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Abstract

Goals Management of the risk of potential chemotherapy-
induced neutropenic complications such as febrile neutro-
penia (FN) and severe neutropenia (SN) is a quality of care
priority. How frequently does care at our institution
conform to established guidelines?

Materials and methods This retrospective chart review
study included a random sample of 305 cancer patients
receiving care at a single US academic medical center.
Abstracted data included demographics, risk factors, and
outcome variables (e.g., development of FN/SN, adminis-
tration of myeloid growth factors). To evaluate quality of
care, we assessed conformance between actual practice and
established clinical practice guidelines for the use of
myeloid growth factors from the National Comprehensive
Cancer Network (NCCN).

Main results Of the 305 cases reviewed, 8% were classified
as low risk (<10%), 48% as intermediate risk (10-20%),
and 44% as high risk (>20%), using the risk classifications
in the NCCN guidelines modified to accommodate illness
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and other risk factors. Thirty-four percent received prophy-
lactic administration of myeloid growth factors. Half of the
cases had adequate documentation of mid-cycle absolute
neutrophil count to determine whether FN/SN developed.
Among these cases with adequate documentation, 21%
developed FN/SN. Use of growth factors did not conform
to established quality guidelines. Overall, 77 of 133 (58%)
high-risk cases received myeloid growth factors, whereas
six of 25 (24%) low-risk cases received myeloid growth
factors.

Conclusions Routine clinical practice in this academic
oncology setting was poorly aligned with established
guidelines; there is substantial opportunity to standardize
clinical strategies and increase conformance with evidence-
based guidelines.

Keywords Neutropenia (MeSH) - Fever (MeSH) -
Neoplasms (MeSH) - Quality of health care (MeSH)

Introduction

Neutropenia occurs when chemotherapy decimates neutro-
phils [1], a primary function of which is to combat bacterial
infections. Without neutrophils, the patient is at risk for life-
threatening infections such as sepsis or pneumonia. Severe
neutropenia (SN) is defined as an absolute neutrophil count
(ANC) of <500 cells/mm® or of <1,000 cells/ mm’ with
expected decrease to 500 cells/ mm?® [1]. Febrile neutrope-
nia (FN) has the same ANC parameters but includes a
temperature >101°F or a persistent fever >100.4°F [1].
Approximately half of patients receiving cancer
chemotherapy experience FN or SN as a significant
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adverse drug effect, with exact risk of these complica-
tions determined by patient factors including tumor
type, renal function, age, and previous exposure to
chemotherapy. Risk also varies by diagnosis. Reported
prevalence of FN/SN in non-small cell lung cancer
(NSCLC) is 7.4%, whereas in breast cancer, it is 30.2%
[2]. FN and SN are closely inter-related; approximately
40% of patients with SN develop FN, with risk increasing
daily as SN prolongs [3]. Development of fever elevates
the patient’s risk of a life-threatening infection; when
antibiotics are not administered, FN carries a 45-58% risk
of death [4, 5]. Comorbid conditions also increase risk for
patients with FN. The overall inpatient mortality rate
associated with neutropenia is 9.5%; for patients with one
comorbidity, mortality risk increases to 10.3% and, with
two comorbidities, to >21.4% [6]. Most patients with FN
stay over a week in the hospital receiving intravenous
antibiotics and awaiting neutrophil recovery. FN and SN
are often considered together when evaluating risk of
neutropenic complications and their sequelae [12].

Colony stimulating factors, such as granulocyte
colony-stimulating factor (G-CSF, filgrastim, pegfilgras-
tim, and lenograstim) and granulocyte macrophage CSF
(sargramostim) stimulate production of granulocytes via
bone marrow. These myeloid growth factors are admin-
istered soon after chemotherapy to decrease the risk of
neutropenic complications, especially when the risk of
FN is perceived to be >20% [7]. A systematic review
found filgrastim and pegfilgrastim to be clinically effec-
tive and cost-effective if used according to best practice
guidelines [8, 9].

Guideline-based management of patients at risk
for chemotherapy-induced neutropenic complications

Based on evidence from two recent randomized trials [10,
11], the American Society of Clinical Oncology (ASCO) in
2006 updated its clinical practice guideline, “Recommenda-
tions for the Use of White Blood Cell Growth Factors: An
Evidence-Based Clinical Practice Guideline,” to indicate
primary prophylaxis with CSFs when risk of FN is >20%
[12]. Both ASCO and the European Association for
Research and Treatment of Cancer (EORTC) currently
recommend that patients who are at >20% risk for FN
receive prophylactic treatment with myeloid growth factors
[13]. The National Comprehensive Cancer Network (NCCN)
in the USA also endorses this 20% risk threshold [14]
(Table 1). These guidelines concur that, when risk of FN is
10-20%, prophylaxis with myeloid growth factors should be
carefully considered, and when risk is <10%, use of myeloid
growth factors is not recommended. A more conservative
approach is proposed by the Multinational Association of
Supportive Care in Cancer (MASCC), which has developed
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the MASCC risk-index score based on seven independent
factors present at onset of febrile neutropenia [15, 16].

Purpose of the study

Appropriate management of the risk for chemotherapy-
induced neutropenic complications is a quality of care
priority in oncology; yet, in this field, the urgency of
treating disease can overshadow common but complex
tasks such as predicting risk of FN/SN and appropriately
administering myeloid growth factors. Approaches to FN/
SN risk management that are not evidence- or guideline-
based potentially compromise patient safety and/or result in
excessive, unnecessary costs.

This study sought to answer a key question related to
quality of care, where quality care was defined as care
that conforms to best practice guidelines promoted by
ASCO, EORTC, and NCCN: How frequently do cancer
patients at our institution receive care in alignment with
established guidelines for managing risk of chemother-
apy-induced neutropenic complications? Through gener-
ating a better understanding of current practices, the
study was intended to help determine whether physician
adherence to evidence-based guidelines is adequate or
requires improvement. Additionally, it offers a case
study of a quality assessment approach to supportive
oncology.

Materials and methods
Overview of design

This retrospective chart review included data from
patients who received chemotherapy at Duke University
Medical Center (Duke) in Durham, NC, from January 1,
2004 to December 31, 2006. Its objectives were to
describe, in a single institution’s population, the inci-
dence of FN/SN and FN/SN risk factors, myeloid
growth factor utilization, and conformance of actual
practice with the NCCN Myeloid Growth Factor
Clinical Practice Guideline [14]. The NCCN guideline
was selected as the representative document, since it could
be operationalized easily into specific steps and
corresponding metrics.

Participants

The study population was randomly selected from the
Duke Tumor Registry. Lists were generated of all adult
patients with lymphoma and lung, breast, colorectal, and
ovarian cancers who received chemotherapy at Duke
during the study timeframe. After lists of potential cases
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Table 1 NCCN and ASCO recommendations for myeloid growth factor (CSF) use to prevent febrile neutropenia (FN) during adjuvant

chemotherapy
Clinical factors to consider in FN prophylaxis FN risk
determining risk

NCCN Chemotherapy regimen CSF recommended High (>20%)

Individual patient risk
Neutropenic complication in the
immediate previous cycle
Chemotherapy regimen
Individual patient risk
Chemotherapy regimen
Individual patient risk

ASCO: primary
prophylactic CSF

First and subsequent cycle use

Age

Medical history

Disease characteristics

Myelotoxicity of chemotherapy regimen

Age >65 Years

Poor performance status

Previous FN

Poor nutritional status

Open wounds or active infections

More advanced cancer

Extensive prior treatment, incl.
large XRT ports

Administration of combined
chemo-radio therapy

Cytopenias due to bone marrow
involvement by tumor

Other serious comorbidities

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

Patients with neutropenia who are
afebrile

Adjunctive treatment with antibiotic
therapy for patients with fever and
neutropenia

ASCO: secondary
prophylactic CSF

ASCO: therapeutic CSF

Patients with FN who are at high risk for

infection-associated complications

Patients who have prognostic factors
that are predictive of poor clinical
outcome

CSF should be considered Intermediate (10%-20%)

No CSF. Consider

CSF only if patient is at significant
risk for serious FN consequences

CSF supported

Low (<10%)

High (>20%)

CSF often appropriate <20%

CSF recommended

CSF should NOT be routinely
used

CSF should be considered

were randomized, the top cases were selected in a
distribution reflecting the relative incidences of cancer
types in the Duke population. We sought to identify at
least 300 eligible cases and ultimately included 305
cases. Since patients could have received more than one
chemotherapy regimen and prior chemotherapy was a
potential risk factor for neutropenic complications, we
randomized the regimen of focus (e.g., first-line,

second-line, etc.). Data were abstracted on the first
cycle of the selected chemotherapy regimen only; the
study required that the first cycle was received at Duke.

Study procedures

Data on demographics, disease characteristics, and
outcome variables were abstracted from paper or
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electronic case notes onto a case report form (CRF).
CRFs were completed using electronic pens by two
trained research nurses, a pharmacist, and two physi-
cians. All CRFs were over-read by a second abstractor.
Data from the electronic pens automatically populated a
Microsoft Access 2003 database (Microsoft, Seattle,
WA, USA). Validation and error checking software
highlighted potential errors on electronic CRFs for
secondary review and approval before data were
permanently entered into the final study dataset (Mi-
Co Mi-Forms version 6.1.2.2, Research Triangle Park,
NC, USA). Once data were permanently written to the
database, the record was de-identified. Identifying
patient information was held in a separate “master”
dataset at a different location; the main study dataset
was completely de-identified and linked to the master
dataset by a unique study linkage variable. All analyses
were conducted with de-identified data.

A third physician independently reviewed the chemo-
therapy administered in all cases and mapped it to the
NCCN Guideline risk categories of low (<10%), interme-
diate (10-20%), and severe (>20%), using the v1.2008
version of the published guideline [14], with the ASCO
2006 guideline as back-up [7]. Dose-dense regimens were
assigned a risk score of >20%. When the regimen was not
listed in either guideline document, the original clinical trial
report was consulted to determine risk for the regimen. The
assigned risk level is named the “Guideline-based Risk” in
this review.

Both the NCCN and ASCO guideline documents
recommend elevating the assigned risk level to a higher
category when certain clinical factors are present. The
lists of factors to consider differ somewhat between the
two guidelines (e.g., the ASCO guideline includes age
as a risk factor while the NCCN guideline does not);
however, the majority of factors are similar. Consulta-
tion with practicing medical oncologists at Duke
suggested that clinicians routinely modified their assess-
ment of risk for neutropenic complications depending
on the presence/absence of these factors. We therefore
defined a “Modified Guideline-based Risk” level in
which we increased the patient’s risk category if his/her
chart indicated any of the following factors: age >65,
poor performance status (Eastern Cooperative Oncology
Group score >2), prior chemotherapy or radiotherapy,
diabetes, metastatic cancer (stage IV or metastatic),
Charleson Comorbidity Index Score >3, or poor renal
function (glomerular filtration rate <50). If a patient had
one or two risk factors, the Guideline-based risk was
increased by one level. If a patient had three or more
risk factors, the guideline-based risk was increased by
two levels. Maximum risk for any patient was three.
This approach was designed to approximate the manner

@ Springer

in which oncologists actually apply guideline recom-
mendations in clinical practice.

Analyses

Basic descriptive statistics were employed to characterize the
study population (Table 2) and to report the frequency of
missing variables and outcomes. Clinical practice at this
institution was compared to recommendations of best
practice guidelines, using (1) the intact NCCN Myeloid
Growth Factor Clinical Practice Guideline [14], and (2) the
NCCN Guideline modified to incorporate additional risk
factors (Tables 3 and 4, respectively). In each risk category
(low, intermediate, and high), we calculated the frequency of
disease type, documentation of mid-cycle ANC, delivery of
myeloid growth factors, and development of FN/SN. To
evaluate quality of care in this area, we created three metrics
that reflect the recommendations of the NCCN Myeloid
Growth Factor Clinical Practice Guideline [14] (Table 5):

1. For any patient whose risk of FN/SN was assessed as
>10%, documentation of assessment of mid-cycle ANC

2. For patients with >20% risk of FN/SN, delivery of
myeloid growth factors

3. For patients with <10% risk of FN/SN, no delivery of
growth factors

Conformance to quality metrics was calculated as the
proportion of evaluable cases that met the pre-defined
metric. Univariate predictors of the likelihood of
documenting mid-cycle laboratory studies were assessed
using chi-squared tests; p<0.05 was considered statisti-
cally significant (Table 6).

Ethical approval

The study was approved by the Duke University Health
System Institutional Review Board.

Results

Three hundred five cases (305) were reviewed (Table 2).
The distribution of cancer types was 44% breast, 18%
colorectal, 26% lung, 9% lymphoma, and 5% ovarian.
Majority of the patients in cases were female (73%),
consistent with this tumor type distribution. Mean age was
55 (SD, 13); 74% of the patients were white. Overall, 34%
of patients received prophylactic administration of mye-
loid growth factors. Half of the cases had adequate
documentation of mid-cycle ANC to determine whether
a FN/SN neutropenic complication developed; neutro-
penic complications were identified in 21% of these cases.



Support Care Cancer

Table 2 Demographic and medical characteristics of the cohort

Characteristics n=305

Age (years): mean (SD) [range] 55 (13) [23-89]

Male 83 (27%)
Race/ethnicity

White 226 (74%)
Black/African American 63 (21%)
Other 9 (3%)
Unknown 7 (2%)
Type of cancer

Breast 133 (44%)
Colorectal 55 (18%)
Non-small cell lung cancer 66 (22%)
Small cell lung cancer 11 (4%)
Ovarian 15 (5%)
Non-Hodgkin’s lymphoma 20 (7%)
Hodgkin’s lymphoma 5 (2%)
Stage of cancer

Stagel 41 (13%)
Stage2 75 (25%)
Stage3 73 (24%)
Stage4 68 (22%)
Missing/Unknown 48 (16%)
History of prior chemotherapy 68 (22%)

Current chemotherapy regimen
Anthracycline-based regimen
Number of myelosuppressive agents

128 (42%)

1 57 (19%)
2 199 (65%)
3 45 (15%)
4 4 (1%)

Planned relative dose intensity

<85% of standard 29 (10%)
>85% of standard 272 (89%)
Unknown 4 (1%)

Primary G-CSF prophylaxis 103 (34%)

Documentation of mid-cycle ANC

Laboratory tests that determine mid-cycle ANC are critical
to the identification of high-risk patients who require
prevention or management of subsequent FN/SN episodes.
Hence, documentation of a mid-cycle ANC report was
considered a major quality indicator. Cases counted as
having mid-cycle assessments were those patients whose
mid-cycle ANC was assessed and documented at Duke
facilities or patients whose mid-cycle ANC was assessed at
non-Duke facilities and documented in the Duke medical
record. If no documentation of mid-cycle ANC existed, the
case was counted as not meeting the metric.

Overall, documentation of mid-cycle ANC was only
available for 50% of cases. When risk of chemotherapy-
induced neutropenia was assigned solely according to
chemotherapy regimen, i.e., guideline-based risk, more

low-risk patients than high-risk patients had ANC docu-
mented (58% vs. 41%, Table 3). The trend was less
dramatic when we modified the chemotherapy-induced risk
based upon patient or disease factors, i.e., modified
guideline-based risk (56% vs. 52%, Table 4). In both cases,
low-risk patients were most likely to have ANC docu-
mented, although that group needed ANC follow-up the
least. Documentation of ANC for intermediate- and high-
risk patients—the quality metric—was present for 44% of
cases using the guideline-based risk assessment approach
and for 49% of cases using the modified guideline-based
risk assessment approach (Table 5).

The quality assessment may have been biased by
scenarios that systematically led to less frequent documen-
tation of mid-cycle ANC. For example, clinicians might
have requested mid-cycle studies less frequently when they
planned to administer myeloid growth factor regardless of
lab result. We therefore examined the effect of various
clinical factors on the presence/absence of a mid-cycle
ANC. Cancer type emerged as the only identified predictor
of ANC assessment (Table 6), with breast cancer patients
being more likely to not have a documented ANC and lung
cancer and lymphoma patients being more likely to have a
documented ANC.

Conformance with myeloid growth factor administration
guidelines

Guideline-based risk

When we assigned risk based upon the categories presented
in the NCCN guideline, 41% of cases were classified as
low risk, 32% as intermediate risk, and 27% as high risk
(Table 3). Myeloid growth factor was administered in 34%
of cases, ranging from 21% of low-risk to 67% of high-risk
cases.

Assessment of the impact of conformance with guide-
lines could only be conducted for cases with documented
mid-cycle ANC or some other assessment of presence/
absence of FN/SN (n=151; Table 2). Of 73 cases in the
low-risk category, 18 (25%) received myeloid growth
factor. This treatment practice is inconsistent with the
guidelines. Among the 55 low-risk cases where growth
factor was not administered, six (11%) developed docu-
mented neutropenic complications. Low-risk patients who
received growth factor had the same rate of neutropenic
complications (11%), suggesting that prophylactic admin-
istration of growth factors to low-risk patients did not
improve outcomes, although numbers are small.

Among the 34 high-risk cases with documented mid-
cycle ANC, only 15 (44%) had documentation of myeloid
growth factor delivery. Of the 19 high-risk cases where
growth factor was not administered, six (32%) developed
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Table 3 Guideline-based risk: assessment of risk for chemotherapy-induced neutropenic complications based upon type of chemotherapy

received only (as per NCCN guideline)

Total cases=305 Low risk (<10%

risk of FN/SN), n=126

Intermediate risk (10-20%
risk of FN/SN), n=97

High risk (>20%
risk of FN/SN), n=82

Type of cancer

Breast 21 (17%)
Colorectal 49 (39%)
Non-small cell lung cancer 38 (30%)
Small cell lung cancer 3 (2%)
Ovarian 13 (10%)
Non-Hodgkin’s lymphoma 2 (2%)
Hodgkin’s lymphoma 0 (0%)
Mid-cycle ANC documented

Yes 73 (58%)
No 53 (42%)
Myeloid growth factor administered

Yes 27 (21%)
No 99 (79%)
Neutropenic complications developed

FN? 1

SNP 4
Physician note only® 3
Yes—any FN/SN above 8 (6%)
No 65 (52%)
Unknown 53 (42%)

Among cases with mid-cycle ANC documented (n=151)

Myeloid growth factor administered

Developed FN/SN Yes No

Yes 2 (11%) 6 (11%)
No 16 (89%) 49 (89%)
Total 18 (25%) 55 (75%)

60 (62%) 52 (63%)

6 (6%) 0 (0%)

5 (5%) 23 (28%)

7 (7%) 1 (1%)

2 (2%) 0 (0%)

13 (13%) 5 (6%)

4 (4%) 1 (1%)

44 (45%) 34 (41%)

53 (55%) 48 (59%)

21 (22%) 55 (67%)

76 (78%) 27 (33%)

2 2

6 5

8 1

16 (16%) 8 (10%)

28 (29%) 26 (32%)

53 (55%) 48 (59%)

Yes No Yes No

4 (31%) 12 (39%) 2 (13%) 6 (32%)
9 (69%) 19 (61%) 13 (87%) 13 (68%)
13 (30%) 31 (70%) 15 (44%) 19 (56%)

Figures in italics indicate cases for which quality of care would have improved with appropriate risk level assessment and, based on that risk,
adherence to the NCCN guideline. Boldface type indicates cases for which appropriate care, per the NCCN guideline, was documented

*Met full criteria for febrile neutropenia: documented laboratory test with ANC <500 cells/mm® or <1,000 cells/ mm® with expected decrease to
500 cells/ mm®, and documented temperature >101°F or a persistent fever >100.4°F

°Met full criteria for severe neutropenia: documented laboratory test with ANC <500 cells/mm

500 cells/mm?>

3 or <1,000 cells/mm® with expected decrease to

¢ Physician notes documented FN or SN, although not all criteria were fully met in chart note

documented neutropenic complications, whereas in the 15
cases where growth factor was administered, only two
(13%) developed documented FN/SN.

Neutropenic complications developed in each risk
category in relatively stable proportions. When assessing
risk using the NCCN guidelines (Table 3), FN developed in
one (1%), two (2%), and two (2%) of low, intermediate,
and high risk patients, respectively (n=126, 97, and 82,
respectively); SN developed in four (3%), six (6%), and
five (6%) of low, intermediate, and high risk patients,
respectively. When assessing risk using the modified
guideline-based method (Table 3), FN developed in one
(4%), one (1%), and three (2%) of low, intermediate, and
high risk patients, respectively (n=25, 147, and 133,
respectively); SN developed in one (4%), four (3%), and
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ten (8%) of low, intermediate, and high risk patients,
respectively.

Modified guideline-based risk

Risk categories shifted substantially when the risk level was
elevated to account for the presence of risk factors noted by
clinicians and in the NCCN and/or ASCO guidelines as
potentially increasing risk of chemotherapy-induced neu-
tropenic complications. This risk adjustment better accom-
modates the characteristics of the sick referral population
seen in an academic tertiary care cancer center (Table 4).
With this modification, 8% of cases were assessed as low
risk (n=25), 48% as intermediate risk (n=147), and 44% as
high risk (n=133). Myeloid growth factor was administered
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Table 4 Modified guideline-based risk: assessment of risk for
chemotherapy-induced neutropenic complications based upon type of

status, prior chemotherapy or radiotherapy, diabetes, metastatic cancer,
comorbidities, or poor renal function)

chemotherapy received and patient factors (age >65, poor performance

Total cases=305 Low risk (<10%

risk of FN/SN), n=25

Intermediate risk (10-20%
risk of FN/SN), n=147

High risk ( >20%
risk of FN/SN), n=133

Type of cancer

Breast 10 (40%)
Colorectal 4 (16%)
Non-small cell lung cancer 5 (20%)
Small cell lung cancer 0 (0%)
Ovarian 6 (24%)
Non-Hodgkin’s lymphoma 0 (0%)
Hodgkin’s lymphoma 0 (0%)
Mid-cycle ANC documented

Yes 14 (56%)
No 11 (44%)
Myeloid growth factor administered

Yes 6 (24%)
No 19 (76%)
Developed neutropenic complications

FN? 1

SNP 1
Physician note only® 0
Yes—any FN/SN above 2 (8%)
No 12 (48%)
Unknown 11 (44%)

Among cases with mid-cycle ANC documented (n=151)

Myeloid growth factor administered

Developed FN/SN Yes No

Yes 0 (0%) 2 (15%)
No 1 (100%) 11 (85%)
Total 1 (7%) 13 (93%)

58 (39%) 65 (49%)

43 (29%) 8 (6%)

25 (17%) 36 (27%)

4 (3%) 7 (5%)

8 (5%) 1 (1%)

7 (5%) 13 (10%)

2 (1%) 3 (2%)

68 (46%) 69 (52%)

79 (54%) 64 (48%)

20 (14%) 77 (58%)

127 (86%) 56 (42%)

1 3

4 10

7 5

12 (8%) 18 (14%)

56 (38%) 51 (38%)

79 (54%) 64 (48%)

Yes No Yes No

2 (14%) 10 (19%) 6 (19%) 12 (32%)
12 (86%) 44 (81%) 25 (81%) 26 (68%)
14 (21%) 54 (79%) 31 (45%) 38 (55%)

Figures in italics indicate cases for which quality of care would have improved with appropriate risk level assessment and, based on that risk,
adherence to the NCCN guideline. Boldface type indicates cases for which appropriate care, per the NCCN guideline, was documented

@ Met full criteria for febrile neutropenia: documented laboratory test with ANC <500 cells/mm® or <1,000 cells/mm> with expected decrease to
500 cells/mm?, and documented temperature >101°F or a persistent fever >100.4°F

®Met full criteria for severe neutropenia: documented laboratory test with ANC <500 cells/mm> or <1,000 cells/mm> with expected decrease to

500 cells/mm?

¢ Physician notes documented FN or SN, although not all criteria were fully met in chart note

in 24% of low-risk, 14% of intermediate-risk, and 58% of
high-risk cases.

After modification of risk level, assessment of the
impact of conformance with guidelines was conducted
for the 151 cases with adequate documentation. Of 14
cases in the modified low-risk category with docu-
mented mid-cycle ANC, one (7%) received myeloid
growth factor, reflecting a practice that is inconsistent
with guidelines. Of the 13 low-risk cases where growth
factor was not administered, two (15%) developed
documented neutropenic complications.

Of 69 cases in the modified high-risk category with
documented mid-cycle ANC, only 31 (45%) had documen-
tation of myeloid growth factor delivery. Of the 38 high-
risk cases where growth factor was not administered, 12

(32%) developed documented neutropenic complications,
whereas in the 31 cases where growth factor was
administered, only six (19%) developed documented
neutropenic complications.

Quality assessment

Conformance with the myeloid growth factor guidelines
was defined as quality practice. Actual practice was
compared to guideline-based practice using both the
unmodified and modified risk classifications (Table 5). All
metrics demonstrate substantial opportunity for improve-
ment, with conformance <70% for both documentation of
mid-cycle ANC and administration of myeloid growth
factor to high-risk patients. Of note, although there was
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Table 5 Summary of myeloid growth factor quality metrics for the
cohort of 305 cases

Cases Cases Conformance

evaluable meeting to quality
quality metric (%)
metric

Guideline-based risk method

For any patient where the 179 78 44
risk of FN/SN was
assessed as >10%,
documentation of mid-
cycle ANC

For patients with >20% risk 82 55 67
of FN/SN, delivery of
myeloid growth factors

For patients with <10% risk 126 99 79
of FN/SN, no delivery of
growth factors

Modified guideline-based risk method

For any patient where the 280 137 49
risk of FN/SN was
assessed as >10%,
documentation of mid-
cycle ANC

For patients with >20% risk 133 77 58
of FN/SN, delivery of
myeloid growth factors

For patients with <10% risk 25 19 76
of FN/SN, no delivery of
growth factors

great discussion locally about the need to modify risk
classifications for patient and disease factors, retrospective
application of these modifications did not reveal better
quality prescribing.

Discussion

Comparing actual practice to guidelines for preventing
chemotherapy-induced neutropenia, this study raises ques-
tions about quality of care at an academic medical center.
These findings may pertain to other institutions and warrant
further investigation.

Thresholds defining risk categories clearly affect evalua-
tions of quality. The modified risk assessment method
elevated risk scores, resulting in more high-risk patients and
lower conformance to guidelines. Though the threshold for
high risk remains somewhat controversial, we believe that
overestimating risk, with possible overtreatment of inter-
mediate/high-risk patients, is preferable to underestimating
risk because under-treatment places patients at potential risk
for FN/SN.
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This exercise illustrates a systematic approach to assess-
ing and improving quality of care. The first step is
evaluation: Does clinical practice conform to evidence-
based recommendations? Consensual guidelines provide a
standard against which to evaluate practice. We reviewed
local clinical practice against consensus guidelines, after
assessing risk based on (1) chemotherapy regimen alone
and (2) chemotherapy regimen, modified to incorporate
additional risk factors. With risk assessed by chemotherapy
alone, 33% of high-risk patients did not receive myeloid
growth factors; with modified risk, 42% of high-risk
patients did not receive myeloid growth factors. Simulta-
neously, clinicians seemed to overprescribe for low-risk
patients. In the unmodified and modified risk analyses,
respectively, 21% and 24% of low-risk patients received
myeloid growth factors.

The second step in quality assessment/improvement is
the exploration of divergence from evidence-based recom-
mendations: Why does actual practice deviate from guide-
lines? We first considered reasons for erratic documentation
of mid-cycle laboratory studies determining ANC. Approx-
imately half of the cases were missing this documentation,
though standard clinical practice includes a mid-cycle ANC
after the first cycle of a new chemotherapy regimen. If mid-
cycle ANC identifies SN, myeloid growth factors are

Table 6 Predictors of likelihood to document mid-cycle laboratory
studies (ANC) and occurrence of neutropenic complications after the
first cycle

Characteristic Mid-cycle  Mid-cycle P value for the difference
ANC ANC not between ANC
documented documented documentation

(chi-square test)

n=151 n=154
Type of cancer
Breast 34 (26%) 99 (74%) <0.0001
Colorectal 23 (42%) 32 (58%)
Lung cancer 64 (83%) 13 (17%)
(any type)
Ovarian 10 (67%) 5 (33%)
Lymphoma 20 (80%) 5 (20%)
(any type)
Guideline-based risk group
Low 73 (48%) 53 (34%) 0.041
Intermediate 44 (29%) 53 (34%)
High 34 (23%) 48 (31%)
Modified guideline-based risk group
Low 14 (9%) 11 (7%) 0.511
Intermediate 68 (45%) 79 (51%)
High 69 (46%) 64 (42%)
Myeloid growth factor administered
Yes 46 30%) 57 (37%) 0.227
No 105 (70%) 97 (63%)
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recommended for subsequent cycles [14]. Missing ANC
data could be attributable to laboratory tests not performed
or failure to transfer results of tests conducted elsewhere.
Failure to perform, or to document, ANC compromises
patient care by leaving the clinician without data upon
which to base subsequent decisions. Alternatively, clini-
cians may have proactively identified high-risk patients,
administered myeloid growth factors, and not ordered mid-
cycle ANC as they could predict results. Since differential
baseline risk did not predict missing ANC data, a more
likely explanation lies in systematic differences between
groups of providers. Cancer type was the only predictor of
missing ANC; thus, we hypothesize that adherence to
standards differs across provider groups. If so, quality
improvement should target group, as well as individual,
practices.

Planning for change is a third step in quality assessment/
improvement: What measures will help align actual practice
with guidelines? Our study highlights a need to educate
clinicians about evidence-based guidelines and risks of
inappropriate prescribing. Growth factors are expensive; the
cost of preventive delivery must outweigh the expense
incurred if a patient develops FN/SN. Dale et al. [17]
evaluated the economic advantage of using G-CSF by four
groups: (1) no G-CSF, (2) primary G-CSF usage, (3)
secondary G-CSF usage, and (4) high-risk. Incremental
costs relative to group 4 were $642, $1,685, and $1,832 for
groups 1, 2, and 3, respectively; the cost of a 10-day
hospitalization averaged $17,500 [18]. A meta-analysis of
randomized controlled trials of CSFs for chemotherapy-
induced FN found that G-CSF reduces hospitalization time
and neutrophil recovery period [19]. Our results indicate
that myeloid growth factors may currently be misdirected
toward low-risk patients, incurring unnecessary expense,
rather than toward high-risk patients to exploit their cost-
containing benefit.

Quality improvement can leverage new approaches to
refine risk assessment and better target therapy. Risk
assessment requires integration of multiple patient-, dis-
ease- and treatment-specific characteristics, with differing
levels of importance. Lyman et al. [2] conducted a
systematic review of risk factors for neutropenia and
neutropenic complications and proposed a risk model that
includes >20 variables [12]. They prospectively enrolled a
registry of 4,466 patients to test the model [20]. The model
provided predictive accuracy to calculate FN/SN risk: ¢
statistic 0.817 (95% CI, 0.789-0.846), sensitivity 88.3%
(95% C1, 83.8-91.7), and specificity 59.4% (95% CI, 56.2—
62.5). Routine integration of such a model into clinical
practice could support better targeting of growth factors to
high-risk patients. Computer software that accomplishes
this complex calculation with minimal clinician burden
might facilitate better clinical practice. Lyman et al. are

refining this risk model to improve its performance, and
incorporating it into an electronic decision support platform
that will streamline data entry and make it convenient for
clinicians.

The final quality assessment/improvement steps are to
implement new quality improvement approaches and to
measure their impact: Are change strategies resulting in
better quality of care? Meaningful pre- and post-measures
should reflect current guidelines. The metrics presented in
this paper could provide an entry point to this conversation.

Principal limitations of this study include its retrospec-
tive nature and missing data. The high proportion of
exclusions raises the possibility of bias, particularly in
results requiring information about the FN/SN outcome.
Some charts provided this information in physician notes;
reliance on these charts may introduce systematic bias.
Most data included in this study pertained to patients
treated prior to publication of the relevant ASCO/NCCN
guidelines (2006); arguably, it is unfair to evaluate the
quality of care that clinicians provided if quality is defined
by conformance to recommendations that were not yet
available. Quality of care may have appeared higher if
evaluated against different criteria for use of myeloid
growth factors, such as the MASCC Risk Index, with
higher risk thresholds. The low incidence of FN and SN in
the total population (five and 15 patients, respectively)
precludes definitive claims about risk, quality of care, and
outcomes; nevertheless, the distribution of FN/SN, rather
than total numbers, is interesting to note and suggests that
prescribing practices do not correspond to risk. Despite its
limitations, this study is consistent with usual chart audit
approaches and provides insight into current practices,
benchmarks, and opportunities for improvement.

Acknowledgments We are grateful to Dr. Gary Lyman, MD for his
thoughtful insight on developing quality metrics for managing
chemotherapy-induced neutropenic complications.

Funding This study was funded by an unrestricted research grant
from Proventys. The conduct, analysis, and write-up of the study were
performed completely independent of the sponsor.

Disclaimers and conflict of interest Drs. Abernethy, Herndon, and
Marcom have received nominal (category A; <$10,000) consulting
funds from Proventys, the funder of this study.

Other presentation of the study results These data have not been

presented elsewhere.

@ Springer



Support Care Cancer

References

10.

11.

. Fischer DS, Durivage HJ, Knobf MT et al (2003) The cancer

chemotherapy handbook, 6th edn. Mosby, St. Louis, MO

. Lyman GH, Lyman CH, Agboola O (2005) Risk models for

predicting chemotherapy-induced neutropenia. Oncologist
10:427-437. doi:10.1634/theoncologist.10-6-427

. Bodey GP, Buckley M, Sathe YS et al (1966) Quantitative

relationships between circulating leukocytes and infection in
patients with acute leukemia. Ann Intern Med 64:328-340

. Klastersky J, Weerts D, Hensgens C et al (1973) Fever of

unexplained origin in patients with cancer. Eur J Cancer 9:649—
656. doi:10.1016/0014-2964(73)90007-8

. Boggs DR, Frei E (1960) Clinical studies of fever and infection in

cancer. Cancer 13:1240-1253. doi:10.1002/1097-0142(196011/
12)13:6<1240::AID-CNCR2820130613>3.0.CO;2-9

. Kuderer NM, Dale DC, Crawford J et al (2006) Mortality,

morbidity, and cost associated with febrile neutropenia in adult
cancer patients. Cancer 106:2258-2266. doi:10.1002/cncr.21847

. Smith TJ, Khatcheressian J, Lyman GH et al (2006) 2006 update

of recommendations for the use of white blood cell growth
factors: an evidence-based clinical practice guideline. J Clin Oncol
24:3187-3205. doi:10.1200/JC0O.2006.06.4451

.Pinto L, Liu Z, Doan Q et al (2007) Comparison of

pegfilgrastim with filgrastim on febrile neutropenia, grade IV
neutropenia and bone pain: a meta-analysis of randomized
controlled trials. Curr Med Res Opin 23:2283-2295.
doi:10.1185/030079907X219599

. Lyman GH, Kuderer NM, Lyman GH et al (2002) Filgrastim

in patients with neutropenia: potential effects on quality of
life. Drugs 62(Suppl 1):65-78. doi:10.2165/00003495-
200262001-00005

Vogel CL, Wojtukiewicz MZ, Carroll RR et al (2005) First and
subsequent cycle use of pegfilgrastim prevents febrile neutropenia
in patients with breast cancer: a multicenter, double-blind,
placebo-controlled phase III study. J Clin Oncol 23:1178-1184.
doi:10.1200/JC0O.2005.09.102

Timmer-Bonte JN, de Boo TM, Smit HJ et al (2005)
Prevention of chemotherapy-induced febrile neutropenia by
prophylactic antibiotics plus or minus granulocyte colony-
stimulating factor in small-cell lung cancer: a Dutch Random-

@ Springer

12.

13.

15.

16.

17.

18.

19.

20.

ized Phase III Study. J Clin Oncol 23:7974-7984.
doi:10.1200/JC0O.2004.00.7955

American Society of Clinical Oncology (2006) Update of recom-
mendations for the use of white blood cell growth factors: an
evidence-based clinical practice guideline. Accessed online May 27,
2008

Aapro MS, Cameron DA, Pettengell R et al (2006) EORTC
guidelines for the use of granulocyte-colony stimulating factor to
reduce the incidence of chemotherapy-induced febrile neutropenia
in adult patients with lymphomas and solid tumours. Eur J Cancer
42:2433-2453. doi:10.1016/j.ejca.2006.05.002

. NCCN (2008) Clinical Practice Guidelines in Oncology Myeloid

Growth Factors. National Comprehensive Cancer Network
V.1.2008

Klastersky J, Paesmans M, Rubenstein EB et al (2000) The
multinational association for supportive care in cancer risk index:
a multinational scoring system for identifying low-risk febrile
neutropenic cancer patients. J Clin Oncol 18:3038-3051

Uys A, Rapoport BL, Anderson R (2004) Febrile neutropenia: a
prospective study to validate the Multinational Association of
Supportive Care of Cancer (MASCC) risk-index score. Support
Care Cancer 12:555-560. doi:10.1007/s00520-004-0614-5

Dale DC, Cosler LE, Wolf D et al Poster 6107: Economic
analysis of prophylactic granulocyte colony-stimulating factor
use based on a risk model for neutropenic complications in
breast cancer patients receiving adjuvant chemotherapy. Amer-
ican Society of Clinical Oncology Annual Meeting. Atlanta,
GA, 2006

Cosler LE, Calhoun EA, Agboola O et al (2004) Effects of
indirect and additional direct costs on the risk threshold for
prophylaxis with colony-stimulating factors in patients at risk for
severe neutropenia from cancer chemotherapy. Pharmacotherapy
24:488-494. doi:10.1592/phco.24.5.488.33360

Clark OAC, Lyman GH, Castro AA et al (2005) Colony-
stimulating factors for chemotherapy-induced febrile neutropenia:
a meta-analysis of randomized controlled trials. J Clin Oncol
23:4198-4214. doi:10.1200/JC0O.2005.05.645

Lyman GH, Kuderer NM, Crawford J et al (2008) Prospective
validation of a risk model for first cycle neutropenic complica-
tions in patients receiving cancer chemotherapy. J. Clin. Oncol.,
2006 ASCO Annual Meeting Proceedings (Post-Meeting Edi-
tion), pp 8561


http://dx.doi.org/10.1634/theoncologist.10-6-427
http://dx.doi.org/10.1016/0014-2964(73)90007-8
http://dx.doi.org/10.1002/1097-0142(196011/12)13:6<1240::AID-CNCR2820130613>3.0.CO;2-9
http://dx.doi.org/10.1002/1097-0142(196011/12)13:6<1240::AID-CNCR2820130613>3.0.CO;2-9
http://dx.doi.org/10.1002/cncr.21847
http://dx.doi.org/10.1200/JCO.2006.06.4451
http://dx.doi.org/10.1185/030079907X219599
http://dx.doi.org/10.2165/00003495-200262001-00005
http://dx.doi.org/10.2165/00003495-200262001-00005
http://dx.doi.org/10.1200/JCO.2005.09.102
http://dx.doi.org/10.1200/JCO.2004.00.7955
http://dx.doi.org/10.1016/j.ejca.2006.05.002
http://dx.doi.org/10.1007/s00520-004-0614-5
http://dx.doi.org/10.1592/phco.24.5.488.33360
http://dx.doi.org/10.1200/JCO.2005.05.645

	Quality...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Guideline-based management of patients at risk for chemotherapy-induced neutropenic complications
	Purpose of the study

	Materials and methods
	Overview of design
	Participants
	Study procedures
	Analyses
	Ethical approval

	Results
	Documentation of mid-cycle ANC
	Conformance with myeloid growth factor administration guidelines
	Guideline-based risk
	Modified guideline-based risk
	Quality assessment


	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


