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A B S T R A C T

Purpose
To update the 2000 American Society of Clinical Oncology guideline on the use of hematopoietic
colony-stimulating factors (CSF).

Update Methodology
The Update Committee completed a review and analysis of pertinent data published from 1999
through September 2005. Guided by the 1996 ASCO clinical outcomes criteria, the Update
Committee formulated recommendations based on improvements in survival, quality of life,
toxicity reduction and cost-effectiveness.

Recommendations
The 2005 Update Committee agreed unanimously that reduction in febrile neutropenia (FN) is an
important clinical outcome that justifies the use of CSFs, regardless of impact on other factors,
when the risk of FN is approximately 20% and no other equally effective regimen that does not
require CSFs is available. Primary prophylaxis is recommended for the prevention of FN in patients
who are at high risk based on age, medical history, disease characteristics, and myelotoxicity of
the chemotherapy regimen. CSF use allows a modest to moderate increase in dose-density and/or
dose-intensity of chemotherapy regimens. Dose-dense regimens should only be used within an
appropriately designed clinical trial or if supported by convincing efficacy data. Prophylactic CSF for
patients with diffuse aggressive lymphoma aged 65 years and older treated with curative
chemotherapy (CHOP or more aggressive regimens) should be given to reduce the incidence of
FN and infections. Current recommendations for the management of patients exposed to lethal
doses of total body radiotherapy, but not doses high enough to lead to certain death due to injury
to other organs, includes the prompt administration of CSF or pegylated G-CSF.
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INTRODUCTION

The American Society of Clinical Oncology
(ASCO) published its first evidence-based clinical
practice guideline in 1994 on the use of hemato-
poietic colony-stimulating factors (CSF). An Up-
date Committee of the original Expert Panel
updated this guideline in 1996, 1997, and 2000.
For the 2005 update, an Update Committee com-
posed of members from the full Panel and selected
ad hoc members was formed to complete the re-
view and analysis of data published since the 2000
Update. A series of computerized literature
searches of MEDLINE and the Cochrane Library
was performed. Details of the searches are re-
ported in Appendix A.

The Update Committee had four face-to-face
meetings to consider the evidence for each of the
2005 Recommendations. The guideline was circu-
lated in draft form to the Update Committee for
review and approval. ASCO’s Health Services Com-
mittee and the ASCO Board of Directors also re-
viewed the final document.*

(*It is important to emphasize that guidelines
and technology assessments cannot always account
for individual variation among patients. They are
not intended to supplant physician judgment with
respect to particular patients or special clinical situ-
ations, and cannot be considered inclusive of all
proper methods of care or exclusive of other treat-
ments reasonably directed at obtaining the same
result. Accordingly, ASCO considers adherence to

From the American Society of Clinical
Oncology, Alexandria, VA.

Submitted March 14, 2006; accepted
March 24, 2006.

Authors’ disclosures of potential con-
flicts of interest and author contribu-
tions are found at the end of this
article.

Address reprint requests to American
Society of Clinical Oncology, Cancer
Policy and Clinical Affairs, 1900 Duke
Street, Suite 200, Alexandria, VA
22314; e-mail: guidelines@asco.org.

© 2006 by American Society of Clinical
Oncology

0732-183X/06/2419-1/$20.00

DOI: 10.1200/JCO.2006.06.4451

JOURNAL OF CLINICAL ONCOLOGY A S C O S P E C I A L A R T I C L E

VOLUME 24 � NUMBER 19 � JULY 1 2006

1

 http://www.jco.org/cgi/doi/10.1200/JCO.2006.06.4451The latest version is at 
Published Ahead of Print on May 15, 2006 as 10.1200/JCO.2006.06.4451

 Copyright 2006 by American Society of Clinical Oncology
Copyright © 2006 by the American Society of Clinical Oncology. All rights reserved. 

Downloaded from jco.ascopubs.org on November 27, 2009 . For personal use only. No other uses without permission. 

http://www.jco.org/cgi/doi/10.1200/JCO.2006.06.4451


this technology assessment to be voluntary, with the ultimate deter-
mination regarding its application to be made by the physician in light
of each patient’s individual circumstances. In addition, this technol-
ogy assessment describes the use of procedures and therapies in clini-
cal practice; it cannot be assumed to apply to the use of these
interventions performed in the context of clinical trials, given that
clinical studies are designed to evaluate or validate innovative ap-
proaches in a disease for which improved staging and treatment is
needed. In that guideline and technology assessment development
involve a review and synthesis of the latest literature, a practice guide-
line or technology assessment also serves to identify important ques-
tions and settings for further research.)

In this review, the Update Committee was guided by the 1996
ASCO outcomes criteria that justify the use of a drug or technology,
and recommended therapy when compelling positive effects to those
outcomes was demonstrated. The 2005 Update Committee agreed
unanimously that reduction in febrile neutropenia was an important clinical
outcomethat justifieduseofCSFs, regardlessof impactonother factors,when
the risk of febrile neutropenia (FN) was approximately 20% and no other
equally effective regimen that did not require CSFs was available.

SUMMARY OF RELEVANT BACKGROUND DATA

Myelotoxicity of Standard Chemotherapy Regimens

The use of any technology or drug requires a balance of the
benefits and risks. In 1996, the American Society of Clinical On-
cology published a list of important clinical outcomes that justify
the use of a technology or drug in the guideline development
process.1 The clinical outcomes include the following: improve-
ments in overall or disease-free survival; improvement in quality of
life; reduced toxicity; and improved cost-effectiveness.

Table 1 lists many common chemotherapeutic regimens cur-
rently in use. Of note, unless these regimens meet or exceed the FN
risk threshold suggested in the specific guideline recommendations
that follow, the regimens are usually administered without growth
factor support. Whenever possible, large clinical trials performed
since the 2000 update are referenced. While this listing is not
all-inclusive, it incorporates some new treatment trends such as
dose-dense therapy. Studies dealing with older patients have been
included to illustrate a growing interest in the treatment of older
cancer patients and concern regarding their tolerance for chemo-
therapy, and a special recommendation has been added for those
over 65 years of age.

Table 1 documents the febrile neutropenia rates for common
regimens in everyday use. It is not intended to be a definitive guide
to therapy, but as a guide to FN rates. Healthcare providers may
wish to check the FN rate before prescribing CSFs.

SPECIFIC RECOMMENDATIONS

1. Recommendations for Primary Prophylactic CSF

Administration (First and Subsequent-Cycle Use)

2005 recommendations

General circumstances. Primary prophylaxis is recommended
for the prevention of FN in patients who have a high risk of FN based
on age, medical history, disease characteristics, and myelotoxicity of

the chemotherapy regimen. For “dose dense” regimens, CSFs are
required and recommended. New clinical trial data support the use of
CSF when the risk of FN is in the range of approximately 20% or
higher.2,3 The use of regimens, if available, that do not require CSFs
because of equal efficacy and lower risk of FN remains standard med-
ical practice. In the absence of special circumstances, most commonly
used regimens have risks of FN of less than 20% (Table 1). In making
the decision to use prophylactic CSF or not, oncologists should con-
sider not only the optimal chemotherapy regimen, but also the indi-
vidual patient risk factors and the intention of treatment; that is,
curative, prolongation of life, or symptom control and palliation.
Examples of appropriate use in the curative setting include adjuvant
treatment of early-stage breast cancer with more intensive regimens
such as TAC or FEC100 or the use of CHOP or CHOP-like regimens
in older patients with aggressive non-Hodgkin’s lymphoma.

Special circumstances. Clinicians may occasionally be faced with
patients who might benefit from relatively nonmyelosuppressive
chemotherapy but who have potential risk factors for febrile neut-
ropenia or infection because of bone marrow compromise or
comorbidity. It is possible that primary CSF administration may be
exceptionally warranted in patients at higher risk for chemotherapy-
induced infectious complications, even though the data supporting
such use are not conclusive.

Certain clinical factors predispose to increased complications
from prolonged neutropenia, including: patient age greater than 65
years; poor performance status; previous episodes of FN; extensive
prior treatment including large radiation ports; administration of
combined chemoradiotherapy; cytopenias due to bone marrow in-
volvement by tumor; poor nutritional status; the presence of open
wounds or active infections; more advanced cancer, as well as other
serious comorbidities. In such situations, primary prophylaxis with
CSF is often appropriate even with regimens with FN rates less than
20%. This was the consensus opinion of the expert committee. Such
high-risk patients are most often excluded from clinical trials, and this
is not a situation likely to have additional clinical data.

The special circumstances have always been part of ASCO’s CSF
guidelines, in recognition that there are patient factors that predict for
the rate and severity of febrile neutropenia. These special circum-
stances have been maintained from previous versions of the guideline.
There are no additional new data on patients with special circum-
stances that predispose to high FN risk. The rate at which the use of
CSFs should be considered has changed from 40% to 20%, consis-
tent with the new evidence that demonstrates efficacy in reducing
FN rates when the risk is approximately 20%, as noted above for
usual risk patients.2,3

2005 update

Clinical efficacy data. In some situations, primary prophylaxis
with CSFs is essential and recommended to alleviate the toxicity of
certain “dose dense” chemotherapy regimens. Dose dense regimens
have demonstrated efficacy in the adjuvant treatment of breast cancer
and possible efficacy in the treatment of elderly patients with aggres-
sive lymphoma, based on one large trial.4

Two large randomized clinical trials have documented that the
risk of FN may be reduced substantially by primary prophylaxis with
CSFs, when the risk of FN without CSFs is approximately 20%. Vogel
et al randomized 928 patients with metastatic breast cancer (62%) or
in the adjuvant setting (38%) to receive or not to receive pegfilgrastim
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Table 1. Incidence of Hematologic and Infectious Toxicities Associated With Selected Chemotherapy Regimens

Cancer Histology
Stage and Prior

Therapy Regimen
No. Of

Patients
Leukopenia

(grade 4; %)�
Neutropenia
(grade 4; %)

Febrile
Neutropenia (%)

Fever
(grade � 2; %)‡

Infection
(grade � 3;

%)§
Infectious
Death (%)

Adult AML84 Newly diagnosed Ara-C/DNR 163 93 — — 37 (no infection) 64 12
AIDS-related85-87 Advanced/1st and

2nd line
Lipo Dox ��G(M)-CSF� 133 36 (3 � 4) 6 — 1 0

Kaposi’s Sarcoma VP-16 (oral); 36; — 19.4; —
—

8
—

—
—

—
—

Paclitaxel 56 — 35
AIDS-related†88 Intermediate- CHOP (modified) 40 — 25 (3 � 4) 2.5 — — 10
NHL High-grade,

untreated
CHOP � G-CSF 25 — 13 (3 � 4) 0 — —

Bladder89,90 Advanced, no prior
systemic therapy

GC 203 — 29.9 2 0 2.5 1

MVAC 202 — 65.2 14 3.1 15.1 2.5
Prior adjuvant

allowed
CBDCA/Pac � G-CSF 33 — 21 21 — 1 patient,

sepsis
0

Breast18,91-97 Adjuvant CA(60 mg/m2) 1060 — 62 10 (hospitalized) — 17 0
CA3T(all dose levels) 1590 — 16 3 — 11 0
CEF 351 49.9 89.7 8.5 — — 0
TAC 109 — — 23.8 — — —
A3T3C 484 1 24 3 — 3 0

Adjuvant (dose
dense)

A3T3C � G-CSF 493 — 3 2 — 4 0

AC3T 501 11 43 6 — 5 0
AC3T � G-CSF 495 6 9 2 — 3 0

Metastatic (1st line) A (75) 165 — 77.8 12.3 — 4.3 1 death
Doc (100) 161 — 78.6 5.7 — 2.5 1 death
AC 215 — 88 (3 � 4) 10 — 2 0.5
AT 214 — 97 (3 � 4) 33 — 8 0
TAC 54 — 100 (3 � 4) 34 — 2 0

Metastatic (2nd line) CapDoc 255 — 11 16 — — � 1
Doc 256 — 12 21 — — 0

Colorecal98-103 Adjuvant 5-FU/LV/L 449 2 — — — — � 1
5-FU/LV 116 15 (high LV) — — — — 1.7

22 (low LV)
Advanced IFL 189 — 24 7.1 — 1.8 � 1

FL 226 — 42.5 14.6 — 0 1.4
I 226 — 12.1 5.8 — 2.2 � 1
FOLFOX4 152 — 17 6 — — 0
FOLFIRI 145 20.4 (3 � 4) 28.8 (3 � 4) 9.3 — 1.9 � 1

Advanced (one prior
chemo allowed)

CPT-11 (350 mg/m2

Q3wk)
213 36 (3 � 4) 48 (3 � 4) 14 — � 1 3 deaths

Gastric104 Advanced ECF (infusion) 289 13 32 — 1 6 � 1
Germ cell105,106 Advanced BEP 141 — 34� — — — 2

VIP 145 — 60� — — — 2.8
Relapsed VeIP 135 — — 71 — — 2.1 (all deaths)

Head/neck107-109 Recurrent;
metastatic

5-FU/CBDCA 86 2.3 1.2 — — — 1.2

CBDCA/Pac 41 4.9 9.8 — — — 2.4
Cis/Doc 36 — 71 6 — 11 0

Induction Cis/Doc/5-FU 43 — 95 (3 � 4) 19 — 2 0
Lung110-117 Extensive SCLC Cis/VP-16 159 14 38 — — 8 � 6 (all toxic

deaths)
No prior treatment CAV 156 28 52 — — 16 � 4 (all toxic

deaths)
CBDCA/VP-16 74 5 — — — — 2.6
Cis/CPT-11 77 4 25.3 — 1.3 5.3 3.7

Recurrent Topo 107 31.7 70.2 28 — 4.7
CAV 104 43.6 71.7 26 — 4.8 1

Advanced NSCLC Cis/VNR 206 — 59 10 — — 2
No prior treatment 1

Cis/Pac(24hr) 288 — 57 16 — 10 2
Cis/Gem 288 — 39 4 — 7 1
Cis/Doc 289 — 48 11 — 9
CBDCA/Pac 290 — 43 4 — 6 —
CBDCA/Doc 406 49.5 (3 � 4) 74.4 (3 � 4) 3.7 — 11 —

Recurrent (2nd line) Doc (75 mg/m2) 276 40.2 (3 � 4) — 12.7 — 3.3
Pemetrexed 265 5.3 (3 � 4) 1.9 — 0

(continued on following page)
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6 mg after 100 mg/m2 docetaxol every 3 weeks for four cycles. The
incidence of FN (1% versus 17%) and hospitalization for FN (1% v
14%) was reduced by more than 90% (P � .001).3 A trial of intensified
therapy in 171 patients with small-cell lung cancer, with companion
randomizations to prophylactic CSF and/or antibiotics showed that
the rate of FN in the first cycle was reduced from 23% with antibiotics
alone to 10% with antibiotics and CSF; the rate of FN overall was
similarly reduced from 32% to 18% (P � .01).2 The use of CSF to
reduce the risk of FN is justified to reduce the risk of FN when that risk
is approximately 20%, as with both of these treatment regimens.
However, if alternative but equal treatment that does not require CSF
is available, it should be used. Results of efficacy from docetaxol 100
mg/m2 in the first trial have not been reported yet. The efficacy of

platinum-containing regimens for small-cell lung cancer, with equal
efficacy and less risk of FN and need for prophylactic CSF, has made
them a standard of care in the US.

The ASCO CSF Update Committee does not recommend for or
against any specific chemotherapy regimen, but the evidence is clear
that CSFs reduce the incidence of FN when the rate is approximately
20%. When available, alternative regimens offering equivalent effi-
cacy, but not requiring CSF support, should be utilized. However,
when regimens are used that have a FN incidence of greater than 20%,
CSFs have been proven to be effective and are recommended. A new
meta-analysis of prophylactic CSFs in patients with solid tumor or
malignant lymphoma was presented at ASCO 2005 and reviewed by
the Update Committee. The study reports significant reductions in the

Table 1. Incidence of Hematologic and Infectious Toxicities Associated With Selected Chemotherapy Regimens (continued)

Cancer Histology
Stage and Prior

Therapy Regimen
No. of

Patients
Leukopenia

(grade 4; %)�
Neutropenia
(grade 4; %)

Febrile
Neutropenia (%)

Fever
(grade � 2; %)‡

Infection
(grade � 3;

%)§
Infectious
Death (%)

Lymphoma63,118-122 Relapsed HD; prior
RT only

MOPP 123 — 22 — 3 (no infection) 13 1

ABVD 115 — 3 — 5 (no infection) 2 0
Intermediate to

high grade
6

NHL; no prior
treatment

CHOP 216 25 22 — 5 (� grade 4) 1

CHOP-R 33 1.2 58 18 — 6 0
Relapse NHL

VAPEC-B 39 — 72 44 — 5 pt 2 deaths
ESHAP 122 — 500/�L

median
30 — — 4.1

DHAP 90 — 53 48 31 11
Multiple

myeloma123,124
Untreated VAD � Inf 169 — — — — — 1.2

Recurrent/refractory VAD � Inf 52 65.4 — — — 32.7 7.7
Ovary125,126 Resected, minimal

residual
Cis/Pac (24 hours) 400 12 78 Few instances — — —

CBDCA/Pac 392 6 72 — — —
Salvage Topo 139 30.1 82.4 18 — — 0

Sarcoma127,128 Advanced,
untreated

AD 186 32 38 — — — 0

MAID 188 86 79 — — — 3.5
A 263 13 — — 5.3 (all study arms) 11 (all study

arms)
—

AI 258 32 — —
CYVADIC 142 15 — —

Special populations34,45

(elderly)
NHL, untreated CHOP 197 — — — 5 (3 � 4) 20 16 patients

(both arms)
CHOP-R 202 — — — 2 12

Breast, adjuvant CMF 76 4 (grade 3) — — — —

NOTE. See cited publications for information regarding chemotherapy agents, doses, and schedules, and the use of CSFs and prophylactic antibiotics. “—” indicates
no information.
Abbreviations: Ara-C, cytarabine; DNR, daunorubicin; Lipo Dox, liposomal doxorubicin; VP-16, etoposide; CHOP, cyclophosphamide, doxorubicin, vincristine,

prednisone; GC, gemcitabine, cisplatin; M-VAC, methotrexate, vinblastine, doxorubicin, cisplatin; CBDCA/Pac, carboplatin, paclitaxel; CA or AC, doxorubicin,
cyclophosphamide; CEF, cyclophosphamide, epirubicin, fluorouracil; TAC, docetaxel, doxorubicin, cyclophosphamide; A, doxorubicin; T, paclitaxel; Doc, docetaxel;
AT, doxorubicin, docetaxel; CapDoc, capecitabine, docetaxel; 5-FU/LV/L, fluorouracil, leucovorin, levamisole; IFL, irinotecan, fluorouracil, leucovorin; FOLFOX4,
oxaliplatin, fluorouracil, leucovorin; FOLFIRI, irinotecan, fluorouracil (infusion), leucovorin; CPT-11, irinotecan; ECF, epirubicin, cisplatin, fluorouracil (infusion); BEP,
bleomycin, etoposide, cisplatin; VIP, etoposide, ifosfamide, cisplatin; VeIP, vinblastine, ifosfamide, cisplatin; 5-FU/CBDCA, fluorouracil, carboplatin; 5-FU/Cis,
fluorouracil, cisplatin; Cis/Doc, cisplatin, docetaxel; Cis/VP-16, cisplatin, etoposide; CAV, cyclophosphamide, doxorubicin, vincristine; CBDCA/VP-16, carboplatin,
etoposide; Cis/CPT-11, cisplatin, irinotecan; Topo, topotecan; CDDP/VNR, cisplatin, vinorelbine; Cis/Pac, cisplatin, paclitaxel; Cis/Gem, cisplatin, gemcitabine;
CBDCA/doc, carboplatin, docetaxel;; MOPP, mechlorethamine, vincristine, procarbazine, prednisone; ABVD, doxorubicin, bleomycin, vinblastine, dacarbazine;
CHOP-R, cyclophosphamide, doxorubicin, vincristine, prednisone, rituximab; VAPEC-B, vincristine, doxorubicin, prednisolone, etoposide, cyclophosphamide,
bleomycin; ESHAP, etoposide, methylprednisolone, Ara-C, cisplatin; DHAP, dexamethasone, cisplatin, cytarabine; VAD, vincristine, doxorubicin, dexamethasone; inf,
alpha interferon; AD, doxorubicin, dacarbazine; MAID, mesna, doxorubicin, ifosfamide, dacarbazine; A, doxorubicin; AI, doxorubicin, ifosfamide; CYVADIC,
cyclophosphamide, vincristine, doxorubicin, dacarbazine; CMF, cyclophosphamide, methotrexate, fluorouracil.

�Grade 4 leukopenia: WBC count � 1.0 � 109/L; grade 4 neutropenia: ANC � 0.5 � 109/L.
†Most patients received antiretroviral therapy and data do not include opportunistic infections.
‡Common Toxicity Criteria Fever � grade 2; �38.1°C ( �100.5°F).
§Infection � grade 3: systemic infection requiring hospitalization.
�Includes all grade 4 hematologic malignancies.
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risk of FN from 37% to 20% (14 studies, n � 3,091, relative risk
reduction 46%, P � .0001) and the risk of infection-related mortality
from 3.3% to 1.7% (10 studies, n � 2,468, relative risk reduction 48%,
P � .01).5 Impact on overall mortality has not been reported. If this
result is confirmed in the final publication, it will provide more sup-
port for the use of prophylactic CSFs in regimens with sufficient risk.

There are new data for specific clinical situations. A meta-analysis
of 12 randomized trials from 1992 to 2003 with 1,823 non-Hodgkin’s
lymphoma (NHL) and Hodgkin’s disease (HD) patients found that,
compared with no prophylaxis, prophylactic CSFs significantly re-
duced the relative risk (RR) of severe neutropenia (RR 0.67; 95% CI
0.60 to 0.73), febrile neutropenia (RR 0.74; 95% CI 0.62 to 0.89), and
infection (RR 0.74; 95% CI 0.64 to 0.85). However, there was no
evidence that CSFs reduced the number of patients requiring intrave-
nous antibiotics (RR 0.82; 95% CI 0.57 to 1.18), lowered infection-
related mortality (RR 1.37; 95% CI 0.66 to 2.82); or improved
complete tumor response (RR 1.02; 95% CI 0.94 to 1.11), freedom
from treatment failure (hazard ratio 1.11; 95% CI 0.91 to 1.35), or
overall survival (hazard ratio 1.00, 95% CI 0.86 to 1.16).6 One study
evaluated quality of life and found no differences with CSFs.7 Overall,
the impact of CSFs on the disease has been small and does not rou-
tinely warrant use to improve survival. CSFs do reduce the risk of FN
significantly, and were recommended by the update committee on
that basis.

A valid model to predict who will develop FN, so that CSF use
could be restricted to that group, would represent a major advance in
patient management. A systematic review of previously reported
models has identified a number of risk factors for either FN occur-
rence or for adverse outcome of established FN.8,9 While current
models are promising, they are based on retrospective data sets and
need prospective validation. Future prospective models have the po-
tential to improve the efficacy and cost-effectiveness of growth factor
prophylaxis and therapy.

2. Recommendations for Secondary Prophylactic

CSF Administration

2005 recommendation

Secondary prophylaxis with CSFs is recommended for pa-
tients who experienced a neutropenic complication from a prior
cycle of chemotherapy (for which primary prophylaxis was not
received), in which a reduced dose may compromise disease-free
or overall survival or treatment outcome. In many clinical situa-
tions, dose reduction or delay may be a reasonable alternative.

2005 update

Since the 2000 update, no prospective studies of secondary
CSF prophylaxis have been reported. Dose reduction or delay
remains an appropriate strategy for the palliative treatment of
cancer, as there is no evidence that dose maintenance or escalation
improves clinically important outcomes in this setting.

For adjuvant therapy, conditional models have been devel-
oped based on the nadir neutrophil count during cycle 1. Rivera et
al conducted a prospective clinical trial that assigned women re-
ceiving adjuvant breast cancer chemotherapy who experienced
neutropenia of less than 500/mm3 in cycle 1 to granulocyte colony
stimulating factor (G-CSF) in subsequent cycles.10 The G-CSF
recipients experienced fewer episodes of hospitalization for FN and
greater dose-intensity compared to historical controls without CSF

support, but none of the other significant clinical outcomes (sur-
vival, quality of life, toxicity, or cost) were reported.

Based on the available data, no definitive conclusions can be
drawn regarding the benefits of secondary prophylaxis on survival,
quality of life, or cost. Randomized trials to properly test the
hypothesis are required.

3. Recommendations for Therapeutic Use of CSF

A. Therapy of patients with afebrile neutropenia

2005 recommendation. CSFs should not be routinely used for
patients with neutropenia who are afebrile.

2005 update. There are no new published data since the 2000
ASCO guideline that pertain to the use of CSF in patients who are
afebrile and neutropenic.

B. Therapy of febrile patients with neutropenia

2005 recommendation. CSFs should not be routinely used as
adjunctive treatment with antibiotic therapy for patients with fever
and neutropenia. However, CSFs should be considered in patients
with fever and neutropenia who are at high-risk for infection-
associated complications, or who have prognostic factors that are
predictive of poor clinical outcomes. High-risk features include ex-
pected prolonged (� 10 days) and profound (� 0.1 � 109/L) neutro-
penia, age greater than 65 years, uncontrolled primary disease,
pneumonia, hypotension and multiorgan dysfunction (sepsis syn-
drome), invasive fungal infection, or being hospitalized at the time of
the development of fever. This was the consensus opinion of the
update committee, as there are no new data. Prior Infectious Disease
Society of America guidelines have supported the use of CSFs in
similar circumstances, referring to the ASCO guidelines.

2005 update. Several relevant studies have been reported since
2000. In a multicenter trial conducted in Spain, adult patients with
solid tumors or lymphoma who developed FN and had at least one
high-risk factor, were treated with intravenous antibiotics and ran-
domly assigned to receive G-CSF (5 �g/kg per day) until neutrophil
recovery. CSF recipients had a shorter period of grade 4 neutropenia
(median 2 versus 3 days, P � .0004), antibiotic therapy (median 5
versus 6 days, P � .013), and hospital stay (median 5 versus 7 days,
P � .015).11 Survival between groups was similar.

Two meta-analyses of trials of adjunctive CSF therapy for cancer
patients with FN have now been reported. These analyses included
different patient numbers as a consequence of different search strate-
gies and the inclusion by one analysis of data that was not published in
English. Berghmans’ analysis, which incorporated 962 patients, de-
tected no advantage for the use of CSF in terms of mortality from FN,
with a relative risk of 0.71 (95% CI 0.44 to 1.15). No other analysis of
clinical benefit was reported.12 In a Cochrane systematic review and
meta-analysis, which included 1518 patients from 13 trials, patients
randomized to receive CSF experienced less prolonged neutropenia
(25% versus 45%; OR � 0.32 [0.23-0.46]; P � .00001), less prolonged
hospitalization (23% versus 32%; OR � 0.63 [0.49-0.82]; P � .0006),
marginally less infection-related mortality (3.1% versus 5.7%;
OR � 0.51 [0.26-1.00]; P � .05) and no significant difference in
overall mortality (5.1% versus 7.1%; r � 0.68 [0.43-1.06]; P � .10).13

Bone, joint pain, and arthralgias were more common in CSF treated
patients (P � .007).

Clinical prediction models have been developed to help prospec-
tively identify patients with cancer who are at higher risk of complica-
tions as a result of fever and neutropenia.14,15 Reported risk factors for
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serious medical complications, including death, in patients with estab-
lished FN include the development of FN as an inpatient; hypoten-
sion; sepsis; various comorbidities, including cardiovascular and
pulmonary disease; leukemia or lymphoma diagnosis; age greater than
65 years, prior fungal infection; visceral organ involvement; organ
dysfunction; uncontrolled malignancy; and the severity and duration
of neutropenia.

Two recent studies have reported that hypotension and bactere-
mia in the setting of neutropenia are significant risk factors for pro-
longed hospitalization (� 7 days) and high mortality. Malik et al
reported a mortality rate associated with FN in patients presenting
with shock of 82%,16 and a study from France reported that patients
admitted to an ICU with FN experienced a 54% 30-day mortality.17

While a number of clinical characteristics may provide prognostic
information regarding the outcomes of hospitalized patients with FN,
predictive models are needed to better identify high-risk patients who
may benefit from the addition of adjunctive CSFs. A risk model for
mortality in hospitalized cancer patients with FN has recently been
reported. In a multivariate model, several independent risk factors for
inpatient mortality among hospitalized patients with FN have been
identified including: age � 65, cancer type (leukemia, lung cancer),
comorbidities (CHF, PE, lung, renal, liver, and cerebrovascular dis-
ease), and infectious complications (hypotension, pneumonia, bacte-
remia, and fungal infection).5

4. Recommendations for Use of CSFs to Increase

Chemotherapy Dose-Intensity and Dose-Density

2005 recommendation

Use of CSFs allows a modest to moderate increase in dose-
density and/or dose-intensity of chemotherapy regimens. Avail-
able data would suggest a survival benefit from the use of dose-
dense (but not dose-intense) regimens with CSF support in a few
specific settings (eg, node-positive breast cancer; and possibly
NHL pending confirmation of results of individual trials). How-
ever, additional data in these settings are needed and these results
cannot be generalized to other disease settings and regimens. Dose-
dense regimens should only be used within an appropriately de-
signed clinical trial or if supported by convincing efficacy data.

2005 update: Dose density

There has been increasing interest in the development of
dose-dense chemotherapy schedules for a variety of tumor types.
We have summarized the evidence from randomized studies of the
most common tumor types treated in a dose-dense fashion.

Citron et al demonstrated a disease-free and overall survival
benefit to dose-dense chemotherapy with CSF versus standard
chemotherapy scheduling in node-positive breast cancer.18

The use of CSFs to intensify therapy for small-cell lung cancer
has reduced the risk of FN but had mixed results in treatment of the
disease. There are two recent trials of dose-dense therapy. Thatcher
et al used every 2 week dose-dense therapy (doxorubicin, cyclo-
phosphamide and etoposide) versus conventional every 3 week
therapy in 403 patients with small-cell lung cancer; survival at 12
months was increased to 47% from 39% and to 13% from 8% at 24
months (HR � 0.80; 95% CI 0.65 to 0.99; P � .04). Quality of life
and toxicities were similar in the two groups.7 More recently,
Lorrigan et al randomized 318 patients with good-prognosis small-
cell lung cancer to standard chemotherapy or dose-dense chemo-

therapy with filgrastim and blood progenitor cell support.
Treatment time was reduced, and the rate of FN was reduced by 4%
in the dose-dense group (11% versus 15%), but there was no
clinical advantage. Overall response rates, median survival, 1- and
2-year survival, and overall survival were unchanged.19

There are two recent trials of dose-intense therapy in small-
cell lung cancer. A recent randomized trial of chemotherapy for
small-cell lung cancer with cyclophosphamide, adriamycin, and
etoposide attempted to increase relative dose-intensity and prevent
infections by the use of G-CSF at standard doses, and/or prophy-
lactic antibiotics. Increasing the dose-intensity by 70% was associ-
ated with more grade 4 leukopenia (79% versus 50%); grade 4
thrombocytopenia (44% versus 11%); anorexia, nausea, and mu-
cositis; but not deaths. Response rates, median survival, and 2-year
survival rates were not different between the experimental and
control arms.20 Timmer-Bonte et al intensified therapy for 171
patients with small cell lung cancer. As noted above, the rate of FN
in the first cycle was reduced from 23% with antibiotics alone to
10% with antibiotics and CSF; the rate of FN overall was similarly
reduced from 32% to 18%.2 There was no major effect on the
disease itself. As noted by the authors, this therapy is used in
Europe but not the US where platinum-containing regimens
are used with equal efficacy, and less need for routine CSF support.
Berghmans et al performed a meta-analysis of 12 studies since
1991, including a total of 2,107 randomized patients.21 The authors
concluded that there was no significant impact of CSFs survival
from dose-maintenance or dose-intensification.

A recent study22 of young patients with diffuse aggressive
NHL compared CHOP every 21 days (CHOP-21) to CHOP every
14 days with CSF support (CHOP-14), with or without etoposide
(CHOEP-21, CHOEP-14) in 2 � 2 factorial design; the primary
end point of the study was event-free survival (EFS). The addition
of CSF to CHOP (CHOP-14 versus CHOP-21) displayed a statis-
tically significant improvement to EFS (RR � 0.61; CI 0.38 to 0.99,
P � .048), while the addition of CSF to the etoposide arm
(CHOEP-14 versus CHOEP-21) showed no difference in EFS (P �
.842) or overall survival (P � .472). In elderly diffuse aggressive
lymphoma patients on another study of similar design, there ap-
peared to be a greater benefit with the reduction in cycle length to
two weeks, facilitated by the addition of CSF (CHOP-14), com-
pared to standard CHOP (CHOP-21), with improvements in EFS
(RR � 0.66, P � .003) and overall survival (RR � 0.58, P � .001).4

5. Recommendation for the Use of CSFs As Adjuncts

to Progenitor-Cell Transplantation

2005 recommendation

Administration of CSFs to mobilize peripheral-blood progen-
itor cell (PBPC) often in conjunction with chemotherapy and their
administration after autologous, but not allogeneic, PBPC trans-
plantation is the current standard of care.

2005 update

The major complications of high-dose chemotherapy sup-
ported by autologous bone marrow transplantation (BMT) or
PBPC transplantation are disease recurrence, infection, the need
for RBC and platelet transfusions, delayed or incomplete engraft-
ment, and organ damage from the ablative regimen. Prolonged
hospitalization and the high cost of treatment are also associated

Smith et al

6 JOURNAL OF CLINICAL ONCOLOGY

Copyright © 2006 by the American Society of Clinical Oncology. All rights reserved. 
Downloaded from jco.ascopubs.org on November 27, 2009 . For personal use only. No other uses without permission. 



with autologous transplant. The same problems, plus graft-versus-
host disease (GvHD) and graft rejection, are also present in pa-
tients undergoing allogeneic BMT or allogeneic PBPC
transplantation. Among autologous PBPC patients, post-
transplant G-CSF use has been associated with savings in the du-
ration of hospitalization and overall medical costs.23 In contrast,
G-CSF use following allogeneic blood SCT has been shown to
decrease the duration of absolute neutropenia, but did not lead to
shorter hospitalizations, cost savings, or less frequent antibiotic
use.24

However, CSFs used after allogeneic transplantation have
been reported to increase the incidence of severe GvHD and to
reduce survival. A 2004 European study of 1,789 patients with
acute leukemia who received BMT25 found a higher rate of GvHD
of grades 2 to 4 among patients receiving G-CSF than among
controls (50% versus 39%). The G-CSF group also had a higher
risk of transplantation-related mortality (RR 1.73, P � .00016).
Patients who received G-CSF also had a lower overall survival (RR
0.59, P � .0001) and lower leukemia-free survival (RR 0.645, P �
.0003). An adverse effect on survival was not noted in recipients of
peripheral blood stem cells.

The use of CSFs to mobilize peripheral blood progenitor cells
(PBPC) and to shorten the period of neutropenia after cytoreduc-
tion and PBPC transplantation, is well established. Although rare,
reports of splenic rupture and severe thrombocytopenia have been
documented after use of filgrastim, lenograstim, and sargramostim
for PBPC mobilization. Individuals receiving CSFs for mobiliza-
tion should have their platelet counts monitored. Filgrastim is
indicated for the mobilization of hematopoietic progenitor cells
into the peripheral blood for collection by leukapheresis.26,27 The
efficacy and safety of newer CSFs in the setting of PBPC mobiliza-
tion are currently being investigated in phase I/II studies.

6. Recommendations for Use of CSFs in Patients With

Acute Leukemia and Myelodysplastic Syndromes

Because considerations are different for acute myeloid leuke-
mia (AML), acute lymphocytic leukemia (ALL), and myelodys-
plastic syndrome (MDS), evidence and recommendations for each
are discussed separately.

AML

2005 recommendation for initial induction chemotherapy. Several
studies have shown that CSF administration can produce modest
decreases in the duration of neutropenia when begun shortly after
completion of the initial induction chemotherapy. Beneficial effects
on end points such as duration of hospitalization and incidence of
severe infections have been variable and modest. CSF use following
initial induction therapy is reasonable, although there has been no
favorable impact on remission rate, remission duration or survival.
Patients older than 55 years of age may be most likely to benefit from
CSF use.

2005 update: Primary CSF administration after initial

induction chemotherapy for AML

There have been no major studies published since the 2000 update.

CSF priming of leukemia cells in patients with AML

2005 recommendation for CSFs for priming effects. Use of CSFs
for priming effects is not recommended.

2005 update: CSF priming of leukemia cells in patients with AML.
A randomized trial published in 2003 evaluated priming with
G-CSF in younger adults (aged 18 to 60 years) receiving initial
induction therapy, and demonstrated a higher rate of disease-free
survival in the G-CSF recipients, though there was no effect on CR
rate or overall survival. The effect was most prominent in the
subgroup of patients with “standard risk” cytogenetics, with no
benefit for those in better or unfavorable risk groups. There is no
standard definition of this biologically and clinically heteroge-
neous group of “standard risk” patients, and it is not clear how to
apply this finding in clinical practice.28 A large European trial
randomized patients older than 60 years of age who had AML to
receive either no growth factor or G-CSF given during, during and
after, or after the completion of therapy. Although the complete
remission rate was higher in the two groups of patients who re-
ceived the G-CSF simultaneous with the chemotherapy (60% ver-
sus 50%, P � .01), there was no difference in event-free or overall
survival, and the authors concluded that the “quality” of these
remissions was poor.29

Consolidation therapy for patients with AML in

complete remission

2005 recommendation for consolidation chemotherapy in AML.
CSF use can be recommended after the completion of consolidation
chemotherapy because of the potential to decrease the incidence of
infection and eliminate the likelihood of hospitalization in some
patients receiving intensive postremission chemotherapy. There
seems to be more profound shortening of the duration of neutro-
penia after consolidation chemotherapy for patients with AML in
remission than for patients receiving initial induction therapy.
There is no effect on the duration of complete response duration or
overall survival.

There is, as yet, no information about the effect of longer acting,
pegylated CSFs in patients with myeloid leukemias, and they should
not be used in such patients outside of clinical trials.

2005 update: Consolidation therapy for patients with AML in com-
plete remission. Postremission chemotherapy is routinely adminis-
tered to patients with AML in an attempt to increase the probability of
long-term, disease-free survival in younger patients. In most cen-
ters, this chemotherapy is administered either in the outpatient
setting or during a brief hospital admission after which the patient
is discharged to home. Two large randomized trials evaluated the
role of G-CSF given after completion of relatively standard consol-
idation therapy to such patients.30,31 Both demonstrated marked
decreases in the duration of severe neutropenia, with elimination
of severe neutropenia in a fraction of patients. This was associated
with a decreased rate of infection requiring antibiotic therapy.
There was no effect on complete response duration or overall
patient survival.

MDS

2005 recommendation. No change from 2000 update. CSFs can
increase the absolute neutrophil count in neutropenic patients with
myelodysplastic syndromes (MDS). Data supporting the routine
long-term continuous use of CSFs in these patients are lacking. Inter-
mittent administration of CSFs may be considered in a subset of
patients with severe neutropenia and recurrent infection.

2005 update. There have been no studies with results that
change the recommendation.
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ALL

2005 recommendation. CSFs are recommended after the com-
pletion of the initial first few days of chemotherapy of the initial
induction or first postremission course, thus shortening the duration
of neutropenia of less than 1,000/mm3 by approximately 1 week.
There are less consistent effects on the incidence and duration of
hospitalization and the acquisition of serious infections. Although
there was a trend for improved CR rates in one large study,32 particu-
larly in older adults, there was no prolongation of disease-free or
overall survival in any of the trials. G-CSF can be given together with
the continued corticosteroid/antimetabolite therapy, which is a
feature of many ALL regimens, without evidence that such concurrent
therapy prolongs the myelosuppressive effects of the chemotherapy.
As in AML, it is unknown from the published data whether the CSFs
significantly accelerate recovery to neutrophil counts of 100 to 200/
mm3. In most patients, regenerating counts of this level are sufficient
to protect against infection so as to permit safe discharge of patients
from the hospital. The use of G-CSF for children with ALL was asso-
ciated with small benefits in days of antibiotics or in-hospital days,
although a small amount of additional costs was incurred, after taking
into consideration the costs of the CSFs. Cost estimates of CSFs for
adults with ALL have not been reported.

2005 update. Only one new study was published since the 2000
update. A large randomized study of children with high risk ALL
receiving intensive induction and consolidation therapy failed to show
any differences in the duration of hospitalization, incidence of FN, or
incidence of severe infection in G-CSF recipients despite an improve-
ment in time to neutrophil recovery of 2.5 days.33

Acute leukemia in relapse

2005 recommendation. CSFs should be used judiciously, or not
at all, in patients with refractory or relapsed myeloid leukemia since
the expected benefit is only a few days of shortened neutropenia.
Because of the relatively low response rate in AML patients with
relapsed or refractory disease, clinicians may be faced with the difficult
dilemma of whether the persistence of leukemia after chemotherapy is
a consequence of drug resistance or a stimulatory effect of the CSF.
Although drug resistance is the most likely cause of treatment failure,
it is sometimes necessary to stop the CSF and observe the patient for a few
days to be certain. No significant change from 2000 recommendation.

2005 update. No additional studies have been published that
would change the recommendation.

7. Recommendations for Use of CSFs in Patients

Receiving Radiotherapy With or Without

Concurrent Chemotherapy

2005 recommendation

CSFs should be avoided in patients receiving concomitant
chemotherapy and radiation therapy, particularly involving the
mediastinum. In the absence of chemotherapy, therapeutic use of
CSFs may be considered in patients receiving radiation therapy
alone if prolonged delays secondary to neutropenia are expected.

2005 update

CSF use with chemoradiotherapy. No additional studies have
been published that would change the recommendation.

CSFs with radiotherapy. No additional studies have been pub-
lished that would change the recommendation.

8. Recommendations for Use of CSFs in Older

Patients (Note: This Topic is New to the Guideline)

2005 recommendation

Prophylactic CSF for patients with diffuse aggressive lym-
phoma aged 65 and older treated with curative chemotherapy
(CHOP or more aggressive regimens) should be given to reduce
the incidence of FN and infections.

Definition of the problem

Age and risk of chemotherapy-induced neutropenia. Aging is one
of the conditions for which prophylactic use of growth factors may be
indicated irrespective of the threshold risk of neutropenia. Multiple
studies, primarily in breast cancer patients, have found that the risk of
neutropenia following chemotherapy increases with age.34-37 The
threshold for this effect varies with different studies, and has been
associated with ages over 60, 65, and 70.35-37 Mortality resulting
from neutropenic infections is also increased for older patients
with lymphoma.38-40

The most persuasive documentation of the association of aging
and chemotherapy-induced myelosuppression (sometimes with in-
fection) comes from the studies of older patients with NHL. In a
retrospective study of community practice, the incidence of neutro-
penic fever was 34% in patients over 65 years and 21% for those
younger,41 and most of the episodes of FN occurred after the first
course of treatment.42 The average hospital duration for FN was also
longer for older patients: 12.1 days for patients 65 years and older and
8.2 days for those younger.

Prospective studies of CHOP-like combinations of chemother-
apy for individuals aged 60 and older have reported an incidence of
neutropenic infections between 27% and 47%.40,43-50 There is a single
exception, a 2003 study reporting a cumulative incidence of infections
(WHO grade 2-4) of 11% to 15%.51 The incidence of infection was
32% during the first course of treatment and declined as the doses of
chemotherapy were reduced and the treatment was administered at
wider time intervals. In this study, FN (reported separately from infec-
tion) was observed in 36% to 45% of patients receiving CHOP chem-
otherapy, and patients older than 80 years completed significantly
fewer treatments than younger patients (43% versus 80%, P � .001) as
a result of toxicity, refusal of treatment, or death.51

Alternative strategies

Dose reduction. A strategy of dose reduction has been associated
with reduced response rate and survival in several randomized con-
trolled studies46,48,49,52-54 of lymphoma patients undergoing curative
therapy, and is therefore not recommended in this patient population.
The data in other tumor types is lacking. Thus, dose reduction may be
a reasonable approach in certain patient populations, but the available
clinical data do not allow for a definitive conclusion.

Patient selection. Among patients aged 65 years and older, those
with a poor performance status (2 or higher) are at increased risk of
FN.55 The use of performance status to select patients has significant
drawbacks, however, including the subjectivity of assessment and its
limited reliability as a predictor of FN. For patient selection to be a
useful alternative to CSF use, additional risk factors must be consid-
ered to identify older patients at risk of FN. Aside from data available
in patients with lymphoma, there is insufficient evidence to support
the use of prophylactic CSFs in patients solely based on age. Further
clinical trials are warranted to address this issue.
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Review of relevant literature

The prophylactic use of CSFs in older patients was explored in
several randomized studies of patients treated with CHOP or
CHOP-like chemotherapy. In three cases, G-CSF reduced the risk
of FN or infections by more than 50%.44,50,52 Similar results were
reported in two retrospective reviews of practice experiences.42,56

Osby et al randomized patients receiving CHOP or CNOP to
prophylactic G-CSF or not. CHOP patients randomized to receive
G-CSF experienced significantly fewer episodes of severe (89%
versus 55%) or febrile neutropenia (50% versus 34%; P � .001),
and significantly fewer deaths (62% versus 45%) with projected
five-year survivals of 45% and 60% in the control and G-CSF arms
respectively (P � .04).47

In the study by Doorduijn et al, elderly NHL patients receiving
CHOP and randomized to receive a fixed dose of G-CSF of 300 �g
daily experienced significantly fewer episodes of severe neutrope-
nia (P � .001), infection in cycle 1 (P � .01) with modest increase
in relative dose-intensity (P � .05) and no difference in projected
5-year survival.51 Therefore, the evidence related to the impact of
CSF support on survival remains inconclusive.

9. Recommendations for Use of CSFs in the

Pediatric Population

2005 recommendation

The use of CSFs in pediatric patients will almost always be
guided by clinical protocols. As in adults, the use of CSFs is reason-
able for the primary prophylaxis of pediatric patients with a likeli-
hood of FN. Similarly, the use of CSFs for secondary prophylaxis or
for therapy should be limited to high-risk patients.

However, the potential risk for secondary myeloid leukemia
or myelodysplastic syndrome associated with CSFs represents a
concern in children with ALL whose prognosis is otherwise excel-
lent. For these reasons, the use of CSFs in children with ALL should
be considered with caution.

2005 update

Since the 2000 review, several multicenter randomized clinical
trials have evaluated prophylactic CSFs in children, particularly
with acute leukemia. A meta-analysis has been presented of 16
RCTs of prophylactic CSFs in children receiving systemic chemo-
therapy reporting significant reductions in FN (RR � 0.80, 95% CI
0.67 to 0.95; P � .01), documented infection (RR � 0.78, 95% CI
0.62 to 0.97; P � .02), and a length of hospitalization (weighted
mean difference � 1.9, 95% CI 1.1 to 2.7 days; P � .00001).57 For
pediatric ALL patients, however, G-CSF use is unlikely to lead to
cost saving.58 The recent observation59 that the administration of
G-CSF to children with ALL may increase the risk for developing a
therapy-related myeloid leukemia or myelodysplastic syndrome
adds a further note of caution to its usage, especially in patients
receiving concurrent irradiation, topoisomerase II inhibitors, or
alkylating agents.

For treatment of febrile neutropenia, Ozkaynak et al random-
ized pediatric patients with FN to receive antibiotics or antibiotics
and CSF. The group that received CSF had fewer days of neutro-
penia, but only 1 less day with fever, and their hospital stay was
decreased by 1 day.60

10. Recommendations for CSF Initiation, Duration,

Dosing, and Administration

2005 recommendation for CSF dosing

and administration

CSF. CSF should be given 24 to 72 hours after the administra-
tion of myelotoxic chemotherapy. In the setting of high-dose therapy
and autologous stem-cell rescue, CSF can be given between 24 and 120
hours after administration of high-dose therapy. CSF should be con-
tinued until reaching an absolute neutrophil count (ANC) of at least 2
to 3 � 109/L. For PBPC mobilization, CSF should be started at least 4
days before the first leukapheresis procedure and continued until the
last leukapheresis.

In adults, the recommended CSF doses are 5 �g/kg/d for G-CSF
and 250 �g/m2/d for granulocyte macrophage colony stimulating
factor (GM-CSF) for all clinical settings other than PBPC mobiliza-
tion. In the setting of PBPC mobilization, if G-CSF is used, a dose of 10
�g/kg/d may be preferable. The preferred route of CSF administration
is subcutaneous.

Pegylated G-CSF (pegfilgrastim). Pegfilgrastim 6 mg should be
given once, 24 hours after completion of chemotherapy. Pegfilgrastim
is not currently indicated for stem cell mobilization. The safety and
efficacy of pegylated G-CSF has not yet been fully established in the
setting of dose-dense chemotherapy. The 6 mg formulation should
not be used in infants, children, or small adolescents weighing less
than 45 kg.

2005 update

G-CSF and GM-CSF. A recent study by Papaldo et al61 evalu-
ated the role of alternative filgrastim dosing schedules for early stage
breast cancer patients receiving epirubicin and cyclophosphamide
chemotherapy. A total of 506 patients were assigned to five different
treatment arms with or without CSF. The CSF schedules were as
follows: (1) 480 mcg/d subcutaneously days 8 to 14; (2) 480 mcg/d
days 8, 10, 12, and 14; (3) 300 mcg/d day 8 to 14; (4) 300 mcg/d day 8,
10, 12, and 14; and (5) 300 mcg/d days 8 and 12. The incidence of grade
4 neutropenia was reduced from 41.6% in controls to 5.4% in G-CSF
arms. The more important parameter, febrile neutropenia, was ob-
served in only 7% of non-CSF patients, so CSFs would not have been
suggested under existing guidelines. Schedule 5 was equivalent to the
daily or alternate day schedules of CSF with respect to grade 3 and 4
neutropenia (P � .77 and P � .89, respectively) and percentage of
delayed cycles of chemotherapy (P � .43 and P � .42, respectively).
Compared with daily CSF administration (schedules 1 and 3), sched-
ule 5 demonstrated less grade 1 to 3 bone pain (53% versus 29%,
respectively; P � .01) and less grade 1 to 2 fever (24% versus 8%,
respectively; P � .04). However, the small number of patients in each
arm (42 to 52) would have 80% power to detect only very large
differences in FN incidence, eg, 20% to 30%. These findings from this
underpowered trial, for patients in whom CSFs are not routinely
indicated, are not definitive proof of the efficacy of less frequent CSF
dosing, but suggest that alternative dose schedules warrant further
study in larger randomized clinical trials to improve efficacy, reduce
side effects, and reduce cost.

Pegylated G-CSF. The inconvenience associated with daily ad-
ministration of CSFs prompted development of a longer-acting
form by pegylation of G-CSF. Following initial phase II assessment
of safety and efficacy, two phase II studies evaluated variable,
weight-adjusted, and fixed doses of pegylated G-CSF, given 24
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hours after chemotherapy. A recent combined, retrospective analy-
sis62 compared once-per-chemotherapy-cycle pegfilgrastim with daily
G-CSF (filgrastim) in breast cancer patients undergoing myelosup-
pressive chemotherapy enrolled in two similarly designed, random-
ized, double-blind, pivotal trials. On day 2 of each chemotherapy
cycle, patients received a single subcutaneous (SC) injection of pegfil-
grastim (either 6 mg [n � 77] or 100 �g/kg [n � 149]) or daily G-CSF
SC injections (5 �g/kg/d; n � 222). G-CSF injections were continued
until either ANC � 10 � 109/L after the expected nadir or for up to 14
days, whichever occurred first. Each of these trials demonstrated that a
single pegfilgrastim injection per cycle is as effective at reducing the
duration of severe neutropenia as daily injections of filgrastim. Clini-
cal efficacy data from the two trials were combined for analysis
(n � 448). The risk of FN (ANC � 0.5 � 109/L with fever � 38.2°C)
was significantly lower (11% versus 19%, respectively [RR, 0.56; 95%
CI 0.35 to 0.89]) in patients receiving pegfilgrastim than for those
receiving filgrastim.

A smaller randomized phase-II study in patients with lymphoma
treated with etoposide, methylprednisolone, cisplatin, and cytarabine
showed equivalent effects of daily administration of G-CSF and
one-time administration of pegylated G-CSF.63 In a placebo-
controlled phase III study of patients treated for breast cancer, pegy-
lated G-CSF reduced the incidence of FN, hospitalization, and
intravenous anti-infective use in patients receiving a docetaxel-based
regimen, with an incidence of FN in the control arm of approxi-
mately 17% versus 1% in the treatment group (P � .001); the
incidence of hospitalization was also reduced from 14% in the
control group to 1% (P � .001).3

The long-term effects of long acting growth factors are unknown,
and the Update Committee expressed concern about potential leuko-
cytosis, late neutropenia after discontinuation of pegylated G-CSF,
and the need for long-term safety data.

11. Special Comments on Comparative Clinical

Activity of G-CSF and GM-CSF

2005 recommendation

No change. No guideline recommendation can be made regard-
ing the equivalency of the two colony-stimulating agents. As in 2000,
further trials are recommended to study the comparative clinical ac-
tivity, toxicity, and cost-effectiveness of G-CSF and GM-CSF.

2005 update

In a recent meta-analysis of effectiveness of the colony-
stimulating factors, the issue of equivalency was not addressed.12 A
recent systematic review of the subject concluded that head-to-
head trials of G-CSF and GM-CSF demonstrate higher incidence of
fever in the GM-CSF arms but data on the comparative ability to
reduce chemotherapy-induced complications are lacking.64

A variety of studies continue to investigate differences be-
tween the two agents as enhancers of progenitor cells following
growth factor administration. Three of these studies compared
G-CSF to GM-CSF as single agents in different settings. In a ran-
domized study in 71 breast and ovarian cancer patients treated
with carboplatin, etoposide, and melphalan, no difference in he-
matopoietic recovery was noted between G-CSF or GM-CSF pa-
tients, all treated at a dosed of 5 �g/kg of the designated agent until
completion of stem cell harvest.65 Patients treated with G-CSF had
significantly higher T-cell levels in the early and late post-

transplant periods and a longer time to progression (61 months for
G-CSF-treated patients and 25 months for GM-CSF–treated pa-
tients). After a median follow-up of 40 months, the overall survival
rate was 75% for patients who received G-CSF and 50% for pa-
tients who received GM-CSF. A phase III study in 156 patients with
breast cancer, myeloma, or lymphoma concluded that G-CSF was
superior to GM-CSF as demonstrated by a faster time to recovery
of granulocyte counts (11 versus 14 days, P � .0001) and fewer
patients with fever (18% versus 52%, P � .001).66 The yield of CD
34� cells was also found to be higher for G-CSF. Earlier mobiliza-
tion of CD 34� cells with G-CSF than with GM-CSF was also
demonstrated in another study after high-dose nonmyeloablative
therapy with cyclophosphamide, etoposide, and cisplatin.67

In addition to these studies comparing the single agents, three
studies have examined a comparison of G-CSF with a combination
of G- and GM-CSF. Utilizing a cross-over design, Koc et al found
that G-CSF alone resulted in a mobilization of more CD 34� cells,
and that the single agent was effective after failure of the combina-
tion to mobilize sufficient progenitors.67 Two other studies using a
standard comparative design failed to demonstrate significant differ-
ences between the two regimens with respect to granulocyte func-
tion,68,69 though in the Recchia et al study,69 patients on the G-CSF–
alone arm had lower platelet counts one month after transplantation.

12. Special Comments on Growth Factors As a

Treatment for Radiation Injury (Note: This Topic Is

New to the Guideline)

2005 recommendation

Current recommendations for the management of patients
exposed to lethal doses of total body radiotherapy, but not doses
high enough to lead to certain death due to injury to other organs,
includes the prompt administration of CSF or pegylated
G-CSF.70,71

Accidental or intentional (eg, resulting from a terrorist attack
or war) total body radiation leads to probable or certain death from
bone marrow failure at doses of 3 to 10 Grays (Gy) without sup-
portive care, CSFs, and/or a bone marrow transplant.72-74 Doses
below that level are almost always survivable with excellent nursing
care, and higher doses are lethal because of injury to other organs
such as the gastrointestinal tract. The chance for mortality from
any radiation dose rises with combined injuries to the skin, lungs,
and so on.75

Hematopoietic growth factors can increase the survival, pro-
liferation, amplification, and differentiation of granulocyte pro-
genitors to produce neutrophils. Although no prospective,
randomized trials have been carried out to determine the benefit of
hematopoietic growth factors in humans exposed to accidental or
intentional radiation injury, they have been utilized in radiation acci-
dent victims, and neutrophil recovery appears to have been hastened
in 25 of 28 cases (REACT/TS registry). In animal models, prompt
administration of hematopoietic growth factors after otherwise lethal
total body radiation exposure dramatically increases survival.76-81

13. Impact of CSFs on Quality of Life and Health

Care Costs

The Update Committee had much discussion about the cost
of CSFs, their impact on the health system and patients, and their
impact on global quality of life. The Update Committee made the
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recommendations for CSF use when the FN rate was approxi-
mately 20% based on clinical impact alone, due to the consensus
that reduction in febrile neutropenia itself was an important clin-
ical outcome. Evidence from meta-analysis that CSFs reduced
infection-related mortality added to the clinical evidence that use
of CSFs was important,5 and further emphasized that the primary
decisions were clinical and not economic.

In the original CSF guideline and subsequent updates, the use
of CSFs could be justified on economic grounds if the rate of FN
approached 40%, which was coincidentally the same as the clinical
threshold for use of CSFs. With the new clinical threshold of
benefit at a FN rate of 20%, and evidence of reduction in infection-
related mortality, the Update Committee noted that CSFs should
be used when indicated for clinical reasons, not economic ones.
There was substantial discussion on the role of the Update Com-
mittee in limiting access to expensive but important drugs, the
current threshold at which CSFs would be cost saving, and the im-
pact of CSFs on health care costs. Doorduijn et al evaluated the
efficacy and cost of prophylactic CSF in elderly patients with ag-
gressive lymphoma treated with CHOP chemotherapy.82 While
response rates, overall survival, and event-free survival were no
different between the CHOP and CHOP-CSF arms, total hospital
costs were higher for patients treated with CHOP-CSF (€ 18,356;
95% CI € 15,807 to € 20,906) compared with CHOP alone (€

12,178; 95% CI € 10,297 to €14,059). Even a low, fixed dose of CSF
reduced febrile neutropenia rates. Given the low cost of a hospital
day in the Netherlands (a few hundred dollars, not $2,500 as in the
US, their conclusions hold for there alone. A better trial would have
used enough CSF to allow dose-dense therapy and collected re-
source utilization to allow other countries to plug in their numbers.
Further research into the cost implications of CSF use is warranted.

The CSF Update Committee recognized that these are expensive
agents. As stated explicitly above, when available, alternative regi-
mens offering equivalent efficacy, but not requiring CSF support,
should be utilized.

Recently published data by Papaldo et al suggest that, when
compared with standard CSF dosing, less frequent CSF dosing
schedules may equally prevent neutropenia and chemotherapy
dose delay and cause less bone pain and fever.61 This trial was a
nonrandomized, observational study; its results should be consid-
ered hypothesis generating. As stated by Djulbegovic, because the
uncertainty of benefits/harms of alternative treatment options is
high and the benefit-harm ratio is unclear, a high level of eviden-
tiary standards, such as a randomized clinical trial comparing
standard versus alternative CSF dosing schedules, is needed.83 If
proven to be equally efficacious, less frequent CSF dosing could
have a significant impact on the cost of treatment.

The quality-of-life impact of the CSFs has been less well stud-
ied, but the available data show no difference in formal quality of
life between placebo and CSF. A recent study directly addressed
quality of life in a subgroup of patients using a standardized instru-
ment in patients receiving primary prophylactic CSF versus stan-
dard therapy alone. Although underpowered for this outcome, the
authors found no difference in global quality of life between
the study arms, even though fewer patients were hospitalized in the
CSF group.51 Thatcher et al noted that palliation of symptoms and
quality of life was the same for small-cell lung cancer patients
treated with a conventional every-3-week regimen, or a dose-
intense every-2-week regimen with CSF.7 Further research into this
important area of patient experience is warranted before any con-
clusions can be drawn.
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Appendix A

For the 2004 update, a methodology similar to that applied in the original ASCO practice guidelines for use of
hematopoietic growth factors was used. Pertinent information published from 1999 through September 2005 was reviewed.
The Medline database (National Library of Medicine, Bethesda, MD) was searched to identify relevant information from the
published literature for this update. A series of searches was conducted using the medical subject headings or text words,
“granulocyte colony-stimulating factors,” “granulocyte-macrophage colony-stimulating factors,” “filgrastim,” “lenogras-
tim,” “sargramostim,” and “pegfilgrastim.” These terms were combined with the study design-related subject headings or text
words (in truncated forms to allow for variations of the root word): “meta-analysis,” “random,” and “phase III;” with the
subject heading “drug administration schedule” and the text word “dose dense;” and with the text word, “child.” Search
results were limited to human studies and English-language articles. The Cochrane Library was searched with the phrase,
“colony-stimulating factors.” Directed searches based on the bibliographies of primary articles were also performed. Finally,
Update Committee members contributed articles from their personal collections. Update Committee members reviewed the
resulting abstracts and titles that corresponded to their assigned section.

Smith et al

14 JOURNAL OF CLINICAL ONCOLOGY

Copyright © 2006 by the American Society of Clinical Oncology. All rights reserved. 
Downloaded from jco.ascopubs.org on November 27, 2009 . For personal use only. No other uses without permission. 



Appendix B.

Summary of Recommendations

Specific Recommendations 2005 Recommendations

Recommendations for the Use of
Hematopoietic Colony-Stimulating
Factors TREATMENT

Primary Prophylaxis General Circumstances Primary prophylaxis is recommended for the prevention of
FN in patients who have a high risk of FN based on
age, medical history, disease characteristics, and
myelotoxicity of the chemotherapy regimen. For “dose
dense” regimens CSFs are required and recommended.
Clinical trial data support the use of CSF when the risk
of FN is in the range of 20% or higher. In the absence
of special circumstances, most commonly used
regimens have risks of FN of � 20% (see Table 1). In
making the decision to use prophylactic CSF or not,
oncologists should consider not only the optimal
chemotherapy regimen but also the individual patient
risk factors and the intention of treatment, that is,
curative, prolongation of life, or symptom control and
palliation. Examples of appropriate use in the curative
setting include adjuvant treatment of early-stage breast
cancer with more intensive regimens such as TAC or
FEC100 or the use of CHOP or CHOP-like regimens in
older patients with aggressive non-Hodgkin’s lymphoma.

Special Circumstances Clinicians may occasionally be faced with patients who
might benefit from relatively nonmyelosuppressive
chemotherapy but who have potential risk factors for
febrile neutropenia or infection because of bone
marrow compromise or comorbidity. It is possible that
primary CSF administration may be exceptionally
warranted in patients at higher risk for chemotherapy-
induced infectious complications even though the data
supporting such use are not conclusive. Certain clinical
factors predispose to increased complications from
prolonged neutropenia, including: patient age greater
than 65 yr; poor performance status; previous episodes
of FN; extensive prior treatment including large
radiation ports; administration of combined
chemoradiotherapy; bone marrow involvement by
tumor producing cytopenias; poor nutritional status; the
presence of open wounds or active infections; more
advanced cancer, as well as other serious
comorbidities. In such situations primary prophylaxis
with CSF is often appropriate even with regimens with
FN rates of � 20%. The special circumstances have
always been part of ASCO’s CSF guidelines, in
recognition that there patient factors that predict for the
rate and severity of febrile neutropenia. These special
circumstances have been maintained from previous
versions of the guideline. The rate at which the use of
CSFs should be considered has changed from 40% to
20%, consistent with the new evidence that
demonstrates efficacy in reducing FN rates when the
risk is approximately 20%.

Secondary Prophylaxis Secondary prophylaxis with CSFs is recommended for
patients who experienced a neutropenic complication
from a prior cycle of chemotherapy (for which primary
prophylaxis was not received), in which a reduced dose
may compromise disease-free or overall survival or
treatment outcome. In many clinical situations, dose
reduction or delay may be a reasonable alternative.

Patients with Neutropenia
who are Afebrile

CSFs should not be routinely used for patients with
neutropenia who are afebrile.

Therapeutic Use of CSF’s Patients with Neutropenia
who are Febrile

CSFs should not be routinely used as adjunctive
treatment with antibiotic therapy for patients with fever
and neutropenia. However, CSFs should be considered
in patients with fever and neutropenia who are at high-
risk for infection-associated complications, or who have
prognostic factors that are predictive of poor clinical
outcomes. High-risk features include expected
prolonged (� 10 d) and profound (� 0.1 � 109/L)
neutropenia, age greater than 65 yr, uncontrolled
primary disease, pneumonia, hypotension and multi-
organ dysfunction (sepsis syndrome), invasive fungal
infection, or being hospitalized at the time of the
development of fever.

(continued on following page)
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Appendix B. (continued)

Summary of Recommendations

Specific Recommendations 2005 Recommendations

Use of CSFs to Increase
Dose Intensity or Dose
Density

Use of CSFs allows a modest to moderate increase in
dose-density and/or dose-intensity of chemotherapy
regimens. Available data would suggest a survival benefit
from the use of dose-dense (but not dose-intense)
regimens with CSF support in a few specific settings (eg,
node-positive breast cancer, small cell lung cancer, and
non-Hodgkin’s lymphoma). However, additional data in
these settings are needed and these results cannot be
generalized to other disease settings and regimens
absent specific trials. Dose-dense regimens should only
be used within an appropriately designed clinical trial or if
supported by convincing efficacy data.

Use of CSFs as Adjuncts
to Progenitor Cell
Transplantation

Administration of CSFs to mobilize PBPC often in
conjunction with chemotherapy and their administration
after autologous, but not allogeneic, PBPC transplant is
the current standard of care.

Use of CSFs for Patients
With Leukemia or
Myelodysplastic
Syndromes

Initial or Repeat Induction
Chemotherapy (AML)

Several studies have shown that CSF administration can
produce modest decreases in the duration of neutropenia
when begun shortly after completion of the initial
induction chemotherapy. Beneficial effects on end points
such as duration of hospitalization and incidence of severe
infections have been variable and modest. CSF use
following initial induction therapy is reasonable, although
there has been no favorable impact on remission rate,
remission duration or survival. Patients � 55 yr of age
may be most likely to benefit from CSF use.

CSF for Priming Effects
(AML)

Use of CSFs for priming effects is not recommended.

Consolidation
Chemotherapy in AML

CSF use can be recommended after the completion of
consolidation chemotherapy because of the potential to
decrease the incidence of infection and eliminate the
likelihood of hospitalization in some patients receiving
intensive post remission chemotherapy. There seems
to be more profound shortening of the duration of
neutropenia after consolidation chemotherapy for
patients with AML in remission than for patients
receiving initial induction therapy. There is no effect on
the duration of complete response duration or overall
survival. There is, as yet, no information about the
effect of longer acting, pegylated CSFs in patients with
myeloid leukemias and they should not be used in such
patients outside of clinical trials.

Myelodysplastic
Syndrome (MDS)

No change from 2000 Update. CSFs can increase the
absolute neutrophil count in neutropenic patients with
myelodysplastic syndromes (MDS). Data supporting the
routine long-term continuous use of CSFs in these
patients are lacking. Intermittent administration of CSFs
may be considered in a subset of patients with severe
neutropenia and recurrent infection.

Acute Lymphocytic
Leukemia (ALL)

CSFs are recommended after the completion of the initial
first few days of chemotherapy of the initial induction
or first post remission course, thus shortening the
duration of neutropenia of � 1000/mm3 by
approximately one week. There are less consistent
effects on the incidence and duration of hospitalization
and the acquisition of serious infections. Although there
was a trend for improved CR rates in one large study,32

particularly in older adults, there was no prolongation of
disease-free or overall survival in any of the trials.
G-CSF can be given together with the continued
corticosteroid/antimetabolite therapy, which is a feature of
many ALL regimens, without evidence that such
concurrent therapy prolongs the myelosuppressive effects
of the chemotherapy. As in AML, it is unknown from the
published data whether the CSFs significantly accelerate
recovery to neutrophil counts of 100-200/mm3. In most
patients, regenerating counts of this level are sufficient to
protect against infection so as to permit safe discharge of
patients from the hospital. The use of G-CSF for children
with ALL was associated with small benefits in days of
antibiotics or in-hospital days, although a small amount of
additional costs was incurred, after taking into
consideration the costs of the CSFs. Cost estimates of
CSFs for adults with ALL have not been reported.

(continued on following page)
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Appendix B. (continued)

Summary of Recommendations

Specific Recommendations 2005 Recommendations

Leukemia in Relapse CSFs should be used judiciously, or not at all, in patients
with refractory or relapsed myeloid leukemia since the
expected benefit is only a few days of shortened
neutropenia. Because of the relatively low response
rate in AML patients with relapsed or refractory disease
clinicians may be faced with the difficult dilemma of
whether the persistence of leukemia after
chemotherapy is a consequence of drug resistance or a
stimulatory effect of the CSF. Although drug resistance
is the most likely cause of treatment failure, it is
sometimes necessary to stop the CSF and observe the
patient for a few days to be certain. No significant
change from 2000 recommendation.

Use of CSFs in Patients
Receiving Radiation
Therapy

CSFs should be avoided in patients receiving concomitant
chemotherapy and radiation therapy, particularly involving
the mediastinum. In the absence of chemotherapy,
therapeutic use of CSFs may be considered in patients
receiving radiation therapy alone if prolonged delays
secondary to neutropenia are expected.

Use of CSFs in Older
Patients

Prophylactic CSF for patients with lymphoma aged 65 and
older treated with curative chemotherapy (CHOP or
more aggressive regimens) should be given to reduce
the incidence of FN and infections.

Use of CSFs in the
Pediatric Population

The use of G-CSF in pediatric patients will almost always
be guided by clinical protocols. As in adults, the use of
G-CSF is reasonable for the primary prophylaxis of
pediatric patients with a likelihood of FN. Similarly, the
use of G-CSF for secondary prophylaxis or for therapy
should be limited to high-risk patients. However, the
potential risk for secondary myeloid leukemia or
myelodysplastic syndrome associated with G-CSF
represents a concern in children with ALL whose
prognosis is otherwise excellent. For these reasons,
the specific use of G-CSF in children with ALL should
be considered carefully.

CSF Initiatiation, Dosing,
Duration and
Administration

G-CSF (filgrastim) G-CSF should be given 24-72 h after the administration of
myelotoxic chemotherapy. In the setting of high-dose
therapy and autologous stem cell rescue G-CSF can be
given between 24-120 h after administration of high-
dose therapy. G-CSF should be continued until
reaching an ANC of at least 2-3 � 109/L. For PBPC
mobilization, G-CSF should be started at least 4 d
before the first leukapheresis procedure and
continued until the last leukapheresis.

Pegylated G-CSF
(pegfilgrastim)

Pegfilgrastim 6 mg should be given once, 24 h after
completion of chemotherapy. Pegfilgrastim is not
currently indicated for stem cell mobilization. The safety
and efficacy of pegylated G-CSF has not yet been fully
established in the setting of dose-dense chemotherapy.

GM-CSF (sargramostim): Because GM-CSF has been licensed specifically for use
after autologous or allogeneic BMT and for AML, the
manufacturer’s instructions for administration are
limited to those clinical settings. GM-CSF should be
initiated on the day of bone marrow infusion and not
less than 24 h from the last chemotherapy and 12 h
from the most recent radiotherapy. GM-CSF should be
continued until an ANC greater than 1.5 � 109/L for 3
consecutive days is obtained. The drug should be
discontinued early or the dose be reduced by 50% if
the ANC increases to greater than 20 � 109/L.

Dosing G-CSF (filgrastim) and GM-
CSF (sargramostim): In
adults, the recommended
CSF doses are 5 �g/kg/d
for G-CSF and 250 �g/
m2/d for GM-CSF for all
clinical settings other
than peripheral blood
progenitor cell (PBPC)
mobilization. In the
setting of PBPC
mobilization, if G-CSF is
used, a dose of 10 �g/kg/
d seems preferable. The
preferred route of G-CSF
administration is
subcutaneous.

Pegylated G-CSF: Pegylated G-CSF (pegfilgrastim 6 mg) is
given once in each chemotherapy cycle. The 6 mg
formulation should not be used in infants, children, or
small adolescents weighing � 45 kg.

(continued on following page)
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Appendix B. (continued)

Summary of Recommendations

Specific Recommendations 2005 Recommendations

Special Comments on
Comparative Clinical
Activity of G-CSF and
GM-CSF

No change. No guideline recommendation can be made
regarding the equivalency of the two colony-stimulating
agents. As in 2000, further trials are recommended to
study the comparative clinical activity, toxicity, and cost-
effectiveness of G-CSF and GM-CSF.

Special Comments on
Growth Factors as a
Treatment for
Radiation Injury

Current recommendations for the management of
patients exposed to lethal doses of total body
radiotherapy, but not doses high enough to lead to
certain death due to injury to other organs, includes the
prompt administration of CSF or pegylated G-CSF.70,71

Accidental or intentional (eg, resulting from a terrorist
attack or war) total body radiation leads to probable or
certain death from bone marrow failure at doses of 3-
10 Grays (Gy) without supportive care, CSFs, and/or a
bone marrow transplant.72-74 Doses below that level
are almost always survivable with excellent nursing
care and higher doses are lethal because of injury to
other organs such as the gastrointestinal tract. The
chance for mortality from any radiation dose rises with
combined injuries to the skin, lungs, etc.75

Hematopoietic growth factors can increase the survival,
proliferation, amplification, and differentiation of
granulocyte progenitors to produce neutrophils.
Although no prospective, randomized trials have been
carried out to determine the benefit of hematopoietic
growth factors in humans exposed to accidental or
intentional radiation injury, they have been utilized in
radiation accident victims and neutrophil recovery
appears to have been hastened in 25 of 28 cases
(REACT/TS registry). In animal models, prompt
administration of hematopoietic growth factors after
otherwise lethal total body radiation exposure
dramatically increases survival.76-81
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