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Precursor T-cell acute lymphoblastic leukemia
presenting with bone marrow necrosis:
a case report
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Abstract

Introduction: Bone marrow necrosis is a clinicopathological condition diagnosed most often at postmortem
examination, but it is also seen during the course of malignancy and is not always associated with a poor
prognosis. The morphological features of bone marrow necrosis are disruption of the normal marrow architecture
and necrosis of myeloid tissue and medullary stroma. Non-malignant conditions associated with bone marrow
necrosis are sickle cell anemia, infections, drugs (sulfasalazine, interferon α, all-trans retinoic acid, granulocyte
colony-stimulating factor and fludarabine), disseminated intravascular coagulation, antiphospholipid antibody
syndrome and acute graft versus host diseases. The malignant causes are leukemia, lymphoma and metastatic
carcinomas. Herein we report the case of a patient with precursor T-cell acute lymphoblastic leukemia and bone
marrow necrosis at initial presentation.

Case presentation: A 10-year-old Kurdish boy was presented with generalized bone pain and fever of 1 month’s
duration which was associated with sweating, easy fatigability, nose bleeding, breathlessness and severe weight
loss. On examination, we observed pallor, tachypnea, tachycardia, low blood pressure, fever, petechial hemorrhage,
ecchymoses, tortuous dilated veins over the chest and upper part of abdomen, multiple small cervical lymph node
enlargements, mildly enlarged spleen, palpable liver and gross abdominal distention. Blood analysis revealed
pancytopenia and elevated lactate dehydrogenase and erythrocyte sedimentation rate. Imaging results showed
mediastinal widening on a planar chest X-ray and diffuse focal infiltration of the axial bone marrow on magnetic
resonance imaging of the lumbosacral vertebrae. Bone marrow aspiration and biopsy examination showed
extensive bone marrow necrosis. Immunophenotyping analysis of the bone marrow biopsy confirmed T-cell acute
lymphoblastic leukemia, as CD3 and terminal deoxynucleotidyl transferase markers were positive and CD10,
CD20 and CD79a markers were negative.

Conclusion: The aggressive initial clinical presentation of our patient with huge mediastinal widening,
development of superior vein cava syndrome and extensive bone marrow necrosis as initial signs made the
diagnosis of the case difficult. The necrotic hematopoietic cells gave inconclusive results on the initial
immunohistochemistry tests. The prognosis of bone marrow necrosis is better secondary to acute lymphoblastic
leukemia in the pediatric age group compared with adults and those with underlying solid tumors. Despite the
aggressive behavior at initial presentation, the patient responded to chemotherapy and necrosis disappeared at
day 28 after the start of the therapeutic regimen.
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Introduction
Bone marrow necrosis (BMN) is a relatively uncommon
clinical and pathological entity [1]. It is often overlooked
in the antemortem period [2]. BMN is poorly under-
stood and frequently an unrecognized finding in routine
bone marrow biopsies. However, the pathologic entity
related to necrosis of myeloid tissue and medullary
stroma is well-described in the literature [3,4]. Actually,
BMN is noted more often in trephine sections than in
aspirates [5]. The bone marrow biopsy specimen shows
an increase in eosinophilic granular stroma along with
ghosts of many dead hematopoietic or tumor cells [1].
BMN changes have been found to be widespread and
to occur immediately, before or during chemotherapy
[6]. Thus, BMN is diagnosed most often in autopsied
than living patients [7-11]. General features of BMN
are bone pain, fever, anemia, thrombocytopenia, leuko-
erythroblastic picture, elevated lactate dehydrogenase,
elevated alkaline phosphatase, hypercalcemia and jaun-
dice [1,6,12-15].
The etiology of BMN is malignant and non-malignant

conditions. The non-malignant causes are acute graft
versus host disease after allogeneic bone marrow trans-
plantation (BMT), megaloblastic/sideroblastic anemia
[3,8], severe disseminated intravascular coagulation [16],
antiphospholipid antibody syndrome [3,17], severe infec-
tions, especially bacterial infection (with hypovolemia
and septic shock) [3,17] and bone marrow transplant
(BMT) [3,14].
The malignant causes are first hematological as acute

lymphoblastic leukemia (ALL) [3,8], acute myelogenous
leukemia, chronic myelogenous leukemia, myeloma,
Hodgkin’s disease [3,18], non-Hodgkin’s lymphoma
(NHL) [19,20] and high-grade B-cell lymphoproliferative
disease (central nervous system involvement and hyper-
calcemia) [3,7]. Fulminant BMN that occurred after infu-
sion of fluduabine monophosphate in a patient with
recurrent low-grade NHL has been reported previously
[20]. Experience with induction therapy for acute pro-
myelocytic leukemia, both with and without all-trans
retinoic acid therapy, suggests that the addition of
hydroxyurea is critical to the development of BMN
caused by massive cell lysis and death [21]. Also, it has
been shown to occur during treatment with interferon α
in some patients because of production of tumor
necrosis factor (TNF) α by mononuclear cells [22] and,
secondarily, non-hematologically in various types of
carcinoma such as neuroblastoma.
BMN is best defined as necrosis of myeloid tissue and

medullary stroma in large areas of the hematopoietic
bone marrow [5]. Trephine sections show that, in nec-
rotic areas, the marrow architecture is destroyed and the
supporting connective tissue is absent [3]. The necrosis
is characterized by a disruption of the normal bone
marrow architecture and a considerable loss of fat
spaces. This contrasts with the findings in aplastic
anemia, in which there is only a loss of myeloid tissue
and no destruction of the reticular structure. Usually,
there is no destruction of the spicular architecture as is
seen in aseptic necrosis [13]. The absence of BMN in
the setting of all cells scattered can be seen in a back-
ground of amorphous eosinophilic staining material; in
several cases, increased fibrosis has been observed
[1,13]. Scintigraphy was typically used in the past to
evaluate the extent of BMN, but magnetic resonance im-
aging (MRI) is currently preferred [7]. The pathophysi-
ology of BMN is not well-understood. It has been shown
that necrosis is mediated by cytotoxic T cells [3] or the
release of either toxins or soluble mediators by malig-
nant cells [20]. Cytokines such as TNF may induce ex-
pression of leukocyte adhesion receptors on endothelial
cells [4]. Granulocyte activation with generation and
release of superoxide has a prothrombotic effect on
endothelial cells [4].
The prognosis of BMN depends on the patient’s age

and the underlying pathology [23]. Children with a
BMN appearance together with ALL have been shown
to enter remission following standard treatment that
results in complete marrow healing [23,24], but in mor-
tality in others [24,25]. It is known that the prognosis
of adults with BMN secondary to neoplastic disease is
extremely poor; however, this prospect alone may not be
applied to children with ALL [23,24,26]. We conclude
that antemortem diagnosis of BMN is technically diffi-
cult, but as it is not always associated with a fatal prog-
nosis, early diagnosis and vigorous supportive therapy
should be attempted [25,27,28].

Case presentation
A 10-year-old Kurdish boy presented with bone pain
and fever associated with night sweats, shortness of
breath, weight loss (5kg/month), purple purpuric spots
over the skin and bleeding from the nose. The patient’s
history dated back to 1 month before admission. On
examination, we observed pallor, cachexia, dyspnea,
fever, tachycardia, tachypnea, multiple petechiae and
ecchymoses all over the skin, dilated tortuous veins over
the chest, pulse rate 120bpm, respiratory rate 23cycles/mi-
nute, temperature 39°C and blood pressure 90/45mmHg.
Moreover, we found multiple small cervical lymphadenopa-
thies and mild splenomegaly 3cm below the left costal mar-
gin. The boy’s liver was tender 7cm below the right costal
margin, and he had gross abdominal distention. The
initial blood counts were hemoglobin 64g/L, white
blood cell count 34 × 109/L, platelets 25 × 109/L and
blasts 38% (Figure 1A). The blasts were homogeneous
with a high nuclear to cytoplasmic ratio, inconspicu-
ous nucleoli and open chromatin, and some of the



Figure 1 Clinical course of the patient regarding peripheral cell
counts, including absolute neutrophil count, hemoglobin,
white blood cells (A) and platelets (B). The white blood cell count
(red areas in A) was high on the first presentation, then decreased
to its lowest level during the first month of induction therapy. The
hemoglobin (green area in A) curve was elevated after induction
because of the destruction of malignant cells by chemotherapy.
The absolute neutrophil count (blue) was low from the beginning
through the induction treatment period. All three parameters were
markedly elevated after completion of the induction treatment
phase. The platelets curve (B) indicates severe thrombocytopenia
with a subsequent increase in platelets until reaching 300,000 cells
at 40 days after induction treatment. ANC, Absolute neutrophil
count; WBC, White blood cells.

Figure 2 Chest X-ray showing mediastinal dilation at
first presentation.
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blasts were vacuolated. Platelets were markedly reduced
(Figure 1B). There was mediastinal widening visualized on
a chest X-ray (Figure 2). MRI showed lumbosacral verte-
brae with diffuse infiltration of the axial bone marrow of
the lower dorsal and lumbar vertebrae, suggestive of bony
metastases predominantly osteolytic in nature
(Figure 3A–3C). Bone marrow aspiration (BMA) showed
no fragments but few areas of necrosis. Bone marrow
biopsy showed marked BMN (Figure 4A and 4B). The first
immunophenotyping was not conclusive, but the second
was positive for CD3 and terminal deoxynucleotidyl trans-
ferase and negative for CD20, CD79a and CD10.
After admission, the patient’s condition deteriorated

and features of frank superior vena cava syndrome
developed. The patient was treated with chemotherapy
according to the ALL protocol, and complete remission
was achieved on day 28. At the 24th week of chemother-
apy, his condition relapsed on treatment. He returned to
our hospital with fever, chest infection and 60% blasts
observed on peripheral blood film, and the complete
blood count revealed severe pancytopenia. The BMA
was a dry tap, but the biopsy showed hypercellular
marrow with extensive infiltration by mononuclear cells
and disappearance of necrosis (Figure 4C and 4D).
Treatment was reinitiated according to the ALL protocol
(bone marrow relapsed protocol), after which he devel-
oped severe mucositis, uncontrolled septicemia and elec-
trolyte imbalance. Eventually, that led to death.
The BMA at the time of diagnosis was diluted, and the

slides appeared to show artefact with a few necrotic
cells. The biopsy was a 1.6cm piece of tissue that con-
sisted of a fragment of trabecular bone showing marked
BMN, as shown in the image in Figure 4A (before treat-
ment). The result of immunohistochemistry was not
interpretable for the first specimen, but for the second
the diagnosis was definitive as precursor T-cell ALL.
During admission, we gave the patient intravenous

fluid 3000ml/m2/day, allopurinol tablets 100mg/m2/dose
and antibiotics. The patient’s condition subsequently
deteriorated, and he developed progressive dyspnea,
chest tightness, abdominal distention and fever. The
patient was near to developing frank features of superior
vena cava syndrome, but later he developed bilateral
lower-limb weakness. The straight leg raising test was
observed to be positive bilaterally. MRI of the dorsolum-
bosacral spine showed diffuse focal infiltration of the



Figure 3 (See legend on next page.)
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(See figure on previous page.)
Figure 3 Magnetic resonance imaging of the patient. (A) A side view showing partial loss of normal hydration on hypointense T2-weighted
signal intensity of the dorsal and lumbar intervertebral discs, as well as diffuse focal infiltration of the axial bone marrow of the lower dorsal and
lumbar vertebrae, causing altered hypointense T1-weighted signal intensity (arrows), in homogeneous hyperintense T2-weighted signal changes
(arrowheads). (B) Anteroposterior view. (C) Incidental hepatosplenomegaly (arrows) with bilateral renal enlargement (arrowheads).
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axial bone marrow of the lower dorsal and lumbar verte-
brae causing altered hypointense T1-weighted signal in-
tensity (Figure 3A and 3B). The image was suggestive
of bony metastasis that was predominantly osteolytic in
nature (Figure 3A and 3B). Incidental hepatosplenomegaly
and bilateral renal enlargement were also observed
(Figure 3C), but there was no pressure on the spinal cord.
We started dexamethasone intravenous infusion at

6mg/m2. Seven days after the patient’s admission, we
started induction therapy with vincristine 1.5mg/m2

intravenous bolus on days 7, 14, 21 and 28. Dexametha-
sone 6mg/m2 was administered daily, and daunorubicin
25mg/m2 was given on the days 1 and 7.
Upon starting induction, the patient developed attacks

of tonic-clonic contractions. We found computed tomog-
raphy of the brain without contrast to be negative. Electro-
lyte measurements showed severe hypocalcemia, and we
induced correction, which stabilized the convulsions. On
day 28, BMA indicated a few fragments and megakaryo-
cytes were seen. Erythroid and myeloid series were present
with all stages of maturation. The data also indicated pre-
dominant neutrophils and histiocytes, but the cellular
Figure 4 Bone marrow aspiration biopsy (hematoxylin and eosin stain
cells losing normal staining characteristics, as well as coagulative necrosis o
area of necrosis. Necrosis of the myeloid tissue on a background of amorp
the time of relapse show infiltration of the bone marrow by malignant mo
elements could not confirm an excess of blast cells. The
bone marrow biopsy report showed 95% cellularity, which
was composed predominantly of early-stage granulocytes
and normal maturation stages of hematopoietic cells. The
blasts constituted about 2% of total marrow nucleated
cells. The myeloid to erythroid cell ratio was 8:1.
After a 4-week induction period, complete remission

was observed and we continued giving the early consoli-
dation chemotherapy. Unfortunately, at the 24th week of
treatment, the patient returned with fever, chest infec-
tion, neutropenia and thrombocytopenia, and we found
the presence of a few blasts in the peripheral blood film.
The patient was not responding to supportive treatment
that included antibiotics and antipyretics. The follow-up
analysis of BMA showed excessive bone marrow infiltra-
tion by mononuclear cells with multiple inconspicuous
nucleoli. Both erythroid and megakaryocytic precursors
were suppressed in BMA, whereas in relapsed biopsy no
necrosis was observed (Figure 4C and 4D).
On the reinduction therapy date, we followed a bone

marrow relapsed protocol. On the 14th day of treatment
reinduction, the patient developed severe anemia,
, ×10 magnification) at diagnosis (A) and (B). These images show
f marrow elements and bony trabeculae. The red arrow shows the
hous eosinophilic material is shown. (C) and (D) Images obtained at
nonuclear cells.
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thrombocytopenia and neutropenia. In addition, he
developed grade IV mucositis with hypokalemia. The
patient could not tolerate the complications, and he
developed septicemia followed by sepsis. The patient’s
death was an inevitable outcome. The overall survival
period was 26 weeks after first diagnosis.

Discussion
BMN is a rare clinicopathological condition that is rarely
diagnosed at antemortem examination. In our case,
BMN was the initial presentation of precursor T-cell
ALL in a pediatric patient. However, the overall aim of
presenting this case is to state that, after administering
conventional chemotherapy, we found responses for
even severe necrosis in an aggressive type of leukemia.
Despite limited resources and facilities, our treatment
with a lower quality of drugs elevated the patient’s sur-
vival time for more than 26 weeks. A definitive diagnosis
of BMN is difficult; therefore, with two trials of BMA,
the biopsy analysis still was not sufficient. We knew that
BMN as the initial presentation preceding an ALL diag-
nosis has been described to have a bad prognosis. With
early diagnosis and supportive treatment, the outcome is
fair, such as in our present case, in which the necrosis
had disappeared on the last BMN examinations, which
indicated a positive response to treatment.

Conclusions
BMN is usually diagnosed at postmortem examination.
However, precursor T-cell acute lymphoblastic leukemia
may present with BMN initially.

Consent
Written informed consent was obtained from the patient’s
parents for publication of this case report and any accom-
panying images. A copy of the written consent is available
for review by the Editor-in-Chief of this journal.

Competing interests
The authors declare that they have no competing financial interests.

Authors’ contributions
NSHK performed most of the clinical diagnosis, treatment and evaluation, in
addition to collecting all data and presenting the case. HAAR participated in
most of the pathological images. BFN designed, restructured and presented
most parts of the manuscript, including the references, and also contributed
to the writing and editing of the manuscript. All authors read and approved
the final manuscript.

Acknowledgements
We thank Dr. Rekawt Hama Rasheed (Ministry of Health and also, earlier,
Director of Health Directorate in Sulaimaniyah Province) for creating a
creative research environment. We thank Kurdistan Save the Children
Organization for all support given to the Hiwa Hematology-Oncology
Hospital in Sulaimaniyah. We express our sincere gratitude to the pathology
laboratory at the Shorsh Hospital. We extend special thanks to Dr. Mustafa
(pathologist) at Sulaimani Teaching Hospital, who helped us in taking the
biopsy images.
Author details
1Department of Hematology, Hiwa Hematology-Oncology Center, Kurdistan
Regional Government, Sulaimaniyah, Iraq. 2Department of Hematopathology,
University of Sulaimani, Kurdistan Regional Government, Sulaimaniyah, Iraq.
3Department of Biochemistry, Faculty of Medical Sciences, School of
Medicine, University of Sulaimani, Kurdistan Regional Government,
Sulaimaniyah, Iraq.

Received: 5 May 2012 Accepted: 29 August 2012
Published: 11 October 2012

References
1. Paydas S, Ergin M, Baslamisli F, Yavuz S, Zorludemir S, Sahin B, Bolat FA:

Bone marrow necrosis: clinicopathologic analysis of 20 cases and review
of the literature. Am J Hematol 2002, 70:300–305.

2. Eusni RM, Hamidah Hussin N, Zarina AL, Rahman J: Bone marrow necrosis
preceding infantile acute lymphoblastic leukaemia. Malays J Pathol 2007,
29:113–117.

3. Foucar K: Miscellaneous disorders of bone marrow including stromal and
bone marrow abnormalities. In Bone Marrow Pathology. 2nd edition.
Chicago: ASCP Press; 2001:546–585.

4. Invernizzi R, D’Alessio A, Iannone AM, Pecci A, Bernuzzi S, Castello A: Bone
marrow necrosis in acute lymphoblastic leukemia. Haematologica 1995,
80:572–573.

5. Bernard C, Sick H, Boilletot A, Oberling F: Bone marrow necrosis: acute
microcirculation failure in myelomonocytic leukemia. Arch Intern Med
1978, 138:1567–1569.

6. Tang YM, Jeavons S, Stuckey S, Middleton H, Gill D: MRI features of bone
marrow necrosis. AJR Am J Roentgenol 2007, 188:509–514.

7. Ranaghan L, Morris TC, Desai ZR, Markey GM: Bone marrow necrosis.
Am J Hematol 1994, 47:225–228.

8. Norgard MJ, Carpenter JT Jr: Conrad ME: Bone marrow necrosis and
degeneration. Arch Intern Med 1979, 139:905–911.

9. Cowan JD, Rubin RN, Kies MS, Cerezo L: Bone marrow necrosis. Cancer
1980, 46:2168–2171.

10. Conrad ME, Carpenter JT: Bone marrow necrosis. Am J Hematol 1979,
7:181–189.

11. Brown CH 3rd: Bone marrow necrosis: a study of seventy cases.
Johns Hopkins Med J 1972, 131:189–203.

12. Kiraly JF 3rd: Wheby MS 3rd: Bone marrow necrosis. Am J Med 1976,
60:361–368.

13. Janssens AM, Offner FC, Van Hove WZ: Bone marrow necrosis. Cancer 2000,
88:1769–1780.

14. Dunn P, Shih LY, Liaw SJ, Sun CF: Bone marrow necrosis in 38 adult
cancer patients. J Formos Med Assoc 1993, 92:1107–1110.

15. Delgado P, Giraldo P, Roca M, Alvarez R: [Magnetic resonance imaging in
the early diagnosis of bone marrow necrosis] [in Spanish]. Sangre (Barc)
1999, 44:65–69.

16. Lee JL, Lee JH, Kim MK, Cho HS, Bae YK, Cho KH, Bae SH, Ryoo HM, Lee KH,
Hyun MS: A case of bone marrow necrosis with thrombotic
thrombocytopenic purpura as a manifestation of occult colon cancer.
Jpn J Clin Oncol 2004, 34:476–480.

17. Bulvik S, Aronson I, Ress S, Jacobs P: Extensive bone marrow necrosis
associated with antiphospholipid antibodies. Am J Med 1995, 98:572–574.

18. Lackner H, Strenger V, Sovinz P, Beham-Schmid C, Pilhatsch A, Benesch M,
Schwinger W, Ulreich R, Schmidt S, Urban C: Bone marrow necrosis in a
girl with Hodgkin’s disease. Support Care Cancer 2012, 20:2231–2234.

19. Petrella T, Bailly F, Mugneret F, Caillot D, Chavanet P, Guy H, Solary E,
Waldner A, Devilliers E, Carli PM, Michiels R: Bone marrow necrosis and
human parvovirus associated infection preceding an Ph1+ acute
lymphoblastic leukemia. Leuk Lymphoma 1992, 8:415–419.

20. Aboulafia DM, Demirer T: Fatal bone marrow necrosis following
fludarabine administration in a patient with indolent lymphoma.
Leuk Lymphoma 1995, 19:181–184.

21. Limentani SA, Pretell JO, Potter D, DuBois JS, Daoust PR, Spieler PS, Miller
KB: Bone marrow necrosis in two patients with acute promyelocytic
leukemia during treatment with all-trans retinoic acid. Am J Hematol
1994, 47:50–55.

22. Kumakura S, Ishikura H, Kobayashi S: Bone marrow necrosis and the
Lambert-Eaton syndrome associated with interferon α treatment.
N Engl J Med 1998, 338:199–200.



Khoshnaw et al. Journal of Medical Case Reports 2012, 6:349 Page 7 of 7
http://www.jmedicalcasereports.com/content/6/1/349
23. Macfarlane SD, Tauro GP: Acute lymphocytic leukemia in children
presenting with bone marrow necrosis. Am J Hematol 1986, 22:341–346.

24. Graham ML, Estrada J, Ragab AH, Starling KA, Rosen D, Wilkenson RW:
Phase II trial of mitoxantrone in acute lymphocytic leukemia of
childhood. A Pediatric Oncology Group study. Invest New Drugs 1991,
9:263–267.

25. Montemayor-Montoya JL, De León-Cantú RE, Gómez-Almaguer D,
Herrera-Garza JL: 3 cases of bone marrow necrosis in acute leukemia]
[in Spanish. Rev Invest Clin 1997, 49:295–298.

26. Pullen DJ, Boyett JM, Crist WM, Falletta JM, Roper M, Dowell B, Van Eys J,
Jackson JF, Humphrey GB, Metzgar RS, Cooper MD: Pediatric oncology
group utilization of immunologic markers in the designation of acute
lymphocytic leukemia subgroups: influence on treatment response.
Ann N Y Acad Sci 1984, 428:26–48.

27. Matsuzaki A, Okamura J, Ishii E, Ikuno Y, Koga H, Eguchi H, Yanai F, Inada H,
Nibu K, Hara T, Take H, Miyazaki S, Tasaka H: Treatment of standard-risk
acute lymphoblastic leukemia in children: the results of protocol AL841
from the Kyushu-Yamaguchi Children’s Cancer Study Group in Japan.
Pediatr Hematol Oncol 1999, 16:187–199.

28. Ishii E, Hara T, Ohkubo K, Matsuzaki A, Takeuchi T, Ueda K: Treatment of
childhood acute lymphoblastic leukemia with intermediate-dose
cytosine arabinoside and adriamycin. Med Pediatr Oncol 1986, 14:73–77.

doi:10.1186/1752-1947-6-349
Cite this article as: Khoshnaw et al.: Precursor T-cell acute lymphoblastic
leukemia presenting with bone marrow necrosis: a case report. Journal
of Medical Case Reports 2012 6:349.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Introduction
	Case presentation
	Conclusion

	Introduction
	Case presentation
	Discussion
	Conclusions
	Consent
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

