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* Hypocellular bone marrow
lacking granulocytic
maturation beyond
metamyelocyte stage

« Marked polyclonal plasmacytosis
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wWBC 1.0
ANC 0.02
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* Hypocellular bone marrow
with severe myeloid and
erythroid hypoplasia and
marked polyclonal
plasmacytosis
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Neutropenia / Agranulocytosis

Definitions

* Neutropenia
— Generally ANC < 1,500/m
 MUST use age, sex, ethnicity specific ranges
« Agranulocytosis
—<500/m
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Definitions

* Neutropenia
— Generally < 1,500/
 MUST use age, sex, ethnicity specific ranges
« Agranulocytosis Y
—<500/m

5% African-American
population has ANC < 1,500
with no physiologic
consequence

“Ethnic neutropenia”

Not true
“neutropenia”
since this
privileges one
normal range
over another

Involved in
treatment
disparities by
race
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Environmental factors

Modest unexplained decline in
average ANC from 1958 to
present

Initial questions

* |s neutropenia/
agranulocytosis
Isolated?

* |s this consistent
with
malignancy?
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Neutropenia / Agranulocytosis

Intrinsic:
Abnormality
within
neutrophil
itself

Neutropenia / Agranulocytosis

Extrinsic: Neutrophil under outside attack

16



Intrinsic Neutropenia

* Most often due to
heritable syndromes or
mutations

» Typically pediatric
e BUT...

— Extrinsic causes must
still be excluded in kids

— Congenital neutropenia
syndromes may show
late onset in adulthood

Shwachman-Diamond Syndrome

« Autosomal recessive

« Sustained or intermittent neutropenia
— Exocrine pancreatic insufficiency
— Metaphyseal chondrodysplasia
— Other congenital abnormalities

e 259% transform into MDS/AML
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Shwachman-Diamond Syndrome

+ Autosomal recessive

» Sustained or intermittent neutropenia
— Exocrine pancreatic insufficiency
— Metaphyseal chondrodysplasia X
— Other congenital abnromalities Key

 25% transform into MDS/AML ~ diagnostic

clues

Shwachman-Diamond Syndrome

SBDS
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Shwachman-Diamond Syndrome

SBDS
SBDS pseudogene — SBDS

Shwachman-Diamond Syndrome

SBDS pseudogene
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Severe Congenital Neutropenias

“Kostmann Syndrome”

 Persistent severe
neutropenia

» Autosomal recessive
or dominant

Compensatory
monocytosis and/or
eosinophilia

Binucleated
promyelocytes

Cyclic Neutropenia
e 21 day periodicity

Severe Congenital Neutropenias

“Kostmann Syndrome”
» Responds to GCSF

» Substantial risk of
progression to
MDS/AML

Cyclic Neutropenia
» Responds to GCSF

* NO risk of
progression to
MDS/AML
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Severe Congenital Neutropenias

“Kostmann Syndrome”

* Responds to GCSF

» Substantial risk of
progression to
MDS/AML

Cyclic Neutropenia
» Responds to GCSF
* NO risk of
progression to
ELAZ2 MDS/AML
mutation
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Myelokathexis

Kathexis = retention

— Granulocytes mature but are
not released

“‘Hypermature”

— Degenerative changes
— Nuclear strings

— Cytoplasmic vacuoles

Granulocytic hyperplasia

WHIM syndrome

— Warts,
hypogammaglobulinemia,
infection, myelokathexis

— Chemokine receptor CXCR4
mutations
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Neutropenia / Agranulocytosis

Extrinsic: Neutrophil under outside attack
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Direct toxicity

e ~ 74 billion PMNs produced/day

— Especially susceptible to chemotherapeutic
drugs in general

Myeloperoxidase within
secondary granules can

modify some drugs to toxic
intermediates

25



Antibody Mediated

Hapten
mediated

Circulating ]
complex
Autoantibody

Modified self
proteins

Alloantibody

Infection

Common myeloid
progenitor
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HIV
EBV
Hepatitis

Parvovirus

Infection

Common myeloid
progenitor

Bone marrow stromal
cells

Infection

Common myeloid
progenitor
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e
Cytokine

Re—_

Aqtl'zimegd-cell in BM

TNF-a

Distant inflammation

Demand and distribution
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e e
Demand and distribution

e
Demand and distribution
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Drug induced

1931: Aminopyrine in
patent medicine tied to
agranulocytosis

Today: More than 100
drugs implicated

Drug induced

Prominent Drugs Associated with
Drug Class :
Agranulocytosis

Analgesics Dipyrone, ibuprofen

Antiarrythmics Procainamide, quinidine

Antibiotics Ampicillin, cefotaxime, oxacillin,
penicillin G, quinine

Anticonvulsants
Gastrointestinal dru o




Drug induced

Time lag between drug and

agranulocytosis ranges from 19 to 60
days

Time lag upon reintroduction of drug
may be 6-12 weeks

Widespread polypharmacy

Primary autoimmune

Neutropenia as the sole manifestation of
autoimmunity

Typically affects children (5-15 yrs)

— autoimmune neutropenia of childhood

— autoimmune neutropenia of infancy

— benign neutropenia of childhood

Presence of anti-HNA-1 antibodies
Spontaneously remits after 7 to 24 months
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Secondary autoimmune

* Non-specific and likely multifactorial in etiology
* Rheumatoid arthritis
— “Felty’s syndrome” and/or large granular lymphocytic
leukemia
» Neutrophil antibodies
» Passive immune complex deposition
» Splenomegaly
* Inflammatory cytokines
» Systemic lupus erythematosus (SLE)
— Neutrophil antibodies to peripheral neutrophils and
maturing granulocytic precursors
— Heterogeneous in specificity

Alloimmune

Analogous to hemolytic disease of the newborn
and neonatal alloimmune thrombocytopenia

Fetal neutrophils cross placenta

Production of maternal IgG antibodies to
unfamiliar paternal neutrophil antigens

Antibodies cross the placenta and effect
neutropenia during fetal development and early
infancy

May occur during a first pregnancy

Neutrophil counts normalize by 11 weeks, as
levels of maternal IgG wane
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CAUSES

Infection

» Frequent cause of neutropenia in children (especially
viral)

* Multifactorial
Direct viral infection of progenitor cells
Increased utilization of neutrophils at the site of infection
Sequestration due to generalized neutrophilic activation
Altered binding of neutrophils to infected endothelial cells
Immune attack via molecular mimicry of foreign antigens
Inflammatory cytokines
Hemophagocytosis due to systemic macrophage activation

CAUSES

T-LGL

Circulating
complex

~

e
Autoantibody

O
R




A
RAY

CAUSES

T-LGL

Circulating
complex

Always do
a CD3 via

/ flow or

IPOX!
e
Autoantibody

CAUSES

Nonimmune chronic

First rule out:
« therapy with suspect drugs
* neutrophil antibodies

 systemic autoimmune
phenomena

* infection
* nutritional deficiency
» myelodysplasia

 T-large granular lymphocytic
leukemia
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CALSES

Miscellaneous

Children born to pre-eclamptic mothers

placentally-derived inhibitor of G-CSF that is
present in cord blood?

Exposure of blood to artificial membrane

Activation of cytokines?
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T-cell large
granular
lymphocyti
¢ leukemia

Artificial
membrane-
induced
(e.g.,
dialysis)

Neonates of
hypertensiv
e mother

Chronic

idiopathic




Neutropenia

7N

Child Adult

|
Neonate? \

Y/ \N -- Drug toxicity

-- Infection

- -- Secondary

Special -- Infection autoimmune
considerations: (especially - T-LGL
-- Neonatal viral) leukemia
alloimmune — | -- Drug toxicity -- Late
neutropenia - Primary presentation of
-- Child of autoimmune congenital
hypertensive/ -- Congenital -- Non-immune
pre-eclamptic -- Secondary chronic
mother autoimmune neutropenia

LT
I DT (CO)
M £G (\E)
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L




Malignancy
Myelophthisis
Aplastic anemia
Drug/toxin induced
Infection
Autoimmune
B12/folate
Congenital

Aplastic anemia
Drug/toxin induced
Infection
Autoimmune
B12/folate
Congenital
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« Aplastic anemia
 Drug/toxin induced
* Infection

e Autoimmune

« Congenital

Aplastic anemia
Drug/toxin induced
Infection
Autoimmune
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 Drug/toxin induced
* Infection
e Autoimmune

 Drug/toxin induced
» |nfection
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e Drug/toxin indu
— ¢ |nfection

e Drug/toxin indu
— ¢ |nfection

ced
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* Drug/toxin induw
— ¢ |nfection

9/14 cases of idiopathic
agranulocytosis were
associated with cocaine use
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9/14 cases idiopathic
agranulocytosis were
associated with cocaine use

7

Tainted cocaine linked to 7 cases of
illness in Alberta
Last Updated: Friday, November 28, 2008 | 2:20 PM MT

Comments 156Recommend 214
CBC News

Seven people in Alberta have developed a form of immune
system suppression after consuming cocaine laced with a
chemical compound, public health officials said Friday.

The individuals developed agranulocytosis, a condition that
makes the immune system incapable of fighting off
infections.
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L evamisole

Frequency of contamination
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~< -

When utilized pharmacologically, levamisole
induces agranulocytosis in 3-10% of patients.

Anti neutrophil antibodies: testing

Granulocyte Granulocyte
agglutination test immunofluorescence

(GAT) test (GIFT)
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monoclonal antibody-specific immobilization of granulocyte antigens test

9/14 cases idiopathic
agranulocytosis were
associated with cocaine use

7

2/2 positive for
anti-neutrophil
antibodies
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Mass spectrometry

Levamisole spectra
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9/14 cases idiopathic
agranulocytosis were
associated with cocaine use

?
2/2 positive for

anti-neutrophil
antibodies

OMI case
banked sample
(+) for
levamisole

9/14 cases idiopathic
agranulocytosis were
associated with cocaine use

~50% cocaine
contains
levamisole

7

2/2 positive for
anti-neutrophil
antibodies

OMI case
banked sample
(+) for
levamisole
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9/14 cases idiopathic
agranulocytosis were
associated with cocaine use

~50% cocaine
contains
levamisole

2/2 positive for

anti-neutrophil OMI case
antibodies banked sample

(+) for
levamisole

Morphologic clues?

circulating reactive plasma cell
immunoblasts hyperplasia

megakaryocytic hyperplasia
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What to do in YOUR lab?

Look for suspicious clinical situation

Look for circulating immunoblasts, reactive
plasma cells and/or megakaryocytic
hyperplasia

Contact clinician — ask about drug use
Contact NM Department of Health

— On-call epidemiologist: 505-827-0006

Obtain a urine specimen ASAP

Quiz! Which is malignant?
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Quiz! Which is malignant?

Agranulocytosis with Acute promyelocytic
so-called “maturation leukemia

arrest”

Neutropenia

7N

Child Adult

|
Neonate? \

Y/ \N -- Drug toxicity

-- Infection

- -- Secondary

Special -- Infection autoimmune
considerations: (especially - T-LGL
-- Neonatal viral) leukemia
alloimmune -- Drug toxicity -- Late
neutropenia - Primary presentation of
-- Child of autoimmune congenital
hypertensive/ -- Congenital -- Non-immune
pre-eclamptic -- Secondary chronic
mother autoimmune neutropenia
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Surgical
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Transfusion
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