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The effect of therapeutic leukapheresis on early complications
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BACKGROUND: Hyperleukocytosis in acute leukemia
is associated with higher early mortality due to the major
complications of leukostasis, tumor lysis syndrome
(TLS), and disseminated intravascular coagulopathy
(DIC). Leukapheresis remains an important modality for
the management of patients with acute leukemia and
hyperleukocytosis. However, the role of leukapheresis in
early mortality is controversial. This study sought to
evaluate the prognostic impact of leukapheresis and its
beneficial effects on TLS and DIC.

STUDY DESIGN AND METHODS: We conducted a
propensity score-matched study of 166 patients with
acute leukemia and hyperleukocytosis admitted between
2006 and 2016. The incidence of TLS and DIC was
determined using well-defined Cairo-Bishop criteria for
TLS and International Society of Thrombosis and
Haemostasis criteria for DIC.

RESULTS: Before matching, 27 of 91 patients (30%)
with acute myeloid leukemia (AML) and 32 of 75 patients
(43%) with acute lymphoblastic leukemia (ALL)
underwent leukapheresis. Propensity score matching
was performed to adjust for clinical disparities between
the leukapheresis and without-leukapheresis groups and
resulted in 22 matched pairs of patients with AML and 16
matched pairs of patients with ALL. After matching, we
observed no significant difference in early mortality rates
or in the incidence of TLS or DIC between the two groups
of patients with AML and ALL.

CONCLUSION: Although leukapheresis may rapidly
reduce white blood cell counts and leukemic blasts, any
positive influence of leukapheresis could not be
demonstrated by an effect on survival outcome and the
incidence of early complications, such as TLS and DIC.
These results suggest that a routinely performed,
prophylactic leukapheresis cannot be recommended.
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yperleukocytosis is usually defined as a white

blood cell (WBC) count greater than 100 X

10°/L, and the reported incidence of hyperleu-

kocytosis is between 5 and 20% in acute mye-

loid leukemia (AML) and between 10 and 30% in acute

lymphoblastic leukemia (ALL)."* Hyperleukocytosis is asso-

ciated with increased early morbidity and mortality

because of several complications, including leukostasis

associated with tissue hypoxia, tumor lysis syndrome (TLS),
and disseminated intravascular coagulopathy (DIC).?

Because leukemic blasts are larger and less deform-

able than mature WBCs and red blood cells (RBCs), leuko-

stasis with tissue hypoxia has been explained by a

rheological model of increased viscosity.”® Another pro-

posed mechanism for its pathogenesis includes interac-

tions between leukemic blasts and the endothelium or the

activation of endothelial cells by leukemic blast-secreted

ABBREVIATIONS: ALL = acute lymphoblastic leukemia;
AML = acute myeloid leukemia; DIC = disseminated
intravascular coagulopathy; ISTH = International Society of
Thrombosis and Haemostasis; LGS = leukostasis grading
score; PS = propensity score; TLS = tumor lysis syndrome.

From the 'Departments of Laboratory Medicine and Internal
Medicine, Yonsei University College of Medicine, Seoul, Korea;
and the *Department of Laboratory Medicine, National Health
Insurance Service Ilsan Hospital, Goyang, Korea.

Address reprint requests to: Sinyoung Kim, MD, PhD,
Department of Laboratory Medicine, Yonsei University College
of Medicine, 50-1 Yonsei-ro, Seodaemung-gu, Seoul 03722,
Korea; e-mail: sykim@yuhs.ac.

This study was supported by a faculty research grant from
Yonsei University College of Medicine for 2011 (6-2011-0089).

Received for publication January 30, 2017; revision
received August 7, 2017; and accepted August 7, 2017.

doi:10.1111/trf.14329

© 2017 AABB

TRANSFUSION 2018;58;208-216


http://orcid.org/0000-0001-9801-9874
http://orcid.org/0000-0001-5668-4120
http://orcid.org/0000-0002-2609-8945

LEUKAPHERESIS IN HYPERLEUKOCYTOSIS

178 patients with acute leukemia and
hyperleukocytosis (> 100 x 10%L)

12 were excluded

* 6 received palliative care
« 6 had acute promyelocytic leukemia

166 patients were included in the study

|

l

91 patients with AML
who received chemotherapy

« 27 : Leukapheresis group
+ 64 : Without-leukapheresis group

who received chemotherapy

» 32 : Leukapheresis group
* 43 : Without-leukapheresis group

75 patients with ALL

Fig. 1. Flow algorithm for patient selection and analysis.

cytokines.?®® Clinically, leukostasis could be diagnosed
by characteristic respiratory or neurologic symptoms in
patients with acute leukemia and hyperleukocytosis.
However, the clinical and radiographic manifestations of
leukostasis are difficult to distinguish from other compli-
cations of acute leukemia.*®

TLS is characterized by hyperuricemia, hyperphos-
phatemia, hyperkalemia, and hypocalcemia as a result of
spontaneous or treatment-induced leukemic blast
destruction.®!® Such complications can lead to acute renal
failure, cardiac arrhythmia, seizures, and sudden death.
Also, DIC could develop as a result of systemic intravascu-
lar activation of coagulation due to the rapid release of tis-
sue factor from leukemic blasts.® Both TLS and DIC could
be diagnosed in an objective manner using the Cairo-
Bishop criteria for TLS and the International Society of
Thrombosis and Haemostasis (ISTH) criteria for DIC.''2

Therapeutic leukapheresis has been used for rapid leu-
koreduction in patients with acute leukemia and hyperleu-
kocytosis. The goal of this procedure is to decrease the
acute symptoms of leukostasis, prevent the development of
leukostasis, and reduce the severity of TLS and DIC.>**'*
Moreover, leukapheresis could help mobilize leukemic
blasts in the S phase to improve the sensitivity of cell cycle-
dependent chemotherapy.’® Although leukapheresis is a
very efficient procedure for decreasing the number of cir-
culating WBCs, the effects on early mortality have been
heterogeneous in previous reports.'®'?

The aim of this study was to investigate the character-
istics and clinical outcomes of patients with acute leuke-
mia and hyperleukocytosis. Furthermore, we report the
results from a propensity score (PS)-matched analysis for

evaluating the efficacy of leukapheresis on early mortality
and complications, including TLS and DIC.

MATERIALS AND METHODS

Patients

Between January 2006 and January 2016, 178 patients who
were diagnosed with acute leukemia with an initial WBC
count greater than 100 X 10°/L were retrospectively iden-
tified using a centralized electronic data repository at our
institution. Six patients with acute promyelocytic leuke-
mia were excluded, because treatment options and prog-
nosis for acute promyelocytic leukemia are distinctly
different from other subtypes of AML.? Six patients who
were managed palliatively were also excluded. In total,
166 patients who received chemotherapy combined with
leukapheresis or chemotherapy alone were included in
this study (Fig. 1).

Baseline characteristics at presentation including age,
gender, diagnosis, and symptoms/signs related to leukosta-
sis, were analyzed. We applied a leukostasis grading score
(LGS) to enrolled patients to determine the severity of leu-
kostasis. This LGS was developed by Novotny and col-
leagues to identify the clinical probability of leukostasis,*
and Piccirillo and coworkers demonstrated good correla-
tion between the LGS and early death.!

The following laboratory data from the first week of
admission were analyzed: complete blood counts; coagu-
lation studies including prothrombin time, D-dimer, and
fibrinogen; and routine blood chemistry, including
electrolyte, lactate dehydrogenase (LDH), uric acid, phos-
phorus, and corrected calcium. Additional data were
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obtained on the records of cytoreductive chemotherapy
and leukapheresis, early mortality rate within 2 weeks,
and total mortality rates. This retrospective study was
approved by the Institutional Review Board at Severance
Hospital, which is affiliated with Yonsei University Health
System.

Leukapheresis

All leukapheresis procedures were performed according to
the institutional standard operating procedures after
informed consent. Leukapheresis was performed with a
continuous-flow blood cell separator (COBE Spectra; Ter-
umoBCT, software version 7.0) via central venous access.
On average, two blood volumes were processed in each
leukapheresis session. Anticoagulant citrate-dextrose solu-
tion A was used as an anticoagulant at a ratio of 1 to 12 for
adults (body weight >30 kg) and for children (body weight
<30 kg) at a ratio of 1 to 15 without RBC sedimentation
agents. The priming of the extracorporeal line with irradi-
ated RBCs was used for patients who had a body weight
below 30 kg, but the decision was made on a case-by-case
basis, according to the patient’s condition. The leukaphe-
resis procedures were continued on a daily basis until
clinical improvement was determined by the physician in
consultation with the director of the blood bank.

Definition of TLS and DIC

According to the Cairo-Bishop definition, laboratory TLS is
defined as any two or more of the following laboratory
abnormalities occurring within 3 days before or 1 week
after the initiation of therapy: uric acid (>8 mg/dL),
potassium (>6 mmol/L), phosphorus (>6.5 mg/dL for
pediatrics, >4.5 mg/dL for adults), or corrected calcium
(<7 mg/dL). Clinical TLS was defined as laboratory TLS
accompanying one or more of the following: increased
serum creatinine level (>1.5 times the upper limit of the
age-appropriate normal range), history of acute kidney
injury, cardiac arrhythmia, seizure, and sudden death.™

The ISTH criteria for DIC were used for diagnosing
overt DIC. This score included laboratory values of plate-
let counts, prothrombin time, D-dimer, and fibrinogen. If
the total score was 5 or greater, then it was compatible
with “overt DIC”; if it was less than 5, then it was
suggestive of “non-overt DIC”; and if it was 0, then it was
“not overt DIC.”'#%2

PS-matched analysis

Before performing PS matching, we conducted univariate
and multivariate analyses of all potentially available
factors related to the selection of leukapheresis treat-
ment.”*?* Three variables, including age (p < 0.001), initial
WBC count (p<0.001), and the presence of leukostasis
symptoms (p = 0.005), were identified and were signifi-
cantly associated with the selection of leukapheresis
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treatment. A PS for the predicted probability of receiving
leukapheresis for each patient was estimated by a logistic
regression model that fit the three factors. Then, we per-
formed a PS-matched analysis by attempting to match
each patient who received leukapheresis with those who
did not receive leukapheresis (a 1:1 match). Using the
nearest-neighbor-matching method, we matched patients
based on their diagnosis (AML or ALL) and their PS.
A match occurred when the difference in logits of PS was
less than 0.2 times the standard deviation of scores.

Statistical analysis

Descriptive statistics are presented as medians and inter-
quartile ranges (IQRs) for continuous variables or as num-
bers and percentages for categorical variables.
Comparisons between groups were analyzed using the
Mann-Whitney U test for continuous variables and the
exact test for categorical variables. The distributions of
continuous variables and categorical variables between
the leukapheresis and without-leukapheresis groups in
the matched data were compared with the McNemar test
and paired t tests, respectively. Survival was analyzed with
the Kaplan-Meier method, and differences between
groups were qualified with log-rank testing. All reported p
values were two-sided, and significance was assumed if p
was less than 0.05. Statistical analyses were performed
using R statistical software (version 0.99.893-2009-2016;
R Studio, Inc.).

RESULTS

Baseline characteristics before PS matching

Demographic and clinical variables of the data set before
and after PS matching are summarized in Tables 1 and 2,
respectively. Twenty-seven of 91 patients (30%) with AML
and 32 of 75 patients (43%) with ALL who had hyperleuko-
cytosis underwent leukapheresis. The leukapheresis group
was significantly younger than the without-leukapheresis
group in patients with AML and in those with ALL. This
was because leukapheresis was performed more fre-
quently in pediatric patients without signs of leukostasis
because of the therapeutic policy in our pediatric depart-
ment. The leukapheresis group had a higher initial WBC
count among patients with AML (202 vs. 138 X 10%/1;;
p=0.001) and patients with ALL (237 vs. 134 X 10°/L;
p<0.001) than the without-leukapheresis group. LDH
was higher in the leukapheresis group among patients
with AML (1346 vs. 899 U/L; p=0.008) than in the
without-leukapheresis group, reflecting the rapid turnover
of leukemic blasts.'* However, among patients with ALL,
LDH did not differ significantly in either group.

In the leukapheresis group of patients with AML, the
majority of patients (85%) had clinical symptoms or signs
of leukostasis, such as fatigue, dyspnea, dizziness,
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TABLE 1. Baseline characteristics of patients with AML before and after PS matching
Before matching, N =91 After matching, N = 44
No. (%) or median [IQR] No. (%) or median [IQR]
Without Without
Leukapheresis, leukapheresis, Leukapheresis, leukapheresis,
Characteristic n=27 n=64 p value n=22 n=22 p value
Age, years 43 [18-61] 61 [44-70] 0.015 52 [24-68] 56 [34-68] 0.459
Male gender 11 (41) 32 (50) 0.399 9 (41) 13 (59) 0.366
Body surface area, m? 3.5 [3.3-4.3] 3.8 [3.3-4.5] 0.776 3.7 [3.4-4.3] 4.1 [3.4-4.5] 0.479
Initial presenting laboratory results
WBC count, x10%L 202 [148-275] 138 [116-169]  0.001 186 [149-275] 142 [121-214] 0.133
Leukemic blast, % 83 [69-92] 82 [22-94] 0.678 83 [69-92] 88 [58-93] 0.698
Hemoglobin, g/dL 7.6 [6.0-8.2] 7.4 [6.5-8.8] 0.526 7.6[6.1-8.3] 6.8 [5.9-8.1] 0.445
Platelet count, x10%/L 59 [38-110] 53 [31-83] 0.239 59 [37-104] 51 [29-70] 0.240
LDH, U/L 1346 [995-2264] 899 [563-1643] 0.008 1519 [1066-2474] 1202 [568-2041] 0.051
Presenting leukostasis symptoms 23 (85) 34 (53) 0.008 19 (86) 19 (86) 0.999
Fatigue 16 (59) 24 (38) 15 (68) 12 (55)
Dyspnea 4 (15) 10 (16) 4 (18) 7 (32)
Dizziness 4 (15) 11 (17) 3 (14) 7 (32)
Headache 5(19) 3 (5) 3 (14) 3 (14)
Somnolence 2(7) 1(2) 2(9) 1(5)
Tinnitus 0 (0) 0 (0) 0 (0) 0 (0)
Splenic infarction 0 (0) 1(2) 0 (0) 1(5)
Impaired vision 1(4) 12 0 (0) 1 (5)
Intracranial hemorrhage 1(4) 1(2) 1(5) 1(5)
Leukostasis grading score
0 4 (14.8) 30 (46.9) 3(13.6) 3(13.6)
1 18 (66.7) 26 (40.6) 0.031 15 (68.2) 11 (50) 0.549
2 1(3.7) 3(4.7) 1 (4.5) 3(13.6)
3 4 (14.8) 5 (7.8) 3 (13.6) 5 (22.7)
No. of leukapheresis procedures
1 17 (83) 15 (68)
2 6 (22) 6 (27)
>3 4 (15) 1 (5)
Time from admission to treatments, hours
Leukapheresis 4 [0-24] 3[0-19]
Chemotherapy 24 [4-45] 9 [3-40] 17 [3-34] 12 [2-41]
Mortality
Early mortality, <2 weeks 4 (15) 12 (19) 0.882 4 (18) 5 (23) 0.999
Five-year mortality 18 (67) 47 (73) 0.690 15 (68) 15 (68) 0.999
headache, somnolence, splenic infarction, impaired and without-leukapheresis groups. PS matching resulted
vision, and intracranial hemorrhage. The LGS was signifi- in 22 matched pairs of patients with AML and 16 matched
cantly higher in the leukapheresis group than in the pairs of patients with ALL. After matching, baseline char-
without-leukapheresis group. However, in patients with acteristics of both groups among patients with AML and
ALL, no statistical difference was observed between the those with ALL were well balanced (Tables 1 and 2).
leukapheresis and without-leukapheresis groups with Before PS matching, the early mortality rate (defined
regard to the number of patients who had clinical symp- as mortality within 2 weeks of presentation) did not differ
toms or signs of leukostasis and the LGS. statistically between the groups that did and did not
In total, 107 leukapheresis procedures were per- receive leukapheresis among patients with either AML (15
formed, and the median number of leukapheresis proce- vs. 19%; p =0.882) or ALL (0 vs. 5%; p = 0.609), and the
dures was 1 in patients with AML (IQR, 1-2 procedures) same was true for the 5-year mortality rate (AML,

and 2 in those with ALL (IQR, 1-2 procedures). The most p=0.690; ALL, p=0.999). Similarly, after PS matching,
the early mortality rate did not differ statistically between

the leukapheresis and without-leukapheresis groups
among patients with AML (18% vs. 23%; p = 0.999); how-
ever, no early mortality was observed among patients with
ALL. For the leukapheresis and without-leukapheresis
groups, the 5-year mortality rate did not differ statistically

common adverse events after leukapheresis procedures
was hypocalcemia (n = 10; 9.3%). Patients did not present
with any severe complications, such as hypotension or
cardiac arrest.

Effect of leukapheresis on survival outcomes among patients with either AML or ALL, nor was there
PS matching was employed to adjust the baseline demo- any significant difference in the survival rate among
graphics and clinical variables between the leukapheresis patients with AML and ALL (Fig. 2).

Volume 58, January 2018 TRANSFUSION 211



CHOI ET AL.

TABLE 2. Baseline characteristics of patients with ALL before and after PS matching
Before matching, N =75 After matching, N = 32
No. (%) or mean [IQR] No. (%) or mean [IQR]
Without Without
Leukapheresis, leukapheresis, Leukapheresis, leukapheresis,

Characteristic n=232 n=43 p value n=16 n=16 p value
Age, years 12 [4-21] 43 [24-59] <0.001 13 [7-60] 24 [7-30] 0.792
Male sex 20 (63) 21 (49) 0.347 11 (69) 9 (56) 0.715
Body surface area, m? 3.2 [1.4-3.8] 4.0 [3.3-4.6] 0.006 3.3 [1.4-4.4] 4.1 [2.1-5.1] 0.227
Initial presenting laboratory results

WBC count, X10%L 237 [174-354] 134 [118-191] <0.001 189 [145-338] 170 [131-237] 0.546

Leukemic blasts, % 86 [73-93] 89 [86-94] 0.266 80 [42-88] 83 [57-90] 0.748

Hemoglobin, g/dL 7.4 [5.4-9.4] 8.3[6.8-11.2] 0.085 7.0 [5.0-10.0] 7.6 [5.0-9.6] 0.734

Platelet count, X10%/L 47 [30-80] 53 [24-87] 0.843 43 [30-57] 50 [26-97] 0.734

LDH, U/L 1582 [800-3533] 1151 [531-1834] 0.130 1293 [563-2376] 1239 [628-1834] 0.792
Presenting leukostasis symptoms 13 (41) 19 (44) 0.942 7 (44) 7 (44) 0.999

Fatigue 9 (28) 12 (28) 6 (27) 4 (18)

Dyspnea 1(3) 7 (16) 1(5) 3 (14)

Dizziness 3(9) 6 (14) 1(5) 2(9)

Headache 5 (16) 1(2) 1(5) 0 (0)

Somnolence 0 (0) 0 (0) 0 (0) 0 (0)

Tinnitus 0 (0) 1) 0 (0) 0 (0)

Splenic infarction 1(3) 0 (0) 1(5) 0 (0)

Impaired vision 0 (0) 0 (0) 0 (0) 0 (0)

Intracranial hemorrhage 0 (0) 0 (0) 0 (0) 0 (0)
Leukostasis grading score

0 19 (59.4) 24 (55.8) 9 (56.3) 9 (56.3)

1 12 (37.5) 19 (44.2) 0.453 6 (37.5) 7 (43.8) 0.584

2 0 (0) 0 (0) 0 (0) 0 (0)

3 1(3.1) 0 (0) 1(6.3) 0 (0)
No. of leukapheresis procedures

1 11 (34) — 7(44) -

2 14 (44) 7 (44)

>3 7 (22) 2 (13)
Time from admission to treatments, hours

Leukapheresis 5 [3-24] 8 [4-24]

Chemotherapy 73 [25-121] 24 [3-57] 47 [24-94] 24 [4-57]

Mortality

Early mortality, <2 weeks 0 (0) 2 (5) 0.609 0 (0) 0 (0) —

Five-year mortality 16 (50) 21 (49) 0.999 7 (44) 7 (44) 0.999

Effect of leukapheresis on TLS and DIC DISCUSSION

Clinical and laboratory findings related to TLS and DIC
before and after PS matching are summarized in Tables 3
and 4. Before PS matching, the overall incidences of labo-
ratory TLS and clinical TLS were 8.7% (eight of 91
patients) and 5.5% (five of 91 patients), respectively,
among patients with AML and 10.7% (eight of 75 patients)
and 1.3% (one of 75 patients), respectively, among
patients with ALL. Although uric acid levels in the leuka-
pheresis group were higher than those in the without-
leukapheresis group among patients with AML after PS
matching, the incidence of laboratory TLS and clinical
TLS did not differ significantly between groups.

DIC status at the first week of presentation could be
analyzed retrospectively for 68% (61 of 91 patients) with
AML and 59% (44 of 75 patients) with ALL. The incidence
of overt DIC was not significantly different between the
leukapheresis and without-leukapheresis groups (before
PS matching: AML, p=0.196; ALL, p=0.722; after PS
matching: AML, p = 0.320; ALL, p = 0.620).
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A single therapeutic leukapheresis procedure can reduce
the WBC count by 20 to 60%, and the primary goal of leu-
kapheresis is to reduce the WBC count to less than 100 X
10°/L.>'325 Additional leukapheresis may be performed at
the discretion of the attending physician, mainly based on
symptoms and WBC counts. Villgran and coworkers
reported that the median number of leukapheresis cycles
per patient was 2 (range, 1-8 cycles) in 68 patients with
AML,?® and Berber and colleagues reported the median
number of leukapheresis cycles per patient was 2 (range,
1-6 cycles) in 31 patients.”” In our study, the first single
leukapheresis procedures reduced WBC counts by 25%
(from 203.4 to 152.5 X 10%/L) in adult patients and by 26%
(from 219.5 to 161.7 X 10°/L) in pediatric patients. The
median number of leukapheresis cycles was 2 (range, 1-6
cycles), and these data are consistent with those from
previously published reports. In addition, the median
number of leukapheresis cycles depended on the initial
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Fig. 2. Kaplan-Meier survival analysis according to leukapheresis treatment for patients with AML (A) before and (C) after PS
matching and in patients with ALL (B) before and (D) after PS matching.

TABLE 3. Comparison of TLS-related and DIC-related findings between groups in patients with AML
Before matching, N =91 After matching, N = 44
No. (%) or median [IQR] No. (%) or median [IQR]
Leukapheresis, Without-leukapheresis, Leukapheresis, Without leukapheresis,

Characteristic n=27 n =64 p value n=22 n=22 p value
Laboratory TLS, n (%) 2(7) 6 (9) 0.999 29 0 (0) 0.469

Uric acid, mg/dL 5.3 [3.2-9.8] 4.8 [3.9-7.0] 0.774 7.4 [3.8-10.1] 4.8 [3.9-5.6] 0.062

Potassium, mmol/L 3.5 [2.9-4.0] 3.7 [3.2-4.1] 0.095 3.4 [2.9-4.0] 3.5 [3.2-3.9] 0.318

Phosphorus, mg/dL 3.8 [2.8-4.8] 4.2 [3.2-5.3] 0.246 3.6 [2.7-4.2] 4.3 [3.1-4.9] 0.318

Corrected calcium, mg/dL 8.6 [7.9-9.3] 8.4 [7.9-8.8] 0.326 8.7 [8.0-9.4] 8.5 [7.9-8.8] 0.173
Clinical TLS 0 (0) 5 (8) 0.322 0 (0) 0 (0)

Creatinine, ng/mL 0.9 [0.8-1.2] 1.0 [0.7-1.4] 0.728 1.0 [0.8-1.2] 0.9 [0.7-1.2] 0.240

Acute kidney injury 6 (22) 20 (31) 0.537 6 (27) 7 (32) 0.999

Cardiac dysrhythmia 2(7) 3 (5) 0.987 29 1(5) 0.999

Seizure 0 (0) 1) 0.999 0 (0) 0 (0)

Sudden death 2(7) 9 (14) 0.591 2(9) 5 (23) 0.410
DIC score 2[1-3] 2 [1-4] 0.757 3 [2-4] 2 [1-4] 0.942

Platelet count, X 10%/L 59 [38-110] 53 [31-83] 0.239 59 [37-104] 51 [29-70] 0.240

Prothrombin time, sec 13.4 [12.2-14.4] 13.2 [12.3-14.6] 0.917 13.4 [12.2-14.7] 12.9 [12.4-15.1] 0.970

D-dimer, ng/mL 1.5[0.6-5.2] 3.2 [0.9-6.3] 0.255 2.0 [0.5-9.4] 3.6 [0.9-10.4] 0.368

Fibrinogen, mg/dL 256 [136-327] 330 [207-412] 0.131 283 [132-368] 346 [309-424] 0.264
DIC profile

Overt DIC 3(14.3) 6 (15) 3(18.8) 4 (23.5)

Probable not DIC 13 (61.9) 31 (77.5) 0.196 11 (68.8) 13 (76.5) 0.320

Not overt DIC 5 (23.8) 3 (7.5) 2 (12.5) 0 (0)

WBC count, which was 1 cycle for an initial presenting
WBC count less than 200 X 10°/L and 2 cycles for an ini-
tial presenting WBC count greater than or equal to 200 X
10%/L (data not shown).

Although a randomized, prospective study of the
efficacy of leukapheresis has not yet been reported,
most authors from the numerous retrospective studies
have agreed that leukapheresis has no impact on long-
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TABLE 4. Comparison of TLS-related and DIC-related findings between groups in patients with ALL
Before matching, N =75 After matching, N = 32
No. (%) or median [IQR] No. (%) or median [IQR]
Without Without
Leukapheresis, leukapheresis, Leukapheresis, leukapheresis,

Findings n=232 n=43 p value n=16 n=16 p value

Laboratory TLS 2 (6) 8 (19) 0.225 1 (6) 4 (25) 0.330
Uric acid, mg/dL 4.4[2.6-7.9] 6.2 [3.5-8.2] 0.228 5.1 [3.6-9.8] 6.3 [3.5-7.9] 0.955
Potassium, mmol/L 3.8 [3.3-4.4] 4.2 [3.8-4.4] 0.065 3.8 [3.6-4.3] 4.1 [3.6-4.4] 0.374
Phosphorus, mg/dL 4.4 [3.6-5.3] 4.7 [3.7-5.2] 0.570 4.1 [3.5-5.0] 4.8 [4.3-5.3] 0.175
Corrected calcium, mg/dL 8.5 [8.0-8.9] 8.6 [7.9-9.0] 0.860 8.4 [8.1-9.2] 8.7 [8.2-9.1] 0.821

Clinical TLS 1(3.1) 0 (0) 0.881 1 (6) 0 (0) 0.999
Creatinine, ng/mL 0.7 [0.5-0.8] 0.8 [0.7-1.1] 0.009 0.7 [0.5-0.9] 0.8 [0.6-1.0] 0.450
Acute kidney injury 3(3) 1(2) 0.410 2 (13) 0 (0) 0.456
Cardiac dysrhythmia 0 (0) 0 (0) 0 (0) 0 (0)

Seizure 0 (0) 1(2) 0.999 0 (0) 1(6) 0.999
Sudden death 0 (0) 0 (0) 0 (0) 0 (0)

DIC score 2[1-2] 2[1-2] 0.380 2 [2-3] 2[1-2] 0.507
Platelet count, X10%L 47 [30-80] 53 [24-87] 0.843 43 [30-57] 50 [26-97] 0.734
Prothrombin time, sec 12.5[11.6-13.4] 11.3 [11.0-12.9] 0.012 13 [11.9-13.6] 12.2 [11.1-13.1] 0.146
D-dimer, ng/mL 0.8 [0.4-3.1] 0.8 [0.4-3.0] 0.896 0.9 [0.5-2.1] 0.7 [0.3-2.4] 0.573
Fibrinogen, mg/dL 134 [86-307] 150 [53-274] 0.721 153 [109-321] 150 [94-210] 0.482

DIC profile
Overt DIC 3(12) 2 (10.5) 1(9.1) 0 (0)

Probable not DIC 20 (80) 14 (73.7) 0.722 8 (72.7) 8 (80) 0.620
Not overt DIC 2 (8) 3 (15.8) 2 (18.2) 2 (20)

term survival.'*'"?8 However, the role of leukapheresis
on early mortality is controversial. Several retrospective
studies reported that leukapheresis could reduce early
mortality in the first 2 or 3 weeks."'”*° In contrast,
other retrospective studies did not find an advantage in
terms of early mortality, despite a significant WBC count
reduction after leukapheresis.'®?® Oberoi and col-
leagues performed a systematic review and meta-
analysis and concluded that universal or selected use of
leukapheresis or hydroxyurea/low-dose chemotherapy
did not affect early mortality related to hyperleukocyto-
sis in AML."

Currently, leukapheresis is recommended as Category
II (accepted as second-line therapy), Grade 1B (strong rec-
ommendation, moderate quality evidence) by the American
Society for Apheresis in patients with hyperleukocytosis and
symptomatic leukostasis.?> Prophylactic, therapeutic leuka-
pheresis could be considered as a clinical option in patients
with asymptomatic hyperleukocytosis.?>*”*%3!  Thus,
patients who have signs of leukostasis undergo leukaphere-
sis more frequently according to the American Society for
Apheresis guideline. Because the current situation makes it
difficult to accurately analyze the clinical value of therapeu-
tic leukapheresis in a retrospective manner, we also per-
formed a PS-matched study to minimize the effect of
selection bias and independently measure the effect of leu-
kapheresis. Although the leukapheresis group had higher
initial WBC counts among patients with AML or ALL before
PS matching, which are independent risk factors of
prognosis,” there were no statistical differences in the early
and 5-year mortality rates between the leukapheresis and
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without-leukapheresis groups. Even after three significant
variables (age, initial WBC count, and the presence of
leukostasis symptoms) were controlled by PS matching
analysis, both early and 5-year mortality rates showed no
statistical difference between the leukapheresis and
without-leukapheresis groups. Thus, our PS-matched anal-
yses are consistent with data from the previous literature
demonstrating that leukapheresis does not reduce early
mortality.

Hyperleukocytosis in patients with hematologic
malignancies is associated with increased morbidity and
mortality because of the main complications of leukosta-
sis, TLS, and DIC, as previously mentioned.® Leukostasis
is pathologically defined as “the morphological evidence
of intravascular accumulation of leukemic blasts occupy-
ing most or all of the vascular lumen, with or without the
presence of fibrin.”*? Clinically, leukostasis is empirically
diagnosed based on the symptoms of affected organs and
the severity. Novotny and coworkers developed a scoring
system for the probability of leukostasis based on the
severity of pulmonary, neurologic, and other symptoms?’;
however, a diagnosis of leukostasis could not be made
with high confidence using the scoring system because of
its subjective nature.

Data analysis regarding the impact of leukapheresis
on TLS and DIC has rarely been performed in previous
studies. In this study, we retrospectively analyzed the inci-
dences of TLS and DIC using the well-defined Cairo-
Bishop criteria for TLS and the ISTH criteria for DIC. The
incidence of TLS depends on the cancer mass, the poten-
tial for lysis of tumor cells, the underlying characteristics



of the patient, and supportive care, such as hydration and
the use of allopurinol or rasburicase.® Dixit and colleagues
reported that 130 patients (17%) developed TLS (5% clini-
cal TLS and 12% laboratory TLS) among 772 adults with
AML who received hydration and allopurinol treatment.
Our findings were similar (8% clinical TLS and 9% labora-
tory TLS) among 64 patients with AML in the without-
leukapheresis group. Although the incidence of TLS in the
leukapheresis group (0% clinical TLS and 7% laboratory
TLS) was lower than that in the without-leukapheresis
group, the difference was not statistically significant. After
PS matching analysis, no difference was observed in the
incidence of TLS between the leukapheresis and without-
leukapheresis groups in patients with either AML or ALL.
One reason for this is that most patients in both groups
were effectively treated for TLS or were able to prevent it
by using hydration and allopurinol. Furthermore, intra-
vascular WBC reduction by leukapheresis is less important
in preventing TLS, because most leukemic cells are
located in the marrow.? In addition, none of the 43 pediat-
ric patients developed clinical TLS, probably because they
received urate oxidase. In pediatric patients, urate oxidase
was administered to eight of 31 patients (25.8%) in the
leukapheresis group and to three of 12 patients (25.0%) in
the without-leukapheresis group. Urate oxidase breaks
down serum uric acid and is effective in preventing and
treating hyperuricemia and TLS.**

DIC is a pathologic process of systemic activation of
the coagulation cascade and is characterized by prolonged
coagulation time, thrombocytopenia, elevation of
D-dimer or fibrin degradation products, and a decrease in
fibrinogen. Porcu and coworkers reported a coagulopathy
incidence of 30 to 40% among patients with AML and 15
to 25% among those with ALL.*® However, the incidence
of DIC developing in the early treatment period has not
previously been reported based on well-defined criteria
like that published by the ISTH. In our study, the inci-
dence of “overt” DIC was 14.7% (nine of 61 patients) and
11.4% (five of 44 patients) among those with AML and
ALL, respectively. Leukapheresis did not affect the inci-
dence of DIC in patients with either AML or ALL. Consid-
ering that only 105 of 166 patients could be analyzed for
DIC status in a retrospective manner, the remaining
patients would not have a diagnosis of DIC, and the inci-
dence of DIC would be lower.

In our results, leukapheresis more rapidly and effi-
ciently reduced the WBC count compared with chemo-
therapy alone. However, we could not detect any positive
influence of leukapheresis on either survival outcomes or
the incidence of early complications like TLS and DIC.
Nevertheless, our results are limited by the retrospective
nature of the study and the small patient numbers. The
selection of patients by the treating physician according
to performance status and the presence of comorbidities
or life-threatening complications that render the patient
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unable to tolerate leukapheresis potentially may result in
selection biases and could influence the results of this
study. Therefore, we cannot rule out the possibility that
leukapheresis did not affect the prognosis of the patient,
simply because the clinical condition of the patient who
underwent leukapheresis was worse. Although it is hard to
perform a well-designed clinical trial because of the rarity
of this situation, a randomized prospective study is
needed to better understand the impact of leukapheresis
on early mortality and early complications of hyperleuko-
cytosis. Based on our findings and previous critical
reviews,>>?%3%35 early initiation of induction chemother-
apy with aggressive supportive care is most important for
the treatment of patients who have acute leukemia with
hyperleukocytosis. Routinely performed, prophylactic leu-
kapheresis cannot be recommended, and leukapheresis
can be considered in limited clinical settings of symptom-
atic leukostasis, such as serious respiratory failure, central
nervous system involvement, and priapism.
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