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Why should I care about flow 
cytometry?
• Standard of care in diagnosis of hematolymphoid 

malignancy
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What can flow cytometry do for 
me?
• Rapid whittling of the differential diagnosis in less 

than 4 hours.

• Example: Cervical Lymphadenopathy- ddx reactive, 
carcinoma, lymphoma, sarcoma

• Flow can tell you:
• lymphoma, reactive, small cell carcinoma

• B cell vs T cell lymphoma
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When should I order flow?

It depends….

1. Lymphadenopathy without a clear primary 

2. Leukocytosis of unclear cause (particularly 
lymphocytosis)

3. Leukopenia (with a relative lymphocytosis)

4. *Almost any bone marrow biopsy
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When should I not order flow?

(You may not know a priori)

1. Leukocytosis with a clear cause

2. Infectious etiologies

3. Non-heme malignancies 

4. MDS/MPN in the peripheral blood

5. CSF fishing expedition – very low yield*
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Evidence for CSF flow

• Screening in neurologic 
symptoms
– sensitivity 13%

• Monitoring for CSF 
involvement post therapy 
– sensitivity 78-100%
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How do I use recent(ish) advances 
in flow diagnosis?
• T cell clonality

• Myelodysplastic syndrome evaluation

• CMML

• Minimal residual disease testing
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T cell clonality

• Clonality (Monotypia) 
Determination
• “Killer application” of flow cytometry

• Worked well in B cell process

• Light chain selection takes place early 
in B cell development and neoplastic 
processes 

n.b. Not all monotypic things are 
clonal 
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CD4:CD8 Ratio

• Surrogate for clonality
• Used in conjunction with phenotypic 

aberrancy

• Lots of pitfalls
• Reactive conditions

• Expansion of reactive subsets

• Relatively wide range of normal 
ratios 4-6:1 to 1-0.5:1 depending on 
who you ask
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T cell receptor constant region

• New antibodies raised against constant beta region 
1 (JOVI.1)

• TCR expression requires expression of the constant 
regions

• There are two constant genes that can be selected
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Running on one cylinder…

• We have one antibody against TRBC1

• No antibodies exist for TRBC2 (yet)

• Therefore, a positive result for TRBC1 binding 
means TRBC1 expression

• But, a negative result does not necessarily mean 
TRBC2 expression (could be TCR-γδ)

• CD3 required for TCR expression, therefore CD3-
cases will be negative for TCR-{anything}
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Normal/Reactive Case
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LGL example
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TFH example
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The future of T cell clonality

• Will likely be incorporated into screening panels
• Akin to Kappa/Lambda for B cell lymphomas
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MDS evaluation by flow*

• Not a diagnostic criteria by WHO5e or ICC

• Ogata Scoring



Private Information

Ogata Score
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Ogata Score

• Easy to implement: Just about any flow panel can 
pull it off

• Objective criteria

• Recommend 1000 CD34+ cells for statistical rigor

• Specific but not sensitive
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Ogata K, Della Porta MG, Malcovati L, 
Picone C, Yokose N, Matsuda A, 
Yamashita T, Tamura H, Tsukada J, Dan K. 
Diagnostic utility of flow cytometry in 
low-grade myelodysplastic syndromes: a 
prospective validation study. 
Haematologica. 2009 Aug;94(8):1066-74. 
doi: 10.3324/haematol.2009.008532. 
Epub 2009 Jun 22. PMID: 19546439; 
PMCID: PMC2719029.
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Implementation
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Let a hundred flowers bloom; let a 
hundred schools of thought contend.
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iFS
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Abnormalities

Wells DA, Benesch M, Loken MR, Vallejo C, Myerson D, Leisenring
WM, Deeg HJ. Myeloid and monocytic dyspoiesis as determined by 
flow cytometric scoring in myelodysplastic syndrome correlates with 
the IPSS and with outcome after hematopoietic stem cell 
transplantation. Blood. 2003 Jul 1;102(1):394-403. doi: 
10.1182/blood-2002-09-2768. Epub 2003 Mar 20. PMID: 12649150.
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But that’s not all….
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So what?

• Strict application of the FCSS 
or iFS system is unusual in US 
labs

• But it seems to work
• Several validations 

demonstrated over 15 years

Scott BL, Wells DA, Loken MR, Myerson D, Leisenring WM, Deeg HJ. 
Validation of a flow cytometric scoring system as a prognostic indicator for 
posttransplantation outcome in patients with myelodysplastic syndrome. 
Blood. 2008 Oct 1;112(7):2681-6. doi: 10.1182/blood-2008-05-153700. Epub
2008 Jul 7. PMID: 18606877; PMCID: PMC2556605.
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Features of CMML by flow

• Homogenization of the mature monocytic subsets

• Classical monocytes comprising >94% of all 
monocytes
• Sensitivity and specificity values of 90.6% and 95.1% for 

CMML

Selimoglu-Buet, Dorothée et al. “Characteristic 
repartition of monocyte subsets as a diagnostic 
signature of chronic myelomonocytic 
leukemia.” Blood vol. 125,23 (2015): 3618-26. 
doi:10.1182/blood-2015-01-620781
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MRD Testing

• Low levels of disease after therapy is predictive of 
relapse
• *dose response

• Multiple modalities available
• PCR, NGS, flow cytometry
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Flow Based MRD testing

• Standard of care in B-LBL

• Widely used in AML and Myeloma

• Some use in B-NHL (CLL/SLL)
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Basic Principle

• Evaluate lots of cells and find a few dozen abnormal 
ones 
• Phenotypically aberrant: gain or loss of antigen 

expression, homogeneous expression where you expect 
a stereotypic maturational path



Private Information

Myeloma MRD

0.05% of 
leukocytes
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Additional Markers in MM MRD

• Vs38c
• Relatively specific marker for plasma cells, cytoplasmic 

localization, likely immune to targeted therapies

• CD27
• Often decreased in myeloma (50% of cases)

• CD81
• Can be decreased or increase in myeloma (usually 

decreased, 50% of cases)

• Bright CD81 is seen in hematogones (19+/38+ cells)
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B-LBL MRD



Private Information

Maturation based MRD

• Know the normal patterns of maturation 

• Know typical derangements seen in post 
therapy/stressed marrows
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Flow MRD in the era of targeted 
therapies
• Myeloma

• Anti-CD38 therapy (daratumumab)

• B cell lymphomas/Leukemias
• Anti-CD20 and Anti-CD19 therapies 

• Necessitates novel gating markers to circumvent 
key marker loss
• VS38c, IRF4(MUM1)

• CD24+CD66b
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Opportunities in flow cytometry

• Tech only or TC/PC split flow cytometry

• TC has high fixed cost/ low marginal cost

• Maybe its worthwhile? Maintain skills, professional 
satisfaction, revenue* or RVU generation

• PC codes
• 88187/8/9=16+ color eval

n.b. Not performed at ARUP



Private Information

Growing in popularity

• Offered by many commercial reference laboratories

• Different models 
• Analysis can done by the referring pathology lab

• Digital PDF vs raw data
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Nota bene

• CAP proficiency exists for referring lab

*Disclosure: I am a member without pay on 
the CAP’s Diagnostic Immunology and Flow 
Cytometry Committee



Private Information

Setting up a flow lab?

• Highly unlikely in this financial environment

• Lack of skilled med techs

• High startup and fixed costs

• Upgrading with each generation of technology is 
out of reach
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Conclusion

• Flow is the standard of care in hematolymphoid 
diagnosis

• Flow is fast and efficient

• Flow is not a panacea for good clinical judgement 
and has a limited set of indications

• Advances in flow have increased its utility

• TC/PC splits are an opportunity to improve your 
practice
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