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Leukemia is a clonal proliferation of hematopoietic stem cells in the bone marrow. The four broad subtypes most
likely to be encountered by primary care physicians are acute lymphoblastic, acute myelogenous, chronic lympho-
cytic, and chronic myelogenous. Acute lymphoblastic leukemia occurs more often in children, whereas the other sub-
types are more common in adults. Risk factors include a genetic predisposition as well as environmental factors, such
as exposure to ionizing radiation. Symptoms are nonspecific and include fever, fatigue, weight loss, bone pain, bruis-
ing, or bleeding. A complete blood count usually reveals leukocytosis and other abnormally elevated or depressed cell
lines. Patients with suspected leukemia should be referred promptly to a hematologist-oncologist. The diagnosis is
confirmed by further examination of the bone marrow or peripheral blood. Treatment may include chemotherapy;,
radiation, monoclonal antibodies, or hematopoietic stem cell transplantation. Complications of treatment include
tumor lysis syndrome and serious infections from immunosuppression. Leukemia survivors should be monitored
closely for secondary malignancies, cardiac complications, and endocrine disturbances such as metabolic syndrome,
hypothyroidism, and hypogonadism. Five-year survival rates are highest in younger patients and in patients with
chronic myelogenous leukemia or chronic lymphocytic leukemia. (Am Fam Physician. 2014;89(9):731-738. Copyright

© 2014 American Academy of Family Physicians.)
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eukemia is a common malignancy
in children and adults that occurs
when alterations in normal cell reg-
ulatory processes cause uncontrolled
proliferation of hematopoietic stem cells in
the bone marrow. The age-adjusted inci-
dence rate of leukemia in the United States
is 12.8 per 100,000 persons each year.! The
prevalence of leukemia is generally higher in
whites and in males, and increases with age.!
Approximately one in 70 persons develops
leukemia in his or her lifetime.! The four sub-
types of leukemia most often encountered by
primary care physicians are acute lympho-
blastic, acute myelogenous, chronic lym-
phocytic, and chronic myelogenous. Family
physicians should be able to recognize the
common presentations of leukemia, perform
the initial diagnostic evaluation, and under-
stand how to care for leukemia survivors.

Risk Factors

Several genetic syndromes, including Down
syndrome and neurofibromatosis, are asso-
ciated with an increased risk of childhood
acute lymphoblastic leukemia and acute
myelogenous leukemia.? Persons exposed
to ionizing radiation, such as atomic bomb
survivors, medical radiation workers before

1950, and patients with cancer who are
receiving radiation treatment, have an
increased risk of developing acute lympho-
blastic leukemia, acute myelogenous leuke-
mia, and chronic myelogenous leukemia.*?
Evidence from epidemiologic studies sug-
gests that the amount of radiation from two
or three computed tomography scans is asso-
ciated with a statistically significant increase
in the risk of cancer, including leukemia,
with a greater risk in younger persons.*
Occupational and environmental expo-
sure to benzene (a chemical used in the
manufacturing of paints and plastics, and
released with the combustion of petro-
leum and coal) is an established risk factor
for leukemia in adults, particularly acute
myelogenous leukemia.>® Household pesti-
cide exposure in utero and in the first three
years of life has been associated with an
increased risk of childhood acute lympho-
blastic leukemia.® Obesity may also increase
the risk. Aggregate data from a meta-analysis
of cohort studies suggest that an increase of
5 kg per m?* in body mass index is associated
with a 13% relative increase in the risk of
leukemia.” A history of hematologic malig-
nancy is also a risk factor for developing a
different subtype of leukemia later in life.®
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SORT: KEY RECOMMENDATIONS FOR PRACTICE

Evidence
Clinical recommendation rating References
Chronic lymphocytic leukemia should be suspected in older adults with a C 14
markedly elevated white blood cell count and an enlarged liver or spleen.
When evaluating a patient with leukocytosis, common causes such as C 9-14
infection, inflammation, and stress response should be considered. A
peripheral blood smear should be obtained in patients with a white
blood cell count greater than 20,000 per pL (20.0 X 10° per L) and with
associated anemia; thrombocytopenia; thrombocytosis; enlarged liver,
spleen, or lymph nodes; or constitutional symptoms.
Patients with early-stage chronic lymphocytic leukemia (i.e., no anemiaor ~ C 17

thrombocytopenia and with less than three areas of nodal involvement)

specific cancer screening.

may be monitored without treatment if they are asymptomatic.

In patients with leukemia, fever with neutropenia (fewer than 500 C 22
neutrophils per uL [0.5 X 10° per L]) warrants evaluation for infection
source and initiation of empiric broad-spectrum antibiotics.

Leukemia survivors are at increased risk of secondary malignancies. They C 8,23-25
require serial complete blood count monitoring, as well as age- and sex-

A = consistent, good-quality patient-oriented evidence; B = inconsistent or limited-quality patient-oriented evi-
dence,; C = consensus, disease-oriented evidence, usual practice, expert opinion, or case series. For information
about the SORT evidence rating system, go to http://www.aafp.org/afpsort.

Clinical Presentation
ACUTE LEUKEMIA

Children. According to three retrospec-
tive case reviews of childhood leukemia (in
which 75% to 100% of the cases were acute
lymphoblastic leukemia), common present-
ing signs and symptoms include fever (17%
to 77%), lethargy (12% to 39%), and bleed-
ing (10% to 45%)." About one-third of
children had musculoskeletal symptoms,
particularly in the spine and long bones,’!
75% had an enlarged liver or spleen, and
nearly 60% had lymphadenopathy.”"® Cen-
tral nervous system involvement is present in
approximately 7% of children at diagnosis."

Adults. Acute myelogenous leukemia
accounts for 80% of acute leukemia in
adults.”” Adults also present with constitu-
tional symptoms such as fever, fatigue, and
weight loss. They may have anemia-related
symptoms, such as shortness of breath or
chest pain, or symptoms related to throm-
bocytopenia, such as excessive bruising,
nosebleeds, or heavy menstrual periods
in women. Adults are less likely to present
with bone pain. Hepatosplenomegaly and

www.aafp.org/afp

lymphadenopathy are rare in adults with
acute myelogenous leukemia, but are present
in about 50% of adults with acute lympho-
blastic leukemia.’* Central nervous system
involvement occurs in approximately 5%
to 8% of adults with acute lymphoblastic
leukemia.'

CHRONIC LEUKEMIA

The chronic leukemia subtypes occur almost
exclusively in adults. Patients with chronic
leukemia may be asymptomatic at the time
of diagnosis. Approximately 50% of patients
with chronic lymphocytic leukemia and
20% of patients with chronic myelogenous
leukemia receive the diagnosis inciden-
tally when marked leukocytosis is found
on a complete blood count obtained for an
unrelated reason.'*™* Constitutional symp-
toms are less common, occurring in 15% of
patients with chronic lymphocytic leukemia
and in approximately one-third of patients
with chronic myelogenous leukemia.'*!*
Hepatosplenomegaly and lymphadenopathy
are common physical examination find-
ings in persons with chronic lymphocytic
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leukemia.* Splenomegaly is common in
those with chronic myelogenous leukemia;
in one large, retrospective review, 75% of
patients had a palpable spleen.” Bleeding
and bruising are less common presenting
features in the chronic leukemia subtypes.
Characteristics of the major subtypes of leu-
kemia are listed in Table 1./

Laboratory Findings and Diagnosis

If leukemia is suspected, a complete blood
count should be obtained. Marked leukocy-
tosis, often greater than 100,000 white blood
cells per pL (100.0 X 10° per L), is the hall-
mark laboratory finding in chronic myelog-
enous leukemia and chronic lymphocytic
leukemia. More than 96% of patients with
chronic myelogenous leukemia have white
blood cell counts greater than 20,000 per uL
(20.0 X 10° per L), compared with only 34%
to 38% of patients with acute myelogenous
leukemia or acute lymphoblastic leuke-
mia.”'>? Acute leukemia can also present
with leukopenia, combined with anemia
or thrombocytopenia. Other helpful initial

laboratory tests include measurement of
serum electrolyte and creatinine levels, liver
function tests, and coagulation studies. If
the patient appears ill or is febrile, the physi-
cian should evaluate for infection with uri-
nalysis, urine culture, blood cultures, and
chest radiography.

The next step in diagnosis involves a
peripheral blood smear and usually a bone
marrow specimen (an aspirate or core
biopsy). Figure 1 details the initial steps in
the evaluation of possible leukemia.'!

ACUTE LEUKEMIA

Acute leukemia should be suspected when
a peripheral blood smear or bone marrow
specimen is overpopulated with blast cells
(the earliest form of hematopoietic precursor
cells). Classically, acute myelogenous leuke-
mia is characterized by the presence of Auer
rods on a peripheral smear. However, because
Auer rods are not commonly detected,
immunophenotyping by flow cytometry and
cytogenetic testing are required to distin-
guish between acute leukemia subtypes such

Leukemia

Table 1. Characteristics of Major Subtypes of Leukemia

Typical group(s)
affected

Common presenting features

Five-year relative
survival rate*

Subtype Description
Acute Blast cells on peripheral
lymphoblastic blood smear or bone
leukemia marrow aspirate
Acute Blast cells on peripheral
myelogenous blood smear or bone
leukemia marrow aspirate; Auer
rods on peripheral smear
Chronic Clonal expansion of at least
lymphocytic 5,000 B lymphocytes per
leukemia pL (5.0 X 10° per L) in
the peripheral blood
Chronic Philadelphia chromosome
myelogenous (BCR-ABL1 fusion gene)
leukemia

Children and young
adults (53% of
new cases occur in
persons < 20 years)

Adults (accounts
for 80% of acute
leukemia in adults)

Older adults (85% of
new cases occur in
persons > 65 years)

Adults

Symptoms: fever, lethargy,
bleeding, musculoskeletal pain
or dysfunction

Signs: hepatosplenomegaly and
lymphadenopathy

Symptoms: fever, fatigue, weight
loss, bleeding or bruising

Signs: hepatosplenomegaly and
lymphadenopathy (rare)

Symptoms: 50% of patients are
asymptomatic

Signs: hepatosplenomegaly and
lymphadenopathy

Symptoms: 20% of patients are
asymptomatic

Signs: splenomegaly

< 50 years: 75%
> 50 years: 25%

< 50 years: 55%
> 50 years: 14%

< 50 years: 94%
> 50 years: 83%

< 50 years: 84%
> 50 years: 48%

*—Relative survival compares a cohort of leukemia survivors (diagnosis made in 2005) to a similar cohort of cancer-free individuals.

Information from references 1, and 9 through 18.
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as acute myelogenous leukemia or acute lym-
phoblastic leukemia.'*'® Table 2 describes the
current approaches to the laboratory diagno-
sis of the leukemia subtype.

CHRONIC LEUKEMIA

The diagnosis of chronic lymphocytic leu-
kemia is based on a clonal expansion of at

least 5,000 B lymphocytes per pL (5.0 X 10°
per L) in the peripheral blood, confirmed
by immunophenotyping. A bone marrow
specimen is not required for diagnosis of
chronic lymphocytic leukemia, but can be
obtained to determine the extent of marrow
involvement for prognosis.” The diagnosis
of chronic myelogenous leukemia requires

Evaluation of Possible Leukemia

Leukocytosis detected (WBC count
> 11,000 per pL [11.0 X 10° per L]);

verified with repeat complete
blood count and differential

.

Monocyte predominant:
Consider chronic infections,
such as tuberculosis, or
connective tissue disorders

|
. '

'

Eosinophil predominant:
Consider allergic
reaction, parasitic
infection, or connective
tissue disorders

Neutrophil predominant:
Consider infection,
inflammation, stress response,
drug effect, asplenia, or
splenic sequestration

Lymphocyte predominant:

Consider infection such
as EBV, CMV, pertussis,
tuberculosis, asplenia, or
splenic sequestration

Basophil predominant
(rare): Consider

viral infections or
inflammatory conditions

Y

If any of the following are present, obtain a peripheral smear:
Leukocytosis despite initial management
WBC count > 20,000 per pL (20.0 X 10° per L)
Associated anemia, thrombocytopenia, or thrombocytosis
Enlarged liver, spleen, or lymph nodes
Unexplained constitutional symptoms (e.g., fever, fatigue, weight loss)

'

A\

Increased numbers of normal-
appearing neutrophils: See
above for causes of neutrophil

Increased numbers
of hematopoietic
precursor cells

predominance

Atypical lymphocytes:

EBV, CMYV, or HIV

With few blast cells, increased
basophils and eosinophils: Possible

Possible

chronic myelogenous leukemia

To confirm chronic myelogenous
leukemia: Cytogenic or molecular
testing of the bone marrow or
peripheral blood for the Philadelphia

With increased blast cells:

acute leukemia

To confirm acute myelogenous leukemia

chromosome (BCR-ABLT fusion gene)

vs. acute lymphoblastic leukemia:
Immunophenotyping by flow cytometry
and cytogenetic testing of peripheral
blood or bone marrow specimen

Marked increase of normal-
appearing lymphocytes
(>50% of cells on

smear): Possible chronic
lymphocytic leukemia

'

Increased numbers

of normal-appearing
lymphocytes: See above
for causes of lymphocyte
predominance

To confirm chronic lymphocytic leukemia:
Clonal expansion of at least 5,000 B
lymphocytes per pL (5.0 X 10° per L) by
flow cytometry and immunophenotyping

in the peripheral blood

Figure 1. Algorithm for the evaluation of possible leukemia. (CMV = cytomegalovirus; EBV = Epstein-Barr virus; HIV =
human immunodeficiency virus; WBC = white blood cell.)

Information from references 15 through 17.
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cytogenetic or molecular testing of the bone
marrow or peripheral blood for a specific
abnormality called the Philadelphia chro-
mosome, or the BCR-ABLI fusion gene.'* In
chronic myelogenous leukemia, a reciprocal
translocation between chromosomes 9 and
22 results in the formation of the BCR-ABLI
fusion gene that disrupts the normal cell reg-
ulatory processes in the bone marrow. The
shortened chromosome 22 (Philadelphia
chromosome) is found in 95% of patients
with chronic myelogenous leukemia."” The
remaining 5% of patients have a different
chromosomal rearrangement, but still form
the abnormal BCR-ABLI fusion gene.

Treatment

A patient with suspected leukemia should be
referred to a hematologist-oncologist to con-
firm the diagnosis and initiate treatment.
Treatment for acute leukemia may include
chemotherapy, radiation, monoclonal anti-
bodies, or hematopoietic stem cell trans-
plantation. The type of treatment depends
on the leukemia subtype, cytogenetic and

Leukemia

molecular findings, patient age, and comor-
bid conditions.

Early-stage chronic lymphocytic leuke-
mia (i.e., no anemia or thrombocytopenia
and less than three areas of nodal involve-
ment) can be monitored without treatment.
Active-stage disease is defined as worsening
thrombocytosis, thrombocytopenia, or ane-
mia; progressive lymphadenopathy or sple-
nomegaly; or the presence of constitutional
symptoms."”

The discovery of tyrosine kinase inhibi-
tors revolutionized the treatment of chronic
myelogenous leukemia. The abnormal fusion
gene created by the translocation of chromo-
somes 9 and 22 codes for tyrosine kinase,
an enzyme that activates signal transduc-
tion cascades that cause uncontrolled cel-
lular proliferation. This targeted approach
of inhibiting the tyrosine kinase enzyme
is not curative but can maintain long-term
control of the disease without the adverse
effects of chemotherapy. Curative treatment
consists of hematopoietic stem cell trans-
plantation, which is usually reserved for

Table 2. Common Laboratory Tests for the Evaluation of Leukemia

Test Description

Clinical applications

Bone marrow aspirate
or biopsy concentration of

hematopoietic cells

Examination of a greater

Identification of blast cells in acute myelogenous leukemia and acute
lymphoblastic leukemia

Extent of marrow involvement correlates with prognosis in chronic
lymphocytic leukemia

Cytogenetic testing

Flow cytometry with
immunophenotyping

Molecular testing

Peripheral smear

Examination of whole
chromosomes through
karyotyping or fluorescence
in situ hybridization analysis

Sorting and counting cells
(from peripheral blood or
bone marrow sample) by
specific cell surface markers

Testing for specific mutations
at the DNA level through
polymerase chain reaction
testing

Examination of whole
blood specimen under the
microscope

Detection of the Philadelphia chromosome (BCR-ABL1 fusion gene) for
the diagnosis of chronic myelogenous leukemia

Identifying chromosomal abnormalities to diagnose leukemia subtypes
Can be used to guide treatment and determine prognosis

Counting cloned cells of lymphoid lineage for the diagnosis of chronic
lymphocytic leukemia
Identifying certain cell surface markers to diagnose leukemia subtypes

Detection of the Philadelphia chromosome (BCR-ABL1 fusion gene) for
the diagnosis of chronic myelogenous leukemia

Aids in the diagnosis of leukemia subtypes; can also be used to guide
treatment and determine prognosis

Identification of Auer rods in acute myelogenous leukemia, and blast
cells in acute myelogenous leukemia and acute lymphoblastic leukemia

May 1, 2014 * Volume 89, Number 9
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younger patients or when the disease does
not respond to tyrosine kinase inhibitors.*’

Treatment Complications

Tumor lysis syndrome occurs as a result of
chemotherapy (or rarely, spontaneously)
when widespread cellular destruction releases
intracellular contents into the bloodstream.
The result is high potassium, phosphorus,
uric acid, and blood urea nitrogen levels.
Treatment is aimed at preventing renal fail-
ure, and includes aggressive intravenous fluid
administration plus allopurinol (Zyloprim)
or rasburicase (Elitek), a recombinant urate
oxidase that breaks down uric acid.”

Immunosuppression from chemotherapy,
hematopoietic stem cell transplantation,
or the leukemia itself may increase the risk
of serious infections. In patients with leu-
kemia, fever with neutropenia (fewer than
500 neutrophils per pL [0.5 X 10° per L])
should prompt an evaluation for infection
source and the initiation of empiric broad-
spectrum antibiotic therapy, such as imi-
penem/cilastatin (Primaxin), meropenem
(Merrem), piperacillin/tazobactam (Zosyn),
or cefepime.*

Prognosis and Long-Term Sequelae

Prognosis depends on factors such as age,
comorbid disease, leukemia subtype, and
cytogenetic and molecular characteristics
(Table 1'***). Survivors of leukemia have an
increased risk of subsequent cancers, likely
because of the cellular damage caused by
chemotherapy or radiation. In the Child-
hood Cancer Survivor Study (a cohort of
more than 17,000 childhood cancer sur-
vivors in North America treated between
1970 and 1986), the 30-year cumulative
incidence of neoplasm after leukemia was
5.6%, and the median time to occurrence
of the subsequent cancer was nine years.”
The most common second neoplasms in
childhood leukemia survivors are different
subtypes of leukemia, or lymphoma. Other
second neoplasms include bone, soft tissue,
or central nervous system tumors. Guide-
lines recommend age- and sex-specific can-
cer screening, routine complete blood count
to monitor for relapse or occurrence of a

www.aafp.org/afp

subsequent hematologic malignancy, and a
low threshold for brain imaging for neuro-
logic symptoms in patients who have received
cranial or craniospinal irradiation.®*#

Childhood survivors of leukemia are at
increased risk of osteonecrosis of joints such
as the hip, shoulder, and knee. Adolescent
survivors of acute lymphoblastic leukemia
are at highest risk, with a 20-year cumula-
tive incidence of 2.8%.% Guidelines recom-
mend bone density testing one year after
hematopoietic stem cell transplantation.?’
Treatment with certain chemotherapeutic
agents or radiation can affect cardiac func-
tion, including ejection fraction and electri-
cal conduction of the heart. For example,
20 to 30 years after treatment with anthra-
cyclines (e.g., daunorubicin, doxorubi-
cin [Adriamycin]), 5% to 10% of patients
develop congestive heart failure.® Guidelines
recommend periodic cardiac evaluation in
leukemia survivors.?** Endocrine abnor-
malities are also common after leukemia
treatment, including metabolic syndrome,
thyroid function abnormalities, and gonadal
failure. Monitoring and treatment for these
and other complications are summarized in
Table 3.24,25,27—30

Data Sources: We searched PubMed using the key word
leukemia. We also performed a search in Essential Evi-
dence Plus. We accessed the National Cancer Institute’s
Surveillance Epidemiology and End Results Program online
database of cancer statistics, and the National Compre-
hensive Cancer Network database. Search dates: Septem-
ber and December 2011, January 2012, and January 2014.

This article is one in a series from the Faculty Develop-

ment Fellowship of the Department of Family Medicine
at the University of North Carolina at Chapel Hill. Guest
editor of the series is Anthony J. Viera, MD, MPH.
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|
Table 3. Surveillance Guidelines for Leukemia Survivors

Leukemia subtype Surveillance guidelines

Acute lymphoblastic For patients treated with chemotherapy and radiation only:
leukemia Annual CBC with differential up to 10 years after last treatment

Annual measurement of serum electrolyte, creatinine, blood urea nitrogen, calcium, magnesium, and
phosphorus levels; thyroid function test; urinalysis

Echocardiography and electrocardiography every three to five years if findings on pretreatment
evaluation were abnormal, or if signs or symptoms of heart failure are present

Routine eye and dental examinations
Chest radiography, pulmonary function testing, and audiometry as needed based on symptoms
If treated before 1972, one-time hepatitis B surface antigen and hepatitis C antibody serum testing
If treated before 1993, one-time hepatitis C antibody serum testing
For patients treated with HSCT:

CBC every one to two months for three years, then every three to six months for up to five years
followed by annual testing

One year post-HSCT: CD4 cell count, immunoglobulin levels, bone density testing, ophthalmic evaluation

Annual measurement of serum electrolyte, creatinine, blood urea nitrogen, serum ferritin, urine
microalbumin, vitamin D, glucose, A1C, testosterone (males) or follicle-stimulating hormone and
luteinizing hormone (females) levels; liver function test; urinalysis; lipid profile; thyroid function test

Annual dental examination
If abnormal pre-HSCT pulmonary function test result, repeat as indicated with a change in clinical status
Age- and sex-specific cancer screening
Age-appropriate immunizations
For patients treated with cranial or craniospinal irradiation:
Low threshold for neuroimaging for neurologic symptoms
Acute myelogenous For patients treated with chemotherapy and radiation only:
leukemia CBC every one to two months for three years, then every three to six months for up to five years
Echocardiography and electrocardiography every two years
Radionuclide angiography or multiple-gated acquisition scan and Holter monitoring every five years
For patients treated with HSCT:
Same as for patients with acute lymphoblastic leukemia
Chronic lymphocytic For patients being monitored without treatment:

leukemia Routine history for symptoms that would prompt treatment (e.g., fatigue, weight loss, night sweats,
fever)

Routine physical examination, specifically evaluating for hepatosplenomegaly
Periodic CBCs: If progressive anemia or thrombocytopenia, refer to hematologist
Annual influenza vaccines
Pneumococcal vaccination every five years
Avoid live vaccines
Age- and sex-specific cancer screening
If treated:
Referral to cardiologist for baseline evaluation
Resting and stress echocardiography (frequency depending on baseline findings and other cardiac risk

factors)
Chronic myelogenous  For patients treated with a tyrosine kinase inhibitor:
leukemia CBC every three months: If neutropenia (absolute neutrophil count < 1,000 per pL [1.0 X 10° per L])

or thrombocytopenia (platelet count < 50 X 10° per L [50 X 10° per L]), refer to hematologist

Monitor for adverse effects including diarrhea, fluid retention, gastrointestinal upset, headache, muscle
cramps, rash

For patients treated with HSCT:
Same as for patients with acute lymphoblastic leukemia

CBC = complete blood count; HSCT = hematopoietic stem cell transplantation.
Information from references 24, 25, and 27 through 30.
- _____________________________________________________________________________________________________|
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