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Abstract

Purpose—The study objective was to evaluate chemotherapy treatment patterns and incidence,
cost, and resource utilization of febrile neutropenia-related hospitalization (FNH) in patients with
breast cancer, lung cancer, and non-Hodgkin’s lymphoma (NHL) from Kaiser Permanente
Southern California (KPSC), a large integrated delivery system.

Methods—Adults =18 years with any stage breast cancer, lung cancer, or NHL who initiated
myelosuppressive chemotherapy from 01/01/2006 to 12/31/2009 were included. Chemotherapy
dose delays =7 days, relative dose intensity (RDI), regimen switching, FNH and all-cause
mortality, granulocyte colony-stimulating factor (G-CSF) and antibiotic use, and healthcare
utilization/cost were evaluated by cancer type, regimen, and/or cycle.

Results—Among 3314 breast cancer patients, 25.3% received an RDI <85%, 13.9% experienced
FNH with an all-cause mortality rate of 2.0%, and 20.2% received primary prophylaxis with G-
CSF. Among those with FNH, mean hospital length of stay (LOS) was 4.1 days, and mean total
costs were $20,462. Among 1443 lung cancer patients, 17.9% had an RDI <85%, 8.0%
experienced FNH with an all-cause mortality rate of 25.2%, and 4.5% received primary
prophylaxis with G-CSF. Among those with FNH, mean LOS was 6.8 days, and mean total costs
were $32,964. Among 581 NHL patients, 27.9% had an RDI <85% and 22.4% experienced FNH
with an all-cause mortality rate of 13%. Among those with FNH, mean LOS was 7.9 days, and
mean total costs were $37,555.

Conclusions—Marked variability was observed among different cancer types and chemotherapy
regimens. Given the variability, detailed insight into incidence, management, and burden of FN
can help inform clinical decision making.
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Introduction

Chemotherapy-induced febrile neutropenia (FN) is a potentially life-threatening and dose-
limiting side effect of myelosuppressive chemotherapy that often requires immediate
hospitalization and treatment with intravenous (1V) antibiotics [1-3]. On average, the FN-
related mortality rate is ~5-11%; however, FN-related mortality can approach or exceed
50% for certain high-risk populations [4]. FN may also require chemotherapy dose
reductions, dose delays, or even discontinuation of chemotherapy, thereby reducing relative
dose intensity (RDI) and potentially compromising long-term patient outcomes [5].

FN-related hospitalization (FNH) can be resource intensive. In studies conducted in the
USA, mean length of stay (LOS) for FNH was 8-11 days for patients with solid tumors and
as much as 10 to 11 days for those with lymphoma [1, 4, 6]. The mean costs for FNH were
estimated to range between $13,181 and $24,218 (USD) per episode and varied by cancer

type [7-9].

Primary prophylaxis with granulocyte colony-stimulating factors (G-CSFs) has been shown
to reduce the frequency, duration, and severity of chemotherapy-induced FN [10-12] and is
recommended when a patient has a high risk of FN (>20%) [13, 12, 14]. Individual patient
risk for FN is determined based on a combination of patient-related risk factors,
chemotherapy regimen, and treatment intent.

The risk of FN varies markedly among different chemotherapy regimens, and NCCN
categorizes many chemotherapy regimens as high, intermediate, or low risk of FN based
primarily on clinical trial data [14, 13]. For example, dose-dense chemotherapy regimens are
considered high-risk regimens, and primary prophylaxis with G-CSF is routinely
recommended. However, data on the risk of FNH within individual chemotherapy regimens
are not well understood. Risk of FN in the absence of G-CSF is often lacking in clinical
trials, risk of FN in real-world clinical practice is often much higher than that reported in
clinical studies [15], and some regimens lack real-world data to support FN risk assessment.

The objectives of this study were to evaluate chemotherapy regimens used, RDI, and dose
modification; FNH and mortality; and FN management for patients within the managed care
population of Kaiser Permanente Southern California (KPSC) diagnosed with breast cancer,
lung cancer, and non-Hodgkin’s lymphoma (NHL). Among patients with FNH, we also
evaluated resource utilization and costs. Together, this information can help inform clinical
decision making by providing a detailed description of FNH and its consequences within
cancer types and chemotherapy regimens.
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Study design

Patients

This was a retrospective cohort study of patients with any stage breast cancer, lung cancer,
and NHL identified from the health plan enrollees of KPSC, an integrated healthcare system
that provides comprehensive health services for approximately 4.2 million residents of
Southern California. The population served by KPSC is socioeconomically diverse and is
broadly representative of the racial/ethnic groups living in Southern California [16]. The
study was approved by the institutional review board of KPSC. The primary data sources
used for this study were KPSC electronic medical records (EMRS), including KPSC’s
SEER-affiliated cancer registry.

This study included adults aged =18 years with a new primary diagnosis of breast cancer,
lung cancer, or NHL between January 1, 2006 and December 31, 2009, who initiated
myelosuppressive chemotherapy within 1 year from diagnosis and who were continuously
enrolled in the health plan for at least 1 year before diagnosis and 1 month after first cycle of
chemotherapy. Patients were excluded if they had undergone a bone marrow/stem cell or
solid organ transplant within 1 year before diagnosis, received chemotherapy within 1 year
before diagnosis, had any white blood cell diseases (ICD-9-CM diagnosis code 288.1, 288.2,
288.3, 288.4, 288.5x, or 288.6x) within 6 months before diagnosis, or had multiple types of
cancer.

Study variables

Clinical characteristics—Cancer stage was based on the TNM classification of
malignant tumors for breast and lung cancer and on Ann Arbor staging for NHL [17, 18],
which was recategorized into stages 0—4 and other for this analysis (see Supplemental
Methods). Chronic comorbidities, history of blood disorders, and infections were assessed
for the 12-month period prior to cancer diagnosis.

Chemotherapy regimens—Chemotherapy regimens were determined based on the
agents received in the first cycle. The first chemotherapy cycle began at the date of
chemotherapy initiation (i.e., the index date) and ended 1 day before administration of the
next chemotherapy cycle. The second and all subsequent cycles of chemotherapy, up to a
maximum of eight for breast cancer and NHL and a maximum of six for lung cancer, were
similarly defined. Initiation of a new line of chemotherapy was designated based on a record
of administration of myelosuppressive chemotherapy that was preceded by a 365-day period
without evidence of receipt of chemotherapy (“pretreatment”). The chemotherapy course
was considered to have ended if there was no evidence of receipt of a subsequent cycle of
chemotherapy within 60 days. In this case, the end date for the cycle and course was defined
using NCCN standards for cycle duration. If there was evidence of switching chemotherapy
agents before the end of the standard NCCN-recommended treatment regimen, the cycle and
the course of chemotherapy were considered to have been completed on the day before
initiation of new chemotherapy agents.
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The analysis only included regimens that were administered to >100 patients in the first
cycle to obtain meaningful estimates of FNH incidence and mortality; the CHOP regimen
(without rituximab) administered to patients with NHL (7= 60) was the only exception.

FNH incidence and all-cause mortality—FNH incidence was determined using a
validated algorithm that included hospitalization with diagnosis of neutropenia (ICD-9-CM
288.0X) or laboratory documentation of neutropenia (ANC < 1000/uL) and a diagnosis of
infection, fever, or use of antibiotics during a hospital stay within a cycle of chemotherapy.
Because FN is not always listed as the underlying cause of death, the all-cause mortality rate
among patients with FNH was determined instead of FN-related mortality. A patient was
considered at risk of death from the day of FNH until 30 days after discharge.

Chemotherapy delivery, dose delays, and RDI—Chemotherapy dose delays were
defined as a delay =7 days from NCCN standards in at least one myelosuppressive agent.
Only drugs that were part of the initial, cycle 1 chemotherapy regimen were considered for
this calculation.

RDI was calculated as the ratio of delivered dose intensity to planned dose intensity over a
given time interval. Delivered dose intensity was calculated as the ratio of actual dose
received to the actual time to complete chemotherapy. Planned dose intensity was defined as
a ratio of the planned total dose (based on the dose in the first cycle) and the NCCN-
standard time to complete the regimen. Only agents considered to be myelosuppressive were
included in the calculation of RDI, and RDI was based on the mean value across all
myelosuppressive agents for regimens containing multiple myelosuppressive agents.

G-CSF and antibiotic use—Prophylaxis with G-CSF (e.g., filgrastim or pegfilgrastim)
was defined as administration within 5 days following completion of administration of
chemotherapy. Prophylaxis with antibiotics was defined as administration within 5 days for
IV antibiotics and within 7 days for oral antibiotics following completion of administration
of chemotherapy. Primary prophylaxis was defined as prophylaxis in the first chemotherapy
cycle, and secondary prophylaxis was defined as prophylaxis that began in any subsequent
cycle, regardless of prior FN.

FNH and costs—Economic outcomes included number of FNH and hospital LOS, office-
based and emergency department visits, and costs (in 2013 USD) associated with these visits
for the first course of chemotherapy. Economic outcomes were evaluated by cycle among
patients who experienced FNH in a given cycle. Office-based visits were further categorized
as all-cause visits which included oncology and non-oncology department visits, oncology
visits which included visits with or without chemotherapy administration, and oncology
without chemotherapy visits.

Resource utilization was determined up to the average expected cycle days based on each
chemotherapy regimen or the beginning of the next cycle of chemotherapy, whichever was
earlier. Costs were calculated based on the average cost obtained from nationally
representative samples of the 2012 Medical Expenditure Panel Survey (MEPS) [19].
Inpatient costs were obtained by multiplying the hospital LOS by per diem costs. Emergency
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department visit costs were calculated specific to each discharge diagnosis. For office-based
oncology visits, averages were calculated separately for oncology visits associated with
chemotherapy administration and oncology visits not associated with chemotherapy.

Statistical analysis

Results

Patients

Descriptive statistics were used to characterize patient demographics, disease characteristics,
chemotherapy RDI and dose delays, and FNH incidence, management, and mortality.
Confidence intervals (Cls) for FNH incidence and mortality were calculated using Clopper-
Pearson confidence limits for the binomial proportion. For economic analyses, means and
95% Cls were evaluated on a cycle-specific basis and were calculated via a bias-corrected
bootstrap procedure with 10,000 replications.

In total, 5338 patients were included in the study (breast cancer, 7= 3314; lung cancer, 7=
1443; NHL, n=581). Patient demographics and disease characteristics are shown in Table 1.

Chemotherapy treatments

For patients with breast cancer, the most prevalent chemotherapy regimens were TC
(24.6%), AC-T (19.1%), and TCH (14.0%). For patients with lung cancer, the most prevalent
chemotherapy regimen was carboplatin with paclitaxel (60.8%), and similar numbers of
patients received EP (13.7%), EC (13.0%), and G/C (12.5%). For patients with NHL, the
most prevalent chemotherapy regimen was R-CHOP (89.7%); the remaining patients
received CHOP alone (10.3%). The number of treatment cycles and treatment duration are
shown in Table 2 and Supplemental Table 1.

Chemotherapy delivery, dose delays, and RDI

Considerable variability was seen among cancer types and among chemotherapy regimens
(Table 2). Among patients with breast cancer, 9.3% of patients had a dose delay =7 days,
25.3% had an RDI <85%, and 5.6% switched regimens. The regimens that had the highest
percentage of patients with RDI <85% were AC-T (71.2%), trastuzumab + AC-T (59.9%),
and ddAC-T (33.8%).

Among patients with lung cancer, 11.2% had a dose delay =7 days, 17.9% had an RDI
<85%, and 15.7% switched regimens. Dose delays and RDI <85% were most common with
EC (23.0 and 29.9%, respectively), and regimen switching was most common with G/C
(21.7%).

Among patients with NHL, 16.5% had a dose delay =7 days, 27.9% had an RDI <85%, and
6.5% switched regimens. More patients had an RDI <85% with CHOP than with R-CHOP

(40.0 versus 26.5%), and dose delays and regimen switching were similar among these two
regimens.
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FNH incidence and all-cause mortality

The incidences of FNH and mortality varied by cancer type. Among the 3314 patients with
breast cancer, 459 (13.9%) experienced FNH (95% CI 12.7%-15.1%), and the all-cause
mortality rate among this latter patient group was 2.0% (0.9-3.7%). Among the 1443
patients with lung cancer, 115 (8.0% [6.6-9.5%]) experienced FNH, and the all-cause
mortality rate among this patient group was 25.2% (17.6—-34.2%). Among the 581 patients
with NHL, 130 (22.4% [19.1-26.0%]) experienced FNH, and the all-cause mortality rate
among this patient group was 13% (7.8-20.1%).

Rates of FNH were higher in cycle 1 for most, but not all, regimens (Supplemental Table 2).
For patients with breast cancer, a higher cycle 1 incidence of FNH was seen with AC-T, TC,
TAC, CAF, and TCH. For lung cancer, a higher cycle 1 incidence of FNH was seen with
carboplatin + paclitaxel. For NHL, a higher cycle 1 incidence of FNH was seen for both
CHOP and R-CHOP. However, the incidences of FNH were often low, especially in later
cycles, making it difficult to determine trends in incidences of FNH across chemotherapy
cycles.

G-CSF and antibiotic use

Though variance was seen among different cancer types and different chemotherapy
regimens, G-CSF was predominantly administered prophylactically and antibiotics were
predominantly administered as treatment for FN (Table 3).

For patients with breast cancer, 20.2% received prophylactic G-CSF in the first
chemotherapy cycle, 41.0% received prophylactic G-CSF in the second and/or subsequent
cycles, and 24.6% received G-CSF as treatment. The use of G-CSF as primary prophylaxis
seemed to have been primarily driven by high FN risk regimens like ddAC-Tand TAC. In
total, 2.3% of patients received prophylactic antibiotics in the first cycle, 11.8% received
prophylactic antibiotics in the second and/or subsequent cycles, and 30.6% received
antibiotics as treatment.

For patients with lung cancer, 4.5% received prophylactic G-CSF in the first chemotherapy
cycle, 11.3% received prophylactic G-CSF in the second and/or subsequent cycles, and
10.8% received G-CSF as treatment. In total, 3.9% of patients received prophylactic
antibiotics in the first cycle, 7.4% received prophylactic antibiotics in the second and/or
subsequent cycles, and 18.8% received antibiotics as treatment.

For patients with NHL, 21.2% received prophylactic G-CSF in the first chemotherapy cycle,
45.3% received prophylactic G-CSF in the second and/or subsequent cycles, and 31.8%
received G-CSF as treatment. In total, 5.3% of patients received prophylactic antibiotics in
the first cycle, 10.0% received prophylactic antibiotics in the second and/or subsequent
cycles, and 41.1% received antibiotics as treatment.

Healthcare utilization and costs

Healthcare utilization and costs were calculated for patients who experienced FNH (V=
704). Patient demographics and disease characteristics for this patient subset (Supplemental
Table 3) were similar to the overall population. FNH was associated with considerable costs
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across cancer types and chemotherapy cycle (Supplemental Tables 4-6). The overall hospital
LOS ranged from 4.1 to 7.9 days, and most costs were incurred during the hospital stay
(Table 4).

For breast cancer (Supplemental Table 4), mean (95% CI) total costs per episode of FNH
were $20,462 (19,072-22,181). Mean LOS was 4.1 (3.7-4.5) days, and mean costs
associated with the hospital stay were $16,940 (15,689-18,590). Patients had 1.2 (1.2-1.3)
emergency department visits for a cost of $1215 (1131-1295) and 3.9 (3.7-4.2) all-cause
office-based visits for a cost of $2317 (2199-2451).

For lung cancer (Supplemental Table 5), mean (95% CI) total costs cost per episode of FNH
were $32,964 (28,166-39,278). Mean LOS was 6.8 (5.7-8.3) days, and mean costs
associated with the hospital stay were $28,413 (23,686-34,536). Patients had 1.2 (1.1-1.3)
emergency department visits for a cost of $1422 (1264-1611) and 5.3 (4.3-6.7) all-cause
office-based visits for a cost of $3126 (2617-3787).

For NHL (Supplemental Table 6), mean (95% CI) total costs cost per episode of FNH were
$37,555 (32,060-44,174). Mean LOS was 7.9 (6.7-9.5) days, and mean costs associated
with the hospital stay were $33,006 (27,628-39,382). Patients had 1.5 (1.3-1.7) emergency
department visits for a cost of $1729 (1520-1970) and 5.3 (4.6-6.0) all-cause office-based
visits for a cost of $2813 (2522-3153).

Discussion

Through the use of comprehensive medical records in a large managed care cancer
population, we identified the clinical and economic burden of FN associated with specific
cancer types, chemotherapy regimens, and chemotherapy cycles. FN management practices,
resource utilization, and costs differed markedly among different tumor types and among
different chemotherapy regimens. Thus, detailed information on the risks and consequences
of FN is needed to help support informed clinical decision making.

RDI <85% is considered to be a clinically meaningful reduction in the efficacy of a
chemotherapy regimen and is associated with worse long-term patient outcomes in several
cancer types, including breast cancer, lung cancer, and NHL [5, 20]. Overall, 25% of
patients with breast cancer, 18% of patients with lung cancer, and 28% of patients with NHL
had an RDI <85%. These values were slightly lower than those reported in the literature
(29-39% among patients with solid tumors) [21]. However, RDI may not be directly
comparable across publications due to methodological differences and differences in the
study populations. Detailed methods regarding analysis of RDI are needed to allow
comparisons between studies and over time.

The proportion of patients who experienced FNH in our study is similar to previous
estimates that indicate that approximately 7—-22% of cancer patients who are treated with
chemotherapy require hospitalization for FN [22]. However, the all-cause mortality rate was
higher than previously published for some cancer types. Previous studies estimated the
mortality rate associated with FNH as 5-11% in patients with solid tumors or hematologic
malignancies [4]. In this study, the all-cause mortality rate was 2% for patients with breast
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cancer, 25% for patients with lung cancer, and 13% for patients with NHL. The higher
mortality rates in lung cancer and NHL seen here may be partially explained by advanced
cancer stage, advanced age, and multiple chronic conditions in these cohorts, since we did
not control for such factors.

Prophylactic administration of G-CSF has been associated with a lower incidence of FN and
with reductions of inpatient healthcare utilization [4, 23]. Current clinical guidelines
recommend primary prophylaxis with chemotherapy regimens that have a high risk of FN
(>20%). Additionally, patients receiving intermediate- or even low-risk chemotherapy
regimens might be at high risk of FN due to patient risk factors. Primary prophylaxis with
G-CSF was highly variable across different chemotherapy regimens. For example, 73% of
patients receiving ddAC-T received primary prophylaxis with G-CSF and 9.0% of patients
receiving TC received primary prophylaxis with G-CSF.

Mean LOS in this study was longer for patients with lung cancer (7 days) and NHL (8 days)
compared to patients with breast cancer (4 days); older age, more comorbidities, and
advanced disease stage at diagnosis in patients with lung cancer and NHL likely contributed
to these differences. LOS in this study was slightly lower than the LOS reported in a recent
study (6 days for breast cancer, 8 days for lung cancer, and 10 days for NHL) [9].
Availability of EMRs across all KPSC facilities may help improve communication and speed
of decision making, thereby reducing LOS in this cohort. Differences in LOS seen among
studies may reflect differences in patient populations or differences in FN patient
management in fee-for-service versus managed care settings.

The primary driver of costs was management and stabilization of patients during the
hospitalization with FN. Within each cancer type, cost estimates were remarkably stable
across chemotherapy cycle. In contrast with LOS, the average inpatient costs associated with
hospitalization for FN were higher in this study compared with previous studies; previous
studies estimated mean FNH costs between $7100-$12,400 (versus $16,940 in this study)
for patients with breast cancer, $8500-$17,700 (versus $28,413) for patients with lung
cancer, and $11,000-$24,218 (versus $33,006) for patients with NHL [1, 9, 24]. Differences
in patient populations among the studies, changes over time in the cost of care and
management of FN, and monetization of resource counts may have contributed to these
differences.

This study had several limitations. The means and Cls presented need to be interpreted with
caution, as estimates may be influenced by both observable and unobservable confounding,
making the true patient-level estimates significantly different from the unadjusted estimates
reported. Moreover, the generalizability of these estimates is limited to the sample studied
and may not generalize to non-KPSC population. Additionally, at higher-numbered cycles,
the relatively low sample size could bias the estimate of the true mean and variance around
the mean. Furthermore, the true incidence and burden of FN may be underreported. FN is
difficult to characterize in large datasets because a single ICD-9-CM code for febrile
neutropenia does not exist. The validated FN algorithm used here is similar to other studies
and includes hospitalization with neutropenia (ICD-9-CM 288.0X) or ANC <1000 /L and a
diagnosis of infection, or fever, or use of antibiotics during hospital stay [25, 26]. However,
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some cases of FN may have been missed. Additionally, FN events treated in the outpatient
setting only and the subsequent costs of FN beyond the index cycle were not captured.

Our study describes the heterogeneity in FN incidence and associated clinical and economic
burden within specific tumor types, chemotherapy regimens, and chemotherapy cycles.
Overall, our study identifies a need to understand the causes of variation in FNH
management and costs. Better understanding of the factors that contribute to a high
incidence of FNH may ultimately support better patient outcomes. Finally, a more
comprehensive understanding of the risks associated with myelosuppressive chemotherapy
regimens can help in choosing treatment options that are well suited to the individual
patient.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This study was sponsored by Amgen Inc. Medical writing support was provided by Kerri Hebard-Massey, Ph.D.
and Rachel Raynes, Ph.D. (Amgen Inc.). RB, FV, and DC are employees of and stockholders in Amgen Inc. AK,
AF, CC, and WC are employees of KPSC, which received research funding for this study. AJF was supported by
two grants from the National Cancer Institute (F31 CA174338 and R25 CA57712).

References

1. Caggiano V, Weiss RV, Rickert TS, Linde-Zwirble WT. Incidence, cost, and mortality of neutropenia
hospitalization associated with chemotherapy. Cancer. 2005; 103(9):1916-1924. [PubMed:
15751024]

2. Weycker D, Barron R, Kartashov A, Legg J, Lyman GH. Incidence, treatment, and consequences of
chemotherapy-induced febrile neutropenia in the inpatient and outpatient settings. J Oncol Pharm
Pract. 2014; 20(3):190-198. [PubMed: 23824496]

3. Weycker D, Edelsberg J, Kartashov A, Barron R, Lyman G. Risk and healthcare costs of
chemotherapy-induced neutropenic complications in women with metastatic breast cancer.
Chemotherapy. 2012; 58(1):8-18. [PubMed: 22343254]

4. Hirsch BR, Lyman GH. Pharmacoeconomics of the myeloid growth factors: a critical and systematic
review. PharmacoEconomics. 2012; 30(6):497-511. [PubMed: 22540394]

5. Wildiers H, Reiser M. Relative dose intensity of chemotherapy and its impact on outcomes in
patients with early breast cancer or aggressive lymphoma. Crit Rev Oncol Hematol. 2011; 77(3):
221-240. [PubMed: 20227889]

6. Gandhi SK, Arguelles L, Boyer JG. Economic impact of neutropenia and febrile neutropenia in
breast cancer: estimates from two national databases. Pharmacotherapy. 2001; 21(6):684—690.
[PubMed: 11401182]

7. Michels SL, Barron RL, Reynolds MW, Smoyer Tomic K, Yu J, Lyman GH. Costs associated with
febrile neutropenia in the US. PharmacoEconomics. 2012; 30(9):809-823. [PubMed: 22804805]

8. Schilling MB, Parks C, Deeter RG. Costs and outcomes associated with hospitalized cancer patients
with neutropenic complications: a retrospective study. Exp Ther Med. 2011; 2(5):859-866.
[PubMed: 22977589]

9. Dulisse B, Li X, Gayle JA, Barron RL, Ernst FR, Rothman KJ, Legg JC, Kaye JA. A retrospective
study of the clinical and economic burden during hospitalizations among cancer patients with
febrile neutropenia. J Med Econ. 2013; 16(6):720-735. [PubMed: 23452298]

Support Care Cancer. Author manuscript; available in PMC 2017 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kawatkar et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Page 10

Clark OA, Lyman GH, Castro AA, Clark LG, Djulbegovic B. Colony-stimulating factors for
chemotherapy-induced febrile neutropenia: a meta-analysis of randomized controlled trials. J Clin
Oncol. 2005; 23(18):4198-4214. [PubMed: 15961767]

Lyman GH, Kuderer NM, Djulbegovic B. Prophylactic granulocyte colony-stimulating factor in
patients receiving dose-intensive cancer chemotherapy: a meta-analysis. Am J Med. 2002; 112(5):
406-411. [PubMed: 11904116]

Smith TJ, Khatcheressian J, Lyman GH, Ozer H, Armitage JO, Balducci L, Bennett CL, Cantor
SB, Crawford J, Cross SJ, Demetri G, Desch CE, Pizzo PA, Schiffer CA, Schwartzberg L,
Somerfield MR, Somlo G, Wade JC, Wade JL, Winn RJ, Wozniak AJ, Wolff AC. 2006 Update of
recommendations for the use of white blood cell growth factors: an evidence-based clinical
practice guideline. J Clin Oncol. 2006; 24(19):3187-3205. [PubMed: 16682719]

National Comprehensive Cancer Network. [Accessed July 14 2015] NCCN clinical practice
guidelines in oncology: myeloid growth factors, version 1. 2015. http://www.nccn.org/
professionals/physician_gls/pdf/myeloid_growth.pdf

Aapro MS, Bohlius J, Cameron DA, Dal Lago L, Donnelly JP, Kearney N, Lyman GH, Pettengell
R, Tjan-Heijnen VC, Walewski J, Weber DC, Zielinski C. European Organisation for R, Treatment
of C. 2010 Update of EORTC guidelines for the use of granulocyte-colony stimulating factor to
reduce the incidence of chemotherapy-induced febrile neutro-penia in adult patients with
lymphoproliferative disorders and solid tumours. Eur J Cancer. 2011; 47(1):8-32. [PubMed:
21095116]

Truong J, Lee EK, Trudeau ME, Chan KK. Interpreting febrile neutropenia rates from randomized,
controlled trials for consideration of primary prophylaxis in the real world: a systematic review
and meta-analysis. Ann Oncol. 2015

Koebnick C, Langer-Gould AM, Gould MK, Chao CR, lyer RL, Smith N, Chen W, Jacobsen SJ.
Sociodemographic characteristics of members of a large, integrated health care system:
comparison with US CENSUS BUREAU DATA. Perm J. 2012; 16(3):37-41.

Lister TA, Crowther D, Sutcliffe SB, Glatstein E, Canellos GP, Young RC, Rosenberg SA, Coltman
CA, Tubiana M. Report of a committee convened to discuss the evaluation and staging of patients
with Hodgkin’s DISEASE: Cotswolds Meeting. J Clin Oncol. 1989; 7(11):1630-1636. [PubMed:
2809679]

Institute NC. [ACCESSED MAY 7 2014] Common toxicity criteria, version 1.0. National Cancer
Institute. 2014. http://CTEP.CANCER.GOV/FORMS/CTCv20_4-30-992.PDf

Quality AfHRa. Agency for Healthcare Research and Quality. Rockville, MD: 2014. MEPS
HC-155: 2012 Full year consolidated data file.

Lyman GH, Dale DC, Culakova E, Poniewierski MS, Wolff DA, Kuderer NM, Huang M, Crawford
J. The impact of the granulocyte colony-stimulating factor on chemotherapy dose intensity and
cancer survival: a systematic review and meta-analysis of randomized controlled trials. Ann Oncol.
2013; 24(10):2475-2484. [PubMed: 23788754]

Almenar Cubells D, Bosch Roig C, Jimenez Orozco E, Alvarez R, Cuervo JM, Diaz Fernandez N,
Sanchez Heras AB, Galan Brotons A, Giner Marco V. Codes MDVM Group LIS. Effectiveness of
daily versus non-daily granulocyte colony-stimulating factors in patients with solid tumours
undergoing chemotherapy: a multivariate analysis of data from current practice. Eur J Cancer Care
(Engl). 2013; 22(3):400-412. [PubMed: 23331323]

Liou SY, Stephens JM, Carpiuc KT, Feng W, Botteman MF, Hay JW. Economic burden of
haematological adverse effects in cancer patients: a systematic review. Clin Drug Investig. 2007;
27(6):381-396.

Rajan SS, Lyman GH, Stearns SC, Carpenter WR. Effect of primary prophylactic granulocyte-
colony stimulating factor use on incidence of neutropenia hospitalizations for elderly early-stage
breast cancer patients receiving chemotherapy. Med Care. 2011; 49(7):649-657. [PubMed:
21478779]

Kuderer NM, Dale DC, Crawford J, Cosler LE, Lyman GH. Mortality, morbidity, and cost
associated with febrile neutropenia in adult cancer patients. Cancer. 2006; 106(10):2258-2266.
[PubMed: 16575919]

Support Care Cancer. Author manuscript; available in PMC 2017 September 01.


http://www.nccn.org/professionals/physician_gls/pdf/myeloid_growth.pdf
http://www.nccn.org/professionals/physician_gls/pdf/myeloid_growth.pdf
http://CTEP.CANCER.GOV/FORMS/CTCv20_4-30-992.PDf

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Kawatkar et al. Page 11

25. Weycker D, Sofrygin O, Seefeld K, Deeter RG, Legg J, Edelsberg J. Technical Evaluation Of
Methods For Identifying Chemotherapy-Induced Febrile Neutropenia In Healthcare Claims
Databases. BMC Health Serv Res. 2013; 13:60. [PubMed: 23406481]

26. Kim SY, Solomon DH, Liu J, Chang CL, Daniel GW, Schneeweiss S. Accuracy of identifying
neutropenia diagnoses in outpatient claims data. Pharmacoepidemiol Drug Saf. 2011; 20(7):709—
713. [PubMed: 21567653]

Support Care Cancer. Author manuscript; available in PMC 2017 September 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Kawatkar et al. Page 12

Table 1

Baseline patient demographics and disease characteristics

Total Breast cancer  Lung cancer NHL
(N=5338)  (n=23314) (n=1443)  (n=581)
Mean (SD) age at diagnosis, years 58.5 (11.7) 54.6 (10.5) 66.0 (9.5) 62.1(13.4)
Women, 77 (%) 4233 (79.3) 3300 (99.6) 658 (45.6) 275 (47.3)
Race, n (%)
White 3578 (67.0) 2134 (64.4) 1027 (71.2) 417 (71.8)
Black 780 (14.6) 523 (15.8) 209 (14.5) 48 (8.3)
Asian 543 (10.2) 377 (11.4) 121 (8.4) 45 (7.7)
Other/unknown/multiple 437 (8.2) 280 (8.4) 86 (6.0) 71 (12.2)
Hispanic ethnicity, 7 (%) 1169 (21.9)  832(25.1) 172 (11.9) 165 (28.4)
Stage at diagnosis, 77 (%)
0 10 (0.2) 10 (0.3) 0 0
1 1091 (20.4) 863 (26.0) 78 (5.4) 150 (25.8)
2 1881 (35.2) 1703 (51.4) 58 (4.0) 120 (20.7)
3 1200 (225) 623 (18.8) 461(31.9) 116 (20.0)
4 1059 (19.8) 82 (2.5) 792 (54.9) 185 (31.8)
Other 97 (1.8) 33(1.0) 54 (3.7) 10 (1.7)
Mean (SD) cumulative length of health plan enroliment, years  14.8 (11.4) 13.9 (11.0) 16.1 (11.7) 16.5(12.4)
Mean (SD) total number of comorbid conditions 2.2(2.3) 1.5(1.8) 3.4 (2.5) 3.2(2.6)
Mean (SD) Charlson Comorbidity Index 1.1 (2.0 0.5(1.1) 2.3(2.8) 1.7 (2.3)
Chronic comorbid conditions, 77 (%)
Anemia 450 (8.4) 148 (4.5) 175 (12.1) 127 (21.9)
AIDS/HIV 15 (0.3) 1(0.0) 6 (0.4) 8 (1.4)
Cerebrovascular disease 148 (2.8) 26 (0.8) 96 (6.7) 26 (4.5)
Congestive heart failure 115 (2.2) 25(0.8) 77 (5.3) 13(2.2)
Connective tissue disease 134 (2.5) 69 (2.1) 37 (2.6) 28 (4.8)
COPD/emphysema 1010 (18.9) 365 (11.0) 561 (38.9) 84 (14.5)
Dementia 4(0.1) 1(0.0) 2(0.1) 1(0.2)
Diabetes with complications 321 (6.0) 142 (4.3) 129 (8.9) 50 (8.6)
Diabetes without complications 770 (14.4) 392 (11.8) 272 (18.8) 106 (18.2)
Dyslipidemia 1901 (35.6) 967 (29.2) 671 (46.5) 263 (45.3)
History of blood disorders 534 (10.0) 174 (5.3) 207 (14.3) 153 (26.3)
Hypertension 2404 (45.0) 1179 (35.6) 916 (63.5) 309 (53.2)
Hypotension 46 (0.9) 7(0.2) 29 (2.0) 10 (1.7)
Hypovolemia 4(0.1) 0 4(0.3) 0
Infections 1088 (20.4) 467 (14.1) 476 (33.0) 145 (25.0)
Liver disease 80 (1.5) 34 (1.0) 20 (1.4) 26 (4.5)
Myocardial infarction 165 (3.1) 23(0.7) 120 (8.3) 22 (3.8)
Osteoarthritis 687 (12.9) 339 (10.2) 242 (16.8) 106 (18.2)
Other autoimmune conditions 295 (5.5) 150 (4.5) 89 (6.2) 56 (9.6)
Peptic ulcer disease 38 (0.7) 10 (0.3) 17 (1.2) 11(1.9)
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Total Breast cancer  Lung cancer NHL
(N =5338) (n=3314) (n=1443) (n =581)
Peripheral vascular disease 198 (3.7) 29 (0.9) 138 (9.6) 31(5.3)
Renal disease 324 (6.1) 119 (3.6) 150 (10.4) 55 (9.5)
Rheumatoid disease 20 (0.4) 6 (0.2) 10 (0.7) 4(0.7)
Thrombocytopenia 29 (0.5) 6(0.2) 7(0.5) 16 (2.8)
Thrombosis 26 (0.5) 6 (0.2) 13(0.9) 7.2
Thyroid disorder, including autoimmune thyroiditis 539 (10.1) 315 (9.5) 151 (10.5) 73 (12.6)

BUNblood urea nitrogen, COPD chronic obstructive pulmonary disease
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