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Acute myeloid leukemia (AML) is frequently associated with hyperleukocytosis [white
blood cell count (WBC) of >50 or >100 x 109/L at presentation] [1]. Hyperleukocytosis also
predicts a higher risk of complications as well as early mortality; lack of intensive
chemotherapy (IC) also portends inferior outcomes [1-4]. Hydroxyurea and leukapheresis
are employed as cytoreductive therapies to mitigate the morbidity and mortality associated
with hyperleukocytosis until intensive induction chemotherapy is administered as definitive
treatment for those who are candidates. Many patients, however, are not candidates for IC
[5]. Limited evidence supports the role of leukapheresis in general for patients with newly
diagnosed AML presenting with hyperleukocytosis and as a result, clinical practice is
inconsistent [6-10]. The clinical outcomes and benefits of leukapheresis in AML patients
who do not receive IC are largely unknown. We sought to explore the clinical course among
older AML patients who present with hyperleukocytosis, but do not receive intensive
therapy.

Data from patients with newly diagnosed AML who presented with hyperleukocytosis,
defined as WBC 50 x 10%/L or greater were retrospectively collected at 12 institutions in the
United States (US), Spain, Germany, and France from 1982 to 2016, and then analyzed at
the coordinating center (Yale Cancer Center). We herein report on the outcomes of patients
who did not receive IC. Analyses of patients who received IC, details of methods and ethical
approvals were separately reported [11]. Studied metrics included age, sex, Eastern
Cooperative Oncology Group performance status (ECOG PS), WBC, hemoglobin (Hgb),
platelet count, serum metabolic parameters, AML disease risk by cytogenetic and molecular
abnormalities, presence of tumor lysis syndrome (TLS), disseminated intravascular
coagulation (DIC), leukostasis, admission to an intensive care unit (ICU) at presentation,
receipt of hydroxyurea, other non-intensive leukemia-directed therapy, administration of
leukapheresis, and response to therapy. Kaplan—Meier analysis was used to estimate overall
survival (OS) from time of presentation until death or end of follow-up.

A total of 219 patients met eligibility criteria. Among these patients, the median age was 75
[interquartile range (IQR), 66-81] years, 58.0% were male, and 62.8% had an ECOG PS of
two or greater (Table 1). Median WBC, Hgb, and platelet count at presentation was 131.4 x
10%/L (IQR, 78-199), 8.9 g/dL (IQR, 7.7-10.6), and 34 (IQR, 11.9-62), respectively; 63.0%
presented with a WBC greater than 100 x 10%/L. Cytogenetically or molecularly defined
poor risk AML (as per the 2017 European LeukemiaNet risk stratification) was found in
23.6% of patients [12]. TLS, DIC, or clinical leukostasis was present in 25.7, 15.8, and
34.1% of patients, respectively. Pulmonary, CNS, renal, cardiac, G, or retinal evidence of
leukostasis was present in 54.4, 16.2, 11.8, 10.3, 5.9, and 1.5%, respectively, of those with
clinical leukostasis. Leukapheresis was performed in 32 (14.6%) patients. Approximately
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one-third (28.7%) of patients required admission to the ICU at the time of diagnosis before
receipt of (non-intensive) therapy, though most patients (71.3%) required ICU admission for
48 hours or less (Table 2). For those patients undergoing leukapheresis, the reason for ICU
admission (institution protocol versus medical acuity) was not recorded. The majority
(72.9%) of patients received cytoreductive therapy with hydroxyurea with a median time
from presentation to the administration of 12 h. Of the 43 patients for whom the specific
non-intensive therapy used beyond hydroxyurea was reported, 22 patients received a
hypomethylating agent (azacitidine or decitabine) and 15 received low-dose cytarabine. The
30-day mortality was 57.1% and median OS was only 22 days (95% CI: 13-38 days) (Table
2). The median OS for patients aged <65 and >65 years was 17 (95% CI: 4-75) and 23 (95%
Cl: 14-44) days, respectively. A presenting WBC of =100 x 10%/L (Figure 1(A)) and the
presence of symptoms or signs of leukostasis (Figure 1(B)) were both associated were
inferior OS in univariate analyses (p=.019 and p < .0001, respectively). In univariate
analysis, the use of leukapheresis had no statistically significant impact on OS (p=.09)
(Figure 1(C)). The small number of patients undergoing leukapheresis and inherent selection
bias limited the assessment of the impact of leukapheresis in multivariate analysis.

We herein report one of the largest studied cohorts of patients with newly diagnosed AML
presenting with hyperleukocytosis and who did not receive IC. A quarter of patients with
newly diagnosed AML do not receive any form of leukemia-directed therapy and of those
that do, approximately 25% will receive non-intensive therapy [5,13]. Furthermore, a recent
study revealed that, as recently as 2013, more than 40% of newly diagnosed AML patients
older than 65 years in the United States do not receive any active leukemia-directed therapy
[14]. The decision to proceed with nonintensive therapy is influenced by both patient- and
disease-specific factors with increasing age, comorbidity burden, or a diagnosis of secondary
or therapy-related AML often serving as predictors of receiving nonintensive therapy [15].
Our parallel analysis of 779 AML patients presenting with hyperleukocytosis at diagnosis,
but who did'receive intensive therapy revealed that leukapheresis was employed at a similar
frequency (15% of cases), but had no impact on 30-day mortality or OS [11].

This study represents the first evaluation of the clinical outcomes and benefits of
leukapheresis in patients not receiving IC. The median age of patients in our study was 75
years, which is older than that reported for all patients with newly diagnosed AML (~68
years) [5]. In addition, the majority (62.8%) of patients had an ECOG PS of three or greater.
Rates of TLS and DIC and disease risk were grossly similar to those historically reported for
all AML patients presenting with hyperleukocytosis, including those eligible for IC [1,4,10].
Leukostasis was evident in approximately one-third of patients and was independently-
associated with inferior survival. Most patients were initially cytoreduced with hydroxyurea.
Only 15% of total patients underwent leukapheresis which did not significantly impact OS
in univariate analysis (Figure 1(C)).

Given the results of our study, the general use of leukapheresis as a cytoreductive strategy
for AML patients presenting with hyperleukocytosis and not receiving 1C may be called into
question. Despite a possible nonsignificant trend toward improved OS in univariate analysis
for leukapheresis-treated patients, selection bias and the lack of details of specific non-
intensive therapy received subsequent to leukapheresis limit conclusions. Further, the lack of
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impact of leukapheresis on survival among these patients needs to be weighed against its
non-trivial risks. A procedure to place a stable, large-bore venous access is required. There is
also the increased risk of anaphylactic reactions (given the use of donor fresh frozen
plasma), and citrate-mediated toxicity such as hypocalcemia and its possible consequences
(e.g. QTc prolongation and seizure) [16]. The transient net whole blood removal and volume
shifts associated with leukapheresis might also heighten the risk of worsened anemia and
hemodynamic instability. Leukapheresis may also delay the initiation of non-IC leukemia-
directed therapy, which itself can be associated with an improved OS compared to
hydroxyurea or best supportive care. Limitations of our study include the fact that the
standard non-intensive therapies available during our study timeframe were the
hypomethylating agents or low-dose cytarabine monotherapy. In addition, the small number
of patients undergoing leukapheresis, selection bias, and lack of details of nonintensive
therapies for most patients precluded multivariate analysis and definite conclusions
regarding the impact of leukapheresis in this population. The clinical outcomes and
management strategies in AML patients with hyperleukocytosis not receiving IC in the era
of venetoclax-based combinations and FLT3/IDH inhibitors need to be studied in the future.
The ultimate goal, however, is the pursuit of novel and effective therapies for this high-risk
population of AML patients for whom they are urgently needed.
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Figure 1.

Overall survival (OS) for patients who did not receive intensive chemotherapy (IC) based on
WABC, evidence of leukostasis and receipt of leukapheresis. (A) Patients with WBC
>100,000 versus <100,000. (B) Patients with evidence of leukostasis versus without
evidence of leukostasis. (C) Patients who received leukapheresis versus patients who did not
receive leukapheresis.
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