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Abstract
Purpose The objective of this study was to describe the
incidence of grade 3/4 neutropenia, patterns of chemotherapy
treatment, and granulocyte colony-stimulating factor (G-CSF)
use patterns among patients with non-Hodgkin’s lymphoma
(NHL) <65 and ≥65 years.
Methods This retrospective, observational study included
adult patients with NHL who received cyclophosphamide,
doxorubicin, vincristine, and prednisone±rituximab (CHOP
±R) from January 2006 to June 2010.
Results A total of 1,579 patients were included, with 54.1 %
<65 years and 45.9 % ≥65 years. Most received CHOP-R on a
Q3W schedule. Among patients <65 years, the incidence of
grade 3/4 neutropenia was 52.3 %, the mean relative dose
intensity (RDI) was 80.4 %, and the incidences of dose delays
and reductions were 26.5 and 9.6 %, respectively. Among
patients ≥65 years, the incidence of grade 3/4 neutropenia
was 63.2 %, the mean RDI was 73.9 %, and the incidences
of dose delays and reductions were 24.6 and 24.9 %, respec-
tively. Most patients (86.9 %) received G-CSF. Among pa-
tients <65 years, 71.9, 17.4, and 10.7 % first received G-CSF
as primary prophylaxis, secondary prophylaxis, or treatment,
respectively. Among patients ≥65 years, 80.1, 11.6, and 8.3 %
first received G-CSF as primary prophylaxis, secondary pro-
phylaxis, or treatment, respectively.
Conclusions Chemotherapy regimens and schedules were
similar among age groups. Grade 3/4 neutropenia, reduced

RDI, and dose delays were common in both age groups,
though patients ≥65 years had a higher incidence of dose
reductions. In spite of these similarities, patients <65 years
were less likely to receive primary prophylactic G-CSF. Thus,
careful assessment of neutropenia risk factors is needed across
age groups to determine appropriate G-CSF use and support
planned chemotherapy.
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Introduction

Non-Hodgkin’s lymphoma (NHL) is the seventh most com-
mon cancer in the USA [1] and was estimated to result in more
than 20,000 deaths in 2010 [2]. Approximately half of patients
newly diagnosed with NHL are ≥65 years [1, 3], and disease
stage at diagnosis is similar among age groups [1]. Across age
groups, the current standard of care for aggressive NHL is
cyclophosphamide, doxorubicin, vincristine, and prednisone
with or without rituximab (CHOP±R) [4].

Neutropenia is a common, dose-limiting toxicity associated
with CHOP-based chemotherapy regimens [5–7]. The risk of
infection increases with the duration and severity of neutro-
penia [8]. Fever is often the first sign of infection in cancer
patients with neutropenia, and febrile neutropenia (FN) can be
a life-threatening complication that often requires immediate
hospitalization. FN is associated with increased rates of mor-
tality [9] and decreased survival [10–12]. For patients hospi-
talized with FN, the overall inpatient mortality has been
reported to range from 6.8 to 10.6 % [13–15]. Additionally,
FN is a common cause of dose delays and dose reductions,
which result in reductions in relative dose intensity (RDI)
[10–12] and worse overall therapeutic outcomes [10–12].
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Maintaining adequate RDI of CHOP-based regimens has
been shown to improve overall survival in patients with ag-
gressive NHL [10–12]. In a study of 78 patients with NHL
who received CHOP, RDI >70 % was associated with im-
proved overall survival [11]. In an analysis of 115 patients
with diffuse large B cell lymphoma (DLBCL) who received
CHOP, RDI ≥75 % was identified as the single most signifi-
cant predictor of overall survival [12]. Similarly, in an analysis
of 210 patients with DLBCLwho received CHOP, RDI >90%
was associated with significantly improved overall survival
compared to patients who received an RDI ≤90 % [10].

Prophylactic use of granulocyte colony-stimulating factors
(G-CSFs) has been shown to reduce the incidence and dura-
tion of neutropenia and neutropenic complications, thereby
facilitating administration of full-dose and dose-dense chemo-
therapy [7, 16–23]. Current American Society of Clinical
Oncology (ASCO) and National Comprehensive Cancer Net-
work (NCCN) guidelines recommend the use of primary
prophylactic G-CSF following myelosuppressive chemother-
apy when the overall risk of FN is ≥20 % [24, 25]. Individual
patient risk of FN depends on disease-related [24, 26–28],
treatment-related [24, 27, 29], and patient-related factors
[26–30]. Among patients with NHL who received CHOP-
based chemotherapy without prophylactic G-CSF, the report-
ed rates of FN in clinical trials range from 21 to 44 % [6, 16,
18, 19].

Age is an established risk factor for FN, and the incidence
of neutropenia and related complications in patients ≥65 years
with NHL has been well studied [31, 32]. However, few
studies have focused on patients <65 years [1]. The objectives
of this retrospective observational cohort study were to de-
scribe the incidence of grade 3/4 neutropenia, patterns of G-
CSF use, chemotherapy regimens and dosing schedule, and
the incidences of chemotherapy dose delays, dose reductions,
and reduced RDI among patients <65 and ≥65 years who
received CHOP-based chemotherapy for NHL.

Patients and methods

Patient selection

The study population included adults ≥18 years at the start of
chemotherapy who were diagnosed with DLBCL or advanced
follicular lymphoma and received standard CHOP±R on a
once every 2-, 3-, or 4-week schedule per NCCN treatment
guidelines [4] between January 1, 2006 and June 30, 2010. All
patients completed at least the first cycle of chemotherapy and
had follow-up data, including at least one absolute neutrophil
count (ANC) value, available for at least 4 weeks following
the first dose of chemotherapy. Patients were excluded if they
had prior or concurrent stem cell transplantation, had received
granulocyte-macrophage (GM)-CSF or radiation therapy, had

participated in a clinical trial requiring the use of CSFs, or had
received other investigational agents.

Study design

This was a retrospective, observational cohort study of a
database containing oncology-specific electronic medical re-
cord (EMR) data from 46 oncology/hematology practices in
26 states for various payer types (commercial, Medicare,
Medicaid, and others) and cash-paying patients. Data were
abstracted electronically. Patient data were de-identified and
assigned a longitudinally stable identifier; all data were com-
pliant with the Health Insurance Portability and Accountabil-
ity Act (HIPAA).

Study end points

The primary end point was the incidence of grade 3/4 neutro-
penia (defined as ANC <1.0×109/L) during treatment with
CHOP±R. The original planned study primary end point was
the incidence of FN. However, a preplanned feasibility study
determined that the incidence of reported FN was ∼3 %, far
lower than the reported rates of FN in patients with NHL who
had received G-CSF prophylaxis (13–23 %) or who had not
received G-CSF prophylaxis (21–44 %) [18, 19, 33], suggest-
ing that the incidence of FNmay not be adequately captured in
the EMR. Therefore, the primary end point of the study was
amended to estimate the incidence of grade 3/4 neutropenia, a
laboratory-based end point more likely to be consistently
captured in the EMR database.

The secondary end point was to evaluate patterns of G-CSF
use, including type of G-CSF used, timing of G-CSF admin-
istration, and duration of G-CSF use. G-CSF prophylaxis was
defined as initial G-CSF use occurring within 5 days of
chemotherapy completion; primary prophylaxis was defined
as initial G-CSF use occurring during the first cycle, and
secondary prophylaxis was defined as initial G-CSF use oc-
curring during the second or subsequent cycles. G-CSF treat-
ment was defined as G-CSF use occurring more than 5 days
after completion of chemotherapy in any cycle.

Exploratory end points were RDI and the incidences of
chemotherapy dose delays and reductions. RDI was defined as
the average ratio of the delivered dose intensity to the NCCN
standard dose intensity for doxorubicin and cyclophospha-
mide [4]. RDI was calculated by cycle and across the chemo-
therapy course. Based on current treatment recommendations
[4], a course was defined as 6 cycles. If a patient did not
complete 6 cycles, then a dose of zero was assigned for each
missed cycle and the time was the sum of the observed time
for the cycles taken plus the standard time required for the
missed cycles. A more granular analysis of planned versus
actual RDI was not possible as planned cycles of chemother-
apy were frequently not available in the EMRs.
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A dose delay was defined as a ≥7-day delay in administra-
tion of doxorubicin or cyclophosphamide. Planned dosing
intervals were not available from this database; therefore, the
dosing schedule was determined based on the minimum du-
ration between cycles. A dose reduction was defined as a
≥15 % reduction relative to NCCN standards. If a dose was
reduced and maintained at that same reduced dose for subse-
quent cycles, this was only counted as a single dose reduction.

Study variables

Patient and disease characteristics collected were age at the
initiation of chemotherapy, sex, performance status, medical
history, laboratory values (e.g., complete blood count [CBC]),
and comorbidities of interest (e.g., autoimmune disease, pul-
monary disease, and diabetes).

Statistical methods

End points were analyzed by cycle, across cycles, and by age
group (<65 and ≥65 years) at diagnosis. For continuous

variables, the mean, median, range, and standard deviation
were calculated. For categorical variables, the number of pa-
tients and incidence in each category were presented. For
incidence of grade 3/4 neutropenia, point estimates were ac-
companied by two-sided 95 % confidence intervals (CIs). The
study periodwas from the first dose of chemotherapy to 6weeks
following the last dose of chemotherapy or loss to follow-up.

Results

Patient characteristics

This study included 1,579 unique patients; 854 (54.1 %) were
<65 years and 725 (45.9 %) were ≥65 years. Because of the
retrospective nature of this analysis, EMR data were not
available for each analysis and some data points are missing.
Thus, the number of patients who could be included in each
analysis group varies.

Baseline patient demographics were well balanced be-
tween age groups (Table 1), and the proportion of patients

Table 1 Patient demographics
and baseline characteristics

ECOG Eastern Cooperative On-
cology Group, HIV human im-
munodeficiency virus
a ECOG performance status at cy-
cle 1 within ±7 days
b Comorbidities were determined
based on ICD-9 codes

Patients <65 years Patients ≥65 years Overall population
N=854 N=725 N=1,579

Age, mean (range) year 51.0 (19–64) 73.6 (65–85) 61.3 (19–85)

Sex, n (%)

Women 376 (44.0) 343 (47.3) 719 (45.5)

Men 478 (56.0) 382 (52.7) 860 (54.5)

Race, n (%)

White 356 (41.7) 314 (43.3) 670 (42.4)

Black 58 (6.8) 29 (4.0) 87 (5.5)

Other 26 (3.0) 12 (1.7) 38 (2.4)

Unknown 414 (48.5) 370 (51.0) 784 (49.7)

ECOG performance status, n (%)a

0 121 (14.2) 64 (8.8) 185 (11.7)

1 68 (8.0) 86 (11.9) 154 (9.8)

≥2 7 (0.8) 17 (2.3) 24 (1.5)

Unknown 658 (77.0) 558 (77.0) 1,216 (77.0)

Number of comorbidities, n (%)

0 715 (83.7) 559 (77.1) 1,274 (80.7)

1 117 (13.7) 143 (19.7) 260 (16.5)

2 19 (2.2) 18 (2.5) 37 (2.3)

≥3 3 (0.4) 5 (0.7) 8 (0.5)

Comorbidities, n (%)b

Heart disease 69 (8.1) 95 (13.1) 164 (10.4)

Pulmonary disease 42 (4.9) 39 (5.4) 81 (5.1)

Kidney disease/insufficiency 20 (2.3) 48 (6.6) 68 (4.3)

Liver disease/insufficiency 17 (2.0) 5 (0.7) 22 (1.4)

HIV 15 (1.8) 6 (0.8) 21 (1.3)

Diabetes 1 (0.1) 1 (0.1) 2 (0.1)
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with one or more comorbidities was similar among patients <
65 years (n=139; 16.3 %) and patients ≥ 65 years (n=166;
22.9 %).

Chemotherapy regimen and schedule were very similar
among age groups (Table 2). Among the 1,522 patients who
had identifiable chemotherapy regimens, 86.7 % of patients
<65 years and 89.5% of patients ≥65 years received CHOP-R,
and 91.1 % of patients <65 years and 94.2 % of patients ≥
65 years received chemotherapy on a once every 3-week
(Q3W) schedule. Both age groups received a mean (SD) of
5 (1.6) cycles of chemotherapy. Nearly all patients received at
least 3 cycles of chemotherapy; however, many patients ap-
peared to discontinue chemotherapy after cycle 3 with 49.4 %
of patients≥65 years (n=347) and 60.6%of patients <65 years
(n=497) receiving the NCCN-recommended 6 cycles of che-
motherapy (Table 2).

Grade 3/4 neutropenia

Across all cycles, patients had a mean of 11.0 ANC values.
The mean number of ANC values available was very similar
among patients <65 years (10.9; SD=5.8) and patients
≥65 years (11.2; SD=6.3). ANC values were recorded in the
EMR; 37.4 % of the patients had documented ANC values on
the first day of the chemotherapy cycle, 42.1 % had docu-
mented ANC values in the first week following initiation of
the chemotherapy cycle, 27.7 % in the second week following
initiation of the chemotherapy cycle, 19.5 % in the third week

following initiation of the chemotherapy cycle, and 10.8 %
after the third week following initiation of the chemotherapy
cycle.

Overall, 873 patients (57.4 %) had documented grade 3/4
neutropenia (95 % CI 54.8–59.9), with 52.3 % (48.8–55.8) of
patients <65 years and 63.2 % (59.6–66.8) of patients
≥65 years having documented grade 3/4 neutropenia
(Fig. 1). In both age groups, grade 3/4 neutropenia occurred
more frequently in cycle 1 (<65 years=34.4 % [31.1–37.8];
≥65 years=41.7 % [38.1–45.5]) than in any other cycle.
Overall, 641 patients (42.1 %) had documented grade 4 neu-
tropenia (95 % CI 39.6–44.6), with 36.1 % (32.8–39.5) of
patients <65 years and 49.1 % (45.4–52.9) of patients
≥65 years having documented grade 4 neutropenia.

Patterns of granulocyte colony-stimulating factor use

There were 1,522 patients who had data available on G-CSF
use. Overall, 1,322 patients (86.9 %) received G-CSF at some
point during their chemotherapy, with 84.6 % of patients
<65 years (n=694) and 89.5 % of patients ≥65 years (n=
628) receiving G-CSF (Table 3). Among patients who re-
ceived G-CSF, 1,002 patients (75.8 %) first received primary
prophylaxis, 194 (14.7 %) first received secondary prophy-
laxis, and 126 (9.5 %) first received treatment. Fewer patients
<65 years (n=499; 71.9 %) than patients ≥65 years (n=503;
80.1 %) first received G-CSF as primary prophylaxis, while a
greater proportion of patients <65 years (n=121; 17.4 %) than

Table 2 Chemotherapy regimens

CHOP cyclophosphamide, doxo-
rubicin, vincristine, and predni-
sone; CHOP-R CHOP+rituxi-
mab; Q2W once every 2 weeks;
Q3W once every 3 weeks; Q4W
once every 4 weeks

Patients <65 years Patients ≥65 years Overall population
N=820 N=702 N=1,522

Chemotherapy regimen, n (%)

CHOP-R 711 (86.7) 628 (89.5) 1,339 (88.0)

CHOP 109 (13.3) 74 (10.5) 183 (12.0)

CHOP±R schedule, n (%)

Q2W 62 (7.6) 22 (3.1) 84 (5.5)

Q3W 747 (91.1) 661 (94.2) 1,408 (92.5)

Q4W 11 (1.3) 19 (2.7) 30 (2.0)

Median (range) number of CHOP±R chemotherapy cycles received

Q2W 6 (2–8) 6 (3–8) 6 (2–8)

Q3W 6 (2–8) 5 (2–8) 6 (2–8)

Q4W 3 (2–7) 2 (2–6) 2 (2–7)

CHOP±R cycles received

Overall, mean (SD) 5 (1.6) 5 (1.6) 5 (1.6)

Cycle 1, n (%) 820 (100.0) 702 (100.0) 1,522 (100.0)

Cycle 2, n (%) 820 (100.0) 702 (100.0) 1,522 (100.0)

Cycle 3, n (%) 774 (94.4) 644 (91.7) 1,418 (93.2)

Cycle 4, n (%) 688 (83.9) 543 (77.4) 1,231 (80.9)

Cycle 5, n (%) 597 (72.8) 454 (64.7) 1,051 (69.1)

Cycle 6, n (%) 497 (60.6) 347 (49.4) 844 (55.5)
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patients ≥65 years (n=73; 11.6 %) first received G-CSF as
secondary prophylaxis. Treatment with G-CSF was similar
among patients <65 years (n=74; 10.7 %) and patients
≥65 years (n=52; 8.3 %).

Pegfilgrastim was first administered most frequently as
primary prophylaxis (n=975; 77.9 %), whereas filgrastim
was first administered predominantly as treatment (n=154;
79.8 %) (Table 3). At first use, the mean (SD) duration of
filgrastim use was 3.2 (2.4) days. In subsequent cycles, the
mean (SD) duration of filgrastim use was 4.3 (3.0) days. At
first use, the duration of filgrastim use was similar among
patients <65 years (mean=3.0 days; SD=2.1) and patients
≥65 years (mean=3.6 days; SD=2.7). For patients <65 years,

the duration of filgrastim use changed little in subsequent
cycles (mean=3.4 days; SD=2.6). Patients ≥65 years received
slightly longer durations of filgrastim in subsequent cycles
(5.2 days; SD=3.1).

Relative dose intensity and chemotherapy dose delays
and reductions

There were 1,516 patients who could be evaluated for RDI.
Overall, the mean (95 % CI) RDI across 6 cycles was 77.4 %
(76.3, 78.5). Mean (95 % CI) RDI was greater among patients
<65 years (80.4 % [79.0, 81.9]) than among patients ≥65 years
(73.9 % [72.2, 75.6]). RDI remained high through cycle 3 for
both age groups (Fig. 2), and differences among patients
<65 years and ≥65 years were apparent as early as cycle 3
(Fig. 2).

Overall, 47.0 % of the patients (n=712) received an RDI
≥85 %, and 41.5 % of the patients (n=629) received an RDI
≥90%. The proportion of patients that received an RDI ≥85%
was greater among patients <65 years (n=429; 52.6 %) than
among patients ≥65 years (n=283; 40.4 %). Similarly, more
patients <65 years received an RDI ≥90 % (n=379; 46.4 %)
than patients ≥65 years (n=250; 35.7 %).

There were 1,522 patients who could be evaluated for dose
delays and dose reductions. Overall, 390 patients (25.6 %) had
documented chemotherapy dose delays lasting ≥7 days. The
incidence of dose delays ≥7 days was similar among patients
<65 years (n=217; 26.5 %) and patients ≥65 years (n=173;
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Fig. 1 Grade 3/4 neutropenia in cycle 1 and across all cycles. Incidences
and 95 % CIs are shown

Table 3 Summary of G-CSF use

G-CSF granulocyte colony-stim-
ulating factor
a Chemotherapy administration
was defined as day 0

Patients <65 years Patients
≥65 years

Overall
population

N=820 N=702 N=1,522

Any G-CSF use, n (%) 694 (84.6) 628 (89.5) 1,322 (86.9)

Filgrastim only 31 (4.5) 39 (6.2) 70 (5.3)

Pegfilgrastim only 590 (85.0) 539 (85.8) 1,129 (85.4)

Filgrastim and pegfilgrastim 73 (10.5) 50 (8.0) 123 (9.3)

Filgrastim use, n (%) 104 (12.7) 89 (12.7) 193 (12.7)

Cycles with filgrastim use, mean (SD) 1.8 (1.2) 2.4 (1.7) 2.1 (1.5)

Day of initiation in first cycle of use, mean (SD)a 12.3 (6.9) 10.0 (6.3) 11.3 (6.7)

Duration of use in first cycle, mean (SD) 3.0 (2.1) 3.6 (2.7) 3.2 (2.4)

Duration of use in subsequent cycles, mean (SD) 3.4 (2.6) 5.2 (3.1) 4.3 (3.0)

Primary prophylaxis 10 (9.6) 17 (19.1) 27 (14.0)

Secondary prophylaxis 6 (5.8) 6 (6.7) 12 (6.2)

Treatment 88 (84.6) 66 (74.2) 154 (79.8)

Pegfilgrastim use, n (%) 663 (80.9) 589 (83.9) 1,252 (82.3)

Cycles with pegfilgrastim use, mean (SD) 4.7 (1.9) 4.5 (1.7) 4.6 (1.8)

Day of initiation in first cycle of use, mean (SD)a 2.4 (1.8) 2.3 (1.4) 2.4 (1.6)

Primary prophylaxis 489 (73.8) 486 (82.5) 975 (77.9)

Secondary prophylaxis 156 (23.5) 90 (15.3) 246 (19.6)

Treatment 18 (2.7) 13 (2.2) 31 (2.5)

Support Care Cancer (2014) 22:1833–1841 1837



24.6 %), and the incidence of dose delays was relatively
constant across the cycles analyzed (Fig. 3a). Overall, 252
patients (16.6 %) had documented chemotherapy dose reduc-
tions ≥15 %. The incidence of dose reductions was lower

among patients <65 years (n=78; 9.6 %) than among patients
≥65 years (n=174; 24.9 %). The incidence of dose reductions
was highest in cycle 1 and declined over subsequent cycles
(Fig. 3b).
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Among 873 patients with grade 3/4 neutropenia, 251
(28.8 %) had a documented dose delay ≥7 days and 171
(19.6 %) had a documented dose reduction ≥15 %. In this
subgroup, no differences in dose delays were seen between
age groups; however, patients <65 years with grade 3/4 neu-
tropenia had fewer dose reductions (n=51; 11.9 %) than
patients ≥65 years with grade 3/4 neutropenia (n=120;
27.0 %). The incidences of dose delays and dose reductions
were similar among patients who had grade 3/4 neutropenia
and the overall study population. These data suggest that
neutropenia was not the major cause of dose delays or dose
reductions in this study.

Discussion

The risk of chemotherapy-induced neutropenia and associated
complications is well recognized in patients with aggressive
NHL who are ≥65 years [4, 24, 25, 31, 32]. However, less
attention has been focused on the incidence of neutropenia
among younger patients. Here, we found that more than half
of patients in both age groups had at least one documented
episode of grade 3/4 neutropenia. The rates of grade 3/4
neutropenia in this study may be underestimated due to sparse
sampling of ANC values, but the frequency of sampling was
similar in patients <65 years and in patients ≥65 years. Thus,
the incidence of grade 3/4 neutropenia in this study should not
be biased by increased sampling in older patients.

Primary prophylaxis with a single dose of pegfilgrastim per
cycle or 9–14 days of filgrastim per cycle has been shown to
reduce the duration and severity of neutropenia and the inci-
dence of FN [34–37]. But the use of G-CSF is a complex
clinical decision based on an individual patient’s risk of FN.
Age is a well-established risk factor for FN that is readily
available in most studies; however, other risk factors for FN
can be difficult to determine in a retrospective study. For
example, the Eastern Cooperative Oncology Group (ECOG)
performance status is an established risk factor for FN, but
77 % of patients in this study were lacking ECOG perfor-
mance status values. Though most physicians calculate the
ECOG performance status, these data are rarely included in
the EMR.

Primary prophylactic G-CSF is recommended in patients
≥65 years who are receiving CHOP-based chemotherapy;
secondary prophylaxis in response to a previous neutropenic
event is not a recommended strategy in these patients [24].
Regardless of patient age and other risk factors, G-CSF is not
approved for treatment once a patient has developed FN, and
guidelines generally recommend against treatment with G-
CSF except in special circumstances [24, 25]. In spite of these
recommendations, in this study, 11.6 % of patients ≥65 years
and 17.4 % of patients <65 years received secondary prophy-
laxis with G-CSF, and 8.3 % of patients ≥65 years and 10.7 %

of patients <65 years received treatment with G-CSF. Further-
more, the mean duration of daily filgrastim use in this study
was markedly shorter than that established as clinically bene-
ficial [34, 37].

Historically, myelotoxicity is a major cause of chemother-
apy dose delays, dose reductions, and reduced RDI. Here, the
incidences of dose delays and dose reductions were similar
among patients who had grade 3/4 neutropenia and those who
did not have grade 3/4 neutropenia, suggesting that neutrope-
nia was not a major cause of dose delays and dose reductions.
Further research is needed to identify and address other po-
tential causes of dose delays and dose reductions, such as
patient and physician preference.

Primary prophylactic G-CSF is associated with higher RDI
in patients with aggressive NHL [31], and multiple studies
have shown that maintaining high RDI is important to maxi-
mize treatment outcome when treating patients with aggres-
sive NHL [10–12]. In this study, only 61 % of patients
<65 years and 49 % of patients ≥65 years completed the
NCCN-recommended 6 cycles of chemotherapy [4]. Because
planned number of cycles was not available in the database,
the physician’s intended treatment plan could not be
discerned. However, RDI was much higher when calculated
over the completed number of cycles (data not shown). These
data suggest that missed cycles have a greater impact on RDI
than dose reductions or dose delays, but the reasons why
patients received abbreviated treatment cycles are unclear.

The proportions of patients with NHL achieving RDIs
≥85 % in this study were similar to those achieved over a
decade ago [31]. Multiple methods to calculate RDI exist in
the literature; however, these differences among calculation
methods can significantly impact the results. Thus, differences
in RDI among studies must be interpreted cautiously, and
methods of calculation should always be reported.

When this study was originally planned, FN was the pri-
mary end point. In initial feasibility analyses, the FN incidence
captured in the EMR database used here was substantially
lower than that reported in the published literature for a similar
patient population receiving CHOP-based chemotherapy, sug-
gesting that FN episodes were not reliably captured in the
outpatient EMR system. We hypothesized that these data gaps
were largely due to treatment of FN in this population in an
inpatient setting and that the ANC and temperature data that
define FN were not reliably transferred from the hospital
records to the EMR. As more clinical records move to EMRs,
mechanisms are needed to ensure that diverse data systems are
properly integrated to capture important clinical events such
as FN. Better data integration between EMRs and hospital
databases can facilitate information sharing among different
care providers and improve efficiency, patient safety, and
patient care [38].

Approximately 173,000 cancer patients (59,000 chemo-
therapy patients with 448,000 chemotherapy administrations)
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from 47 oncology/hematology practices in 26 states were
captured in the large EMR database used in this study. Thus,
the data presented here are likely reflective of the US popula-
tion of patients with NHL. Additionally, patient eligibility
criteria in this study were relatively nonrestrictive, limiting
the potential for selection bias. Together, the data here provide
a description of clinical practice and may be a more accurate
illustration of patient management than are clinical trials,
which have strict protocol-based requirements for treatment,
supportive care, monitoring, and patient follow-up. However,
as with all retrospective chart reviews, the study was limited to
the data available in the database. Chemotherapy schedule;
planned number of cycles; reasons for dose reductions, dose
delays, and missed cycles; and long-term patient outcomes
were not available. Additionally, FN rates were likely
underreported, and G-CSF use was based on standard defini-
tions of treatment and prophylaxis supported by the literature,
rather than physician intent.

In conclusion, chemotherapy regimens and dosing sched-
ules were similar among age groups. Grade 3/4 neutropenia,
dose delays, and reduced RDI were common across all ages of
patients with NHL receiving CHOP-based chemotherapy, and
patients ≥65 years had a higher incidence of dose reductions.
However, patients <65 years were less likely to receive pri-
mary G-CSF prophylaxis. Thus, careful evaluation of risk
factors for grade 3/4 neutropenia and related complications
is needed for all patients with NHL, regardless of age.
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