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INTRODUCTION

Neuroblastoma is classically composed of small round

blue cells forming pseudorosettes around fibrillary stroma.

Prominent cytoplasmic vacuoles are a hallmark of the L3

subtype of acute lymphoblastic leukemia (ALL) in the

French-American-British classification. Cytoplasmic vacuo-

lation has also been observed in medulloblastoma [1], Ewing

sarcoma, and rhabdomyosarcoma [2,3], but rarely described

as a morphologic feature in primary neuroblastoma tumor

tissue biopsies [4,5]. Hence, vacuolated metastatic neuro-

blastomamorphologically canmimic acute leukemia in bone

marrow aspirate (BMA) smears, especially in cases where

the bone marrow is replaced by non-cohesive tumor cells

[6,7]. Here we describe two cases of metastatic neuro-

blastoma with significant cytoplasmic vacuolations of the

neuroblasts.

CASE PRESENTATIONS

Case 1

The first patient was a 2-year-old male, who initially

presented at 19 months of age with a large mass originating

from the right adrenal gland. Histological examination of the

mass revealed stroma-poor neuroblastoma with a high

mitotis-karyorrhexis index (MKI) and amplification of the

MYCN gene. The bone marrow was not involved with

neuroblastoma at that time. More than 90% reduction of the

tumor was achieved after five courses of chemotherapy

with combinations of cisplatin, carboplatin, etoposide,

doxorubicin, and cyclophosphamide. Treatment was discon-

tinued because the parents did not consent for further

chemotherapy.

Eight months after the last course of chemotherapy,

the patient sustained a pathologic fracture of the right tibia.

Imaging studies revealed tumor recurrence with extensive

osseous metastases. BMA smears stained with Wright-

Giemsa showed either isolated or rare clumps of tumor cells

with abundant, cytoplasmic vacuolation. They displayed

basophilic cytoplasmic staining and had several nucleoli

reminiscent of L3 lymphoblast morphology (Fig. 1A). Flow

cytometric analysis of the bonemarrowmononuclear cells on

an Epics XL machine (Coulter, Miami, FL) revealed the

presence of cells which were negative for CD45, CD19, and

surface immunoglobulin, but positive for CD9 and CD56,

consistent with a neuroectodermal origin (Fig. 2) [8].

Trephine biopsy of the bone marrow showed aggregates of

small blue cells with positive neuron-specific enolase stain-

ing. The patient received several courses of chemotherapy

including cyclophosphamide and topotecan, as well as

surgical excision of the primary adrenal mass. He died

7 months after his relapse.

Case 2

The second patient was a 3-year-old female, who

presented with right lower extremity pain, limping, periorbi-

tal ecchymoses, and anemia. Imaging studies showed a right-

sided adrenal mass and widespread osseous metastases.

Clumps of small blue cells with abundant cytoplasmic

vacuolation were seen in bone marrow aspiration smears

(Fig. 1B). Trephine biopsy of the bonemarrow showed sheets

of malignant small round blue cells with scanty cytoplasm,

inconspicuous nucleoli, and a neurofibrillary background

with positive neuron-specific enolase staining. MYCN

amplification and trisomy 8 were detected in the metastatic
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bone marrow neuroblasts using fluorescence in situ hybridi-

zation technique.

DISCUSSION

Metastatic neuroblastoma of the bone marrow typically

displays large clumps of tumor cells that can be easily

detected with the examination of BMA smears using low-

magnification [7]. The presence of Homer-Wright rosettes

and a blue-gray, amorphous, and fibrillar background mate-

rial more specifically point to a diagnosis of metastatic

neuroblastoma on review of tissue biopsy specimens [9].

The examination of the bonemarrow is one of the primary

tests for patients presenting with anemia and bone pain. The

absence of an abdominal mass on either physical examina-

tion or imaging studies could lead the diagnosis toward

leukemia. However, there are rare cases of neuroblastoma

presenting without an identifiable primary site but with bone

marrow metastases. In such patients, the presence of cyto-

plasmic vacuolations may potentially make the diagnosis of

neuroblastoma appear unlikely. There have been anecdotal

cases of neuroblastoma initially diagnosed as acute leukemia

[10,11]. Secondary acute myeloid leukemia and co-occur-

rence of leukemia with neuroblastoma have also been

reported [12–15].

Glycogen and lipid accumulation comprise the cytoplas-

mic vacuoles in Ewing sarcoma and Burkitt lymphoma,

respectively [4]. In neuroblasts under in vitro conditions,

cytoplasmic vacuoles have been observed in degenerating

neuroblastoma cell lines and following exposure to prosta-

glandins [16] or iron [17,18]. Although our first case had

documented transfusional iron overload at the time of BMA,

the second patient did not. It is very premature to draw a

conclusion that the presence of vacuoles might be associated

with the iron overload. Hence, the etiology of neuroblast

vacuolation in these two cases remains unknown. We have

also reviewed the stained BMA smears of the eight other

cases with metastatic neuroblastoma followed at our hospital

in the last 4 years. None of these had neuroblasts with

cytoplasmic vacuolations.
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Fig. 1. Neuroblasts with prominent cytoplasmic vacuolation are

shown on bone marrow aspiration smears of the first (A) and second

(B) case (Wright-Giemsa, 100�). [Color figure can be viewed in the

online issue, which is available at www.interscience.wiley.com.]

Fig. 2. Whole bone marrow was stained with CD45-PC5, CD9-FITC, and CD56-PE (Immunotech, Brea, CA). Control isotypes used were IgG1-

FITC and IgG2A-PE (Immunotech, Brea, CA). Nucleated cells were gated using forward scatter (FS) and side scatter (SS) characteristics to exclude

platelets, debris, and erythrocytes. (A) CD45-negative to dim events (B) were sent to two parameter histogram of CD9-FITC versus CD56-PE and

double-positive events were enumerated (C). CD45-negative, CD9-positive, and CD-56-positive cells represent neuroblasts.

2 Alcasabas et al.



REFERENCES

1. Chu JY. Metastatic medulloblastoma simulating acute leukemia. J

Pediatr 1979;94:921–923.
2. Ali R, Ozkalemkas F, Ozan U, et al. Rhabdomyosarcoma of the

perianal region presenting as acute leukemia. Ann Hematol 2004;

83:729–730.
3. Maslak P. Rhabdomyosarcoma. Blood 2005;105:1849.

4. LayfieldLJ, LiuK,DodgeKS. Logistic regression analysis of small

round cell neoplasms: A cytologic study. Diagn cytopathol 1999;

20:271–277.
5. Silverman LB, Sallan SE. Acute lymphoblastic leukemia. In:

NathanDG,Orkin SH,GinsburgD, et al. editors.Nathan andOski’s

hematology of infancy and childhood. Philadelphia:W.B. Saunders

Company; 2003. pp 1135–1166.
6. Foucar KM. The bone marrow. In: Stocker JT, Dehner LP, editors.

Pediatric pathology. Philadelphia: Lippincott Williams &Wilkins;

2002. pp 1135–1162.
7. Mills AE, Bird AR. Bone marrow changes in neuroblastoma.

Pediatr Pathol 1986;5:225–234.
8. KomadaY, ZhangXL, ZhouYW, et al. Flow cytometric analysis of

peripheral blood and bone marrow for tumor cells in patients with

neuroblastoma. Cancer 1998;82:591–599.

9. Head DR, Kennedy PS, Goyette RE. Metastatic neuroblastoma in

bone marrow aspirate smears. Am J Clin Pathol 1979;72:1008–

1011.

10. Boyd JE, Parmley RT, Langevin AM, et al. Neuroblastoma

presenting as acute monoblastic leukemia. J Pediatr Hematol

Oncol 1996;18:206–212.

11. Slamovits TL, Rosen CE, SuhrlandMJ. Neuroblastoma presenting

as acute lymphoblastic leukemia but correctly diagnosed after

orbital fine-needle aspiration biopsy. J Clin Neuroophthalmol

1991;11:158–161.

12. Kushner BH, Cheung NK, Kramer K, et al. Neuroblastoma and

treatment-related myelodysplasia/leukemia: The Memorial Sloan-

Kettering experience and a literature review. J Clin Oncol

1998;16:3880–3889.

13. Ng A, Taylor GM, Eden OB. Secondary leukemia in a child with

neuroblastoma while on oral etoposide: What is the cause? Pediatr

Hematol Oncol 2000;17:273–279.

14. Ayukawa H, Umemoto Y, Kawasaki K, et al. Myeloid-positive

T cell acute leukemia after treatment of infantile neuroblastoma.

Med Pediatr Oncol 2001;37:479–480.

15. Santos-Machado TM, Zerbini MC, Cristofani LM, et al. Simulta-

neous occurrence of advanced neuroblastoma and acute myeloid

leukemia. Pediatr Hematol Oncol 2001;18:129–135.

16. Prasad KN, La Rosa FG, Prasad JE. Prostaglandins act as

neurotoxin for differentiated neuroblastoma cells in culture and

increase levels of ubiquitin and beta-amyloid. In Vitro Cell Dev

Biol Anim 1998;34:265–274.

17. Fernaeus S, Halldin J, Bedecs K, et al. Changed iron regulation in

scrapie-infected neuroblastoma cells. Brain Res Mol Brain Res

2005;133:266–273.

18. Nunez MT, Gallardo V, Munoz P, et al. Progressive iron

accumulation induces a biphasic change in the glutathione content

of neuroblastoma cells. Free Radic Biol Med 2004;37:953–

960.

Pediatr Blood Cancer DOI 10.1002/pbc

Vacuolated Neuroblasts Mimicking L3 ALL 3


