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F ebrile neutropenia (FN) is a common and serious complica-
tion of cytotoxic chemotherapy. Clinical practice guidelines1 
recommend the use of colony-stimulating factors (CSFs) in 

the first chemotherapy cycle as primary prophylaxis to lessen chemo-
therapy-induced FN incidence when the expected risk of FN is ap-
proximately 20% or higher.2,3 Individuals who experience FN are at 
risk for hospitalization4-6 and death due to infection.7

In clinical trials, prophylactic treatment of patients with CSFs at the 
start of the initial chemotherapy cycle can reduce FN incidence by as 
much as 50%.2,3,8-12 American Society for Clinical Oncology,1 National 
Comprehensive Cancer Network (NCCN),13 and European Organisa-
tion for Research and Treatment of Cancer14 guidelines recommend the 
use of CSFs as primary prophylaxis when the anticipated incidence of FN 
associated with a chemotherapy regimen is approximately 20% or higher 
(high risk) or 10% to 20% (intermediate risk) if patient risk factors could 
contribute to greater risk of FN. Routine CSF use is not recommended 
when the risk of FN associated with chemotherapy is less than 10%, nor 
is it recommended to treat FN or severe neutropenia.1,13,14

Although these guidelines have existed for years, surveys suggest that 
physicians commonly prescribe CSFs for indications that are not sup-
ported by evidence or guidelines.15,16 No study to date has characterized 
the spectrum of CSF use among large populations of patients with cancer 
treated in community practice settings.

Using claims data from 4 large health insurance plans linked to can-
cer registry data, we evaluated patterns of CSF use among patients with 
breast cancer, colorectal cancer, or non–small cell lung cancer (NSCLC) 
who received myelosuppressive chemotherapy. We examined variables 
influencing use proximal to the initiation of chemotherapy to identify 
predictors of CSF prescription as primary prophylaxis versus other use.

Methods
Databases Used

Patient-level data obtained from the western Washington State Surveil-
lance, Epidemiology, and End Results 
(SEER) Seattle–Puget Sound registry 
were merged with healthcare claims 
data from 4 major insurers. These in-
cluded Medicare, Medicaid, Premera 
Blue Cross, and Regence Blue Shield.
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Objective: To examine variables influencing 
colony-stimulating factor (CSF) prescription as 
primary prophylaxis versus other use during pa-
tients’ initial chemotherapy course among a large 
sample of health insurance records.

Study Design: Retrospective cohort study.

Methods: Adults 25 years or older with a diagno-
sis of breast, colorectal, or non–small cell lung 
cancer (NSCLC) between January 1, 2002, and  
December 31, 2005, were identified from the 
western Washington State Surveillance, Epidemi-
ology, and End Results Seattle–Puget Sound reg-
istry. We linked these records to health insurance 
claims. Chemotherapy regimens identified from 
insurance claims were categorized as carrying 
high, intermediate, or low risk of myelosuppres-
sion according to the National Comprehensive 
Cancer Network guidelines and the literature. 
Colony-stimulating factor use was described as 
primary prophylaxis, other use, or no use, and 
logistic regression analysis identified factors as-
sociated with CSF use.

Results: For patients with breast cancer, colorectal 
cancer, and NSCLC, respectively, 58%, 0%, and 
28% received CSFs as primary prophylaxis in con-
junction with high-risk chemotherapy regimens, 
whereas 10%, 7%, and 21% did so in conjunction 
with low-risk chemotherapy regimens. Prophy-
lactic CSF use increased from 2002 to 2005 for 
breast cancer but remained constant for colorec-
tal cancer and for NSCLC.

Conclusions: As primary prophylaxis, CSF use is 
underutilized based on recommendations for pa-
tients having cancer who receive chemotherapy 
regimens carrying high febrile neutropenia risk 
and may be overutilized for patients who receive 
chemotherapy regimens carrying low febrile 
neutropenia risk. Further research is needed to 
understand the barriers to implementing guide-
lines in clinical practice.
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The SEER Seattle–Puget Sound reg-
istry was established in 1974 under con-
tract with the federal SEER program. The 
registry provides data on the incidence, 
tumor characteristics, diagnosis stage, ini-
tial treatment, and survival of all newly 
diagnosed cancers (except nonmelanoma 
skin cancers) occurring in residents of 13 
counties in western Washington State.17

Premera Blue Cross and Regence Blue 
Shield are 2 of the largest private health 
insurers in Washington State. Both are nonprofit, and Pre-
mera Blue Cross serves more than 1.4 million members in 
Washington State,18 while Regence Blue Shield provides cov-
erage to more than 1 million Washington State residents.19

The Medicaid program provides health insurance for ap-
proximately 420,000 low-income residents in Washington 
State. The program operates under the auspices of the Wash-
ington State Department of Social and Health Services and 
the Health Recovery Services Administration.20

The Medicare program,21 administered by the Centers for 
Medicare and Medicaid Services, provides coverage for per-
sons 65 years or older, persons younger than 65 years with cer-
tain disabilities, and persons of all ages with end-stage renal 
disease. Medicare is composed of Part A (inpatient hospital 
care) and Part B (outpatient care and physician services).

The 4 health insurance databases used for this study in-
clude approximately 3.7 million Washington State residents. 
These residents represented more than 75% of the state’s 
population in 2005.

The study was approved by the appropriate institutional 
review boards. A waiver of consent was obtained for access to 
each database before linkage was performed.

Study Population
To identify subjects with incident cancers in the 4 health 

plans, we cross-linked person-level identifiers (ie, full name, 
sex, date of birth, zip code) from each plan’s enrollment 
files with cancer cases identified in the SEER Seattle–Puget 
Sound registry. Other inclusion criteria were age 25 years or 
older at the time of diagnosis, at least 1 health insurance 
claim for cancer chemotherapy, and diagnosis date between 
January 1, 2002, and December 31, 2005. Patients were ex-
cluded if they had any other malignant neoplasm previously 
recorded in SEER (including a diagnosis of breast cancer, 
colorectal cancer, or NSCLC before January 1, 2002) or had 
incomplete claims records over the period of interest. We 
excluded male patients with breast cancer from the study. 
Claims were collected until 12 months after diagnosis or un-
til date of death.

Chemotherapy Use, CSF Use, and FN Event 
Identification

The study focus was to determine CSF use in primary pro-
phylaxis versus other settings relative to the FN risk of each 
patient’s initial chemotherapy regimen. Colony-stimulating 
factors were defined as filgrastim or pegfilgrastim. Although 
sargramostim may be used in some settings for chemotherapy-
induced neutropenia,22 it was excluded from analysis, as this 
use is not approved by the US Food and Drug Administra-
tion. We defined CSF administration as primary prophylaxis 
or as other use based on the date of CSF administration rela-
tive to the first date of chemotherapy administration.

When used as primary prophylaxis, CSFs should be admin-
istered 24 to 72 hours after chemotherapy administration.13 
We extended this time range to account for potential coding 
misspecifications of administration date and to consider the 
common practice of giving patients CSFs to take home and 
self-administer following chemotherapy initiation. There-
fore, we defined primary prophylaxis as CSF use at the first 
chemotherapy treatment, specifically 1 day before through 7 
days after the first chemotherapy administration date. Other 
CSF use was defined as any use in other settings (eg, follow-
ing an FN event).

Using insurance claims, we identified the initial chemo-
therapy agents administered, the dates each agent was started 
and stopped, the initial CSF use date, and FN events. Pa-
tients were grouped into categories based on the myelosup-
pressive risk of the chemotherapy regimen. We developed 
an algorithm to identify commonly used chemotherapy regi-
mens. The algorithm, summarized in eAppendix A (available 
at www.ajmc.com), considers the chemotherapy regimen 
administered and the timing relative to the diagnosis date 
and to other prescribed agents. The myelosuppressive risk of 
each chemotherapy regimen (the risk of developing FN in 
the absence of CSF administration) was assigned based on 
the high-, intermediate-, and low-risk categories published by 
the NCCN23 during the same period as the study population’s 
diagnoses (2001-2005). In cases where a regimen was not 
categorized by the NCCN, a board-certified oncology phar-

Take-Away Points
Based on practice guidelines, colony-stimulating factors (CSFs) are underutilized for pri-
mary prophylaxis and are overprescribed in settings where they offer little or no clinical 
benefit.

n	 Prophylactic CSF use has increased among patients with breast cancer but has re-
mained constant among patients with colorectal and lung cancer.

n	 On average, less than 50% of patients with breast, colorectal, or non–small cell lung 
cancer received CSFs as primary prophylaxis in conjunction with chemotherapy regi-
mens carrying high risk for febrile neutropenia.

n	 Up to 21% of patients received CSFs alongside chemotherapy regimens that pose 
little or no risk for febrile neutropenia.
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Comparing health plans, a higher proportion of Medicaid 
patients were diagnosed as having distant-stage disease than 
those enrolled in Medicare or with the commercial insurers. 
The proportion of nonwhite patients with cancer enrolled in 
Medicaid was 21% to 24% vs 5% to 11% in the other health 
plans.

CSF Use Patterns
Across all tumor types, the proportions of all CSFs given 

as primary prophylaxis to persons with high-, intermediate-, 
and low-risk chemotherapy were 54%, 24%, and 15%, respec-
tively. The proportions of CSFs given as primary prophylaxis 
in conjunction with high-risk chemotherapy were 58% for 
breast cancer and 28% for NSCLC. No patients with colorec-
tal cancer received CSFs as primary prophylaxis in conjunction 
with high-risk chemotherapy. The proportions of patients with 
breast, NSCLC, and colorectal cancer receiving primary pro-
phylactic CSFs and intermediate-risk chemotherapy were 46%, 
24%, and 8%, respectively (Table 2). In the low-risk chemo-
therapy setting, 10%, 7%, and 21% of breast, colorectal, and 
NSCLC patients received CSF as primary prophylaxis. Among 
patients with breast cancer, NSCLC, and colorectal cancer, the 
proportions receiving CSFs in any setting were 34%, 33%, and 
21%, respectively.

The proportion of all patients with breast cancer receiv-
ing CSFs as primary prophylaxis increased from 9% in 2002 
to 46% in 2005. Primary prophylactic CSF use was highest 
among patients receiving high-risk chemotherapy regimens 
and was lowest among patients receiving low-risk chemo-
therapy regimens (Table 2 and the Figure). The proportion 
receiving chemotherapy and any CSFs increased from 40% 
in 2002 to 74% in 2005. The increase was greatest among 
patients who were commercially insured (from 44% in 2002 
to 80% in 2005) and was lower among patients who were 
enrolled in Medicaid (from 38% in 2002 to 61% in 2005) or 
in Medicare (from 34% in 2002 to 67% in 2005).

Among patients with NSCLC who received any CSFs, 
primary prophylactic use ranged between 20% and 26% from 
2002 to 2005. The proportion of patients with NSCLC re-
ceiving chemotherapy and any CSFs increased from 32% in 
2002 to 44% in 2005. The percentage increase was greatest 
among patients who were enrolled in Medicaid (from 27% in 
2002 to 41% in 2005) or in Medicare (from 32% in 2002 to 
45% in 2005) and was lowest among patients who were com-
mercially insured (from 36% in 2002 to 39% in 2005).

Among patients with colorectal cancer who received any 
CSFs, 7% received primary prophylactic CSFs. Of those re-
ceiving high-risk chemotherapy regimens, 38% received any 
CSFs during chemotherapy, whereas 43% of patients receiv-
ing intermediate-risk chemotherapy regimens and 21% of 

macist (JSM) assigned the regimen to a risk category based on 
FN incidence descriptions from the published literature. The 
chemotherapy risk categorizations are listed in eAppendix B, 
available at www.ajmc.com.

Claims records were used to determine chemotherapy on-
set. To allow for lags in claims recording, records were searched 
from the initial administration date of the first chemotherapy 
agent to 14 days past the last date when a chemotherapy agent 
from the initial regimen appeared in the patient’s claims. If 
a different chemotherapy agent appeared during the 14-day 
window, then a new chemotherapy regimen was considered 
to have been initiated if at least 3 claims of the original che-
motherapy agent had appeared or 2 expected cyclical time 
gaps had occurred since the first administration of the initial 
chemotherapy regimen (eAppendix A).

Data Analysis
We used logistic regression analysis to identify factors as-

sociated with CSF use, which was categorized as primary pro-
phylaxis, other use, or no use. The cohort was stratified into 
groups of high, intermediate, and low risk of FN before run-
ning the regression analysis. Independent variables included 
age, sex (for colorectal cancer and NSCLC), race/ethnicity, 
health insurance plan, cancer site, stage at diagnosis, non-
cancer comorbidity in the 12 months before diagnosis, and 
receipt of surgery or radiation therapy within 30 days of ini-
tial chemotherapy administration. Health insurance plan was 
grouped as Medicare, Medicaid, or commercial (Regence Blue 
Shield and Premera Blue Cross combined). Persons enrolled 
in more than 1 health plan were assigned to the plan contain-
ing most claims over the period of observation. We included 
all claims from both plans for dually enrolled persons.

ResuLts
Among 8354 patients with breast cancer, colorectal can-

cer, or NSCLC, 2728 patients were identified as having re-
ceived chemotherapy during the study period. Table 1 lists 
the characteristics of these individuals. Most initial chemo-
therapy regimens administered to patients with breast cancer 
were categorized as high FN risk (74% across health plans), 
whereas most chemotherapy regimens administered to patients 
with NSCLC and colorectal cancer were characterized as low 
FN risk (59% and 77%, respectively). Patients with NSCLC 
were older and had the highest proportion of individuals diag-
nosed at the most advanced stage (62% across health plans), 
whereas most patients with breast and colorectal cancer were 
diagnosed at the regional stage (56% and 59%, respectively). 
Patients with NSCLC had the highest mean comorbidity rat-
ings among the 3 cancer groups.
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patients receiving low-risk chemotherapy regimens received 
any CSFs. The proportion of patients with colorectal cancer 
undergoing chemotherapy who received any CSFs increased 
from 21% in 2002 to 25% in 2005. The increase was greatest 
among patients enrolled in Medicaid (from 13% in 2002 to 
25% in 2005) or in Medicare (from 19% in 2002 to 25% in 
2005). The percentage of commercially insured patients re-
ceiving CSFs decreased slightly (from 26% in 2002 to 24% 
in 2005).

Predictors of CSF Use
Colorectal cancer was removed from the multivariate 

analysis for high-risk chemotherapy regimens because there 
was no primary prophylactic CSF use in this category. In addi-
tion, because of low proportions of minority races/ethnicities, 
the racial/ethnic categories were collapsed to white versus 
nonwhite. Multivariate analysis revealed that factors pre-
dicting CSF use as primary prophylaxis differed across tumor 
types (eAppendices A, B, and C). Among patients receiving 
high-risk chemotherapy regimens, patients with breast cancer 
were significantly more likely to receive CSFs as primary pro-
phylaxis than patients with NSCLC (odds ratio [OR], 2.43; 
95% confidence interval [CI], 1.07-5.49) (eAppendix C). 
Among patients undergoing intermediate-risk chemotherapy 
regimens, patients with breast cancer were significantly more 
likely to receive CSFs as primary prophylaxis than patients 
with NSCLC (OR, 4.01; 95% CI, 1.06-15.15), and patients 
with colorectal cancer were significantly less likely to receive 

CSFs as primary prophylaxis than patients with NSCLC (OR, 
0.24; 95% CI, 0.07-0.80) (eAppendix D). Among patients 
undergoing low-risk chemotherapy regimens, patients with 
breast cancer (OR, 0.32; 95% CI, 0.11-0.93) and colorectal 
cancer (OR, 0.26; 95% CI, 0.11-0.66) were less likely to re-
ceive CSFs as primary prophylaxis than patients with NSCLC 
(eAppendix E).

disCussion
Using cancer registry and claims records, we examined pat-

terns of CSF use among patients enrolled in 4 health insurance 
plans in Washington State receiving initial chemotherapy for 
breast cancer, colorectal cancer, or NSCLC. Although overall 
CSF use increased substantially over time, its use as primary 
prophylaxis was variable among cancer sites. Colony-stimu-
lating factors were used as prophylaxis frequently for patients 
with breast cancer but in few patients with colorectal cancer 
or NSCLC.

Overall CSF use increased substantially from 2002 to 
2005. The greatest increase occurred in women with breast 
cancer, such that in the last year of the observation period 
almost 75% received CSFs during their initial chemotherapy 
regimen. However, less than half of the CSF use was as pri-
mary prophylaxis. These results suggest that (with the pos-
sible exception of breast cancer) past and current guidelines 
addressing CSF use for patients receiving myelosuppressive 
chemotherapy have been ineffective in aligning actual prac-

n Table 1. Characteristics of Patients at the Time of Diagnosis and of Initial Chemotherapya

Medicare Medicaid Commercial Total

Characteristic Breast NSCLC Colorectal Breast NSCLC Colorectal Breast NSCLC Colorectal Breast NSCLC Colorectal

Cancer stage, No. (%)

  Localb 101 (33.9) 68 (9.1) 43 (10.3) 30 (34.9) 5 (4.5) 5 (7.4) 250 (40.7) 13 (7.3) 29 (14.3) 381 (38.2) 86 (8.3) 77 (11.2)

  Regional 179 (60.1) 234 (31.2) 258 (61.9) 41 (47.7) 27 (24.1) 35 (51.5) 334 (54.4) 48 (26.8) 111 (54.7) 554 (55.5) 309 (29.7) 404 (58.7)

  distant 18 (6.0) 449 (59.8) 116 (27.8) 15 (17.4) 80 (71.4) 28 (41.2) 30 (4.9) 118 (65.9) 63 (31.0) 63 (6.3) 647 (62.1) 207 (30.1)

Age, mean, SD, y 69.6 (7.2) 72.1 (6.0) 72.6 (6.7) 49.4 (8.2) 56.4 (8.3) 54.7 (11.3) 50.6 (9.0) 58.4 (8.9) 53.0 (8.8) 56.2 (12.2) 68.1 (9.5) 65.1 (12.3)

Female sex, % 298 (100) 257 (34.2) 154 (36.9) 86 (100) 52 (46.4) 29 (42.7) 614 (100) 79 (44.1) 102 (50.3) 998 (100) 388 (37.2) 285 (41.4)

Nonwhite race/
ethnicity, %

15 (5) 41 (5.5) 25 (6) 20 (23.3) 23 (20.5) 16 (23.5) 52 (8.5) 14 (7.8) 23 (11.3) 87 (8.7) 78 (7.5) 64 (9.3)

Comorbidity 
score, mean (SD)

1.5 (1.8) 2.5 (2.8) 2.4 (2.1) 0.7 (0.9) 1.6 (1.6) 1.0 (1.6) 0.5 (0.9) 1.1 (1.1) 0.8 (1.3) 0.8 (1.3) 2.2 (1.7) 1.8 (2.0)

Chemotherapy regimen risk for febrile neutropenia, %c

  high 188 (63.1) 79 (10.5) 16 (3.8) 71 (82.6) 25 (22.3) 5 (7.4) 475 (77.4) 29 (16.2) 16 (7.9) 734 (73.5) 133 (12.8) 37 (5.4) 

  intermediate 14 (4.7) 222 (29.6) 67 (16.1)         0 28 (25.0) 15 (22.1) 39 (6.4) 49 (27.4) 41 (20.2) 53 (5.3) 299 (28.7) 123 (17.9) 

  Low 96 (32.2) 450 (59.9) 334 (80.1) 15 (17.4) 59 (52.7) 48 (70.6) 100 (16.3) 101 (56.4) 146 (71.9) 211 (21.1) 610 (58.5) 528 (76.7) 

nsCLC indicates non–small cell lung cancer. 
ademographic and tumor information is at the time of diagnosis; febrile neutropenia risk is at the time of the initial chemotherapy regimen. 
bdoes not include in situ and unknown-stage cases. 
cFor regimens with documented risk of febrile neutropenia. For regimens in which the risk of febrile neutropenia is not documented, we determined the risk 
based on the chemotherapy agent administered with the highest recorded risk of febrile neutropenia.
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tice patterns with use best sup-
ported by evidence and package 
labeling.1,23,24

Multivariate analysis showed 
that for women with breast can-
cer the likelihood of primary pro-
phylactic CSF use was predicted 
by administration of chemo-
therapy regimens with higher FN 
risk. Most clinical evidence sup-
ports CSF use in this setting, and 
guidelines have been in place for 
the longest time. Among patients 
with breast cancer administered 
high-risk chemotherapy herein, 
28% received CSFs as primary 
prophylaxis, and 26% never re-
ceived CSFs.

Among patients with NSCLC 
and colorectal cancer who re-
ceived high- or intermediate-risk 
chemotherapy, prophylactic CSF 
use was low and did not change 
over time. Most of these patients 
were placed on regimens with an 
intermediate FN risk, in which 
guidelines recommend that con-
sideration be given to CSF pro-
phylaxis if other risk factors exist 
(eg, preexisting neutropenia or 
poor performance status).23,24 
Patients with NSCLC and col-
orectal cancer were older and had 
more noncancer comorbidities 
than patients with breast cancer, 
which may have motivated physi-
cians to prescribe lower-intensity 
chemotherapy doses, thereby low-
ering the perceived need for pro-
phylactic CSFs. Unfortunately, 
information for evaluating che-
motherapy doses delivered was 
unavailable among the claims 
data used for this study.

One clinical trial evaluated 
the efficacy of CSFs among pa-
tients with small cell lung can-
cer4; there are no direct studies 
of CSF use among patients with 
NSCLC. Some controversy per-

n Table 2. Colony-Stimulating Factor (CSF) Use (as Primary Prophylaxis, Other 
Use, or No Use) by Cancer Site, Chemotherapy Regimen Risk, and Health Plan 
Typea

No. (%)

CSF Use      Medicare Medicaid Commercial Total

Breast

     (n = 298) (n = 86) (n = 614) (n = 998)

High risk

  Primary prophylaxis 53 (17.8) 21 (24.4) 205 (33.4) 279 (28.0)

  other use 64 (21.5) 20 (23.3) 114 (18.6) 198 (19.8)

  no use 71 (23.8) 30 (34.9) 156 (25.4) 257 (25.8)

Intermediate risk

  Primary prophylaxis 3 (1.0) 0 15 (2.4) 18 (1.8)

  other use 4 (1.3) 0 17 (2.8) 21 (2.1)

  no use 7 (2.3) 0 7 (1.1) 14 (1.4)

Low risk

  Primary prophylaxis 2 (0.7) 0 5 (0.8) 7 (0.7)

  other use 34 (11.4) 3 (3.5) 28 (4.6) 65 (6.5)

  no use 60 (20.1) 12 (14.0) 67 (10.9) 139 (13.9)

NSCLC

        (n = 751) (n = 112) (n = 179) (n = 1042)

High risk

  Primary prophylaxis 9 (1.2) 1 (0.9) 6 (3.4) 16 (1.5)

  other use 23 (3.1) 8 (7.1) 11 (6.1) 42 (4.2)

  no use 47 (6.3) 16 (14.3) 12 (6.7) 75 (7.2)

Intermediate risk

  Primary prophylaxis 19 (2.5) 2 (1.8) 3 (1.7) 24 (2.3)

  other use 57 (7.6) 7 (6.3) 14 (7.8) 78 (7.5)

  no use 146 (19.4) 19 (17.0) 32 (17.9) 197 (18.9)

Low risk

  Primary prophylaxis 28 (3.7) 8 (7.1) 9 (5.0) 45 (4.3)

  other use 134 (17.8) 11 (9.8) 19 (10.6) 164 (15.7)

  no use 288 (38.3) 40 (35.7) 73 (40.8) 401 (38.5)

Colorectal

      (n = 417) (n = 68) (n = 203) (n = 688)

High risk

  Primary prophylaxis       0 0 0 0

  other use 8 (1.9) 2 (2.9) 4 (2.0) 14 (2.0)

  no use 8 (1.9) 3 (4.4) 12 (5.9) 23 (3.3)

Intermediate risk

  Primary prophylaxis 2 (0.5) 0 2 (1.0) 4 (0.6)

  other use 25 (6.0) 6 (8.8) 18 (8.9) 49 (7.1)

  no use 40 (9.6) 9 (13.2) 21 (10.3) 70 (10.2)

Low risk

  Primary prophylaxis 6 (1.4) 0 2 (1.0) 8 (1.2)

  other use 61 (14.6) 5 (7.4) 39 (19.2) 105 (15.3)

  no use 267 (64.0) 43 (63.2) 105 (51.7) 415 (60.3)

nsCLC indicates non–small cell lung cancer.  
ain the text, proportions of CsF use in each risk category of chemotherapy were calculated by dividing 
the number of patients receiving CsF in that setting by all patients receiving CsF in the specified 
chemotherapy risk category. 
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sists as to the relative effectiveness of CSFs among specific 
disease groups and chemotherapy regimens.25 Colony-stimu-
lating factor guidelines suggest that noncancer comorbidity 
may be taken into account when considering CSF use.23,24 We 
found that comorbidity scores did not significantly influence 

CSF prescribing among the myelosuppressive risk categories.
Similarly, no prospective controlled studies support the use 

of primary prophylactic CSFs among patients with colorec-
tal cancer, and few data suggest that current regimens for this 
disease carry a significant risk for FN.13 Most CSF use herein 

n Figure. Colony-Stimulating Factor Use Over Time (as Primary Prophylaxis vs Other Use) by Cancer Site and by 
Chemotherapy Regimen Risk for Febrile Neutropenia (High, Intermediate, or Low)
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among these patients occurred in settings other than primary 
prophylaxis.

The value of CSFs in settings other than primary prophy-
laxis is controversial, as to date no randomized controlled tri-
als have been conducted to assess their efficacy in reducing 
the frequency or severity of FN episodes. Some clinicians may 
perceive that CSF prescription is reasonable to address rapidly 
falling neutrophil counts, neutropenia, or FN that occurs dur-
ing chemotherapy.

Earlier US-based retrospective studies explored CSF use 
in patients receiving myelosuppressive chemotherapy. Du and 
colleagues26 found significant increases and geographic vari-
ability in CSF use for patients with breast cancer between 
1992 and 1999. They did not attempt to delineate primary 
prophylaxis versus other use. Crawford and colleagues27 found 
that only 18% of patients with cancer initiating a new chemo-
therapy regimen received CSFs as primary prophylaxis. They 
did not measure use relative to chemotherapy myelosuppres-
sive risk. 

Combined with evidence from prior studies, our findings 
suggest that most CSF use in clinical practice is inconsistent 
with product labeling or with clinical practice guidelines. A 
study by Graham et al28 found that only 41% of Canadian 
oncologists referred to practice guidelines some or all of the 
time. Because evidence-based clinical guidelines for CSF use 
have been available for years, the continued problems with 
evidence-supported CSF use may warrant consideration of 
programs at the point of care (eg, automatic orders) or pay-
for-performance approaches that reward physicians, hospitals, 
or medical groups for meeting measures of quality and effi-
ciency related to CSF prescribing.29

This study has several limitations. Colony-stimulating 
factor prescription timing and chemotherapy use were deter-
mined by medical claims, which are subject to coding inac-
curacies in terms of drug designation and the time of drug 
administration. We had no information on chemotherapy 
doses and schedules, which may have influenced CSF use, or 
more detailed patient-specific risk factors that guided regi-
men choice. Therefore, we were unable to distinguish recent 
trends in dose-dense regimens for breast cancer such as doxo-
rubicin plus cyclophosphamide administered every 14 days 
versus standard delivery every 21 days. Some of the observed 
increase in CSF use, particularly in the intermediate-risk che-
motherapy category, may be in response to greater use of such 
regimens. The updated 2009 NCCN guidelines suggest that 
dose-dense schedules for breast cancer should be considered 
high risk for FN,13 but NCCN guidelines during the time ho-
rizon of this study did not specify risk for certain regimens that 
were observed in our database (eg, doxorubicin plus cyclo-
phosphamide plus taxane for breast cancer).30 In such cases, 

we relied on the published literature to derive estimates of FN 
risk for these regimens.

The window of analysis for CSF use in FN was 7 days after 
chemotherapy administration; it is possible that some patients 
may have experienced a rapid drop in white blood cell counts 
and that CSFs were used as treatment for FN. We were unable 
to identify secondary CSF prophylaxis use during subsequent 
chemotherapy cycles if FN occurred during the initial cycle. 
Some use in these instances may be supported by guidelines 
(eg, in subsequent chemotherapy cycles to avoid delays or 
dose reductions). We lacked information on physicians, clin-
ics, and hospitals, although characteristics of each, such as 
palliative care versus curative intent, may have influenced 
prescribing. Our findings are restricted to patients with cancer 
in western Washington State and reflect regional practice pat-
terns that may not necessarily represent the United States as 
a whole. Despite these limitations, our data provide a critical 
description of CSF use in a large number of patients newly 
diagnosed as having a nonmyeloid malignant neoplasm. Our 
cancer registry data and claims data from 4 health insurers 
formed a diverse patient sample that included most insured 
persons in the region. Therefore, our results are less suscep-
tible to response bias that can occur with surveys.

In conclusion, few patients with breast cancer, colorectal 
cancer, or NSCLC who are prescribed CSFs relative to their 
initial myelosuppressive chemotherapy regimen receive it as 
primary prophylaxis. Febrile neutropenia  risk as determined 
by regimen myelosuppressivity predicted likelihood of primary 
prophylactic CSF use only for women with breast cancer. Col-
ony-stimulating factor use has increased for all cancers, but 
use consistent with practice guidelines seems to have changed 
only marginally between 2002 and 2005. Further research is 
needed to determine the relationship between CSF use and 
FN rates in clinical practice settings.
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n eAppendix A. Algorithm for Identifying Commonly Used Chemotherapy Regimens

To identify chemotherapy regimens using claims records, we first created a list contain-
ing up to 3 relevant Health Care Financing Administration Common Procedural Coding 
System (HCPCS) and National Drug Code (NDC) identifiers for each agent in the regi-
men. Next, we identified all patients with the cancer of interest who received all the agents 
in the regimen (eg, patients with non–small cell lung cancer (NSCLC) are matched to 
the carboplatin-paclitaxel regimen). Finally, for each patient/regimen group, we created a 
table of healthcare claims for the patients in each insurance group. The HCPCS and NDC 
identifiers that belong to each chemotherapy regimen were grouped together and classified 
as agent 1, agent 2, or agent 3. Codes belonging to other chemotherapy agents that may 
be coadministered to patients but are not part of recognized regimens were also recorded. 
The records containing patient data and chemotherapy agent data were then joined and 
ordered, resulting in a single record with patient data and claims data (including codes, 
myelosuppressive status, claim dates, etc). These records were processed one record at 
a time, and match points were awarded for identifying a first-line chemotherapy regimen 
according to the following criteria: (A) Received the requisite agents for a given regimen 
at any time. (B) Received the requisite agents within the designated treatment start win-
dow (0-6 months for all regimens). (C) Agents started at appropriate time relative to each 
other (typically on day 1 of treatment). For example, if a patient with NSCLC is to go on a 
carboplatin-paclitaxel regimen, then he or she should receive both agents on the same day 
in the claims records for the algorithm to count the records as a carboplatin-paclitaxel regi-
men match. (D) No other agents were given within the first-line treatment duration window 
(measured from day 1 of chemotherapy administration) or inside the first-line duration if 
additional agents were given. This prevented the accidental inclusion of patients who sub-
sequently received second-line chemotherapy (eg, if a patient is progressed after 2 cycles of 
carboplatin-paclitaxel and subsequently received second-line docetaxel). (E) The first agent 
administered was one of the agents from the regimen (eg, fluorouracil in FOLFOX [leuco-
vorin calcium, fluorouracil, and oxaliplatin]). (F) At least 3 administrations of each agent 
in the regimen were given before any agents that were being administered outside of the ex-
pected regimen. In the example of a patient being administered carboplatin-paclitaxel, if the 
patient received an administration of cisplatin between the first and second administrations 
of carboplatin-paclitaxel, then match point F would not be assigned to the patient.

The matching process stops, and the match score is recorded based on the criterion that 
the end of the patient’s claims is reached or that a period of twice the expected cycle length 
for the given regimen passes with no chemotherapy health claims recorded. Although pa-
tients may receive match points for every regimen associated with their cancer site, it was 
observed for each patient that an abundance of claims was typically available to elucidate 
the dominant chemotherapy regimen.
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n eAppendix B. First-Line Chemotherapy Regimens for Febrile Neutropenia (FN) Riska

Cancer Site

 
 
 

Agent or  
Combination  

of Agents

 
 
 

Interval of  
Chemotherapy 
Administration 

Duration as 
First-Line  

Chemotherapy 
From Day 1 of 
Chemotherapy 

Initiation

 
No. of  

Patients in 
Database  

on 
Regimen

 
 
 
 
 

FN Riskb

 
 
 

FN Risk  
Category for 

Analysis 

 
 
 
 
 

Source and Comments

Breast, NSCLCc Gemcitabine Every 7 or 21 d 8-100 wk 36 — Low Laack et al,31 2004

NSCLCc Vinorelbine Every 7 or 21 d 12-28 wk 17 — Low Laack et al,31 2004

NSCLC Docetaxel Every 21 d 12-28 wk 21 Intermediate Intermediate Crawford et al,23 2007; 
Georgoulias et al,32 2003

NSCLC Cisplatin-paclitaxel Every 21 d 12-28 wk 3 Intermediate Intermediate Crawford et al,23 2007

NSCLC Gemcitabine-cisplatin Weekly to day 8  
or day 15, then  
2 wk off

12-28 wk 4 — Low Schiller et al,33 2002; 
Gatzemeier et al,34 2007

NSCLCc Gemcitabine-carboplatin Weekly to day 8, 
then 2 wk off

— 73 — Intermediate Kosmidis et al,35 2008

NSCLC Docetaxel-cisplatin Every 21 d 12-28 wk 6 Intermediate Intermediate Crawford et al,23 2007; 
Fossella et al,36 2000

NSCLCc Docetaxel-carboplatin Every  21 d — 116 — Intermediate Fossella et al,36 2000; 
Stinchcombe et al,37 
2008;  
Belani et al,38 2000

NSCLC, breast Paclitaxel-carboplatin Every 21 d 12-28 wk 536 Intermediate Low Crawford et al,23 2007; 
Schiller et al,33 2002; 
Belani et al,39 2005;  
Kelly et al,40 2001

NSCLC Vinorelbine-cisplatin Weekly 12-28 wk 1 Intermediate Intermediate Crawford et al,23 2007; 
Kelly et al,40 2001; 
Georgoulias et al,41 2005

NSCLCc Vinorelbine-carboplatin Weekly to day 8, 
then 2 wk off

— 10 — Intermediate Clinical impression was 
used, as no published 
literature was found

NSCLC Etoposide-cisplatin Every 21 d 12-28 wk 34 Intermediate Intermediate Crawford et al,23 2007

NSCLCc Etoposide-carboplatin Weekly to day 8,  
then 2 wk off

— 18 — Intermediate Clinical impression was 
used, as no published 
literature was found

NSCLCc Vinorelbine-gemcitabine Weekly to day 8,  
then 2 wk off

12-28 wk 10 — Intermediate Laack et al,31 2004

NSCLCc Paclitaxel-gemcitabine Weekly to day 8,  
then 2 wk off

12-28 wk 0 — Intermediate Kosmidis et al,35 2008

NSCLCc Gemcitabine-docetaxel Weekly to day 8,  
then 2 wk off

12-28 wk 7 Intermediate Intermediate Georgoulias et al,41 2005; 
Binder et al,42 2007; 
Georgoulias et al,43 2008

NSCLCc Paclitaxel-vinorelbine Every 14 d 12-28 wk 0 — High Stathopoulos et al,44 
2004

Breast Doxorubicin-
cyclophosphamide

Every 14 d,  
every 21 d

22 wk (every 
14 d), 30 wk 
(every 21 d)

429 Intermediate Intermediate Crawford et al,23 2007

Breast Doxorubicin plus taxane 
(eg, paclitaxel)

Every 21-28 d — 87 High High Crawford et al,23 2007

Breast Cyclophosphamide, 
methotrexate, 
fluorouracil

Daily to day 14,  
then 2 wk off

30 wk 133 Intermediate Low Crawford et al,23 2007; 
Ejlerten et al,45 2007; 
Schmid et al,46 2007

(Continued)
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n eAppendix B. First-Line Chemotherapy Regimens for Febrile Neutropenia (FN) Riska (Continued)

Cancer Site

 
 
 

Agent or  
Combination  

of Agents

 
 
 

Interval of  
Chemotherapy 
Administration 

Duration as 
First-Line  

Chemotherapy 
From Day 1 of 
Chemotherapy 

Initiation

 
No. of  

Patients in 
Database 

 on 
Regimen

 
 
 
 
 

FN Riskb

 
 
 

FN Risk  
Category for 

Analysis 

 
 
 
 
 

Source and Comments

Breast Fluorouracil, doxorubicin, 
cyclophosphamide

Every 21 d — 53 — Intermediate Martin et al,47 2006

Breast Docetaxel-
cyclophosphamide

Every 21 d — 9 Intermediate High NCCN guidelines rank 
as intermediate risk if 
followed by sequential 
docetaxel23,48

Breast Docetaxel, doxorubicin, 
cyclophosphamide

Every 21 d 24 wk 52 High High Crawford et al,23 2007

Colorectal Irinotecan, leucovorin, 
fluorouracil

Every 14 d — 100 — High Goldberg et al,49 2004; 
Saltz et al,50 2007

Colorectal Fluorouracil, leucovorin Every 14 d 62 wk 249 — Low Saltz et al,50 2007;  
André et al,51 2004

Colorectal Oxaliplatin, leucovorin, 
fluorouracil

Every 14 d 32 wk 109 Intermediate Intermediate André et al,51 2004

Colorectal Capecitabine Daily to day 14, 
then 1 wk off

30 wk 6 — Low Van Cutsem et al,52 2001; 
Twelves et al,53 2005

Colorectal Fluorouracil Every 7 days 8-100 wk 77 — Low Clinical impression was 
used, as no published 
literature was found

Colorectal Irinotecan Every 7 days 8-100 wk 14 — Intermediate FN is dose dependent, 
with >300 mg/m2  
having higher risk,  
<275/m2 having low risk,  
300 mg/m3 having 100% 
(2 of 2)54

NCCN indicates National Comprehensive Cancer Network; NSCLC, non–small cell lung cancer. 
aBased on NCCN guidelines30 of high (>20%), intermediate (10%-20%), or low (<10%) risk of FN. 
bEmpty cells denote agents or regimens that are not listed as having significant risk for FN per NCCN guidelines.30 
cSchedules or agents observed in the database but not recognized as standard per NCCN guidelines.30
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n eAppendix C. Adjusted Odds Ratios Among Patients Administered High-Risk Chemotherapy for Receiving 
Primary Prophylactic Versus Other Use of Colony-Stimulating Factors Within 28 Days of Chemotherapy Initiationa

Effect Reference Odds Ratio (95% Wald Confidence Interval)

Comorbidity

  1 vs 0 1.000 0.943 (0.598-1.489)

  2 vs 0 1.000 0.593 (0.299-1.176)

  3 vs 0 1.000 1.561 (0.587-4.150)

  4 vs 0 1.000 0.672 (0.263-1.716)

Age, y

  20-49 vs >80 1.000 3.065 (0.537-17.501)

  50-59 vs >80 1.000 4.107 (0.724-23.297)

  60-69 vs >80 1.000 2.718 (0.506-14.590)

  70-79 vs >80 1.000 2.786 (0.487-15.933)

Cancer stage

  Distant vs regional 1.000 0.932 (0.470-1.849)

  Local vs regional 1.000 0.857 (0.561-1.309)

Cancer site, breast vs NSCLC 1.000 2.426 (1.073-5.485)

Radiation therapy within 30 d 1.000 0.657 (0.280-1.542)

Race/ethnicity

  Black vs white 1.000 1.495 (0.511-4.369)

  Other vs white 1.000 0.845 (0.390-1.831)

Health plan type

  Commercial vs Medicare 1.000 1.646 (0.898-3.016)

  Medicaid vs Medicare 1.000 0.977 (0.417-2.290)

NSCLC indicates non–small cell lung cancer. 
aColorectal cancer was excluded because the data were too sparse for model fit. 
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n eAppendix D. Adjusted Odds Ratios Among Patients Administered Intermediate-Risk Chemotherapy for 
Receiving Primary Prophylactic Versus Other Use of Colony-Stimulating Factors Within 28 Days of Start of  
Chemotherapy Initiation

Effect Reference Odds Ratio (95% Wald Confidence Interval)

Comorbidity

  1 vs 0 1.000 1.173 (0.381-3.613)

  2 vs 0 1.000 1.077 (0.304-3.812)

  3 vs 0 1.000 0.181 (0.018-1.785)

  4 vs 0 1.000 0.813 (0.201-3.292)

Age, y

  20-49 vs >80 1.000 0.381 (0.030-4.866)

  50-59 vs >80 1.000 0.451 (0.040-5.115)

  60-69 vs >80 1.000 0.512 (0.072-3.621)

  70-79 vs >80 1.000 0.525 (0.076-3.634)

Cancer stage

  Distant vs regional 1.000 1.580 (0.635-3.934)

  Local vs regional 1.000 0.665 (0.208-2.129)

Cancer site

  Breast vs NSCLC 1.000 4.008 (1.060-15.147)

  Colorectal vs NSCLC 1.000 0.236 (0.070-0.802)

Radiation therapy within 30 d 1.000 1.170 (0.338-4.052)

Race/ethnicity

  Black vs white 1.000 1.519 (0.076-30.370)

  Other vs white 1.000 2.976 (0.396-22.397)

Health plan type

  Commercial vs Medicare 1.000 0.958 (0.221-4.161)

  Medicaid vs Medicare 1.000 0.510 (0.044-5.983)

NSCLC indicates non–small cell lung cancer.
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n eAppendix E.  Adjusted Odds Ratios Among Patients Administered Low-Risk Chemotherapy for Receiving 
Primary Prophylactic Versus Other Use of Colony-Stimulating Factors Within 28 Days of Chemotherapy Initiation

Effect Reference Odds Ratio (95% Wald Confidence Interval)

Comorbidity

  1 vs 0 1.000 0.445 (0.170 1.166)

  2 vs 0 1.000 0.762 (0.278 to 2.093)

  3 vs 0 1.000 0.553 (0.165 to 1.852)

  4 vs 0 1.000 0.628 (0.220 to 1.794)

Age, y

  20-49 vs >80 1.000 1.291 (0.182 to 9.174)

  50-59 vs >80 1.000 3.357 (0.614 to 18.348)

  60-69 vs >80 1.000 1.361 (0.341 to 5.441)

  70-79 vs >80 1.000 1.364 (0.347 to 5.370)

Cancer stage

  Distant vs regional 1.000 1.101 (0.563 to 2.150)

  Local vs regional 1.000 0.799 (0.284 to 2.250)

Cancer site

  Breast vs NSCLC 1.000 0.315 (0.107 to 0.929)

  Colorectal vs NSCLC 1.000 0.264 (0.105 to 0.660)

Radiation therapy within 30 d 1.000 1.031 (0.415 to 2.559)

Race/ethnicity

  Black vs white 1.000 <0.001 (<0.001 to >999.999)

  Other vs white 1.000 0.329 (0.082 to 1.324)

Health plan type

  Commercial vs Medicare 1.000 1.128 (0.346 to 3.682)

  Medicaid vs Medicare 1.000 2.631 (0.740 to 9.351)

NSCLC indicates non–small cell lung cancer.


