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Malignant tumours almost always give metastases to distant organs. Cells from the 
primary tumour get off and enter the circulation (circulating tumour cells, CTC), then 
settle down in a distant organ to form secondary tumours (disseminated tumour cells, 
DTC).   
 
The certain tumours might prefer different organs in which they give metastases. 
 
The most common pediatric tumour types that give bone marrow metastases are 
neuroblastoma, rhabdomyosarcoma, Ewing’s sarcoma and retinoblastoma. Adult tumour 
types often metastasing in the bone marrow are prostate, breast and lung cancers.  
 
Examining the bone marrow is important in staging and also in follow-up. Involvement of 
the bone marrow in a malignant disease may affect therapy. Early relapse might be 
detected in the bone marrow during follow-up.  
 
Bone marrow involvement is traditionally tested by immunohistochemistry (IHC) 
methods. Nowadays the role of multicolor flow cytometry (MFC) is getting more and 
more important.  

Introduction 



Multicolor flow cytometry (MFC) has an essential role in the diagnostics of hematological 
malignancies. Markers in the hematologic spectrum, however, can be used in detecting 
the presence of non-hemopoietic cells in the bone marrow.  
 
Useful markers in detecting non-hemopoietic cells: CD45 (non-hemopoietic cells are 
negative), CD81, CD56, CD99, EpCam, CD271 (LNGFR – low affinity nerve growth factor 
receptor), GD2 (di-sialo-gangliosid), nMyoD, n-myogenin. 
 
Immunophenotypes of solid tumours commonly metastasing in the bone marrow: 
 
Neuroblastoma: CD45-/CD81+/CD56+/CD117-+/GD2+ 
Ewing’s sarcoma: CD45-/CD99+ 
PNET: CD45-/CD99+/CD117+/CD271+ 
Histiocytosis: CD45-/CD1a+ 
Carcinoma: CD45-/EpCam+ 

Introduction 



72 samples were examined by MFC:  
63 bone marrow (BM)  
6 cerebrospinal fluid (CSF) 
2 bronchoalveolar lavage fluid (BAL)  
1 peripheral blood (PB) sample  
 from 50 different patients.  
 
IHC data were available in 48 cases.  
 
2 study cohorts: 
 
Solid tumour cohort: 36 samples derived from 34 patients with various forms of 
suspected and proven solid tumours (16 children, 18 adults)  
 
Neuroblastoma cohort: 36 samples of 16 children with suspected or proven 
neuroblastoma at diagnosis or during follow-up. 

Patients and samples 



No. Sex Age Tumour type 

1 Male 17y † clear cell renal cell carcinoma 

2 Female 19y Wilms tumour 

3 Female 4y mature teratoma 

4 Female 18y chondrosarcoma 

5 Female 13y Wilms tumour 

6 Male 14y grade 1 pilocytic astrocytoma 

7 Male 4m † histiocytosis 

8 Male 17y † synovial sarcoma 

9 Female 8y † choroid plexus carcinoma 

10 Female 12y histiocytosis 

11 Female 2.5y † 
atypical teratoid/rhabdoid 

tumour 

12 Female 17y PNET 

13 Male 14y Ewing sarcoma 

14 Male 94y † prostate cancer 

15 Male 46y † follicular lymphoma 

16 Male 57y † gastric cancer 

17 Male 60y † lung cancer 

18 Male 60y  histiocytosis 

19 Male 90y prostate cancer 

20 Male 23y Hodgkin disease 

21 Male 49y lung cancer 

Malignant disease was proven in 21 of 36 cases in the group with suspected or proven 
various solid tumours.  



MFC+/IHC+ concordant results 
 6 cases in the various solid tumour group  
 13 cases in the neuroblastoma group 
 
MFC-/IHC- concordant results 
 8 cases in the various solid tumour group when the malignant disease was proven 

but without any bone marrow involvement 
 6 cases in this same group when finally no malignant disease was proven 
 4 cases in the neuroblastoma group 
 
MFC-/IHC+ discordant results 
 2 cases in the various solid tumour group 
 2 cases in the neuroblastoma group 
 
MFC+/IHC- discordant results 
 7 cases in the neuroblastoma group 

Observed patterns 
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MFC+ / IHC+ de novo neuroblastoma. MFC revealed 30% of CD45-/CD56+/CD81+ neuroblastoma 
cells (A, B). Giemsa (C) and chromogranin (D) staining of the same aspirate also detected 
neuroblastoma cells and a 90% infiltration of the trephine biopsy specimen was found by CD56 IHC 
(E) and chromogranin staining (F). 

Examples 
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MFC+ / IHC- neuroblastoma MRD cases 

Examples 
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Bone marrow aspirate 
analysis by MFC was negative 
but morphological evaluation 
of the crest biopsy sample 
detected 10% peritrabecular 
pathological histiocytes 
characteristic for 
Langerhans cell histiocytosis. 
Haematoxylin eosin staining 
(A,B), naphtol-AS-D-
chloroacetate 
esterase (C) and S-100 IHC 
(D). 

MFC-/IHC+ pattern 

Examples 
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MGG, 1000x 

MGG, 1000x MGG, 1000x 

Bone marrow smear of a 60-year-old male. Computer tomography 
showed signs of possible lung cancer.  

MGG, 100x 

Example of a MFC+ case in which IHC studies could not be carried out 
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16% CD45-/CD56+/CD117+/EpCAM+ disseminated tumour cells were 
detected in the bone marrow by MFC. IHC studies could not be carried out 
due to severe thrombocytopenia. The patient received chemotherapy 
based on the MFC finding but passed away 6 weeks later.  



Sensitivity 

Neuroblastoma 
diagnostic 

Neuroblastoma 
MRD 

Other solid 
tumours 

MFC 100% 90% 82% 

IHC 80% 65% 100% 

Specificity 

Neuroblastoma 
diagnostic 

Neuroblastoma 
MRD 

Other solid 
tumours 

MFC 100% 100% 96% 

IHC 100% 100% 100% 

Efficacy 

Neuroblastoma 
diagnostic 

Neuroblastoma 
MRD 

Other solid 
tumours 

MFC 100% 92% 91% 

IHC 86% 68% 100% 

Results 



Discussion 

Multicolor flow cytometry was more sensitive and more efficient than 
immunohistochemistry in neuroblastoma cases.  
 
Higher sensitivity of MFC was even more prominent in neuroblastoma MRD detection. As 
MFC is carried out on bone marrow aspirate, tumour cells anchored to bone marrow 
stroma might not have been present in the aspirate, but detecting residual malignant cells 
even in very low percentages can affect clinical decisions and therapeutic strategy.  
 
In cases of other solid tumour types IHC was better, as our flow cytometry laboratory is 
designed primarily for the diagnosis and follow-up of hematologic malignancies.  
 
With specific markers for certain solid tumour cells, flow cytometry can have a more 
significant role in tumour diagnostics and follow-up. Flow cytometry is much faster than 
immunohistochemistry, results can be obtained within hours. This helps in getting 
definitive diagnosis (and starting adequate treatment) earlier.  


