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Aim: This study evaluated the overall survival (OS) of older patients (≥60 years) with acute myeloid
leukemia based on the intensity of treatment. Methods: This single center, retrospective study included
211 patients diagnosed between 2000 and 2016, who received 10-day decitabine, low-intensity therapy or
high-intensity therapy. Cox regression examined the impact of therapy on OS. Results: Younger patients
were more likely to receive high-intensity therapy. Patients who received low-intensity therapy had worse
OS compared with high-intensity therapy (median OS: 1.2 vs 8.5 months; p < 0.01). OS was similar with 10-
day decitabine (median OS of 6.3 months) compared with either low-intensity therapy or high-intensity
therapy. Conclusion: Ten-day decitabine is an effective alternative in older patients with newly diagnosed
acute myeloid leukemia.
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The management of acute myeloid leukemia (AML) is complex in older patients because of associated comorbidities,
intolerance to high-dose chemotherapy and high-risk tumor biology. For example, in clinical practice, over half of
the patients aged 60 years and older do not receive initial chemotherapy for AML. Consequent to such complexities
of AML in older patients and current practice patterns, only 10–20% of patients are alive at 3–5 years [1–6]. Despite
decades of research, overall survival (OS) has not improved significantly in last few decades.

In older patients with AML, practical and rational therapy selection is crucial to receive treatment that is
most likely to benefit an individual patient [2]. Select patients can tolerate intensive therapy and subsequently
achieve high rates of complete remission and long-term OS [7,8]. However, the identification of these patients
can be difficult. Many older patients have significant comorbidities requiring multiple medications, have baseline
cognitive impairment, are malnourished and may be physically debilitated [7–10]. The use of intensive chemotherapy
in such patients may result in significant toxicities, poor quality of life, deterioration in physical and neurocognitive
status and high early mortality [10]. Discriminating patients that may benefit from intensive chemotherapy for
newly diagnosed AML can be difficult.

The use of hypomethylating agents such as decitabine therapy for a 5-day or a 7-day course of azacitidine has
been extensively studied in older, unfit patients with AML [11–13]. Even in these studies, hypomethylating agents
have achieved OS comparable to that achieved with intensive chemotherapy, despite a lower probability of complete
remission with hypomethylating agents [11–13]. Recent studies have demonstrated relatively high rates of complete
remission when the duration of decitabine is extended to 10 days [14–16]. The use of 10-day decitabine therapy,
compared with intensive chemotherapy, has emerged as an option that may result in lower risk of toxicities and
functional decline while achieving good complete remission rates. In a few studies, the use of 10-day decitabine has
resulted in up to 40–50% complete response rate in newly diagnosed high-risk AML [14–16]. In the current report,
we evaluated treatment practices and the effect of treatment intensity on OS in older patients newly diagnosed with
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Table 1. Baseline patient characteristics and factors associated with the use of varying intensity of chemotherapy.
Variable (%) Therapy p-value

10-day decitabine Low intensity High intensity

Age:

– 60–69 (52.6%) 13 (41%) 10 (21%) 88 (67%) �0.0001

– 70+ (47.4%) 19 (59%) 37 (79%) 44 (33%)

Sex:

– Female (47.9%) 23 (72%) 22 (46.8%) 56 (42%) 0.0099

– Male (52.1%) 9 (28%) 25 (53.2%) 76 (58%)

Race:

– White (97.2%) 30 (94%) 47 (100%) 129 (99%) 0.0957

– Non-white (2.8%) 2 (6%) 0 (0%) 1 (�1%)

Cytogenetic risk categories:

– Adverse (40.2%) 10 (35%) 24 (57%) 42 (36%) 0.1270

– Favorable (4.8%) 1 (3%) 2 (5%) 6 (5%)

– Intermediate (55.0%) 18 (62%) 16 (38%) 70 (59%)

Hematopoietic transplant comorbidity index:

– 0 (31.3%) 10 (33%) 11 (24%) 41 (33%) 0.1996

– 1–2 (28.3%) 11 (37%) 14 (31%) 31 (25%)

– 3–4 (30.3%) 8 (27%) 11 (24%) 41 (33%)

– 5+ (10%) 1 (3%) 9 (21%) 10 (8%)

Karnofsky score:

– �60 (8.2%) 1 (3.4%) 5 (12.2%) 10 (8%) 0.507

– 70–80 (35.9%) 14 (48.3%) 14 (34.2%) 42 (33.6%)

– 90–100 (55.9%) 14 (48.3%) 22 (53.6%) 73 (58.4%)

Diagnosis year:

– 2000–2007 (36.2%) 1 (3%) 14 (30%) 61 (46%) �0.0001

– 2008–2016 (63.8%) 31 (97%) 33 (70%) 71 (54%)

AML. Our study demonstrates 10-day decitabine as a useful alternative to high-intensity chemotherapy in older
patients.

Methods
A total of 211 patients older than 60 years of age with a diagnosis of AML diagnosed between the years of 2000
and 2016 were identified via a query of the electronic health record at the University of Nebraska Medical Center.
Patients were divided into three groups based on the intensity of therapy received. Low-intensity regimens included
5 days of decitabine, 5- or 7-day azacitadine or low-dose cytarabine. High-intensity regimens included cytarabine
plus an anthracycline (7 + 3) or fludarabine plus cytarabine, with or without gemtuzumab ozogamicin. The
third group included patients that received 10 days of decitabine alone. Descriptive statistics (means, standard
deviations, medians, interquartile ranges, frequencies and percentages) were used to summarize demographic and
clinical characteristics. Fisher’s exact test was used to look at the association of type of therapy with other patient
characteristics. OS was determined by the Kaplan–Meier method and comparisons of survival curves was done using
the log-rank test. OS was defined as the time from diagnosis of AML to death from any cause. Cox regression was
used to look at the impact of therapy on OS adjusting for covariates that were statistically significantly associated
with type of therapy on univariate analysis. p < 0.05 was considered statistically significant. The project was
reviewed and approved by the University of Nebraska Medical Center institutional review board.

Results
Patient characteristics
Most patients were aged 60–69 years old (52.6%), were male (52.1%) and Caucasian (97.2%; Table 1). Most
patients had intermediate (55%, n = 104) or adverse (40.2%, n = 76) cytogenetics. Most patients had a Karnofsky
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Table 2. Survival estimates with 95% CIs at specific time points.
Group 30-day OS, 95% CI 90-day OS, 95% CI 1-year OS, 95% CI

10-day decitabine 66% (47–79%) 59% (40–74%) 22% (9–39%)

Low-intensity treatment 57% (42–70%) 32% (19–45%) 11% (4–21%)

High-intensity treatment 87% (80–92%) 66% (57–73%) 41% (32–49%)

All patients 70% (64–76%) 52% (45–58%) 27% (22–33%)

All patients �2011 70% (60–78%) 59% (48–68%) 32% (23–42%)

Overall, there was a statistically significant difference between the three groups (p � 0.001); specifically the groups that were different include low versus high-intensity treatment groups
(p � 0.001).
OS: Overall survival.

Table 3. Univariate analysis of overall survival.
Univariate analysis of survival Hazard ratio 95% CI p-value

High-intensity vs 10-day decitabine 0.640 0.404–1.014 0.0576

Low-intensity vs 10-day decitabine 1.610 0.971–2.669 0.0646

Favorable cyto risk vs adverse 0.377 0.152– 0.935 0.0352

Intermediate cyto risk vs adverse 0.647 0.481– 0.869 0.0039

70+ years vs �70 years 1.704 1.296–2.240 0.0001

Karnofsky score ≤60 vs 90–100 2.530 1.615– 3.965 �0.0001

Co-morbidity index 3+ vs 0–2 1.393 1.055– 1.840 0.0195

Performance Score (KPS) of 90–100 (55.9%, n = 109) and of the 198 patients with a hematopoietic cell transplant
comorbidity index (HCT CI) available, 90% had a score of 4 or less (n = 178).

Intensity of therapy
One hundred and thirty-two patients (62.5%) received high-intensity therapy, 47 patients (22.3%) received low-
intensity therapy and 32 patients (15.2%) received 10 days of decitabine.

Based on multivariate analyses, age at the time of diagnosis was a strong predictor of the receipt of a particular
intensity of therapy with younger patients more likely to have received high-intensity therapy (p < 0.0001) and
older patients more likely to receive 10-day decitabine (p < 0.05) and low-intensity therapy (Supplementary Figure
1, panel A, p < 0.05). Males were more likely to have received high-intensity therapy while females were more
likely to have received 10 days of decitabine (Table 1, p = 0.01). In the years 2008 or later, more patients received
low-intensity therapy or 10 days of decitabine versus high-intensity therapy. Nearly all of the patients receiving 10
days of decitabine did so starting in 2008 (p < 0.0001).

Patients who received high-intensity therapy were taking significantly fewer medications than patients who
received low-intensity therapy (Supplementary Figure 1, panel B, p < 0.05). Baseline renal function was also
significantly different between the low-intensity and the 10-day decitabine groups (Supplementary Figure 1, panel
C, p < 0.05). No significant difference was observed in multivariate analyses comparing intensity of therapy to
cytogenetic risk category (p = 0.1), race (p = 0.1), HCT CI (p = 0.2) or KPS (p = 0.5; Table 1). Fewer patients
who received 10 days decitabine and low intensity therapy proceeded to allogeneic transplantation when compared
with those who received high intensity therapy (p < 0.01; Supplementary Table 1).

Survival outcomes
OS for the entire cohort was 70, 52 and 27% at 30 days, 90 days and 1-year post diagnosis, respectively. There
was a significant difference in OS in patients who received low-intensity therapy versus high-intensity therapy
(Table 2). In a univariate analysis, patients older than 70 years, those with adverse cytogenetics, a KPS score of 60
or less and an HCT CI of 3 or more fared worse (Table 3). In a multivariate analysis, the only patient characteristic
that was significantly associated with OS was intermediate cytogenetics risk compared with adverse cytogenetic
risk (Table 4). The effect of intensity of therapy on OS was analyzed via the Kaplan–Meier model. There was a
significant difference in OS in patients who received low-intensity therapy compared with high-intensity therapy
(Figure 1). There was no statistical difference in OS with 10-day decitabine compared with either low-intensity
therapy or high-intensity therapy.
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Table 4. Multivariate analysis of overall survival.
Parameter Hazard ratio 95% hazard ratio confidence limits p-value

High-intensity vs 10-day decitabine 0.725 0.417–1.259 0.2538

Low-intensity vs 10-day decitabine 1.113 0.626–2.049 0.6803

Favorable cyto risk vs adverse 0.334 0.102–1.102 0.0716

Intermediate cyto risk vs adverse 0.608 0.429–0.862 0.0052

70 + years vs �70 years 1.360 0.925–1.999 0.1182

Karnofsky score ≤60 vs 90–100 1.708 0.942–3.096 0.0777

Co-morbidity index 3+ vs 0–2 1.305 0.930–1.832 0.1233
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Figure 1. Kaplan–Meier’s curve demonstrating overall survival based on treatment.
dec: Decitabine.

Discussion
In this single-center retrospective study, most patients received high-intensity induction until the year 2008, when
hypomethylating agents started to become popular. Age 70 years or older was the single most important predictor
of using therapies other than high-intensity therapy. The absolute number of chronic medications at diagnosis and
kidney function were both predictive of the intensity of therapy the patient received. While this study did not
show any statistically significant association between intensity of therapy and comorbidities, KPS or cytogenetic
risk categories, in the more recent years, cytogenetic risk status, comorbidities and functional status are increasingly
being used to determine therapy selection. At our center, we currently use a pre-treatment geriatric assessment and
cytogenetic risk categories to select between various therapies (low-intensity vs intensive chemotherapy options),
and we are examining the feasibility and impact of such therapy selection strategies (NCT03226418).

Cytogenetic risk categories, age, KPS and HCT CI influenced OS in a univariate analysis. Adverse cytogenetics
was the determinant of OS in a multivariate analysis. A Kaplan–Meier analysis demonstrated that patients who
received low intensity therapies had worse OS than those treated with high-intensity therapies. Although the study
only demonstrated older age as a predictor of receiving low-intensity therapies, other unmeasured selection biases
are likely, as suggested by higher 90-day mortality risk in patients receiving 10-day decitabine. Furthermore, low-
intensity therapy not only included hypomethylating agents but also other therapies such as low-dose cytarabine.
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The improved OS with intensive chemotherapy is consistent with the results of the Swedish Acute Leukemia
Registry [17]. However, the results of a randomized clinical trial AZA-AML-001 demonstrated similarity between
those treated with azacitidine versus conventional care regimen that included intensive chemotherapy [13]. In our
study, no significant difference in OS was determined between 10-day decitabine and high-intensity therapy.

The mechanism of action of decitabine and azacitidine requires completion of the cell cycle to facilitate incorpo-
ration into DNA in order to lead to reduced methylation in progeny cells [18–20]. As a result, responses are theorized
to take longer when compared with traditional cytotoxic chemotherapy. This concept is supported clinically with
multiple cycles required to see maximal clinical response when hypomethylating agents are employed. For example,
in patients who received decitabine, day 21 bone marrow biopsies revealed persistent disease in patients who
eventually went on to a complete response with continued therapy [16]. In a study using 5 days of decitabine, the
median time to complete response was approximately 4 months [21].

Others have demonstrated desirable outcomes utilizing the 10-day decitabine schedule with some demonstrating
high rates of complete remission [14–16]. Importantly, hypomethylating agents such as decitabine therapy results in
comparable remission rate within different risk categories of AML, thus indicating a possibility that such an approach
may overcome the impact of high-risk cytogenetics [11,13–16,22]. The use of 10-day decitabine therapy has emerged
as an option that may result in lower risk of toxicities and functional decline while achieving complete remission
rate comparable to intensive chemotherapy in high-risk patients [23]. Consistent with the results of this study, a
prior retrospective analysis also indicated a clinical equivalence of 10-day decitabine compared with high-intensity
chemotherapy in older adults [24]. A Phase II study testing a novel HDAC inhibitor in addition to azacitidine
produced a hematologic normalization rate twice the pre-defined historical comparison dataset (CALBG9221) in
the 10-day azacitidine alone group [25], thus indicating a potential benefit of extending azacitidine to 10 days.
In contrast, Short et al. demonstrated that in an older, unfit population, there was no difference in OS at 1 year
in patients who received either 5 days of decitabine or 10 days in a randomized trial [26]. An ongoing Phase III
randomized controlled trial is comparing 10-day decitabine versus 7 + 3 (NCT02172872) that is expected to
further define the optimal therapy in older adults.

Our study provides additional support to the observation that 10-day decitabine may be a desirable therapy
in older patients with newly diagnosed AML, particularly those with high-risk cytogenetics or mutation and
suboptimal functional status. However, the data presented also needs to be interpreted with caution given a single-
center retrospective design of the study and modest number of patients included. We analyzed all patients aged older
than 60 years with AML newly diagnosed after the year 2000. Decitabine was approved by the US FDA in May of
2006. This contributed to the relatively modest number of patients that received 10-day decitabine in our study,
thus affecting the power of the study. Among patients who went on to receive transplant, a significant minority
were treated with decitabine compared with high-intensity therapy (3 vs 31 pts), hence the effect of transplant on
survival could not be analyzed. In addition, nearly all of the patients included in the study were Caucasian, limiting
the generalizability of this data to ethnic minorities with newly diagnosed AML.

Conclusion
In conclusion, age influenced selection of therapy intensity in our study population. We present data suggesting
that 10-day decitabine is an effective alternative in older patients with newly diagnosed AML. AML in older adults
frequently confers a poor prognosis, hence further studies are necessary to improve outcomes. Recently completed
and ongoing studies will continue to define appropriate intensity of initial therapy for older adults, which may
change with development of more effective low-intensity therapy.

Supplementary data

To view the supplementary data that accompany this paper please visit the journal website at: www.futuremedicine.com/doi/sup
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Summary points

• The best therapy for older patients with newly diagnosed acute myeloid leukemia is not clearly defined.

• Hypomethylating agents are effective in acute myeloid leukemia.
Methods
• We performed a single center, retrospective study of 211 patients diagnosed between 2000 and 2016. Patients

received 10-day decitabine, low-intensity therapy or high-intensity therapy.

• We utilized cox regression to determine the effect of therapy on overall survival.
Results
• Age significantly factored into the selection of the intensity of therapy in our cohort.

• The use of 10-day decitabine was associated with overall survival that was not different than overall survival
associated with high-intensity induction chemotherapy.

Discussion & conclusion
• Within the limitations of this study, ten-day decitabine offers an effective alternative for newly diagnosed acute

myeloid leukemia in older patients, particularly those who may not be able to tolerate intensive chemotherapy.

• Future studies focused on development of novel therapies, trials comparing various drugs and studies aimed at
developing therapy selection strategies will continue to define appropriate initial therapy for various subsets of
older adults based on their functional status and disease characteristics.
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