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Genetic abnormalities leading to specific blood cell malignancies tend to be associated with 
specific stages of hematopoetic stem cell differentiation. 
This diagram shows stage(s) of hematopoetic stem cell differentiation where genetic abnormalities 
associated with each of the main blood cell malignancies tend to occur. But nothing is set in stone: 
a malignancy can arise from fenetic abnormalities at other levels of stem cell differentiation.

Genetic abnormalities can also occur via multiple pathways of mutations, 
which can all lead to the same clinical outcome. Many of these mutations are 
still yet to be understood. So don’t worry about understanding them all. 

AML: Acute myeloid leukemia
CML: Chronic myeloid leukemia
ALL: Acute lymphoid leukemia
CLL: Chronic lymphoid leukemia
MM: Multiple Myeloma
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Initiating Mutational Event

ALL
Any combinations of mutations, 
chromosomal alterations, or 
other genetic abnormalities  
that creates a neoplastic cell 
(incapable of regulating cell 
growth/division).

AML

CLL

CML

Translocation between Chr 
9 and Chr 22 → Philadelphia 
chromosome (abnormal chr 22) 
→ BCR-ABL1 oncogene 
(along with other genetic 
abnormalities)

Note:
Although it is tempting to group the 
leukemias together for study purposes, 
it is best to learn the 4 main types 
of leukemias independently of one 
another, as they each have a uniquely 
different pathophysiology and clinical 
presentation.

Degeneration during 
CML’s “blast crisis” 
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Point mutation (in DNA) Chromosomal abnormality (duplication, 
loss, recombination error)

Combinations of these genetic defects causes reduced tumor-
suppressor gene expression and/or increased oncogene expression

Neoplastic cells uncontrollably divide in a monoclonal 
way: one neoplastic cell originates all successive cells

Genes regulating differentiation/maturation 
disrupted, affected neoplastic cells are 
incapable of further differentiation/maturation

Specific mutations cause 
slower disease progression

Specific mutations cause rapid division 
and buildup of existing neoplastic cells 
→ Acute/rapid disease progression

Some neoplastic cells take time to 
mature further →
 Less rapid disease progression (more 
indolent disease), cells don’t die

Genes regulating maturation remain 
intact (affected neoplastic cell is capable 
of further differentiation/maturation)

Neoplastic Blood Cell
Incapable of regulated cell division

In White Blood Cells and their precursors:
• Lack of cell growth inhibition and/or apoptosis
• Over-stimulation of cell division/growth

• CML: chronic 
myeloid leukemia

• ALL: acute lymphoblastic leukemia
• AML: acute myeloid leukemia

• CLL: chronic lymphoid leukemia
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Translocation of a Chr 9 
segment onto Chr 22, creating 
a Philadelphia chromosome 
(Chr 22) containing the BCR-
ABL1 fusion gene

Mutations from 
ionizing radiation

Other genetic 
abnormalities

These genetic abnormalities accumulate in the 
earliest cell of the blood cell differentiation 
sequence: the pleuripotent hematopoietic stem cell

1. Chronic Stage (85% of clinical 
presentations): Hematopoietic stem 
cell division/differentiation in the bone 
marrow  results in ↑ production of 
multiple blood cell lines (detectable 
on CBC, but patients are usually 
asymptomatic at this stage)

2. Accelerated Stage
More and more immature precursor 
cells (“blasts”) divide and accumulate 
in bone marrow (where 10-19% of 
blood cells are “blasts”). Blasts start to 
spill over into the peripheral blood.

3. Blast crisis (transformation into AML/ALL)
Neoplastic blast cells have filled up the bone 
marrow (where >20% of blood cells are blasts). 
More blasts spill out into the peripheral blood.

Hematopoietic stem cell division in the 
bone marrow becomes unregulated

Bone marrow expands 
into sternum

Expanding marrow 
pushing on bone

High turnover of these cancerous 
cells → excess cell lysis

Release of intracellular contents 
(uric acid, K+, LDH) into plasma

Neoplastic division of 
platelet precursor cells

Multifactorial causes, most 
with unclear mechanisms

More genetic 
abnormalities acquired

More genetic 
abnormalities acquired

Dividing “blasts” limit 
the space and resources 
available for RBC synthesis

↓ oxygenation of blood means blood 
is less red & body tries to compensate

Neoplastic division of WBC 
precursor cells, especially 
neutrophil precursors

Trapping 
of WBCs in 
the spleen 
enlarges the 
spleen

Weight loss, malaise, fever/
chills, night sweats

Leukocytosis:
• Neutrophilia, basophilia, & 
eosinophilia
• ”Left shift”: ↑ neutrophil 
& band production
• Disorderly WBC 
differential: i.e. ”myelocyte 
bulge”)

Splenomegaly:
• Left upper quadrant pain
• Early satiety (large spleen 
compresses the stomach)
• Associated hepatomegaly 
(if spleen is overfilled & 
WBCs spill over into liver)

Thrombocytosis

Bone pain

Pallor
Dyspnea
Tachycardia

Sternal tenderness

Hyperuricemia

• Hyperkalemia 
• High [LDH] 

Anemia

Acute Kidney Injury

Gout

Notes:
• CML is a rare form of blood cell 

cancer (1.6 in 100,000)



Accumulation of genetic 
abnormalities in the original 
myeloid precursor cell (“Blasts”)

Neoplastic myeloid precursor 
cells (“Blasts”) divide and 
accumulate in the bone marrow 

Abundance of blasts displaces 
other blood cell precursors from 
the marrow, inhibiting their 
development/differentiation

After the neoplastic blasts fill 
up the bone marrow, they spill 
out into the blood

High turnover of 
these cancerous cells

Multifactorial causes, most 
with unclear mechanisms

↓ in neutrophils

Blasts are detected as 
white blood cells on a CBC

Expanding marrow pushing 
on bone

↓ in RBCs

Neoplastic cells may secrete 
excessive amounts of coagulation-
promoting cytokines into circulation 
(could, but doesn’t always, happen)

↓ in platelets, reduced 
blood clotting ability 

Myeloid cells normally produce 
intracellular granules, which 
precipitate inside immature blasts 
to form “rods” (could, but doesn’t 
always, happen)

High rate of cell lysis Release of intracellular contents 
(uric acid, K+, LDH) into plasma

Weight loss, malaise, 
fever/chills, night sweats

Bone pain

May cause leukocytosis 
despite the pancytopenia

Auer Rods (detectable on 
peripheral blood smear)

Hyperuricemia

-Hyperkalemia 
-High [LDH] 

Easy bruising and petechiae on skin

Fatigue, shortness of 
breath, pallor

High  INR/PTT, low fibrinogen

Pancytopenia on CBC

>20% of marrow is blasts 
(on bone marrow aspirate 
and/or biopsy)

Disseminated intravascular 
coagulation (DIC)

Greater chances of infections

Anemia

Acute Kidney Injury

Gout

Tumor lysis syndrome
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Notes:
• AML makes up 80-90% of the 

acute leukemias, and is usually 
seen in older people

• AML presents with more rapid 
disease progression than CML
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Accumulation of genetic 
abnormalities in immature 
lymphoid precursor cells (B/T 
cell precursors)

Neoplastic lymphoid precursor 
cells (“Blasts”) divide and 
accumulate in the bone marrow 

Abundance of blasts displaces 
other blood cell precursors from 
the marrow, inhibiting their 
development/differentiation

After the neoplastic blasts fill 
up the bone marrow, they spill 
out into the blood

High turnover of 
these cancerous cells

Multifactorial causes, most 
with unclear mechanisms

↓ in neutrophils

Expanding marrow pushing 
on bone

↓ in RBCs

Neoplastic blasts continue to divide 
and accumulate in lymph nodes 
and spleen (can occur, but not that 
common)

↓ in platelets, reduced 
blood clotting ability 

Blasts are detected as white blood 
cells on a CBC

High rate of cell lysis Release of intracellular contents 
(uric acid, K+, LDH) into plasma

Weight loss, malaise, 
fever/chills, night sweats

Bone pain (worse than that felt in AML, especially in children)

Lymphadenopathy

Splenomegaly

May cause leukocytosis 
despite the pancytopenia

Hyperuricemia

-Hyperkalemia 
-High [LDH] 

Easy bruising and petechiae on skin

Fatigue, shortness of 
breath, pallor

Pancytopenia on CBC

>20% of marrow is blasts 
(on bone marrow aspirate 
and/or biopsy)

Greater chances of infections

Anemia

Acute Kidney Injury

Gout

Tumor lysis syndrome
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Note: 
ALL is much rarer than AML and is 
usually seen in children
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• Suggests pathology in the lymphatic drainage region corresponding to the location of the 
enlarged node (occipital, cervical, supraclavicular, infraclavicular,  axillary, epitrochlear, inguinal). 

• Also consider pattern of lymphadenopathy:
• Localized: infection/inflammation in local tissues → infectious/inflammatory cells enter   

lymphatic drainage and affect regional lymph nodes
• Diffuse: systemic process affecting blood cells throughout the body → accumulation of   

blood cells in lymph nodes throughout the body

• <1cm: isolated, long-standing, without symptoms → likely benign (idiopathic)
• >1cm: more likely to be pathological (more severe inflammation/infection/malignancy → more 

cells and edema → more lymph node enlargement)

• Warm: suggests infectious/inflammatory process (infection/inflammation releases cytokines to 
increase local blood flow → blood carries heat → warm node)

Nodes are normally mobile.
• Mobile: less worrisome (the pathology is contained in the node)
• Fixed: more worrisome (the pathology has spread to surrounding tissues)

• Tender: suggests an acute process of enlargement (rapidly growing lymph node compresses 
local pain fibres)

• Non-tender: suggests more chronic (slower) process of enlargement (slow growth allows 
surrounding tissues to expand along with the lymph node so that local pain fibres do not 
experience the same compression)

• Fluctuating (“squishy”): suggests infectious/inflammatory process (infectious/inflammatory 
cytokines released locally → vasodilation and ↑ vascular permeability → fluid accumulation)

• Rubbery/firm: suggests more severe infectious/inflammatory process or lymphoma (more cells 
and fluid both accumulating in node → firmer, less compressible)

• Hard: suggests malignancy (many cells accumulating in the node, usually due to an uncontrolled 
proliferative process – cancer)

1. Location

2. Size

3. Tenderness

4. Temperature

5. Texture

6. Fixation

Lymph Node 
Group

Drainage 
Region

Occipital / Cervical

Head and Neck

-Neck cancer 
(esophagus, thyroid)
-Infection 

Supra-clavicular or 
Infra-clavicular

Thoracic cavity , 
abdominal cavity and 
GI tract

-Virchow’s node 
(suggests GI 
malignancy)

Axillary
Thoracic cavity and 
upper extremities

Inguinal
Pelvis and lower 
extremities
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Accumulation of genetic 
abnormalities in more mature 
lymphoid cells (usually B-cells)

Clonal division of neoplastic B 
lymphocytes within lymph nodes  

With continued cell division, 
B-cells spill over into the 
peripheral blood

Neoplastic B cells fail to die and 
continue to divide within lymph 
nodes over time

Neoplastic B-cell precursors 
infiltrate the spleen and the 
bone marrow

Slow process of neoplastic 
cell division

Multifactorial causes, most with 
unclear mechanisms

B-cell are detected as 
lymphocytes on a CBC

Lack of mature, functional B-cells 
↓ ability to produce antibodies 
for immune response

Abundance of B-cell precursors in 
marrow inhibits the development/ 
differentiation of other cell types

Neoplastic cells accumulate in 
lymph nodes

↑ sequestration of 
platelets and RBCs

↓ in platelets

↓ in RBCs

Patients are most commonly 
asymptomatic at initial presentation

Fatigue, shortness of breath, pallor

Easy bleeding, 
easy bruising, and 
petechiae on skin

Weight loss, malaise, fever/chills, night sweats

Hypercellular bone marrow (on bone marrow biopsy)

Lymphocytosis (B-cell count > 5x109/L for at least 3 months)

Splenomegaly

Hypogammaglobulinemia

Lymphadenopathy

Anemia
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Note: 
• CLL is the most common adult 

leukemia in developed nations.
• Prevalence of CLL increases 

with age, occurring most often 
in older people.

Thrombocytopenia
(reduced blood clotting ability)

↑ risk for infection, especially 
by encapsulated bacteria 
normally killed by antibodies

A small percentage of CLL patients 
undergo Richter’s transformation, 
in which their disease evolves into 
Diffuse Large B-cell Lymphoma


