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Abstract

Our retrospective study (2010–2020) examined treatment patterns, outcomes, and

healthcare resource utilization in Finnish acute myeloid leukemia (AML) patients.

Data covered 153 patients diagnosed at Hospital District of Southwest Finland

(HDSF) and 107 from other districts who underwent allogeneic stem cell transplan-

tation (aSCT) at HDSF. Of the 153 patients, 56.2% received intensive chemotherapy

(IC), while 43.8% deemed ineligible for IC received low-intensity therapies or best

supportive care (BSC). Median overall survival for IC patients was 31.2 months,

compared to 5.3 months for those under azacytidine and 1.2 months on BSC.

Majority (57.5%) of patients over 60 with intermediate/high European leukemia

network risk had poor outcomes with IC and couldn't proceed to aSCT. These

patients carried the highest costs and hospital resource use per patient month.

Most common reasons for transplant ineligibility after IC were refractory disease

and infection. Our data provides a comprehensive view on AML treatment land-

scape from a period when the latest treatment advancements were not yet accessi-

ble. The data describes patient groups with poor prognosis and increased

healthcare burden, emphasizing the need to improve treatment practices and iden-

tify better ways to get more patients to transplant, in a rapidly evolving treatment

landscape.
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Novelty statements

What is the new aspect of your work?

Our study is the most comprehensive dataset describing AML treatment landscape in Finland,

including treatment outcomes and HCRU in both fit and unfit AML patient populations.

What is the central finding of your work?

Unfit patients receiving azacytidine monotherapy or palliative care, as well as the majority of

patients aged over 60 with an intermediate or high ELN-risk who undergo intensive chemother-

apy, experience very poor prognoses.

What is (or could be) the specific clinical relevance of your work?

Our research emphasizes the significance of improving treatment approaches for these particu-

lar patient populations and underscores the need to determine the most effective criteria for

selecting patients who are eligible or ineligible for intensive chemotherapy, as well as how to

achieve the most favorable long-term results for elderly patients.

1 | INTRODUCTION

Acute myeloid leukemia (AML) is typically disease of the elderly and is

characterized by the proliferation of myeloid blasts in bone marrow

leading to progressive peripheral blood cytopenias and rather rapid

decline in the patient's condition.1 Genetic and cytogenetic heteroge-

neity is typical of AML, forming the basis for AML risk classification.2

Traditionally, AML treatments have consisted of different chemo-

therapy combinations with anthracycline-cytarabine backbone followed

by allogeneic stem cell transplantation (aSCT). This intensive approach

has been applied for patients mainly under 70 years and fit, as deter-

mined by treating physician according to Ferrara criteria. Approximately

50% of patients under 60 years achieve cure, whereas the prognosis

for elderly patients is significantly worse.3 With increasing age, adverse

risk genetic abnormalities, concomitant disease burden, poor perfor-

mance status, and decreased tolerability for chemotherapy become

more common, leading to inferior outcomes with intensive approach.4

Recently, new targeted therapies have expanded the treatment

landscape of AML patients ineligible for intensive chemotherapy

(IC) and venetoclax+azacytidine therapy has become the new stan-

dard of care for these patients.2 Previously, ineligible patients were

treated with low intensity therapies (LIT), such as hypomethylating

agents or given only best supportive care (BSC). Data from the Finnish

Cancer Registry shows that median overall survival (mOS) for AML

patients diagnosed and treated between 2007 and 2018 was

3 months for patients over 75 years (Finnish Cancer registry 2020,

www.canceregistry.fi).

To further understand AML treatment patterns and outcomes in

both intensively and non-intensively treated patients, we conducted a

retrospective analysis of electronic health records from a tertiary care

center in Hospital District of Southwest Finland (HDSF). Our analysis

characterizes AML patients treated between 2010 and 2020,

describes their treatments and outcomes, and assesses healthcare

resource utilization (HCRU) and associated costs, providing a view

into treatment landscape prior to the introduction of new therapies.

Additionally, our dataset included patients from other regions who

underwent transplantation at HDSF, providing insights into national

leukemia treatment practices.

2 | METHODS

2.1 | Data collection and inclusion criteria

In this retrospective registry study, existing electronic health record

(EHR) data generated during routine clinical practice and available in

the data lake of the HDSF were compiled for the analyses by Auria

Clinical Informatics. The extracted data were complemented by a

manual chart review performed by the clinical expert of the study to

cover observed data gaps.

The study included all adult patients diagnosed with acute mye-

loid leukemia (AML) based on the International Classification of Dis-

eases 10th edition (ICD-10) code C92.0 in the HDSF patient

information system between January 1st, 2010, and October 31st,

2020. Following patients were excluded: non-incident patients (first

AML diagnosis recorded before January 1, 2010, or actual diagnosis

before the first available ICD-10 record as confirmed by the clinical

expert), patients with incorrect AML diagnosis or acute promyelocytic

leukemia (ICD-10 C92.4) or acute lymphoblastic leukemia (ICD-10

C91.0), and patients treated elsewhere or treated in a clinical trial.

Diagnoses and diagnosis dates were validated by the clinical expert.

Index date was defined as the date of the first AML diagnosis

code or the date of the first AML treatment, if earlier. End of follow-

up was defined as end of study (December 31, 2020) or death, if the

patient deceased before end of study. Length of follow-up was

defined as 12*(end of follow-up–index+1)/365.25 months.

All patients were retrospectively followed and data collected from

earliest available data point until end of follow-up. Data collected
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included demographic and clinical characteristics, including age at

index, sex, Eastern Cooperative Oncology Group performance status

at index (ECOG; range: 0–5), diagnoses, procedures, laboratory tests,

hospital-administered cancer treatments (including chemotherapies

and immunosuppressants), date and type of aSCT, prescriptions of

hospital administrated medications, date and cause of death as well as

all healthcare contacts (see section on healthcare resource utilization

for more details). Diagnoses were available from 2004 onwards and

the other data from 2010 onwards until December 31, 2020

European leukemia network (ELN) risk status was assessed by chart

review according to 2017 risk stratification2 based on available

genetic data. For patients, ineligible for IC in particular, data coverage

was poor for ELN and ECOG. ICD-10 codes recorded 2 years prior to

index were used to determine secondary AML (sAML) status (includ-

ing transformed and treatment related sAML) and Charlson comorbid-

ity index (CCI).5 Data were also incomplete in the cohort referred to

HDSF for aSCT from other hospital districts, and thus CCI index,

comorbidities and sAML determinations could not be completed for

this cohort. Group sizes between 1 and 4 are reported as “<5,” as a

requirement from the permission authority to ensure patient

anonymity.

2.2 | Patient subgroups and characteristics

Patients residing at HDSF were divided into patients eligible for IC

and patients ineligible for IC, based on received treatment. Patients

who received IC were further assessed in two subgroups;

patients who received aSCT by the end of follow-up and patients who

did not. Patients who were ineligible for IC were divided into patients

treated with LIT and patients receiving BSC. All aSCT procedures in

Finland are centralized to HDSF or Hospital District of Helsinki and

Uusimaa, hence the outcomes of stem cell transplantations were also

analyzed in all patients transplanted at HDSF regardless of home

municipality (Figure 1).

Descriptive statistics were used to report the demographic and

clinical characteristics, comorbidities, and infections at baseline

and during follow-up, including the number and proportion of

patients, and median numbers stratified according to the patient

subgroup. Differences in categorial variables between IC eligible and

ineligible patients as well as ineligible treated with LIT and unfit with

BSC were tested using the Chi-squared test or Fisher's exact test

(with group size 1–5; p-value omitted if any cell had value 0), while

differences in continuous variables were tested using the Student's

t-test.

2.3 | Outcomes

Overall survival (OS) was defined as time from index (all eligible and

ineligible patients and patients without aSCT), from date of aSCT

(transplanted patients), or treatment initiation (ineligible, LIT treated

patients; first administration of the respective regimen) until death

(all-cause; event) or end of study (December 31, 2020; censoring

event). OS was analyzed with the Kaplan–Meier method and stratified

according to indicated patient subgroups. The median survival with

95% confidence interval (CI) was reported, if reached. Cox propor-

tional hazards model was used to estimate the association of age, sex,

CCI, and ELN and aSCT status with OS in patients who received

IC. aSCT was included as a time varying covariate. The hazard ratios

with 95% CIs and p-values were reported.

Progression free survival (PFS) was defined as time from the initi-

ation of therapy until disease progression (myeloblast proportion ≥5%

in bone marrow; event), death, or end of study (December 31, 2020;

censoring event). Both PFS and OS were analyzed according to the

cause of death with the Aalen-Johansen estimator, which accounts

for the competing risks setting between multiple alternative outcome

events. The cumulative incidences of the different outcome events

were plotted in addition to the PFS or OS curve.

2.4 | Healthcare resource utilization and
related costs

HCRU data included all hospitalizations, emergency room (ER) and

outpatient visits, procedures (including blood transfusions), operations

F IGURE 1 Flowchart of patient cohorts
and subgroups. aSCT, allogeneic stem cell
transplantation; BSC, best supportive care;
HD, Hospital district; HDSF, Hospital
District of Southwest Finland; IC, intensive
chemotherapy; LIT, low intensity therapy.
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(procedures requiring operation room reservation), and laboratory

tests of the diagnosed AML (C92.0) patients whose home municipality

was within HDSF, regardless of the diagnosis associated with the con-

tact (all-cause; all HCRU of AML diagnosed patients). The number of

outpatient and ER visits, and the number of inpatient days were

reported. The HCRU related costs were reported according to the

HCRU type, and the costs were derived according to the unit cost

method and using publicly available service price listings obtained

from the HDSF. Both the number of contacts and total costs were

reported per patient (PP; total number divided by the total number of

patients) and per patient year (PPY; total number divided by the total

follow-up length). The 95% CIs were estimated with the bootstrap

method using 10 000 samples.

2.5 | Statistical analysis

Statistical analyses were performed using R version 4.0.3.6 p-Values

less than .05 were considered statistically significant. p-Values were

not adjusted for multiple testing. The proportion of missing values

were reported, where applicable.

3 | RESULTS

3.1 | Patient cohorts

One hundred and fifty three new AML patients were diagnosed at

HDSF between January 1, 2010 and October 31, 2020, with a median

follow-up of 20.7 months (Figure 1). Of these, 56.2% (86/153) were

treated with an intensive approach and 43.8% (67/153) were consid-

ered as ineligible for IC and treated with LIT (62.7%, 42/67) or with

BSC (37.3%, 25/67).

One hundred and seven AML patients were referred to HDSF for

aSCT from other hospital districts during 2010–2020. Altogether

150 patients received an aSCT at HDSF during 2010–2020 with

median follow-up of 45.9 months (Figure 1). Characteristics of differ-

ent subgroups are described in Table 1.

3.2 | Treatments and outcomes

3.2.1 | Patients treated with intensive
chemotherapy

Altogether 56.2% (86/153) of the HDSF's AML patients were treated

with IC (Figure 1). Median age of these patients was 62.7 years (IQR

50.1–68.2), 3.3% had sAML and majority (62.8%) had ECOG 1–2. Fur-

ther characteristics, including ELN risk profiles are presented in

Table 1.

The majority of intensively treated patients had comorbidities

recorded prior to or at the time of AML diagnosis. The most common

comorbidities were arterial hypertension 22.1%, non-hematological

cancer 10.5%, non-insulin-dependent diabetes mellitus 8.1%, atrial

fibrillation or flutter 7.0% and dyslipidemia 7.0%.

In most cases (>90%), the first induction was standard combina-

tion of cytarabine plus idarubicin. Less than five patients received

cytarabine plus daunorubicin. The majority (72.1%) of patients were

given one induction, 27.9% presented with induction failure and

received ≥2 inductions.

Median OS for all patients who received IC was 31.2 months

(95% CI: 11.5–68.3) (Figure 2A). Survival was significantly associated

with patient's age and ELN risk status (Figure 2A–C). Median OS for

patients <65 years was 68.3 months (95% CI: 35.8–not reached),

whereas for ≥65-year-olds mOS was 8.1 months (95% CI: 5.3–12.9)

(Figure 2B). 3-year survival estimate for <65-year-olds was 61.7%

(95% CI: 49.5–77.1) versus 22.2% (95% CI: 11.3–43.7) for

≥65-year-olds.

Median OS for patients with intermediate ELN risk (IR) was

41.7 months (95% CI: 17.2–not reached), whereas for high-risk

(HR) patients mOS was 7.5 months (95% CI: 4.9–18.9)

(Figure 2C). The mOS in low-risk group was not reached during

the follow-up.

3.2.2 | Allogeneic stem cell transplantation

Expectedly, being able to proceed to aSCT was associated with better

OS in patients treated with IC after adjusting with age and risk-class

(hazard ratio for death 0.29, p = .007) (Figure 2A). Half (43/86) of the

patients diagnosed at HDSF who received IC proceeded to aSCT after

induction (Figure 1.). In addition, 107 patients referred from other

hospital districts received aSCT at HDSF between 2010 and 2020.

Among all 150 aSCT patients, median age was 58.1 years (IQR: 43.9–

63.7). 22.0%, 34.7% and 43.3% represented LR, IR and HR ELN pro-

files, respectively. The majority were recorded with ECOG 0 (42.6%)

or ECOG 1–2 (56.6%) (Table 1).

Most of the patients (94.0%, 141/150) received one stem cell

transplantation; 6.0% (9/150) had a second transplant. At 3 years

after aSCT, PFS was 48.6% (95% CI: 40.9–57.7) and OS was 65.0%

(95% CI: 57.3–73.7) (Figure 3A,B). Causes of death included relapse

(18.2% of all patients), infections (4.7%), and other reasons (12.0%,

including GHVD-related mortality) (Figure 3B). 60.0% (95% CI: 51.8–

69.6) of patients were alive at 5 years. The median time from diagno-

sis to transplantation was 123 days.

According to the HDSF guidelines, AML patients with highest

relapse risk were treated with azacytidine as a maintenance therapy.

Typically, it was started prophylactically for patients with measurable

residual disease. Altogether 45.3% (68/150) of the patients received

azacytidine after the aSCT. The 3-year survival for this group was

64.5% (95% CI: 51.6–80.6), which did not differ from the whole

cohort (Supplementary Figure 1).

A relatively high proportion of IR and HR patients who received

IC at HDSF were not able to proceed to aSCT (35.1% [13/37] of IR,

4 RANTI ET AL.
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TABLE 1 Patient characteristics.

AML patients diagnosed at HDSF (n = 153) aSCT at

HDSF N = 150
Eligible for
IC N = 86

Ineligible for
IC N = 67

p-Value Eligible
versus ineligible

Ineligible for IC:
LIT N = 42

Ineligible for IC:
BSC N = 25

p-Value LIT
versus BSC

Sex .282 .925

Male 59.3%

(n = 51)

49.3% (n = 33) 47.6% (n = 20) 52.0% (n = 13) 52.7% (n = 79)

Female 40.7%

(n = 35)

50.7% (n = 34) 52.4% (n = 22) 48.0% (n = 12) 47.3% (n = 71)

Age

Median,

years (IQR)

62.7 (50.1–
68.2)

80.1 (75.6–
83.7)

<.005 77.1 (72.6–80.9) 83.6 (80.8–87.4) <.005 57.8 (43.5–
63.3)

<50 24.4%

(n = 21)

0% (n = 0) 0% (n = 0) 0% (n = 0) 36.7% (n = 55)

50–64 37.2%

(n = 32)

n < 5 n < 5 0% (n = 0) 46.7% (n = 70)

65–74 32.6%

(n = 28)

17.9% (n = 12) 21.4% (n = 9) n < 5 16.7% (n = 25)

75–84 5.8% (n = 5) 58.2% (n = 39) 66.7% (n = 28) 44.0% (n = 11) 0% (n = 0)

≥85 0% (n = 0) 17.9% (n = 12) n < 5 44.0% (n = 11) 0% (n = 0)

sAML 23.3%

(n = 20)

38.8% (n = 26) .057 50.0% (n = 21) 20.0% (n = 5) .029

ELN risk .177

Low 23.5%

(n = 20)

n < 5 n < 5 0% (n = 0) 22.0% (n = 33)

Intermediate 43.5%

(n = 37)

50.0% (n = 21) 48.5% (n = 16) 55.6% (n = 5) 34.7% (n = 52)

High 32.9%

(n = 28)

40.5% (n = 17) 39.4% (n = 13) n < 5 43.3% (n = 65)

Missing n < 5 37.3% (n = 25) 21.4% (n = 9) 64.0% (n = 16) 0% (n = 0)

ECOG <.005

0 33.7%

(n = 29)

n < 5 n < 5 0% (n = 0) 42.6% (n = 58)

1–2 62.8%

(n = 54)

54.0% (n = 34) 65.9% (n = 27) 31.8% (n = 7) 56.6% (n = 77)

3–4 n < 5 42.9% (n = 27) 29.3% (n = 12) 68.2% (n = 15) n < 5

Missing 0% (n = 0) n < 5 n < 5 n < 5 9.3% (n = 14)

CCI .027 .029

0–1 n < 5 n < 5 n < 5 n < 5

2–3 87.2%

(n = 75)

70.1% (n = 47) 81.0% (n = 34) 52.0% (n = 13)

4+ 11.6%

(n = 10)

25.4% (n = 17) 16.7% (n = 7) 40.0% (n = 10)

Missing 0% (n = 0) 0% (n = 0) 0% (n = 0) 0% (n = 0)

Follow-up,

months

<.005 .058

Mean 32.4 5.6 7.0 3.3 45.9

Median 17.8 3.0 3.6 1.1 36.5

IQR 6.6–50.3 0.8–7.6 1.1–8.6 0.3–5.5 14.1–66.2

Note: Determination of sAML and CCI was not applicable in the aSCT (n = 150) cohort due to incomplete data coverage of previously recorded diagnoses

as most of the transplanted patients were referred from other hospital districts.

Abbreviations: aSCT, allogeneic stem cell transplantation; BSC, best supportive care; CCI, Charlson comorbidity index; ECOG, Eastern Cooperative

Oncology Group performance status; ELN, European Leukemia Network; IC, intensive chemotherapy; IQR, interquartile range; LIT, low intensity therapy;

sAML, secondary AML.
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53.6% [15/28] of HR patients). Most common reasons were refrac-

tory disease (35.7%, 10/28), infection (32.1%, 9/28), high comorbidity

burden, or low performance status (10.7%, 3/28) or death (other than

infection-related) during induction/before aSCT (10.7%, 3/28). mOS

was 8.7 months for IR patients who were not able to proceed to aSCT

(95% CI:5.3–) and 3.4 months for HR patients who were not able to

proceed to aSCT (95% CI:1.5–8.5) (Figure 3C), while it was not

reached (95% CI: 64.1–, IR) and 52.5 months (95% CI: 28.1–, HR) in

patients who were able to proceed to aSCT.

Compared to transplanted IR/HR patients (37/65), IR/HR patients

who were not able to proceed to aSCT (28/65) were significantly

older (median 68.2 [IQR 64.7–70.6] vs. 59.4 [IQR 49.8–64.3] years,

p = .002) and had higher ECOG (ECOG 0: n < 5, ECOG 1–2: 85.7%

(24/28), ECOG 3–4: n < 5 vs. ECOG 0: 51.4% [19/37], ECOG 1–2:

48.6% [18/37], ECOG 3–4: 0%). Increasing age decreased the likeli-

hood of IR/HR patients to proceed to aSCT after intensive induction.

Of <60-year-old intensively treated IR/HR patients, 80.0% (20/25)

proceeded to aSCT, whereas only 42.5% (17/40) and 23.1% (6/26) of

>60-year-olds and >65-year-olds, respectively, were able to proceed

to aSCT after IC. Associated outcomes are shown in Supplementary

Figure 2.

3.2.3 | Patients ineligible for intensive
chemotherapy

Less than half, 43.8% (67/153), of HDSF patients were considered as

ineligible for IC and treated with LIT or BSC. Compared to eligible

F IGURE 2 (A) OS in patients treated with IC at HDSF (n = 86) and variables associated with survival (Cox proportional hazards analysis).
Impact of (B) age and (C) ELN risk status on OS. Kaplan–Meier curve representing OS stratified by age of 60 years is shown in Supplementary
Figure 3. aSCT, allogeneic stem cell transplantation; CI, confidence interval; ELN, European Leukemia Network; HDSF, Hospital District of
Southwest Finland; HR, high risk; IC, intensive chemotherapy; IR, intermediate risk; LR, low risk; mOS, median overall survival; NR, not reached.

6 RANTI ET AL.
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patients, ineligible patients were older, presented more often with

sAML, high/intermediate ELN risk, and low performance status

(Table 1). Patients who were ineligible for IC also had higher burden

of comorbidities at index compared to patients who received IC, espe-

cially heart-related comorbidities, such as atrial fibrillation and flutter

(37.3% vs. 7.0%), chronic ischemic heart disease (16.4% vs. n < 5 [less

than 5.8%]) and congestive heart failure (14.9% vs. n < 5).

Slight majority, 62.7% (42/67), of ineligible patients were treated

with LIT. Azacytidine monotherapy was the most used treatment

(n = 20), followed by mercaptopurine monotherapy (n = 9) and low

dose cytarabine (LDAC, n = 8). For a few patients, LDAC was com-

bined with tioguanine or idarubicin (without intention to treat with

aSCT). Median OS for azacytidine monotherapy and LDAC-based

treatments was 5.2 (95% CI: 3.5–13.7) and 5.4 (95% CI: 2.4–) months,

respectively. For mercaptopurine, which was mainly used at the

beginning of the follow-up period for palliative purposes, mOS was

0.9 months (95% CI: 0.7–). (Figure 4).

Approximately one third, 37.3% (25/67), of patients ineligible for

IC did not receive any anti-leukemic treatment, that is, received only

BSC (e.g., granulocyte colony stimulating factors, antibiotics, cortico-

steroids, antianemics, hydroxycarbamide, blood transfusions).

Compared to patients treated with LIT, patients receiving only

BSC were clearly older, had poorer performance status and had higher

comorbidity burden (Table 1.), especially chronic ischemic heart

F IGURE 3 (A) PFS and (B) OS and causes of death of patients who received aSCT at HDSF (n = 150). (C) OS by ELN risk status in patients
who didn't proceed to aSCT after IC (n = 43). aSCT, allogeneic stem cell transplantation; ELN, European Leukemia Network; HDSF, Hospital
district of Southwest Finland; HR, high risk; IR, intermediate risk; LR, low risk; mOS, median overall survival; NR, not reached; PFS, progression-
free survival.
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disease (24.0% vs. 11.9%) and congestive heart failure (20.0%

vs. 11.9%) were more common in the BSC group. Median OS was

1.2 months (95% CI: 0.5–5.6) in patients receiving only BSC.

3.2.4 | Healthcare resource utilization

HCRU was assessed in HDSF's patients (n = 153). In patients who

were ineligible for IC, HRCU was assessed for patients who received

BSC or azacytidine, as these patient groups were the largest ones

(n ≥ 20). The total use of hospital resources (total number of inpatient

days, outpatient visits and ER visits) was highest among patients with

longest survival/follow-up, that is, for patients who received aSCT

(Figure 5A). However, the resource use per patient month was highest

for patients who received IC but were not able to proceed to aSCT

and for patients who were ineligible for IC and received azacytidine,

indicating a high burden for healthcare and for patients during their

short-term survival/follow-up (Figure 5B). It is notable that patients

who received IC but were not able to proceed to aSCT had significant

number of inpatient days per month that lead to increased burden of

hospitalization. Patients who were ineligible for IC and received aza-

cytidine, had greater amount of outpatient visits.

Expectedly, the total costs were highest for the patients with lon-

gest follow-up (transplanted patients) (Figure 5C). However, the rela-

tive costs (cost per month) of transplanted patients were close to

azacytidine treated patients with short follow-up highlighting the

cost-effectiveness of aSCT (Figure 5D). For the IR/HR patients who

received IC but were not able to proceed to aSCT, the total costs

were substantial despite of their short follow-up (Figure 5C). In fact,

when calculating the relative costs, treatment of this patient group

was the most expensive (Figure 5D).

4 | DISCUSSION

This retrospective single-center study delved into the treatment pat-

terns, outcomes and HCRU among Finnish patients with AML. It

offers a comprehensive view on patient populations urgently requiring

more effective therapies. The study also corroborates previous find-

ings regarding the beneficial long-term outcomes achieved with

aSCT.7

HDSF cohort had 153 patients of which 86 (56.2%) were consid-

ered eligible for IC. In a large Swedish registry study, the treatment

distribution was similar with 62% of patients treated intensively.8 In a

real-world study on AML treatment in 27 US hospital institutions the

proportion of intensively treated patients was lower, 47%.9 The differ-

ence in treatment distribution might be attributed to the tertiary

nature of AML-treating centers in Nordic countries, where the most

unfit patients receive diagnosis and treatment locally.

Ineligible patients were significantly older with worse perfor-

mance status compared to eligible patients. Considering the previ-

ously described poor outcomes in patients over 75 years of age or

with ECOG ≥2 treated with IC, the patient selection seems appropri-

ate and consistent with the Ferrara criteria.10,11

Treatment outcomes for the ineligible population were subopti-

mal with mOS of 5.2 and 5.4 months among patients treated with aza-

cytidine monotherapy and LDAC-based treatments, respectively.

Outcomes in the present study match the results reported from a

large retrospective community based nationwide Flatiron Health data-

base study in US, where mOS of 6.3 months was achieved with azacy-

tidine therapy.12 In another retrospective chart review from

112 community or hospital medical centers across 22 countries, Miya-

moto and colleagues reported mOS of 9.9 months reached with aza-

cytidine.13 Similar results have also been reported previously in

F IGURE 4 (A) First line treatments (B) overall survival for patients ineligible for IC. Aza, azacytidine; LDAC, low dose cytarabine; MP,
mercaptopurine; Ven, venetoclax.
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clinical trials with achieved mOS of 8–10 months by hypomethylating

agents.14,15

In our cohort, the patient population having the worst prognosis

were the patients assigned to BSC or mercaptopurine therapy. Mer-

captopurine has been previously used to control hyperleukocytosis

with fading use in the last years of the follow-up. The patients in BSC

group were significantly older than those assigned to LIT and carried a

higher disease burden and worse performance status highlighting the

frail nature of this most prognostically adverse group.

Adverse cytogenetic abnormalities and comorbidities increase

with age impairing the outcomes of conventional intensive chemo-

therapy. Abuelgasim and colleagues reported 2-year OS of 15.8% in

intensively treated AML patients aged over 60 years.16 Furthermore,

in the M.D Anderson's data set mOS of 5.4 months was reported for

intensively treated patients of age 65 years or older.11 Similarly, in our

dataset, patient's age proved to be of prognostic significance among

the intensively treated group. The best outcomes were noted in

patients under the age of 50 as compared with patients over
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F IGURE 5 (A) HCRU-related events, (B) events per patient per month, (C) HCRU-related costs, and (D) costs per patient per month in HDSF's
patients who received aSCT (aSCT, n = 43), transplanted IR/HR patients (aSCT IR/HR, n = 37), IR/HR patients who didn't proceed to aSCT (non-
aSCT IR/HR, n = 28) and patients who were ineligible for intensive chemotherapy and received azacytidine monotherapy (Aza mono, n = 20) or
only best supportive care (BSC, n = 25). Mean follow-up time (years) per patient: aSCT (4.03), aSCT IR/HR (4.02), non-aSCT IR/HR (0.66), Aza
mono (0.65), BSC (0.28). The length of the follow-up was defined as time from index until the end of study (December 31, 2020) or death. aSCT,
allogeneic stem cell transplantation; BSC, best supportive care; ER, emergency room; HCRU, healthcare resource utilization; HR, high risk; IC,
intensive chemotherapy; IR, intermediate risk.
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65 years-old having markedly worse outcomes (HR for death 3.75,

p = .008). The mOS for intensively treated over 65-year-old patients

was 8.1 months (95% CI: 5.3–12.9).

Increasing age decreased the probability of IR/HR patients to pro-

ceed to aSCT after intensive induction. 57.5% (23/40) and 76.9%

(20/26) of >60-year-olds and >65-year-olds were not able to proceed

to aSCT after IC, respectively, and for these patients mOS was less

than 6 months. However, for patients >65 years mOS was not

improved even if they were able to proceed to aSCT (mOS

6.2 months, 95% CI:1.8–). The most frequent reasons for omitting the

aSCT in IR/HR patients included refractory disease and difficult-

to-treat infections during the chemotherapy treatment. Poor out-

comes observed in older population further stress the previously

raised question of how to optimally select patients who are eligible/

ineligible for conventional intensive chemotherapy.17 Ongoing trials

will shed light on new improved ways to get more patients to trans-

plant. Will less intensive venetoclax-based approach serve as a benefi-

cial alternative bridging therapy for some patients or, alternatively,

combining novel agents with less intensive chemotherapy backbone.

The potential benefits of reducing the dose or replacing cytotoxic

components like anthracyclines are under investigation. By reducing

treatment-related toxicities without compromising efficacy, these

alternative approaches may have potential to increase the chances to

proceed to transplant and achieve better long-term outcomes.

Our HCRU analyses expectedly revealed that patients receiving

aSCT, that is, patients with longest survival and follow-up, had most

HCRU-related events and costs. This is in line with results from a

nationwide Swedish registry study.18 However, the relative resource

use and costs (events and k€ per month) were highest particularly for

patients who received IC but were not able to proceed to aSCT. This

was mostly driven by a high need for hospitalization (inpatient days)

during the short survival of this patient group. These results under-

score the importance of identifying more effective and well-tolerated

ways to prepare more patients to transplant. It is notable that HCRU

and related costs were assessed based on the EHRs and do not cover

primary healthcare resource use or open care medications. As most

patients who are ineligible for IC shift to primary healthcare for the

rest of their care, it is probable that these patients cause more HCRU-

related costs than we have shown.

Although the HDSF data lake utilized in this study has good tem-

poral coverage and accurate data on multiple variables to answer the

questions posed, some limitations with these data and their interpre-

tation do exist. Due to the retrospective nature of the study and the

reliance on the accuracy and completeness of the recorded registry

data, some data gaps and missing information were observed,

although both structural and text mining searches were utilized to

extract the relevant data. Data on characteristics were partly

incomplete—for the genetic data in particular the coverage was poor

for most of the aberrations due to the unavailability of complete

mutation panel analyses until the late 2010s, coinciding with their

uptake into routine clinical practice. Additionally, the variability of

patient texts can complicate text-mining of key terms, affecting

completeness of variables such as the ELN status and myeloblast pro-

portions. The extracted data were complemented by a manual chart

review performed by the clinical expert of the study to cover

observed data gaps. Our study focused on the HDSF regional

patients, thus limiting the generalizability of the study and resulted in

low patient numbers for certain subgroup analyses. The Cox propor-

tional hazards analysis was limited by a small sample size and the

results should be interpreted with care. Particularly the hazard ratio

for proceeding to aSCT could be overestimated due to the inability to

properly control for confounding covariates. Additionally, the cohort

was limited to the information on tertiary care, which may distort the

findings especially in the unfit population and medications adminis-

tered in primary care.

In conclusion, the present study provides insights into treatment

patterns, outcomes, and health care costs for Finnish AML patients

diagnosed and treated from 2010 to 2020. Our cohort clearly demon-

strates poor outcomes in patients ineligible for IC during time when

novel targeted treatments were not yet available. Fortunately, new

targeted therapies have expanded the treatment landscape of AML

patients ineligible for IC and venetoclax+azacytidine therapy has

recently become the recommended standard of care for these

patients.2 Our findings also highlight a disparity in results between

patients who underwent successful aSCT and those who could not

proceed to the transplantation after IC. The majority of patients aged

over 60 with an intermediate or high risk could not proceed to aSCT

post-IC, primarily due to refractory disease or infection. These find-

ings prompt a reevaluation of strategies to achieve optimal long-term

outcomes for these patients, including selection of optimal induction

treatment to increase the possibility to proceed to stem cell

transplantation.
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