity, GO is discontinued. Likewise, patients who develop anaphylaxis, pulmonary
edema, acute respiratory distress syndrome or SOS after the first administration are not allowed to
receive further doses of GO. On Day 15 and 28 (window day 28 to day 42), a bone marrow aspirate
specimen is collected for local and central assessment. If this bone marrow specimen is not evaluable for
assessment of response, the bone marrow aspiration has to be repeated upon count recovery or day 42
whichever occurs first. In case of bone marrow blast count >10% on day 15, or no CR or CR with
incomplete neutrophil or platelet recovery (CRi) after induction therapy, one cycle of HAM (high dose
cytarabine and mitoxantrone) as salvage therapy is allowed within the protocol.

Consolidation and maintenance therapy



Page 8/27

During the consolidation phase, patients receive up to two cycles of cytarabine (1.0g/m2) administered
by IV infusion every 12 hours on days 1, 2, and 3 [34]. Study drug (glasdegib 100mg or placebo) is orally
administered with approximately 8 ounces (240mL) of water in the morning, at the same time each day
from cycle day 1 to 28. Cycle 2 of consolidation chemotherapy is scheduled to start immediately after the
end of cycle 1 or within the next two weeks if blood count recovery is delayed. In case of hematologic
toxicity, a dose reduction or delay of glasdegib is not required. Remission status assessments take place
after each consolidation therapy cycle. Patients may undergo allo-HCT after induction or after any of the
consolidation therapy cycles.

During maintenance therapy the dose of the study drug is the same as during consolidation therapy
(glasdegib 100mg). Maintenance therapy with glasdegib or placebo begins after the end of the 2nd
consolidation therapy cycle (includes recovery period of up to 14 days, if applicable) and after
assessment of remission status or 180 days after allogeneic HCT. Patients receive up to 6 cycles of 28
days each (168 days in total) within the maintenance schedule.

All patients are asked to maintain a patient dosing diary throughout the study to record how they
administer the study medication. Furthermore, patients are required to return all bottles, unused study
drug and the patient dosing diary, after each cycle and at EOT visit for compliance assessment and drug
accountability.

Remission status assessments take place every three months for two years after beginning maintenance
therapy. The overall treatment schedule is summarized in Figure 1.

Glasdegib and placebo are interrupted in patients experiencing adverse events of grade 3 or 4.
Appropriate follow-up assessments are performed until adequate recovery from toxicity. In patients
recovering within 21 days from dose interruption, glasdegib/placebo may be resumed. If hematological
recovery parameters are not met after 21 days of dose interruption, permanent discontinuation of
treatment with glasdegib/placebo is advised. Criteria for dose interruption and dose reductions in cases
of non-hematological toxicities including applicable doses in milligrams are summarized in Tables 1 and
2.

Long-term follow-up

The period of observation under therapy ends with the last visit of the sixth cycle of maintenance therapy.
After the end of treatment visit, patients are routinely followed-up according to standard of care. Follow-
up is intended until the last patient alive has been observed for at least 2 years (study treatment including
subsequent follow-up). Assuming 2 years of linear recruitment, total observation of the first patient may
last up to 4 years and a median follow-up of 3 years at end of study is expected.

Event free survival and OS observational follow-up is recorded until the end of the study. After achieving
an observation period of 2 years counted from day 1, the follow-up may be performed by contacting the
treating physician instead of in house-visits.
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Additional study procedures during induction, consolidation and continuation phases

Patients undergo efficacy and safety assessments, including monitoring of MRD, bone marrow specimen
collection, blood and urine sampling and patient reported outcomes before receiving study drug and at
specified time points throughout the study.

Participants

Inclusion criteria

Inclusion criteria are outlined in Table 3. Key inclusion criteria are newly diagnosed AML according to the
2016 WHO classification, no prior chemotherapy for leukemia except hydroxyurea for up to 7 days to
control hyperleukocytosis, age 60 years and older and ECOG PS between 0 and 2.

Exclusion criteria

Exclusion criteria are summarized in Table 3. Main exclusion criteria are diagnosis of acute promyelocytic
leukemia (APL) with translocation t(15;17)(q22;q12) or BCR-ABL–positive AML. Other exclusion criteria
are known active CNS leukemia, HIV, viral hepatitis, prior treatment with a smoothened inhibitor (SMOi)
and/or hypomethylating agent, as well as known liver cirrhosis or history of SOS.

Efficacy

The GnG trial has two efficacy endpoints. The first is MRD-negativity after sequential or single-dose GO in
combination with intensive induction therapy. MRD-negativity is defined as the absence of leukemic cells
at the end of the induction therapy assessed by flow cytometry with a sensitivity of 10-4-10-5. If MRD-
negativity cannot be measured, or if patients drop out of the study before MRD measurements, missing
values will be replace using multiple imputation. Patients who die from any cause before MRD
measurement will be regarded as MRD-positive. The second endpoint is EFS after two years; EFS is
defined as the time from randomization until one of the following events, whichever occurs first: a) failure
to obtain CR or CR with incomplete neutrophil or platelet recovery (CRi) after induction therapy, b) relapse
from CR/CRi or c) death from any cause. Patients without an event are censored at last follow-up.
Refractory disease or treatment failure is defined as failure to achieve CR or CRi, presence of Auer rods, or
appearance of new or worsening extramedullary disease after induction therapy. Relapse after CR or CRi
is characterized by ≥5% blast cells in the bone marrow aspirate and/or biopsy not attributable to any
other cause, the reappearance of leukemic blasts in the peripheral blood, appearance of extramedullary
leukemia, or presence of Auer rods. Platelet (≥100 G/l) and neutrophil (≥1.0 G/l) counts for the
assessments of CR and CRi are assessed according to standard criteria [4].

Secondary survival endpoints are OS (defined as time from randomization until death from any cause)
and relapse-free survival (RFS) (measured from first CR/CRi to time of recurrence of the disease or death
from any cause, whichever occurs first). Patients without an event are censored at the last date of follow-
up. Further secondary endpoints are response (CR/CRi) after induction therapy, patient reported outcomes
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(PROs) and pharmacoeconomics. PROs include assessments of a) health-related quality of life (QoL),
calculated as the EORTC QLQ-C30 Summary Score [35], b) the quality of sleep or sleep disorders,
calculated with the “Sleep Quality Index” from the PSQI according to the corresponding scoring guidelines
[36], and c) anxiety and depression, calculated from the PHQ-4 according to the corresponding scoring
manual [37]; pharmacoeconomics with health care resource utilization is assessed by self-administered
resource utilization questionnaire and the SF-36 [38] [39]questionnaires for health economic analyses
with patient-reported information on personal traits and experiences are collected at baseline.

Safety assessments

All adverse events (AEs) that occur after the clinical screening visit (or as soon as the medical history of
the patient has been examined) are documented. The period of observation ends with the last study visit.
All patients who have AEs, whether considered associated with the use of the investigational medical
products or not, are monitored for outcome determination. All AEs are coded using the latest version of
the Medical Dictionary for Regulatory Activities and assigned grades based on National Cancer Institute
Common Terminology Criteria for Adverse Events, version 5.00. The Data Monitoring Committee (DMC)
reviews all data relevant to safety. The DMC, which is composed of three independent experts meets
regularly, and provides the sponsor with recommendations regarding trial modification, continuation, or
termination.

Data Collection and Handling

All the information collected during the study including clinical and laboratory data are documented by
the investigator or an authorized member of the study team in the medical record of the patient and in the
electronic case report form (eCRF). The eCRF is password protected and every entry is tracked and locked
to prevent further editing. The investigator at the clinical site is responsible for ensuring that all sections
of the eCRF are completed correctly. Every entry is controlled for plausibility and consistency. All missing
data or inconsistencies are clarified with the responsible investigator. The discrepancy clarifications are
done by the monitor manager. All relevant documents and data collected within the study will be archived
for at least 10 years after termination of the study.

Ethical and legal aspects

All the procedures set out in this trial protocol are designed to ensure that all persons involved in the trial
abide by Good Clinical Practice (GCP) and the ethical principles described in the current version of the
Declaration of Helsinki. The trial is carried out in keeping with local legal and regulatory requirements.
Before being admitted to the clinical trial, all patients must consent in written form to participate after the
nature, scope, and possible consequences of the clinical trial have been understood by the patient.

Sample size calculation and statistics

Addressing two primary endpoints, MRD-negativity after induction therapy and EFS, 252 evaluable
patients are needed to reject each of the two null hypotheses at a two-sided significance level of 2.5%
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with a power of at least 85%.

The first primary endpoint evaluation involves the comparison of rates of MRD-negativity assessed by
flow-cytometry after induction therapy between GO-147 and GO-1. Assuming a rate of MRD-negativity of
45% for GO-147 and 20% for GO-1, as well as a 3% dropout rate, a total number of 252 evaluable patients
are needed to reject the null hypothesis of no difference regarding the MRD-negativity rate for patients
receiving GO-147 as compared to patients receiving GO-1 during induction therapy at a two-sided
significance level of 2.5% with a power of at least 85% using a chi-squared test.

The second primary endpoint evaluation involves a two-group comparison of EFS between the
experimental arm of glasdegib as well as the control arm of placebo both as adjunct to standard
consolidation therapy. Assuming a 2-year EFS of 38.5% for the experimental arm and a 2-year EFS of 21%
for the control arm (resulting in a hazard ratio of HR=0.612), as well as an exponentially distributed
dropout rate of 5% at 2 years, a total number of 224 evaluable patients (based on a number of d=178
required events) are needed to reject the null hypothesis assuming no difference regarding EFS for
patients receiving glasdegib as compared to patients receiving placebo at a two-sided significance level
of 2.5% with a power of at least 85% using a log-rank test, assuming an accrual time of 24 months, as
well as a follow-up time of 24 months. This leads to a total sample size of N=max(252, 224)=252
patients to be enrolled for the whole trial to ensure a power of at least 85% for both primary endpoints.

The MRD-negativity after induction therapy is analyzed using a generalized linear mixed model and EFS
with a Cox regression frailty model. Both models are adjusted for the following fixed factors: treatment
(MRD-negativity: GO-1 vs. GO-147 and EFS: glasdegib vs. placebo), age, sex, and ECOG PS, as well as for
the random factor “recruiting center”. The primary analysis is based on the full analysis set including all
randomized patients. Adjustment for multiple testing is done using the Bonferroni-Holm procedure in
order to control the family-wise error rate at a two-sided significance level of 5% in the strong sense.
Missing values for the short-term primary endpoint MRD-negativity are replaced using multiple
imputation by using of the fully conditional specification method [40]. Odds and hazard ratios are
reported alongside with two-sided 97.5% and 95% confidence intervals, and a possible center effect is
assessed by calculating the intra-class correlation coefficient and by presenting the results stratified for
center. A sensitivity analysis of the long-term primary endpoint additionally includes the interaction
between maintenance therapy and induction therapy. Statistical analysis is performed using SAS v9.4 or
higher.

Discussion
We designed a randomized phase-III study to compare two schedules of GO as adjunct to intensive
induction therapy and to compare intensive postremission therapy with or without glasdegib (GnG-study)
in a double-blinded manner. This study intends to answer two research questions: first, whether
fractionated GO administered on days 1, 4 and 7 outperforms a single dose of GO on day 1 during
induction therapy with the endpoint MRD status after induction therapy, and second, whether glasdegib
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as adjunct to consolidation therapy and as single-agent maintenance therapy for six months improves
EFS.

According to the meta-analysis of Hills et al. [18], the addition of GO to induction chemotherapy
significantly reduced the risk of relapse. The clinically most relevant effect was seen in the ALFA-0701
trial (risk of relapse; HR, 0.55), which administered GO on days 1, 4, and 7, compared to GO on day 1 in
the MRC trials (risk of relapse; HR, 0.82). This reduction led to an improvement in survival after achieving
CR and OS [18]. However, already GO-1 as adjunct to intensive induction therapy has been shown to
reduce significantly the MRD level in AML with mutated NPM1 after induction therapy [38]. Still, it is
unclear which GO regimen is more effective in achieving MRD-negativity. In addition, it is of high interest
whether MRD status after induction therapy can serve as a surrogate outcome for survival.

MRD-negativity assessed by real time quantitative polymerase chain reaction (RT-qPCR) in patients with
AML achieving CR is known to be associated with a lower relapse risk. It can be considered a broad
predictive biomarker useful to guide the patient’s postremission management [41-45]. Thus, the ELN
consensus recommends molecular MRD assessments for NPM1 mutations, RUNX1-RUNX1T1, CBFB-
MYH11, and PML-RARA fusion transcripts at diagnosis, after two cycles of induction/consolidation
therapy, and every 3 months, for 24 months after the end of treatment [4]. However, MRD assessment by
RT-qPCR can only be applied to AML patients with suitable molecular aberrations.

In the NCRI AML16 trial, flow cytometry was used for detection of MRD in 186 AML patients in remission.
The authors found no significant improvement in the quality of remission regarding MRD-negativity
between patients receiving GO vs. control [16]. However, the addition of GO to induction therapy in a
fractionated schedule in the ALFA-0701 trial led to a higher rate of patients being negative for MRD [20]. A
recent meta-analysis, including 19 studies, concluded that, overall, pre-transplant MRD-positivity was
associated with worse leukemia-free survival (HR, 2.76 [1.90–4.00]), OS (HR, 2.36 [1.73–3.22]), and
cumulative incidence of relapse (HR, 3.65 [2.53–5.27]). However, significant heterogeneity among studies
using flow-based methods was observed, most likely due to site-specific methodological differences [46].

The multicenter AML02 study, which enrolled pediatric patients, showed that MRD assessed by flow
cytometry after induction therapy was a better predictor of EFS, relapse rate, and RFS than the
morphological assessment of treatment response [47].

In line with these findings, our first research question is whether GO applied in a fractioned manner
increases the probability of MRD-negativity after induction therapy. Furthermore, we are aiming to
evaluate if there is a correlation between MRD-negativity, as assessed by flow cytometry and relapse risk
and survival in AML patients.

A correlation between MRD-positivity and relapse risk suggests that relapse is initiated by residual
leukemia stem cells (LSC), which have shown to be resistant to conventional cytotoxic chemotherapy. In
preclinical studies, glasdegib induced rapid and complete tumor regression as a single-agent or in
combination with chemotherapy and reduced the expression of key leukemia stem-cell regulators hereby
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decreasing the leukemia stem-cell populations in patient-derived AML cells [28]. Thus, in our trial we
sought to investigate the combination of initial leukemia elimination by conventional chemotherapy and
GO during the induction therapy phase and targeting of residual leukemic stem cells during consolidation
and maintenance therapy with glasdegib. Efficacy of the addition of glasdegib is assessed by EFS as
primary and OS as secondary endpoint. EFS has been accepted as primary endpoint for the approval of
GO in first line therapy in AML by the FDA and EMA [48]. EFS compared to OS provides the advantage to
be measurable earlier and to be directly linked to the treatment under investigation [40-51]. In contrast to
overall survival, where death is the only event of interest, EFS also includes failure to obtain complete
remission and relapse from complete remission. Thus, we assume that EFS as one primary endpoint will
be able to better discriminate the potential contributions of the different therapeutic components
(induction, consolidation, maintenance) to the overall response.

The strength of the current study is also one of its weaknesses. The 2 by 2 factorial design allows us to
compare four therapy regimens. Based on known mechanisms of actions and the timely distinct use, GO
in induction and glasdegib in postremission, we estimate that there will be no biometrical interaction
between the investigational medical products in the trial design. Results from the meta-analysis on GO
indicate that the clinical impact of GO given during induction therapy is independent of variations in
consolidation therapy [18]. However, in the unlikely case of an interaction between therapies, sample size
may not be sufficient to properly evaluate this interaction.

Submission to the independent Ethics Committee and the competent federal authority was completed in
July 2020, and final approval was completed in November 2020. The first patient was recruited on April
1st.
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Tables
Table 1. Glasdegib interruptions in case of toxicities

Toxicity causing glasdegib interruption Resumption within the first 21 days when:

Any toxicity grade ≥3 according to CTCAE criteria
potentially attributable to glasdegib regardless of
when it occurs in the cycle.

Toxicity returns to patient’s baseline/ toxicity
resolved (non-hematological toxicity recovers
to grade ≤1)

 

ANC <0.1G/l and /or platelets <10G/l regardless of
when it occurs in the cycle

ANC ≥0.1G/l and platelet count ≥10G/l and
re-treatment can occur safely as per the
investigator’s judgment

No resolution of above toxicities after 21 days Discontinue medication permanently

Glasdegib doses omitted for toxicity are not replaced within that cycle (e.g., cycles are not to be prolonged
beyond 28 days in order to make up for any missed glasdegib doses during that cycle). Toxicity is graded
according to CTCAE criteria. Once the Glasdegib dose has been reduced, all subsequent cycles should be
administered at that dose level, unless further dose reduction is required. Dose re-escalation is not
allowed. Abbreviations: CTCAE: Common Terminology Criteria for Adverse Events; ANC: absolute
neutrophil count.

Table 2. Glasdegib dose reduction in case of non-hematological toxicities
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Toxicity Glasdegib Dosage modification

Non-hematologic toxicities grade ≥3 according to CTCAE
criteria (excluding QTc prolongation, muscle spasms and
myalgias).

     First episode

     Second episode

     Third episode

Interrupt medication until toxicity
recovers to grade ≤1, then:

 

     Dose level decrease 1 (DLD1):
75mg

     DLD2: 50mg

     Discontinue medication
permanently

Renal toxicity, where serum creatinine or BUN are ≥2 × ULN
or serum bicarbonate level is <20mmol/L.

     First episode

     Second episode

     Third episode

Interrupt medication until toxicity
recovers tograde ≤1 then:

 

     DLD1

     DLD2

     Discontinue medication
permanently

Electrocardiogram QT corrected (QTc) prolongation grade
1.

Continue at same level.

QTc prolongation grade 2 and 3. Interrupt and resume when QTc returns
to ≤470ms:

     - within 7 days, dosing as before

     - within 14 days, DLD1

Discontinue medication permanently,
in case of no return to ≤470ms after
14 days,

QTc prolongation grade 4 or repetitive grade 3 or grade 2
after DLD1.

Discontinue medication permanently

Toxicity is graded according to CTCAE criteria. Once the Glasdegib dose has been reduced, all subsequent
cycles should be administered at that dose level, unless further dose reduction is required. Dose re-
escalation is not allowed. Nausea, vomiting, or diarrhea must persist until next therapy cycle at grade ≥3
to require dose modification.

Abbreviations: CTCAE: Common Terminology Criteria for Adverse Events; QTc: QT corrected; DLD1: dose
level decrease 1: 75 mg; DLD2: dose level decrease 2: 50 mg; ULN: upper limit normal.

Table 3. Inclusion and exclusion criteria.
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Category Inclusion Exclusion

Population
characteristics

- Patients with newly diagnosed
acute myeloid leukemia according to
the 2016 WHO classification.

 

- Genetic and immunophenotypic
assessment in one of the central
laboratories.

 

- Age ≥ 60 years, no upper age limit.

 

- ECOG performance status ≤2.

 

- Effective contraception method.

- AML with PML-RARA or BCR-ABL1.

 

- Patients with known active CNS leukemia.

 

- Pregnancy and lactation.

 

- Known or suspected active alcohol or
drug abuse.

 

- Known positivity for HIV, active HBV, HCV,
or hepatitis A infection.

 

- Severe neurologic or psychiatric disorder
interfering with ability of giving informed
consent.

Prior
Therapies

- No prior chemotherapy for leukemia
except hydroxyurea to control
hyperleukocytosis (≤7 days).

- Prior treatment with a smoothened
inhibitor (SMOi) and/or hypomethylating
agent.

Comorbidities   - Inadequate renal function.

 

- Inadequate liver function.

 

- Known liver cirrhosis.

 

- History of Sinusoidal. Obstruction
Syndrome.

 

- Uncontrolled hypertension.

 

- Severe obstructive restrictive. ventilation
disorder.

 

- Myocardial infarction.
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- Congenital long QT syndrome.

 

- Torsades de pointes.

 

- Arrhythmias (including sustained
ventricular tachyarrhythmia).

 

- Right or left bundle branch block and
bifascicular block.

 

- Unstable angina.

 

- Coronary/peripheral artery bypass graft.

 

- symptomatic congestive heart failure
(NYHA III/IV).

 

- Cerebrovascular accident.

 

- transient ischemic attack.

 

- Symptomatic pulmonary. embolism.

 

- Bradycardia defined as <50 bpms.

 

- QTc interval >470 msec.

 

- Uncontrolled infection.

 

- Evidence or history of severe non-
leukemia associated bleeding diathesis or
coagulopathy.
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- Patients with a “currently active” second
malignancy other than non-melanoma skin
cancer.

Others - Signed written informed consent.

- Ability of patient to understand
character and consequences of the
clinical trial.

- No consent for biobanking.

 

- History of hypersensitivity to the
investigational medicinal product or to any
drug with similar chemical structure.

 

- Participation in a clinical study involving
an investigational drugs.

Abbreviations: acute myeloid leukemia AML, CNS central nervous system, ECOG: Eastern Cooperative
Oncology Group, NYHA: New York Heart Association.

Figures

Figure 1

Overall treatment schedule GnG-Study. Abbreviations: DA, daunorubicin; low-dose cytarabine; GO,
gemtuzumab ozogamicin; HiDAC, high-dose cytarabine (1g/m²); MRD, measurable residual disease; CR,
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complete remission; CRi, CR with incomplete hematological recovery. In case of bone marrow blast count
>10% or no CR/CRi after on day 15 after induction therapy one cycle of HAM (high-dose cytarabine and
mitoxantrone) is allowed. Maintenance is intended in all patients in CR/CRi irrespective of completion of
consolidation therapy.
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