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Case Report: A case of infantile
acute hyperleukocytic leukemia
treated by leukapheresis

Shuang Bian, Nannan Li and Hui Gao™

Department of Hematology and Oncology, Dalian Women and Children’s Medical Group, Dalian, China

Leukapheresis is a treatment used to reduce leukocytes to decrease the number
of white blood cells in circulation and prevent the risks of hyperviscosity and
cerebrovascular and pulmonary leukostasis. We present a case of pro-B-cell
acute lymphoblastic leukemia (ALL) with hyperleukocytosis in a 6-month-old
infant, characterized by a positive KMT2A/AFF1 fusion gene with a leukocyte
count of 1,755x 10%/L. After two consecutive sessions of leukapheresis, the
white blood cell count decreased to 55 x 10%/L. The infant recovered after the
high-dose methotrexate chemotherapy. These results demonstrate that
leukapheresis is a feasible treatment option for acute hyperleukocytic leukemia
in infants with ALL.
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1 Introduction

Acute hyperleukocytic leukemia is defined as acute leukemia (AL) with an initial total
blood cell or blast count higher than 100,000/pl (1, 2). Hyperleukocytosis can lead to early
morbidity and mortality as a result of leukemic cell proliferation (3, 4). Approximately
10%-20% of children who are newly diagnosed with AL present with hyperleukocytosis
and are at risk for acute respiratory distress syndrome, intracranial hemorrhage, and
stroke (5, 6). Complications such as leukostasis, tumor lysis syndrome, and
disseminated intravascular coagulation, rather than high leukocytosis count, put the
patients at risk and require therapeutic intervention (7, 8).

The rapid mechanical removal of excess leukocytes through leukapheresis has become
a routine procedure in many hematology centers (9, 10). A single leukapheresis procedure
can reduce the white blood cell (WBC) count by 10%-70%. Multiple leukapheresis
procedures are often necessary to effectively decrease the burden of leukemic cells (9).
However, the date on the application of leukapheresis in the treatment of acute
hyperleukocytic leukemia is limited (11), and the efficacy of leukapheresis in children,
especially in low-weight infants, remains controversial. Here, we describe the successful
treatment of an approximately 6-month-old infant with acute lymphoblastic leukemia
(ALL) at risk of hyperleukocytosis.

2 Case description

A 6-month-old Asian male infant presented with paroxysmal coughing without
obvious inducement and difficulty in expectorating sputum for 1 week. The day before
admission, the infant experienced wheezing that worsened after physical activity, but
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there were no apparent signs of dyspnea or asthma. His complete
blood count (CBC) revealed an abnormal white blood cell
(WBC) count of 1,560 x10°/L (1,560,000/mm’) (Table 1).
Laboratory tests showed hemoglobin (HGB) levels at 49 g/L and
a platelet count (PLT) of 32 x 10°/L. Consequently, the infant
was referred to our emergency room for further evaluation
because of suspected leukemia.

intramuscular

Nebulization and injection with 3 mg

dexamethasone resulted in improved wheezing symptoms.
Physical examination values were as follows: body temperature,
36.6°C; 44 beats/min; 131 beats/min;

blood oxygen saturation, 92%; blood pressure, 97/62 mmHG

respiration, heart rate,
(1 mmHg =0.133 kPa); alertness, general response, and slight
shortness of breath; liver, 4 cm below the rib; and spleen, 5 cm
below the rib, tough. After admission to our hospital pediatric
intensive care unit, the patient underwent continuous positive
airway pressure (CPAP, oxygen 2 empty 4), fasting and
rehydration, ceftriaxone anti-infection, mannitol, furosemide,
hydration and alkalinization, and allopurinol support
symptomatic treatment. Over the next day, the WBC count
stayed at 1,755x 10°/L (1,755,000/mm?), and the differential
showed a blast cell count of 94%. Other examination values
included Hb 56 g/L and PLT 31 x 10°/L. We made a preliminary
inference of hematological cancer and conducted five tests,
including (1) bone bone marrow, and

marrow smear,

cerebrospinal fluid immune classification, (2) bone marrow

TABLE 1 Clinical and biochemical characteristics in infantile patient.

10.3389/fped.2024.1497943

genetic screening for 57 types of leukemia, (3) bone marrow
analysis, (4) IG
sequencing of the immunized group in the bone marrow library,

chromosome  karyotype rearrangement
and (5) whole transcriptome sequencing.

Bone marrow was under a hyperactive condition, mainly
manifested as a granulocyte: nucleated red blood cell (RBC) ratio
of 3:1. It also was characterized by malignant proliferation of
primitive cells. The primitive cells were different in size, mostly
small and regular in appearance. The nuclei showed depression,
distortion, and cleft changes with dense and thick chromatin.
The amount of cytoplasm was small; no granules were seen and
some vacuoles were seen. The bone marrow smear showed
increased cell fragmentation, inhibited proliferation of red,
granulocyte, giant cells and PLT, and negative POX expression
(Figure 1). In terms of bone marrow immune classification,
abnormal B primitive lymphocytes were detected in the bone
marrow test, indicating a tendency towards the pro-B-ALL stage.
The expression profile showed CD34 (+), CD19 (+), cCD79a (+),
TDT (+), CD9 (+), HLA-DR (+), CD123 (+), CD38 (+), CD7
(=), CD2 (-), MPO (-), CD56 (), CD4 (—), CD10 (-), CD99
(-), CDh64 (-), CD22 (-), CD117 (-), CD13 (-), CD20 (-),
CD33 (-), CD9%6 (), CDé1 (—), CD8 (-), kappa (—), lambda
(=), and IgM (=) (Supplementary Table S1). The same result
was also observed in abnormal B lymphocytes, which accounted
for 21.16% of nuclear cells expressing CD19 (+), CD38 (+), and
CD34 (+) in cerebrospinal fluid (Supplementary Table S2).

‘ Test Preadmission First postoperative | Second preoperative | Second postoperative

WBC (x10°/L) 1,560 1,755 946.52
NEUT (%) - - 1
LYMPH (%) - - 82.4
MON (%) - - 16
EO (%) - - 0
BASO (%) - - 0.6
NEUT (x10°/L) - - 9.69
LYMPH - - 779.63
(x10°/L)

MONO - - 151.61
(x10°/L)

EO (x10°/L) - - 0.04
BASO (x10°/L) - - 5.55
RBC (x10"2g/L) 2.09 1.79 2.36
HGB (g/L) 49 56 56
HCT (%) 234 13.7 239
MVC (fL) 112 76.1 1013
MCHC (g/L) 209 407 234
MCH (pg) 234 31 23.7
RDW-CV (%) 12.7 12.7 -
RDW-SD (fL) 32 315 -
PLT(x10°/L) - 31 24
PCT (%) - 0.021 -
MPV (fL) - 6.6 -
PDW (%) - 15.7 -

493.47 55.63 48-14.6
7.9 9-57
74.9 31-81
17 2-13
0 1-10
02 0-1
441 0.8-6.4
41.66 2.5-9
9.46 0.17-1.06
- 0.01 0.07-1.02
0 0.09 0-0.1
2.46 2.13 40-5.5
65 62 97-141
235 18.4 30-41
953 86.4 72-85
277 337 311-355
264 29.1 24-30
25.9 243 10-20
73 70.3 35-56
89 48 190-579
0.088 0.05 0.08-0.32
16.3 107 10-18
9.8 13.1 6-10

WBC, white blood cell; NEUT (%), neutrophil ratio; LYMPH (%), lymphocyte ratio, MON (%), monocyte ratio; EO (%), eosinophil ratio; BASO (%), basophil ratio; NEUT, neutrophil count;
LYMPH, lymphocyte count; MONO, monocyte count; EO, eosinophil count; BASO, basophil count; RBC, red blood cell; HGB, hemoglobin; HCT, hematocrit; MVC, mean corpuscular volume;
MCHC, mean corpuscular hemoglobin concentration; MCH, mean corpusular hemoglobin; RDW, red blood cell volume distribution width; PLT, platelet count; PCT, plateletocrit; MPV, mean
platelet volume; PDW, platelet distribution width.
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FIGURE 1
Results of the bone marrow smear.

Genetic screening of bone marrow for 57 types of leukemia
identified a positive KMT2A/AFF1 fusion gene (Supplementary
Table S3). Bone marrow karyotype analysis revealed 46, XY,
t (4 11) (q21; g23) (7). Analysis of six metaphase division
phases revealed reciprocal translocations of chromosomes 4 and
11 (Figure 2A). IG rearrangement by immune repertoire
sequencing using multiplex PCR combined with next-generation
sequencing technology did not identify any master clonal
sequence involving IGH, IGK, or IGL gene rearrangements
(Supplementary Figure S1). Whole transcriptome sequencing
results indicated the presence of KMT2A/AFF1 fusion gene
(grade 1) as well as the detection of an AFF1/KMT2A fusion
gene (grade 3) (Supplementary Table S4 and S5; Figure S2). The
KMT2A/AFF1 fusion gene is mainly found in pre-infantile
B-ALL patients. These findings confirmed a diagnosis of pro-B-cell
ALL with positive outcomes for the KMT2A/AFF1 fusion gene.

Because of a decrease in transcutaneous oxygen protection to
75%-78% with sudden dyspnea, the infant was intubated and
assisted by a ventilator (mode: PC/AC; parameters: respiratory
25/min;
ventilation, 12 cm H,O; positive end-expiratory pressure, 10.0 cm

rate, timed inspiration, 0.7 s; pressure support
H,O; fraction of inspiration O,, 80%). Fentanyl and midazolam
were given for analgesia and sedation. Physical examination
showed unconsciousness; irregular breathing with the three
concave signs; pale and cyanotic around the mouth; no rash, no
bleeding spots, and no marble patterns on the whole body; the
superficial lymph nodes were not palpable and enlarged; bilateral
pupils were equally large, perfectly round, with a diameter of
symmetrical thick respiratory
auscultation of both lungs, scattered phlegm wheezing sounds;
soft;

enlargement of the liver and spleen below the navel; and limb

3.0 mm; chest, sounds on

the abdomen was not swollen and the texture is
peripheral temperature CRT2S.

After thorough discussion and consultation with the patient’s
family, the infant underwent 70 min of leukapheresis in the first
session. Leukapheresis was performed using the auto MNC
procedure employed on COM.TEC Fresenius blood component
separator (Fresenius SE & Co. KGaA, Germany) with the
placement of a 6.5 F double-chamber hemofiltration intravenous
catheter was placed in the femoral center. Because of the
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diagnosis of pro-B-cell ALL and to prevent tumor lysis, we

initiated remission induction chemotherapy with low-dose
dexamethasone 1.5 mg (3.2 mg/mz). The results of the blood
count examination revealed WBC, 946.52 x 10°/L (946,520/mm°);
Hb, 56 g/L; and PLT, 24 x 10°/L (Table 1).

On the third day of admission, the infant had a sudden fever
with a maximum temperature of 38.5°C, and ibuprofen was
given by nasal feeding to reduce fever. During the procedure, the
infant showed one convulsion, which manifested as an airway
spasm, peak pressure of the ventilator, slightly stiff limbs, and
slightly upturned eyes. We administered midazolam, propofol,
and rocuronium for temporary use, and mannitol and glycerin
fructose were given to reduce intracranial pressure, and
the seizures were relieved. To ensure the smooth progress of the
second round of leukapheresis, we conducted CBC tests. The
results showed WBC, 493.47 x 10°/L (4,934,700/mm?>); Hb,
65¢g/L; and PLT, 89x 10°/L (Table 1). Leukapheresis was
performed successfully with stability intraoperative monitoring
and maintenance of blood electrolytes for 100 min. Immediately
after the procedure, we administered an intravenous infusion of
adequate dexamethasone 2.7 mg (6 mg/m®) and checked the
blood cell count. The CBC showed WBC, 55.63 x 10°/L; Hb,
62g/L; and PLT, 89x10°L (Table 1).

leukapheresis, the infant was doing well after being weaned from

One week after
mechanical ventilation on the third postoperative day and
transferred to the hematology and oncology ward on the fifth
postoperative day.

After
chemotherapy treatment according to the Chinese Children

nearly half a year of high-dose methotrexate

Cancer Group Infant Acute Lymphoblastic Leukemia 2022
(CCCG-iALL-2022) (12, 13)
(Supplementary Table S8), the child was successfully given to

collaborative group protocol
significantly, alter minimal residual disease (leukemia residue
cells) for lower than 10™* (Supplementary Figure S3; Table S6)
and the KMT2A/AFF1 fusion gene for 0 (Supplementary
Table S7). Bone marrow karyotype analysis again revealed no
numerical or structural chromosomal abnormalities associated
with the tumor with 46, XY (Figure 2B). Currently, the child,
at 1 year and 1 month old, shows an excellent prognosis for
recovery with stable vital signs and similar growth and
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FIGURE 2

The result of bone marrow chromosome karyotype analysis in the admission (A) and post-treatment (B).

20 21 2

development as infants at the same age. The CBC and biochemical
indicators are within the normal range. Leukapheresis was
approved by Dalian Medical and Health New Technology
Application (number: 2021-37). The patient’s guardian signed
the informed consent form (DLET-JS-2021-07).

3 Discussion

In patients with AL, leukostasis secondary to hyperleukocytosis
is a serious and life-threatening complication, indicating a poor
prognosis (14, 15). Leukapheresis is considered an emergency
life-saving procedure (9), capable of effectively reducing the
abnormally elevated WBC count in leukemia patients, thereby
alleviating related symptoms and enhancing prognosis.
Leukapheresis is typically considered when certain symptoms
manifest, such as in patients with ALL when the WBC count in
the peripheral blood is 400 x 10°/L and in those with acute
myeloid leukemia presenting with a WBC count of >100 x 10°/L
(16, 17). The latest guideline of the American Apheresis Therapy
Society defines leukemia with a peripheral WBC count of >100 x
10°/L as hyperleukocytic leukemia and recommends leukostasis
increased WBC with

hyperleukocytic leukemia as a class I indication for therapeutic

caused by abnormally in patients

leukapheresis (4). However, a number of recent reports,

including an international multicenter retrospective study,
showed that the evidence supporting its benefit in extremely
young patients with hyperleukocytosis is still insufficient (18-20).
We present this case to contribute to the existing evidence for
the treatment effectiveness of leukapheresis for hyperleukocytosis.

Leukapheresis is a technique used to reduce the concentration
of leukocytes in the human body, aiming to manage or prevent
hyperviscosity (14). There is an association of hyperleukocytosis
with specific subtypes of ALL with association with t (4:11) (21)
and t (9:22) (22). In the current case, the infant’s WBC count
was as high as 1,755 x 10°/ml upon admission, and the condition

was critical with leukostasis. Because the infant was only
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approximately 6 months old, we carefully diagnosed infantile
hyperleukocytic pro-B-ALL stage
considering the corresponding results. We also explored various

acute leukemia in the

surgical options. Ultimately, we decided to proceed with
leukapheresis as a foundation for chemotherapy.

Our team considers leukocytosis as an independent risk factor
for early death. Leukocytosis itself increases blood viscosity. The
adhesion of leukemic «cells to capillary endothelium and
activation of endothelial cells induced by cytokines further
increased blood viscosity, causing blood stasis and life-
threatening complications such as intracranial hemorrhage and
respiratory distress, increasing the risk of early death of patients
(14). Leukapheresis can rapidly reduce tumor cells and reduce
early mortality, especially in this infant’s condition with an
extremely high number of WBC. Here, we performed two
sessions of leukapheresis. The WBC count decreased dramatically
to 55x 10°/L, representing a decrease of 96%. This result
demonstrated the reduction of WBC count to the safe range, and
there were no complications related to tumor lysis. We
considered not only the fatal consequences of hyperleukocytosis
but also the risk of death from tumor lysis syndrome for the
patient; therefore, we administered low-dose remission induction
chemotherapy during the leukapheresis procedure.

Leukapheresis-associated ~ complications mostly include
neurological and respiratory issues, such as hypocalcemia,
catheter  dysfunction, coagulopathy, and catheter-related
thrombosis (18, 23). Notably, the current patient did not
experience any complications. This may be attributed to our
meticulous therapeutic manipulation throughout the procedure
for the infant (24).

combined with prompt diagnosis and initiation of appropriate

Precise contemporary supportive care

chemotherapy can effectively reduce fatalities associated with
leukocytosis-induced complications. Our team also expressed
significant concern regarding the hemoglobin and platelet
laboratory test results and promptly ensured the availability of
platelet follow-up for thrombocytopenia (22). The early and
proactive reduction of white blood cells, coupled with subsequent
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attenuation in blood viscosity, plays a pivotal role in facilitating
chemotherapy administration to patients. The infant’s white
blood cell count was effectively regulated within normal levels
following methotrexate chemotherapy, demonstrating the
effectiveness of the treatment. After a period of observation and
monitoring, the patient’s clinical symptoms were significantly
improved and all vital signs were stable, allowing the infant’s safe
discharge with their family. All the procedures not only reflect
the accurate evaluation and management of the infant’s
conditions but also reflect the important role of leukapheresis in
the treatment of acute hyperleukocytic leukemia. This case
provides new evidence that infants at a young age can benefit
from leukapheresis treatment and indicates similar treatment

plans for similar cases in the future.
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