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Abstract:

Bone marrow necrosis (BMN) has various underlying diseases. In hematological malignancies, both lym-
phoid and myeloid neoplasms have been shown to cause BMN. Charcot-Leyden crystals (CLCs) are
bipyramidal crystals that have been found in patients with immune system diseases, tumors, skin diseases,
asthma, infections, and intestinal diseases. Because the combination of CLCs and acute myeloid leukemia
(AML) is rare, the relationship between BMN, CLCs, and AML remains largely unexplored. We herein report
a suspected case of AML that was difficult to diagnose morphologically because of complete BMN with

CLCs but achieved complete hematologic remission with treatment similar to that for AML.
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Introduction

Bone marrow necrosis (BMN) has various underlying dis-
eases. In hematological malignancies, both lymphoid and
myeloid neoplasms have been shown to cause BMN (1).
Charcot-Leyden crystals (CLCs) are bipyramidal crystals
that have been found in patients with immune system dis-
eases, tumors, skin diseases, asthma, infections, and intesti-
nal diseases (2). Khrizman et al. reported CLCs in BMN in
patients with acute myeloid leukemia (AML) without evi-
dence of eosinophilia (3). Because this combination is rare,
the relationship between BMN, CLCs, and AML remains
largely unexplored.

We herein report a suspected case of AML that was diffi-
cult to diagnose morphologically because of complete BMN
with CLCs. This study was approved by the Institutional
Review Board of Kurashiki Central Hospital and was con-
ducted according to the principles of the Declaration of Hel-
sinki. Informed consent was obtained from the patient for

the publication of this case report and accompanying im-
ages.

Case Report

A 46-year-old man presented to a local hospital with se-
vere chest pain. Laboratory data showed coagulopathy (fi-
brin/fibrinogen degradation products, 15.1 pg/mL; D-dimer,
9.8 pug/mL). An electrocardiogram, transthoracic echocardio-
gram, cardiac computed tomography, and contrast-enhanced
computed tomography revealed neither thrombosis nor car-
diovascular disease. However, he became unable to walk be-
cause of pain in the left buttock and both lower limbs. Be-
cause magnetic resonance imaging showed diffuse signal al-
terations in the bone marrow, he was referred and admitted
to our hospital for specialist treatment.

Table shows the laboratory data on admission. Some of
the coagulation markers were consistent with the hema-
topoietic disorder type of disseminated intravascular coagu-
lation according to the Japanese Society on Thrombosis and
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Table. Laboratory Data on Admission.

Blood count Biochemistry Coagulation
WBC 2,600 /uL TP 7 g/dL PT-INR 1.07
Neut 58 % Alb 3.5 g/dL APTT 46 s
Eos 0 % T-Bil 0.9 mg/dL Fbg 525 mg/dL
Lymph 28 % AST 22 U/L FDP 114.2 pg/mL
Mono 10 % ALT 18 U/L D-dimer 60.7 pg/mL
Myelo 3 % LDH 1,240 U/L
Blast 1% Ferritin 6,530 ng/mL PLG 107 %
Hb 13.6 g/dL  ALP 1,094 U/L o2-P1 113 %
Plt 72,000 /uL 7-GTP 36 UL PIC 2.7 ug/mL
BUN 21 mg/dL TAT 24.9 ng/mL
UA 5.8 mg/dL AT-3 107 %
Cre 0.64 mg/dL
Na 135 mmol/L  WT-1 mRNA 3,100 copies/ugRNA
K 3.8 mmol/L  JAK2 V617F mutation  Negative
Cl 93 mmol/L

CRP 24.75 mg/dL

WBC: white blood cell, Neut: neutrophils, Eos: eosinophils, Mono: monocytes, Myelo: myelocytes, Hb: hemoglobin, PIt:
platelet, TP: total protein, Alb: albumin, T-Bil: total bilirubin, AST: aspartate aminotransferase, ALT: alanine amino-
transferase, LDH: lactate dehydrogenase, ALP: alkaline phosphatase, y-GTP: y-glutamy] transpeptidase, BUN: blood urea
nitrogen, UA: uric acid, Cre: creatinine, Na: natrium, K: potassium, Cl: chlorine, CRP: C-reactive protein, PT-INR: pro-
thrombin time-international normalized ratio, APTT: activated partial thromboplastin time, Fbg: fibrinogen, FDP: fibrin/
fibrinogen degradation products, PLG: plasminogen, o:2-PI: alpha-2 plasmin inhibitor, PIC: plasmin-¢2 plasmin inhibitor
complex, TAT: thrombin - antithrombin III complex, AT-3: antithrombin III, WT-1 mRNA: Wilm’s tumor 1 mRNA,
JAK2 V617F mutation: Janus kinase 2 V617F mutation

Figure 1. Coronal (a) and sagittal (b) '*F-fluorodeoxyglucose positron emission tomography/com-
puted tomography images showing a diffuse '*F-fluorodeoxyglucose uptake in the bone marrow,
hepatosplenomegaly, and an increased '*F-fluorodeoxyglucose uptake in the spleen, both kidneys, and
several muscles.

Hemostasis criteria (4). "F-fluorodeoxyglucose positron em- fluorodeoxyglucose uptake in the bone marrow, hepa-
ission tomography/computed tomography showed the fol- tosplenomegaly, and an increased “F-fluorodeoxyglucose up-
lowing three major findings: a diffuse " F- take in the spleen, both kidneys, and several muscles
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Figure 2. Pathological findings. Bone marrow aspiration performed before induction therapy
showing CLCs (May-Giemsa staining, x40 magnification) (a); a bone marrow biopsy performed be-
fore induction therapy showing CLCs [Hematoxylin and Eosin (H&E) staining, x40 magnification]
(b); bone marrow aspiration performed after induction therapy showing CLCs and macrophages
(May-Giemsa staining, x40 magnification) (c); and a bone marrow biopsy performed after induction
therapy showing CLCs in necrotic tissues (H&E staining, x40 magnification) (d). CLCs: Charcot-

Leyden crystals

(Fig. 1).

Bone marrow aspiration from the bilateral posterior supe-
rior iliac spines and a bone marrow biopsy from the right
posterior superior iliac spine showed complete BMN with
CLCs (Fig. 2a, b). A sternal biopsy resulted in a dry tap. A
biopsy of the right gluteus maximus muscle, one of the
muscles showing an increased “F-fluorodeoxyglucose up-
take, revealed no malignant cells.

A cytogenetic analysis of the peripheral blood showed a
normal karyotype (46, XY). However, the white blood cell
count gradually increased. On hospital day 12, the count
was 27,000/uL (neutrophils, 22%; lymphocytes, 7%; eosino-
phils, 0.0%; basophils, 0.0%; monocytes, 21%; metamyelo-
cytes, 1%; myelocytes, 41%; and blast cells, 8%), and flow
cytometry data on peripheral blood were as follows: CD13,
80%; CD33, 86%; and CD34, 1%.

Because further examinations were difficult to perform
due to the patient’s worsening condition, we decided to give
him treatment similar to that for AML. He was started on
induction therapy with daunorubicin hydrochloride (50 mg/
m’ for 5 days) and cytosine arabinoside (100 mg/m’/day for
7 days) at a full dose because his organ function had been
well preserved. Targeted sequencing of the peripheral blood
showed a frameshift insertion of NPM1 (p.L287fs) and two
different nonsynonymous single nucleotide variants of TET2
(p-H1382Y, p.C1378Y). The FLT3 mutation was negative.

Disseminated intravascular coagulation gradually
proved after induction therapy. His bone pain improved tem-
porarily but worsened again as his white blood cell count
gradually returned to normal. Bone marrow aspiration and a

im-

biopsy after induction therapy showed complete BMN with
CLCs again (Fig. 2c, d). Because of the necrotic features of
the bone marrow specimen, we were unable to determine
whether or not he was in remission. Based on the normali-
zation of his complete white blood cell count and decrease
in WT-1 mRNA (200 copies/ug RNA) and lactate dehydro-
genase (LDH) (113 U/L), complete hematologic remission
was suspected.

Because his activities of daily living had deteriorated, al-
logeneic stem cell transplantation was not indicated for him,
so we decided to treat him with chemotherapy alone. The
first cycle of consolidation therapy (mitoxantrone dihydro-
chloride and cytosine arabinoside) was initiated. Although
his bone pain remained, it was well controlled with regular
acetaminophen. Bone marrow aspiration after the first con-
solidation therapy session also resulted in complete necrosis.
After the second cycle of consolidation therapy (daunorubi-
cin hydrochloride and cytosine arabinoside), bone marrow
aspiration showed the disappearance of necrosis and CLCs
for the first time, and hematologic complete remission was
confirmed with 3.5% myeloblasts. He remained in remission
after the final consolidation therapy session (aclarubicin and
cytosine arabinoside). Targeted sequencing of peripheral
blood 10 months after the completion of treatment showed
no mutations of NPMI or TET2. Bone marrow aspiration
performed 29 months after the completion of treatment also
showed hematologic complete remission with 0.2%
myeloblasts, and necrosis and CLCs were no longer ob-
served.
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Discussion

BMN is a rare phenomenon that accounts for between
0.3% and 2% of total antemortem bone marrow biopsy sam-
ples, depending on the patient population (1, 5, 6). It makes
the diagnosis of hematologic malignancies difficult by re-
ducing the visibility of the cell morphology. The main clini-
cal features of BMN are as follows: bone pain, a fever, cy-
topenia, elevated LDH, alkaline phosphatase and ferritin,
and leukoerythroblastosis (1, 7). Although BMN in hema-
tologic malignancies seems to be associated with microvas-
cular failure due to hypercellular bone marrow and the ex-
trinsic pathway of apoptosis, its pathophysiology has not
been fully elucidated (1, 8). In patients with hematologic
malignancies with BMN, lymphoid malignancy is dominant
over myeloid malignancy. This is possibly due to the highly
proliferative characteristic of lymphoid cells. Most AML
cases with BMN have monocytic features (4).

CLCs are overexpressed in eosinophils and also identified
in basophils and macrophages (2). Lao et al. identified
CLCs in tissue macrophages and the extracellular matrix of
an eosinophil-rich cutaneous lesion of mastocytoma using
electron microscopy (9). This suggests that there is a patho-
physiological relationship between mast cells, eosinophils,
and macrophages (9). According to the World Health Or-
ganization Classification of Tumours of Haematopoietic and
Lymphoid Tissues, CLCs may be present in any tissue of
myeloid/lymphoid neoplasms with eosinophilia (10). By
contrast, in the setting of AML, CLCs are rare but often
found in BMN, irrespective of the presence or absence of
eosinophilia (3). The role of CLCs in BMN in hematologic
malignancies remains poorly understood. Rodriguez-Alcazar
et al. report that CLCs induce the release of the highly
proinflammatory cytokine interluekin-1f (11). They pro-
duced CLCs from whole-cell lysates of AML14.3D10 cells,
a subclone of the AML14 cell line that was established from
a 68-year-old man with French-American-British M2
AML (12). Their discovery suggests that CLC-induced
interluekin- 1 release contributes to BMN.

Prognostic factors for BMN largely depend on the pa-
tient’s age and the nature of the underlying disease. Estimat-
ing the prognosis of patients with BMN is often difficult
when BMN is extensive, as shown in our case. Chen et al.
retrospectively analyzed the outcomes of 23 patients with
BMN and reported that the 2-week and 2-year cumulative
survivals were 56.5% and 47.4%, respectively (13). This in-
dicates that patients with BMN are at the highest risk of
death within two weeks. In their study, all four patients with
unknown etiology died within two months. Diagnosing the
underlying disease is therefore of great importance.

BMN with CLCs in patients with NPMI-positive AML
has been described in two case reports thus far, with patients
achieving complete remission through conventional chemo-
therapy (14, 15). Because of the rarity of the phenomenon,
the relationship between BMN, CLCs, and NPM1 is still un-

known. NPM-positive AML is a provisional entity accord-
ing to the 2016 WHO Classification of Tumours of Haema-
topoietic and Lymphoid Tissues (16). In this category, a fa-
vorable prognosis is expected, especially in the absence of
an FLT3 mutation. Of the two patients described in the lit-
erature above, one with mutated NPMI remained in mor-
phological and molecular remission six months after the
completion of chemotherapy (14), and the other who was
positive for NPM1 and negative for FLT3 remained in com-
plete remission five months after presentation (15). In our
case, targeted sequencing of the peripheral blood showed
mutations, including NPM1, in the absence of FLT3 at the
time of the diagnosis, and no mutations, including NPM1, at
10 months after the completion of treatment.

Twenty-nine months have passed since the completion of
treatment, and the patient remains in remission. Although
the utility of targeted sequencing in the diagnosis and prog-
nostication of AML with BMN has yet to be established, it
allowed us to predict a favorable prognosis in the present
case, as mutations, including NPMI, were seen in the ab-
sence of FLT3. The further accumulation of sequencing data
will aid in making a diagnosis of AML with BMN in cases
that are difficult to diagnose morphologically.
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