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Introduction: Leukostasis is a medical emergency with high mortality which often occurs in
acute myeloid leukemia patients with hyperleukocytosis. One of the therapies that can be used for
leukostasis in acute myeloid leukemia is leukapheresis. However, whether leukapheresis can
provide better survival benefit when compared with patients not receiving leukapheresis is still
unclear. Hence, we aimed to evaluate the effect of chemotherapy plus leukapheresis combination
versus chemotherapy only on 28-day survival of acute myeloid leukemia patients with leukostasis.
Methods: This study was a dual-center retrospective cohort using secondary data from
medical records collected from November 2018 to March 2019. Inclusion criteria were adult
patients aged 18 years old or above, diagnosed with acute leukemia with hyperleukocytosis
status defined by WBC count greater than 100,000/uL, and with symptoms of leukostasis.
One-month survival analysis was conducted using Kaplan—Meier curve method. Univariate
and multivariate analyses were then conducted using Cox proportional hazards model to
obtain value of hazard ratio (HR) with a 95% confidence interval (CI).

Results: A total of 38 patients were obtained for analysis. The median overall survival was
25 days (95% CI: 17.001-32.999 days) in the chemotherapy only group and 20 days (95%
CI: 1.497-38.503) in the chemotherapy with leukapheresis group. The use of leukapheresis
did not affect 28-day survival (HR: 1.140; 95% CI: 0.396-3.283; p value: 0.809) and 7-day
survival (HR: 1.073; 95% CI: 0.277-4.152; p value: 0.919). In the multivariate analysis, age
>60 years, blast percentage >90%, creatinine >1.4 mg/dL, and presence of disseminated
intravascular coagulation were associated with worse 28-day survival.

Conclusion: AML patients with leukostasis who received both chemotherapy and leuka-
pheresis did not have better 28-day survival and 7-day survival when compared with patients
receiving chemotherapy only. Old age, high blast percentage, high creatinine, and presence
of disseminated intravascular coagulation were prognostic factors for worse 28-day survival.

Keywords: leukemia, hyperleukocytosis, leukostasis, leukapheresis, chemotherapy, survival

Introduction

Leukostasis is a medical emergency which can occur in acute leukemia due to
obstruction of small blood vessels by malignant blast cells which result in tissue
and organ ischemia with high potential for mortality and morbidity.' Diagnosis of
leukostasis is clinically based on manifestations arising from tissue hypoxia in the
target organs such as respiratory distress, impaired kidney function, central nervous
system disorders, and coagulopathy, after excluding other possible etiologies.*”
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Leukostasis generally starts to occur in conditions such
as hyperleukocytosis where the leucocyte count is above
100,000 cells/pL in acute myeloid leukemia (AML) and in
range of around 200,000/pL to 400,000/uL in acute lym-
phoblastic leukemia (ALL).*® The difference in the cut-
off numbers of leukocytes between AML and ALL is due
to the fact that blast cells from myeloid progenitor have
bigger size and lower deformability than blast cells from
lymphoid progenitor.> However, leukostasis may also
occur in leucocyte count below 100,000 cells/uL.

The mortality from leukostasis in acute leukemia
reaches about 40%, which usually occurs within a few
weeks of diagnosis.® Hence, prompt treatment of acute
leukemia patients with leukostasis is important to reduce
mortality and prevent complications. The aim of leukosta-
sis therapy is to reduce the number of blast cells, which
can be achieved by using either chemotherapy with or
without leukapheresis.>”” Chemotherapy works by causing
blast cells to undergo apoptosis in infiltrated organs, per-
ipheral circulation, and bone marrow, thereby reducing the
total burden of leukocytes and resolving leukostasis.” The
type of chemotherapy given is specific according to the
type of leukemia, hence the administration is usually post-
poned until the type of leukemia is confirmed. One of the
chemotherapies that can be used is hydroxyurea.®
However, the issue with chemotherapy in acute leukemia
patients with leukostasis is the potential risk of tumor lysis
syndrome (TLS) after chemotherapy due to large number
of blast 3.8.9

Additionally, not all patients are clinically suitable to

cells undergoing lysis simultaneously.
receive chemotherapy, such as due to old age or frailty.
Another treatment modality for leukostasis is leuka-
pheresis, in which the blast cells from the circulation are
removed through a filter of the leukapheresis machine.'’
Leukapheresis can reduce the number of blast cells faster
but the procedure is associated with the risk of blast cells’
rebound because the removal of blast cells is not accom-
panied by destruction of blast cells in the bone marrow
which can quickly replace the removed blast cells in
peripheral circulation.''"'> Other disadvantages of leuka-
pheresis procedure are the expensive cost, the requirement
of the availability of special facilities, insertion of central
venous catheter, and the need for experienced staff.>'> The
main advantage of leukapheresis is being able to overcome
metabolic disorders and coagulation via plasma and elec-
trolyte administration during the procedure.”"?
Whether adding leukapheresis treatment in conjunc-

tion with chemotherapy can produce mortality reduction

in acute leukemia patients with leukostasis is currently
still unclear and contradictory in several studies.>!*'*"!®
For example, there were several studies supporting the
use of leukapheresis such as a study conducted in 2017
by Nan et al, which observed that the use of leukapher-
esis decreased 28-day-mortality rate in AML patients
with hyperleukocytosis when compared with patients
not receiving leukapheresis (30.8% vs 57.7%, p:
0.022)."” Another study by Bug et al also stated that
leukapheresis improved survival in the first 3 weeks of
AML patients (16% vs 32%, p: 0.015).'"® Meanwhile
other studies found no benefit of early mortality from
the use of leukapheresis such as the study by Malkan
et al, Porcu et al, Giles et al, and Stahl et al.!*!320:2!

The difference between the results of various studies
indicates that there is still unclear evidence that supports
the use of leukapheresis in reducing mortality of acute leu-
kemia patients with leukostasis. Additionally, many studies
were different in the measured survival endpoint. Therefore,
this research was conducted with the aim to analyze and
compare 7-day survival, 14-day survival, 21-day survival,
and 28-day survival outcomes of acute myeloid leukemia
patients with leukostasis who received leukapheresis com-
pared to those who did not receive it.

Methods
Study Design

This was a dual-center retrospective cohort study using sec-
ondary data from medical records to compare 7-day, 14-day,
21-day, and 28-day survival outcome of acute myeloid leuke-
mia patients with leukostasis based on the type of treatments
received. The treatments were divided into leukapheresis plus
chemotherapy group and chemotherapy only group.

The research was conducted at Cipto Mangunkusumo
National General Hospital and Dharmais National Cancer
Hospital using medical record data of inpatient acute mye-
loid leukemia patients with leukostasis during 2007-2018.
Both hospitals are tertiary hospital and national referral
hospital in Indonesia. Medical record data were searched
and gathered by the authors starting from November 2018
to March 2019.

Patients

The target population was Indonesian acute myeloid leu-
kemia patients who wunderwent treatment at Cipto
Mangunkusumo National General Hospital and Dharmais

National Cancer Hospital during 2007-2018. Inclusion
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criteria used were adult patients aged 18 years old or
above suffering from acute myeloid leukemia with hyper-
leukocytosis of WBC count greater than 100,000/uL, with
symptoms of leukostasis. Exclusion criteria for the study
were incomplete medical records, acute leukemia type
other than AML, AML without hyperleukocytosis, AML
without leukostasis, palliative leukemia patients, and
refractory leukemia patients.

The type of leukemia was diagnosed from examination
of bone marrow biopsy. Hyperleukocytosis status was
diagnosed from blood leukocyte count. Leukostasis status
was diagnosed clinically by the attending physicians in our
centers based on the clinical manifestations associated
with organ ischemia in patients with hyperleukocytosis.
Patients suspected of having leukostasis were also given
a series of diagnostic tests such as chest X-ray, blood
cultures, brain imaging, cerebrospinal fluid analysis, liver
enzymes, lactic dehydrogenase, and coagulation tests to
exclude other etiologies before making leukostasis diag-
nosis. In this study, the chemotherapy used for AML
patients consisted of either hydroxyurea or cytarabine.

Demographic and clinical data of patients were taken
from medical records for baseline characteristics. Baseline
characteristics presented in this study included age, gen-
der, BMI, clinical manifestations type of leukostasis, pre-
sence of chronic comorbidities, and hematological
parameters. Hematological parameters taken included
hemoglobin, creatinine,
blast
included tuberculosis infection, chronic liver disease, dia-

leukocytes, platelet count,

and percentage. Chronic ~ comorbidities
betes mellitus, history of stroke, chronic heart failure,
hypertension, and chronic kidney disease. Tumor lysis
syndrome events and disseminated intravascular coagula-

tion events prior to treatments were also recorded.

Procedure of Leukapheresis

Patients were first informed about leukapheresis procedure
and possible adverse effects that may arise from the pro-
cedure. The patients were then given time to ask questions
or reconsider his or her decision of undergoing leukapher-
esis. Written informed consent was then obtained prior to
procedure. In our centers, central venous catheter place-
ment was conducted on all patients. No peripheral venous
catheter was used for the procedure. The leukapheresis
procedures for all patients were conducted using continu-
ous-flow blood cell separator (Haemonetics®, MCS+*, LN
9000 apheresis machine). The collection speed was 20—
300 cc/minute. An average of 15% to 20% of a patient’s

total blood volume was processed during a single leuka-
pheresis session with a total average leukapheresis dura-
tion of five hours or until reaching target of buffy coat.
During the procedure, acid citrate dextrose solution
A (ACD-A) was used as an anticoagulant with concomi-
tant administration of intravenous calcium gluconate.

Endpoints

Primary endpoint of this study was 7-day, 14-day, 21-day
and 28-day survival after starting treatments. Possible
confounding factors were analyzed by multivariate analy-
sis to determine their association with survival.

Ethics

The research protocol was approved by the Faculty Health
University of
Indonesia Cipto Mangunkusumo National General Hospital
(FKUI-RSCM) No. 1209/UN2.F1/ETIK/2018. All patients’
medical record data entered into research were protected to

Research Ethics Committee Medicine,

maintain confidentiality. Since this was a retrospective
cohort study, no informed consent was needed. Finally, this
study is in compliance with Declaration of Helsinki.

Statistical Analysis

All the statistical analyses were performed using SPSS
(SPSS 21, IBM) and STATA (MP 14.2, Stata Corp LP,
College Station, TX, USA). Data on the baseline charac-
teristics of the subjects at the time of the intervention were
described in the tables. Numerical data with a normal
distribution were displayed as means and standard devia-
tion while numerical data with skewed distribution were
displayed as median with minimum-maximum range
value. Normal distribution of data was assessed with
Kolmogorov—Smirnov test. Meanwhile, categorical data
were described as percentage. Differences in baseline
characteristics were assessed using Chi-squared test or
Fisher’s exact test for categorical variables and #-test or
Mann—Whitney U test for continuous variables.

Survival analysis and comparison of 7-day, 14-day, 21-
day, and 28-day survival of AML patients with both
hyperleukocytosis and leukostasis based on type of treat-
ments received were analyzed using Kaplan—Meier survi-
val curve method. Differences in survival curves were then
measured with log rank (Mantel-Cox) and Breslow
(Generalized Wilcoxon) tests. P values of <0.05 were
considered to be statistically significant.

For the main variables which were associated with
one-month survival in this study, univariate analysis was
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conducted using Cox proportional hazards model to
obtain value of hazard ratio (HR) with a 95% confidence
interval (CI). Variables selected for univariate cox regres-
sion analysis were filtered with proportional hazard
assumption tests. The type of proportional hazard
assumption tests used for the study consisted of Ln Ln
survival test and global test. Variables fulfilled propor-
tional hazard assumption test if there was no intersect on
Ln Ln survival test and had p value of > 0.05 on global
test. Subsequently, variables analyzed in univariate ana-
lysis that had p value of <0.25 were selected for multi-
variate analysis.

Results

Baseline Characteristics

A total of 80 adult acute leukemia patients were initially
identified from the medical records. However, 18 patients
were excluded due to lack of leukostasis symptoms.
Additionally, 6 patients were excluded due to lack of

Table | Baseline Characteristics of AML Patients

bone marrow biopsy data and another 18 patients were
excluded due to being ALL type. As a result, the number
of subjects used in this study was 38 AML patients with
leukostasis (Table 1).

From the 38 AML patients with leukostasis, a total of
11 patients (28.9%) received chemotherapy with leuka-
pheresis while the other 27 patients (71.1%) received
chemotherapy only. The baseline characteristics of AML
patients can be seen in Table 1.

Mortality rates within the first month were compared
weekly. Results showed that there was no association
between 7-day mortality and the type of treatment given
(p: 1.000). A total of 7 patients died in the first week and
eleven in the fourth week for the chemotherapy group.
Meanwhile, in the chemotherapy plus leukapheresis
group, a total of three patients died in the first week and
five in the fourth week. Moreover, no statistically signifi-
cant differences in mortality were observed in the second
to fourth week as well.

Characteristics Total n=38 Leukapheresis + Chemotherapy Only P value
Chemotherapy n=11 n=27
Age (years) (SD) 42.45 (15.52) 40.82 (8.67) 43.11 (17.67) 0.685
Gender 0.762
Male (%) 17 (44.7%) 4 (36.4%) 13 (48.1%)
Female (%) 21 (55.3%) 7 (63.6%) 14 (51.9%)
Body Mass Index (Kg/m?) (median) 21.125 (11.98-36.57) 21.96 (11.98-30.08) 21.71 (12.33-36.57) 0.552
Hemoglobin (g/dl) (SD) 7.527 (2.227) 6.694 (2.165) 7.866 (2.200) 0.144
MCV (Femtolitre) (SD) 87.458 (5.689) 87 (7.1255) 87.644 (5.140) 0.756
Leukocyte (mm®) (median) 205,835 (105,000— 353,830 (143,360— 170,930 (105,000 0.003
847,000) 847,000) 369,100)
Thrombocyte (mm?) (median) 39,550 (6000—665,000) 57,900 (6000-125,000) 34,000 (7540-665,000) 0.509
Blast (%) (median) 90 (42-97) 90 (54-97) 90 (42-96) 0.485
Creatinine (mg/dl) (median) 1.08 (0.46-6.00) 1.41 (0.56-5.48) 1.03 (0.46-6.00) 0.573
Respiratory leukostasis (%) 21 (55.3%) 2 (18.2%) 19 (70.4%) 0.010
Central Nervous System Leukostasis (%) 20 (52.6%) 5 (45.5%) 15 (55.6%) 0.836
Cardiovascular Leukostasis (%) 10 (26.3%) 3 (27.3%) 7 (25.9%) 1.000
Gastrointestinal Leukostasis (%) 22 (57.9%) 4 (36.4%) 18 (66.7%) 0.176
Tumor Lysis Syndrome (%) 15 (39.5%) 3 (27.3%) 12 (44.4%) 0.538
Disseminated Intravascular Coagulation (%) 13 (34.2%) 3 (27.3%) 10 (37%) 0.843
Chronic Comorbidities (%) 14 (36.8%) 2 (18.2%) 12 (44.4%) 0.250
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Survival Outcomes

The median overall survival was 25 days (95% CI: 17.001—
32.999 days) in the chemotherapy only group and 20 days
(95% CI: 1.497-38.503) in the chemotherapy with leukapher-
esis group. At day 28, a total of 11 of the 27 patients receiving
chemotherapy only (41.7%) and 5 of the 11 patients receiving
chemotherapy with leukapheresis (45.5%) had died.

The 28-day survival was not statistically better in
patients receiving chemotherapy with leukapheresis group
than in chemotherapy only group (p Log Rank: 0.806;
p Breslow: 0.827) (Figure 1). The hazard ratio for che-
motherapy plus leukapheresis group when compared with
chemotherapy only group for 28-day survival was 1.140
(95% CI: 0.396-3.283; p value: 0.809). Similarly, based on
Kaplan—Meier curves, the survival rates of patients receiving
chemotherapy plus leukapheresis were also not statistically
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better at day-7 (p Log Rank: 0.528; p Breslow: 0.733), day-
14 (p Log Rank: 0.825; p Breslow: 0.871), and day-21 (p
Log Rank: 0.917; p Breslow: 0.949) when compared with
their respective chemotherapy only groups (Figure 1). The
hazard ratio for chemotherapy plus leukapheresis group
when compared with chemotherapy only group for 7-day
survival was 1.073 (95% CI: 0.277-4.152; p value: 0.919).

Univariate and Multivariate Analysis

Univariate and multivariate analyses were conducted for 28-
day survival and 7-day survival. In 28-day survival, the use
of chemotherapy plus leukapheresis did not statistically
improve 28-day survival (HR: 1.140; 95% CI: 0.396—
3.283; p: 0.809). Other factors such as age, blast percentage,
creatinine level, presence of gastrointestinal leukostasis,
TLS, DIC, and chronic comorbidities in univariate analysis
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Figure | Survival of acute myeloid leukemia patients with leukostasis based on chemotherapy plus leukapheresis treatment and chemotherapy only treatment. (A) 28 Days;

(B) 21 days; (C) 14 days; (D) 7 days.
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also did not affect 28-day survival significantly (Table 2).
However, patients with BMI of >25 were shown to have
worse survival (HR: 3.292; 95% CI: 1.180-9.183; p: 0.023)
in the univariate analysis. Variables from the univariate
analysis which fulfilled proportional hazard assumption test
and thus were selected for multivariate analysis can be seen
in Supplementary Table S1. In the multivariate analysis, age

>60 years, blast percentage >90%, creatinine >1.4, and pre-
sence of DIC were associated with worse 28-day survival
(Table 2). Hence, BMI no longer remained statistically sig-
nificant in the multivariate analysis.

Discussion

Acute Myeloid Leukemia and Leukostasis
In AML, there is an unregulated clonal proliferation of
immature blast cells with concomitant deterioration of
bone marrow function. AML is currently the most common
leukemia in adults. Left untreated, up to 20% of de novo
AML patients progress to hyperleukocytosis state defined as
leukocyte count above >100 000/uL.>'>** Although hyper-
leukocytosis is a laboratory abnormality, hyperleukocytosis
is a very important clinical entity when encountered by

physicians due to numerous high-mortality-complication
s that can arise such as leukostasis, TLS, and DIC.

Leukostasis is a clinical manifestation of organ ischemia
due to intravascular lumen obstruction by immature blast
cells which often occurs in hyperleukocytosis and is asso-
ciated with significant mortality.>**~* The diagnosis of leu-
kostasis is generally made clinically and empirically based on
the clinical manifestations associated with organ ischemia in
patients with hyperleukocytosis, after excluding other poten-
tial etiologies.”” For example, if an AML patient with hyper-
leukocytosis suddenly develops dyspnea, the clinician must
first be able to exclude other potential causes of dyspnea
before making a diagnosis of leukostasis.'>?* Hence, patients
suspected of having leukostasis are often given a series of
diagnostic tests such as chest X-ray, blood cultures, brain
imaging, cerebrospinal fluid analysis, liver enzymes, lactic
dehydrogenase, and peripheral blood morphology.

Organs most commonly affected by leukostasis are the
CNS and lungs. The exact reasons why these organs have
a tendency to be affected by leukostasis is currently
unknown, however, it can be speculated that the rich

vasculature and the physiological functions of CNS and

Table 2 Univariate Analysis and Multivariate Analysis for 28-Day Survival of Acute Myeloid Leukemia Patients

Variable Category Univariate Analysis Multivariate Analysis
Hazard 95% ClI P value | Hazard 95% ClI P value
Ratio Ratio

Therapy Chemotherapy + leukapheresis | 1.140 0.396-3.283 | 0.809 - - -
Chemotherapy |

Age 260 years 2513 0.805-7.851 | 0.113 5.541 1.031-29.781 | 0.046
<60 years | |

BMI 225 kg/m? 3292 1.180-9.183 | 0.023 3.465 0.934-12.959 | 0.063
<25 kg/m? | I

Blast 290% 2.322 0.747-7.224 | 0.146 6.058 1.464-25.075 | 0.013
<90% | |

Creatinine 21.4 mg/dL 2516 0.925-6.844 | 0.071 5.749 1.792-18.442 | 0.003
<l.4 md/dL [ |

Gastrointestinal Leukostasis Yes 1.567 0.562—4.370 | 0.391 - - -
No |

Tumor Lysis Syndrome Yes 0.656 0.226—-1.902 | 0.437 - - -
No |

Disseminated Intravascular Yes 2.005 0.738-5.444 | 0.172 6.541 1.822-23.490 | 0.004

Coagulation No | |

Chronic Comorbidities Yes 0.439 0.141-1.369 | 0.156 - - -
No |
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lungs themselves, predispose these organs to disruption
from leukostasis. The rich vasculature and high surface
area of the lung for example, may increase the chance of
blast cells to bind toward endothelium through E-selectin
and vascular cell adhesion molecule-1 (VCAM-1).2%%’
More studies are urgently needed to unravel the mechan-
isms in leukostasis initiation with the hope to discover
a clinically relevant molecular target which can be used

to prevent or remove leukostasis other than cytoreduction.

Leukapheresis for AML Patients with

Hyperleukocytosis

Leukapheresis or leukocytapheresis is defined as removal
of white blood cells from the blood by the apheresis
machine through centrifugation. Other constituents of the
blood are maintained and then infused back to the patient.
Leukapheresis is one of the modalities available for man-
agement of hyperleukocytosis and leukostasis, not only in
AML but also in ALL, chronic lymphocytic leukemia
(CLL), and chronic myeloid leukemia (CML).°

Leukapheresis is widely accepted to be very effective
in rapid reduction of white blood cell count with up to
70% of leukocytes removed in just a single session.”®’
However, like all medical treatments and procedures, there
are always limitations. The major limitation of leukapher-
esis is that the procedure does not remove blast cells from
bone marrow.>® These “leftover” blast cells in bone mar-
row may cause a short term rebound of hyperleukocytosis
due to mobilization of blast cells from bone marrow into
circulation which necessitates the use of chemotherapy to
prevent rebound.*'*2° Additionally, leukapheresis also
does not remove organs’ infiltrating blast cells. These
blast cells then remain in affected organs and may con-
tinuously produce inflammatory response.’® Finally,
already aggregated blast cells in intravascular lumen are
also not removed.® Hence, there appears to be some
limitations of leukapheresis.

Another important factor that should be taken into con-
sideration is that insertion of a central venous catheter is
required for leukapheresis, which may cause several com-
plications associated with catheter placement such as infec-
tion, pneumothorax, and bleeding.;;’4 Furthermore, due to
citrate being commonly used as anticoagulant during the
procedure, hypocalcemia and its symptoms may occur dur-
ing or after the procedure due to citrate’s affinity to bind to
calcium.*'*? The most dangerous complication is QTc

interval prolongation.”? Hence, periodic monitoring of the
patient during and after the procedure is very important.

Current Evidence on the Use of
Leukapheresis for AML

Currently, that

evaluated the survival benefit of leukapheresis in AML

there are no randomized studies
patients with leukostasis. Furthermore, guidelines from
professional medical organizations are scarce. For exam-
ple, there are no guidelines from American Society of
(ASH)

Association (EHA) regarding whether to give leukapher-

Hematology and  European  Hematology
esis or not. One of the guidelines currently available is
2013 Guidelines on the Use of Therapeutic Apheresis in
Clinical Practice from American Society for Apheresis
(ASFA) which stated that leukapheresis is indicated for
symptomatic patients (Grade IB evidence).*> However, in
the latest version of the guidelines in 2019, the grade of
evidence was downgraded to IIB.** Meanwhile, the grade
of evidence for prophylactic leukapheresis is still IIC.****
Even now, all research on leukapheresis in AML come
from observational studies.

In the literature, Ganzel et al stated that leukapheresis
is recommended to be performed on all patients with
hyperleukocytosis either with or without clinical manifes-
tations to prevent imminent symptoms of leukostasis and
to reduce the severity of tumor lysis syndrome.”*’
However, the effect of leukapheresis in improving mortal-
ity outcome is still controversial with studies producing
conflicting results.'!'>1%193¢ For example, a retrospective
study by Malkan et al with 28 AML subjects consisting of
10 subjects receiving leukapheresis and 18 subjects not
receiving leukapheresis with outcome of early deaths in 15
days post-treatment, showed no difference in early death,
although the study stated that leukapheresis can effectively
lower plasma leukocytes.'” Other retrospective studies
with bigger sample size such as by Pastore et al, with 52
AML patients, on the use of prophylactic leukapheresis
and by Choi et al on therapeutic leukapheresis with 44
matched AML patients, also showed no difference in early
mortality.'*>® Meanwhile, a study by Giles et al with
a total of 146 AML patients showed that the use of
leukapheresis reduced 2-week mortality.'> The study by
Bug et al also supported that leukapheresis can reduce
early 21-day mortality.'® It should be noted that although
the study by Giles et al and Bug et al observed benefit in

early mortality, no statistically significant difference was
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observed in long-term survival.'>'® A recent retrospective
study by Goger et al in 2021 found benefit in both early
mortality and overall survival.’” However, differences in
methodology and measured endpoint in these studies make
it relatively difficult to interpret together.

A well-written systematic review and meta-analysis by
Bewersdorf et al compared early mortality rates of AML
patients treated with leukapheresis versus AML patients
not receiving leukapheresis in 13 retrospective studies.*®
The systematic review and meta-analysis found no short-
term benefit form leukapheresis and the authors discourage
the use of routine leukapheresis for AML patients.*®
However, due to all studies used being retrospective in
design and including pediatric patients, there was mild
heterogeneity in the pooled analysis.*® Given the rarity
of AML patients with hyperleukocytosis, ethical issues,
and preferences of clinicians in deciding which patients
receive leukapheresis or not, it is theoretically very diffi-
cult for a randomized controlled study to be conducted.'?

In Indonesia itself, leukapheresis was only introduced
around the year 2002 and was only implemented as
a means of therapy much later on.>® There were initially
financial limitations, limited availability of blood compo-
nents, as well as differences in knowledge of physicians
and medical personnel regarding leukapheresis procedures
in Indonesia that hindered the development of leukapher-
esis therapy.®® However, leukapheresis is now a common
procedure in many Indonesian hospitals. The uncertainty
of mortality benefit from leukapheresis is therefore a major
concern not just for clinicians in Indonesia but also for
clinicians worldwide in providing treatment for acute leu-
kemia patients with leukostasis due to widespread avail-
ability of leukapheresis. Hence, this retrospective cohort
study was conducted to measure early survival since leu-
kostasis is an acute manifestation with significant early
mortality and any important differences in survival should
be detected within one month or less instead of a longer
period.

Baseline Characteristics

Our research was conducted at Cipto Mangunkusumo
National General Hospital and Dharmais National Cancer
Hospital which recruited 38 acute myeloid leukemia
patients with leukostasis for survival analysis. The mean
age in all subjects was 42.45 years (Table 1). The mean
age in treatment group and comparator group was similar
(p: 0.685). When compared with other studies, the mean
age in our study is younger.'> "' In terms of gender and

BMI, there were no significant differences between treat-
ment and comparator group. However, the median baseline
leukocyte count was considerably higher in chemotherapy
plus leukapheresis group than chemotherapy only group
(353,830/mm® versus 170,930/mm?; p value: 0.003). This
difference also occurred in studies by Nan et al and Shallis
et al.'®!'” When compared with other studies, the overall
median baseline leukocyte count of this study was

10-16.17 Einally, there was also significant difference

higher.
in proportion of patients with pulmonary leukostasis

between the two groups.

Survival and Multivariate Analysis

The one-month survival was not different between two
groups (Figure 1). According to univariate Kaplan—Meier
survival statistical analysis, there was no significant dif-
ference in 28-day survival (HR: 1.140; 95% CI: 0.396—
3.283; p value: 0.809) and 7-day survival (HR: 1.073; 95%
CIL: 0.277-4.152; p value: 0.919). Our results are in line
with several studies.'®!"2!63% Degpite similar conclu-
sion, there were major differences in those studies that
should be noted. For example, the study by Stahl et al
used inclusion criteria of WBC > 50 x 10°/L and also
included patients without leukostasis, while all patients in
this study had leukostasis symptoms.?! In contrast, the
study by Ventura et al concluded that patients receiving
leukapheresis had better mortality, however, it should be
noted that this study was conducted more than several
decades ago and in the study, non-leukostasis patients
were more likely than leukostasis patients to receive
leukapheresis.” A retrospective study by Jin et al attempted
to seek factors that influence efficacy of therapeutic leu-
kapheresis in patients with hyperleukocytosis leukemia.*’
In the study, the authors found that lymphocyte count,
mean corpuscular hemoglobin (MCH), and hematocrit
levels prior to apheresis procedures were independent fac-

tors affecting survival.?’

From the study by Jin et al, it can
be speculated that there may have been a group of patients
that received more benefit from leukapheresis based on
lymphocyte count, MCH, and hematocrit levels. Hence,
further studies to elucidate and confirm whether there is
a group of patients that would benefit from leukapheresis
are needed.

In this study, leukapheresis and chemotherapy were
given to patients with higher median leukocytes than
patients receiving chemotherapy alone. From previous
that
a prognostic factor for survival in AML.** It is

studies, it was found leukocyte count is
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therefore possible that the higher median leukocyte count
in leukapheresis and chemotherapy group affected the
survival outcome in this study. The higher number of
leukostasis manifestations in chemotherapy only group
may also have affected the result by causing lower sur-
vival in the chemotherapy group, however, the leukosta-
sis manifestations were not found to be prognostic
factors in this study. Finally, many studies including
this study recruited patients who were receiving leuka-
pheresis therapy along with chemotherapy such as
hydroxyurea or low-dose chemotherapy, resulting in dif-
ficulty to evaluate the effect of leukapheresis itself.*

The multivariate analysis in this study showed several
interesting findings. The first was that age > 60 years old
was associated independently with worse one-month sur-
vival (HR: 5.541; 95% CI: 1.031-29.781; p: 0.046). This
result is in concordance with the study by Liu et al, Kuo
et al, and Kantarjian et al where age was a risk factor for
early mortality.**** Older age is associated with worse
physiological function and functional capacity, which may
explain the finding of the multivariate analysis.” Multiple
comorbidities were also more commonly observed in the
elderly.*> All of these factors may explain the lower sur-
vival in the elderly.

Our study also observed that creatinine of >1.4
was associated with worse 28-day and 7-day survival.
Similarly, the study by Pastore et al revealed that creati-
nine was associated with early death, but the confidence
interval in the study was extremely wide.'® While the 95%
CI in the multivariate analysis of this study was also wide,
it was more precise than the study by Pastore et al.'® Other
studies also supported the detrimental role of impaired
kidney function in survival in AML patients.***® The
exact reasons how kidney function impacts survival are
currently unclear. We speculate that impaired kidney func-
tion is associated with poor performance status and other
comorbidities which may indirectly decrease survival.

Another result from this study is that BMI >25
was observed as prognostic factor for worse survival in the
univariate analysis for 28-day survival and 7-day survival.
However, BMI did not achieve statistical significance in
multivariate analysis. The association between BMI and
survival is in concordance with the study by Dhakal et al.*’
However, the role of BMI in survival of acute leukemia
patients is still unclear, as several studies show contradictory
of how BMI
affects pharmacokinetics of treatments in acute leukemia

findings and the exact mechanisms

are still under investigation. It is possible that BMI may

affect the
chemotherapy.*®*’ Finally, both blast percentage >90%

impact of  pharmacokinetics  of
and presence of DIC were associated with worse 28-day
survival.

To Use or Not to Use Leukapheresis

The question remains whether acute leukemia patients
with hyperleukocytosis and leukostasis should receive leu-
kapheresis or not. It is undeniable that leukapheresis is
very effective in reducing the number of WBC, however,
leukapheresis does not remove aggregated blast cells in
microcirculation or infiltrated tissues and hence may not
improve survival, as there may still be tissue hypoxia and
inflammation due to the leftover aggregated blast cells.**°
Leukapheresis also confers procedural risk to patients
especially those with comorbidities.'? Additionally, with-
out removal of blast cells in bone marrow, patients with
leukapheresis only treatment may have very high risk of
relapse short-term.* Hence, we do not recommend the
addition of leukapheresis for AML patients with leukosta-
sis, as its use together with chemotherapy does not provide
better survival when compared with chemotherapy only,
and there are many disadvantages of leukapheresis.

Study Limitations

There were several limitations in this study that should be
taken into consideration when interpreting the results.
First, we only had a limited sample size of 38 patients
which may not be adequate for analyzing all confounders.
Secondly, we also did not analyze the impact of cytoge-
netic and genetic mutation on survival. Finally, this was
a retrospective cohort study which had all limitations
associated with a cohort study.

Conclusion

AML patients with leukostasis who received both che-
motherapy and leukapheresis did not have better 28-day
survival and 7-day survival when compared with patients
receiving chemotherapy only. Old age, high blast percen-
tage, high creatinine, and presence of disseminated intra-
vascular coagulation were prognostic factors for worse
28-day survival.

Data Sharing Statement

The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable
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