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DISCLOSURES

• I am an advisor to Clear Creek Bio (they make the drug brequinar which 
is a DHODH inhibitor) and X4 Pharma (they make the drug mavorixafor 
which is used for a rare disorder called the WHIM syndrome).
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KEY LEARNING OBJECTIVES

1. Interpret white blood cell abnormalities with a focus on chronic leukemias 
and indolent lymphoma.

2. Interpret anemias with a focus on red blood cell membrane and enzyme 
defects.

3. Interpret abnormalities in the platelet count with a focus on benign 
conditions and myeloproliferative neoplasms.



CASE

40F with abdominal pain and 
hemolysis



40-year-old female

• No significant past medical history

• No medications, no supplements, no alcohol. 

• G1P1, 1 healthy daughter

• “Caught a bad cold”

• Took Tylenol for 2 days 
• 1000 mg every 6 hours x 2-days = 8000 mg

• Developed abdominal pain and “yellow eyes”

• Presented to the emergency room



40F with abdominal pain and hemolysis

• BILIS = 12.6 / 3.0

• LDH = 22,270

• AST = 25,317

• ALT = 14,002

• FERRITIN = 179,082

• HAPTOGLOBIN = <10

• HGB = 8.6 (baseline 13.2)

• HCT = 29.1 (baseline 41.3)

• RETIC = 15.3%

• INR = 2.6

• FIBRINOGEN = 160
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Hemolysis, liver failure, blister cells… what is going on?

A. Autoimmune hemolytic anemia

B. Cold agglutinin disease

C. Oxidative damage to the cells in the setting of G6PD deficiency

D. Hereditary spherocytosis acute exacerbation

E. Spur cell anemia secondary to liver dysfunction



Hemolysis, liver failure, blister cells… what is going on?

A. Autoimmune hemolytic anemia

B. Cold agglutinin disease

C. Oxidative damage to the cells in the setting of G6PD deficiency

D. Hereditary spherocytosis acute exacerbation

E. Spur cell anemia secondary to liver dysfunction

** G6PD deficiency is X-linked and one of the most common human enzyme 
deficiencies **



G6PD testing

• Normal G6PD enzyme activity.
• The patient’s G6PD enzyme level was elevated above normal. 

• (Reminder: G6PD enzyme activity can sometimes be falsely normal in the 
setting of an acute exacerbation due to the higher G6PD enzyme activity 
level in reticulocytes).



Panel of genetic testing reveals a VUS
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GSR c.306C>G (p.Cys102Trp) VUS

• GSR = glutathione reductase
• Glutathione-disulfide reductase (GSR)

• Associated with autosomal recessive hemolytic anemia

• Exon 1
• c.306C>G (p.Cys102Trp)

• Homozygous

• Variant of Unknown Significance
• What do we make of this “unknown significance”?
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VUS : how do we know if it is pathogenic?

• GSR c.306C>G (p.Cys102Trp)

• Cysteine → Tryptophan

• The variant is found in whole exome 
population databases
• gnomAD = 0.009%

• About 1/10,000
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Alpha-Fold WT vs. C102W structures
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How does this happen?

• https://gnomad.broadinstitute.org/gene/ENSG00000104687?dataset=gnomad_r4 

• Cys102Trp has been reported.

• 8 heterozygotes out of 1,537,010 sequences.

• 1 in 200,000

• No homozygotes reported. 
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https://gnomad.broadinstitute.org/gene/ENSG00000104687?dataset=gnomad_r4
https://gnomad.broadinstitute.org/gene/ENSG00000104687?dataset=gnomad_r4


Spontaneous and complete recovery

• The patient made a steady recovery 
with supportive care and was 
discharged on HD#22

• Decreased GSR enzyme activity level 
was confirmed in the lab.

• (Don’t forget about G6PD deficiency!)

BILIRUBIN (TOTAL)



CASE

40M with thrombocytopenia



40M presents to the ED with an ankle laceration

• Working in construction.

• Feeling otherwise well.

• No bruising.

• Ankle laceration bleeding 
easily controlled with a 
bandage.



What is the next step?

A. Platelet transfusion.

B. Hematology consult.

C. Bone marrow biopsy.

D. Check PT/INR, aPTT.

E. Check peripheral blood smear.
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Now what is the next step?

A. Platelet transfusion.

B. Steroids and IVIG.

C. Bone marrow biopsy.

D. Citrated platelet count.

E. Nothing



Now what is the next step?

A. Platelet transfusion.

B. Steroids and IVIG.

C. Bone marrow biopsy.

D. Citrated platelet count.

E. Nothing



Pseudothrombocytopenia

Citrated platelet count

** Clumping occurs in the TUBE and not in the 
PATIENT **



CASE

21M with fatigue and anemia



21M with fatigue and anemia

• Healthy student.

• Presents to his primary care 
physician.

• Unusually fatigued. 

• Abdominal fullness.



21M with fatigue and anemia



What does this look like? 

A. Acute myeloid leukemia (AML).

B. Acute lymphoid leukemia (ALL).

C. Chronic myeloid leukemia (CML).

D. Chronic lymphoid leukemia (CLL).

E. Polycythemia vera
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Is it time to panic? 

• Creatinine is normal.

• LFTs are normal.

• PT/INR, PTT, Fibrinogen normal.

• HGB 9.5.

• PLT 259. 



CML: What is the most likely mutation? 

A. JAK2 V617F mutation.

B. BCR/ABL translocation.

C. P53 mutation.

D. EGFR exon 20 mutation. 

E. DNMT3A mutation.



CML: What is the most likely mutation? 

A. JAK2 V617F mutation.

B. BCR/ABL translocation.

C. P53 mutation.

D. EGFR exon 20 mutation. 

E. DNMT3A mutation.

• BCR/ABL is the classic t(9;22) chromosomal translocation that leads to 
constitutive ABL kinase signaling. 



21M with chronic myeloid leukemia

• BCR/ABL (+), translocation between chromosomes 9 & 22

• Started on Dasatinib (PO)



CASE

41F referred for an evaluation 
of her beta-thalassemia



41F with beta-thalassemia

• Long history of mild anemia.

• Marathon runner.

• Intermittent treatment with oral iron.

• Adopted from Korea.

• Korean government did genetic testing.

• Told her that she had beta thalassemia.

• Referred to hematology.

• Very healthy lady. 

• S/P cholecystectomy.









What is going on? 

A. Appears consistent with beta-thalassemia.

B. The preparation of the peripheral smear looks “off”. 

C. Consistent with hereditary spherocytosis.

D. Consistent with hereditary elliptocytosis.

E. Consistent with iron deficiency anemia. 
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This does not look like beta-thalassemia!

• Hemoglobin electrophoresis = normal

• Hemolysis markers:
• BILI = 1.5

• LDH = 259

• HAPTO = 15

• Smear: Elliptocytes

• Genetic testing: SPTA1 mutation.
• Alpha-Spectrin protein

• Red blood cell membrane key component

• SPTA1 (autosomal dominant elliptocytosis)

• P.SER591PRO (het)



RBC membrane defects

• Generally benign

• Shortened RBC lifespan
• Increased reticulocyte count

• Pro tip: Hemoglobin A1c is a good marker of RBC lifespan

• Further shortened in the settings of stress or infection

• Splenomegaly? (she did not have splenomegaly)

• Gallstones? (she was s/p cholecystectomy → pigment stones)

• Iron overload
• Try to avoid unnecessary iron supplementation





Interpreting the reticulocyte count

• Average person:
• RBC lifespan 120 days (~100 days)

• Reticulocyte count 1% (1/100)

• 1% of RBC are recycled and replaced each day

• Hereditary elliptocytosis
• Reticulocyte count 5.3%

• 5% of RBC are recycled and replaced each day

• RBC lifespan ~20 days?

• ** This is why folks get into trouble with a Parvovirus B19 infection **



New therapies for RBC problems?

• Mitapivat is a PK activator (boosts 
the enzyme activity of mutant 
pyruvate kinase).

• Hemoglobinopathies:
• Thalassemia

• Sickle cell disease

• Membranopathies/enzymopathies
• Hereditary spherocytosis

• Hereditary xerocytosis

NEJM, 2022



CASE

68F with anemia, 
thrombocytopenia, leukocytosis



68F with anemia (incidental discovery)



Peripheral smear



68F with anemia, leukocytosis, unusual WBC.

A. Acute lymphoblastic leukemia.

B. Acute myeloid leukemia.

C. Chronic lymphoid leukemia.

D. Chronic myeloid leukemia.

E. Indolent B-cell lymphoma.
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Peripheral blood flow cytometry & CT scans

• Flow cytometry
• 84% B cells
• CD19+ CD20+ CD5- CD10- CD23-/+ 

CD38- CD11c+ CD103+ CD25+ 
• Monoclonal B-cell count: 22,848/uL
• Circulating B cell lymphoma. 
• Peripheral smear shows abundant 

small to medium size mature-
appearing lymphoid cells that 
frequently have filamentous 
cytoplasmic projections. 

• The morphologic and 
immunophenotypic findings are 
diagnostic of hairy cell leukemia.

• CT Chest / Abdomen / Pelvis
• Markedly splenomegaly (24.3 cm) 

with multiple hypodense focal lesions, 
likely secondary to leukemic 
involvement.



Molecular testing in Hairy Cell Leukemia

• 43F referred for anemia.

• I sent a panel of mutational testing 
from the peripheral blood.

• BRAF 
• c.1799T>A (p.V600E) 1.6% VAF



BRAF V600E mutations in almost 100% of HCL

NEJM, 2011



CASE

46M with thrombocytosis



Asymptomatic, Incidentally discovered



What is the most likely explanation for his thrombocytosis?

A. Iron deficiency anemia.

B. Chronic myeloid leukemia.

C. Polycythemia vera.

D. Essential thrombocytosis.

E. Acute inflammation.
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Platelet count 2012 - 2026



What is the most likely mutated gene in this patient? 

A. JAK2

B. CALR

C. MPL

D. BCR/ABL

E. TET2
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Targeting mutant calreticulin

• MPL 
• Thrombopoietin (TPO) receptor → activates platelet production

• Normal (wild-type) CALR
• Chaperone in the endoplasmic reticulum.

• Does not activate MPL

• Mutant CALR
• Does activate MPL

• 52 bp insertion or 5 bp deletion or frameshift = new C-terminal tail

• Neo-antigen



INCA033989





70

MOC SUMMARY and KEY TAKE-AWAYS

1. Findings of leukocytosis, anemia, thrombocytopenia and splenomegaly should prompt an evaluation for 
indolent B-cell lymphomas including hairy cell leukemia, characterized by BRAF mutations.

2. Findings of leukocytosis, anemia, thrombocytopenia and splenomegaly should prompt an evaluation for 
myeloproliferative neoplasms including chronic myeloid leukemia, characterized by BCR/ABL.

3. Incidentally discovered thrombocytopenia in an asymptomatic individual should raise suspicion for a 
benign condition of platelet clumping called pseudothrombocytopenia.

4. Incidentally discovered thrombocytosis in an asymptomatic individual should raise suspicion for essential 
thrombocytosis, most commonly caused by mutations in JAK2, CALR, or MPL. 

5. An acute anemia secondary to hemolysis with “bite cells” or “blister cells” on the blood smear should 
raise suspicion for oxidate damage due to a defect in glutathione metabolism (e.g., G6PD deficiency).

6. A longstanding anemia characterized by non-immune hemolysis and a shortened red blood cell lifespan 
should prompt evaluation for a red blood cell membrane or enzyme defect (e.g., hereditary 
spherocytosis). 
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