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The phase 3MIRROS (MDM2 antagonist Idasanutlin in Relapsed or Refractory acute myeloid

leukemia [AML] for Overall Survival) trial (NCT02545283) evaluated the efficacy and safety

of the small-molecule MDM2 antagonist idasanutlin plus cytarabine in patients with

relapsed/refractory (R/R) AML. Adults (n5 447) with R/R AMLwhose disease relapsed or was

refractory after#2 prior induction regimens as initial treatment or following salvage

chemotherapy regimen, with Eastern Cooperative Oncology Group performance status#2

were enrolled regardless of TP53mutation status and randomly assigned 2:1 to idasanutlin 300

mg or placebo orally twice daily plus cytarabine 1 g/m2 IV on days 1 to 5 of 28-day cycles. At

primary analysis (cutoff, November 2019), 436 patients were enrolled, including 355 in the

TP53wild-type intention-to-treat (TP53WT-ITT) population. The primary endpoint, overall

survival in the TP53WT-ITT population, was not met (median, 8.3 vs 9.1 months with

idasanutlin-cytarabine vs placebo-cytarabine; stratified hazard ratio [HR], 1.08; 95% confidence

interval [CI], 0.81-1.45; P5 .58). The complete remission (CR) rate, a key secondary endpoint,

was 20.3% vs 17.1% (odds ratio [OR], 1.23; 95% CI, 0.70-2.18). The overall response rate (ORR)

was 38.8% vs 22.0% (OR, 2.25; 95% CI, 1.36-3.72). Common any-grade adverse events ($10%

incidence in any arm) were diarrhea (87.0% vs 32.9%), febrile neutropenia (52.8% vs 49.3%),

and nausea (52.5% vs 31.5%). In summary, despite improved ORR, adding idasanutlin to

cytarabine did not improve overall survival or CR rates in patients with R/R AML.

Introduction

Acute myeloid leukemia (AML) is a genetically heterogeneous hematologic disease characterized by
uncontrolled clonal expansion of myeloid blast cells in the bone marrow, blood, and other tissues.1
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Key Points

� Adding idasanutlin to
cytarabine to treat R/R
AML improved overall
remission rate
(CR1CRi1CRp) but
not overall survival
(138).
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Approximately 20% of patients with AML have primary refractory
disease, and about half will experience relapse.2,3 In older patients,
these rates are higher, with 30% having primary refractory disease
and up to 74% experiencing relapse.4,5 There is no standard-of-
care treatment for patients with relapsed or refractory (R/R) AML.
Recommended salvage therapies include intensive cytarabine-
based chemotherapy to achieve complete remission (CR), followed
by allogeneic hematopoietic stem cell transplant (HSCT) in eligible
patients, or best supportive care, low-intensity treatments, or clinical
trials for unfit patients.6-8 Prognosis generally remains poor for
patients with R/R AML, representing a high unmet need.2 In patients
without HSCT after salvage therapy, the 5-year overall survival (OS)
rate is approximately 12% to 16% after the second relapse, with a
4-year survival rate of 4% seen in refractory patients.9-11 In those
who receive HSCT, the 5-year OS rate is approximately 42% to
48% in relapsed patients and 25% in refractory patients.11,12

The tumor suppressor TP53 induces the transcription of genes
involved in cell-cycle control, apoptosis, DNA repair, differentiation,
and senescence and is frequently mutated or deleted in human can-
cers, leading to dysfunctional p53. p53 can also be inactivated by
its primary negative regulator, MDM2,13 an E3 ligase that marks
p53 for degradation by the proteasome. MDM2 can be overex-
pressed in human tumors, including AML.14-16 Preclinical research
indicates a correlation between MDM2 expression and resulting
apoptosis from MDM2 antagonism.14,17 Approximately 80% of
patients with R/R AML have TP53 wild-type (TP53WT) disease that
may benefit from an MDM2-targeted therapy, stabilizing p53 and
activating its tumor-suppressor function and promoting apoptosis.18

Furthermore, overexpression of MDM2/X in AML may result in a
defective p53 pathway and has been associated with potential
response to MDM2 inhibitors, although not all patients with high
MDM2 levels respond equally well.19

Idasanutlin is a potent (Kd 5 0.15 nM), selective small-molecule
MDM2 antagonist that has demonstrated tolerable safety and
encouraging clinical activity in an open-label, phase 1/1b trial in
patients with AML, alone and in combination with cytarabine (com-
posite CR rate, 35.6%).20 The study enrolled patients regardless of
TP53 mutation status because some TP53 mutations can retain p53
function.21,22 Here, we report the results of the MIRROS (MDM2
antagonist Idasanutlin in Relapsed or Refractory AML for Overall
Survival) trial, a multicenter, randomized, double-blind, phase 3 trial
evaluating idasanutlin in combination with 1 g/m2 of cytarabine vs
placebo in combination with cytarabine in patients with R/R AML.23

Patients and methods

Patients

MIRROS (NCT02545283) enrolled patients $18 years of age who
had a confirmed AML per World Health Organization classification,24

both with R/R disease after #2 prior induction regimens (excluding
HSCT) for first-line therapy, including cytarabine with an anthracycline
or anthracenedione, and patients with R/R disease after a second
chemotherapy regimen. Patients had an Eastern Cooperative Oncol-
ogy Group performance status #2 and acceptable hepatic and renal
function (serum total bilirubin #1.5 3 upper limit of normal; aspartate
aminotransferase or alanine aminotransferase #3 3 upper limit of
normal; serum creatinine within laboratory ranges, or creatinine clear-
ance [by Cockcroft Gault formula] $50 mL/min). Patients were

enrolled regardless of TP53 mutation status. Key exclusion criteria
were a first CR duration of .1 year in first relapsed patients aged
,60 years, .2 prior induction regimens as first-line therapy, docu-
mented refractory disease or relapse(s) within 90 days of receiving a
cumulative dose of cytarabine $18 g/m2, and secondary AML.25

Trial design and procedures

Patients were randomly assigned in a 2:1 ratio to receive idasanutlin
plus 1 g/m2 of cytarabine once daily (idasa-C) or cytarabine plus
matching placebo (placebo-C). Stratification factors were age (,60
vs $60 years), cytogenetic or molecular risk per 2010 European
LeukemiaNet recommendations25 (favorable or intermediate vs
adverse), prior HSCT (yes or no), and prior response duration
(refractory vs CR $90 days, and #1 year vs CR .1 year).

Patients received 300 mg of idasanutlin or placebo, administered
orally twice daily, and 1 g per square meter of body surface area of
cytarabine, administered through IV once daily, on days 1 through 5
of induction treatment (supplemental Figure 1). The initial induction
cycle was 28 days, and a maximum of 2 additional cycles of
optional postremission therapy with 300 mg of idasanutlin or pla-
cebo administered orally once daily and cytarabine administered
through IV (days 1-5) was allowed for patients who responded to
treatment. Antibiotic (levofloxacin), antifungal (posaconazole), anti-
diarrheal (loperamide), and antiemetic (palonosetron, dexametha-
sone) prophylaxis during treatment cycles was mandated.

The primary endpoint was OS in the predefined intention-to-treat
(ITT) population of patients with TP53WT status, including patients
with TP53 missense mutations with retained functionality, as listed
in the International Agency for Research on Cancer database.26 Key
secondary endpoints evaluated in the TP53WT-ITT population were
investigator-assessed CR rates during the induction cycle, overall
response rate (CR, CR with incomplete platelet recovery [CRp],
and CR with incomplete blood count recovery [CRi]), duration of
remission following CR, rate of HSCT, and rate of minimal residual
disease (MRD). Safety was evaluated according to the Common
Terminology Criteria for Adverse Events version 4.03 of the National
Cancer Institute. Further details on the study design, including the
rationale for the selection of comparator and endpoints, have been
previously published.23

Exploratory biomarker analysis

MRD was centrally evaluated for all patients on the basis of different
from normal immunophenotypes by flow cytometry of bone marrow
aspirates taken at screening and protocol-response assessment visits
at the end of each treatment cycle and every 3 months during follow-
up until relapse or HSCT. Bone marrow aspirate samples were mixed
with heparin and shipped immediately at ambient temperature to the
central laboratory for further processing. At least 100000 CD451

cells were counted for MRD analysis. MDM2 protein expression level
was analyzed by flow cytometry on AML-gated blasts. MIC-1 was
quantified using an enzyme-linked immunosorbent-based assay.

Interim analyses

An interim futility analysis based on both safety and efficacy criteria
had been passed successfully, as described previously.23 An interim
efficacy analysis of OS was conducted by the independent data
monitoring committee after 80% (�220) of death events had been
observed in the TP53WT-ITT population. If the treatment effect was
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significant or futile at interim analysis, it would be considered the pri-
mary analysis.

Statistical analysis

The trial was designed to enroll 440 patients based on the assump-
tion that 85% of patients will have TP53WT disease. The all-comer
ITT population included all randomized patients who were TP53WT
(including TP53 mutations known to retain full TP53 functionality),
mutant, or unknown status; patients were analyzed according to the
arm to which they were randomized, regardless of which treatments
the patients received. The safety population, which included all
patients who received any amount of the study drug, was analyzed
according to the treatment received. Type I error was controlled at a
2-sided significance level (.05) using a fixed-sequence testing pro-
cedure to adjust for multiple statistical testing of the primary and key
secondary efficacy endpoints. The trial had 82% power for the pri-
mary analysis of OS in patients in the TP53WT-ITT population. OS
was compared between treatment groups using a stratified Cox
proportional hazards regression to estimate an HR and a 95% con-
fidence interval (CI). Additionally, due to the short survival times in
this population, a reverse Kaplan-Meier analysis of potential follow-
up time was performed that effectively measures survival time rather
than time to death. In this method, alive and censoring data are
treated as events, and death and event data are censored.27 Treat-
ment response, including CR, was assessed at the end of each
cycle and summarized by the study arm along with the 2-sided
95% CI by the Pearson-Clopper method. MRD was analyzed by
descriptive statistics at the 0.1% cutoff. CD341 and CD1171 cells
were evaluated for MDM2 status by flow cell cytometry and corre-
lated to treatment response at the end of induction.

Oversight

The trial sponsor, F. Hoffmann-La Roche/Genentech, provided ida-
sanutlin and placebo and collaborated with an academic steering
committee regarding the trial design and data collection, analysis,
and interpretation. The trial was conducted according to the guide-
lines of Good Clinical Practice and the principles of the Declaration
of Helsinki. All patients provided written informed consent. The trial
was approved by multiple institutional review boards and ethics
committees.

Roche data sharing

For eligible studies, qualified researchers may request access
to individual patient-level clinical data through a data request
platform. At the time of writing, this request platform is Vivli
(https://vivli.org/ourmember/roche/). For up-to-date details on
Roche's Global Policy on the Sharing of Clinical Information and
how to request access to related clinical study documents, see
here: https://go.roche.com/data_sharing. Anonymized records for
individual patients across more than 1 data source external to
Roche cannot, and should not, be linked due to a potential
increase in the risk of patient reidentification.

Results

Patients and trial interventions

From 31 December 2015 through 13 January 2020, a total of 447
patients (ITT) were enrolled at 79 sites in 17 countries. The cutoff
for the primary analysis, planned as an efficacy interim analysis, was

in November 2019, at which time the ITT population had enrolled a
total of 436 patients, with 342 patients (78%) in Europe, 27 (6%) in
Australia and New Zealand, 19 (4%) each in South Korea and Israel,
14 (3%) in the United States and Canada, 12 (3%) in Russia, and 3
(1%) in Latin America. A total of 290 patients were randomized to
receive idasanutlin plus cytarabine, and 146 were randomized to
receive placebo plus cytarabine. The TP53WT-ITT population
excluded patients with TP53 mutations that affect protein function as
listed in the IARC database and those of unknown TP53 status. The
TP53WT-ITT population included 355 patients (81%; 232 patients
in the idasa-C group and 123 in the placebo-C group, including 3
and 1 patients, respectively, harboring TP53 mutations known to
retain full TP53 functionality). Overall, the characteristics of the
patients in the TP53WT-ITT groups at baseline were well balanced
between the 2 treatment arms (Table 1). The numbers of patients
who were still receiving the trial intervention at the time of analysis
(unblinding: 10 January 2020) are shown in the Consolidated Stand-
ards of Reporting Trials diagram in Figure 1. The sponsor decided to
close the study considering the outcomes of this analysis and the
expected impact of the SARS-CoV-2/COVID-19 pandemic on further
data collection. All participants discontinued the study by April 2020.

Among safety-evaluable patients in the idasa-C group, the mean
number of treatment cycles started (ie, $1 dose of study drug was
administered in the cycle) was 1.2 (standard deviation [SD], 0.5).
For patients in the placebo-C group, the mean number of treatment
cycles initiated was 1.2 (SD, 0.6). The proportion of patients receiv-
ing an optional first postremission cycle was 17.3% (n 5 49) in the
idasa-C group and 14.4% (n 5 21) in the placebo-C group. A sec-
ond postremission cycle was administered to 5.3% (n 5 15) and
9.6% (n 5 14) of patients, respectively. The mean dose intensity of
cytarabine over all treatment phases, including consolidation, was
99.3% (SD, 5.4%) in the idasa-C group and 99.6% (SD, 8.0%) in
the placebo-C group. Additional exposure data are provided in sup-
plemental Table 1 in the supplemental Appendix.

OS analysis

At the time of data cutoff, 230 OS events (84% of planned events)
had occurred in the TP53WT-ITT population (152 events for idasa-
C and 78 events for placebo-C). The median duration of follow-up
was 6.7 months in both the idasa-C and placebo-C arms. The
follow-up time in the TP53WT-ITT population for patients surviving
at the time of OS analysis was calculated by reverse Kaplan-Meier
analysis to be a median of 22.28 months. In the all-comer ITT popu-
lation, a total of 197 (67.9%) patients in the idasa-C group and 99
(67.8%) in the placebo-C group had died. OS in the TP53WT-ITT
population was similar between the idasa-C and placebo-C groups
(median, 8.3 vs 9.1 months; stratified HR for death, 1.08; 95% CI,
0.81-1.45; P 5 .58) (Figure 2). The effects of treatment on OS in
key subgroups are shown in supplemental Figure 2. No subgroup
showed a different outcome for OS. The median OS in the all-comer
ITT population was 6.8 months in the idasa-C group and 7.7 months
in the placebo-C group (HR, 1.09; 95% CI, 0.84-1.41; P 5 .52).
As the treatment effect was futile at this preplanned interim efficacy
analysis, this became the primary analysis.

The proportion of TP53WT patients receiving HSCT over the
study period was 32.3% (n 5 75) in the idasa-C group and 32.5%
(n 5 40) in the placebo-C group. The proportion of these patients
who were in CR at the time of transplant was 42.7% (n 5 32) in
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the idasa-C group and 40.0% (n 5 16) in the placebo-C group; the
proportion of patients in CRp or CRi at the time of transplant was
38.7% (n 5 29) in the idasa-C group and 17.5% (n 5 7) in the
placebo-C group. The proportion of patients in treatment failure or
relapse at the time of transplant was 16.0% (n 5 12) for the idasa-
C group and 40.0% (n 5 16) in the placebo-C group.

HSCT provided a survival benefit in both patient groups. In patients
who advanced to allogeneic HSCT at any time during the study

(n 5 115), OS following HSCT was numerically worse in the idasa-
C group (n 5 75), with a median of 23.5 months compared with
27.1 months in the placebo-C group (n 5 40) (Figure 3A). When
patients having received follow-up salvage therapies were excluded
from the OS analysis, survival in the resulting subgroups was similar
between the idasa-C and placebo-C groups (Figure 3B). A lower
rate of use of salvage therapy (excluding conditioning) after study
treatment was seen in the idasa-C arm compared with the placebo-
C arm (57.6% vs 69.9%). Lower use rates were also seen with
therapies that suggest the use of intensive follow-up regimens, such
as cytarabine (16.2% vs 29.5%), fludarabine (6.9% vs 12.3%), and
idarubicin (4.5% vs 10.3%) (supplemental Table 2).

Response-rate outcomes

In the TP53WT-ITT population, the CR rate, as assessed by investi-
gators, was 20.3% in the idasa-C group compared with 17.1% in
the placebo-C group (odds ratio [OR], 1.23; 95% CI, 0.70-2.18;
P 5 .408) (Table 2). The overall remission rate (CR 1 CRi 1 CRp)
was 38.8% in the idasa-C group compared with 22.0% in the
placebo-C group (OR, 2.25; 95% CI, 1.36-3.72; P 5 .008).
Patients were analyzed according to response at the end of induc-
tion and grouped by CR, CRi or CRp, and no response. There was
no significant difference seen in OS between patients achieving a
CR vs those achieving a CRi or CRp (supplemental Figure 3).

The median duration of CR was 13.9 months in the idasa-C group
and 29.4 months in the placebo-C group (Table 2). In the idasa-C
arm, events contributing to the duration of CR analysis for patients
with a CR were 12 deaths (25.5%; 11 in remission and 1 in
relapse) and 16 (34.0%) relapses, while 19 patients (40.4%) were
still in remission at the time of analysis. In the placebo-C arm, 2
patients (9.5%) died in remission, 8 (38.1%) relapsed, and 11
(52.4%) were still in remission at the time of analysis (supplemental
Table 3). Most patients who died before relapse from CR died after
transplant and/or follow-up cancer therapy, and the latencies
between the end of induction and death in the idasa-C group
ranged from 27 days to 538 days (supplemental Figure 4).

Among patients achieving CR after the first cycle, 37 patients in the
idasa-C group and 17 patients in the placebo-C group were evalu-
able for MRD. CRMRD2 at the ,0.1% threshold was infrequent,
occurring in 1 patient (3%) in the idasa-C group and no patients in
the placebo-C group. The median MRD at CR was 0.49% (range,
0.05% to 3.25%) in the idasa-C group and 0.58% (range, 0.14%
to 5.17%) in the placebo-C group. As only 1 patient was found to
be CRMRD2 the prognostic impact on OS was not analyzed.

MDM2 expression was evaluated on CD341 and CD1171 cells by
comparing responders (CR, CRp, or CRi at the end of induction;
n 5 36) with nonresponders (treatment failure or relapse; n 5 63).
There was no significant difference in MDM2 expression between
the response groups (supplemental Figure 5).

MIC-1, a transcriptional target of TP53, was induced. Median levels
of MIC-1 increased from baseline to cycle 1, day 5, in the idasa-C
group compared with the placebo-C group in patients with
TP53WT (n 5 143) and mutant (n 5 28) disease, demonstrating
the expected target engagement. The increases in MIC-1 seen in
the idasa-C groups were similar in the TP53WT and mutant groups
(supplemental Figure 6).

Table 1. Baseline demographics and characteristics (TP53WT ITT

population)

Characteristic

Idasa-C Placebo-C

n 5 232 n 5 123

Age, median (range), y 63.0 (21-79) 62.0 (27-77)

Male, n (%) 121 (52.2) 67 (54.5)

White, n (%) 169 (72.8) 92 (74.8)

Age group, n (%)

,60 y 95 (40.9) 44 (35.8)

$60 y 137 (59.1) 79 (64.2)

n 5 231 n 5 123

ECOG PS, n (%)

0 107 (46.3) 61 (49.6)

1 116 (50.2) 60 (48.8)

2 8 (3.5) 2 (1.6)

n 5 228 n 5 121

ELN 2010 classification, n (%)

Adverse 47 (20.6) 25 (20.7)

Favorable or intermediate 181 (79.4) 96 (79.3)

n 5 232 n 5 123

Duration of initial response, n (%)

CR .1 y 55 (23.7) 30 (24.4)

CR $90 d but #1 y 94 (40.5) 46 (37.4)

Refractory ,90 d 83 (35.8) 47 (38.2)

Prior HSCT, n (%) 48 (20.7) 23 (18.7)

Time from initial diagnosis to
randomization, median (range), mo

10.1 (0.7-89.0) 9.5 (1.1-133.4)

n 5 231 n 5 123

AML disease status at screening, n (%)

Refractory to first induction 68 (29.4) 35 (28.5)

Refractory to second induction 33 (14.3) 15 (12.2)

First relapse 115 (49.8) 65 (52.8)

Second relapse 15 (6.5) 8 (6.5)

Highest prior cytarabine dose, n (%)*

High 97 (42.0) 51 (41.5)

Intermediate 34 (14.7) 15 (12.2)

Conventional 97 (42.0) 57 (46.3)

Low 3 (1.3) 0

ECOG PS, Eastern Cooperative Oncology Group performance status.
*High dose5 $2 g/m2; intermediate dose 5 0.5 to ,2.0 g/m2; conventional dose 5 0.1

to ,0.5 g/m2; and low dose 5,0.1 g/m2.
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Safety

Among patients in the safety population, adverse events (AEs),
regardless of attribution, occurred in 100% of 284 patients in the
idasa-C group and 99.3% of 146 patients in the placebo-C group
(supplemental Table 4). The most common any-grade AEs occurring

in the idasa-C vs placebo-C groups were diarrhea (87.0% vs
32.9%), febrile neutropenia (52.8% vs 49.3%), and nausea (52.5%
vs 31.5%) (supplemental Table 5). In addition to febrile neutropenia,
other myelosuppression AEs were common, such as thrombocyto-
penia (41.2% vs 47.9%) and neutropenia (12.7% vs 8.9%). Sepsis

Patients randomly assigned (N = 436)

(n = 290)

(n = 284)

Randomized to idasanutlin

Treated with idasanutlin
+ cytarabine and included in the
safety analysis

Did not receive allocated
intervention
Did not receive idasanutlin and
included in the placebo + cytarabine
safety population    

(n = 4)

(n = 1)

(n = 146)

(n = 146)

(n = 1)

Randomized to placebo

Treated with placebo
+ cytarabine and included
in the safety analysis

Did not receive allocated
intervention

(n = 145) Discontinued treatment 
Adverse event  
Death
Disease relapse
Physician decision
Treatment failure
Subject withdrew
Other

(n = 10) 
(n = 21) 
(n = 8) 
(n = 3) 
(n = 98) 
(n = 2) 
(n = 3) 

(n = 190)  Discontinued treatment 
Adverse event  
Death
Disease relapse
Physician decision
Treatment failure
Subject withdrew
Other

(n = 11) 
(n = 23) 
(n = 8) 
(n = 3) 
(n = 140) 
(n = 2) 
(n = 3) 

Discontinued study
Death
Lost to follow-up
Other
Subject withdrew

(n = 209)
(n = 197)
(n = 2)
(n = 3)
(n = 7)

Discontinued study
Death
Lost to follow-up   
Subject withdrew

(n = 106)
(n = 99)
(n = 2)
(n = 5)

Discontinued study
Death
Lost to follow-up    
Other
Subject withdrew

(n = 163)
(n = 152)
(n = 2)
(n = 3)
(n = 6)

Discontinued study
Death
Lost to follow-up   
Subject withdrew

(n = 85)
(n = 78)
(n = 2)
(n = 5)

Intent-to-treat TP53 wild type
Did not receive allocated
intervention

(n = 232)
(n = 5)

Intent-to-treat TP53 wild type 
Did not receive allocated
intervention  

(n = 123)
(n = 1)

(n = 118)  Discontinued treatment 
Adverse event  
Death
Disease relapse

(n = 3) 
(n = 4) 
(n = 2) 

Physician decision 
Treatment failure
Subject withdrew

(n = 1) 
(n = 107)
(n = 1) 

Discontinued treatment
Adverse event  
Death
Disease relapse

(n = 96)  
(n = 2)
(n = 2)
(n = 2)

Physician decision 
Treatment failure

(n = 1)  
(n = 89)

Figure 1. Consolidated Standards of Reporting Trials diagram showing the number of patients allocated to each treatment arm and the number of

patients still receiving treatment.
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occurred in 12.0% vs 4.8%. The most common any-grade treat-
ment-related AEs ($5% incidence in either arm) occurring in the
idasa-C vs placebo-C group were diarrhea (79.6% vs 16.4%), nau-
sea (44.0% vs 15.1%), febrile neutropenia (32.0% vs 30.1%), and
thrombocytopenia (29.2% vs 27.4%) (Table 3). Treatment-related
sepsis occurred in 6.0% vs 2.1%.

The incidence of grade 3 to 5 AEs, regardless of attribution, was
94.7% in the idasa-C group and 95.2% in the placebo-C group
(supplemental Table 6). The most common grade 3 to 5 events in

these groups ($20%) were febrile neutropenia (52.5% vs 49.3%),
thrombocytopenia (40.8% vs 47.9%), and anemia (23.2% vs
28.1%) (supplemental Table 5). The incidence of grade 3 to 5 diar-
rhea was 16.9% vs 6.2%, respectively (supplemental Table 5). Seri-
ous AEs were reported in 58.5% of patients in the idasa-C group
and 46.6% of patients in the placebo-C group. The most common
events according to system organ class were infections and infesta-
tions, which occurred in 34.2% of participants in the idasa-C group
(including sepsis in 11.3%) vs 22.6% in the placebo-C group
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Figure 3. OS after allogeneic HSCT. The effect of HSCT on OS was explored by excluding the effect of follow-up salvage therapy. (A) In patients in the TP53WT ITT

population who advanced to HSCT, OS was numerically worse in the idasa-C group than in the placebo-C group, and those who did not receive HSCT had worse OS.

(B) In patients in the TP53WT ITT population, excluding those who received follow-up salvage therapies, survival was similar between treatment groups in both those who

received HSCT and those who did not.

4152 KONOPLEVA et al 26 JULY 2022 • VOLUME 6, NUMBER 14

D
ow

nloaded from
 http://ashpublications.org/bloodadvances/article-pdf/6/14/4147/1907513/advancesadv2021006303.pdf by guest on 23 August 2022



(including sepsis in 4.8%), blood and lymphatic system disorders
(13.0% vs 9.6%), and gastrointestinal disorders (7.0% vs 1.4%)
(Table 3). Regardless of attribution, grade 5 AEs with .2% inci-
dence in the idasa-C group vs the placebo-C group included sepsis
(5.3% [n 5 15] vs 1.4% [n 5 2]) and pneumonia (2.1% [n 5 6] vs
2.1% [n 5 3]) (supplemental Table 7). The 30-day mortality rates
were 7.9% vs 5.5%, respectively (supplemental Table 4).

In TP53WT-ITT patients, neutrophil counts at baseline were slightly
lower in the idasa-C group than in the placebo-C group (0.54 vs
0.59 103/mm3) and were persistently lower in the idasa-C group
through cycle 1, day 56 (Figure 4). The time to recovery of neutro-
phils in patients achieving CR or CRp was longer in the idasa-C
arm than in the placebo–chemotherapy arm and was not improved
by treatment with granulocyte-colony stimulating factor (GCSF).
Without GCSF administration, recovery of neutrophils to above 1.0
3 109/L occurred at a median of 37.5 days from day 1 of treatment
in the idasanutlin–chemotherapy arm and at a median of 33.5 days
in the placebo-C arm. With GCSF administration, median neutrophil
recovery time was 36 days in the idasa-C arm vs 22 days in the
placebo-C arm.

Discussion

As observed with several other investigational agents,28-30 the addi-
tion of idasanutlin to intermediate-dose cytarabine failed to improve
the median OS in patients with TP53WT R/R AML. Similar to
results from studies with laromustine30 and clofarabine28 in R/R
AML, this failure to improve OS was observed after a near doubling
of the ORR in patients randomized to idasa-C (driven by CRp/CRi
rates for idasa-C, 18.5%; vs 4.9% for placebo-C). In addition, no
differences in OS were detected in the ITT population when the
TP53-mutant cohort, which comprised approximately 15% of the
all-comer population, was analyzed with the TP53WT cohort.

Improved survival was seen primarily in patients receiving allogeneic
HSCT. As the strong antileukemic effect of HSCT is essential for
long-term remission in R/R AML,7 the similar proportion of patients
who received transplantation may explain the lack of survival differ-
ence between the study arms. Another contributing element may
have been very low CRMRD– rates in both arms. Factors contributing

to the lack of improved OS in the idasa-C cohort may have been
increased toxicity observed in the idasa-C arm, the higher incidence
of intensive salvage therapies (70% vs 58%), and more frequent
use of consolidation therapy in the placebo-C arm. Patients achiev-
ing ORR were eligible for optional consolidation, which was more
frequently used in the placebo-C arm (21 of 27 patients) than in the
idasa-C arm (40 of 90 patients). Higher rates of AEs such as gas-
trointestinal toxicities might have prevented patients in the idasa-C
arm from receiving more intensive therapies or, conversely, con-
ferred a higher risk of infection and death in patients who did
receive intensive chemotherapy. MDM2 overexpression failed to
identify patients more likely to benefit from idasa-C.

In the current study, the median OS in the cytarabine control arm of
the entire patient cohort (independent of TP53-mutation status) was
slightly longer than had been previously reported in the VALOR 29

and CLASSIC I 28 trials (7.7 months in MIRROS placebo-C vs 6.1
months in VALOR and 6.3 mo in CLASSIC I). These differences
may reflect an improvement in the supportive care of patients with
R/R AML or an increase in transplant rate, but they may also be
explained by reported differences between these study populations.
Although comparisons between these studies may be limited by the
differences in trial design and the eligibility criteria, such as the
exclusion of patients who were R/R to $1 treatment, the rate of
transplant in the current study was higher than that observed in
VALOR (29.5% in MIRROS vs 19.0% in VALOR) and might reflect
a general trend toward transplant now being more often performed
among patients with R/R AML.1 Nevertheless, the effect of subse-
quent HSCT has also been observed in those trials, indicating a
general challenge in drug development in the R/R AML fit-patient
setting, for which HSCT must remain a posttreatment option.

There were no new or unexpected safety findings observed, in line
with prior experience with idasanutlin and with AEs considered class
effects among MDM2 inhibitors.31 Idasanutlin exposure in the MIR-
ROS study was above that of the previous phase 1/1b study, in
which clinical efficacy was seen, highlighting that the observed gas-
trointestinal side effects did not prevent the achievement of thera-
peutic levels despite the oral route of administration of idasanutlin.32

At the dosing regimen selected for this study, higher rates of
treatment-related AEs, serious AEs, and fatal AEs were seen in the

Table 2. Secondary endpoints (TP53WT ITT population)

Idasa-C

(n 5 232)

Placebo-C

(n 5 123)

OR or HR

(95% CI) p value (HR)

ORR [CR, CRp, CRi], n (%) 90 (38.8) 27 (22.0) 2.25
(1.36-3.72)

.0008

CR, n (%)* 47 (20.3) 21 (17.1) 1.23
(0.70-2.18)

.408

CRp, n (%) 23 (9.9) 4 (3.3) — —

CRi, n (%) 20 (8.6) 2 (1.6) — —

Median EFS, wk† 6.3 4.4 0.65 .0005

n 5 28 n 5 10

DOR, median (95% CI), mo‡ 13.9
(6.4, 21.1)

29.4
(8.2, NE)

— —

EFS, event-free survival; NE, not estimable.
*CR was defined at the end of induction according to ELN 2017 criteria: bone marrow blasts ,5%; absence of blasts with Auer rods; absence of extramedullary disease; absolute

neutrophil count $1000 per mL; platelets $100000 per mL.
†EFS was defined as the time from randomization to treatment failure (failure to achieve CR, set as the day of last assessment), relapse from CR, or death from any cause.
‡DOR was defined as the time from achieving CR until relapse from CR or death from any cause.
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idasa-C arm. Idasa-C was associated more frequently with diarrhea
as a serious AE (2.8% vs 0.7%). The myelosuppressive effect was
also more pronounced in the idasa-C arm, as evidenced by the lon-
ger duration of severe neutropenia that did not appear to be

responsive to growth factor support (data not shown). In addition,
higher rates of fatal infections appeared to contribute to shorter OS
in the idasa-C arm, but the proportion of patients who died during
the treatment-emergent period was similar between arms. Duration
of response was limited in the idasa-C arm by more deaths occur-
ring in this arm. Grade 5 AEs occurring after CR at the end of
induction were not considered related to study treatment because
of the long latencies between the end of induction and the occur-
rence of death, as well as the effect of subsequent HSCT with its
associated transplant-related mortality for most patients.

R/R AML is heterogenous, and mechanisms of resistance to chemo-
therapy in R/R AML are not well understood. The myelosuppressive
effect of idasanutlin appears to have limited treatment activity, lead-
ing to increased response rates, but it is plagued by prolonged neu-
tropenia. It remains unanswered whether testing MDM2 inhibitors
with different treatment regimens or dosages could reduce myelo-
suppression and permit the full benefit of MDM2 inhibition. Also, fur-
ther research is needed to clarify whether MDM2 inhibitors such as
idasanutlin may still have a potential role in earlier-stage AML or
other cancer settings.
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