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Abstract

In this study, we quantify the development in overall survival (OS) during the period 2000-2016
among Danish-acutesmyeloid leukemia (AML) patients. This population-based study, including
3,820 adult AML patients, demonstrates a significantly improved OS over time with two-year age-
standardized OS“inereasing from 23% in 2002 to 31% in 2016. The improvement in OS was
exclusively seen'in AML patients >50 years of age with absolute improvements in two-year OS
from 2002 to 2016:0f£>10% among patients aged 50-75 years and a small absolute increase among

AML patients >75 years of age.
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Short report

Acute myeloid leukemia (AML) patients have a high mortality in response to standard therapeutic
regimens due to primary resistance, relapse, and treatment-related death. Despite substantial efforts
into developing new drugs and treatment regimens, cytarabine and anthracycline remain the
backbone of intensive AML therapy (Burnett ef al, 2011). However, referral of more patients to
curative intended.chemotherapy and allogeneic stem-cell transplantation (ASCT), improved
supportive care,and approval of a few new treatment regimens for elderly/unfit patients have led to
improved overall survival (OS) of AML patients over the past two decades (Koreth ef al, 2009;
Juliusson et al, 2019; Dombret et al, 2015). In a recent Swedish AML registry study, a significant
temporal OS improvement was observed among AML patients during the period 1997-2016,
particularly ameng.male patients aged 50-75 years (Juliusson et a/, 2019). The aim of the present

study was to investigate temporal survival trends among Danish AML patients.

In this population based study, we included adult (aged >18 years) AML patients (excluding acute
promyelocytic leukemia) from the Danish National Acute Leukemia Registry (@Dstgard et al, 2016),
who were diagnosed in the period 2000-2016. Treatments were categorized as either intensive
(remission induetion therapy defined as one or more courses of chemotherapy including standard to
high dose cytarabine for a minimum of five days), non-intensive (low-dose cytarabine, azacytidine,
or different experimental drugs added to a backbone of low-dose cytarabine or azacytidine), or
palliative/no treatment according to the most intensive therapy administered within 30 days of
diagnosis. OS was defined as the time from diagnosis until death from any cause, and post-
transplant OS was.eomputed for patients treated with ASCT in first complete remission (CR1).
Patients still.alive.at the end of follow-up (August 2019) were censored. Temporal two-year OS
estimates were obtained by flexible parametric survival models with diagnosis year as (continuous)
dependent variable modelled with a time-varying coefficient (suppl. methods) (Royston & Parmar,
2002; Liu et al;2018). To adjust for temporal changes in the age distribution among the AML
population, wes€omputed age-standardized survival curves (suppl. methods), which provide the
projected OS that'would have been observed if the age distribution remained unchanged in the
period 2000-2016 (Lambert et al, 2015). To compute crude OS estimates, we also grouped patients
according to diagnostic periods (i.e. 2000-2006, 2007-2011, 2012-2016) and diagnostic age (i.e.
<50, 50-59, 60-75, >75 years) in concordance with a previous study (Juliusson et a/, 2019). Log-
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rank tests and Cox models were used to test for crude and adjusted differences between the
diagnostic periods, respectively, while logistic regression models were used to test for differences in

treatment intensity.

In total, 3,820 patients for whom treatment could be classified (22/3,842 were unclassifiable) were
included in thestudysThe median age at diagnosis for the periods 2000-2006, 2007-2011, and
2012-2016 was 68,70, and 71 years, and the proportion of therapy-related AML was 1.6%, 3.4%,
and 4.9%, respéctively (Table 1). For the entire population, the crude OS did not improve
throughout the investigated period (P=0.321, Figure 1A), but OS significantly improved after
adjusting for the increasing age distribution of the AML population over time (P<0.001, Figure 1A).
The 2-year agesstandardized OS was 22% (95% CI, 21-24%), 26% (95% CI, 24-28%), and 31%
(95% CI, 28-35%).for patients diagnosed in 2002, 2010, and 2016, respectively. Further adjustment
for AML subtype (de novo, secondary, or therapy-related) and performance score did not change
this result (P<0:0071;"Table S1). Age-stratified analyses revealed temporal improvements in OS only
among patients >50 years (<50, P=0.360; 50-59, P=0.014; 60-75, P=0.010; >75, P=0.023; Figure
1B). The 2-year OS for patients aged 50-59 years diagnosed in 2002 and 2016 was 39% (95% CI,
32-45%) and 55%(95% CI, 44-65%), respectively. For patients aged 60-75 years, the 2-year OS
increased from20% (95% CI, 17-23%) in 2002 to 30% (95% CI, 25-35%) in 2016. Relative
survival analyses confirmed the improved OS of AML patients over time (Figure S1). Throughout
the study period, no significant differences were observed between male and female patients in
terms of OS (P=0:083) and OS improvement over time (P = 0.785, Table S2). Furthermore, patients
with an intermediate/Cytogenetic risk profile (Grimwade et a/, 2010) had significantly improved OS
after adjusting for age (favorable, P=0.504; intermediate, P<0.001; unfavorable, P=0.242, Table S3,
Figure S2).

In 2000-2006, 2007-2011, and 2012-2016, intensive therapy was administered to 53%, 49%, and
44% of AMLypatients, respectively (Table 1). The use of non-intensive chemotherapy as first-line
therapy increased from 2000-2006 (3%) to 2012-2016 (14%, P<0.001), particularly among patients
aged >75 years (2000-2006, 4%; 2012-2016, 21%, Table 1). Among patients treated with intensive
chemotherapy (n=1,867), the proportion reaching CR1 was 71%, 75%, and 76% in 2000-2006,
2007-2011, and 2012-2016, respectively. Consistently, OS among intensively treated AML patients
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significantly improved during the study period (P=0.001) with a 2-year OS of 41% (95% CI, 38-
45%) and 56% (95% CI, 50-62%) for patients diagnosed in 2002 and 2016, respectively. The
improvement in 2-year OS remained significant after adjusting for age (P<0.001, Table S4).
However, the QS increase was exclusively seen in patients aged >50 years (<50, P=0.208; 50-59,
P=0.031; 60-754P=0.001; >75, P =0.017, Figure S3). Among intensively treated patients aged 50-
59 years, the 2-year.OS,was 42% [95% CI, 35-49%] in 2002 and 57% [95% CI, 45-67%] in 2016,
whereas 60-75-year-old patients had a 2-year OS of 26% [95% CI, 22-31%] in 2002 and 47% [95%
CI, 39-55%] in"2016°(Figure S4). No OS improvement was observed among patients treated with
non-intensive or palliative/no treatment (Table S5). The proportion of patients in CR1 after
intensive chemotherapy who were referred to ASCT significantly increased (P<0.001) from 8% in
2000-2006 to 28% in 2012-2016 (Table 1). The increase was particularly pronounced among 50-59-
year-olds (from 10% in 2000-2006 to 36% in 2012-2016) and 60-75-year-olds (from 3% in 2000-
2006 to 25% in"2012-2016). Notably, the median age of patients receiving ASCT increased from 46
years (range 19-64) in 2000-2006 to 59 years (range 18-73) in 2012-2016. Two-year age-
standardized post-transplant OS increased from 58% (95% CI, 34-68%) in 2007 to 79% (95% CI,
67-88%) in 2016 (Figure S5), although the increase in the period 2007-2016 was not statistically
significant (P=0.190).

Overall, the present study of Danish AML patients including age-stratified analyses and analyses
adjusting for a'changing age distribution over time, revealed a significantly improved OS among
AML patients during the period 2000-2016. In 2001, the WHO-defined 30% blast threshold for
distinguishing AMLdrom MDS was reduced to 20%, which might bias our results, as some of the
included patients diagnosed after 2001 would have been classified as MDS previously (Vardiman et
al, 2002). However, the vast majority of patients included in the study were diagnosed after 2001,
and a sensitivity analysis restricted to AML patients with >30% blasts showed a similar OS
improvement over time (Figure S6 and S7). Consistent with a recent Swedish AML registry study
(Juliusson et al, 2019), we report a significant OS improvement in patients 50-75 years of age, with
an absolute improvement in 2-year OS of >10% from 2002 to 2016. However, we did not find any
differences between men and women in terms of crude OS or temporal OS improvements. The
latter may relate to the inclusion of patients diagnosed as early as 1997-1999 in the Swedish study -

a period that generally exhibits larger mortality differences between men and women in western
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countries (Rosella et al, 2016). Additionally, OS did not improve for patients <50 years, which

indicate a lack of major improvements to the clinical management of this subgroup.

Intriguingly, we observed a significant OS improvement among patients treated with intensive
chemotherapy*(Table S5), which in part may be attributed to 1) the intensified focus on prompt risk-
stratification using cytogenetics (Fey et al, 2013) and 2) the increased rate of ASCT for patients in
CRI1. The latter might relate to improved risk-stratification based on novel risk factors (Estey,
2013), improved availability of donors from expanding donor registries, and increased ASCT
eligibility after implementation of reduced-intensity conditioning regimens. However, only 46, 65,
and 114 patients,were treated with ASCT in the periods 2000-2006, 2007-2011, and 2012-2016,

respectively, which constitutes a minority of all AML patients.

Treatment of patients aged <60 years has not changed substantially since 2000 with most patients
allocated to intgnsive therapy, although a slight increase in the proportion of intensively treated
patients was seen‘among 50-59-year-olds (Table 1). More patients aged 60-75 years received non-
intensive therapies, but the majority still receive intensive chemotherapy. In contrast, very few
patients >75 years were allocated to intensive therapy, but these patients were more frequently
allocated to non=intensive therapy during the study period (Table 1). This is likely explained by a
trend towardamproved health, indicated by decreasing mortality risks (University of California
Berkeley & Max Planck Institute for Demographic Research), in the elderly Danish general
population, an increased propensity to apply medical interventions to frail and elderly patients, and
perhaps also a request for active treatment among elderly patients (Juliusson & Swedish AML
Group, 2011). The main therapeutic change for elderly AML patients since 2000 has been the
introduction of/azacytidine, which has been routinely used since 2009 in Denmark (Dombret ef al,
2015). In addition'to'the introduction of azacytidine a number of new treatment options have been
evaluated in combination with low-dose cytarabine or azacytidine in clinical trials, but have not yet
led to new non-intensive standard treatments. With new promising treatment approaches available
(such as venetoclax and hypomethylating agents), improved outcomes among elderly real-world
patients may'be observed in the future. Our study also demonstrated a decreasing risk of early
(within 28 days of diagnosis) death (age-adjusted odds ratio, 2000-2006 vs 2012-2016, 0.79 [95%
CI, 0.64-0.98], P=0.029). The reason for this is not clear, but improved supportive care including

prophylactic platelet transfusions, prophylactic anti-fungal and anti-bacterial treatment in
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combination with a broader spectrum of systemic anti-fungal treatments available upon hospital

admission with neutropenic infections may be an explanation.

In conclusion, our population-based registry study demonstrates a significant temporal OS
improvement among/AML patients in Denmark since 2000. The OS improvement was particularly
pronounced in thesage group 50-75 years, where ASCT in CR1 and non-palliative therapy were
more frequentlyiallocated during the period 2000-2016. However, our study also highlights the need
for novel therapeutic options for patients aged >75 years, which constituted 36% of all Danish

AML patients diagnosed in 2012-2016.
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Figures and Tables
Table 1: Demographical, treatment, treatment response, and mortality information on adult Danish
AML patients diagnosed between 2000 and 2016 stratified by diagnostic period (2000-2006, 2007-
2011, and 2012-2016).

2000-2006 2007-2011 2012-2016 Total
n 1454 1129 1237 3820
Median age, years(range) 68(18-95) 70(18-98) 71(18-99) 70(18-99)
Male sex, n(%) 801(55.1) 614(54.4) 671(54.2) 2086(54.6)
Performance scoré2-4, n(%) 512(35.7) 300(26.6) 337(27.2) 1149(30.2)
AML subtype, n(%)
- De novo AML 1078(74.1) 804(71.2) 878(71.0) 2760(72.3)
- Secondary AML 353(24.3) 287(25.4) 298(24.1) 938(24.6)
- Therapy-related AML 23(1.6) 38(3.4) 61(4.9) 122(3.2)
Platelets 10(9)/L, mean(Q1-Q3) 79(25-101) 87(28-97) 85(30-106) 83(28-102)
WBC 10(9)/L, mean(Q1-Q3) 38(3-49) 37(2-46) 30(2-38) 35(2-44)
BM blast percent, mean(Q1-Q3) 50(29-75) 51(30-74) 51(30-72) 51(30-73)
PB blast percent, mean(Q1-Q3) 35(5-60) 33(5-59) 30(3-50) 33(5-57)
Cytogenetics performed, n(%) 1016(69.9) 901(79.8) 948(76.6) 2865(75.0)
Cytogenetic risk group, n(%)
- Favorable 47(4.6) 31(3.4) 65(6.9) 143(5.0)
- Intermediate 766(75.4) 630(69.9) 643(67.8) 2039(71.2)
- Unfavorable 203(20.0) 240(26.6) 240(25.3) 683(23.8)
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Intensive treatment within 30 days, n(%) 772(53.1) 552(48.9) 543(43.9) 1867(48.9)
Treatment - 18-49 years, n(%)

- Intensive 232(92.8) 134(93.7) 118(90.8) 484(92.5)
- Non-intensive 0(0.0) 2(1.4) 4@3.1) 6(1.1)

- Palliative/no freatment 18(7.2) 7(4.9) 8(6.2) 33(6.3)
Treatment - 50-59¢years, n(%)

- Intensive 188(84.3) 136(87.7) 131(92.3) 455(87.5)
- Non-intensive 2(0.9) 2(1.3) 1(0.7) 5(1.0)

- Palliative/no treatment 33(14.8) 17(11.0) 10(7.0) 60(11.5)
Treatment - 60-75¢years, n(%)

- Intensive 328(56.4) 270(58.7) 273(52.5) 871(55.8)
- Non-intensive 28(4.8) 69(15.0) 76(14.6) 173(11.1)
- Palliative/no treatment 226(38.8) 121(26.3) 171(32.9) 518(33.2)
Treatment - >75 years, n(%)

- Intensive 24(6.0) 12(3.2) 21(4.7) 57(4.7)

- Non-intensive 14(3.5) 51(13.7) 93(20.9) 158(13.0)
- Palliative/no treatment 361(90.5) 308(83.0) 331(74.4) 1000(82.3)
CR among intensive, n(%) 545(70.6) 413(74.8) 412(75.9) 1370(73.4)
ASCT among CR ‘afterintensive, n(%) 45(8.3) 65(15.7) 114(27.9) 224(16.4)

Mortality %(95%CI)

- 28 days

17.4(19.3-15.4)

19.8(22-17.4)

17.1(19.1-14.9)

18(19.2-16.8)

- 56 days

28.4(30.7-26)

28.3(30.9-25.7)

26.6(29-24.1)

27.8(29.2-26.4)

- 2 years

74.2(76.4-71.9)

76.4(78.7-73.7)

74.9(77.2-72.4)

75.1(76.4-73.7)

Two-year mortality (intensive therapy)

58.3(61.6-54.7)

57.6(61.5-53.3)

51.4(55.4-47)

56.1(58.3-53.8)

Two-year mortality (non-intensive therapy)

77.3(86.8-60.8)

91.1(95-84.4)

88.5(92.4-82.6)

88(91-84)

Figure 1: A) Two-year crude and age-standardized overall survival according to the year of

diagnosis for adult Danish AML patients. B) Age-stratified two-year overall survival for AML

patients according to year of diagnosis. The shaded areas indicate pointwise 95% confidence

intervals.
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