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ABSTRACT

Objective Acute myeloid leukaemia (AML) prognosis

is enhanced with intensive remission induction
chemotherapy (ICT) in eligible patients. However, ICT
eligibility perceptions may differ among healthcare
professionals. This nationwide, population-based study
aimed to explore regional variation in ICT application and
its relation with overall survival (0S).

Methods and analysis We compared nine Dutch regional
networks using data from the Netherlands Cancer Registry.
Regional variance was assessed for the entire population
and age subgroups (ie, <60 years and >60 years) using
multivariable mixed effects logistic and Cox proportional
hazard regression analyses, expressed via median OR
(MOR) and median HR (MHR).

Results Including all adult AML patients from 2014 to
2018 (N=4060 patients; 58% males; median age, 70
years), 1761 (43%) received ICT. ICT application varied
from 36% to 57% (MOR 1.36 (95% Cl 1.11 t0 1.58))
across regions, with minor variations for patients aged
<60 years (MOR 1.16 (95% Cl 1.00 to 1.40)) and more
extensive differences for those aged >60 years (MOR

1.43 (95% Cl 1.16 to 1.63)). Median OS spanned 4.9-8.4
months across regions (MHR 1.11 (95% CI 1.00 to 1.15)),
with pronounced differences in older patients (MHR 1.12
(95% CI 1.08 to 1.20)) but negligible differences in the
younger group (MHR 1.02 (95% CI 1.00 to 1.14)). Survival
differences for the total population and the older patients
decreased to respectively, MHR 1.09 (95% Cl 1.00 to 1.13)
and 1.10 (95% CI 1.04 to 1.18), after additional adjustment
for the probability of receiving ICT within a region,
indicating approximately 10% unexplained differences.
Conclusion Regional disparities in ICT application and
survival exist, especially in older AML patients. However,
ICT application differences partially explain survival
disparities, indicating the need for more standardised ICT
eligibility criteria and a better understanding of underlying
causes of outcome disparities.

INTRODUCTION

Acute myeloid leukaemia (AML) is a clonal
haematopoietic stem cell malignancy char-
acterised by an aggregation of immature

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The Swedish Acute Leukaemia Registry Group re-
vealed differences in acute myeloid leukaemia (AML)
management across regional cancer networks using
nationwide, population-based data from Sweden.
Their studies showed better overall survival (0S)
for patients with AML in regional cancer networks
where first-line treatment with intensive therapy
was more prevalent. The remaining studies mainly
focused on integrating patient characteristics and
prognostic features to inform uniform treatment de-
cisions, with an absence of studies examining the
association between regional differences in AML
management and patient outcomes.

WHAT THIS STUDY ADDS

= Our study fills a notable gap in the existing literature.
In this nationwide population-based, we addressed
practice variation in AML management across nine
regional cancer networks in the Netherlands. Our
study is the first to quantify practice variation in in-
duction chemotherapy (ICT) application and assess
its effect on 0S. We showed significant between-
region differences in the application of ICT and
0S, most pronounced among older AML patients.
However, variations in ICT application only partially
account for survival disparities.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our study provides insights into the AML care prac-
tices in the Netherlands and highlights the impor-
tance of uniform care delivery to enhance patient
outcomes. The evidence presented in this study
adds to the existing knowledge and shows the ur-
gency to create understanding into the disparities in
treatment and outcomes.

progenitor cells that fail to differentiate,
resulting in ineffective haematopoiesis." It is
a rare malignancy with an age-standardised
incidence rate of approximately 3-5 per
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100000 person-years. AML affects a broad age spectrum
of individuals; however, it has a predilection to affect indi-
viduals above age 60.>™* Furthermore, this malignancy is
known for its heterogeneity in cytomorphology, immuno-
phenotype, cytogenetics, molecular genetics, epigenetic
signatures and treatment responses.' * '

AML is a rapidly fatal malignancy when not recognised
and managed promptly.” * '’ Intensive remission induc-
tion chemotherapy (ICT) with the so-called 7+3 regimen
(ie, cytarabine combined with anthracycline), followed by
consolidation therapy, currently offers a curative poten-
tial for patients with AML.® '* However, its application
is restricted to medically fit patients who can tolerate
intensive treatment. Patient eligibility for intensive treat-
ment is based on disease-specific (eg, cytogenetics) and
patientrelated factors (eg, age and physical and mental
health status). Discussing patients within multidisci-
plinary tumour boards is essential to ensure uniformity
in ICT application.'* In the Netherlands, regional cancer
networks collectively manage AML to ensure integrated
care over multiple care processes—that is, diagnosis,
treatment, post-treatment follow-up care and palliative
care—across regional healthcare providers.'’

Over the past decades, the population-level survival of
patients with AML improved considerably, particularly
among those below age 70.*'® This improvement can be
linked to an increased provision of treatment with ICT
over time, leading to consecutive increases in of alloge-
neic stem cell transplantation (alloSCT) and advances in
supportive care measures, postremission therapies and
targeted agents. The population-level survival in AML
may be further improved when the provision of treat-
ment is uniformly distributed across regional cancer
networks.'®'” This notion stems from earlier population-
based studies conducted in Sweden during the late
2000s and early 2010s.” " '® While Sweden is a country
that provides its citizens with equal access to healthcare
services, these studies revealed that the overall survival
(OS) of patients with AML was higher in regional cancer
networks with a higher rate of firstline treatment with
intensive therapy.'®

At present, studies on regional disparities in AML
management and its relation with OS are inherently
scarce and dated. Furthermore, the current literature on
this topic does not concurrently consider the variability
in baseline patient and AML characteristics (ie, casemix)
and variation due to chance (ie, random variation).
Therefore, in this nationwide, population-based study, we
aimed to assess the between-region variation in (1) the
application of ICT and (2) OS in the Netherlands.

MATERIALS AND METHODS

The Netherlands Cancer Registry

We used data from the Netherlands Cancer Registry
(NCR) for this study. Founded in 1989, the NCR is
maintained and hosted by the Netherlands Compre-
hensive Cancer Organisation and covers at least 95% of

all malignancies in the Netherlands."” The Nationwide
Network of Histopathology and Cytopathology and the
National Hospital Discharge Registry (ie, inpatient and
outpatient discharges) notify the NCR of newly diagnosed
malignancies in the Netherlands. After case notification,
trained registrars retrospectively collect data from the
medical records within 12 months postdiagnosis. These
data include the date of birth and diagnosis, sex, disease
topography and morphology, primary treatment, and
hospital of diagnosis and treatment. The last known vital
status for all patients (ie, alive, dead or emigration) is
obtained through the annual linkage of the NCR with the
Nationwide Population Registries Network that holds this
information of all residents in the Netherlands.

Study population

We selected all adult (=18 years) patients diagnosed with
AML between 1 January 2014 and 31 December 2018—
with survival follow-up through 1 February 2022—using
morphology codes of the International Classification of
Disease for Oncology as described elsewhere.'® We chose
to include patients diagnosed from 2014 onwards due
to the availability of more detailed information on prog-
nostic factors and the availability of data on the exact
therapeutic regimens from this year onwards. Patients
diagnosed with acute promyelocytic leukaemia (n=172)
and blastic plasmacytoid dendritic cell neoplasms (n=37),
as well as those diagnosed at autopsy (n=5) and who
received treatment outside of the Netherlands (n=17)
were excluded. All patients were followed from diag-
nosis until death, emigration or last follow-up, whichever
occurred first.

Reporting patient and public involvement in research

In this study, it was not possible to involve patients or the
public in the design, or conduct, or reporting, or dissem-
ination plans of our research.

Regional networks

Haemato-oncological care in the Netherlands is divided
into 10 regional networks as designated by the Hemato-
Oncology Foundation for Adults in the Netherlands
(HOVON)." Each regional network, except for two,
includes a university hospital responsible for clinical
consultations for non-university hospitals within that
region. A non-academic teaching hospital provides clin-
ical consultations to other hospitals in one regional
network. This regional network was considered a separate
network in these analyses. The other regional network,
in which a non-academic teaching hospital also provides
clinical consultations to other hospitals, is geographically
located in the catchment area of a regional network with
a university hospital. In addition, non-academic teaching
hospital collaborates with that regional network to ensure
integrated care. Therefore, these two regional networks
were merged based on these two factors. Collectively,
this study discerns nine regional networks. The regional
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network corresponds with the region where the patient
was diagnosed.

The Netherlands has a well-established healthcare
system where all residents have equal access to high-
quality healthcare services, irrespective of their socioeco-
nomic position and place of residence.*” Furthermore,
all patients with AML in the Netherlands are diagnosed
and managed in non-private hospitals. Therefore, treat-
ment decision-making is solely based on patientrelated
and disease-related characteristics in concert with patient
preference. The regional networks in the Netherlands
have all the required expertise and facilities to manage
AML properly.

Definition of primary therapy

Primary therapy was divided into ICT and non-intensive
therapy. Treatment with ICT is applied in hospitals qual-
ified for intensive haematological care.'” Patients with
AML were generally classified as eligible for ICT during
our study period based on their age and physical and
mental health status.! 12 2! 2 Furthermore, intensive
postremission therapy consists of a third cycle with ICT,
autologous SCT (autoSCT) or alloSCT. The choice for a
particular postremission strategy is generally guided by
AML genetics and the patient’s fitness and preference.'
However, practice variation in postremission therapy
was not further explored since its application depends
on the outcome of the initial treatment with ICT. Of
note, alloSCTs in the Netherlands are only applied in
academic hospitals. As for autoSCTs, they can be applied
in academic hospitals and three large, non-academic
teaching hospitals. The regional network without a
university hospital in their catchment area refers patients
for an alloSCT outside their network. Patients not eligible
for ICT can be managed with best supportive care (BSC)
only, hydroxyurea, low-dose cytarabine, azacitidine or
decitabine. These modalities comprise the group of non-
intensive therapy.

Statistical analyses

Descriptive analyses

Descriptive statistics were used to present patient and
treatment characteristics across the nine regional
networks. The Pearson’s x” test was used to compare cate-
gorical covariates, and the Kruskal-Wallis test to compare
non-normally distributed continuous covariates. The
Kaplan-Meier method was applied to estimate OS for
each regional network. We used the log-rank test to test
whether the OS distribution of the regional networks was
statistically equivalent.

Between-region variance in the application of intensive
chemotherapy

Differences in casemix and random variation should
be accounted for when assessing between-region varia-
tion.”” ** Therefore, we employed mixed effects model-
ling with a random effect for the regional network. The
between-region variation in ICT application was assessed

using a mixed effects logistic regression model. Fixed-
effect terms for important baseline characteristics were
added to the mixed effects model to account for differ-
ences in casemix. Casemix adjustment was performed for
the following baseline characteristics: age on a contin-
uous scale, sex, socioeconomic status (SES), secondary
AML and hyperleucocytosis.” * ** The SES indicator
ranks neighbourhoods by postal code using the aggre-
gated value of houses and household income. This indi-
cator provided an aggregated level of SES for each postal
code and was categorised as low (deciles 1-3), medium
(deciles 4-7) and high (deciles 8-10). Hyperleucocytosis,
defined as a white cell count ZlOOxlOg/L, was included
in the model as a dichotomous variable. The variance
of the random effects in this model indicates the differ-
ences between regions in the outcome of interest beyond
what can be explained by the differences in case mix. For
example, a larger variance indicates a higher between-
region variation. To convert this regional-level variance to
a more interpretable measure, we estimated the median
OR (MOR).* The MOR is the median value of the OR
between the area at the highest risk and the area at the
lowest risk and can be interpreted as the median of the
increased odds on outcome when comparing two patients
with identical baseline characteristics who are selected
from two random regions. For example, an MOR of 1.5
for ICT application indicates that if two AML patients
with the same baseline characteristics present at two
random regions in our sample, one of the patients will
have a 50% higher probability of receiving ICT than the
other patient.

Between-region variance in 0S

We used mixed effects Cox proportional regression anal-
ysis to assess regional differences in OS. We developed
and compared two models: a model with (1) casemix
adjustment as denoted above and (2) with additional
adjustment for the likelihood of treatment with ICT
within a region. This likelihood of treatment with ICT
was estimated by applying a logistic regression model
wherein we adjusted for relevant casemix variables and
included the region as a fixed effect. To assess the extent
to which variations in treatment regimens contribute
to the observed survival differences, the regional fixed
effects (ie, the natural logarithm of the odds of treat-
ment with ICT per region) were consecutively included
in the analysis of the between-region variance in OS. In
both models, a random effect for the regional network
was added. Also, both models included an adjustment
for the 2010 AML classification of the European Leuke-
miaNet (ELN) and participation in first-line treatment
trials. The ELN 2010 risk classification is a prognostic
tool of patient outcome and stratifies patients into the
following categories: favourable, intermediate I, inter-
mediate II and adverse risk. Patients in whom cytoge-
netic risk profiling was not performed were categorised
as unclassifiable ELN. These patients were not excluded
from the analysis to ensure an objective representation
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of AML practices in the Netherlands. Trial participation,
defined as a dichotomous variable, was included because
it could affect the OS of patients as it may act as a proxy
for their health condition. After all, patients are gener-
ally enrolled in trials based on their physical and mental
health state.”” Model 2 was established to illustrate how
practice variation in AML management between regions
affects the between-region variance in the OS. Of note,
all baseline characteristics were selected based on prior
research that showed the prognostic value of these char-
acteristics on OS."' 7" The between-region variance was
expressed as a median HR (MHR). This estimate can be
interpreted similarly to the MOR. For example, an MHR
of 1.3 indicates that if two AML patients with the same
baseline characteristics present at two random regions in
our sample, one of the patients will have a 30% higher
mortality risk than the other. Since the allocation of ICT
and patient outcome is highly dependent on age, all
analyses were performed for the total AML population
and age subgroups, including patients <60 years and >60
years. CIs for the MOR and MHR were estimated using a
parametric bootstrap methodology.*®

All analyses were performed using R statistical software
V.1.4.1103.* Mixed effects modelling was applied using
the Ime4 package for logistic regression analysis and
the coxme package for proportional hazards regression
analysis.”® *' P values <0.05 were considered statistically
significant.

RESULTS

Patient characteristics

Our analytical cohort included 4060 adult (=18 years)
patients diagnosed with AML in the Netherlands
between 2014 and 2018 (median age, 70 years; IQR
age range, 61-78 years; 60% males; table 1). The
number of patients in each region ranged between 181
and 775, owing to differences in population density
across the regions. Patients’ age and socioeconomic
distribution, as well as the AML risk profile as per the
ELN 2010 classification, varied significantly between
the regions (p<0.001 for all covariates). As for the
latter, the regional disparity in ELN risk classification
is mainly driven by the unclassifiable ELN category
due to unperformed cytogenetic testing. A total of 670
patients (17%) participated in a trial, of whom 90%
were treated with ICT and 10% with hypomethylating
agents (9% decitabine and 1% azacitidine). Lastly,
the sex distribution and the distribution of secondary
AML and hyperleucocytosis were comparable between
the regions (p>0.05 for all covariates).

Regional differences in the application of intensive
chemotherapy

Overall, the average application of ICT was 43%
(N=1761), with substantial variation across the regional
networks (range 36%-57%, table 1). As expected,
patients receiving ICT were younger than those

receiving non-intensive therapy (median age, 61 years;
IQR age range, 51-67 years vs 76 years; IQR age range,
70-82 years; p<0.001) (online supplemental table 1).
In the overall cohort, 26% of patients received SCT, of
whom 80% and 20% received an alloSCT and autoSCT,
respectively. An SCT was frequently applied after ICT
(92%), followed by decitabine (6%) and azacitidine
(1%). The remaining (2%) patients received an
alloSCT upfront. Of note, from the total population,
254 patients (11%) received hydroxyurea, 62 patients
(3%) were treated with low-dose cytarabine and 1200
patients (30%) only received BSC.

In the mixed effect logistic regression model, the
MOR of the between-region variation in the applica-
tion of ICT was 1.36 (95% CI 1.11 to 1.58) for the
overall population. This estimate indicates that AML
patients with the same measured baseline characteris-
tics from a random region have a 36% higher chance
of receiving ICT when they would have presented
to another random region (figure 1A). Regional
differences in the application of ICT were smaller in
patients aged <60 years, with an MOR of 1.16 (95%
CI 1.00 to 1.40) (figure 1B). Differences were larger
in patients aged >60 years, with an MOR of 1.43 (95%
CI 1.16 to 1.63). This finding indicates that an AML
patient aged >60 years has a 43% higher chance of
receiving ICT when presented to another random
region (figure 1C).

Regional differences survival

The median OS ranged between 4.9 months (95% CI
3.5 to 6.4 months) to 8.4 months (95% CI 6.6 to 10.0
months) and was significantly different between the
regional networks (figure 2; p=0.008). Also, OS signifi-
cantly differed according to the treatment regimen in
patients aged above 60 years (online supplemental
figure 1).

In the initial mixed effects Cox proportional regres-
sion model, which only adjusted for random variation,
casemix and trial participation, we found an MHR
for between-region variation in OS of 1.11 (95% CI
1.00 to 1.15) (figure 3A). This estimate indicates that
AML patients with the same measured baseline char-
acteristics from a random region have an 11% higher
chance of mortality when they present to another
random region. After additional adjustment for the
chance of receiving ICT within a regional network in
the second model, the estimate of the MHR decreased
to 1.09 (95% CI 1.00 to 1.13), with remaining differ-
ences between regions (figure 3B). This finding indi-
cates that the between-region variation in OS may
partially be explained by variations in the application
of ICT across the regional networks. No significant
survival variation was found in patients aged <60 years
(figure 3C,D). However, in patients aged >60 years,
we found between-region variation in OS with an
MHR of 1.12 (95% CI 1.08 to 1.20) (figure 3E). After
adjustment for the likelihood of ICT within a regional
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Table 1 Baseline patient characteristics of AML patients treated in regional networks in the Netherlands
Total population Regional network-level range P value
Characteristics No. (%) Percentage
Total no. of patients 4060 (100) 181 - 775
Sex 0.938
Male 2342 (58) (54) — (60)
Female 1718 42) (40) - (46)
Age, years
Median (IQR) 70 (61-78) 67 (58-75) - 71 (63-79) <0.001
18-40 196 ) (©)] - (7) 0.006
41-60 808 (20) (17) - (24)
61-70 1123 (28) (25) - (33)
71-80 1245 (81) (25) - (34)
80+ 688 (17) (12) - (19)
Socioeconomic status * <0.001
Low 1341 (83) (14) - (61)
Mid 1602 (40) (28) - (51)
High 1114 (27) 8) - (46)
Secondary AML 641 (16) (11) (16) 0.097
ELN 2010 classification <0.001
Favourable 610 (15) (8) - 17)
Intermediair | 624 (15) (11) - (19)
Intermediair Il 643 (16) (11) - (20)
Adverse 449 (11) (7) - (15)
Unclassifiable 1734 (43) (33) (56)
Hyperleukocytosist 0.488
No 3623 (89) (86) - 91)
Yes 431 (11) ) - (14)
Primary therapy <0.001
Intensive chemotherapy 1761 (43) (36) - (57)
Non-intensive therapy 2299 (57) 43) - (64)
Stem cell transplantation = <0.001
No transplantation 3009 (74) (68) - (83)
AutoSCT 215 5) (©)] - (10)
AlloSCT 836 21) (12) - (28)
Trial participation <0.001
No 3390 (83) (75) - (90)
Yes 670 (17) (10) - (25)

*Three patients had missing data on socioeconomic status at diagnosis.

1Six had missing white cell count data. These patients were excluded from the regression analyses.
Allo-SCT, allogeneic SCT; AML, acute myeloid leukaemia; Auto-SCT, autologous SCT; ELN, European LeukemiaNet risk classification; SCT,

stem cell transplantation.

network, the MHR decreased to 1.10 (95% CI 1.04 to
1.18) (figure 3F), with remaining differences between
regions. This indicates that the variation in the appli-
cation of ICT may only partly explain OS differences
in elderly patients.

DISCUSSION

This nationwide, population-based study in AML shows
that between-region differences in the application of ICT
and OS are present. However, differences in ICT manage-
ment only partially account for the regional differences
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A
Region Odds ratio (95% Cl) . MOR 1.36 [1.11-1.58]
1 0.82 (0.66-1.03) —e—
2 0.81 (0.57-1.14) — e+
3 0.60 (0.47-0.75) ——
4 1.43 (1.11-1.84) : .
5 0.86 (0.65-1.14) —e——
6 0.88 (0.72-1.08) ———
7 1.17 (0.92-1.49) L
8 1.39 (1.15-1.66) . ——
9 1.46 (1.15-1.84) I ——e————
0.0 0.5 1.0 1.5 2.0
Odds ratio
B
Region Odds ratio (95% CI) . MOR 1.16 [1.00-1.40]
1 0.94 (0.73-1.21) —e—
2 0.94 (0.71-1.25) ——
3 0.91 (0.70-1.17) —
4 1.02 (0.78-1.34) —
5 1.04 (0.79-1.35) —l——
6 0.93 (0.72-1.21) ———
7 1.03 (0.79-1.35) ——
8 1.05 (0.82-1.34) —
9 1.15 (0.88-1.49) ————
0.0 0.5 1.0 15 2.0
Odds ratio
C
Region Odds ratio (95% Cl) | MOR 1.43 [1.16-1.63]
1 0.79 (0.61-1.03) —e—
2 0.86 (0.58-1.27) —————
3 0.53 (0.40-0.70) —— :
4 1.49 (1.11-2.00) : °
5 0.78 (0.55-1.10) ———
6 0.91 (0.72-1.16) ——
7 1.21 (0.92-1.61) e
8 1.50 (1.21-1.86) . ——
9 1.47 (1.11-1.93) ! .
0.0 0.5 1.0 1.5 2.0
Odds ratio

Figure 1 The between-region differences in the application of intensive chemotherapy in patients with AML in the Netherlands.
This figure shows the forest plot reporting the random region effect (ORs and 95% Cls) on applying intensive chemotherapy

in AML patients using random-effect logistic regression analysis. Casemix adjustment included age, sex, socioeconomic

status, secondary AML and hyperleucocytosis. The median OR (MOR) reflects the between-centre variation. An MOR equal to
one represents no variation, whereas a larger MOR represents more considerable variation. (A) total AML population; (B) AML
patients <60 years; (C): AML patients >60 years. AML, acute myeloid leukaemia.

in OS. Prior population-based studies addressed practice  Practice variation in the application of intensive
variation in AML management; however, our study is the ~ chemotherapy
first to directly quantify this variation and its effect on OS. The Netherlands aims to provide its residents with equal
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100% 1
Median survival (95%Cl)
— Region1 8.4 (6.6 - 10.0)
80%- — Region2 4.9 (35-6.3)
— Region3 6.4 (4.9-10.4)
> — Region4 6.1 (4.7-78)
% Region5 6.1 (4.3-89)
< 60%1 — Region6 5.2 (44-68 )
g_ Region7 7.1 (6.0-9.1)
= — Region8 6.3 (54-74)
E 40% - Region9 5.8 (47-78)
o]
»
20%) h
P-value= 0.008
0% 1
0 12 24 36 48 60

Follow-up in months

Figure 2 Overall survival of patients with AML in the Netherlands across the nine regional networks. This figure shows the
Kaplan-Meier curves for all acute myeloid leukaemia patients in the Netherlands diagnosed between 2014 and 2018. The nine
curves denote the nine different treatment regions in the Netherlands. The p value within this figure indicates the result of the
log tank test. The table on the right side of the survival curve shows the median survival with 95% Cls per region. Of note,

the number of patients at-risk was not shown to counteract potential traceability to a specific region. AML, acute myeloid

leukaemia.

access to healthcare services, irrespective of their socio-
economic position and place of residence. Furthermore,
it is well known that ICT followed by postremission
therapy can secure long-term survival in patients with
AML, even in carefully selected older patients.”® *
Nevertheless, based on these two premises, we observed
differences in ICT application between regional cancer
networks, ranging from 36% to 57%. This phenomenon
was also observed in Sweden—a country with a healthcare
system similar to the Netherlands—with the most signifi-
cant practice variation in ICT application among patients
aged 70-79.'718%

In our study, the between-region variance in applying
ICT might stem from different perspectives among
haematologists towards applying ICT to particular patient
subsets with AML.” ' '8%* Moreover, we show that patients
with AML with the same baseline characteristics from a
random region have a 36% higher chance of receiving
ICT when they present to another random region. It is
essential to recognise this practice variation and inves-
tigate how it arises from provider and patient-centric
perspectives to overcome these regional disparities in
the future. Of note, practice variation could not arise
from treatment in a region different from the region
of diagnosis, as patient referral between regions is very
uncommon.

Patients with AML are generally eligible for intensive,
potentially curative therapy based on age and physical
and mental health status. Concerning the former, our
study and other population-based studies show that AML

patients managed with intensive therapy are younger
than those managed with non-intensive approaches. As
mentioned earlier, the most significant practice varia-
tion in ICT application in Sweden was observed among
patients aged 70-79 years. This variation is unfortunate,
although somewhat apprehensible, since practice shows
that evaluating treatment eligibility in older patients
lacks standardisation.” We reaffirmed this finding, as we
observed that practice variation was most profound in
patients aged >60 years. The reluctance towards admin-
istering ICT in older patients might be explained by
the reduced tolerance to ICT among this population
and the anticipated poor outcome with a lower OS and
higher early death rates than younger patients.” '* %
After all, older patients with AML more frequently have
adverse prognostic factors (eg, poorrisk cytogenetics,
poor performance score and comorbidities) than their
younger counterparts. Despite the overall anticipated
poor outcome, older patients with AML managed with
ICT generally have better long-term survival than those
managed with non-intensive approaches.”® Addition-
ally, although clinicians perceive treatment with ICT
as burdensome for patients, evidence shows that older
patients receiving intensive or non-intensive chemo-
therapy have similar quality of life (QoL) and mood
trajectories.”® Also, compared with their younger coun-
terparts, older patients tolerate ICT quite well from QoL
and physical function perspectives.”” Therefore, using
a standardised and uniform treatment decision-making
tool to aid haematologists in objectively estimating
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Figure 3 The between-region differences in overall survival of patients with AML in the Netherlands. This figure shows

the forest plots reporting the random region effect (HRs and 95% Cls) on the survival of AML patients using random effect
Cox proportional regression analysis. (A, C, E) The model with casemix correction and trial participation, namely age, sex,
socioeconomic status, ELN 2010 classification, secondary AML and hyperleucocytosis. (A) Total AML population; (C) AML
patients <60 years; (E) AML patients >60 years. (B, D, F) The adjustment for casemix variables and trial participation and
additional adjustment for the chance of treatment with intensive chemotherapy per region. (B) Total AML population; (D) AML
patients <60 years; (F) AML patients >60 years. The median HR (MHR) reflects the between-centre variation. An MHR equal to
one represents no variation, whereas a larger MHR represents more considerable variation. AML, acute myeloid leukaemia.
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the benefits and risks associated with ICT in older
patients could standardise treatment choices between
regions,” * particularly in light of (1) recent advances
with hypomethylating agents combined with venetoclax
in managing older patients ineligible for ICT and (2)
clinical trials investigating hypomethylating agents—
with or without venetoclax—for managing older patients
eligible for intensive treatment.*

Regional disparities in 0S

Our study shows differences in OS across the regional
cancer networks, which we could only partially link to
the observed practice variation in applying ICT. Remark-
ably, variation in OS was observed in the total population.
However, this variation was primarily driven by patients
aged >60 years. Despite observing some practice variation
in the application of ICT in patients aged <60 years, no
variation in OS was observed in this age group. Although
practice variation in the younger AML population was
observed at a smaller scale, these findings could indicate
that practice variation does not always lead to measurable
outcome differences. Taken together with the relatively
small proportion of survival differences influenced by ICT
practice variation, these findings also reflect on which
scale outcomes are modifiable by differences in patient
management. As denoted previously, practice variation
might arise from the unstandardised patient selection
for ICT. Also, practice variation and the remaining unex-
plained regional difference of 9% in OS might be driven
by differences in healthcare processes, which are factors
that are generally hard to measure and not ascertained in
cancer registries.*' **

Additionally, ICT administration is accompanied by
several complications, such as infections, leucostasis and
haemorrhages, associated with early treatmentrelated
mortality. Managing these complications requires experi-
enced healthcare teams and advanced resources to offset
the toxicity associated with ICT.* Academic centres are
generally assumed to have the highest level of knowledge
and experience in AML management and are more likely
to apply ICT than non-academic centres, especially in the
older patient group, which may result in better patient
outcomes.” ** Othus et al reported that the early death
rates in patients with AML treated with ICT in an academic
centre dramatically declined from the 1990s.*' A study
with data from the National Cancer Database—analysing
the outcome of more than 60000 AML patients who
received ICT between 2003 and 2011 in the USA—reaf-
firmed that managing AML within an academic setting
was associated with better survival outcomes.” These
findings might hint that the level of experience with ICT
and adverse event management might be associated with
OS in AML. However, the underlying healthcare process
measures that clarify the association between the level of
experience and patient outcome remain unknown and
point to a valuable direction for future research.***° 7

Strengths and limitations of our study
The main strength of our study is the use of a nationwide,
population-based cancer registry with detailed data on
patient and AML characteristics. Population-based regis-
tries diminish the selection bias inherent in randomised
controlled clinical trials and provide a unique opportu-
nity to investigate geographical variation in the applica-
tion of treatment and OS. Another strength of our study
is using mixed effects modelling to analyse the regional
networks. The multilevel structure of the data induces
correlation among patients within the same region, and
therefore, demands a multilevel approach to the anal-
ysis.?* Additionally, there will always be some variation in
survival between regions caused by chance. Disregarding
this variation by chance may lead to an overinterpretation
or underinterpretation of differences between regions,
especially in smaller regions due to less available data.
Random effect modelling accounts for the multilevel
structure of the data and the variation by chance.”**
Several limitations of our study should also be acknowl-
edged. Although we performed rigorous adjustments
for casemix and random variation, we cannot rule out
residual and unmeasured confounders commonly
encountered in observational studies that might have
influenced our estimates. Due to potential unmeasured
confounding, no causal inference can be drawn between
the application of ICT and OS. Our study did not have
complete information on performance status (PS) and
comorbidity, which are factors associated with treatment
allocation and OS. PS quantifies a patient’s general well-
being and aids in deciding whether a patient can tolerate
ICT.* #* Although PS can be ascertained in the NCR, it is
often not standardly ascertained in the medical records.
Further, comorbidity is an independent prognostic factor
influencing OS in patients with AML receiving ICT.*' **
However, comorbidity is not standardly ascertained in the
NCR. Nevertheless, SES was incorporated into our model,
which is known to be a proxy for multimorbidity."’ The
variance between regions in applying ICT and OS could
differ if adjustment for PS and combordity was possible.
Also, genetic risk profiling during our study period was
registered in the NCR based on the ELN 2010 risk strat-
ification instead of the ELN 2017 and 2022 classifica-
tion. The ELN 2017 and 2022 include more extensive
and precise genotypes than the ELN 2010 risk classifica-
tion.” "% These data are, however, ascertained for patients
diagnosed as of 2021.

Handling practice variation

Regional disparities in the use of ICT and OS are
observed in AML management in the Netherlands.
Differences were most profound in elderly AML patients,
implying initiatives for more uniform ICT eligibility
criteria in this population are warranted. The first step
in pursuing uniformity across regional networks might
lie in creating transparency about treatment choices
and patient outcomes within and between regions. The
former is already established in the Netherlands through
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yearly regional reports, wherein diagnostic and treatment
decision-making and patient outcomes across hospitals
within a regional network are evaluated by haematolo-
gists.”' The latter is as yet not established. Based on the
results of this study, the outcomes between the regions
will be discussed yearly at the national level, where the
regional networks can learn from each other to reduce
undesired practice variation and assess which factors
could be related to the unexplained regional difference
in OS. Our study could serve as a benchmark to study
whether these efforts, combined with emerging treat-
ment approaches, will reduce regional variation in AML
management and survival.
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