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Background: Lenalidomide is effective for the treatment of low-risk myelodysplastic syndromes
with deletion 5q abnormalities. However, whether lenalidomide leads to a significant improve-
ment in treatment response and overall survival (OS) in cases of acute myeloid leukemia (AML)
remains controversial. A systematic review and a meta-analysis were performed to evaluate the
efficacy and safety of lenalidomide in the treatment of AML.

Methods: Clinical studies were identified from the Cochrane Central Register of Controlled
Trials, PubMed, Embase, and ClinicalTrials.gov. Efficacy outcomes included overall response
rate (ORR), complete remission (CR), and OS. Safety was evaluated based on the incidence of
grade 3 and 4 treatment-related adverse events (AEs).

Results: Eleven studies were included in our meta-analysis; collectively these studies featured
407 AML patients. Pooled estimates for overall ORR and CR were 31% (95% CI: 26%—36%)
and 21% (95% CI: 16%—27%), respectively. Thrombocytopenia, anemia, neutropenia, and
infection were the most common grade 3 and 4 AEs.

Conclusion: Lenalidomide may have some clinical activity in AML, but the population that
would benefit from lenalidomide and incorporating lenalidomide into combination drug strate-
gies need to be better defined.
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Introduction
Acute myeloid leukemia (AML) is a clinically and genetically heterogeneous group of
hematological clonal disorders, with a 5-year survival rate of approximately 25%.'*
AML is also the most common acute leukemia in elderly patients. Approximately
20,000 new cases of AML are diagnosed per year in the US."? According to 2010-2012
data from the Surveillance, Epidemiology, and End Results Program of the National
Cancer Institute, approximately 0.5% of males and females in the US will be diagnosed
with AML at some point during their life. The incidence of AML increases with age,
from ~1.3 cases per 100,000 in individuals <65 years of age to ~12.2 cases per 100,000
individuals >65 years of age. AML is primarily a disease of elderly patients, with an
estimated overall median age of approximately 70 years.>¢

Induction therapy with cytarabine and an anthracycline remains the standard of
care for younger patients with AML (<60 years of age).” Allogeneic stem cell trans-
plantation has also been shown to improve outcomes among younger patients with
intermediate- or high-risk cytogenetic AML.*!! However, more than 70% of patients
with AML are >60 years of age, and this excludes that strategy as a treatment option
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for the majority of patients with AML.'? Treatment options
for elderly patients with AML who have a poor prognosis
with a projected median overall survival (OS) of <1 year
and a 5-year OS of 10%—-20% are a considerable therapeu-
tic challenge.’*'> Furthermore, in the US, less than 50%
of subjects with AML over 65 years of age receive therapy
within 3 months of diagnosis.'® The outcomes for patients
with relapsed or refractory AML are even worse. Currently,
there is no standard therapy for relapsed/refractory AML.
Consequently, there is a clear need for new therapies for
the treatment of AML that exhibit better efficacy and less
toxicity, and permit an individualized approach to treatment.

Lenalidomide is a derivative of thalidomide, approved
by the US Food and Drug Administration for hematological
malignancies. The mechanism of action for lenalidomide
in AML is not completely understood, although it has been
shown previously to reduce cell proliferation, enhance apop-
tosis, interrupt tumor-stroma interactions, and alter innate
and adaptive immune responses.'” Several studies have
investigated lenalidomide as a therapy for AML. For example,
Blum et al showed that monotherapy with lenalidomide was
clinically active for AML, with a complete remission (CR)
of 16%.'8 Fehniger et al further demonstrated that high-dose
lenalidomide (50 mg/day), as an initial therapy in elderly
AML patients, had a 30% combined CR/incomplete CR
(CRi).” However, a recent study showed that lenalidomide
alone or sequential azacitidine and lenalidomide was no bet-
ter than azacitidine alone in patients >65 years with newly
diagnosed AML.? Thus, whether lenalidomide improves
treatment response in AML remains controversial. This meta-
analysis was designed to evaluate the efficacy and safety of
lenalidomide for the treatment of AML. Our analysis is based
on a review of published clinical studies of AML patients
treated with lenalidomide.

Materials and methods
Search methods and the selection of

studies

A systematic review of data from eleven published studies
was performed using the methods described in the Cochrane
Handbook for Systematic Reviews of Interventions.?'
Potentially eligible studies were identified by searching the
Cochrane Central Register of Controlled Trials, PubMed,
Embase, and the ClinicalTrials.gov using a combination of
subject headings and text words to identify relevant trials.
The search was performed for clinical studies published from
inception until January 2018. The PubMed search strategy

included combinations of the following terms: {(“acute
myeloid leukemia” OR “AML” OR “acute leukemias” OR
“acute leukemia” OR “Leukemia, Myeloid, Acute” [MeSH])
AND [“lenalidomide” OR “Revlimid”]}. A very similar
strategy was employed for the search of other databases.
The reference lists of eligible trials and reviews were also
evaluated for additional clinical data sources.

Two reviewers (CX and JH) independently screened
studies for further inclusion in the meta-analysis. Prospec-
tive studies for meta-analysis were selected irrespective of
blinding, language, publication status, date of publication,
and sample size. Only studies that enrolled patients with a
diagnosis of AML, consistent with the WHO classification for
AML, were included in our meta-analysis. Data for patients
treated with lenalidomide monotherapy, lenalidomide in
combination with azacitidine, or lenalidomide in combina-
tion with cytarabine were evaluated in the meta-analysis. No
dosage restriction was applied.

Types of outcome measures

The primary outcomes for this meta-analysis were overall
response rate (ORR) and CR. Outcomes were assessed
according to the International Working Group response crite-
ria for AML. CR was defined as following: <5% blasts in bone
marrow, >1.0x10%L neutrophils, and >100x10°L platelets in
peripheral blood without evidence of extramedullary leuke-
mia.???* CRi was defined as a CR with incomplete recovery
of peripheral blood counts.”? ORR comprised both CR and
CRi. Secondary outcomes included OS, defined as the time
from the start of treatment until death from any cause, and
safety, which was evaluated based on the incidence of grade
3 and 4 treatment-related adverse events (AEs).

Data extraction

The two authors independently screened search outputs, iden-
tified eligible studies, examined outcomes, retrieved full texts,
and assessed studies and data for inclusion. A standardized
form was used to collect data and to assess the quality of the
studies included in our analyses. The two authors extracted
data independently. Missing data were requested from the
study authors.

Risk of bias

The Newcastle-Ottawa Quality Assessment Scale for Cohort
Studies was applied, with some adaptions, to evaluate the
quality and risk of bias for all papers included in this sys-
tematic review.>* The two authors independently assessed the
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risk of bias for all studies. Where ten or more studies were
identified for each outcome, publication bias was evaluated
by the visual assessment of funnel plots.

Statistical analysis

Statistical analysis was conducted using meta-analysis software
“Comprehensive Meta-Analysis 2.0 (Biostat, Englewood, NJ,
USA). Statistical heterogeneity across studies was analyzed
using the chi-squared test and P statistic; higher values indi-
cated a greater degree of heterogeneity. This criterion was used
to determine whether a fixed- or random-effects model was
appropriate for subsequent data analysis. Estimated propor-
tions with 95% Cls were calculated for all ratio outcomes.

Subgroup analysis for response rate was performed based
on lenalidomide monotherapy or lenalidomide in combina-
tions, cytogenetic risk, and AML type if relevant data were
available.

Results

Search results

Our initial search yielded 284 articles. After exclusion, based
on title and abstract, 21 full-text articles were reviewed and
eleven observational studies were included. #2232 Screening
of'the reference lists for additional studies or referring articles
did not yield any further articles for inclusion. Figure 1 shows
a flowchart for study selection.

IS Records identified through Additional records identified
‘g database searching through other sources
= (n=244) (n=40)
5}
kel
2
s Records screened Records excluded
o (n=284) (n=263)
»
Full-text arﬁ(}'?S. 'fassessed Full-text articles excluded, with
for eligibility reasons (n=10)
(n=21)
2
z Study not in AML (n=2)
=) Conference abstract (n=5)
w incl AML or MD
Studies included in Stfdy included or MDS
oo ; (n=3)
qualitative synthesis
(n=11)
Studies included in
kS qualitative synthesis
= (meta-analysis)
g (n=11)

Figure | Preferred reporting items for systematic reviews and meta-analyses flowchart describing the literature search strategy and study selection.

Abbreviations: AML, acute myeloid leukemia; MDS: myelodysplastic syndromes.
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Study characteristics and the risk of bias
Overall, 407 participants took part in the eleven trials
included in this meta-analysis.'®202532 The studies included
in this meta-analysis showed high variability in terms of the
number of AML patients, ranging from 18 to 66. The median
age for AML patients in these studies ranged from 63 to 76
years with the proportion of women ranging from 33% to
57%. The characteristics of the studies included in our meta-
analysis are described in Table 1.

Though only one of the studies included in our meta-analy-
sis was a randomized controlled trial, the “gold standard” trial
design for clinical investigations, the included studies of our
meta-analysis were selected on the basis of rigorous criteria to
ensure a robust analysis of the efficacy and safety of lenalido-
mide in AML. Study quality scoring is shown in Table S1.

Funnel plots did not reveal any substantial publication
bias in terms of the main outcomes of this meta-analysis.

Efficacy
The ORR of eleven studies!'® 22332 were moderately hetero-
geneous (P=0.086, ’=38%). Thus, the fixed-effect model was
chosen for subsequent meta-analysis. The pooled estimate for
the overall ORR was 31% (95% CI: 26%—-36%; Figure 2).
Subgroup analysis revealed that AML patients treated with
lenalidomide monotherapy had a relatively low ORR (22%,
95% CI: 15%-31%), while patients treated with lenalido-
mide combinations had a higher ORR. The ORR for patients
who were treated with lenalidomide in combination with
azacitidine was 31% (95% CI: 24%—40%), and the ORR for
patients who were treated with lenalidomide in combination
with cytarabine was 36% (95%: CI 28%—45%; Figure 2).

The CR of eleven studies'®2*%-32 was moderately hetero-
geneous (P=0.018, ’=52%). Thus, the fixed-effect model was
chosen for subsequent meta-analysis. The pooled estimate
for the overall CR was 21% (95% CI: 16%—27%; Figure 3).
Subgroup analysis revealed that AML patients treated with
lenalidomide monotherapy had a relatively low CR of 14%
(95% CI: 9%—22%), while patients treated with a combina-
tion of lenalidomide and azacitidine and lenalidomide and
cytarabine had higher CRs 0f 22% (95% CI: 15%-31%) and
31% (95% CI: 19%—46%; Figure 3).

The OS of AML patients treated with lenalidomide was
reported in six articles; in these articles, the median OS
ranged from 2 to 8.2 months (Table 1).

Safety
Relevant safety data for lenalidomide were presented in ten
articles and included the type, severity, and incidence of

Table | Characteristics of the studies included in this meta-analysis

Overall survival

Previous treatment AML type

with either

BM blast

(%)

Median Gender Treatment scheme
age in (%

No. of

Study

patients

chemotherapy or

HMAs

female)

years

(range)

Relapsed/refractory AML

Lenalidomide was given orally at escalating doses of

63 (22-80)

31

Blum et al
(2010)'®

25-75 mg daily on days | through 21 of 28-day cycles.

Untreated AML Median 4 months (95%

None

53 (21-97)

Lenalidomide (50 mg/day in a single daily dose) on

36%

71 (60-88)

33
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days 1-5 with initiation of daily. Lenalidomide (25-50

mg/day) on days 6-26 of a 28-day cycle.
day next two cycles, lenalidomide (10 mg/day) on days

|1-28-day continuous cycles; azacitidine at 75 mg/m?
daily for days |7, followed by lenalidomide 50 mg

Cytarabine arabinoside 1.5 g/m?/day over 3 hours on
daily for days 8-28.

followed by lenalidomide 10 mg/day in 28-day cycles
two cycles, lenalidomide (25 mg/day) on days 1-28

days 1-28 of a 28-day cycle for up to two cycles,
Lenalidomide (50 mg/day) on days 1-28 day for first

up to 12 cycles.

44%
40%

64 (33-82)
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Group by Study name Statistics for each study Event rate and 95% ClI
Treatments Event Lower Upper

rate limit limit
Lenalidomide in combination with azacitidine  Pollyea et al (2012)%® 0.389 0.198 0.621
Lenalidomide in combination with azacitidine ~ Pollyea et al (2013)?” 0.286 0.170 0.439
Lenalidomide in combination with azacitidine ~ Ramsingh et al (2013)2% 0.308 0.120  0.591
Lenalidomide in combination with azacitidine ~ Narayan et al (2016)®®  0.077  0.019  0.261
Lenalidomide in combination with azacitidine ~ Medeiros et al (2018b)2° 0.385 0.247 0.544
Lenalidomide in combination with azacitidine 0.313 0.238 0.400
Lenalidomide in combination with cytarabine  Griffiths et al (2016)*  0.313  0.177  0.490
Lenalidomide in combination with cytarabine  Visani et al (2014)3' 0.393 0.233 0.580
Lenalidomide in combination with cytarabine  Visani et al (2017)2 0.364 0257 0485
Lenalidomide in combination with cytarabine 0.358 0.279 0.445
Lenalidomide monotherapy Blum et al (2010)'® 0.161 0.069 0.334
Lenalidomide monotherapy Fehniger etal (2011)"® 0303 0.171 0477
Lenalidomide monotherapy Sekeres etal (2011° 0,108 0.041 0.255
Lenalidomide monotherapy Medeiros et al (2018a)® (333 0146 0.594
Lenalidomide monotherapy 0.223 0.153 0.313
Overall 0.306 0.259 0.356
0.00 0.33 0.65

Heterogeneity: Q-statistic p=0.086; 7=38%

Figure 2 Forest plot of the estimated proportions (95% Cl) for overall response rate (ORR) in acute myeloid leukemia (AML) patients treated with lenalidomide.

Group by
Treatments

Study name

combination with azacitidine
combination with azacitidine
combination with azacitidine
combination with azacitidine
combination with azacitidine
combination with azacitidine
combination with cytarabine
combination with cytarabine
Lenalidomide in combination with cytarabine
Lenalidomide in combination with cytarabine
Lenalidomide monotherapy

Lenalidomide monotherapy

Lenalidomide monotherapy

Lenalidomide monotherapy

Lenalidomide monotherapy

Overall

Lenalidomide i
Lenalidomide i
Lenalidomide i
Lenalidomide i
Lenalidomide i
Lenalidomide i
Lenalidomide in
Lenalidomide in

5

Pollyea 2012
Pollyea 2013

55

Narayan 2016

555

Griffiths 2016
Visani 2014
Visani 2017

Blum 2010

Fehniger 2011
Sekeres 2011

Heterogeneity: Q-statistic p=0.018; >=52%

Ramsingh 2013

Medeiros 2018b

Medeiros 2018a

Statistics for each study Event rate and 95% CI

Event Lower Upper

rate limit limit
0.222 0.086 0.465 D = m—
0.190 0.098 0.337 it
0.231 0.076 0.522 —l
0.231 0.076 0.522 —
0.282 0.164 0.441 —l—
0.219 0.146 0.314 Ot
0.156 0.067 0.325 ——t
0.393 0.233 0.580 —t——
0.364 0.257 0.485 +Hi—
0.308 0.189 0.461 e
0.161 0.069 0.334 -
0.182 0.084 0.350 -t
0.054 0.014 0.192 —
0.133 0.034 0.405 ——
0.141 0.087 0.222 <o
0.208 0.160 0.265 <o

0.00 0.30 0.60

Figure 3 Forest plot of the estimated proportions (95% Cl) for complete remission (CR) in acute myeloid leukemia (AML) patients treated with lenalidomide.

grade 3 and 4 AEs. Myelosuppression was the most common
toxicity observed in patients treated with lenalidomide. The
reported treatment risk-related AEs are shown in Figures S1
and S2: thrombocytopenia 56% (95% CI: 46%—66%), neu-
tropenia 40% (95% CI: 33%—48%), anemia 34% (95% CI:
27%—42%), fatigue 19% (95% CI: 14%—-25%), and electro-
lyte disturbance 18% (95% CI: 13%—-25%). Infections and
neutropenic fever were the most frequent complications,

affecting 29% of cases (95% CI 23%—-36%) and 35% of cases
(95% CI 30%—41%), respectively.

Subgroup analysis

Subgroup analysis of AML type showed that the untreated
AML patients had a relatively high ORR (33%, 95% CI:
28%—-39%; Figure S3), while the ORR of relapsed/refrac-
tory AML patients was 21% (95% CI: 14%-32%), but the
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ORR of relapsed/refractory AML patients was 31% (95%
CI: 18%-49%) for the combination of lenalidomide and
cytarabine.

Sub-analysis of cytogenetic risk showed that the ORR of
intermediate-risk was 29% (95% CI: 19%—41%; Figure S4)
and that of unfavorable risk was 21% (95% CI: 13%-31%),
suggesting that lenalidomide had slightly higher effects in
the intermediate-risk patients. Unfortunately, a lack of data
prevented us from evaluating favorable risk.

Randomized study of lenalidomide for

AML treatment

Only one of the studies included in this meta-analysis was
a randomized controlled trial.2° This particular study exam-
ined the effects of lenalidomide, sequential azacitidine and
lenalidomide, or azacitidine only in individuals >65 years
with newly diagnosed AML. Eighty-eight patients were
randomized to one of the following groups: continuous
high-dose lenalidomide (n=15), sequential azacitidine and
lenalidomide (n=39), or azacitidine only (n=34). Patients who
received continuous high-dose lenalidomide or sequential
azacitidine and lenalidomide showed remissions similar to
those who received the conventional dose and schedule of
azacitidine, based on CR and CRi. Patients receiving con-
tinuous high-dose lenalidomide, or sequential azacitidine
and lenalidomide did not show any improvement in 1-year
survival when compared to those receiving azacitidine alone.
At a continuous high-dose schedule, lenalidomide was poorly
tolerated, with a high rate of patients opting to discontinue
their treatment at a point early in therapy. Consequently, these
data do not favor the use of continuous high-dose lenalido-
mide, or sequential azacitidine and lenalidomide, over the
conventional dose and schedule of azacitidine in patients
>65 years of age with newly diagnosed AML.

Discussion

Lenalidomide is an immunomodulatory agent that exhibits
clinical activity against several myeloid malignancies includ-
ing AML. This agent has been approved in the US and several
other countries for the treatment of low-risk (low/intermedi-
ate-1) MDS patients with a deletion 5q abnormality. Even
though there is a high prevalence of AML at present, there
is still a paucity of randomized controlled trials examining
the effect of lenalidomide in the treatment of AML. None of
the trials investigated featured a placebo-control and most of
the studies included in our meta-analysis were small open-
label trials. The only randomized controlled trial we identi-
fied assessed the use of lenalidomide for newly diagnosed

AML, and was not a placebo-controlled trial. Thus, the
evidence in support of lenalidomide improving response rate
in AML remains controversial, leaving clinicians with little
information to use as a guide for the treatment of AML with
lenalidomide. However, our present study may provide some
evidence for the effect of lenalidomide as a single agent, or
in combinations with other agents, as a form of treatment
for AML.

The response rate of approximately 30% observed in our
study was not dissimilar to previous response rates of patients
undergoing regimens with either cytarabine or azacitidine
alone.” A previous pre-clinical study found that lenalido-
mide may enhance translation of the C/EBPa-p30 isoform,
resulting in higher levels of miR-181a;** higher expression
levels of miR-181a is associated with an increased sensitivity
to apoptosis-inducing chemotherapy in AML patients.* Thus,
higher levels of miR-181a expression are associated with a
favorable response to treatment and better outcomes.’>
However, our present study found that a combination of
lenalidomide with cytarabine- or azacitidine-based regimens
may have exacerbated the toxicity of their combination
without capitalizing on the potential for synergy. The only
published randomized controlled trial in this particular area
also found that lenalidomide sequential azacitidine did not
improve remission or 1-year survival compared to treatment
with azacitidine alone. Recently, Visani et al published two
studies that identified a response-predictive gene expres-
sion signature;*'3? these authors found that targeted global
gene expression profile (GEP) can be regarded as a useful
pre-treatment assessment to identify patients more likely
to achieve a CR and a prolonged survival.* More studies
are therefore required in the future; these should evaluate
the use of pre-treatment GEP to identify which population
of AML patients is most likely to achieve remission with
lenalidomide.

Cytogenetic risk is an important prognostic impact factor
for AML patients. Our meta-analysis found that one-third of
intermediate-risk and unfavorable-risk patients with AML
responded to lenalidomide in combination with azacitidine.
Furthermore, 31% of relapsed/refractory patients with AML
responded to lenalidomide in combination with cytarabine. In
fact, genomic abnormalities are likely to be the fundamental
determinants of response to chemotherapy and survival in
AML .3%* However, following the combination of lenalido-
mide plus cytarabine or azacitidine, the cytogenetic risk
and relapsed/refractory were shown to exert only minimal
impact on the outcomes of our study. At present, we do not
understand the mechanism of how lenalidomide acts in
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unfavorable-risk patients and relapsed/refractory patients
with AML. Thus, this result of our study raises the question
of whether pre-treatment molecular testing may provide the
key to identifying specific patients most likely to respond to
lenalidomide.

There are several limitations to this meta-analysis. Firstly,
despite similar inclusion criteria and clinical assessments, some
heterogeneity in the results was observed. Secondly, the sample
size and number of studies used in the subgroup analysis were
relatively small. Thirdly, the effects of OS, lenalidomide treat-
ment regimens, and treatment response interactions were not
explored, because there was an insufficient amount of data
available. Finally, only published studies were included, which
limited the amount of data available for our meta-analysis.
Results from current unpublished studies may have an impact
on these findings and should therefore be considered in the
future. Despite these limitations, however, this paper reports
a comprehensive meta-analysis that assesses the efficacy and
safety of lenalidomide for the treatment of AML patients.

Conclusion

In conclusion, our meta-analysis found that one-third of the
AML patients responded to lenalidomide treatments, and
the cytogenetic risk and relapsed/refractory were shown to
exert only minimal impact on the outcomes of lenalidomide
treatments. Thus, lenalidomide may have some clinical
activity in AML, but the population that would benefit from
lenalidomide and incorporating lenalidomide into combina-
tion drug strategies need to be better defined. Several other
factors may potentially undermine the validity of these find-
ings, such as the limited number of studies, small sample
size, and dose variability. There is an urgent need for more
high-quality research evaluating lenalidomide monotherapy
or lenalidomide in combination with other agents for the
treatment of specific AML patients.
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Supplementary materials

Table S| Assessment of study quality using a modified version of the Newcastle-Ottawa scale for cohort studies

Study population Patients Cohort included Assessment of Primary and Adverse  Adequate
clearly defined and consecutively AML patients outcome well secondary events follow
o . . . . .
>95% AML enrolled in the  diagnosed according  performed?® outcomes defined  defined up of cohorts
study to WHO criteria
Blum et al (2010)' ? ?
Fehniger et al (2011)?
H 3
Griffiths et al (2016)
Medeiros et al (2018)*
5
Narayan et al (2016)
Pollyea et al (2012)¢ ?
7
Pollyea et al (2013) ?
H 8
Ramsingh et al (2013) ? ? ?
Sekeres et al (2011)° ? ?
Visani et al (2014)'° ? ? ?
Visani et al (2017)"!
Note: *Independent blind assessment, reference to secure records or record linkage.
Abbreviations: AML, acute myeloid leukemia;  , yes; 2, no description.
B
A Group by Study name Statistics for each study Event rate and 95% Cl Group by Study name Statistics for each study Event rate and 95% Cl
Treatments Event Lower Upper Treatments Event Lower Upper
rate  limit  limit rate limit  limit
Lenalidomide in combination with azacitidine Narayan et al (2016)% 0.031 0.004 0.191 Lenalidomide in combination with azacitidine Pollyea et al (2012)¢ 0.167 0.055 0.409
Lenalidomide in combination with azacitidine Medeiros (2018b)* 0263 0.148 0.424 Lenalidomide in combination with azacitidine Medeiros et al (2018b)¢ 0.316 0.189 0.478
Lenalidomide in combination with azacitidine 0213 0.120 0.347 Lenalidomide in combination with azacitidine 0.264 0.145 0.432
Lenalidomide in combination with cytarabine Visani et al (2017)" 0.333 0.226 0.461 Lenalidomide in combination with cytarabine Visani et al (2017)"" 0.712 0.592 0.808
Lenalidomide in combination with cytarabine 0.333 0.226 0.461 Lenalidomide in combination with cytarabine 0.712 0.592 0.808
Lenalidomide monotherapy Fehniger etal (20112 0545 0.377 0.704 Lenalidomide monotherapy Fehniger etal (20112 0.667 0.492 0.805
Lenalidomide monotherapy Medeiros et al (2018a)* 0.286 0.111 0.561 Lenalidomide monotherapy Medeiros et al (2018a)* 0.286 0.111 0.561
Lenalidomide monotherapy 0475 0.334 0.620 Lenalidomide monotherapy 0.489 0.166 0.822
Overall 0.343 0.270 0.424 Overall 0.559 0.455 0.659
0.00 0.38 0.75 0.00 0.43 0.85
C Groupby Study name Statistics for each study ~ Event rate and 95% CI D Group by Study name Statistics for each study  Event rate and 95% CI
Treatments Event Lower Upper Treatments Event Lower Upper
ate  limit  limit rate limit limit
Lenalidomide in combination with azacitidine ~ Pollyea et al (2012)8 0.222 0.086 0.465 Lenalidomide in combination with azacitidine  Pollyea et al (2012)° 0.556 0.330 0.760
Lenalidomide in combination with azacitidine ~Medeiros et al (2018b)*  0.132  0.058 0.280 Lenalidomide in combination with azacitidine Narayan et al (2016)° 0438 0.279 0.610
Lenalidomide in combination with azacitidine 0.165 0.088 0.288 Lenalidomide in combination with azacitidine  Medeiros etal (2018b)*  0.447 0.299 0.605
Lenalidomide in combination with cytarabine  Visani et al (2017)"! 0.606 0484 0.716 ::e"a:‘gm“‘:e in W"‘:‘“a:“"‘ W‘:: azf““':'”e " g-‘;gg g;?g g-i;g
Lenalidomide in combination with cytarabine 0606 0484 0716 enalidomide in combination with cytarabine  Grifiths et al (2016) - g
Lenalidomide in combination with cytarabine  Visani et al (2017)1" 0.182 0.106 0.293
Lenalidomide monotherapy Fehniger etal (20112 0.333 0.195 0.508
N Lenalidomide in combination with cytarabine 0.251 0.177 0.342
Lenalidomide monotherapy Sekeres et al (2011)° 0405 0.261 0.568 " 0503
Lenalidomide monotherapy Medeiros et al (2018a)* 0.214 0.071 0.494 Lenalidomide monotherapy Blum et al (2010) 0323 0183 0.
g s Lenalidomide monotherapy Fehniger etal (20112 0.273 0.148 0.447
Lenalidomide monotherapy 0.349 0254 0.458 Lenalidomide monotherapy Sekeres etal (2011)? 0.378 0.239 0.542
Overall 0401 0.330 0475 Lenalidomide monotherapy Medeiros et al (2018a)*  0.429 0.206 0.684
0.00 0.38 0.75 Lenalidomide monotherapy Medeiros et al (2018a)*  0.341 0.260 0.433
Overall 0.350 0.298 0.406

Figure S1 Forest plots of the estimated proportions of grade 3 and 4 adverse events ([A] anemia, [B] thrombocytopenia, [C] neutropenia, and [D] neutropenic fever).
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A B
Group by Study name Statistics for each stud Event rate and 95% CI Group by Study name Statistics for each study ~ Event rate and 95% ClL
Treatments Event Lower Upper Treatments Event Lower Upper
rate  limit  limit rate  limit  limit
Lenalidomide in combination with azacitidine ~ Pollyea et al (2012)° 0333 0.158 0.571 Lenalidomide in combination with azacitidine ~ Pollyea et al (2012)% 0.222 0.086 0.465
Lenalidomide in combination with azacitidine Pollyea et al (2013)7 0.071 0.023 0.199 .— Lenalidomide in combination with azacitidine ~ Ramsingh et al (2013)® 0.231 0.076 0.522
Lenalidomide in combination with azacitidine Ramsingh et al (2013)8 0615 0.344 0.830 Lenalidomide in combination with azacitidine ~ Medeiros et al (2018b)* 0.158 0.073 0.310
Lenalidomide in combination with azacitidine Narayan et al (2016)5 0.250 0.130 0.426 Lenalidomide in combination with azacitidine 0.191 0.114 0.302
Lenalidomide in combination with azacitidine Medeiros et al (2018b)*  0.184 0.090 0.339 - Lenalidomide in combination with cytarabine  Griffiths et al (2016)3 0.044 0.011 0.161 —
Lenalidomide in combination with azacitidine 0.255 0.129 0.440 Lenalidomide in combination with cytarabine 0.044 0.011 0.161 L
Lenalidomide in combination with cytarabine ~ Griffiths et al (2016)* 0.200 0.107 0.342 - Lenalidomide monotherapy Blum et al (2010)! 0.065 0.016 0224 -—
Lenalidomide in combination with cytarabine 0200 0.107 0.342 - Lenalidomide monotherapy Fehniger et al (2011)2 0.152 0.065 0.316
Lenalidomide monotherapy Blum et al (2010) 0258 0.135 0437 Lenalidomide monotherapy Sekeres et al (2011)? 0297 0.173 0.461
Lenalidomide monotherapy Fehniger et al (2011)2 0.424 0270 0.595 Lenalidomide monotherapy Medeiros et al (2018a)* 0.286 0.111 0.561
Lenalidomide monotherapy Sekeres et al (2011) 0351 0216 0515 Lenalidomide monotherapy 0215 0.145 0307
Lenalidomide monotherapy Medeiros etal (2018a)* 0214 0.071 0.494 Overall 0188 0.139 0.250 -
Lenalidomide monotherapy 0335 0.254 0.428 : ) 0.00 028 055
Overall 0.294 0232 0.364 L 2 i : :
0.00 043 0.85
(o3
Group by Study name Statistics for each study ~Event rate and 95% CI
Treatments
Event Lower Upper
rate  limit  limit
Lenalidomide in combination with azacitidine Pollyea et al (2012)5 0.056 0.008 0.307
Lenalidomide in combination with azacitidine Pollyea et al (2013)” 0.024 0.003 0.151
Lenalidomide in combination with azacitidine Ramsingh et al (2013) 0.231 0.076 0.522
Lenalidomide in combination with azacitidine 0.105 0.043 0.233 N
Lenalidomide in combination with cytarabine ~ Griffiths et al (2016)* 0.244 0.141 0.390
Lenalidomide in combination with cytarabine 0.244 0.141 0.390
Lenalidomide monotherapy Fehniger et al (2011)2 0.121 0.046 0.282
Lenalidomide monotherapy Sekeres et al (2011)9 0216 0.112 0.376
Lenalidomide monotherapy 0.177 0.103 0.287
Overall 0182 0.128 0.252 s
0.00 0.28 0.55
Figure S2 Forest plots of the estimated proportions of grade 3 and 4 adverse events ([A] infectious, [B] fatigue, and [C] electrolyte disturbance).

A

Group by Study name Statistics for each study Event rate and 95% CI

Treatments Event Lower Upper

rate  limit  limit

Lenalidomide in combination with azacitidine Pollyea et al (2012)6 0.389 0.198 0.621

Lenalidomide in combination with azacitidine Pollyea et al (2013)7 0.286 0.170 0.439

Lenalidomide in combination with azacitidine Medeiros et al (2018b)¢ 0.385 0.247 0.544

Lenalidomide in combination with azacitidine 0.345 0.258 0.445

Lenalidomide in combination with cytarabine Visani et al (2014)10 0.393 0.233 0.580

Lenalidomide in combination with cytarabine Visani et al (2017)11 0.364 0.257 0.485

Lenalidomide in combination with cytarabine 0.372 0.281 0.474

Lenalidomide monotherapy Fehniger et al (2011)2 0.303 0.171 0.477

Lenalidomide monotherapy Sekeres et al (2011)9 0.108 0.041 0.255 -

Lenalidomide monotherapy Medeiros et al (2018a)4 0.333 0.146 0.594

Lenalidomide monotherapy 0.245 0.161 0.354

Overall 0.329 0.275 0.388

0.00 0.33 0.65

B

Group by
Treatments

Lenalidomide in combination with azacitidine
Lenalidomide in combination with azacitidine
Lenalidomide in combination with cytarabine
Lenalidomide in combination with cytarabine
Lenalidomide monotherapy

Lenalidomide monotherapy

Overall

Study name

Narayan et al (2016)5
Griffiths et al (2016)3

Blum et al (2010)1

Statistics for each study

Event Lower Upper
rate limit  limit
0.077 0.019 0.261
0.077 0.019 0.261
0.313 0.177 0.490
0.313 0.177 0.490
0.161 0.069 0.334
0.161 0.069 0.334
0.212 0.135 0.318

Event rate and 95% CI

0.00 0.25 0.50

Figure S3 Forest plots of subgroup analysis of acute myeloid leukemia (AML) type ([A] untreated patients, [B] relapsed/refractory patients).
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A
Group by Study name Statistics for each study Event rate and 95% CI
Treatments

Event Lower Upper

rate  limit  limit
Lenalidomide in combination with azacitidine ~ Pollyea et al (2012)® 0.417 0.185 0.692 —
Lenalidomide in combination with azacitidine  Pollyea et al (2013)7 0.250 0.117 0.456 —
Lenalidomide in combination with azacitidine ~ Ramsingh et al (2013)8 0.222 0.056 0.579 —
Lenalidomide in combination with azacitidine 0.294 0.178 0.444
Lenalidomide monotherapy Fehniger et al (2011)2 0.278 0.121 0.519
Lenalidomide monotherapy 0.278 0.121 0.519
Overall 0.289 0.190 0.414

0.00 0.35 0.70

B
Group by Study name Statistics for each study Event rate and 95% ClI
Treatments

Lenalidomide in combination with azacitidine
Lenalidomide in combination with azacitidine
Lenalidomide in combination with azacitidine
Lenalidomide in combination with azacitidine
Lenalidomide monotherapy

Lenalidomide monotherapy

Lenalidomide monotherapy

Lenalidomide monotherapy

Overall

Pollyea et al (2012)8
Pollyea et al (2013)7

Blum et al (2010)"
Fehniger et al (2011)2
Sekeres et al (2011)°

Ramsingh et al (2013)8

Event Lower Upper

rate limit  limit

0.400 0.100 0.800

0.364 0.143 0.661

0.200 0.050 0.541

0.316 0.165 0.519

0.176 0.058 0.427 —T

0.231 0.076 0.522 —

0.108 0.041 0.255 T

0.156 0.086 0.266 R

0.209 0.134 0.309 <>
0.00 0.40 0.80
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