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Abstract The hypomethylating agents (HAs), azacitidine and
decitabine, have emerged as an alternative to initial and salvage
therapy in patients with acute myeloid leukemia (AML). Little
is known about how AML responds to hypomethylating agents
after standard therapy, and the activity of these agents in a real-
world setting is not well studied. We retrospectively examined
data for 75 consecutive AML patients at Wake Forest from
2002 to 2011 treated with HAs either as first-line (n =34),
salvage (n =28), or consolidation (n =13) therapy.We collected
data on age, gender, race, Charlson comorbidity index (CCI),
cytogenetics, type of treatment, complete remission (CR),
complete remission with incomplete count recovery (CRi),
and survival. Statistical analysis was performed using
Kaplan–Meier estimates and Cox proportional hazards models.
Frontline response rate (CR + CRi) was 26.5 %, and median
overall survival (OS) was 3.4 months (95 % CI 1.3–7.4), with
18% alive at 1 year. In the salvage cohort, the response rate was
significantly lower compared to frontline (3.6 versus 26.5 %,
p =0.017). Despite the reduced response, OS from time of HA
treatment was longer than frontline at 8.2months (CI 4.8–10.3).
In the consolidation cohort, OS was 13.8 months (CI 8.0–21.6)
with one patient in remission more than 30 months from

diagnosis. These data suggest that prior cytotoxic therapy
decreases marrow response rates to HAs but not survival.
Furthermore, use of hypomethylating agents for consolidation
resulted in a median overall survival over 1 year in a cohort of
older patients. This suggests that hypomethylating agents have
activity in all phases of AML treatment.
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Introduction

Acute myeloid leukemia (AML) is an aggressive, genetically
heterogenous malignancy of the bone marrow. There are an
estimated 13,000 new cases and 10,000 deaths annually in the
USA [1]. Following diagnosis, patients with AML are
generally treated with induction chemotherapy. This therapy
typically consists of the combination of cytarabine and an
anthracycline, most commonly daunorubicin [2]. Once
remission is achieved, patients are treated with consolidation
therapy in the form of high or standard doses of cytarabine or
stem cell transplantation [2]. With induction chemotherapy,
60–70 % of patients achieve a complete remission, but the 5-
year estimated survival rate is only 20–30 % [3]. Despite
advances in therapy, 30–40% of AML patients do not achieve
a remission [2, 4]. In cases of induction failure or relapsed
disease, no standard regimen exists, and median estimated
survival ranges from 3 to 12 months [5].

The prognosis is even worse for older patients, often defined
as 60 years of age or older. In this age group, only 50 % of
patients will achieve a remission with standard induction
therapy, and long-term survival is less than 10 % [6–8]. Elderly
patients do not tolerate traditional chemotherapy regimens as
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well as younger patients. Treatment-related mortality from
these regimens may be as high as 25% in the elderly, compared
to 5–10 % in younger patients [9]. Poor outcomes continue in
older patients beyond the initial hospitalization, with the
median survival reported to be 2–12 months [10]. Reasons
for these poor outcomes include both differences in tumor
biology and common conditions of older patients. The elderly
have an increased incidence of preexisting myelodysplastic
syndrome, poor-risk cytogenetics, and multidrug-resistant
leukemia, all of which independently carry a poor prognosis
[7]. In addition to the negative prognostic factors related to the
leukemia itself, elderly patients have decreased functional status
and increased comorbidities. This combination results in a high
prevalence of aggressive, drug-resistant leukemia in patients
least equipped to tolerate the disease or the intensive treatment
options. There is currently no standard treatment regimen for
elderly patients who are unsuitable for conventional
chemotherapy at diagnosis, consolidation, or relapse. Defining
the optimal treatment of elderly AML patients is of increasing
importance, as it is predicted that by 2031, AML incidence will
rise by 38 % in the elderly [11].

In recent years, the hypomethylating agents, azacitidine and
decitabine, have emerged as alternatives to initial and salvage
therapy in patients with AML. These agents are used in patients
unable to tolerate traditional induction chemotherapy. The
hypomethylating agents are cytidine analogs that are
incorporated into DNA during replication and inhibit DNA
methyltransferases, leading to reduced DNA methylation. This
alteration in DNA methylation is thought to result in increased
expression of tumor suppressor genes, leading to leukemic cell
apoptosis. There is also some evidence that these agents can
directly damage DNA and that azacitidine alters RNA stability
[12]. Some studies have suggested that hypomethylating agents
can induce higher response rates than standard chemotherapy in
high-risk cytogenetic groups [13]. Little is known about how
AML responds to salvage therapywith hypomethylating agents
after standard induction chemotherapy, and the use of these
agents in the treatment of AML is currently evolving.

The purpose of this study was to better understand the
response rates of patients who received hypomethylating
agents as first-line therapy, in consolidation after standard
induction chemotherapy, or as salvage therapy.

Methods

Study design

We retrospectively reviewed data for 75 consecutive AML
patients treated with either azacitidine or decitabine and seen
at Wake Forest University from 2002 to 2011. Patients
received one of these agents as either first-line, salvage, or
consolidation therapy. Patients who received no previous

therapy were termed first line. Patients who responded to
cytotoxic induction chemotherapy and then received
azacitidine or decitabine were termed consolidation. Patients
who received azacitidine or decitabine after relapse or lack of
response to cytotoxic induction therapy were termed salvage.
All assignments were based on collaborative review by two
physicians. The flow chart for inclusion and exclusion is
shown in Fig. 1.

Data collection

Information was primarily obtained from our institution’s
electronic medical records system using structured data
extraction, chart review, and ICD-9 codes. We collected data
on age, gender, race, cytogenetic characteristics, type of
treatment, complete remission (CR), complete remission with
incomplete count recovery (CRi), partial response (PR), and
death or date of last contact. Comorbidities were obtained
from the date of diagnosis or prior using ICD-9 codes.
Regimens of hypomethylating agents were grouped into either
10-day decitabine treatment, 5-day decitabine treatment, or
azacitidine treatment. A single cycle of 10-day decitabine was
sufficient to assign a patient to this treatment group.

We collected data on overall survival from date of diagnosis,
survival from date of induction regimen administration,
survival from date of hypomethylating agent administration,
cytogenetic risk stratification score based on Southwest
Oncology Group guidelines [14], number of relapses, and the
Charlson comorbidity index (CCI) [15].

Statistics

Descriptive measures presented include percentages, means,
and Kaplan–Meier estimates of median survival. Fisher’s exact
test was used to compare group differences in categorical
variables, specifically inmarrow response rates and comorbidity
scores. We used a Cox proportional hazards model to adjust for
age, race, gender, and treatment group and to estimate the effect
of comorbidity burden on survival outcomes.

Results

Patient data Patient demographics are listed in Table 1.
Patients in the frontline, salvage, and consolidation cohorts
of this study were predominantly elderly (median ages of
74.5, 65.5, and 73) with only 8 of 75 patients younger than
60. The frontline cohort had a significantly higher
comorbidity burden with a mean CCI score of 2.35 compared
to 1.32 for the salvage cohort and 1.15 for the consolidation
cohort (p values of 0.0355 and 0.0077, respectively). This is
consistent with frontline patients not being considered
candidates for traditional induction chemotherapy. After
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Fig. 1 Patient selection strategy.
Outlined is the strategy for
identification of patients included
in the study and reasons for
exclusions

Table 1 Patient group
characteristics

Overall survival calculated in
months from start of
hypomethylating agent treatment

CR complete remission,
CRi complete remission with
incomplete count recovery,
NA not applicable
a Only noted in those with
normal cytogenetics who had
data available
b From time of HA

First line (N =34) Salvage (N =28) Consolidation (N =13)

Male 17/34 (50 %) 14/28 (50 %) 8/13 (62 %)

No. Caucasian (%) 32/34 (94 %) 23/28 (82 %) 12/13 (92 %)

Median age (range) 74.5 (51–83) 66.5 (45–78) 73 (58–83)

Charlson comorbidity index (mean) 2.35 1.32 1.15

Cytogenetic risk score (mean) 2.48 2.25 2.29

Good risk 1/34 0/28 0/13

Intermediate risk 11/34 18/28 4/13

Poor risk 13/34 6/28 3/13

Unknown 4/34 9/28 6/13

Molecular abnormalitiesa

FLT-3-ITD 0/1 2/5 3/3

NPM1 0/1 0/5 0/3

CR (%) 6/34 (18 %) 0/28 (0 %) NA

CRi (%) 3/34 (9 %) 1/28 (4 %) NA

Median overall survival (95 % CI)b 3.1 (1.3, 7.4) 8.2 (4.8, 10.3) 11.4 (4.0, 17.7)

% De novo AML 18/34 (53 %) 21/28 (75 %) 11/13 (85 %)

% Secondary AML 14/34 (41 %) 4/28 (14 %) 2/13 (15 %)

% Treatment-related AML 2/34 (6 %) 3/28 (11 %) 0/13 (0 %)

% 10-day decitabine 19/34 (56 %) 17/28 (61 %) 0/13 (0 %)

% 10-day decitabine (1 cycle) 6/34 (18 %) 6/28 (21 %) 0/13 (0 %)

% 10-day decitabine (>1 cycle) 13/34 (38 %) 11/28 (39 %) 0/13 (0 %)

% 5-day decitabine 12/34 (35 %) 10/28 (36 %) 11/13 (85 %)

% Azacitidine 3/34 (9 %) 1/28 (4 %) 2/13 (15 %)

Average line of salvage therapy NA 1.39 NA
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adjusting for baseline covariates, the CCI score trended with
survival though did not reach significance (p =0.2651). In
addition to advanced age, patients in this study were also poor
risk on the basis of tumor biology with 32% of patients having
poor-risk cytogenetics and 33 % having either secondary or
therapy-related AML. Overall survival from time of
hypomethylating agent (HA) treatment for each cohort is
shown in Fig. 2.

Hypomethylating agents have activity in first-line treatment of
AML Decitabine and azacitidine have activity in AML, as
shown in several clinical trials. However, reports in real-
world settings have cast some doubt on their utility [16].
The FDA recently declined to give decitabine approval for
an indication in AML because a pivotal phase III trial failed to
show a survival benefit except in an unplanned post hoc
analysis [17]. To assess the activity of these agents at our
institution, we examined the outcomes of 34 patients treated
with hypomethylating agents as their first line of therapy.
They represent a poor-risk cohort with advanced age (median
age of 74.5), 16 of 34 were either secondary or therapy-related
AML, 13 of 34 had adverse cytogenetics, and all were deemed
unfit for standard therapy by their treating physician. In this
cohort, the CR rate was 18% (6/34) with an additional 9 % (3/
34) of patients achieving a CRi for an overall response rate of
26.5 % with 18 % (6/34) of patients alive at 1 year. Of the six
patients alive at 1 year, five achieved either a CR or CRi.
Median overall survival (OS) was 3.4 months (CI 1.54, 7.95).
Of the nine patients achieving a CR or CRi, all but one had

evidence of relapsed disease with one patient opting for
hospice care after 12 cycles of decitabine who died without
evidence of disease progression. Early mortality rates at 30
and 60 days were 15 and 38 %, respectively. Decitabine dose
intensity did not appear to influence response in our small
cohort as 26 % (5/19) of patients receiving 10-day decitabine
achieved CR/CRi compared to 33 % (4/12) who received 5-
day courses. None of the three patients who received
azacitidine achieved a marrow response. Multiple courses of
HAs were needed in all but two patients to achieve a CR or
CRi, and the median number of cycles needed was 3.5 with
one patient requiring 15 cycles (Table 2). Patients continued
on HA therapy until evidence of disease progression or
unacceptable toxicity (Table 3).

Several pretreatment variables have been suggested to
influence response to therapy in AML such as blast percentage
in the marrow, leukocytosis, and the presence of blasts in the
peripheral blood [18]. Where data was available, we assessed
the effect of these factors on HA response (Table 4).

Hypomethylating agents have a lower response rate in
patients previously treated with standard chemotherapy Since
the hypomethylating agents act, in theory, predominantly
through the hypomethylation of DNA and subsequent
reexpression of tumor suppressor genes, it is unclear if
previous exposure to standard DNA damaging agents would
affect response. To address this question, we determined the
outcome of patients who received hypomethylating agents for

Fig. 2 Kaplan–Meier survival
curves. Overall survival is shown
for each cohort from time of
treatment with a hypomethylating
agent
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relapsed AML after their initial and/or relapsed disease was
treated with standard chemotherapy. Among patients who
received hypomethylating agents after relapse (salvage
therapy), there was a low marrow response rate with only 1/
28 patients achieving a CRi and none achieving a CR. This
was significantly worse than the first-line cohort (3.6 versus
26.5 %, p =0.0172). Despite this lack of marrow response,
median OS was longer than in the frontline cohort at
8.2 months (CI 4.8, 10.3) vs 3.1 months (CI 1.3, 7.4) though
this was not significant (p =0.2967). The number of patients
alive at 1 year from HA treatment was 25 % (7/28). Early all
cause mortality rates were 7 % at day 30 and 14 % at day 60.
HAwas first-line salvage in 68 % (19/28) of patients, and for
93 % (26/28), it was either first- or second-line therapy.
Almost all (27/28) patients received either 5- or 10-day
decitabine with only one patient receiving azacitidine. The
only marrow responder received 10-day decitabine as second-
line therapy. That patient required six cycles of decitabine to
achieve a CRi and ultimately went on to reduced-intensity
allogeneic stem cell transplant. One additional salvage patient
achieved a morphologically leukemic free state without count
recovery and went on to allogeneic stem cell transplant.

Hypomethylating agents can be safely given to older AML
patients in consolidation The role of hypomethylating agents

as therapy to prolong remission is currently being investigated
in clinical trials. To assess the efficacy of the hypomethylating
agents in this setting, we determined the outcomes for patients
treated with these agents at our institution following standard
induction therapy. These patients were deemed inappropriate
for additional standard therapy at the time of consolidation.
Among patients who received hypomethylating agents as
consolidation therapy, the majority (11/13) received 5-day
decitabine with a median of four cycles given. Of the 13
patients in this cohort, disease relapsed in ten with two patients
dying in remission and one patient who remains alive and free
of disease at the time of this analysis more than 30 months
from diagnosis. Only one patient died within 60 days of
initiation of therapy (on day 58). The median OS from time
of HA treatment in this cohort was 11.4 months (CI 4.0, 17.7).
When calculated from diagnosis, the median OS is
13.8 months (CI 8, 21.6). These data suggest that for patients
unable to tolerate standard consolidation, the HAs may
represent a viable alternative consolidation strategy.

Discussion

The optimal treatment of AML in older and unfit patients in all
phases of the disease remains undefined, and these patients
represent a significant clinical challenge. The hypomethylating
agents have documented activity in these patients and may
represent a less intensive therapeutic option; however, where
they fit into the treatment algorithm is still evolving. In order to
assess the activity of these agents over the course of the disease,
we reviewed the outcomes of AML patients at our institution
treated with hypomethylating agents as induction, salvage, or
consolidation therapy.

As patients get older, the risk of toxicity increases while the
ability to achieve a remission diminishes [9]. Indeedmany elderly
patients do not receive anyAML-directed therapy following their
diagnosis [19]. Recently, the use of hypomethylating agents in

Table 2 Number of cycles of HA
in patients with CR or CRi

a Only cycles using azacitidine
b Salvage patient

Patient Number of cycles Cycles until CR/i Duration of cyclesa

Complete remission (CR)

1 9 5 All 5-day cycles

2 4 2 10-day cycles (2), azacitidine 2 cyclesa

3 8 3 10-day cycles (3), 5-day cycles (5)

4 8 2 10-day cycles (2), 5-day cycles (3), 10-day cycles (3)

5 25 15 All 5-day cycles

6 7 1 10-day cycle (1), 5-day cycle (2), 4-day cycle (4)

Complete remission with incomplete count recovery (CRi)

1 15 7 All 5-day cycles

2 5 4 All 5-day cycles

3 3 1 10-day cycle (1), 5-day cycle (1), 4-day cycle (1)

4b 6 5 10-day cycle (4), 5-day cycle (2)

Table 3 Reasons for discontinuing hypomethylating agent

Group Progression
or lack of
response

Died
without
progression

Unable to
tolerate
herapy/
hospice

Went
on to
BMT

Lost to
follow-
up

1st line
(n =34)

13 (38 %) 16 (47 %) 4 (12 %) 0 (0 %) 1 (3 %)

Salvage
(n =28)

18 (64 %) 6 (21 %) 2 (7 %) 2 (7 %) 0 (0 %)

Consolidation
(n =13)

9 (70 %) 2 (15 %) 1 (8 %) 0 (0 %) 1 (8 %)

Ann Hematol (2014) 93:47–55 51



this population has increased, and several reports have
documented their activity [13, 20, 21]. In fact, the NCCN
guidelines now include recommendations for use of
hypomethylating agents for elderly or unfit patients. However,
the utility of this approach in the real-world setting has come into
doubt with recent reports showing little activity in higher-risk
patients [16, 17]. In the first-line setting at our institution, the
hypomethylating agents showed a response rate of 26.5 % (CR +
CRi). Interestingly, the dose intensity of decitabine did not seem
to affect response with 26 % (5/19) of patients receiving 10-day
decitabine achieving a CR/CRi compared to 33 % (4/12) who
received 5-day courses. This is in disagreement with the higher
response rate seen in previous studies of 10-day decitabine

[13, 22] but agrees with previously observed rates with 5-day
regimens [17, 20]. These results may be influenced by the
fact that these patients were all considered not to be
candidates for standard therapy and therefore likely had poor
performance status and considerable comorbidities making the
10-day regimen more difficult to tolerate. Indeed, the first-line
cohort had a significantly higher mean CCI score than the
other two cohorts studied at 2.35. This is consistent with the
short, 3.4-month (CI 1.54, 7.95) median OS of the cohort as
a whole. Despite the overall poor characteristics of the
cohort, 18 % of patients were alive at 1 year from diagnosis
indicating that there are those even very poor-risk patients that
can benefit from hypomethylating therapy. These results

Table 4 Outcome of HA treatment according to pretreatment characteristics

1st-line treatment group Salvage group Median survival
on HA

Variable N CR/CRi (%) Median survival
(months)

N CR/CRi (%) Median survival
(months)

Age

<70 11 1 (9 %) 2.2 18 1 (6 %) 20.0 7.6

≥70 23 8 (35 %) 4.0 10 0 (0 %) 16.2 9.4

Sex

Male 17 4 (24 %) 4.0 14 1 (7 %) 21.0 7.9

Female 17 5 (29 %) 2.9 14 0 (0 %) 17.6 8.3

AML type

De novo 18 5 (28 %) 3.4 21 1 (5 %) 22.1 8.8

Secondary 14 3 (21 %) 3.2 4 0 (0 %) 14.2 8.3

tAML 2 1 (50 %) 6.1 3 0 (0 %) 10.0 5.1

Karyotype

Better 1 1 (100 %) 15.4 0 – – –

Intermediate 11 3 (27 %) 4.0 17 0 (0 %) 18.9 8.2

Poor 13 3 (23 %) 2.8 8 1 (13 %) 18.6 8.2

LDHa

<400 IU/L 19 5 (26 %) 2.8 24 1 (4 %) 19.4 8.6

≥400 IU/L 6 0 (0 %) 2.7 3 0 (0 %) 10.0 5.1

WBC

<10,000/μl 22 5 (23 %) 2.5 27 1(4 %)

≥10,000/μl 8 1 (13 %) 3.8 1 0 (0 %)

Peripheral blasts

Absent 19 6 (32 %) 2.9 16 0 (0 %) 18.6 8.6

Present 9 0 (0 %) 2.9 11 1 (9 %) 17.5 6.1

BM blast percentage

<30 % 19 5 (26 %) 3.6 21 1 (5 %) 18.9 8.8

≥30 % 12 3 (25 %) 2.5 5 0 (0 %) 13.4 2.7

Diagnosis to inductionb

<30 days 29 7 (24 %) 2.9

≥30 days 5 2 (40 %) 8.1

tAML therapy-related AML
a LDH, WBC, and peripheral blasts within 3 days of diagnosis (first-line group) or relapse (salvage group)
b First-line group patients only
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compare favorably with previously published results of low-
intensity therapy (either hydrea or low-dose cytarabine) where
only 13 % of patients were alive at 1 year [23]. Consistent with
previous reports regarding the time to response in the HAs,
most patients required more than one cycle to achieve a
response with a median number of three cycles in the upfront
setting and one patient who required 15 cycles to achieve their
best response. This suggests that clinicians need to continue
therapy in patients beyond one cycle to avoid discontinuing
HAs in patients whowould achieve a response if treated longer.
Tumor burden also appeared to effect response in our small
cohort with no patients with peripheral blasts or LDH >400 IU/
L achieving a CR/CRi. Additionally, only one patient with a
WBC >10,000 achieved a CR/CRi consistent with previous
reports [24]. Marrow blast percentage did not appear to effect
response with no difference in CR/CRi rate in patients with
more or less than 30 % marrow blasts. This confirms the
activity of the HAs in patients with >30 % blasts [25]. These
data add to the efficacy of the hypomethylating agents and
suggest that high-risk patients who refuse or are not
candidates for standard induction therapy can be offered
treatment with a hypomethylating agent as an alternative
to best supportive care.

In the salvage setting, the hypomethylating agents showed
a decreased response rate, with only 1/28 patients achieving a
CR or CRi. This likely reflects the selection of resistant clones
by the previously administered cytotoxic chemotherapy and
suggests some degree of cross resistance. Despite this lack of
marrow response, 21 of 28 patients received more than one
cycle of a hypomethylating agent, and median overall survival
from time of hypomethylating agent was 8.2 months (CI 4.8,
10.3) with 7 of 28 patients alive at 1 year. The survival result is
consistent with a recent study of azacitidine as salvage in
AML where a median survival of 9 months was observed
although the response rate in that study was much higher with
a 21 % CR rate [26]. In our study, 27/28 patients were treated
with decitabine; thus, the difference in response rate may
reflect the differential activity of the two agents in this setting.
The median overall survival also compares well with
published cytotoxic salvage regimens in AML [27, 28];
however, the lack of marrow response suggests this strategy
is suboptimal in patients for whom a reduced-intensity
allogeneic hematopoietic stem cell transplant (HSCT) is
planned. Based on these data, hypomethylating agents,
decitabine in particular, should be considered as salvage
therapy for those patients who do not have the possibility of
a HSCT. The utility of the hypomethylating agents as salvage
therapy in AML is understudied and needs to be validated in a
prospective clinical trial setting.

Consolidation for elderly and unfit patients is another area of
clinical uncertainty. The goal of cytotoxic induction therapy is
to achieve a complete remission. It has been known for nearly
30 years that patients who achieve a remission are not cured

without additional therapy [29]. The optimal consolidation
therapy in younger patients is better established with high-
dose cytarabine being the current standard [30]. In elderly
patients, the optimal consolidation therapy has not been well
established. Less intense maintenance regimens as well as more
intense regimens have both been shown to have activity [31],
and significant controversy remains. At our institution, the use
of hypomethylating agents as consolidation resulted in a
median overall survival from time of hypomethylating agent
treatment of 11.4 months (CI 4.0, 17.7) and when calculated
from diagnosis was 13.8 months (CI 8, 21.6). This was an
elderly cohort with amedian age of 73, and the youngest patient
was 58. In a similar age group, a median survival of 15 months
was seen for patients who achieved a complete remission and
went on to get cytotoxic consolidation chemotherapy [32]. This
comparable survival is remarkable, given that our patients were
deemed not to be candidates for further cytotoxic therapy
because of poor performance status or previous complications
during induction. The hypomethylating agents were well
tolerated despite the high-risk features of the cohort with only
one patient dying within 60 days of initiation of therapy. All
patients but one were given hypomethylating agents until
disease progression or death, and two patients died while in
remission. The one surviving patient in this cohort stopped all
therapy after three cycles of azacitidine consolidation and is
nowmore than 2 years from diagnosis with no signs of disease.
These data suggest that hypomethylating agents can prolong
remission even in patients unfit for standard cytotoxic therapy.
The activity of these agents in consolidation needs to be
confirmed in prospective clinical trials.

The current study is limited in several ways. It is a single-
institution retrospective study, and patient selection and
institutional practices may bias the results. We could not
collect functional status (either Eastern Cooperative Oncology
Group Performance Status or Karnofsky Performance Status
Scale) because it was not clearly or consistently documented
in the patients’ electronic medical records. Finally, there is no
direct comparison to control cohorts of patients treated with
traditional chemotherapy. Despite these limitations, we
believe the study suggests that the hypomethylating agents
have activity in all phases of AML therapy. Additionally, this
study represents real-world application of hypomethylating
agents and is not constrained by prospective study restrictions
making it more applicable to routine clinical practice. These
results support the continued study of hypomethylating agents
in AML treatment in prospective clinical trials.
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