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Abstract:

Bone marrow necrosis (BMN) is a rare but important complication of hematological malignancies. We re-
port the case of a 52-year-old male patient with a recurrence of acute lymphoblastic leukemia (ALL) accom-
panied by BMN. After re-induction therapy, bone marrow aspiration (BMA) and biopsy from the iliac bone
showed necrotic cells and eosinophilic debris, respectively. Magnetic resonance imaging (MRI) showed het-
erogeneous signals in the bilateral iliac bone, possibly reflecting various stages of BMN. BMA from the ster-
num eventually revealed the recurrence of ALL after a few weeks. Comprehensive assessments, including
MRI and repeated bone marrow tests, are required when evaluating the underlying hematological malignan-
cies of patients with BMN.
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Introduction

Bone marrow necrosis (BMN) is an extremely infrequent
phenomenon, defined as necrosis of the myeloid tissue and
medullary stroma. The prevalence of BMN was reported to
be between 0.3% and 2% antemortem of patients eligible for
bone marrow examination, and BMN is often detected on
autopsy (1, 2). The causes of BMN have been identified, in-
cluding hematological malignancies, solid tumors, infectious
disease, chemical exposure, radiation, sickle cell disease, an-
tiphospholipid syndrome, and disseminated intravascular co-
agulation (2-13). Moreover, acute lymphoblastic leukemia
(ALL) accompanied by BMN has been reported to have a
poor prognosis (14). The main clinical symptoms of BMN
are fever and bone pain. Laboratory findings, such as severe
pancytopenia and elevated levels of lactate dehydrogenase

(LDH) are generally indicative of BMN (1, 2). However,
these features can be absent in some cases (15). Magnetic
resonance imaging (MRI) findings can be helpful but are
nonspecific in the evaluation of bone marrow disorders (16).
The morphological assessment of bone marrow aspirate and
the pathological findings of bone marrow biopsy (BMB)
specimens are most essential for the diagnosis of BMN.
Many hematologists report difficulty in assessing the disease
status of hematological malignancies by bone marrow aspi-
ration (BMA) because they cannot obtain appropriate sam-
ples in cases of extensive BMN and ‘dry tap’, defined as
failure to obtain bone marrow on attempted marrow aspira-
tion (6). We herein report a case in which an appropriate
disease evaluation was performed using bone marrow aspi-
rate obtained from the sternum of a patient with recurrent
ALL accompanied by BMN after re-induction therapy. The
MRI features of BMN are also taken into consideration.
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Figure 1.
(a) Pathological findings of BMB on admission. Hematoxylin and Eosin (H&E) staining (x400). (b)
Pathological findings of BMA on day 28 of mitoxantrone, etoposide, and intermediate-dose cytara-
bine (MEC) therapy. May-Giemsa staining (x400). (c) Pathological findings of BMB on day 35 of
MEC therapy. H&E staining (x200). (d) Pathological findings of BMB on day 35 of MEC therapy.
H&E staining (x400).

Case Report

A 52-year-old male patient received cord blood transplan-
tation for Philadelphia chromosome-positive ALL without T
3151 mutation. One year later, he was diagnosed with recur-
rent ALL accompanied by severe bone pain. He was trans-
ferred to our institution for re-induction therapy. A BMA
specimen could not be obtained due to ‘dry tap’; however,
BMB showed numerous blast cells before re-induction ther-
apy, as shown in Fig. la. On hospital admission, he had
high-grade fever, and a blood culture test was negative;
however, a rapid diagnostic test for influenza virus using a
nasopharyngeal swab specimen was positive for influenza A.
Thus, the patient was treated with mitoxantrone, etoposide,
and intermediate-dose cytarabine (MEC) therapy and intra-
venous peramivir (300 mg, once daily). His high-grade fever
temporarily improved after treatment; however, his severe
fever symptom was exacerbated again on day 16 of MEC
therapy. At the time, Aspergillus fumigatus invasion was de-
tected and intravenous voriconazole (VRCZ) was initiated
(Fig. 2). His high-grade fever did not improve, despite the

Pathological findings of bone marrow biopsy (BMB) and bone marrow aspiration (BMA).

antifungal treatment, even after almost recovering from pan-
cytopenia during the nadir period (white blood cell count,
6.8x10°/uL. with 0% blast cells; hemoglobin, 8.7 g/dL; and
platelet count, 14.8x10°/uL).

To estimate the disease status, a BMA test was performed
from the right iliac bone on day 28 of MEC therapy, but we
only obtained a muddy and jelly-like specimen. When this
sample was centrifuged, a cloudy pink precipitate was ob-
tained (Fig. 3). A BMA smear from the specimen showed
irregular and indistinct margins, and the cytoplasm appeared
fused, as shown in Fig. 1b. In addition, a peripheral blood
analysis revealed a high LDH level of 551 IU/L. Subse-
quently, both BMA and BMB tests were performed from the
left iliac bone on day 35 of MEC therapy. We could not ob-
tain sufficient BMA specimens because of ‘dry tap’ aspira-
tion. The findings of the BMB tests showed that most of the
bone marrow space was replaced by eosinophilic debris. Al-
though a very small number of blast cells remained, an ac-
curate evaluation was difficult, as shown in Fig. 1c, d. We
switched the antifungal agent from VRCZ to liposomal am-
photericin B (L-AMB; 3 mg/kg, daily) on day 35 of MEC
therapy because his high-grade fever had not improved. On
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At day 16 of MEC

Bronchoalveolar lavage and sputum culture: Aspergillus fumigatus
A computed tomography chest scan: Nodules in the left lung
Serum aspergillus galactomannan antigen level: 5.0 ng/mL

Serum (1-3)-beta-D glucan level: 21.6 pg/mL

At admission At day 45 of MEC

Rapid diagnostic test for influenza A: positive MRI evaluation for lower back pain and limb pain
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Figure 2. The clinical course. BMA: bone marrow aspiration, BMB: bone marrow biopsy, CPFG:
caspofungin, L-AMB: liposomal amphotericin B, MEC: mitoxantrone, etoposide, and intermediate-
dose cytarabine, MEPM: meropenem, MRI: magnetic resonance imaging, PIPC/TAZ: piperacillin/
tazobactam, TEIC: teicoplanin, VRCZ: voriconazole, WBC: white blood cell
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Figure 3. Centrifuged bone marrow sample. (a) A centrifuged sample of the present patient with
bone marrow necrosis (BMN). (b) A centrifuged sample of another patient with acute lymphoblastic
leukemia, without BMN.
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Figure 4. Magnetic resonance images showing different abnormal signals in the bilateral iliac bone
marrow (arrow). (a) Axial T1-weighted magnetic resonance image. (b) Axial T2-weighted magnetic

resonance image. (c) Coronal high short T1 inversion recovery image.

day 45 of MEC therapy, the patient’s lower back and lower
limb pain gradually worsened. MRI showed heterogeneous
patchy areas of high signal intensity at the right iliac bone
and sacrum on Tl1-weighted and T2-weighted imaging. In
contrast, MRI showed heterogeneous patchy areas of signal
intensity at the left iliac bone on Tl-weighted and T2-
weighted imaging. In addition, high short T1 inversion re-
covery imaging of both the bilateral iliac bone and sacrum
showed partially high signal intensity, as shown in Fig. 4.
These findings appeared to reflect a bone marrow abnormal-
ity, including BMN, however a further qualitative evaluation
was difficult. On day 50 of MEC therapy, his bone pain
drastically deteriorated. On day 51 of MEC therapy, BMA
from the sternum revealed 59% blast cells, and ALL induc-
tion failure with T3151 mutation was confirmed (Fig. 2).
The patient was treated with inotuzumab ozogamicin, which
was ineffective. Furthermore, invasive pulmonary aspergillo-
sis was also refractory, although we added micafungin to L-
AMB on day 50 of MEC therapy. The patient did not desire
further treatment and was transferred to a nearby hospital to
receive the best supportive care.

Discussion

We detected two important clinical issues. The first is that
the MRI features of BMN can vary depending on the loca-
tion and stage. The second is that severe BMN can hinder
the assessment of underlying hematological malignancies.

First, MRI of BMN can differ based on the condition. In
general, MRI allows clinicians to noninvasively evaluate ab-

normal bone marrow and is complementary to a bone mar-
row examination. On MRI, the signal intensity of the bone
marrow mainly reflects the proportion of fatty and serous
materials. Tang et al. reported that the MRI features of
BMN showed slight variation, depending on the stage. They
categorized the different stages of BMN into four classes
(Table a) (16). In an earlier BMN stage (class A or B), fatty
cells remained in the bone marrow. Thus, T1-weighted MRI
showed hyperintensity. The signal on T1-weighted MRI be-
came hypointense as the fatty material was gradually lost.
The characteristic MRI features of BMN include extensive,
diffuse, geographic patterns of signal abnormalities, and the
MRI findings of these four different stages, as we mentioned
above, can coexist in the same site. Moreover, the central re-
gions of the BMN were sometimes surrounded by peripheral
bands of low intensity, and the peripheral rims became en-
hanced when gadolinium was administered (16). Although
these features are nonspecific, clinicians should take these
MRI features into consideration when assessing patients
with suspected BMN.

In our case, MRI was performed after obtaining the BMA
and BMB findings, which matched BMN in the bilateral
iliac bone. The MRI features of the right iliac bone, the sur-
face side of the left iliac bone, and the central side of the
left iliac bone corresponded to classes B, D, and B, respec-
tively (Table b).

Of note, the pathological BMB finding of the left iliac
bone showed necrotic tissue without fibrotic tissue, which
was in contrast to the MRI findings. BMB from the left iliac
bone was performed 10 days before MRI. During that time,
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Table a. Classification Based on the Qualitative Assessment of Alterations in MRI Signal Intensity in BMN.
Hematological
BMN stage Class A Class B Class C Class D . .

malignancies

T1 weighted Hyperintensity Hyperintensity Hypointensity Hypointensity ~ Hypointensity

T2 weighted Isointensity-mild Hyperintensity Hyperintensity Hypointensity Nonspecific

hyperintensity
STIR Hypointensity Unknown Unknown Unknown Hyperintensity
What does this finding Fatty materials Blood and Denaturation of protein  Fibrosis tissue

mainly reflect?

proteinaceous materials

This table was made by the authors based on reference 16-18.

BMN: bone marrow necrosis, MRI: magnetic resonance imaging, STIR: short TI inversion recovery

Table b. Pathological Features and MRI Findings of Bone Marrow.

Right iliac Left iliac
BMA on day 28 of MEC Muddy and jelly-like specimen (Figure 1b, 3) None
BMA on day 35 of MEC None Dry tap
BMB on day 35 of MEC None Bone marrow space was mostly replaced by
eosinophilic debris (Figure 1c, d)
MRI feature on day 45 of MEC Class B Class B (central) Class D (peripheral)

BMA: bone marrow aspiration, BMB: bone marrow biopsy, MEC: mitoxantrone, etoposide, and intermediate-dose cytarabine, MRI: magnetic

resonance imaging

the bone marrow fibrosis was considered to have progressed.
Thus, clinicians should note that MRI of BMN can differ
depending on the location and timing. MRI performed just
before a bone marrow examination is very useful, and clini-
cians could choose the best part for proper evaluation of
BMN. Class A (earliest stage) and class D (end stage)
mainly show fatty marrow and fibrosis, respectively (Ta-
ble a, b), and BMA can result in ‘dry tap’ aspiration. More-
over, the disease status of BMN in each of the stages is
likely to be less active. Thus, a bone marrow examination
from the part containing class B or C findings on MRI may
be helpful when assessing BMN.

Second, hematologists have sometimes experienced diffi-
culty when assessing the therapeutic effects in patients with
hematological malignancies and BMN because BMN and re-
lapsing hematological malignancies have similar clinical
symptoms, including fever and bone pain, as well as labora-
tory data, such as cytopenia and elevated LDH. Moreover,
as mentioned above, MRI is a useful and noninvasive
method for assessing the features of BMN, which can differ
by stage. However, MRI cannot precisely distinguish BMN
from hematological malignancies because the MRI features
of hematological malignancies are partially similar to those
of BMN. In patients with hematological malignancies, are
hypointense signals are observed on T1 images, while the
signal characteristics are nonspecific on T2 images (Ta-
ble a) (17, 18). In addition, in some cases, BMA specimens
cannot be obtained due to ‘dry tap, and even if the speci-
mens are obtained, they may be jelly-like or muddy, which
makes it difficult to accurately evaluate the therapeutic ef-
fect (2). This diagnostic dilemma caused by necrotic tissue
without evaluable cells could be solved by repeated BMA

and BMB from not only the bilateral iliac bone but also the
sternum, as was performed in our case. However, clinicians
are not always able to assess the underlying hematological
malignancies by bone marrow examinations from either the
bilateral iliac bone or sternum because of the extremely ex-
tensive BMN. Miyoshi et al. reported a case of BMN in
which an evaluable specimen of underlying ALL could not
be obtained, even with repeated bone marrow examinations
from both the sternum and iliac bone (5). In view of the se-
verity of the illness of this patient, combination chemother-
apy for lymphoid malignancies was immediately started
based on the clinical features, which included systemic lym-
phadenopathy, hepatosplenomegaly, pancytopenia, and high
LDH. One month later, leukemia cells appeared in the pe-
ripheral blood, leading to a diagnosis of ALL. In addition,
Moritake et al. showed that leukemic cell-eliciting Fas-
ligand and macrophage-eliciting tumor necrosis factor-alpha
could be associated with the molecular mechanism underly-
ing BMN with ALL (19). Thus, because these cytokines
from leukemic cells can cause BMN, reducing the tumor
burden via chemotherapy, as was reported by Miyoshi et al.,
could be effective for relieving BMN and may be useful for
making a reliable disease assessment.

In conclusion, MRI is helpful for an extensive assessment
of the site and status of BMN. Although the disease status is
sometimes difficult to assess in the case of hematological
malignancies with BMN due ‘dry tap’ or a non-evaluable
muddy and jelly-like specimen, a more appropriate examina-
tion site could be selected by performing MRI just before a
bone marrow examination.

Written informed consent for publication was obtained from
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