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Letter to the Editor 
Diagnostic Hematology

Bone Marrow Findings in Patients With Ewing 
Sarcoma/Primitive Neuroectodermal Tumor
Kuenyoul Park , M.D.1, Hyeri Kim , M.D., Ph.D.2, Kyung-Nam Koh , M.D., Ph.D.2, Ho Joon Im , M.D., Ph.D.2,  
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Dear Editor,

Ewing sarcoma is the second most common type of bone sar-

coma in pediatric patients. The microscopic morphology of Ew-

ing sarcoma family tumor (ESFT) shows small, uniform, round 

cells with scanty Periodic acid–Schiff (PAS)-positive cytoplasm 

[1]. Strong, diffuse membranous CD99 expression, a hallmark 

of ESFT, is observed in 95%–100% of ESFT cases [2].

Bone marrow (BM) metastasis is a poor prognostic factor as 

compared with other bone metastases [3]. An inexperienced 

hematopathologist may misdiagnose BM metastasis in patients 

with ESFT [4]. Various efforts to increase the sensitivity of BM 

aspiration and biopsy (BMAB), including novel immunohisto-

chemical (IHC) markers such as PAX7, have been reported [5]; 

however, reports on BM studies of patients with ESFT are lim-

ited. We investigated the morphological and IHC characteristics 

of BM findings in ESFT with BM metastasis.

This retrospective study included a total of 55 patients who 

were newly diagnosed as having ESFT and who underwent BM 

studies at Asan Medical Center, Seoul, Korea, between January 

2000 and September 2018. This study was approved by the In-

stitutional Review Board of Asan Medical Center (S2020-0314-

0001), which waived the requirement for written informed con-

sent.

We reviewed electronic medical records of all the enrolled pa-

tients for clinical synopsis and the first BM findings. BM biopsy 

specimens or clot sections were stained with anti-CD56 (123C3; 

Zymed, San Francisco, CA, USA) and anti-CD99 (ERP3097Y; 

Cell Marque Corp., Hot Springs, AR, USA) using an automated 

IHC staining system (Ventana Benchmark XT; Ventana Medical 

Systems, Tucson, AZ, USA). 

We applied Pearson’s chi-square test and two-tailed Student’s 

t-test for statistical analysis using MedCalc (version 19.2; Med-

Calc Software Ltd, Ostend, Belgium).

We observed that age, sex, and primary tumor sites were not 

significantly associated with metastasis at diagnosis. Primary tu-

mors were found in the extremities (9/55, 16.3%); chest/spine/

head and neck (27/55, 56.4%); and, abdomen and pelvis 

(10/55, 27.3%). IHC positivities for primary tumor specimens 

were CD99, 98% (50/51); FLI-1, 92% (24/26); vimentin, 85% 

(11/13); and, CD56, 63% (10/16). One specimen that was 

CD99-negative stained positive for vimentin and CD56.

We observed BM metastasis in seven patients (12.7%, 7/55; 

Table 1). One patient was readily diagnosed as having BM me-

tastasis of ESFT based on morphological findings (Fig. 1A & B). 

IHC staining of CD56 and CD99 was performed for all seven 

specimens. Of these, three were CD56–/CD99+, and the others 

were CD56+/CD99+ (Fig. 1C & D). We performed BM karyotyp-

ing for 42 patients, including three with BM metastasis (patients 
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3, 6, and 7 in Table 1); all patients showed normal karyotypes.

Of the seven ESFT patients with BM metastasis, six had bone 

metastasis and one had lung metastasis. Bone scans did not 

show any distant bone metastatic findings in two BM metastasis 

cases; one case of multiple bone metastasis was revealed by 

whole-body magnetic resonance imaging (MRI), and the other 

case did not show any metastatic findings by positron emission 

tomography (PET).

This study focused on aiding accurate BM diagnosis for de-

tecting BM metastasis of ESFT. Our findings suggest that IHC 

staining of CD56 and CD99 is useful for diagnosing BM metas-

tasis of ESFT. In addition, imaging studies without BMAB may 

mislead the diagnosis of BM metastasis of ESFT.

In the present study, 12.7% of the ESFT patients had BM 

metastasis, while in other studies the BM metastasis rate varied 

between 2% and 18% [6–8]. Ethnic and institutional differ-

ences affecting patient characteristics, such as tumor burden, 

could explain this variability. 

CD99 is a well-known diagnostic marker for ESFT [2]. How-

ever, one biopsy specimen of an ESFT primary site with no BM 

metastasis showed CD99 negativity, but CD56 positivity. Be-

cause CD56 positivity is reported in approximately 60% patients 

with ESFT [9], CD56 may serve as an additional diagnostic 

marker in BM evaluation of ESFT.

In our study, one BM metastasis case revealed no metastatic 

findings on whole-body PET/computed tomography and MRI. 

Although the limitation of BMAB for the detection of BM metas-

tasis has been demonstrated, BMAB could reveal BM metasta-

ses in cases that did not show any metastatic findings in imag-

ing studies [7, 8]. Furthermore, considering the very low risk of 

complications in BMAB [10] and its prognostic value in ESFT 

[3], it may be reasonable to perform BMAB for ESFT evaluation.

Our study has some limitations. First, the inclusion criterion 

was limited: patients who underwent BMAB. Second, recent 

technologies, such as next-generation sequencing that can de-

tect circulating tumor DNA in the blood, could not be imple-

mented in this study. 

We conclude that BM study using IHC of CD56 and CD99 in 

ESFT is valuable for detecting metastasis.

Table 1. Characteristics for seven patients with BM metastasis of Ewing sarcoma family tumor

Patient number Sex/age Primary tumor site
Metastatic finding, 

bone scan/PET

BM site and BM 
metastasis 

(right/left, if bilateral)
BM karyotype

BM IHC staining

CD56 CD99

1 M/29 yr Trunk, back +/+ Unilateral, + Not performed + +

2 F/17 yr Foot, left +/+ Unilateral, + Not performed + +

3 F/12 yr Abdominal mass –/Not performed* Bilateral, –/+ Normal + +

4 F/2 mo Neck, right +/Not performed Bilateral, +/– Not performed – +

5 M/18 yr Lumbar spine –/– Bilateral, +/– Not performed – +

6 M/6 yr Shoulder, right +/Not performed Bilateral, +/+ Normal + +

7 F/10 yr Ilium, right +/+ Bilateral, +/+ Normal – +

*Multiple bone metastases on whole-body MRI.       
Abbreviations: M, Male; F, Female; ESFT, Ewing sarcoma family tumor; BM, bone marrow; IHC, immunohistochemistry; PET, positron emission tomography; 
‘+’, positive; ‘–’, negative; MRI, magnetic resonance imaging.

Fig. 1. Characteristic BM aspirate and biopsy findings of patients with BM metastasis of ESFT. (A) Small, round cells with bluish cytoplasm 
on BM aspirate smear (Wright stain, ×1,000). (B) Clustered, uniform, small, round cells in BM biopsy section (H&E stain, ×400). (C) 
Clustered, neoplastic cells on BM biopsy section (CD56 IHC, ×400). (D) Clustered, neoplastic cells on BM clot section (CD99 IHC, ×400).  
Abbreviations: BM, bone marrow; IHC, immunohistochemistry; ESFT, Ewing sarcoma family tumor.
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