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ABSTRACT

Acute myeloid leukemia (AML) can affect indi-
viduals of all ages, but is more common in older
adults. It has been estimated that AML
accounted for 1% of all newly diagnosed can-
cers in the USA in 2022. The diagnostic process
varies depending on the presenting symptoms
and the healthcare facility that patients attend
at diagnosis. The treatment process is long and
prone to complications, requiring experienced
medical professionals and appropriate infras-
tructure. Treatment of the disease did not
change greatly over the years until 2017 when
targeted therapies were licensed. The treatment
of AML is associated with significant direct
economic costs. A number of obstacles origi-
nating both from individual patients and the
healthcare system may be encountered during
the diagnosis and treatment of the disease,
which may negatively impact the optimal

management of the disease process. In this
article, we focus primarily on the social, opera-
tional, and financial obstacles including the
corona virus disease 2019 (COVID-19) pan-
demic experienced during the diagnosis and
treatment of AML.
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Key Summary Points

Why carry out this study?

Social, operational, and financial obstacles
are often observed during the diagnosis
and management of acute myeloid
leukemia (AML).

The aim of this commentary is to
summarize the obstacles encountered
during the diagnosis and management of
AML.

What was learned from this study?

Delays in the diagnosis and financial
issues experienced during the diagnostic
tests are barriers that can be observed in
patients with AML.
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During the management of AML, delays in
starting treatment and unavailability of
newer treatment options in many
countries might have significant
outcomes, and, especially, the
management of relapsed/refractory
disease and allogeneic stem cell
transplantation appear to be associated
with high economic burden.

During the COVID-19 era, many
challenges were encountered by both the
leukemia specialist physicians and the
patients and their caregivers.

INTRODUCTION

Acute myeloid leukemia (AML) can affect indi-
viduals of all ages, but is more common in older
adults. Based on surveillance, epidemiology,
and end results (SEER) data, it was estimated
that AML accounted for 1% of all newly diag-
nosed cancers in the USA in 2022 [1, 2]. Unlike
acute lymphoblastic leukemia, AML is more
prevalent in developed countries in Europe and
North America [3]. The onset and intensity of
disease-related symptoms vary between indi-
viduals. Ideally, patients with urgent conditions
should be hospitalized and undergo diagnostic
testing in a timely manner. However, the diag-
nostic process in patients with AML may vary
from center to center. Prolongation of the pro-
cess from diagnosis to treatment may expose
patients with AML to the risk of developing
disseminated intravascular coagulation, espe-
cially in patients with acute promyelocytic leu-
kemia (APL), or to life-threatening
complications, such as leukostasis, sepsis, and
spontaneous tumor lysis syndrome. Apart from
the delay in treatment, the patient’s inability to
receive appropriate treatment for various rea-
sons is an additional challenge. Barriers to the
diagnosis and treatment process negatively
affect the optimal management of AML (out-
lined in Fig. 1). In this article, we attempt to
summarize the social, operational, and financial
obstacles experienced during the diagnosis and
treatment of AML.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

TIME TO DIAGNOSIS

The urgency of the situation accelerates the
diagnosis process in patients presenting with
acute symptoms of AML. Patients may not seek
medical attention while waiting for recovery
due to nonspecific symptoms in the early per-
iod. Additionally, even if cytopenia is detected
in patients who are tested for other reasons,
blasts that support a diagnosis of AML may not
be present in the peripheral blood. It may take
some time before a differential diagnosis can be
made in these patients based on the results of
the requested tests.

In a study conducted in the UK between
2004 and 2011, the median time from symptom
onset to seeking medical attention was found to
be 13 (range 1–47) days, and the median time to
diagnosis of AML was found to be 41 (range
17–85) days [4]. Patients referred to hematology
outpatient clinics for differential diagnosis may
also experience delays in the diagnosis of their
condition if they have to wait for future
appointments in a busy outpatient clinic in
community-based or academic hospitals. We
have encountered this situation mostly as a
problem arising from the health service delivery
system. For example, to prevent delays in the
diagnosis of cancer, the UK government has
made the commitment that patients with a
suspicion of malignancy who are referred by
general practitioners will be examined by a
specialist physician within 2 weeks [5]. This
might be true for most cancers, even for many
AML cases, but the early diagnosis and initia-
tion of all-trans retinoic acid therapy when APL
is suspected are extremely crucial for the opti-
mal management of this disease, which is a
distinct subtype of AML [6, 7].
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CHARACTERISTICS OF HEALTHCARE
SYSTEMS

The process of healthcare services can be influ-
enced by various factors, such as health insur-
ance coverage, socioeconomic status, and the
characteristics of the healthcare delivery system
itself [8, 9]. Individuals without public or pri-
vate health insurance may need to pay out-of-
pocket health expenses to access proper diag-
nostic testing and treatment. According to the
World Health Statistics published by the World
Health Organization in 2022, in 2017 approxi-
mately 1 billion people spent [ 10% of their
household budgets on health services and 290
million people spent [ 25% of their budgets
[10]. In developing countries, the heteroge-
neous nature of access to treatment is becoming
increasingly more evident. In India, out-of-
pocket expenses account for about 62.6% of
total healthcare expenditure [11]. Some low-
and middle-income countries lack full-coverage
healthcare provision, even for cancer patients

[12]. Out-of-pocket expenditures may have
catastrophic financial consequences for indi-
viduals with a disease such as AML, which
requires diagnostic invasive interventions and a
multidisciplinary approach, and whose treat-
ment decisions are supported by
genetic/molecular testing. This situation may
also hinder the diagnosis process of the
patients.

LIMITED INFRASTRUCTURE
AND DELAYED TEST RESULTS

In the AML diagnosis and management recom-
mendations of the European Leukemia Net,
which were updated in 2022, cytogenetic eval-
uation, flow cytometry, molecular testing by
PCR, and next-generation sequencing are
among the recommended standard tests for the
diagnosis, risk scoring, treatment decision-
making, and patient response monitoring of
AML. The same recommendations suggested
that the results of cytogenetic tests should be

Fig. 1 Barriers in the management of acute myeloid leukemia (AML). allo-SCT Allogeneic stem cell transplantation, r/
rAML relapsed/refractory AML)

Oncol Ther (2023) 11:145–152 147



available within 5–7 days and that ideally the
results of molecular tests for mutations that can
be used as a target in treatment should be
available by 3–5 days on average [13]. In our
daily clinical practice, obtaining such genetic
test results are not that easy, and the duration of
time before such results are obtained may vary
from center to center, taking relatively longer in
non-academic centers. In some cases, the test
results cannot be accessed easily due to infras-
tructure-related obstacles, such as the lack of
comprehensive laboratory and experienced
personnel (pathology, genetics, etc.) in the
center where the patients are examined. In the
study by Pollyea and colleagues [14], molecular
test results were studied in 67% of AML
patients; it has been shown that all recom-
mended molecular test results are studied in\
10% of cases and that the rate of molecular test

results being studied is higher in academic
centers. Although it is possible to purchase ser-
vices from centers with comprehensive labora-
tories, it may not be possible to obtain the
results within the short period recommended
for such test results. Patients may have to start
induction chemotherapy with conventional
treatment options before the test results needed
for targeted therapies are available.

TREATMENT RELATED BARRIERS

Time to Treatment

There is a risk that delays in the treatment of
AML may result in life-threatening complica-
tions, such as sepsis, bleeding, leukostasis, and
disseminated intravasculary coagulation (DIC)
in patients. However, the results obtained from
studies comparing the effect of short-term
delays (usually\1 week) from diagnosis to
treatment on survival are controversial [15–17].
Causes of treatment delays include transfers
between hospitals, suspected or documented
infections, and management of concomitant
acute conditions [15].

Management of the Treatment Process

In the optimal management of acute leukemia,
the importance of the contributions of experi-
enced staff and units with the appropriate
infrastructure cannot be ignored, as well as the
contributions of the physician who organizes
the treatment. Blood bank support and quick
access to all kinds of blood products are other
keys to successful AML management [18]. The
results of a retrospective study showed that
1-month mortality is higher in non-academic
centers compared to academic centers, while
5-year overall survival is higher in the latter,
after adjustment for patient-specific and treat-
ment-related factors [19]. In a comparison of
centers based on the annual number of AML
patients treated (B 75% vs.[ 75%), treatment
mortality was found to be lower in hospitals
with higher volumes of patients with AML [20].
These differences may be due to infrastructure
differences between centers and the presence of
experienced personnel [21].

Treatment Options and Costs

Conventional chemotherapy agents have been
available and used for many years to treat AML.
More recently, knowledge of the effect of
genetic mutations on the pathogenesis of the
disease and on its prognosis has supported the
development of targeted therapies and led to
the reshaping of AML treatment after years
during which there were few changes in disease
management. Since 2017, agents such as FMS-
like tyrosine kinase 3 (FLT3), isocitrate dehy-
drogenase 1&2 (IDH1&2), and B-cell lymphoma
2 (BCL-2) inhibitors, oral azacytidine, dual-drug
liposomal encapsulation of cytarabine and
daunorubicin (CPX-351), and glasdegib have
been approved for the treatment of various
indications in induction and consolidation
regimens, both in frontline therapy and in
relapsed/refractory AML (r/rAML) patients
[13, 22]. The monthly average costs of these
current treatments can reach around US$20,000
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[23]. The authors of a recent analysis estimated
that newly marketed drugs and their preferred
use in combination therapeutic regimens will
increase drug expenditures in AML; for exam-
ple, privately insured patients in the USA may
face substantial out-of-pocket co-payments for
drugs [24].

New therapeutic agents have positive
aspects, such as efficacy, safety, ease of admin-
istration, and shortening of hospital stay [24].
However, molecules may also have characteris-
tic negative effects. In this context, IDH inhi-
bitors can cause specific side effects, including
differentiation syndrome; patients receiving
FLT3 inhibitors may experience gastrointestinal
toxicities; and venetoclax requires dynamic
dose changes and close monitoring during the
ramp-up period, and drug-drug interactions can
be problematic in patients receiving this drug. It
is important for the correct management of the
process that the patients and the healthcare
institutions where the patients are being trea-
ted, when necessary, have information about
the treatment plan, side effects of the drugs, and
possible drug interactions.

These new targeted therapies come at a high
cost and, consequently, these agents may not be
accessible to patients who are uninsured and/or
of low socioeconomic status, or to patients in
developing countries. Due to the relatively long
duration of the treatment of AML and the
presence of a treatment process open to com-
plications, it can be predicted that conventional
treatments are also associated with high costs,
with long-term hospitalizations and treatment-
related complications accounting for most of
these costs. In a study conducted in the USA
covering the years 1999–2006, i.e., before the
licensing of new drugs, treatment costs were
found to be around US$123,000 and
US$130,000 for patients who had private
insurance or public insurance, respectively,
while they were approximately US$100,000 for
uninsured patients. This difference was attrib-
uted to shorter hospital stays and discontinua-
tion of treatment after induction [25]. In the
study by Pandya et al. [26], the cost of AML
treatment services was analyzed between 2008
and 2016. Treatment costs were found to have
increased over time, amounting to US$198,657

and US$53,081 for the high- and low-intensity
induction chemotherapies, respectively, and
US$73,428 for high-intensity consolidation
chemotherapy. Allogeneic stem cell transplan-
tation (allo-SCT) costs were around
US$329,621, and the treatment costs were
considerably higher, namely, US$439,104 in
r/rAML [26].

Management of the r/rAML Patient

Treatment of r/rAML is a therapeutic challenge.
The effect of previous treatment processes on
the performance capacity of the patients and
the permanent comorbid conditions that
develop during the treatment process make the
management of the cases difficult and may limit
the treatment options. The curative treatment
of AML is allo-SCT, which may be preferred in
the first remission or relapse according to the
risk group assessment. Considering the advan-
ces in supportive care, risk stratification,
donor/graft selection, and peri-transplant man-
agement, the application of allo-SCT has
increased over time and today is applied in
licensed centers that meet appropriate condi-
tions [26]. In the treatment process, it is
important to be in contact with experienced
and comprehensive centers in the evaluation of
patients suitable for allo-SCT, planning the
transplantation process, and directing selected
cases that are not suitable for other treatments
to clinical studies. The participation rate of
cancer patients in clinical studies was found
below 5% and the most important obstacles
were determined as protocol, physician triage,
and patient decision [27]. Because of this
dynamic and complex process, it is difficult to
follow up r/rAML patients in non-academic
centers.

AML management during COVID-19
pandemic

The severe acute respiratory syndrome-coron-
avirus 2 (SARS-Cov-2) pandemic, which began
in 2019 (COVID-19), paralyzed healthcare sys-
tems on global scale [28]. Patients with AML
were at risk for SARS-CoV-2 infection not only
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due to malignancy-related immunodeficiency
but also related to the treatment they received
[29]. Hospitalization and repeated outpatient
visits have been shown to increase the risk of
infection [30]. Travel restrictions during the
pandemic period and patients’ avoidance of
infection risk may have reduced outpatient
attendance [29]. During the pandemic, bed
occupancy rates of hospitals increased, inpa-
tient leukemia treatment and allogeneic trans-
plantation processes became more difficult,
blood donations decreased, and blood bank
reserves decreased, all of which led to problems
with supportive care [28]. Under these condi-
tions, alternative treatment options were intro-
duced according to various guideline
recommendations, such as induction treatment
options that do not require hospitalization in
suitable patients, blood product use and trans-
fusion thresholds, treatment of COVID-19
infection, vaccination policies, and manage-
ment of the transplantation process [30–34].

CONCLUSION

A better understanding of the barriers in AML
management will guide the review of healthcare
policies and the development of interventions
aimed at eliminating inequalities [35]. There are
various solutions from the simple to the com-
plex, such as improving the infrastructure of
healthcare centers, optimizing the time
required for diagnostic test results, facilitating
the communication of centers in terms of rapid
access to specific treatment options, such as
allo-SCT and clinical trials, expanding the
treatment coverage of health insurance systems,
and expanding access to up-to-date treatment
options in developing countries. If we compare
the AML diagnosis and treatment process to a
road, clearing the stones on the road will
improve the driving experience.
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