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Abstract
Myelotoxicity is one of the most common treatment-related adverse events
for patients receiving systemic antineoplastic therapy or radiotherapy to
bone marrow–producing regions. Myeloid cytopenias, including neutropenia, thrombocytopenia, and anemia, are the most common manifestations
of treatment-related myelotoxicity and one of the most common reasons for
dose modifications, dose delays, or discontinuation of therapy, potentially
limiting therapeutic benefit. Risk factors for myelotoxicity can be broadly
categorized into three types: disease-related, host-related, and treatmentrelated. Familiarity with factors predictive of high-risk febrile neutropenia,
bleeding due to thrombocytopenia, and cardiopulmonary compromise due
to anemia will provide the advanced practitioner (AP) in oncology with critical tools for rapid identification of patients at risk, prompt implementation
of established guidelines for management, and avoidance of clinical deterioration. The AP in oncology is often the primary point of contact for management of cytopenias, including administration of myeloid growth factors,
transfusion of blood products, and management of acute events such as
neutropenic fevers. Each of these interventions requires familiarity with the
risk and benefits of treatment. This article will review the physiology of the
bone marrow, risk factors for cytopenias, and current guidelines and recommendations for prevention and treatment of myeloid toxicity of cancer
treatment.
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M

yelotoxicity is one
of the most common
treatment-related adverse events for patients receiving systemic antineoplastic
therapy or radiotherapy to bone marrow–producing regions. Myeloid cytopenias—including neutropenia, thrombocytopenia, and anemia—are the most
frequently seen manifestations of treatment-related myelotoxicity and one
AdvancedPractitioner.com

of the most common reasons for dose
modifications, dose delays, or discontinuation of therapy, potentially limiting therapeutic benefit. Lymphopenia,
although less common, presents unique
challenges and may place the patient
at increased risk for opportunistic and
often life-threatening infections. Proactive management of cytopenias can
improve treatment tolerance and treatment outcomes. An understanding of
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the physiology of the bone marrow, normal hematopoiesis, risk factors for treatment-related cytopenias, strategies for minimizing serious adverse
events (AEs), and adaptation and consistent application of these concepts for individual patient
populations will limit the severity of hematologic
AEs and improve treatment outcomes.
The advanced practitioner (AP) in oncology
is often the primary point of contact for management of cytopenias, including administration of myeloid growth factors, transfusion of
blood products, and management of acute events
such as neutropenic fever. The American Society of Clinical Oncology (ASCO), the National
Comprehensive Cancer Network (NCCN), the
American Society of Hematology (ASH), and the
Multinational Association for Supportive Care
in Cancer (MASCC) have published recommendations or guidelines for the management of
treatment-related cytopenias. The US Food and
Drug Administration (FDA) and the American
Association of Blood Banks (AABB) have established guidelines for the administration of hematopoietic growth factors and blood products.
Familiarity with these guidelines and recommendations, together with a working knowledge of
common disease- and treatment-related risk fac-

tors, will provide a sound foundation for effective
management of treatment-related myelotoxicity.
This article will focus on the clinical management of treatment-related myeloid cytopenias, including current guidelines and recommendations
from the societies and associations noted above.
Lymphopenia and the management of common infectious complications were previously discussed
in JADPRO’s series of articles on treatment-related adverse events (Wood & Payne, 2011).

Bone Marrow Physiology and Normal
Hematopoiesis

The bone marrow is the primary source for
development of the components of blood (hematopoiesis), including myeloid and lymphoid
progenitor cells (Figure 1). Hematopoiesis occurs
primarily in the axial skeleton, with the majority
of production taking place in the pelvis (70%–
72%), the long bones such as the femurs, the skull,
the sternum, the ribs, and vertebral bodies (Gatter, Natkunam, & Brown, 2008). Extramedullary
hematopoiesis, or production of the elements of
blood outside the bone marrow, may occur in the
spleen and other accessory sites in selected disease states such as the myeloproliferative disorders and chronic leukemia (Kurtin, 2011b). The
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Figure 1. Bone marrow physiology. G-CSF = granulocyte colony-stimulating factor; GM-CSF =
granulocyte-macrophage colony-stimulating factor; IL = interleukin; SCF = stem cell factor. Adapted
from NIH (2012), Metcalf (2010), Crea et al. (2009), and Kurtin (2011a).
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bone marrow comprises trabecular bone, stromal
elements, hematopoietic cells, and elements of
the bone marrow microenvironment (Table 1).
Each of these elements plays a role in normal or
abnormal hematopoiesis and represents a different percentage of the bone marrow space, in part
determined by age and underlying disease.
Normal myeloid hematopoietic progenitor
cells arise from multipotent hematopoietic stem
cells (HSCs) that are capable of self-renewal, allowing for continuous replacement of granulocytes, macrophages, and erythrocytes. The majority of HSCs remain noncycling, with only a
few active at any time for release of these early
progenitor cells (Crea et al., 2009). In the presence of more severe hematopoietic stress, such as
bleeding, infection, or chemotherapy exposure, a
greater number of HSCs are activated to increase
progenitor production (Crea et al., 2009). The
normal life cycle for each cell type varies. However, the continuous renewal and life cycle of the
myeloid lineage is rapid compared with other tissue cell lines, playing a primary role in susceptibility to the effects of chemotherapeutic agents
(Gatter et al., 2008; Maxwell & Maher, 1992).
The capacity for self-renewal is regulated by
a number of intrinsic and extrinsic factors, including genetic and molecular mechanisms, cytokines, and signaling pathways (Corey et al., 2007;
Bejar, Levine, & Ebert, 2011; Kurtin, 2011a); see
Table 1. The process of apoptosis plays a primary
role in regulating the “on/off” mechanism of the
self-renewal process. Defects in each cell line and
in the microenvironment, including apoptosis,
play a key role in the pathobiology of hematologic
malignancies and contribute to susceptibility to
cytopenias, the capacity for hematopoietic recovery, and the abnormal findings in the bone marrow or peripheral blood (Gatter et al., 2008; Carlesso & Cardoso, 2010; Crea et al., 2009). Patients
receiving antineoplastic therapies for solid tumors may develop treatment-induced abnormalities, causing similar changes and contributing to
cytopenias, although the severity and duration of
cytopenias are generally less severe.
The concept of the stem cell niche, highly specialized bone marrow compartments with intricate regulatory processes driving stem cell development and maturation, is an evolving idea in the
understanding of normal and malignant hematopoiesis (Carlesso & Cardoso, 2010). These discovAdvancedPractitioner.com

eries have elucidated new areas for investigating
the prognostic significance of cytopenias at diagnosis and during treatment and the potential for
off-target effects of growth factor administration.
Clinical evaluation of bone marrow function
relies on analysis of peripheral blood (postmitotic pool) and a bone marrow biopsy and aspirate
(mitotic pool/progenitor pool); see Figure 1 and
Table 1. A complete blood count with differential
and platelet count is the most common method
for analysis of the postmitotic pool and will reflect the end results of bone marrow production
with any secondary effects of the host. Bone marrow analysis is required for the diagnosis and risk
analysis for hematopoietic malignancies, including cytogenetic and molecular information necessary for prognostication. The most common
site for obtaining bone marrow samples is the
posterior iliac crest, due to the accessibility, relative low risk, and bone marrow–producing capacity. The anterior iliac crest may also be used for
sampling, although this is generally more difficult
due to the architecture, accessibility, and depth of
the cortical bone.
Bone marrow aspirates may be obtained from
the sternum using a specialized needle with a
shield if there are contraindications for pelvic
biopsies, such as for those patients who are intubated and are difficult to turn, for those with
a fractured pelvis, or for patients who have had
extensive radiotherapy to the pelvis, which may
limit the diagnostic value of the specimen. Core
biopsies may not be obtained from the sternum
due to a high risk of sternal fracture and penetration of surrounding structures with potential for
fatal hemorrhage, limiting the diagnostic evaluation. Bone marrow evaluation is performed infrequently in patients with solid tumors unless there
are concerns for abnormal findings in the peripheral blood. Adequate bone marrow samples are
necessary to provide a complete analysis of the
mitotic pool, postmitotic pool, and disease attributes including genetic or molecular features. A
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Table 1. Key Elements of the Myeloid Lineage
Element

Components, features, and clinical significance

Bone marrow, mitotic pool: Intrinsic features
Hematopoietic stem cells

Multipotent with self-renewal capacity, few in active division
Insensitive to standard chemotherapy or growth factors
Cytokine sensitivity: G-CSF, SCF, IL-6

Myeloid progenitor cells

Committed to myeloid lineage, CFU-GEMM, differentiates into postmitotic pool:
erythroid, granulocyte/macrophage, and megakaryocytic/platelet cell lines.
CD34+ cells stimulated and collected for stem cell transplantation.
Cytokine sensitivity: G-CSF, SCF, IL-6, EPO

Cytogenetics and molecular
attributes

Chromosomal and molecular attributes have prognostic significance in all
hematologic malignancies and play a primary role in abnormal clonal evolution
and ineffective hematopoiesis.

Bone marrow microenvironment (HSC niche): Extrinsic features
Trabecular bone

Rich in osteolineage cells (osteoblasts and osteoclasts), which play a role in
regulation of HSC activity, mediated by cytokines active in the stroma and cytokine
milieu (in particular, erythropoietin and IL-6) as well as parathyroid hormone and
TNFα. Mesenchymal cells may play a role in the nervous system regulation of
hematopoiesis. Abnormal characteristics may contribute to tumorigenesis.

Stroma (bone marrow vascular
niche)

Reticular perivascular cells, reticulin fibers, fibroblasts, adhesion molecules,
adipocytes, iron stores. Rich in cytokines and hormones such as VEGF and
TNFα, which play a role in regulating hematopoiesis. Sensitive to paracrine- and
autocrine-mediated cytokines as well as exogenous exposure to cytokines and
stress hormones. Abnormal characteristics may contribute to tumorigenesis
and may serve as a sanctuary site for leukemic stem cells.

Cytokine milieu

Glycoproteins that bind to cell surface receptors; includes IL-3, IL-6, SCF,
G-CSF, EPO, TPO

Component

Normal range and life cycle

Peripheral blood, postmitotic pool (myeloid lineage)a
Erythrocytes

Hgb 11.5–15.5 g/dL, Hct 35%–45%, reticulocytes 0.9%–2.5% (40–115 x 109/L),
lifespan 120 days

Platelets

Lifespan 10–12 days (as little as 24 hr in stress situations)

Total WBCs

4.5–13.0 x 103/μL

Neutrophils

44%–76% of total WBCs, lifespan 1–3 days (as little as 6 hr in stress situations)

Monocytes

0%–12% of total WBCs, monocytosis may indicate early recovery of neutropenia

Eosinophils

0%–5% of total WBCs

Basophils

0%–2% of total WBCs

Note. G-CSF = granulocyte colony-stimulating factor; SCF = stem cell factor; IL-6 = interleukin-6; CFU-GEMM = colonyforming unit–granulocyte erythrocyte macrophage monocyte; EPO = erythropoietin; HSC = hematopoietic stem cells;
TNFα = tumor necrosis factor–alpha; VEGF = vascular endothelial growth factor; IL-3 = interleukin-3; TPO = thrombopoietin; Hgb = hemoglobin; Hct = hematocrit; WBCs = white blood cells. Information from Carlesso & Cardoso (2010),
Singbrant et al. (2011), Metcalf (2010), and Crea et al. (2009).
a
General attributes: Low sensitivity to chemotherapy; high sensitivity to G-CSF, EPO, and TPO

summary of the key elements of the bone marrow
with normal variants and life cycles for individual
cell lines is included in Table 1.

host-related, and treatment-related. Disease-related factors can be further divided into solid tumors
vs. hematologic malignancies. The incidence, severity, and duration of myeloid cytopenias are greatest in the hematologic malignancies. Cytopenias
may be present at the time of diagnosis as a result
of abnormal cellular development or bone marrow

Risk Factors for Myelotoxicity
Risk factors for myelotoxicity can be broadly
categorized into three basic types: disease-related,
J Adv Pract Oncol
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infiltration. In some cases, such as chronic lymphocytic leukemia, autoimmune processes such as
hemolytic anemia or idiopathic thrombocytopenia
purpura may be present at diagnosis, contributing
to the abrupt onset or severity of anemia or thrombocytopenia. Patients with massive splenomegaly
due to acute or chronic lymphocytic leukemia or
myeloproliferative disorders may present with
thrombocytopenia due to splenic sequestration or
peripheral destruction of platelets. Thus, evaluation
of tumor burden at the time of diagnosis in patients
with hematologic malignancies is a critical first
step in estimating the risk for cytopenias with initiation of treatment. Furthermore, determining the
extent of risk will assist in setting the expectations
for both the patient and the providers as treatment
is initiated.
It is not uncommon to expect moderate to
severe cytopenias in the early phases of treatment for hematologic malignancies, as the primary target for treatment resides in the bone
marrow, and both normal and abnormal cells
will be affected. Understanding the concepts of
expected cytopenias, cytopenias getting worse
before they get better, and sustained moderate
but asymptomatic cytopenias is critical for the
AP in oncology managing patients with hematologic malignancies (Kurtin, Demakos, Hayden,
& Boglione, 2012; Kurtin, 2011a). Treatmentrelated cytopenias are much less common in
patients with solid tumors. However, these patients may also experience moderate to severe
myeloid cytopenias as a result of bone marrow
infiltration by tumor, radiation to bone marrow–
producing sites, and other treatment- or hostrelated factors.

The bone marrow’s capacity to recover is an
important consideration in all patients. Patients
with limited cellularity, extensive bone marrow
fibrosis, underlying aplasias, or treatment-related
secondary malignancies have an impaired ability
to recover normal hematopoiesis. In most cases,
the only option for restoration of normal hematopoiesis is an allogeneic hematopoietic stem cell
transplant, which is limited primarily to patients
with hematologic malignancies who meet stringent transplant eligibility criteria, including adequate organ function, a suitable donor, and the
availability of a consistent caregiver.

Host-Related Factors
In addition to disease-related factors, selected attributes of the individual patient may increase the risk of treatment-related cytopenias
(Table 2). Hematopoietic senescence is common
in older patients due to the normal functional decline of the bone marrow with increasing
age (Kurtin, 2010). The bone marrow of an older adult is generally less cellular (estimated as
bone marrow cellularity % = 100 − patient age in
years) with a higher fat content, increasing the
susceptibility to cytopenias. Older patients more
often experience compromised renal or hepatic
function, which may contribute to cytopenias
due to impaired metabolism of chemotherapeutic agents (Scripture & Figg, 2006; Kurtin,
2010). Dose modification is required for selected
chemotherapeutic agents in the instance of renal or hepatic impairment to limit the severity
of AEs, including cytopenias. Similarly, comorbid conditions and associated medications may
contribute to decreased bone marrow function

Table 2. Factors Associated With High Risk for Chemotherapy-Induced Myelotoxicity
Host-related factors
Age > 65 yr
Female gender
ECOG PS > 1
Malnutrition
Immunosuppression
Comorbidities: COPD, diabetes, renal impairment,
liver disease
Open wounds or recent surgery
Active infection or preexisting fungal infections
Drug-drug interactions

Disease- and treatment-related factors
High tumor burden/extensive disease
History of chemotherapy or radiation
Preexisting cytopenias
Bone marrow involvement with tumor
Type of chemotherapy
Dose intensity of chemotherapy
Elevated lactate dehydrogenase level
Hypoalbuminemia
Hyperbilirubinemia, hematologic malignancy,
hospitalization

Note. ECOG = Eastern Cooperative Oncology Group; PS = performance status; COPD = chronic obstructive pulmonary disease. Information from Scripture & Figg (2006), Daniel & Crawford (2006),
Aapro et al. (2011), and Schwenkglenks et al. (2011).
AdvancedPractitioner.com
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severe and sustained cytopenias, complicating the
delivery of systemic therapy during or following
chemoradiotherapy (Chan et al., 2011; Miyoshi et
al., 2009). Administration of myeloid growth factors during radiation therapy is generally avoided
in these instances, as these agents promote cell division, increasing the potential myelosuppressive
effect. Patients receiving treatment over extended
periods of time, such as those with metastatic disease, may develop cumulative myelotoxicity and
are at risk for secondary malignancies including
acute myeloid leukemia (AML) and myelodysplastic syndromes (MDS). The onset of AML and MDS
varies according to the agents administered, with
early onset (within 3 years) for patients receiving
topoisomerase II inhibitors such as etoposide, teniposide, topotecan, and doxorubicin, and late onset
(5 to 10 years) for patients receiving radiation or
therapeutic alkylators such as cyclophosphamide
(Sekeres, 2011; Kurtin, 2011b). Chromosome 5 or 7
abnormalities are most common in these patients
and are associated with a poor prognosis.
The late onset of cytopenias, progressive cytopenias unexplained by ongoing treatment, the
presence of circulating blasts, or the onset of pancytopenia in cancer survivors will require a bone
marrow biopsy and aspirate to further characterize
the cause. Specimens should be sent for hematopathology, flow cytometry, and cytogenetic analysis
to provide the necessary diagnostic information.

or increased risk of drug interactions and treatment-related AEs (Carreca & Balducci, 2009;
Scripture & Figg, 2006).
Certain drugs are known to be associated
with cytopenias independent of bone marrow
function, including immunosuppressive agents,
anti-inflammatory medications, and antibiotics.
Careful review of medications that may contribute to cytopenias is necessary to limit the severity of AEs and to avoid unnecessary dose modification of antineoplastic therapies. Malnutrition
affects many cellular processes, including hematopoiesis. Decreased serum albumin levels may
indicate an increased risk for treatment-associated AEs and are included in the risk analysis for
many hematologic malignancies (Kurtin, 2010;
Greipp et al., 2005).

Treatment-Related Myelotoxicity
Chemotherapy-induced myelosuppression is
the most common dose-limiting AE for patients
receiving cancer treatment. The incidence, severity, and duration of myelosuppression vary by
drug, dependent on pharmacokinetic variables
of dose, frequency, route of administration, absorption, distribution, metabolism, and excretion
(Undevia, Gomez-Abuin, & Ratain, 2005). Each
antineoplastic agent varies with respect to the
onset and duration of cytopenias. In general, cytopenias are dose dependent, so dose reductions
or delays may be effective in minimizing the severity of cytopenias but may also limit the therapeutic potential of treatment. Dose-intensity and
combination therapies are the most common approach used in cancer treatment regimens with
the intent to exploit different mechanisms of action and vulnerabilities of the tumor while balancing toxicity profiles. However, increased doses and combination therapies frequently increase
the potential for cytopenias (Crawford et al., 2011;
Smith, 2006). Several guidelines and recommendations have been proposed by international oncology organizations to estimate the risk for selected cytopenias and to provide evidence-based
treatment guidelines (Table 3).
The combination of chemotherapy and radiation therapy is commonly used to treat esophageal,
gastric, head and neck, rectal, anal, and pancreatic
tumors. Each of these disease states may include
areas of bone marrow–producing regions in the
radiation field, increasing the potential for more
J Adv Pract Oncol
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Clinical Implications of Neutropenia
Chemotherapy-induced neutropenia (CIN)
is one of the most common dose-limiting toxicities associated with systemic treatment for cancer due to cytotoxic effects to the rapidly dividing neutrophils, as well as damage to elements of
the stroma and cytokine milieu. Mature granulocytes, including neutrophils, have a lifespan of 1
to 3 days, thus they have a rapid mitotic rate and
greater susceptibility to cytotoxic damage than
other myeloid cell lines with longer lifespans
(platelets ~10–12 days, erythrocytes ~120 days;
Crea et al., 2009). The onset and duration of neutropenia vary widely by agent, dose, frequency of
dosing, and host-related factors previously discussed. Neutrophil precursors are more prevalent
than erythroid or platelet cell lines, accounting
for more than 50% of the hematopoietic cells in
the bone marrow and postmitotic pool, with only
2% in circulation and 3% in the spleen or vascula214
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Table 3. Common Chemotherapeutic Regimens for Selected Tumor Types With Intermediate to High Risk
for Myelotoxicitya
Bladder cancer
MVAC: methotrexate, vinblastine, doxorubicin,
cisplatin (H)
Breast cancer
AC→T with trastuzumab (I)
CMF: cyclophosphamide, methotrexate, 5-FU (I)
Docetaxel every 21 days (I)
Epirubicin as a single agent or in sequential
regimens with cyclophosphamide, 5-FU,
methotrexate (I)
FEC→T: 5-FU, epirubicin, cyclophosphamide, and
sequential docetaxel (I)
Paclitaxel every 21 days (I)
AT: doxorubicin/paclitaxel (H)
Dose-dense AC→T: doxorubicin, cyclophosphamide,
paclitaxel (H)
Docetaxel/trastuzumab (H)
TAC: docetaxel, doxorubicin, cyclophosphamide (H)
Paclitaxel/lapatinib (I)
Vinblastine (I)
Cervical cancer
Cisplatin/topotecan (I)
Topotecan (I)
Irinotecan (I)
Colorectal cancer
FOLFOX: 5-FU, leucovorin, oxaliplatin (I)
Esophageal and gastric cancers
DCF: docetaxel, cisplatin, 5-FU (H)
Irinotecan/cisplatin (I)
ECF: epirubicin, cisplatin, 5-FU (I)
Hodgkin lymphoma
ABVD: doxorubicin, bleomycin, vinblastine,
dacarbazine (I)
BEACOPP: bleomycin, etoposide, doxorubicin,
cyclophosphamide, vincristine, procarbazine,
prednisone (H)
Stanford V: mechlorethamine, doxorubicin,
vinblastine, bleomycin, etoposide, prednisone (I)
Kidney cancer
Doxorubicin/gemcitabine (H)
Melanoma
Dacarbazine-based combinations with or without
IL-2 (H)

Non-Hodgkin lymphoma (variation by subtype of NHL)
ICE: ifosfamide, carboplatin, etoposide (H)
CHOP-R-14: cyclophosphamide, vincristine,
doxorubicin, prednisone + rituximab (H)
DHAP: dexamethasone, cisplatin, cytarabine (H)
ESHAP: etoposide, methyl prednisolone, cisplatin,
cytarabine (H)
CHOP-R: cyclophosphamide, doxorubicin, vincristine,
prednisone + rituximab (I)
MINE: mesna, ifosfamide, mitoxantrone, etoposide (H)
HyperCVAD: rituximab, cyclophosphamide, vincristine,
doxorubicin, methotrexate, cytarabine; alternating
regimens (H)
FC/FCR: fludarabine, cyclophosphamide, rituximab (I)
R-GemP: rituximab, gemcitabine, methylprednisolone (H)
GDP: gemcitabine, dexamethasone, cisplatin (I)
Non–small cell lung cancer
Docetaxel/carboplatin (H)
Cisplatin, vinorelbine, cetuximab (H)
Docetaxel/cisplatin (I)
Etoposide/cisplatin (H)
Paclitaxel/cisplatin (I)
Vinorelbine/cisplatin (I)
Ovarian cancer
Docetaxel (H)
Topotecan (H)
Paclitaxel (H)
Carboplatin/docetaxel (I)
Sarcoma
MAID: mesna, doxorubicin, ifosfamide, dacarbazine (H)
Small cell lung cancer
ACE: doxorubicin, cyclophosphamide, etoposide (H)
Topotecan (H)
Topotecan/cisplatin (I)
ICE: ifosfamide, carboplatin, etoposide (H)
Etoposide/carboplatin (I)
Testicular cancer
VeIP: vinblastine, Ifosfamide, cisplatin (H)
BEP: bleomycin, etoposide, cisplatin (H)
Etoposide/cisplatin (I)
VIP: etoposide, ifosfamide, cisplatin (H)
TIP: paclitaxel, ifosfamide, cisplatin (H)
Uterine cancer
Docetaxel (I)

Note. I = intermediate risk; H = high risk; 5-FU = fluorouracil; IL-2 = interleukin 2; NHL = non-Hodgkin lymphoma. Information from Chan et al. (2011), Crawford et al. (2011), and Aapro et al. (2011).
a
Intermediate risk: 10%–20%; high risk: > 20%. Excludes myeloid malignancies and multiple myeloma.

ture (Crea et al., 2009).
The actively dividing cells in the mitotic pool
and postmitotic maturation pool are the most
sensitive to the effects of chemotherapy, whereas
mature and fully differentiated cells in the peripheral blood are less sensitive. The degree of sensitivity for different cells in the maturation process,
together with the lifespan of each cell line, helps
to explain the time of onset and recovery of cytopenias and the principles of growth factor administration for treatment.
The presence of neutropenia predisposes
patients to infection. The severity and duration of neutropenia, together with host-related
AdvancedPractitioner.com

factors and secondary effects of the treatment
regimen, contribute to the risk of more serious
AEs, including neutropenic fevers and bacteremia. The greatest risk of severe CIN, including
febrile neutropenia (FN), is in the first cycle of
chemotherapy (Klastersky, Awada, Paesmans,
& Aoun, 2010; Aapro, Crawford, & Kamioner,
2011; Wingard & Elmongy, 2009). As a result, the
prophylactic use of colony-stimulating factors
is recommended when the risk of National Cancer Institute Common Terminology Criteria for
Adverse Events (CTCAE) grades 3/4 CIN or FN
is greater than 20% in the setting of potentially
curable disease where dose intensity is neces215
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sary for optimal clinical outcomes (Crawford et
al., 2011; Wingard & Elmongy, 2009); see Table
3. Additional parameters are suggested for patients with < 20% risk of CTCAE grades 3/4 CIN
or FN; see Table 4.
Chan and colleagues (2011) conducted a systematic literature review to evaluate the incidence, patient characteristics, severity, supportive care strategies, and clinical impact of grades
3/4 CIN for patients enrolled in randomized
phase III clinical trials evaluating emerging regimens for the treatment of common solid tumors
(Chan et al., 2011). A total of 1,522 randomized,
controlled trials for breast, lung, ovarian, colorectal, or renal cell carcinomas were evaluated for
the inclusion of criteria for reporting, grading,
and management of clinically significant CIN.
Only 264 of the published trials reported the
incidence of grades 3/4 CIN (72%) or FN (53%)
overall. The incidence by tumor type for grades
3/4 CIN or FN was most common in the studies
for lung (n = 89: 82%, 60%), ovarian (n = 25: 80%,
52%), and breast (n = 73: 70%, 55%) cancer, with
fewer cases reported for colorectal (n = 63: 60%,
53%) and renal cell (n = 14: 57%, 21%) cancers.
Only 73% of the trials included descriptions

KURTIN

of strategies for management of these events. The
most commonly reported strategies for management included dose delays (36%), dose reductions (48%), and granulocyte colony-stimulating
factor (G-CSF) administration. The discussion of
G-CSF administration in the methods (38%) or
results (19%) segment for each published study
was rare. The authors note that this as a major
limitation for application of the trial results to the
general oncology population (Chan et al., 2011).
Given the well-established clinical guidelines for
the management and prevention of CIN and FN,
inclusion of these strategies in the design and reporting for clinical trials for emerging therapies
is critical to provide oncology clinicians with the
data necessary to safely integrate these newer
therapies into clinical practice, limit the severity
of AEs, and provide patients with the most effective clinical outcomes.
Patients with FN may deteriorate rapidly.
Prompt management of these patients is essential to avoid more severe AEs such as sepsis syndrome, circulatory collapse, acute respiratory
failure, or death. Familiarity with factors predictive of high-risk FN will provide the AP in oncology with critical tools for rapid identification of

Table 4. N
 ational Cancer Institute Common Terminology Criteria for Adverse Events Version 4:
Myelotoxicity
Myelotoxicity

Definition

Grading

Anemia

A disorder characterized by a reduction in the
amount of hemoglobin in 100 mL of blood

Grade 1: Hgb < LLN–10.0 g/dL
Grade 2: Hgb < 10.0–8.0 g/dL
Grade 3: Hgb < 8.0 g/dL, transfusion
indicated
Grade 4: Hgb < 6.2–4.9 g/dL, lifethreatening consequences, urgent
intervention indicated

Neutropenia

A finding based on laboratory test results
that indicates a decrease in the number of
neutrophils in a blood specimen

Grade
Grade
Grade
Grade

Febrile neutropenia

A disorder characterized by an ANC < 1,000/μL
and a single temperature of > 38.3°C (101°F) or
a sustained temperature of ≥ 38°C (100.4°F) for
more than 1 hr

Grade 3: ANC < 1,000/μL with a single
temperature of > 38.3°C (101°F) or
a sustained temperature of ≥ 38°C
(100.4°F) for more than 1 hr
Grade 4: Life-threatening consequences,
urgent intervention indicated

Thrombocytopenia

A finding based on laboratory test results that
indicates a decrease in the number of platelets
in a blood specimen

Grade
Grade
Grade
Grade

1: ANC < LLN–1,500/μL
2: ANC < 1,500–1,000/μL
3: ANC < 1,000–500/μL
4: ANC < 500/μL

1: Plt < LLN–75,000/μL
2: Plt < 75,000–50,000/μL
3: Plt < 50,000–25,000/μL
4: Plt < 25,000/μL

Note. Hgb = hemoglobin; LLN = lower limit of normal; ANC = absolute neutrophil count; Plt = platelets. Adapted from
U.S. Department of Health & Human Services (2010).
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these patients, prompt implementation of established guidelines for management, and avoidance
of clinical deterioration (Table 5).
Patients with CIN or FN generally present
with fever and/or shaking chills. Low-risk patients
may be asymptomatic and found to be neutropenic on routine laboratory evaluation. The general
principles of treatment for a patient with grades
3/4 CIN or FN include rapidly assessing the level
of risk for deterioration and stabilizing the patient if necessary, while simultaneously obtaining
additional laboratory measures, including blood
cultures and urinalysis for culture and sensitivity.
Prompt implementation of institutional guidelines
or standing orders for the management of neutropenic fevers, including antibiotic administration, is
critical to prevent more serious complications.
Park and colleagues (2010) evaluated 259
episodes of FN in patients with hematologic malignancies (n = 137; median age 48, range 18–85
years). The most common organisms isolated
were gram-negative bacteria (Escherichia coli
most common, 50 episodes) and gram-positive
bacteria (Staphylococcus aureus most common,
22 episodes). The respiratory tract (69 episodes,
26.6%), indwelling catheters (22 episodes, 8.5%),
and the gastrointestinal tract (20 episodes, 7.7%)
were the most common documented sites of infection (Park et al., 2010). Of the 259 episodes
evaluated, 43% (107 episodes) were documented
as fever of unknown origin.
In a second trial, Klastersky and colleagues
(2007) applied the MASCC risk criteria (Table 5)
to a population of 2,142 cancer patients with solid
tumors and hematologic malignancies receiving
chemotherapy to evaluate the incidence of bacteremia in patients experiencing FN. Fifty-eight
percent of the patients were considered to be at
low risk for complications related to FN. A total of
499 patients (23%; median age 52 years) developed
documented bacteremia. Gram-positive bacteremia was most common (57%), with gram-negative
(23%) and polymicrobial bacteremia (10%) less
common. A MASCC risk score of < 15 was associated with the poorest prognosis (p < .001).
These trials emphasize the increased risk for
CIN and FN in patients with hematologic malignancies, the common sources of infection, and the
most common microbes isolated, providing the AP
in oncology with useful information for evaluating
risk and identifying treatment strategies.
AdvancedPractitioner.com

Table 5. F
 actors Associated With PoorPrognosis Febrile Neutropenia
Factors predictive of poor prognosis at onset of FN
• Very low MASCC risk-index score (< 15)
MASCC Attributea
o Burden of illness
■ No or mild symptoms
■ Moderate symptoms
■ Severe symptoms
o No hypotension
o No COPD
o No previous fungal
infection
o No dehydration
o Outpatient status at onset
of fever
o Age < 60 yr

Score
5
3
0
5
4
4
3
3
2

• Hypotension (SBP < 90 mm Hg)
• Tachypnea (RR > 24)
• Serum albumin level < 3.3 g/dL
• Serum bicarbonate level < 21 mmol/L
• C-reactive protein level > 20 mg/L at baseline
• High procalcitonin level (> 2.0 ng/mL)
• Circulating sTREM-1 > 100 pg/mLb
• High PTX3 levels at the onset of FNb
General factors associated with poor-prognosis FN
• Documented respiratory infection
•C
 -reactive protein level > 100 mg/L at day 5 of
treatment for FN
•N
 eutropenia lasting more than 4 days after an
episode of FN
• Concurrent mucositis/colitis/typhlitis
• Intensive care unit admission
• Disseminated intravascular coagulation
• Confusion or altered mental status
• Bleeding severe enough to require transfusion
• Arrhythmia or ECG changes requiring treatment
Note. FN = febrile neutropenia; MASCC = Multinational
Association of Supportive Care in Cancer; COPD =
chronic obstructive pulmonary disease; SBP = systolic
blood pressure; RR = respiration rate; sTREM-1 =
soluble triggering receptor; PTX3 = pentraxin 3; ECG =
electrocardiogram. Information from Ahn & Lee
(2012), Park et al. (2010), and Klastersky et al. (2007).
a
The MASCC scoring system is intended for use in lowrisk FN. bNovel markers currently in early clinical trials.

Once cultures are obtained, the first priority
is to administer IV antibiotics based on institu217
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tional policy, given variations in common microbial profiles by institution and by region (Klastersky et al., 2011). In the study conducted by Park
et al. (2010), the most common first choice of
antibiotics administered was cefepime (142 episodes, 55%). The addition of a glycopeptide (e.g.,
vancomycin) for sustained fevers after 3 days of
empiric antibiotics was most common, with the
addition of antifungal agents based on suspected
fungal etiology (Klastersky et al., 2011).
Factors associated with poor outcomes based
on univariate analysis of the 259 FN episodes included age (p = .010) and comorbidities such as
hypertension (p = .012) and liver disease (p = .029).
The leading cause of death (n = 61 [24%]) was
septic shock with multiorgan failure (21 cases)
and respiratory failure (9 cases). Patients who developed a fever outside the hospital experienced
more serious complications (p = .003), emphasizing the need to have established protocols and effective patient and caregiver communication to
expedite the management of FN in patients being
cared for in the outpatient setting, particularly
older patients. Recovery from neutropenia was
found to be the most significant factor for survival (p < .0001). Additional factors associated with
poor-prognosis FN are included in Table 5.
In general, risk analysis based on the concepts previously discussed, incorporation of prophylactic administration of myeloid growth factors in high-risk populations based on consensus
guidelines, and strategies for early identification
and prompt initiation of treatment of FN are the
backbone of managing CIN. Recommendations
for the prevention and treatment of CIN and FN
are summarized in Table 6.
Once a patient has experienced an episode of
grades 3/4 CIN or FN, several additional considerations in continuing treatment come into play. Unlike patients who experience milder CIN (grades
1/2), patients with more severe episodes will require
greater scrutiny. The decision to resume treatment
is based on the individual patient; his or her risk
profile including underlying disease; the treatment
regimen including therapeutic intent; and the availability of supportive care including growth factor
support, accessibility to the clinical setting, financial
resources, and caregiver support. Dose modification
and/or dose delays may be required in patients with
metastatic or incurable disease who may require
treatment over extended periods of time.
J Adv Pract Oncol
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The use of G-CSF as secondary prophylaxis has
also been studied. Guidelines proposed by ASCO
and the NCCN suggest the use of G-CSF in patients
receiving mild to moderately myelotoxic chemotherapy with curative intent who have experienced
an episode of grades 3/4 CIN or FN (Crawford et al.,
2011; Aapro et al., 2011). Myeloid growth factors are
not without potential AEs, the most common being bone pain (Table 6). Bone pain associated with
G-CSF is generally self-limiting but may be severe
(Wingard & Elmongy, 2009). The administration
of an anti-inflammatory agent such as naproxen together with an antihistamine such as loratadine at
the onset of bone pain and continued for 48 to 72
hours works well to reduce the pain, with little risk
of toxicity and minimal cost to the patient.
The use of prophylactic antibiotics remains
controversial owing to limited data substantiating their benefit in the general cancer population
together with concerns for the development of
drug-resistant bacteria. Unlike myeloid growth
factors, which have proven efficacy in preventing
the incidence and severity of neutropenia, including episodes of FN, prophylactic antibiotics serve
to reduce the complications of neutropenic fevers
(Wingard & Elmongy, 2009). More recent trials
have documented a reduction in the incidence
of neutropenic fevers and bacteremia and infection-related mortality with administration of
fluoroquinolones (ciprofloxacin and levofloxacin
most common) in patients with hematologic or
solid tumors (Wingard & Elmongy, 2009; Wood &
Payne, 2011). Fluoroquinolones provide excellent
coverage against Pseudomonas aeruginosa (ciprofloxacin) and Streptococcus (levofloxacin).
The concern for antibiotic-associated AEs,
additional cost, secondary infection with Clostridium difficile, and the emergence of drug-resistant bacteria must be considered. However, prophylactic antibiotics in patients with hematologic
malignancies or in patients at high risk for poorprognosis FN should be considered. Combining
prophylactic antibiotics with G-CSF, in particular pegfilgrastim if the schedule permits, may
provide the best option for prevention in very
high-risk patients (Wingard & Elmongy, 2009).

Clinical Implications of Anemia
Anemia is a common finding in patients with
cancer, with an incidence ranging from 30% to
90% (Rodgers et al., 2012). The causes of anemia
218
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Table 6. Recommendations for Prevention and Management of Chemotherapy-Induced Neutropenia
and Febrile Neutropenia
Assessment of risk

• See Tables 2 and 5 for a description of risk factors for CIN due to diseaserelated, host-related, and treatment-related factors.

Prevention

•P
 atient and caregiver education for infection prevention appropriate to the
level of risk
• Prophylactic use of colony-stimulating factors is recommended when:
oR
 isk of CTC-AE grades 3/4 CIN or FN is > 20% in the setting of potentially
curable disease or where dose intensity is necessary for optimal clinical
outcomes.
oR
 isk of CTC-AE grades 3/4 CIN or FN is 10%–20% in patients with highrisk profile (Tables 2 and 5).
• FDA-approved agents:
o Filgrastim (Neupogen: See dosing guidelines at www.neupogen.com)
o Pegfilgrastim (Neulasta: See dosing guidelines at www.neulasta.com)
• C
 onsider prophylactic antibiotics for patients with hematologic
malignancies at very high risk for FN – fluoroquinolone +/- glycopeptide,
antifungal, antiviral.

Management of CIN

• Implement primary prevention as above.
•E
 stablish a plan for close monitoring of blood counts in initial phase of
treatment where risk is greatest.
•R
 eview reportable signs and symptoms with patient and caregivers,
including who to contact and how to do so.
•S
 ubsequent treatment may require dose modification, dose delay, or
administration of G-CSF agents as secondary prophylaxis.
•L
 ow-risk patients with anticipated early recovery can be managed in an
outpatient setting.
•M
 ost common AEs associated with G-CSF agents include bone pain, myalgia,
arthralgia, and fever.
o B
 one pain can be effectively managed with naproxen 225 mg and
loratadine 10 mg q12h at the onset of bone pain and continued until
resolved (generally 48–72 hr).

Management of FN

• Considered a medical emergency
• Prompt intervention is critical to avoid morbidity and mortality.
• Rapid assessment for risk of clinical deterioration (Table 5)
• Implement institutional standard of care for FN, including obtaining
cultures (blood and urine), PA and lateral chest x-ray, viral and VRE swabs
if indicated, and prompt administration of IV antibiotics (cefepime most
common first-line agent).
•U
 nstable patients should be transported by emergency medical services
equipped with ACLS capabilities.
•P
 atients at very high risk for poor-prognosis FN may require ICU admission.

Note. CIN = chemotherapy-induced neutropenia; FN = febrile neutropenia; CTC-AE = Common Terminology Criteria
for Adverse Events; FDA = US Food and Drug Administration; G-CSF = granulocyte colony-stimulating factor; AE =
adverse event; PA = posteroanterior; VRE = vancomycin-resistant enterococci; ACLS = advanced cardiac life support;
ICU = intensive care unit. Information from Crawford et al. (2011), Aapro et al. (2011), Klastersky et al. (2011), Aapro,
Crawford, & Kamioner (2010), Wingard & Elmongy (2009), and Talcott et al. (2011).
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in cancer patients vary widely, including metabolic and nutritional causes, chronic disease,
renal insufficiency, blood loss, inadequate production due to bone marrow disease, peripheral
destruction due to autoimmune disorders, druginduced red cell aplasia, and chemotherapy-induced anemia (CIA). Anemia is multifactorial in
most cancer patients due to the generally older
age of the cancer population, the existence of comorbidities with associated medications, and the
effects of the malignancy and treatment (Rodgers et al., 2012). Chemotherapy-induced anemia
is far less common than CIN, in part due to the
difference of the life cycle of red blood cells; however, chemotherapeutic agents may contribute
to anemia through disruption of normal hematopoiesis and interference of the cytokine milieu
(Crawford et al., 2011).
The primary approach to the patient with
anemia is as follows: (1) Establish the underlying
cause(s), (2) treat the underlying cause(s), (3) evaluate symptoms of anemia with consideration of individual patient characteristics, and (4) weigh the risks
and benefits of each treatment approach. The comprehensive assessment and management of anemia
in the patient with cancer is beyond the scope of this
article. However, supportive care for those receiving
myelotoxic chemotherapy is an essential component
of clinical management for these patients, including
the treatment of anemia. Beyond the treatment of
comorbid conditions and other contributing factors,
the primary interventions for CIA include therapeutic transfusion of packed red blood cells (PRBCs)
and administration of erythropoiesis-stimulating
agents (ESAs; Rodgers et al., 2012).
The FDA, the AABB, and the NCCN have recently
revised the guidelines for administration of ESAs and
PRBCs based on the specific risks and benefits of each
approach (Carson et al., 2012; Vlaar, et al., 2011; Rodgers et al., 2012). Familiarity with these very recent
recommendations is critical for the AP to provide informed consent to the patient, to maintain safety, and
to ensure compliance with regulatory requirements,
including the Risk Evaluation and Mitigation Strategy (REMS) program for erythropoiesis-stimulating
agents regulated by the FDA and institutional blood
bank requirements (Table 7).
Consideration of the individual patient characteristics and associated risks of PRBC transfusion
and ESA administration is necessary. Thresholds
for transfusion in particular will vary according to
J Adv Pract Oncol
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patient age, comorbidities, underlying disease, expected capacity for hematologic recovery, and ongoing therapy. It must always be kept in mind that
the benefits of any transfusion are temporary, and
restoration of normal bone marrow function and
erythropoiesis is the most desirable goal. As noted
in the REMS guidelines, there are specific risks associated with the administration of ESAs, including thrombosis, inferior survival, and decreased
time to progression in selected tumor types. Thus,
ESAs are reserved for patients receiving chemotherapy where treatment does not have a curative
intent (Rodgers et al., 2012).

Clinical Implications of
Thrombocytopenia

Thrombocytopenia and the risk of bleeding
present a particular challenge in cancer patients
undergoing cancer treatment. Like anemia, the
cause may be multifactorial, including underlying disease, comorbidities, associated medications, disease-related destruction, or as a direct
effect of treatment on the macrophages in the
mitotic pool. Unlike neutropenia or anemia, the
use of colony-stimulating factors for chemotherapy-induced thrombocytopenia is not yet FDA
approved, in part due to concerns for off-target
effects of thrombopoietic agents. The lifespan of
a mature platelet in the postmitotic pool may be
as little as 24 hours, thus there is a constant need
for replacement. Patients with bone marrow disorders, continued peripheral destruction, or sequestration such as with splenomegaly are at particular risk for sustained thrombocytopenia. The
risk of bleeding is the greatest concern for these
patients. Criteria for therapeutic or prophylactic
platelet transfusions, the type of platelets, and volume transfused have been reviewed (Slichter et al.,
2010; Triulzi et al., 2012).
The Platelet Dose Study (PLADO), a database
analysis of 3,447 hematology/oncology patients
who received therapeutic platelet transfusions,
found a platelet count of 10,000/µL to be the recommended trigger for prophylactic transfusion,
with adaptation for patients with complicating
factors, consistent with previous trials and consensus guidelines (Triulzi et al., 2012; Schiffer et
al., 2001; Slichter, 2007; Slichter et al., 2010); see
Table 8. A platelet count ≥ 5,000/µL is thought to
be sufficient to maintain endothelial integrity, a
key factor in spontaneous bleeding risk. Educat220 AdvancedPractitioner.com
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Table 7. Recommendations for Management of Chemotherapy-Induced Anemia
Assessment of risk
Patients at high risk for more serious complications of anemia include those with:
Cardiopulmonary disease, progressive or rapid decline in Hgb with or without recent chemotherapy or radiation,
Sustained symptoms of tachycardia, tachypnea, chest pain, dyspnea, syncope, debilitating fatigue
Treatment of CIA
General principles of treatment
• Establish the underlying cause(s): bleeding, nutritional, inherited, renal insufficiency, treatment, chronic disease,
hemolysis
• Treat the underlying cause(s)
• Evaluate symptoms of anemia with consideration of individual patient characteristics
• Weigh the risks and benefits of each treatment approach (PRBC transfusion, ESA administration)
Transfusion of PRBCs
• Requires informed consent
• Asymptomatic patients: transfuse to maintain Hgb 7–9 g/dL
• Symptomatic with hemorrhage: transfuse to maintain hemodynamic stability
• Symptomatic with Hgb < 10 g/dL: transfuse to maintain Hgb 8–10 g/dL
• Acute coronary syndromes with anemia: transfuse to maintain Hgb > 10 g/dL
Benefits
Rapid increase in Hgb may improve fatigue in some patients
Risks
• Viral transmission: HIV: 3.1/100,000, hepatitis C: 5.1/100,000, hepatitis B: 3.41–3.43/100,000
• Transfusion-related acute lung injury (TRALI): 0.81/100,000
• Transfusion-associated circulatory overload (TACO): 1%–6%, higher in ICU and postoperative settings
• Fatal hemolysis: 1.3–1.7/million transfused units
• Febrile nonhemolytic reactions: 1.1%–2.15%
ESA administration
• FDA-approved agents: darbepoetin alfa (Aranesp), epoetin alfa (Epogen, Procrit)
• Not indicated in patients receiving chemotherapy with curative intent
• Requires REMS compliance and training for providers (ESA APPRISE Oncology Program)a
• Requires informed consent for patients
• Goal is to administer the lowest dose necessary to avoid PRBC transfusion not to exceed a Hgb of 10 g/dL
• If Hgb rises > 1 g/dL in any 2-wk period, dose reductions are required; see prescribing information
Benefits
Avoidance of transfusions
Risks
• Inferior survival and decreased time to progression, most notably with target Hgb > 12 g/dLb
• Thrombosis: increased risk history of coagulopathy, obesity, coronary artery disease, thrombocytosis,
hypertension, immobilization, hospitalization, selected hormonal therapies, immunomodulatory agentsc
• Hypertension/seizures
• Pure red cell aplasia (rare)
Note. Hgb = hemoglobin; CIA = chemotherapy-induced anemia; PRBC = packed red blood cell; ESA = erythropoiesisstimulating agent; ICU = intensive care unit; FDA = US Food and Drug Administration; REMS = Risk Evaluation and
Mitigation Strategy. Information from Carson et al. (2012), Vlaar et al. (2011), and Rodgers et al. (2012).
a
https://www.esa-apprise.com/ESAAppriseUI/ESAAppriseUI/default.jsp
b
http://www.fda.gov/cder/drug/infopage/RHE/default.htm
c
http://www.nccn.org/professionals/physician_gls/f_guidelines.asp#supportive

ing the patient and their caregivers about bleeding
precautions and reportable signs and symptoms is
critical to avoiding more serious adverse events.

of complex processes as a result of the disease, the
approach to treatment, and the characteristics of the
individual patient. Assessment of individual risk using the criteria described, implementing prevention,
monitoring, and treatment strategies, as well as setting expectations for the patient and family are essential to avoid more serious adverse events. Familiarity with the risks and benefits of supportive care
measures for the treatment of cytopenias, recent up-

Summary and Conclusions
Chemotherapy-induced myelotoxicity is a common and potentially life-threatening adverse event
for cancer patients. Neutropenia, febrile neutropenia, anemia, and thrombocytopenia are the result
AdvancedPractitioner.com
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Table 8. Recommendation for Management of Chemotherapy-Induced Thrombocytopenia
Assessment of risk
• CTCAE risk (Table 4) and WHO bleeding grades
1. Petechiae, ecchymosis, occult blood in body secretions, mild vaginal spotting
2. Evidence of gross hemorrhage not requiring red blood cell transfusion over routine needs: epistaxis,
hematuria, hematemesis
3. Hemorrhage of one or more units of PRBCs/day
4. Life-threatening hemorrhage, defined as either massive bleeding causing hemodynamic compromise or
bleeding into a vital organ (e.g., intracranial, pericardial, or pulmonary hemorrhage)
• Evaluate symptoms and underlying disease
• Determine chronicity
• Consider individual characteristics of the patients, including proximity to treatment center, concomitant anticoagulation therapy or antiplatelet drugs, prior response to platelets, concurrent inflammatory process/infection,
CNS disease
Prevention
• Evaluate bleeding risk as above
• Establish plan of care for monitoring blood counts and follow-up
• Maintain a current type and screen blood identification band for patients requiring frequent transfusions
• Hold anticoagulation therapy for platelet count < 50,000/µL
• Educate the patient and caregivers about bleeding precautions and reportable signs and symptoms
Platelet products
• Random-donor platelets
o Centrifuged from whole blood
o Common dose administered is 4–6 random-donor units (pooled from multiple units of whole blood)
o Larger volume: 1 unit = 60 mL, 6 units = 360 mL
o Exposure to more donors
• Single-donor platelets
o Single donor undergoes apheresis, process requires 1.5–2.5 hr
o Approximately 200 mL
o Process is costly, more than twice the cost of random-donor platelets
o More recent procedures produce leukoreduced product
Platelet transfusions based on platelet levels and patient characteristics
• Platelets < 10,000/µL, threshold for therapeutic platelet transfusions
• Patients with a history of bleeding or an active infectious process may require higher threshold for transfusion
• Surgical or invasive procedure: maintain platelets > 50,000 µL, more aggressive procedures for patients with
complicating factors may require higher platelet count
• Neurosurgical procedures: maintain platelets > 100,000 µL/L
• Premedication for platelets may be required in patients with history of urticaria
• Evaluate response to platelets by obtaining postplatelet count 30–60 min after infusion
Note. CTCAE = Common Terminology Criteria for Adverse Events; WHO = World Health Organization; PRBC = packed
red blood cell; CNS = central nervous system. Information from Slichter (2007), Triulzi et al. (2012), Slichter et al.
(2010), Schiffer et al. (2001), and Kurtin et al. (2012).

dates to consensus guidelines, recommendations for
treatment modification, and contraindications for
various supportive care measures will assist the AP
in oncology in effectively managing chemotherapyinduced myeloid toxicity.
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