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Case Report

Leukostasis Due to Acute Myeloid Leukemia with Monocytic 
 Differentiation that Resolved after Leukapheresis
Tom L Enright1, Anthony H Bui1, William N Rose1

Department of 1Pathology and Laboratory Medicine, University of Wisconsin Hospital, Madison, Wisconsin, United States.

ABSTRACT
Even though the stakes of leukostasis are high, the data regarding the efficacy of leukapheresis for leukostasis is 
meager. We report a patient with leukostasis due to acute myeloid leukemia with monocytic differentiation who 
improved clinically after therapeutic leukapheresis, a rarely performed variation of therapeutic apheresis. 
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INTRODUCTION
Leukostasis represents a rare but serious complication of acute leukemias associated with a high 
risk of early mortality. Leukostasis is a clinicopathologic diagnosis characterized clinically by 
signs of neurologic, respiratory, or renal compromise. It is sometimes seen in patients with acute 
leukemias and a total leukemia blood cell or blast count > 1,00,000/µL. Acute myeloid leukemia 
(AML), particularly AML with monocytic features, is a morphologic subtype of acute leukemias 
in which hyperleukocytosis and leukostasis occur more commonly.[1] It may also occur in patients 
with acute lymphoblastic leukemia (ALL), although the white blood cell (WBC) counts in ALL 
patients with leukostasis are usually much higher than those of AML patients with leukostasis.[2] 
Leukostasis has also been reported in patients with chronic myeloid leukemia (CML) and chronic 
myelomonocytic leukemia (CMML).[1] Untreated, leukostasis has a 40% one-week mortality 
rate.[2]

Despite the high risk of early mortality due to leukostasis, optimal treatment strategies remain 
unclear. The pathophysiologic mechanism of leukostasis is postulated to involve end organ 
hypoxia due to a combination of factors including hyperviscosity, decreased cellular deformity of 
leukemic cells, cytokines secreted by blasts tumor necrosis factor (TNF), interleukin-1 beta (IL-1b)  
causing increased expression of endothelial adhesion molecules, and high metabolic activity 
causing high oxygen uptake of rapidly dividing leukemic cells.[1,2] Rapid leukoreduction remains 
the mainstay of treatment for leukostasis. The strategies by which rapid leukoreduction can be 
achieved include chemotherapy or leukapheresis. A single treatment of leukapheresis can drop 
WBC counts by as much as 30–60%.[2] On the other hand, leukapheresis confers non-trivial risks 
of possible complications such as apheresis catheter-associated complications (pain, bleeding, 
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infection and accidental injury), acquired coagulopathy, 
hypocalcemia from citrate toxicity, potential delays in 
chemotherapy induction, and higher costs.[3,4]

Current guidelines from the American Society for Apheresis 
offer a Grade 2B recommendation for rapid cytoreduction 
with leukapheresis among patients with symptomatic 
leukostasis.[2] The evidence supporting this recommendation 
relies on retrospective, observational studies that have reached 
conflicting conclusions regarding the benefit of leukapheresis 
on early mortality.[5-7] Moreover, the retrospective 
methodology of these studies introduces a significant risk of 
selection and confounding biases as the decision to pursue 
leukapheresis remains highly dependent on center policy, 
physician preferences and patient characteristics. Thus, the 
optimal role of leukapheresis in the setting of leukostasis 
remains unclear. It is currently not well understood whether 
certain morphologic subtypes of leukemia or specific patient 
characteristics predict a better response to leukapheresis. 
In this report, we present a case of a 79-year-old patient 
presenting with hyperleukocytosis due to AML with 
monocytic differentiation and signs of leukostasis who was 
successfully treated with therapeutic leukapheresis.

CASE REPORT
A 79-year-old female with a past history of myelodysplastic 
syndrome with excess blasts-2 (MDS-EB2) on azacitidine 
and peripheral T cutaneous lymphoma stage IIB presented 
to the emergency department with complaints of cough, 
rhinorrhea, chest pain worse with inspiration, and bilateral 
hip/pelvic pain for several days. On arrival, her vital signs 
were significant for a fever of 38.0°C, blood pressure of 81/52 
mmHg and a heart rate of 124 bpm. A physical exam revealed 
injected conjunctiva bilaterally, dry mucous membranes, a 
white patch on the right buccal region, soft crackles in the 
R lower lung field, a friction rub on cardiac auscultation, 
splenomegaly with the spleen tip palpable several centimeters 
below the costal margin, and diffuse bruising.

Laboratory findings were significant for a WBC count of 116 
K with an absolute monocyte count of 58,300, blast count 
of 5,830, and the majority of the remainder as immature 
monocytic cells. Of note, a hematopathologist review stated 
the peripheral blood had a predominance of monocytic 
precursors. An image of the peripheral smear is not available. 
Hgb = 9.5 g/dL, platelets = 32 k/uL, Cr = 1.19 mg/dL (baseline 
Cr = 0.6), lactate = 4.7 mmol/L and troponin = 0.09 ng/uL.  
Electrocardiogram (EKG) was significant for diffuse ST 
elevations, compatible with pericarditis in the setting of 
positional, substernal chest pain. A chest X-ray showed mild 
pulmonary oedema. Urinalysis was consistent with a urinary 
tract infection (UTI). She was given 500 mL of intravenous (IV)  

fluids and started on cefepime prior to being admitted to the 
inpatient oncology service.

The patient was started on hydroxyurea for leukoreduction 
and allopurinol for tumor lysis syndrome (TLS) prophylaxis. 
A bone marrow biopsy revealed 23% blasts with marked 
monocytic hyperplasia and met the diagnostic criteria for 
acute myeloid leukemia with monocytic predominance. Of 
note, the aspirate showed marked monocytic hyperplasia 
including significant monoblasts, promonocytes and mature 
monocytes. Flow cytometry of the bone marrow aspirate 
showed a predominance of abnormal monocytic cells (60%), 
including increased blasts. A markedly expanded population 
of atypical monocytes with a spectrum of maturation was 
detected that included CD34 positive blasts as well as atypical 
immature monocytes.

Her WBC count increased from 116 K on admission to 
197 K the following day despite hydroxyurea therapy. She 
also developed worsening tachypnea with increased oxygen 
requirements on the night of admission. Additionally, despite 
allopurinol prophylaxis, her phosphate was elevated to 4.9 
and uric acid climbed to 8.5 mg/dL, diagnostic for tumor lysis 
syndrome. She received one dose of rasburicase, and uric acid 
levels normalized to 4.9 mg/dL. Creatinine peaked at 1.90, 
likely due to a combination of leukostasis, TLS and prerenal 
azotemia from suspected urosepsis.

Given her increasing WBC count, acute kidney injury 
(AKI), TLS and acute hypoxemic respiratory failure due 
to suspected leukostasis-associated pulmonary distress 
syndrome, transfusion medicine was consulted to do 
therapeutic leukapheresis. The leukapheresis was performed 
via centrifugal apheresis using the Spectra Optia with a 
processing volume of two times the patient’s total blood 
volume as the endpoint. The procedure was performed 
without complications.

Her WBC count decreased by 60% from 197 K before 
leukapheresis to 79 K the day after it. Her respiratory status 
also improved significantly the day after leukapheresis. 
She tolerated weaning off supplemental oxygen without 
complications. With continued hydroxyurea therapy, her 
WBC count decreased to 25 K two days after the leukapheresis 
and to 5 K three days after the leukapheresis. Hydroxyurea 
was discontinued prior to discharge. She was discharged in 
stable condition to the care of her primary hematologist/
oncologist.

Further work-up revealed an unbalanced translocation 
between chromosomes 1 and 9 resulting in an extra copy 
of 1q. Feline McDonough sarcoma (FMS)-related receptor 
tyrosine kinase 3 (FLT3), cytosine-cytosine-adenosine-
adenosine-thymidine (CCAAT)/enhancer-binding protein 
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alpha (CEBPA), Nucleophosmin 1 (NPM1) and KIT (D816V) 
mutations were absent.

DISCUSSION
Patients with acute myeloid leukemia presenting with 
leukostasis syndrome have a poor prognosis with a high 
incidence of early mortality due to pulmonary failure, 
intracerebral hemorrhage, tumor lysis syndrome and 
disseminated intravascular coagulation (DIC). We present 
a case of a 79-year-old female with features of leukostasis 
due to acute myeloid leukemia treated successfully with 
therapeutic leukapheresis. In our case, a bone marrow biopsy 
revealed monocytic hyperplasia, and flow cytometry showed 
a predominance of abnormal monocytic cells. The rationale 
for starting therapeutic leukapheresis relied on her increasing 
WBC count despite hydroxyurea therapy, tumor lysis 
syndrome and worsening acute hypoxemic respiratory failure. 
After leukoreduction, the patient had a rapid improvement in 
clinical symptoms and lab counts. However, the imputability 
of cause and effect cannot be definitively established  solely 
based on this sequence of events.

The nuances of the patient’s diagnosis should be discussed. The 
monocytic subtype of AML predisposes to hyperleukocytosis, 
and it is believed that unique characteristics of blast cells 
appear to play a role in the development of leukostasis.[1] 
In our case, the peripheral blast count on presentation was 
only 5,380 compared to a total WBC count of 116 K and an 
absolute monocyte count of 58,300. On the surface, this may 
seem like a low blast count that would be inconsistent with 
the argument that the patient’s signs and symptoms were 
explained by leukostasis due to leukemic blasts.

Classifying peripheral WBCs into precise stages of 
monocytic maturation solely based on morphology can be 
difficult. Importantly, the hematopathologist review stated 
the peripheral blood had a predominance of monocytic 
precursors. In addition, the bone marrow biopsy met criteria 
for AML with monocytic differentiation, including by flow 
cytometry. In sum, the abundance of evidence makes it highly 
likely that the predominant phenotype of the peripheral 
WBCs were immature leukemic cells of monocytic lineage 
that included but were not limited to blasts. Thus, it is likely 
that a significant cause of the patient’s acute clinical status at 
that time was leukostasis due to leukemic cells.

Currently, there is no consensus in the literature regarding 
the benefit of leukapheresis for leukostasis due to AML. 
Multiple single institutional retrospective studies have 
reported a lower risk of early death among patients with 
AML with hyperleukocytosis receiving chemotherapy with 
leukapheresis versus chemotherapy alone.[8,9] Of note, these 
single institutional studies showed no significant benefit 

of leukapheresis on either complete remission or long-
term survival. A large, retrospective, multinational study 
by Stahl et al. found statistically significant improvements 
in 30‐day mortality and overall survival with leukapheresis 
in unadjusted analysis among patients with investigator‐
adjudicated clinical leukostasis.[5]

On the other hand, several single-center or dual-center 
retrospective studies have reported no benefit in early 
mortality for patients receiving leukapheresis versus other 
available treatment strategies.[3,10-13] In a propensity-score 
matched study, Choi et al. similarly reported no benefit of 
leukapheresis on survival outcomes, as well as no benefit for 
the incidence of tumor lysis syndrome and DIC.[14] A multi-
center, international study by Stahl et al. including 12 centers 
showed no significant impact on early death and overall 
survival for patients receiving leukapheresis.[15] Oberoi et al. 
and Bewersdorf et  al. both conducted systematic reviews 
and meta-analyses including 21 studies and 13 studies, 
respectively, that did not show the benefit of leukapheresis 
for early death on meta-regression, arguing against the 
routine use of leukapheresis for leukostasis associated with 
AML.[6,7]

In addition to the conflicting nature of the current evidence 
for leukapheresis for leukostasis, the retrospective, 
observational nature of the studies introduces a considerable 
risk of confounding bias. As such, the American Society 
for Apheresis offers a Grade 2B recommendation for rapid 
cytoreduction with leukapheresis in the setting of symptomatic 
leukostasis.[2] The role of prophylactic leukapheresis in the 
setting of hyperleukocytosis remains even more controversial, 
with multiple single-institution studies finding no benefit 
and the American Society for Apheresis offering a Grade 3B 
recommendation for its practice.[2,14,16]

An additional argument against leukapheresis is its lack of 
wide availability, as a center would not only have to have a 
clinical service that performs therapeutic apheresis but also 
one that is proficient at the rarely performed procedure of 
leukapheresis in particular. As an indication of its rarity, the 
transfusion medicine service at our 600-bed comprehensive 
cancer center university hospital reports that they perform 
therapeutic leukapheresis about 1–2 times per decade.

Given the lack of consensus, the overall low quality of current 
evidence and the lack of availability, practice patterns among 
physicians for the treatment of hyperleukocytosis and the 
utilization of leukapheresis remains highly variable.[17,18] 
The importance of patient-specific factors such as the co-
occurrence of tumor lysis syndrome, AML with monocytic 
morphologic predominance, and history of MDS-EB2 in 
the pathophysiology and treatment of leukostasis remain 
unknown. Although grading scores for leukostasis do exist, 
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they reflect current evidence on the topic in that they do 
not account for more granular, patient-specific factors like 
degree of hyperleukocytosis, cytogenetics, peripheral blast 
count, gene mutations, morphologic subtype of AML and 
co-occurrence of DIC and TLS.[19,20] It is possible that many 
of these are independent risk factors for the development of 
leukostasis or independent predictors of mortality benefit 
from leukapheresis.

In sum, given the relative safety of leukapheresis, the 
rationale of the mechanism of benefit via direct removal of 
leukemic cells, and the potentially high stakes of leukostasis, 
it is plausible that leukapheresis may benefit some patients 
with leukostasis. To better elucidate these questions, 
more investigation is required to clarify pathophysiologic 
mechanisms for leukostasis as these investigations may 
elucidate new therapeutic targets related to blast adherence, 
endothelial activation and soft tissue infiltration. Ultimately, a 
controlled trial involving leukapheresis is most likely the best 
way to determine its efficacy.

CONCLUSION
Leukostasis is a complication of acute leukemia with a 
high mortality burden. Because of the lack of high-quality 
evidence for therapeutic leukapheresis for leukostasis and the 
lack of consensus regarding its benefit, the utilization of the 
therapy remains highly dependent on physician preferences 
and patient characteristics. The significant cost and potential 
complications of leukapheresis mean better clinical evidence 
and an improved pathophysiologic understanding of 
leukostasis are needed to clarify which patients are likely to 
benefit from leukapheresis.
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