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Abstract: With standard therapies for patients with acute myeloid leukemia (AML), many patients either do not 
achieve complete response (CR) or relapse after CR. There are a scarcity of real-world data on outcomes of un-
selected patients with relapsed/refractory acute myeloid leukemia (RR-AML). We retrospectively evaluated treat-
ment patterns and survival outcomes of unselected patients aged ≥18 years diagnosed with RR-AML identified 
from the Alberta Cancer Registry, Alberta, Canada, between January 2013 and December 2016. We included 199 
patients who met predefined criteria for RR-AML. Following RR-AML diagnosis, 23% of patients received intensive 
therapy (IT), 33% non-intensive therapy (NIT), and 44% best supportive care (BSC). The unadjusted median overall 
survival (OS) of the study cohort was 5.3 months from the time of RR-AML diagnosis, with a 5-year OS rate of 12.6% 
(95% confidence interval 7.5-21.1). According to treatment intensity after RR-AML, the median OS outcomes were 
13.6, 9.4, and 2.0 months for IT, NIT, and BSC groups, respectively (P<0.001). Patients who received treatment (IT 
or NIT) had better survival than those who received only BSC. This study emphasizes the need for newer therapy 
options for patients with RR-AML.
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Introduction

The standard therapy for fit patients with acu- 
te myeloid leukemia (AML) consists of induc- 
tion chemotherapy with an anthracycline plus 
cytarabine (3+7 regimen). For patients achiev-
ing complete response (CR), consolidation che-
motherapy is usually administered, and some 
patients undergo allogeneic stem cell trans-
plantation (alloSCT). Although 70-80% of pati- 
ents achieve CR, many patients are refractory 
to, or relapse, following such treatment [1, 2]. 
For patients who are unfit for intensive chemo-
therapy, non-intensive treatment (NIT), using 
either a hypomethylating agent (HMA) or low-
dose cytarabine (LDAC), with or without ano- 
ther chemotherapy agent, is generally used. 
However, most patients do not achieve CR with 
such treatments and relapse is virtually inevi-
table for those who do achieve CR [3-5].

For patients with relapsed/refractory AML (RR- 
AML), options include re-induction with inten-

sive therapy (IT), usually using a different che-
motherapy regimen such as FLAG-IDA (fludara-
bine, high-dose cytosine arabinoside, idarubi-
cin, and granulocyte colony-stimulating factor) 
[6] or MEC (mitoxantrone, etoposide, and cyta-
rabine) [7]. If a second complete response 
(CR2) is achieved, this may be followed by 
alloSCT. If refractory to IT, or if the patient is  
not considered a candidate for IT, palliative NIT 
or best supportive care (BSC) alone may be 
used. However, outcomes are generally poor in 
these patients; apart from those who undergo 
alloSCT after CR2, cures are rare in this setting 
[8-10].

Recently, a number of novel targeted agents 
have been approved or are under evaluation in 
clinical trials, in patients with RR-AML; these 
include FLT3 inhibitors (quizartinib, gilteritinib, 
crenolanib, and sorafenib) [11-14], IDH inhibi-
tors (enasidenib and ivosidenib) [15, 16] and 
others such as gemtuzumab ozogamicin, vene-
toclax, idasanutlin, and vosaroxin [17-20]. Al- 
though these agents have clearly demonstrat-
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ed antileukemic activity in these patients and 
have shown improved survival in some random-
ized trials, responses are usually not durable. 
Moreover, most trials have rigorous selection 
criteria, and it remains unclear how results 
from these studies compare with those from 
patients who are treated in real-world settings 
where such selection criteria do not apply. 
While real-world registry-based data are avail-
able for patients who are newly diagnosed with 
AML [21, 22], there are a scarcity of real-world 
data to evaluate the outcomes of unselected 
relapsed/refractory (RR) patients.

To address this deficiency, we evaluated the 
treatment patterns and outcomes of unselect-
ed adult patients with RR-AML, identified by 
registry data in a single jurisdiction (Alberta, 
Canada) within a specified timeframe.

Methods

Search strategy

The Alberta Cancer Registry collects compre-
hensive lists of all cancer patients by diagno- 
sis within the province (population approxi-
mately 4 million). From this registry, we com-
piled a complete list of all patients aged ≥18 
years with a diagnosis of AML according to 
International Classification of Diseases codes, 
over a 4-year period from January 2013 to 
December 2016. From this list, we identified all 
patients who were seen at the 2 main referral 
centers that treat the vast majority (>95%) of 
AML patients in the province, the University of 
Alberta Hospital (UAH) in Edmonton and the 
Tom Baker Cancer Centre (TBCC) in Calgary. 
Through a comprehensive chart review at the- 
se 2 centers, we identified all patients within 
this cohort with RR disease.

Definitions

Relapse was defined as having achieved a  
documented CR regardless of primary treat-
ment, followed by subsequent disease recur-
rence. For patients receiving IT, refractory dis-
ease was defined as failure to achieve a CR 
after 2 induction attempts with different inten-
sive regimens; patients not considered candi-
dates for intensive re-induction after 1 induc-
tion regimen were also included. For patients 
receiving NIT upfront, refractory disease was 

defined as failure to achieve an objective com-
plete or partial response to either 6 cycles of  
an HMA (generally azacitidine, as decitabine 
was not available in Canada), or 4 cycles of 
LDAC; patients with clear evidence of disease 
progression after 2-3 LDAC cycles were also 
included. Patients with RR-AML who received 
either an HMA or LDAC combined with ano- 
ther agent (usually as part of a clinical trial), or 
non-intensive investigational agents, were in- 
cluded. Date of diagnosis of RR-AML was de- 
fined as the date of documented RR-AML sta-
tus, usually by bone marrow aspirate/biopsy.

Further chart reviews were conducted on the 
patients with RR-AML to collect information 
regarding baseline clinical and laboratory char-
acteristics, subsequent therapy and outcomes. 
Based on the treatment regimen received fol-
lowing the diagnosis of RR-AML, patients were 
grouped as (1) IT: patients who received ≥1 line 
of intensive re-induction therapy at any time 
after RR-AML diagnosis; (2) NIT: patients who 
received ≥1 line of non-intensive cytotoxic ther-
apy (HMA or LDAC ± other agent, or an alterna-
tive agent) but no IT; and (3) BSC: patients who 
did not receive any cytotoxic or other disease-
modifying therapy except hydroxyurea.

Responses were defined by standard Cheson 
criteria [23]. Overall survival (OS) was defined 
as the time from diagnosis of RR-AML to date  
of death or last follow-up. For prognostic evalu-
ation, the European LeukemiaNet (ELN) 2010 
classification was used [24], mainly because 
this was the system in use at the time, and  
only limited molecular profiling was available 
(FLT3, NPM1, and CEBPA). For most patients, 
cytogenetics and molecular data were not  
available at the time of RR disease; therefore, 
the initial diagnostic cytogenetic and molecu- 
lar data were used. As this was a retrospective 
analysis, data with respect to performance  
status were also not available. Ethics approval 
was obtained from the provincial Cancer Re- 
search Ethics Board prior to the initiation of  
this retrospective study.

Statistical evaluation

Data from the study were merged and analyzed 
on a secure computing platform with whole-
disc 128-bit AES encryption with a 256-bit key 
as well as biometric and 2-factor authentica-
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tion. To analyze the data, we used custom soft-
ware written in Perl in conjunction with several 
additional software packages for data mana- 
gement and statistical analysis, including The  
R Project for Statistical Computing (Version 
3.6.2) with the “survival” package, Microsoft 
Excel (Version 16.33), Sequel Pro (Version 
1.1.2), MySQL (Version 8.0.18) and MAMP 
(Version 5.5). Descriptive statistics were used 
to describe the study population, baseline  
characteristics and treatment patterns. We 
used the Fisher exact test to determine the P 
values of our descriptive statistics. Survival 
analyses, which included survival curves, me- 
dian survival, survival rates and confidence 
intervals (CIs) of survival metrices, were done 
using the Kaplan-Meier method. The Mantel-
Cox test was used to detect significance in  
the survival analysis.

Cox proportional hazards regressions were us- 
ed to test several patient characteristics for 
independent associations with mortality. Ha- 
zard ratios for mortality were estimated for age 
group (age ≥60 vs age <60), treatment intensi-
ty post-RR-AML (NIT vs BSC; IT vs BSC), best 

response pre-RR-AML (CR ≥12 months vs NR; 
CR <12 months vs NR) and ELN risk classifica-
tion (intermediate vs favorable; adverse vs 
favorable). P values <0.05 were considered  
statistically significant.

Results

A total of 572 patients were diagnosed with 
AML within the specified time period. Of these, 
199 were identified at the 2 centers as meeting 
the predefined criteria for RR-AML and were 
included in the analysis. The baseline charac-
teristics of the entire group, and according to 
treatment administered following RR-AML diag-
nosis, are summarized in Table 1.

Treatments administered

As shown in Table 1, 23% of patients received 
IT following RR diagnosis, 33% received NIT 
and the remaining 44% received BSC. Patients 
receiving IT after RR diagnosis tended to be 
younger and were more likely to have a favor-
able ELN risk score. In contrast, the NIT and 
BSC groups did not differ by age, and were 

Table 1. Baseline characteristics of patients with RR-AML

Characteristic All patients 
(n=199) IT (n=46) NIT (n=65) BSC (n=88) P value

Age, mean (range), years 63.2 (20.4-92.8) 52.1 (20.4-74.6) 67.7 (23-90.6) 65.7 (21-92.8)
Male, n (%) 124 (62) 28 (61) 41 (63) 55 (63) NS
ELN 2010 risk classification at diagnosis, n (%)a

    Favorable 35 (18) 19 (41) 6 (9) 10 (11) <0.001
    Intermediate-1 100 (50) 18 (39) 42 (65) 40 (45)
    Intermediate-2 5 (3) 1 (2) 3 (5) 1 (1)
    Adverse 59 (30) 8 (17) 14 (22) 37 (42)
Prior hematologic malignancy, n (%) 25 (13) 6 (13) 8 (12) 11 (13) NS
Lines of therapy pre-RR-AML, n (%)
    1 172 (86) 41 (89) 57 (88) 74 (84) NS
    2 19 (10) 5 (11) 5 (8) 9 (10)
Treatment intensity pre-RR-AML, n (%)
    IT 124 (62) 46 (100) 32 (49) 46 (52) NS
    NIT 75 (38) 0 (0) 33 (51) 42 (48)
Best response to pre-RR-AML therapy, n (%)
    CR ≥12 months 38 (19) 18 (39) 11 (17) 9 (10) <0.001
    CR <12 months 85 (43) 22 (48) 30 (46) 33 (38)
    NCR 76 (38) 6 (13) 24 (37) 46 (52)
alloSCT pre-RR-AML, n (%) 25 (13) 2 (4) 8 (12) 15 (17) NS
alloSCT: allogeneic stem cell transplantation; BSC: best supportive care; CR: complete response; ELN: European LeukemiaNet; 
IT: intensive therapy; NIT: non-intensive therapy; NCR: no complete response; NS: not significant; RR-AML: relapsed/refractory 
acute myeloid leukemia. aRounding may cause total ≠ 100%.
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more likely to be ELN intermediate risk, while 
those receiving BSC were more likely than 
treated patients to be ELN adverse risk. Pa- 
tients whose first CR duration was ≥12 months 
were more likely to receive IT at relapse, as 
compared with those with CR <12 months or 
primary refractory disease. Patients relapsing 
after alloSCT were more likely to receive either 
NIT or BSC.

In terms of prior IT, 118 patients had received 
3+7 induction chemotherapy initially, while 23 
received either FLAG or FLAG-IDA. Of these, 27 
primary induction failures received re-induc- 
tion with either NOVE (mitoxantrone and eto- 
poside) ± HiDAC (high-dose cytarabine) [25], 
FLAG-IDA or another regimen. For those achi- 
eving CR, consolidation therapy generally con-
sisted of up to 4 cycles cytarabine 3 g/m2 × 6 
doses (1 g/m2 for patient age >60 years); 25 
had received alloSCT in first CR. In terms of 
prior NIT, azacitidine ± other agent was used in 
61 patients and LDAC ± other agent in 17; 6 

patients received another non-intensive agent 
in the setting of a clinical trial. No patients had 
received venetoclax prior to RR.

The first IT post-RR-AML consisted of FLAG-IDA 
in 29 cases (63%) and FLAG in 5 cases (11%); 2 
patients each received NOVE-HiDAC and NOVE, 
while 1 patient each received a 3+7 regimen, 
high-dose cyclophosphamide-etoposide, and 
high-dose etoposide alone. Two patients (4%) 
proceeded to receive alloSCT directly. The first 
NIT consisted of azacitidine ± other agent in 49 
cases (75%) and LDAC ± other agent in 12 
cases (19%); 3 patients received selinexor in a 
clinical trial, while 1 patient each received gil-
teritinib, guadecitabine, and venetoclax plus 
idasanutlin, all in clinical trials. The number of 
patients (n=67) who received NIT first post-RR-
AML exceeded the number of patients in the 
non-intensive cohort (n=65) because 2 patients 
who received first NIT post-RR-AML went on to 
receive IT in either the second or third line; 
these patients were included in the IT group. 

Table 2. CR rates and OS according to treatment intensity after RR-AML

Characteristic
CR + CRi/n (%) Median OS (95% CI), months from diagnosis of RR-AML
IT NIT IT NIT BSC

All patients 30/46 (65) 9/65 (14) 13.6 (9.6-NR) 9.4 (5.8-12.8) 1.9 (1.5-3.4)
Initial ELN 2010 risk group
    Favorable 16/19 (84) 1/6 (17) NR (13.6-NR) 6.9 (3.8-NR) 1.3 (1.1-NR)
    Intermediate 10/19 (53) 5/45 (11) 11.0 (4.7-NR) 10.4 (5.3-18.4) 2.1 (1.5-3.8)
    Adverse 4/8 (50) 3/14 (21) 9.1 (4.3-NR) 8.6 (5.4-NR) 2.3 (1.7-4.1)
    P value 0.075 NS 0.05 NS NS
Best response pre-RR-AML
    CR ≥12 months 16/18 (89) 0/11 (0) NR (12.4-NR) 18.5 (9.3-NR) 3.4 (2.0-NR)
    CR <12 months 13/22 (59) 5/30 (17) 10.3 (4.7-NR) 7.6 (3.8-NR) 1.8 (1.5-4.2)
    NCR 1/6 (17) 4/24 (17) 9.2 (5.3-NR) 6.5 (4.9-11.5) 1.8 (0.9-3.6)
    P value 0.004 NS NS 0.08 NS
Age at diagnosis of AML
    <60 years 21/36 (58) 2/13 (15) 15.8 (9.2-NR) 9.4 (5.8-NR) 3.4 (1.8-4.0)
    ≥60 years 9/10 (90) 7/52 (14) 12.1 (4.3-NR) 8.9 (5.3-11.5) 1.8 (1.4-3.5)
    P value NS NS NS NS NS
Response post-RR-AML
    CR N/A N/A NR (13.8-NR) 44.8 (18.4-NR) N/A
    CRi 7.6 (5.4-NR) 11.3 (9.4-NR)
    NCR 5.4 (4.5-NR) 9.3 (5.3-23.8)
    P value <0.001 0.01
BSC: best supportive care; CI: confidence interval; CR: complete response; CRi: complete response with incomplete count re-
covery; ELN: European LeukemiaNet; IT: intensive therapy; N/A: not applicable; NCR: no complete response; NIT: non-intensive 
therapy; NR: not reached; NS: not significant (only p values <0.1 are shown); OS: overall survival; RR-AML: relapsed/refractory 
acute myeloid leukemia.
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Seven patients received azacitidine as the  
second line post-RR, while 4 received LDAC.

files were 9.9, 4.7, and 4.0 months, respective-
ly (P=0.003). The respective median OS out-

Figure 1. OS (A) of the entire cohort and (B) according to treatment inten-
sity post-RR-AML. BSC: best supportive care; CI: confidence interval; IT: 
intensive therapy; NIT: non-intensive therapy; NR: not reached; OS: overall 
survival; RR-AML: relapsed/refractory acute myeloid leukemia. *P<0.001 
between IT, NIT, and BSC groups.

Response data

The response data are shown 
in Table 2. Of the 30 patients 
achieving CR in the IT group, 6 
were classified as achieving 
complete response with in- 
complete count recovery (CRi), 
while 4 in the NIT group were 
classified as CRi. As shown, 
ELN favorable risk patients 
were more likely to achieve a 
CR with IT post-RR; however, 
this difference did not reach 
statistical significance. In con-
trast, patients with a first CR 
duration ≥12 months were  
significantly more likely to 
achieve CR with IT post-RR. 
Responses to NIT were similar 
regardless of ELN risk group or 
CR1 duration. There were no 
CRs in the BSC group.

Survival data

The OS of the entire group is 
shown in Figure 1A; the unad-
justed median OS for the over-
all study cohort was 5.3 mon- 
ths from the time of diagnosis 
of RR-AML, with a 1-year OS 
rate of 29.6% (95% CI 29.0-
30.3) and a 5-year OS rate of 
12.6% (95% CI 7.5-21.1). The 
OS according to treatment in- 
tensity administered after RR- 
AML is shown in Figure 1B;  
the median OS outcomes were 
13.6, 9.4, and 2.0 months for 
the IT, NIT, and BSC groups, 
respectively (P<0.001). The OS 
according to age at diagnosis 
is shown in Figure 2A; the OS 
for patients aged <60 years 
was 6.0 months, versus 4.5 
months for those aged ≥60 
years (P=0.009). The OS ac- 
cording to ELN risk group is 
shown in Figure 2B; the medi-
an OS for patients with ELN 
favorable, intermediate (high 
and low), and adverse risk pro-
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comes in different subgroups 
according to treatment intensi-
ty are shown in Table 2. 
Patients with a first CR ≥12 
months tended to have a lon-
ger OS than other patients, 
regardless of whether they 
received IT or NIT; however, 
these differences were not sig-
nificant (P=0.2 and 0.08 for IT 
and NIT patients, respective- 
ly). In contrast, achievement of 
CR post-RR, regardless of 
whether patients received IT or 
NIT, was significantly associat-
ed with superior OS. 

A total of 16 patients under-
went alloSCT post-RR, 12 of 
whom had received IT at RR 
and were in CR at the time of 
transplantation. The OS curves 
for the patients who under-
went alloSCT in CR, and for 
those who did not undergo 
alloSCT after achieving CR with 
IT, are shown in Figure 3. The 
median OS for all patients who 
received alloSCT following dia- 
gnosis of RR-AML was 20.2 
months.

A multivariable Cox regression 
analysis was performed, incor-
porating age, ELN risk profile, 
treatment intensity before dia- 
gnosis of RR-AML, number of 
treatment lines before diagno-
sis of RR-AML, best response 
before diagnosis of RR-AML, 
treatment intensity after diag-
nosis of RR-AML, and alloSCT 
after diagnosis of RR-AML. In 
this analysis, any treatment 
(either IT or NIT) given post-RR 
was significantly associated 
with better OS versus BSC 
(Table 3). CR1 duration ≥12 
months was of borderline sig-
nificance for better OS, while 
other factors were not signifi-
cantly associated with OS.

Discussion

Considering the poor progno-
sis of patients with RR-AML,  

Figure 2. OS (A) according to age at diagnosis and (B) according to ELN 
risk group. CI: confidence interval; ELN: European LeukemiaNet; NR: 
not reached; OS: overall survival. *P=0.009 compared with ≥60 years, 
**P=0.003 between ELN risk groups.
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a number of investigational 
agents have been, and are 
being evaluated, in clinical tri-
als. However, many of these 
are single-arm studies and 
therefore lack control groups, 
while randomized controlled 
trials generally have fairly str- 
ingent eligibility criteria. These 
studies do not indicate how 
many potential patients de- 
clined enrollment or were ex- 
cluded. It is therefore difficult 
to ascertain how these results 
compare with those from real-
world settings. Our study eva- 
luated all patients treated at 
the two primary leukemia cen-
ters in Alberta at the time of 
diagnosis, and therefore would 
have captured all patients at 
the RR stage, including those 
who subsequently received pa- 
lliation at their local hospitals 
without being referred back to 
tertiary care centers.

The most striking finding was 
that 44% of patients received 
only BSC following RR. The  
reasons for this are difficult  
to ascertain in a retrospective 
study but may include a lack  
of available effective treat- 
ment options or clinical trials, 
poor performance status, a 
moribund state with imminent 
death, or patient preference. 
These are often not indepen-
dent variables; a patient’s de- 
cision to opt for BSC alone  
may be influenced by a lack  
of effective treatments as well 
as frail state, which may dis-
suade the patient from return-
ing to the leukemia center.  
In particular, patients failing 
HMA therapy generally did not 
have effective treatment op- 
tions available at the time of 
the analysis outside of clinical 
trials; this may have strongly 
influenced their decision.

Figure 3. OS for the patients achieving CR post-RR-AML according to wheth-
er the patients underwent subsequent alloSCT. alloSCT: allogeneic stem 
cell transplantation; CI: confidence interval; CR: complete response; NR: 
not reached; OS: overall survival; RR-AML: relapsed/refractory acute my-
eloid leukemia. aFour patients who had alloSCT post-RR-AML were excluded 
because they did not attain CR status, the status was incorrectly entered, 
or the status was missing.

Table 3. Multivariate analysis for OS after RR-AML
Variable HR (95% CI) P value
Age (<60 vs ≥60 years) 1.20 (0.82-1.76) 0.35
Treatment intensity post-RR-AML
    IT vs BSC 0.26 (0.16-0.43) <0.001
    NIT vs BSC 0.32 (0.23-0.48) <0.001
    IT vs NIT 0.80 (0.38-1.7) 0.56
Best response pre-RR-AML
    CR <12 months vs NCR 0.87 (0.6-1.25) 0.44
    CR ≥12 months vs NCR 0.55 (0.33-0.92) 0.03
    CR ≥12 months vs <12 months 0.64 (0.38-1.05) 0.08
ELN risk score
    Favorable vs intermediate 1.42 (0.8-2.5) 0.23
    Favorable vs adverse 1.21 (0.64-2.3) 0.56
    Intermediate vs adverse 1.17 (0.79-1.74) 0.44
BSC: best supportive care; CI: confidence interval; CR: complete response; ELN: 
European LeukemiaNet; HR: hazard ratio; IT: intensive therapy; NIT: non-intensive 
therapy; NCR: no complete response; OS: overall survival; RR-AML: relapsed/re-
fractory acute myeloid leukemia.
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Our study found that patients who receive any 
treatment, including palliative NIT, have a bet-
ter survival than those who receive only BSC. 
Although intensive re-induction was associated 
with a superior OS on univariate analysis, there 
was no significant difference in OS between IT 
and NIT patients on multivariate analysis, sug-
gesting that outcomes are also influenced by 
covariates such as prior therapy, first CR dura-
tion, age, performance status, and disease 
biology. In particular, patients relapsing after 
alloSCT, older patients, those with very short 
CR duration or no CR, and those with adverse-
risk ELN scores were much less likely to receive 
IT, as shown in Table 1. Conversely, those who 
received IT at relapse tended to have more 
favorable biologic and clinical factors. As with 
previous studies, there were few long-term sur-
vivors following RR with the exception of those 
who underwent alloSCT.

For those who received antileukemic treatment 
post-RR, achievement of a true CR appears to 
be the most important predictor of survival 
regardless of treatment intensity, as shown in 
Table 2. Therefore, this remains an important 
goal of treatment. While ELN risk score was sig-
nificantly associated with OS (Figure 2B), the 
lack of significance on multivariate analysis 
suggests that this was mainly due to the fact 
that adverse-risk patients were more likely to 
receive only BSC post-RR (63%), and that favor-
able-risk patients were more likely (54%) to 
receive IT post-RR than other groups (Table 1).

The main strength of this study is its popula-
tion-based analysis, which eliminates the se- 
lection bias present in most clinical trials and 
therefore provides a more accurate reflection 
of real-world outcomes. Major limitations in- 
clude the inability to ascertain the influence of 
certain factors such as performance status, 
which were not accurately obtainable retro-
spectively, and the inability to accurately deter-
mine the rationale behind decision-making with 
respect to treatment choice in many cases.

Since this analysis was performed, a number of 
targeted agents have been reported to produce 
favorable results in RR patients. These include 
the FLT3 inhibitors quizartinib and gilteritinib, 
each of which demonstrated a survival benefit 
compared with standard treatments in random-
ized clinical trials [11, 12]; the OS in the gilteri-
tinib arm of the ADMIRAL phase 3 study was 

9.3 months [12]. The IDH2 inhibitor enasidenib 
showed an overall response rate of approxi-
mately 40%, with a median OS of 9.3 months in 
a phase 2 study of patients with AML harboring 
an IDH2 mutation [15], while the IDH1 inhibitor 
ivosidenib showed a comparable response rate 
in AML patients harboring an IDH1 mutation 
[16]. While these OS results do not appear 
superior to the NIT group in our study, many 
patients in those studies had already failed 
other treatments and would otherwise have 
been relegated to BSC alone. Several of these 
new agents have now been approved by regula-
tory agencies and are in clinical use. While 
these emerging therapies are likely to have a 
favorable impact on OS in these subsets of 
patients and allow some RR patients to receive 
antileukemic therapy, the majority of patients 
with AML do not harbor these mutations. 
Furthermore, these targeted agents are gener-
ally not curative when used as single agents in 
the RR setting, and should therefore be evalu-
ated as part of frontline combination regimens 
where they may be more effective. This study 
emphasizes the need for newer therapies that 
will favorably impact a greater majority of 
patients with RR-AML, particularly those who 
have failed all available conventional thera- 
pies.
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