DEFINITION

Leukemia are a group of neoplastic disorders affecting
mainly the leukopoietic tissues in the body and
characterized by the presence of leukocytosis,
immature leukocytes in the peripheral blood and
proliferation of these immature cells in the bone
marrow resulting in the suppression of normal tissue.
The abnormal cells infiltrate several organs in the

body.
-K.V Krishna Das, Mathew Thomas
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Leukemia

* A group of malignant
disorders affecting the
blood and blood-

forming tissues of
* Bone marrow
* Lymph system
* Spleen
* Occurs in all age groups




* Leukemia is a malignant disease characterized by
unregulated proliferation of one cell type

¢ It may involve any of the cell lines or a stem cell common to
several cell lines.




TYPES

* Acute Leukemia:
» Affect younger age group frequently
» Rapid course and the peripheral blood and bone marrow
show the presence of large number of blast cells.

o If left untreated, these are fatal within weeks/ months

* Chronic Leukemia:
* Generally affect older people

» onset is insidious
 usually less aggressive

» the cells involved are usually more mature cells
* Terminate life within 2-3 yrs of onset.



Types....

Both acute and chronic leukemias are further classified according to the
prominent cell line involved in the expansion:
« If the prominent cell line is of the myeloid series it is a myelocytic leukemia
(sometimes also called gra nulucn_.rtir:)y
- If the prominent cell line is of the lymphoid series it is a lymphocytic
leukemia
« Therefore, there are four basic types of leukemia
. Acute myelocytic leukemia - AML- (includes myeloblastic,
promyelocytic, monocytic, myelomonocytic, erythrocytic, and
megakaryocytic)
« Acute lymphocytic leukemia - ALL- (includes T cell, B cell, and Null
cell)
+ Chronic myelocytic leukemia - CML - {(includes myelocyticand
myelomonocytic)
« Chronic lymphocytic leukemia - CLL - (includes Ijlasrnucn_.rti::
‘multiple myelomal, Hairy cell, prolymphocytic, large granular cell
ymphocytic, Sezary'’s syndrome, and circulating lymphoma)



Etiology

» Genetic

- Radiation

+ Toxic chemical exposure

- Medication (Alkylating-agents,

Topoisomerase-II inibitors, Chloramphenicol,
Phenylbutazone, Chloroquine)

* Primary immunodeficiency and infection
+ malignancies
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" PATHOPHYSIOLOGY

Cell-of-origin| Cancer stem cells in 3-D

; Siatioiviry csc Fhigs atory

= Unlimited self renewal
* Recapitulatian ol tumar heterogeneity
+ Enclunive in whva tumorigenicity
* Besistance to standard therapy
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= « Acute leukemia -
* Is a result of:

« Malignant transformation of a stem cell leading to unregulated
proliferation and

« Arrest in maturation at the primitive blast stage. Remember that
a blast is the most immature cell that can be recognized as
cornmitted to a particular cell line.

» Clinical features

« Leukemic proliferation, accumulation, and invasion of normal
tissues, including the liver, spleen, lymph nodes, central nervous
system, and skin, cause lesions ranging from rashes to tumors.

« A humoral mediator from the leukemic cells may inhibit
proliferation of normal cells.
» Failure of the bone marrow and normal hematopoiesis
may result in pancytopenia with death from
hemorrhaging and infections.
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Common !ijl'ﬂ'lpiﬂl"l'li of
! Leukemia

Systemic

- Weight loss

- Fever

- Frequent infections

| o

Psychological
- Fatigue
- Loss of appetite

| Lymph nodes
Lungs . ‘/ - Swelling
- Easy shortness il
of breath . o i i Spleen and/or liver
RL - Enlargement
Muscular | Skin
- Weakness - Night sweats
- Easy bleeding
Bones or joints = and bruising
- Pain or | ~+ = -Purplish
tenderness . palches

or spots



‘DIAGNOSIS OF LEUKEMIA

» History and physical examination
» Clinical features

* Blood Examination(work up)

» Peripheral blood examination

* Chest X ray

* Bone marrow studies: BM biopsy,
imprint and aspiration.

* Flow cytometry

* Cytological differentiation and

immunophenotyping: FISH,
RTPCR, chromosome analysis
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TREATMENT

* Goal is to attain remission (when there is no longer
evidence of cancer cells in the body)

* Chemotherapeutic treatment

* Induction therapy
« Attempt to induce or bring remission

» Seeks to destroy leukemic cells in the tissues, peripheral
blood, bone marrow

« Patient may become critically ill
« Provide psychological support as well
* Intensification therapy
« High-dose therapy
« May be given after induction therapy
« Same drugs at higher doses and/or other drugs



TREATMENT......

* Chemotherapeutic
treatment (cont.)

* Consolidation therapy
« Started after remission is
achieved
« Purpose is to eliminate
remaining leukemic cells
that may not be evident
» Maintenance therapy
+ Lower doses of the same

drug




~ Leukemia
Chemotherapy Regimens

S

* Combination chemotherapy
* Mainstay treatment

* 3 purposes
» | drug resistance
« | drug toxicity to the patient by using multiple drugs with
varying toxicities
« Interrupt cell growth at multiple points in the cell cycle
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Leukemia - Bone Marrow and Stem Cell
Transplantation

* Goal

» Totally eliminate leukemic cells from the body using
combinations of chemotherapy with or without total

body irradiation
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ACUTE LYIMPH®BLASTC
LEUKEMIA (ALL)

‘Most common in children
Arises from lymphoid tissue
-About 75% are null cell type,
20-25% are T cell type and
few are B cell type.
Bimodal distribution

Male:female= 22




ETIOLOGY

 Uncertain, but several proposed linkages:
. Genetic - Philadelphia chromosome

. Viral infection (EBV, HIV)
. Exposure to high energy radiation (T-cell ALL)
- Toxic chemical exposure

- Smoking



CLASSIFICATION

Immunologic
Subtype

Pre-B ALL
T cell ALL
B cell ALL

% ol Cases

75
20

FAB
Subtype

1.1, 1.2
L1, L2

Cytogenetic
Abnormalities
L9:22), t(4;11), t(1:19)
14qll or 7g34

1(8:14), 1(8:22), 1(2:8)



Acute leukemias- L1

* Li1- This is the most
common form found in
children and it has the best
prognosis.

* The cell size is small with
fine or clumped homogenous

nuclear chromatin and
absent or indistinct nucleoli.

* The nuclear shape is regular,
occasionally clefting or
indented.

» The cytoplasm is scant, with
slight to moderate basophilia
and variable vacuoles,
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Acute Lymphoblastic Leukemia (ALL-L1)
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Acute leukemias- L2

* L2 - This is the most
frequent ALL found in
adults.

* The cell size is large and
heterogenous with variable
nuclear chromatinand
prominent nucleoli.

*» The nucleus is irregular,
clefting and indented.

* The cytoplasm is variable
and often moderate to
abundant with variable

basophilia and variable
vacuoles.
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Acute Lymphoblastic Leukemia
(FAB Type ALL-L2)



" Acute leukemias-L3 (BURKITT'S
LEUKEMIA)

* L3 - This is the rarest
formof ALL.

» The cell size is large, with ‘

fine, homogenous nuclear 'h.
chromatin containing
prominent nucleoli.

» The nucleus is regular ﬂval
to round.

o'°b°

* The cytoplasm is
moderately abundant and
is deeply basophilic and .
vacuolated.



Acute Lymphoblastic Leukamia
FAB Type ALL- L3




ALL

* ALL may also be classified on the basis of
immunologic markers into:

» Early pre-B ALL
* Pre-B ALL

» BALL

« T ALL

» Null or unclassified ALL (UALL) -lackBorT
markers and may be the committed lymphoid
stem cell)
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CLINICAL FEATURES

* Bone Marrow
Depression (Anemia,
neutropenia,
thrombocytopenia)

* Fever

* head ache and
pappiledema

* Pallor
* Lymphadenopathy
* Bleeding tendencies




CLINICAL FEATURES.....

* Malaise, fatigue

* Bony pain

* Anorexia.

* Moderate lymphadenopathy
* Mild spleenomegaly

* Bone involvement

* Neurological involvement.

* Arthralgia, arthritis
* Ophthalmic involvement
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DIAGNOSTIC MEASURES

* Complete Blood Count
* Peripheral Smear.

ACUTE LYMPHOCYTIC LEUKEMIA
* Bone Marrow

* BM biopsy

* Cytogenetic analysis and
flow cytometry
» CSF analysis




Hematological Findings:

» Anemia (normochromic, normocytic)
* WBC < 5,000 (or > 25,000)
* Leukocytosis (median = 15,000)

* Thrombocytopenia (< 50,000)



ALL Histology o




ALL Histology
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= ATl il contrast to the myelnbliﬂt._the_
lymphoblast is a small blast with scant cytoplasm,
dense chromatin, indistinct nucleoli, and no auer
rods




* Cytochemistry — help to classify the lineage of a
leukemic cell (myeloid versus lymphoid)

* Myeloperoxidase - is found in the primary granules of
granulocytic cells starting at the late blast stage.
Monocytes may be weakly positive.




il

Sudan black

¢ Sudan black stains phospholipids, neutral fats
and sterols found in primary and secondary
oranules of granulocytic cells and to a lesser
extent in monocytic lysosomes. Rare positives

occur in lymphoid cells
S

5, = 2 . = LN
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Sudan black

¢ Sudan black stains phospholipids, neutral fats
and sterols found in primary and secondary
oranules of granulocytic cells and to a lesser
extent in monocytic lysosomes. Rare positives

occur in lymphoid cells
S

5, = 2 . = LN
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Acid phosphatase

* Acid phosphatase may be found in myeloblasts
and lymphoblasts. T lymphocytes have a high
level of acid phosphatase and this can be used to
help make a diagnosis of acute T-lymphocytic
leukemia.
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* Leukocyte alkaline phosphatase - is located in the
secondary granules of segmented neutrophils, bands
and metamyelocytes. The LAP score is determined by
counting 100 mature neutrophils and bands. Each cell
is graded from o to 5. The total LAP score is calculated
by adding up the scores for each cell.

Scoring Criteria for

Rating Neutrophils

Stained for Alkaline
Phosphatnse Activity
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* Immunologic markers (immunophenotypi fg] -
these are used mainly for lymphocytes, i.e., for
determining B cell or T cell lineage. '_Tflese tests
rely on antibodies made against specific surface

marlkers.

. ThE:i; constitute what we would call the primary
antibody and in an indirect assay they are allowed to

react with the cells and unbound antibody is then
washed away.

* Fluorescently labeled antibody (secondary antibody)
against the primary antibody is added and allowed .{n

react and then unbound secondary antibody is washed
away.

* The cells are then sent through a flow cytometer that
will determine the number of cells that have a
fluorescent tag and which are thus positive for the

presence of the surface marker to which the primary
antibody was made.

* Ina direct assay, the primary antibody is fluorescently
labeled.
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lable 1 : Flow eytometry and common CD markers

All ymphaoid cells :
Myelod cells
Megakaryocytic marker -
B-cells

T-cells :

NK cells :
Plasma cells :

CD45+ (LCA)
Anti-MPO, CD13, CD33, CD14, CD117
CD41, CD42, CD6

¢CD22, CD22, CD19, CD20, FMCT,
CD23, CD79a, CD78b, CD10, Smig, IgM

¢CD3, CD3, CD2, CDS, CD7, CD4 or
CD8, TCR-a/b, TCR-gfd

CD16, CD56,, CD57

CD38, CD138, kappa and lambda light
chains

CD34, TdT

HLA-DR, cyclin D1, CD55, CDS58,
glycophorin A



Immunophenotyps Fanel;

Maturs Leukema/Lymphoma, Probably -cefl

Mature Leukemia/Lymphoma, Probatily T-coll

B Call Conality Only
Acute Lymphoblastic or Mysiold Leukemia

Paimg Call Myaloma

Hairy Call Lauk emia

Sazary Staging
Acute Leukemia In carebrosplnal fuld

Fluid T Call Subsats
(@ronchoalveclar or other non-blood fluldy)

Test Coda:
RCELL

TCELL

SHORTRCELL
ACUTE

Marksr Performed:

€03, 5 10, i 19 20, 23, 38, 45,
Kappa & Lambda

D2 1,457, 8 16456 15 14, 45 56 8 57

CD5, 19, 21, 45 Kappa & Lambda

€02 3,5,7 10, b, 13, 4, 15, 16, 19, 20,
3, 34, 45,56, 61, 117, 295a & HLA-Dv
CD19, 58, 45, 38, cytoKappa A cytolambada

€03, 5 10, M, 19, 20, 22, 13, 25, 38 45, 103,
Kapps & Lambda

CD3 47826485
CD19, 13433, 34, 45, ortoTdT & cytelD3

CD3. 4,8, 45
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Terminal deoyxtidyl transferase

* This is a unique DNA polymerase present in stem
cells and in precursor B and T lymphoid cells.

» High levels are found in 90% of lymphoblastic
leukemias.

* [t can also be detected using appropriate
antibodies and flow cytometry.



Cytogenetics

* cytogenetics studies can now be used for diagnosis
and for prognosis of hematologic malignancies.

* Many leukemias (and lymphomas) are characterized by
specific chromosomal abnormalities, including specific
translocations and aneuploidy. The specific type of
malignancy can be identified based on the specific
abnormality or translocation. These may be identified
by
« Looking at the karyotypes of the chromsomes from the

abnormal cells

« DNA based tests - these tests are very useful for following the
course of the disease

« RT-PCR
« Southern blotting

* A normal karyotype is usually associated with a better
prognosis.
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TREATMENT

* Chemotherapy
* Bone Marrow Transplantation

* Radiation therapy



ALL Treatment:

* Two phases of treatment
- induction
» post-remission

» Initial goal is to quickly induce complete
remission.

* Combination chemotherapy
* Continued low-dose post-remission therapy

must be used to ensure prolonged survival.
Otherwise recurrence rates can be as high as 9o%



After Induction Chemotherapy:

* Bone marrow biopsy is obtained

» If >5% of blasts with >20% cellularity, then
retreatment necessary.

» Stem cell transplant may be necessary if
retreatment fails.



Post-remission Treatment:

* Stem cell transplant
« CNS prophylaxis (for ALL)
» Radiation therapy (for ALL)

* Prolonged low-dose chemotherapy for 1-3 years



Continued Supporative Care:

« Transfusions....

» Platelets =20,000

. Hgb >8
* Empiric antibiotic treatment when fever present

* Allopurinol for increased uric acid levels
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POOR PROGNOSTIC FACTORS

]

L]

Age<i1 and >20yrs (higher age >50yrs)
Males

Presence of mediastinal mass on X ray
Presence of organomegaly

Lab results: TC> soooo/cumm in B cell ALL and
>100000/cumm in T cell ALL

Immunophenotype: Blasts are T phenotype and presence
of Ph chromosome

Cytogenetic abnormalities: t(9;22), BCR/ABL or 11q23
abnormalities

Treatment response: late achievement of cure rate, multi
drug resistance, presesnse of blast cells in BM at 14 day.



NEUROLEUKEMIA B

* It occurs in 50% of ALL and 10-12% of AML cases, if neuro-
prophylaxis is not given along with initial therapy.

* Pathological lesions include infiltration by leukemic cells,
hemorrhage, and demyelination.
* Symptoms:
» raised |ICP
* pappiledema

* stupor, comma

» focal neurological symptoms like convulsions ¢
« cranial nerve palsies

» spinal cord or spinal root compression

» intracranial hemorrhage.

* Hyper viscosity syndrome



TREATMENT

* Neuroprophylaxis:

» IT MTx no-12mg/m*twice a week for 6 doses. A single dose should
not exceed 15mg

» |T cytosine arabinoside somg twice a week for 6 doses

* CNS involvement should be diagnosed when the CSF count
> 5/cumm with or without the presence of blast cells.

* Treatment:

» Cranial or craniospinal irradiation combined with I'T MTx/ cytosine
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* The testes may be
enlarged, ﬁrm and tender,
or involvement may be
clinically inapparent.

* Testicular involvement
may leads to relapse.

* Treatment is by irradiation
with 1000-2000 rads over a
period of 2-10 days.

* Higher incidence of
sterility limits its routine
application
















CLASSIFICATION
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PATHOPHYSIOLOGY

+ Philadelphia chromosome (9:22) in up to 95%

+ BCR-ABL protein junction




e

CLINICAL MANIFESTATIONS

* Asymptomatic lymphocytosis
* Marrow failure

» Lymphadenopathy

* Hepatosplenomegaly
* ‘B-symptoms’

* Immunodeficiency




Hematological
Findings:

* Increased number of
lymphocytes on smear

smudge cells

* B-cells with CD 19
and CD 5 on flow
cytometry

* Small lymphocitic
ymphoma present in
nistology of nodal

D1IOPSY

B-Cell Differentiation Identifies
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Cluster of Differentiation (CD)
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CLL Histology e







DIAGNOSIS

* Peripheral blood lymphocytosis: an absolute lymphocyte
count > sooo/cumm, with cells that appears
morphologically mature.

* Immunophenotype of blood lymphocytes that coexpress B
cell antigens CD1g, 20 and 23, as well as T cell antigen CDs;
monoclonal expression of either kappa or lambda%ight
chain; and low density surface immunoglobulin secretion

* BM examination is not a requirement when both of the
above criteria are met, but it is useful for prognostic
information. Lymphoid cells must constitute more than
30% of cells

* The peripheral blood is sent for flow cytometry to assess
immunophenotype of cells
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+ Increase in blood lymphocyte count
» Demonstrate presence of a B-lymphocyte clone of
appropriate immunophenotype
» Surface marker analysis — ‘flow cytometry’
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+ Increase in blood lymphocyte count
» Demonstrate presence of a B-lymphocyte clone of
appropriate immunophenotype
» Surface marker analysis — ‘flow cytometry’




MEDICAL MANAGEMENT

» Single agent chemotherapy: chlorambucil, 6-1i4mg, PO
every 2-4 weeks. PDN increases response rate

* Nucleoside analogue: Fludarabine

* Combination chemotherapy: fludarabine+
cychlophosphamide, fludarabine+ rituxan

* Monoclonal antibody: rituxan+ alemtuzumab
* Stem cell transplantation



>70 years of age |
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PROGNOSTIC FACTORS

» Age and sex: increased age, poor prognosis. Female
survive more than males

* Lymphocyte doubling time: LDT is the rate at which
the lymphocyte count increases, correlate with
survival. LDT > 12 months, better outcome

* Beta 2 microglobulin: a low level indicates good
survival

* Cytogenetics: most unfavorable abnormality is del 17p
and is associated with refractory to fludarabine
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