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ARTICLE INFO ABSTRACT

Older and medically unfit patients with acute myeloid leukaemia (AML) who are unsuitable for standard in-
duction therapy have limited treatment options. A meta-analysis was performed with two objectives: 1) to
describe outcomes for patients treated with hypomethylating agents, either decitabine or azacitidine, or low-
dose cytarabine (LDAC) and 2) to describe the effect of age (< 75 vs =75) on the remission rates. Thirteen
published multi-centre studies in 1822 patients were identified where patients were treated with hypomethy-
lating agents or LDAC. A random effects meta-analysis was performed to provide a pooled estimate of efficacy for
the following endpoints: complete remission (CR), overall response rate (CR + complete remission with in-
complete white blood cell recovery [CRi]), relapse free survival (RFS), overall survival (OS), and 60-day mor-
tality. For all endpoints apart from RFS, there was significant unexplained between-trial variability (I> > 64%).
The pooled estimates of average outcome across studies were 15% (95% CI: 12%-19%) for CR; 22% (95% CI:
18%-26%) for overall response rate; 8.8 months (95% CI: 7.7 m-10.0 m) for median RFS; 6.3 months (95% CI:
5.3 m-7.4 m) for median OS and 21% (95% CI: 18%-25%) for 60-day mortality. The odds of response were 1.85
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times higher (95% CI: 1.3-2.7) among patients who were < 75 compared to those who were older.

1. Introduction

Acute myeloid leukaemia (AML) is a heterogeneous haematological
malignancy characterized by abnormal proliferation of immature hae-
matopoietic progenitor cells of the myeloid lineage. AML is an un-
common disease, accounting for less than 1.2% of all cancers. AML is
recognized as a disease of older adults, with a median age at pre-
sentation of 68 years and advanced age being an adverse prognostic
factor [1,2].

The general therapeutic strategy for AML patients has not changed
substantially in over 40 years [3,4]. Therapy is based on initial as-
sessment to determine whether a patient is a suitable candidate for
intensive chemotherapy. The backbone of this intensive therapy is an
anthracycline (daunorubicin or idarubicin) and cytarabine (cytosine
arabinoside, Ara-C), which is associated with severe bone marrow and
gastrointestinal toxicities. This standard induction therapy, known as
7 + 3, is particularly poorly tolerated by the older or unfit population
and is associated with high treatment-related mortality rates with

limited overall benefit. Therefore, there is no standard of care for such
patients, in contrast with the “7 + 3” that has been established for
younger AML patients for 45 years [5]. Age, general health status and
the presence of organ dysfunctions or comorbidities are major factors
contributing to treatment choice and chances of success. Older adults,
especially at the age of 75 years or older, are more likely to have co-
morbidities that can limit treatment options, and in addition, the dis-
ease also tends to be more resistant to chemotherapy with more fre-
quent unfavourable AML subtypes [1]. As a result, outcomes are
generally worse than in younger patients. Low-dose cytarabine (LDAC)
is an acceptable low-intensity therapeutic strategy for the treatment of
this population and in a large prospective randomised study, has been
shown to be superior to hydroxyurea [6]. Over the last several years,
hypomethylating agents therapy with either decitabine or azacitidine,
have also been increasingly used in older or unfit AML patients, and
together with LDAC offer the main backbone treatment option for this
population, either as single agents or in combination with targeted
therapies such as the BCL2 inhibitor venetoclax or the sonic hedgehog

* Corresponding author at: Stone Biostatistics Ltd, 35 Armistead Way, Cranage, Crewe, CW4 8FE, United Kingdom.
E-mail addresses: liat@biosight-pharma.com, ruth@biosight-pharma.com (A. Stone).

https://doi.org/10.1016/j.leukres.2019.05.007

Received 1 March 2019; Received in revised form 16 May 2019; Accepted 20 May 2019

Available online 21 May 2019

0145-2126/ © 2019 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/BY-NC-ND/4.0/).


http://www.sciencedirect.com/science/journal/01452126
https://www.elsevier.com/locate/leukres
https://doi.org/10.1016/j.leukres.2019.05.007
https://doi.org/10.1016/j.leukres.2019.05.007
mailto:liat@biosight-pharma.com
mailto:ruth@biosight-pharma.com
https://doi.org/10.1016/j.leukres.2019.05.007
http://crossmark.crossref.org/dialog/?doi=10.1016/j.leukres.2019.05.007&domain=pdf

A. Stone, et al.

pathway inhibitor glasdegib, both recently approved for first-line
treatment of this population [7,8].

Yet, despite the extensive use of these agents, there is no consensus
regarding the extent of efficacy and clinical benefit of hypomethylating
agents and LDAC, with notable between-study variability observed for
reported outcomes, presumably due to selection of patients with
varying baseline characteristics which are known to affect outcome.
Two large randomised studies [9,10] have compared hypomethylating
agents to conventional care regimens, which included LDAC, in patient
populations restricted to AML. In neither study was the primary ana-
lysis of overall survival statistically significant.

The importance of a comprehensive and methodical analysis of the
outcomes of hypomethylating agents and LDAC is even more pro-
nounced in light of the conditional approvals of new therapies such as
the venetoclax combination therapy based on single-arm studies.

The purpose of this study is to quantify the expected outcomes with
currently available therapies for older and unfit AML patients, hypo-
methylating agents or LDAC, to provide a benchmark of data that will
be useful in the assessment of future agents particularly those studied in
early phase trials.

2. Materials and methods
2.1. Study and data selection

In October 2017, Medline and Google were searched for completed
trials of LDAC and the hypomethylating agents, decitabine or azaciti-
dine, in older AML patients, unfit for standard induction therapy, using
search terms (and their combinations) including:” AML”, “acute mye-
loid leukemia”, “older/elderly patients”, “unfit (for standard therapy)
patients”, “not eligible for standard induction therapy”, “hypomethy-
lating agent/s”, “azacitidine”, decitabine”, “low-dose cytarabine/Ara-
C”, “LDAC”, between 2007-2017. Of these, trials were selected if per-
formed in a population of patients not eligible for standard induction
therapy, sometimes described as an older unfit population. In addition,
only multicentre trials were included to reduce selection bias.
Following the FDA approval of glasdegib in 2018, data from the LDAC
control arm of the pivotal trial were also included. The meta-analysis
only included data from LDAC, decitabine and azacitidine monotherapy
arms and data from experimental arms such as clofarabine, vosaroxin,
volasertib, vorinostat and valproic-acid containing regimens were ex-
cluded from the meta-analysis. One study [11] was presented only in
abstract form, and only contained data for one endpoint, overall sur-
vival (OS), that used a definition consistent with other studies; relevant
data were included to be as complete as possible. In one publication
[12] the patient population consisted only of patients with blast counts
of between 20 and 30%, originally classified as high-risk MDS but later
re-classified as AML. This trial was not included as the population was
not considered representative of a broader AML population. This search
identified 16 cohorts from 13 multicentre studies, in 1822 patients
(Table 1). The dose and schedule of the respective agents was generally
consistent.

Some of the trials, [9,10], recruited a broader population of patients
randomising between a hypomethylating agent or investigator choice of
therapy: best-supportive care, intensive chemotherapy or LDAC. The
choice of control therapy was declared prior to randomisation. For this
meta-analysis, where possible and unless indicated otherwise, only data
from patients who were pre-selected to receive LDAC prior to rando-
misation were included in order to provide representative outcomes for
the intended population.

Four of the trials [6,13,17,18] included a small proportion of pa-
tients who met the definition of high-risk MDS, however, these re-
presented at most 16% of the patients included per study in this ana-
lysis. Where data presentations excluded the MDS patients these were
included in the pooled-analysis, otherwise the estimates from the entire
population were included. In the only study [17] where response rate
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data were presented according to high-risk MDS patients, response rate
amongst MDS patients was almost identical to the overall population.
Therefore, the inclusion of a small number of MDS patients is not ex-
pected to have influenced the meta-analysis by any meaningful amount.

In three of the trials [6,11,16] all-trans retinoic acid (ATRA) was
added as part of the regimen. In randomised comparisons [6,11], ATRA
was concluded to have had no effect on response rate however in one of
the same studies [11] there was an apparent effect of ATRA on overall
survival. To maximise the amount of data available for the meta-ana-
lysis and the inconsistent evidence for an effect of ATRA we decided to
include all data from regimens that additionally included ATRA.

Data were available to quantify the effect of age, using a cut-off
of < 75 vs =75 years, from 3 treatment arms across 2 studies. This age
cut-off is used for an unfitness definition in most prospective clinical
studies. In one study [17], the response rates were compared for the
proportion of patients with CR or CR with incomplete haematological
recovery (CRi) and in the other study [16], rates were compared for
partial response or better. Whilst subgroup analyses of OS were re-
ported from many of the studies, only one study presented the effect of
age =75 on OS within treatment arms. Given the effect of age on OS
has been reported extensively elsewhere [1,22-26] the analyses in this
study were limited to the effect of age =75 on the response rates.

2.2. Outcome measures

A pooled analysis was performed for CR, overall response rate
(CR + CRi), median relapse free survival (RFS), median OS and 60-day
mortality. Median OS was available for all studies. Data for all other
endpoints were available for at least eight of the thirteen studies.

The definition of CR was consistently applied in all studies as bone
marrow blasts < 5%; absence of circulating blasts and blasts with Auer
rods; absence of extramedullary disease; absolute neutrophil count >
1.0 x 10%/L (1,000/uL); platelet count > 100 X 10°/L (100,000/uL)
[27]. Overall response includes patients with a CR and additionally
those patients who met all CR criteria but only one of those requiring
recovery of neutrophil and platelet counts (CRi). In one study [13],
overall response also included patients with a best response of marrow
CR (which do not requires recovery of either neutrophil or platelet).

Overall survival was consistently defined across all studies to in-
clude all deaths regardless of cause and whether they followed the
addition of subsequent therapy. Median OS was pooled across studies.
For three of the studies [6,13,17] median OS was not reported but could
be estimated from the presented Kaplan-Meier (KM) curves. Early
mortality data were captured by pooling 60-day mortality defined as
the proportion of patients who died within 60 days of receiving
therapy, if this outcome was not explicitly stated it was estimated from
the KM curve.

There was more variability in the definition of RFS used between
studies. In general, the end of response was defined as the earliest of
relapse from response or death. In one study [9], any patients who was
lost-to-follow-up (LTFU) were also included as an event at the time they
were LTFU. In another study [19], responding patients who received
additional therapy prior to relapse were censored. Some studies pre-
sented RFS amongst patients with a CR and in others this was based on
patients with either a CR or CRi (Table 3). Nevertheless, given the
consistency in outcomes between trials the pooled result is presented as
a reference.

2.3. Statistical analyses

Sixteen separate cohorts were created from the thiteen studies in-
cluded. For the two randomised trials comparing hypomethylating
agents to LDAC, the results of the experimental and comparator arm
were analysed separately. For the Dennis study [18], the two sequen-
tial, 51 patient control arms of LDAC were analysed separately. The
contribution of each cohort was weighted down to 40 patients as 22
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Table 1

Studies included in the meta-analysis.
Study Agent Dose and schedule N
(primary author, year)
Craddock 2017 [13] Azacitidine 75 mg/m? 5-2-2' every 4 weeks 129
Dombret 2015 [9] Azacitidine 75 mg/m? 7-days every 4 weeks 154
Passweg 2014 [14] Azacitidine 100 mg/m? 5-days every 4 weeks 45
Cashen 2010 [15] Decitabine 20 mg/m? 5-days every 4 weeks 55
Kantarjian 2012 [10] Decitabine 20 mg/m? 5-days every 4 weeks 242
Lubbert 2012 [16] Decitabine 15 mg/m? t.i.d. 3-days every 6 weeks 227
Lubbert 2016 [11] Decitabine 20 mg/m? 5-days every 4 weeks 1002
Burnett 2007 [6] LDAC 20 mg/m? b.i.d. 10-days every 4 to 6 weeks 102
Burnett 2013 [17] LDAC 20 mg/m? b.i.d. 10-days every 6 weeks 206
Dennis 2015, Cohort1 [18] LDAC 20 mg/m? b.i.d. 10-days every 4 to 6 weeks 40°
Dennis 2015, Cohort2 [18] LDAC 20 mg/m? b.i.d. 10-days every 4 to 6 weeks 40°
Déhner 2014 [19] LDAC 20 mg/m? b.i.d. 10-days every 4 weeks 45
Dombret 2015 [9] LDAC 20 mg/m? b.i.d. 10-days every 4 weeks 158
Kantarjian 2012 [10] LDAC 20 mg/m? 10-days every 4 weeks 215
Kantarjian 2013 [20] LDAC 20 mg/m? b.i.d. 10-days every 4 weeks 26
Glasdegib [8,21] LDAC 20 mg/m? b.i.d. 10-days every 4 weeks 38

N: number of patients from included arms;"' 75 mg/m? daily for 5 days, followed by 2 days of no treatment and then 2 more treatment days. ? assuming patients
randomised equally to each arm. ® 51 patients were dosed in each cohort but 22 patients appear in both cohorts so N reduced to 40 for the meta-analysis.

patients were included in both control arms, leaving 80 distinct patients
across both cohorts. For the Craddock study [13], data from the deci-
tabine alone and decitabine + ATRA arms were combined prior to in-
clusion.

The results from each cohort were pooled using a random effects
meta-analysis [28] due to the presence of excess between study varia-
bility in outcome for all endpoints with the exception of RFS. The re-
sults were summarised using a point estimate and 95% confidence in-
terval for the average of the different outcomes between studies. The
proportion of the total variability in outcome that was accounted for by
excess between study variability was quantified using the I? statistic
[29]. In addition to an overall pooled estimate, separate pooled esti-
mates were provided for each treatment class using the seven hypo-
methylating agents and nine LDAC cohorts. To inform the relevance of
the separate treatment class estimates, a fixed effect meta-analysis was
performed combining the treatment effects of the two randomised
studies comparing a hypomethylating agent to LDAC amongst the
subset of patients pre-selected to receive LDAC.

For the CR, overall response rate and 60-day mortality endpoints,
the In(odds) of response was analysed using % + (nir) as the variance,
where r and n represent the number of responders and number of pa-
tients respectively. Having pooled the In(odds) of response, data were
back transformed to give a pooled estimate of the percentage patients
responding or dying within 60 days as appropriate. For OS and RFS, the
In(median) values were analysed using % as the variance [30], where e
represents the number of events observed (deaths/relapses as appro-
priate). Having pooled the In(median) values, results were ex-
ponentiated to give a pooled estimate of the median. For OS, some
studies did not report the number of deaths directly but these could be
deduced from the width of the confidence for the hazard ratio. Like-
wise, for RFS the number of relapses was not always presented but an
approximate number was derived from the width of the confidence
interval for median RFS or from the number of steps on the KM curve.
For 60-day mortality, rates were estimated from KM curves if they
weren’t presented separately.

The effect of age, 75 years or older, on overall response rate or
partial response was reported in three cohorts of 631 patients across
two studies [16,17] including patients randomised to the clofarabine
arm. A fixed effect meta-analysis was performed on the In(odds) of
response to provide an overall estimate of the effect of age.

Funnel plots [31] are presented in the supplementary appendix that
provide reassurance that the studies selected are not a biased sample.
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3. Results
3.1. Study characteristics

A total of 1822 patients, from 16 cohorts across 13 studies were
identified and available for pooling. Characteristics of these studies are
presented in Table 2. Publication years of these studies ranged from
2007 to 2018. Efficacy outcomes are presented in Table 3.

3.2. Outcomes

The pooled CR rate was 15% (95% CI: 12%-19%, Fig. 1) with 64%
of the variability in outcome representing excess between-study varia-
tion. Data are also presented according to class of agent however, a
meta-analysis of the CR rate combining the two randomised trials
comparing hypomethylating agents to LDAC did not reveal a statisti-
cally significant difference (p = 0.46). The pooled overall response rate
was 22% (95% CI: 18%-26%, Fig. 1).

For the eleven cohorts where median RFS was available the results
were highly consistent between studies with no excess between study
variability present. The median RFS was 8.8 months (95% CI: 7.7-10.0
months, Fig. 1).

For OS, median values varied greatly between studies so that 90% of
the variability observed was excess between study variability (Fig. 2).
The pooled comparison of OS between hypomethylating agents and
LDAC, across the two comparative trials, in the LDAC pre-selected
subset, approached statistically significance p = 0.08 (HR = 0.87, 95%
CL: 0.74-1.02). The pooled median OS was 7.5 months (95% CI:
6.1-9.2m) and 5.4 months (95% CI: 4.4-6.7 m) for hypomethylating
agents and LDAC cohorts, respectively, and 6.3 months (95% CIL:
5.3-7.4 m) overall.

For 60-day mortality, the pooled estimate was 21% (95% CI:
18%-25%, Fig. 2). Results were consistent across studies, with the ex-
ception of two studies [6,8] where a markedly higher rate was ob-
served.

3.3. Effect of age on response

The odds of response were 1.85 times higher (p = 0.001) amongst
patients who were < 75 compared to those who were older (Table 4).

4. Discussion

The incidence of AML, recognized as a disease of older adults with a
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Table 2
Patient Characteristics of studies included in the meta-analysis.
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Study (primary author, year) H N Age Gender ECOG PS AML Type Cytogenetics BM blasts WBC 10°/L Wheatley Group
>75 Male 0/1,2, =3 (%) DN,S,M! F,LAZ (%) median % median G,S,p°
(%) (%) (%) (%)
Craddock 2017 Aza 129 NR* 42 93,7,0 44,40,16 2,67,30 48° 15.6° NR
Dombret 2015 Aza 241° 53 58 77,23,0 80,20,0 0,65,35 70 3.1 NR
Passweg 2014 Aza 45 507 60 76,18,7 NR NR NR NR NR
Cashen 2010 Dec 55 507 508 82,18,0 57,43,0 0,54,46 50 2.7 NR
Kantarjian 2012 Dec 242° 39 57 76,24,0 64,36,0 0,64,36 30-50 3.1 NR
Lubbert 2012 Dec 227 38 61 77,22,1 49,51,0 2,58,41 56 4.4 5,22,73
Lubbert 2016 Dec 100 507 NR 80,20'° 35,65,0 68,32"" NR NR NR
Burnett 2007 LDAC 102 49 55 69,18,13 59,27,14 3,74,23 NR NR NR
Burnett 2013 LDAC 206 48 58 87,8,4 61,24,15 2,46,51 NR <10 3,46,50
Dennis 2015 C1 LDAC 51 51 59 86,10,4 61,29,10 3,74,24 NR <10 4,29,67
Dennis 2015 C2 LDAC 51 53 53 82,16,2 63,27,10 3,74,23 NR <10 2,33,65
Dohner 2014 LDAC 45 51 56 80,20,0 33,67,0 7,60,33 NR 5.2 2,31,67
Dombret 2015 LDAC 158 53 53 78,22,0 85,15,0 0,66,34 74 2.3 NR
Kantarjian 2012 LDAC 215 39 61 76,24,0 66,34,0 0,63,37 30-50 3.7 NR
Kantarjian 2013 LDAC 26 27 53 70,24,6 47,53,0 11,64,25 NR NR NR
Glasdegib LDAC 38 61 61 53,47,0 47,53,0 8,50,42 NR NR NR

All percentages use the number of patients with recorded data as the denominator, percentages may not sum to 100% due to rounding for variables with 3 categories.
NR: not recorded; C1: Cohort 1; C2: Cohort 2; PS: Performance Status; BM: Bone Marrow; WBC: White Blood Cell. 'DN:de novo; S: Secondary; M: High-risk MDS. 2F;
Favourable; I: Intermediate; A: Adverse. >G: Good; S: Standard; P: Poor. * 63% 70 years or older. >mean. ®Data for all patients who received azacitidine, demography
data not presented for the 154 patients pre-selected to receive LDAC. “median 74-76 ®exact number not given but text states there was an even distribution. ®includes
patients who were pre-selected to receive supportive care, data not presented by pre-selected group in this arm, 12% of the control arm received supportive care. '°PS

2/3 combined. 'favourable/intermediate combined.

peak in the 7th and 8th decades, appears to be increasing in recent
years, possibly due to an increasing willingness of physicians to make
this diagnosis in older age. Current AML treatment is based on intensive
chemotherapy, which is associated with severe bone marrow, gastro-
intestinal, and neurological toxicities, among others. Older patients and
those with comorbidities and poor performance status at diagnosis are
less tolerant to this intensive therapy, and they have increased treat-
ment-related morbidity and mortality. This population was hardly
evaluated by well-controlled clinical studies prior to 2010, the time
when hypomethylating agents were introduced, and therefore the
treatment protocols were mainly based on physician’s experience and
included a variety of treatment options such as low doses of anthra-
cyclines, variations of 7 + 3, and variations of chemotherapy combi-
nation regimens such as FLAG-IDA.

Up until recently, for patients not eligible for standard induction
therapy, in particular for the =75-year-old patient population, there
was no FDA-approved first-line therapy. In 2017, the FDA approved the

Table 3
Outcome Data included in the meta-analysis.

use of gemtuzumab ozogamicin (GO, Mylotarg), a monoclonal antibody
to CD33 linked to a cytotoxic agent, as a single-agent induction therapy
in older patients with CD33 positive AML cells, based on improvement
in Median OS from 3.6 in the control best supportive care arm
(n = 119) to 4.9 months in the GO arm (n = 118), HR = 0.69 (95%CI:
0.53,0.90). The CR rate (best response) in the GO arm was 15.3% [32].
More recently, the FDA approved glasdegib (Daurismo), a hedgehog
pathway inhibitor, in combination with LDAC in a similar population, a
treatment which resulted in a CR rate of 18.2% (n = 77), compared to
2.6% (n = 38) in the LDAC alone arm, and median OS of 8.3 months
compared to 4.3 months in the LDAC alone arm, HR = 0.46 (95% CL:
0.30,0.71) [8]. In addition, the FDA recently granted an accelerated
approval to the BCL-2 inhibitor venetoclax (Venclexta) in combination
with either LDAC or hypomethylating agents in patients age > 65 years
who are unfit for intensive chemotherapy, which demonstrated toler-
able toxicity and promising efficacy in single-arm studies, with CR rates
of 21% (n = 61), 37% (n = 67), and 54% (n = 13) in combination with

Study (primary author, year) Agent N CR ORR Median RFS (months) Median OS (months) 60-day mortality
Craddock 2017 Azacitidine 129 NR 22%" 12.82 8.9° 15%°
Dombret 2015 Azacitidine 154 18% 27% 8.6! 11.2 17%
Passweg 2014 Azacitidine 45 NR 18% 8.0% 6.0 18%
Cashen 2010 Decitabine 55 24% 26% NR 7.7 20%
Kantarjian 2012 Decitabine 2424 16% 26% 8.3 7.7 15%
Lubbert 2012 Decitabine 227 13% NR NR 5.5 20%
Lubbert 2016 Decitabine 100 NR NR NR 6.6° NR
Burnett 2007 LDAC 102 18% NR 8.0 3.3 40%
Burnett 2013 LDAC 206 12% 19% 7.5 4.9 26%
Dennis 2015, Cohortl LDAC 40° 16% 30% 9.5% 9.0 20%
Dennis 2015, Cohort2 LDAC 40° 20% 34% 6.82 9.6 18%
Dohner 2014 LDAC 45 7% 13% 10.0 5.2 18%
Dombret 2015 LDAC 158 24% 26% 9.92 6.4 19%
Kantarjian 2012 LDAC 215 8% 11% 6.7 5.0 20%
Kantarjian 2013 LDAC 26 4% NR NR 4.5 27%
Glasdegib LDAC 38 3% 5% NR 4.3 37%

ORR: overall response rate (CR + CRi); NR: not recorded; ! includes marrow CR. 2 calculated amongst patients with either CR or CRi, all other studies consider only
CR patients; ® data from 108 AML patients. * includes patients who were pre-selected to receive supportive care, data not presented by pre-selected group in this arm,
12% of the control arm received supportive care. ® average of decitabine alone and decitabine + ATRA arms. 622 patients were included in both cohorts, each cohort

was weighted down to 40 patients for the meta-analysis.
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2=0

Median
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Study Agent N CRi
Craddock Azacitidine 129 022 s
Dombret Azacitidine 154 027 s —
Passweg Azacitidine 45 0.18 e
Cashen Decitabine 55 026
Kantarjian 2012 Decitabine 242 026 ——
Burmett 2013 LDAC 206 019 ——
Dennis Cohort1 LDAC 40 030 _—
Dennis Cohort2 LDAC 40 034
Dohner LDAC 45 013 —_——
Dombret LDAC 158 026 ——
Glasdegib LDAC 38 005 —
Kantarjian 2012 LDAC 215 011 ——
HMA 0.25(0.22,0.28) o
LDAC 0.19(0.13,0.27) i
Overall 0.22(0.18,0.26 ) 12=0.68
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—
e
<
@
——

MedianrFs

Fig. 1. Pooled analysis for CR rate, overall response rate and RFS.

LDAC, azacitidine or decitabine, respectively [7,33-35]. It should be
considered, though, that patients with prior hypomethylating agent
treatment for MDS were excluded from the venetoclax +
hypomethylating agent study, and benefited less from the veneto-
clax + IDAC combination in a separate study [36].

LDAC and HMA are frequently being used as AML treatment for
older and unfit patients since they are considered easier to tolerate by
this population, less resource demanding on treating physicians and
have acceptable efficacy. The data and analysis presented here em-
phasise that though extensively used in the older and unfit population,
LDAC and HMA offer a modest advantage to these patients; the pooled
estimate of the CR rate was only 15% (95% CI: 12%-19%) and even the
best estimate for median OS, the pooled estimate for hypomethylating
agents, was only 7.5 months (95% CI: 6.1-9.2 m).

With the exception of RFS, there was significant variability in the
reports for all endpoints, with at least 60% of the total variability un-
explained by the expected random fluctuations in outcome due to
sample-size. This excess variability is indicative of the prevalence of
important prognostic factors being differentially present between trials.
The analyses suggest that the true estimates of outcome differ between
trials and thus the random effects meta-analysis provides an estimate of
the average of these different outcomes. The confidence intervals pro-
vided are thus wider than those provided by fixed effect meta-analysis,
which would treat patients as having come from a single large trial.

It was decided to pool both within treatment class and across all ten
trials. It’s noteworthy that for CR in particular, the meta-analysis did
not indicate any difference in outcome between hypomethylating
agents and LDAC (p = 0.46) when pooling the two randomised com-
parative studies [9,10] in the subset of patients pre-selected as suitable

Median
Study Agent Events
Craddock Azacitidine 101 89 —
Dombret Azacitidine 124 1.2 —
Passweg Azacitidine 40 60 —_—
Cashen Decitabine 45 77
Kantarjian 2012 Decitabine 197 77 —.—
Lubbert 2012 Decitabine 201 55 —-—
Lubbert 2016 Decitabine 85 66 —
Bumett 2007 LDAC 100 32 -
Bumett 2013 LDAC 175 49 —-—
Dennis Cohort1 LDAC 42 9.0
Dennis Cohort2 LDAC 34 96
Dohner LDAC 37 52 ——
Dombret LDAC 126 64 —a—
Glasdegib LDAC 31 43 ———
Kantarjian 2012 LDAC 199 50 -
Kantarjian 2013 LDAC 18 45 —_——

75(6.1,9.2 -
54(4.4,67 -

Overall 6.3(5.3,7.4 12=0.90

Median0s’

Table 4

Odds ratio (95% CI) of response according to age group (< 75 v =75).
Study N Odds ratio
Burnett 2013 Clofarabine 198 1.96 (1.1,3.5)!
Burnett 2013 LDAC 206 1.50 (0.7,3.0)*
Lubbert 2012 227 2.05 (1.1,3.9)*

Overall 1.85 (1.3,2.7)

CI: confidence interval;! odds ratio for overall response rate (CR + CRi), 2 odds
ratio for CR + PR.

to receive LDAC. Therefore, the overall pooled result for CR serves as a
relevant benchmark when assessing the activity of future agents in this
setting. Whether hypomethylating agents extend OS is somewhat con-
troversial. It was not the primary aim of this paper, but the pooled
analysis of the two randomised studies comparing a hypomethylating
agent to LDAC approached statistically significance (p = 0.08,
HR = 0.87) in the subset of patients pre-selected as suitable to receive
LDAC. Therefore, a separate pooled estimate was provided for the
median OS for both hypomethylating agents and LDAC.

A meta-analysis of decitabine outcomes has previously been re-
ported [37] which, unlike this paper, included data from single in-
stitution studies. Single institution trials are not included here as they
are likely to be more susceptible to selection bias [38,39] and results
will be less generalisable. The decitabine meta-analysis [37] also in-
cluded data for a decitabine schedule of 20 mg/m? for 10 days every 4
weeks. These studies show higher CR rates but it is not clear how much
of that effect is related to schedule or selection bias, as all of the studies
with this schedule were from single institution trials.

60 da

Study Agent N mortality
Craddock Azacitidine 1 0.1 —_—
Dombret Azacitidine 017 —_——
Passweg Azacitidine 45 0.18 —_—
Cashen Decitabine 55 020 —
Kantarjian 2012 Decitabine 242 0.15 ——
Lubbert 2012 Decitabine 227 020 ——
Bunett 2007 LDAC 102 0.40 ——
Bumett 2013 LDAC 206 0.26 —
Dennis Cohort1 LDAC 40 0.20
Dennis Cohort2 LDAC 40 0.18

ohner LDAC 45 0.18
Dombret LDAC 158 0.19 ——
Glasdegib LDAC 037
Kantarjian 2012 LDAC 215 020 —
Kantarjian 2013 LDAC 26 0.27
HMA 0.17( 0.15, 0.20 k3
LDAC 0.25( 0.20,0.31 2=0.66 -
Overall 0.21(0.18,0.25) i :

Fig. 2. Pooled analysis for OS and 60-day mortality.
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Data from three studies were also included, where some patients
received ATRA in combination with standard therapy. However, in the
two randomised comparisons [6,11] ATRA was shown not to increase
the CR rate, with conflicting results shown for OS. It is not expected
therefore that the inclusion of a small percentage of patients given
ATRA would have biased the results.

Data was not available for all endpoints for all studies. Median RFS
could only be obtained from eight of the studies. However, results for
this endpoint were remarkably consistent between studies; there was no
extra between-study variability for this endpoint. This suggests that
despite the fact that some studies assessed RFS in patients with a CR,
and others added incomplete responders, it seemed to have little if any
bearing on the pooled estimate of an 8.5-month median (95% CI:
7.4-9.7). The overall response rate (CR + CRi) was not reported for
four studies, however these studies had CR rates or median OS close to
the average so it seems unlikely their exclusion has biased the reported
pooled estimate of incomplete CR of 22% (95% CI: 18%-26%).

For 60-day mortality, the pooled estimate was 21% (95% CI:
18%-25%) however, there was a markedly higher rate of 37% or more
in two studies. This difference might partially be explained by the re-
cruitment of patients with poor performance status (PS). In one of the
studies [6], the proportion of patients recruited with a performance
status of three or more was 13%, which is more than double the pro-
portion of such patients in all other studies except one and in the other
[8], the proportion of PS 2 patients was markedly higher.

OS data were the most variable between studies, with 90% of the
variability being unexplained between study variability. A number of
factors including age, performance status, cytogenetics, AML type (de
novo or secondary), prior hypomethylating agent treatment for MDS,
and white blood cell count, have been shown to be independently
prognostic for survival outcome [1,24,26]. It is likely therefore, they
are differentially present between studies and explain some of this
variability. For OS, additional factors may have also contributed to the
high variability; the use of effective subsequent therapies may have
differed between studies, although details were not recorded often en-
ough to assess the potential impact, and the median may not always be
a good representation of average outcome for any given study. Overall,
these data reinforce the need for randomised studies when assessing OS.

Finally, the relationship between age (< 75 vs. = 75 years) and CR
rate was assessed. Although this was available from three cohorts from
two studies, this relationship was highly statistically significant
(p = 0.001, odds ratio = 1.85) and confirmed the same findings re-
ported for OS [1,22-26]. The decitabine meta-analysis [37] did not
show that age was related to CR rate, however, this report only con-
sidered trials with decitabine and used an age cut-off of 70 years.

A noted caveat in this meta-analysis is the under representation of
patients with prior hypomethylating agent treatment for MDS, as they
are excluded from the majority of the studies found for the unfit AML
population, including all studies with azacitidine or decitabine treat-
ments. In the few studies which do not specifically state that this po-
pulation is excluded, a separate outcome analysis is not provided.
Therefore, although the population of patients with secondary AML and
prior hypomethylating agent treatment for MDS is characterized by a
particularly poor prognosis, with remission rates and median OS re-
duced by several folds [40,41]1, no information for a separate analysis
by this baseline characteristic was found for the population of older and
unfit AML patients included in this meta-analysis.

In conclusion, with any meta-analysis there are always limitations
and we were as inclusive as possible so that results could be gen-
eralisable. The paucity of well controlled studies done in the older and
unfit AML population, and the fact that most of the available studies
were done in a relatively small population in comparison to the studies
in young AML patients, emphasise the importance of a meta-analysis. In
presenting the meta-analysis, the intention is to describe the data in an
objective and quantified manner to provide the best available historical
benchmark with LDAC and hypomethylating agents to place data from
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future studies in this population into context.
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