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Abstract
Purpose To assess changes in neutropenia-related hospitalization, myelosuppressive chemotherapy, and primary prophylactic
colony-stimulating factor (PP-CSF) use in elderly cancer patients receiving myelosuppressive chemotherapy.
Methods We identified annual cohorts of patients aged ≥ 66 years with breast cancer, lung cancer, or non-Hodgkin lymphoma
(NHL) initiating myelosuppressive chemotherapy during 1995–2015 using Medicare 5% (1994–2008) and 20% (2007–2015)
data. We described myelosuppressive chemotherapy changes by febrile neutropenia (FN) risk category (high, intermediate,
unclassified), PP-CSF use, and, in the first cycle of myelosuppressive chemotherapy, neutropenia-related hospitalization (ICD-
9-CM: 288.0X, first 5 positions). We evaluated hospitalization trends using a logistic regression model with spline curve of
calendar year adjusting for baseline characteristics.
Results Annual cohorts included 1451–2114 eligible patients for 1995–2007 and 5272–7603 for 2008–2015.
Myelosuppressive chemotherapy use with high/intermediate FN risk increased from 31% in 1995 to 56% in 1999,
stabilized through 2008 (range 56–61%), then decreased to 52% in 2015. PP-CSF use increased from 5.5% in 1995 to
52.7% in 2015, mainly due to pegfilgrastim introduction in 2002. Crude neutropenia-related hospitalization incidence
decreased from 5.2% in 1995 to 2.7% in 2015; adjusted incidence decreased, on average, by 4.7% yearly before 2010
(p < 0.0001) and was flat from 2010 onward (p = 0.53).
Conclusions Among elderly patients with breast cancer, lung cancer, or NHL receiving myelosuppressive chemotherapy, PP-
CSF use increased substantially after 2002. Neutropenia-related hospitalization incidence in the first cycle decreased yearly
before 2010 and was flat afterward. Further studies are needed to understand overall decreasing neutropenia-related hospitali-
zation trends and effects of changes in myelosuppressive chemotherapy and FN management.
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Introduction

Chemotherapy has evolved in the past two decades as myelo-
suppressive regimens became more common from the mid-
1990s to the mid-2000s [1], and the use of taxane-based che-
motherapy increased accompanying decreases in
anthracycline-based chemotherapy for breast cancer after
2005 [2]. While newer targeted therapies and immunother-
apies have been enthusiastically welcomed in recent years,
most cancer patients continue to receive myelosuppressive
chemotherapy [3]. Febrile neutropenia (FN) is a serious com-
plication of myelosuppressive chemotherapy that occurs more
commonly in the first cycle [4, 5] and is associated with sig-
nificant morbidity, mortality, and healthcare costs [6–8]. FN is
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considered a medical emergency generally requiring hospital-
ization, which on average lasts from 6 to 11 days [6, 9–11].
Neutropenia-related hospitalization (NRH) results in chemo-
therapy dose reductions, delays, and discontinuations,
compromising disease control, quality of life, and overall sur-
vival [12–16].

Given the demonstrated efficacy of primary prophylactic
colony-stimulating factors (PP-CSF) in reducing FN [17–20],
current clinical guidelines recommend PP-CSF for patients
receiving chemotherapy regimens associated with high FN
risk (> 20%) [21–24]. Additionally, for patients receiving che-
motherapy regimens associated with intermediate FN risk
(10–20%), the National Comprehensive Cancer Network
(NCCN®) guidelines [21] recommend considering PP-CSF
if at least one patient-level FN risk factor (e.g., age > 65 years)
is present. However, this important preventive measure is rou-
tinely underutilized in the real-world setting among patients
receiving high FN-risk regimens [25, 26]. Literature is lacking
regarding changes in chemotherapy regimens by FN risk cat-
egory, changes in PP-CSF use, and incidence of NRH in el-
derly cancer patients. Available studies are limited to single
cancer types with older data [27] or selected regimens [28].

The objectives of this study were to estimate the proportion
of elderly patients receiving myelosuppressive chemotherapy
by FN risk category (high, intermediate, or unclassified), PP-
CSF use, and in the first cycle of myelosuppressive chemo-
therapy, NRH incidence using annual cohorts of Medicare
patients diagnosed with breast cancer, lung cancer, or non-
Hodgkin lymphoma (NHL)—the cancers most commonly
treated with myelosuppressive chemotherapy.

Materials and methods

Study design and data source

We conducted an ecological trend study using Medicare 5%
(1994–2008) and 20% (2007–2015) sample data from the
Centers for Medicare & Medicaid Services (CMS). The
CMS-sponsored Medicare program is the primary health in-
surer for 97% of the US population aged ≥ 65 years and covers
hospital, physician, and outpatient medical services provided
to beneficiaries [29]. The 5% and 20% Medicare samples are
systematic random samples of all Medicare beneficiaries gen-
erated by selecting those with 05, 20, 45, 70, or 95 in the last
two positions of their health insurance claim numbers, and
those with 0 or 5 in the last position, respectively. Data includ-
ed in the annual denominator file containing demographic
information for each patient include date of birth, sex, race,
place of residence (state, county, and zip code), Medicare en-
rollment status, and the annual claims-based standard analytic
files including Part A institutional and Part B physician/
supplier claims. This study was approved by the Office for
Human Subjects Research of Hennepin Healthcare System.

Patients and cohorts

We created annual cohorts of patients initiating myelosuppres-
sive chemotherapy for female breast cancer, lung cancer, or
NHL from January 1, 1995, to September 30, 2015 (Fig. 1).
We included patients aged ≥ 66 years at chemotherapy initia-
tion who survived the subsequent ≥ 6 days (to ensure the time

Fig. 1 Study design for annual cohorts of patients who initiated
myelosuppressive chemotherapy. Eligible patients had breast cancer,
lung cancer, or NHL and had initiated myelosuppressive chemotherapy
in each year from January 1, 1995, to September 30, 2015. The annual
cohorts were identified usingMedicare 5% (1994–2008) and 20% (2007–
2015) sample data. TheMedicare 5% and 20% data from 1994 and 2007,
respectively, were used for baseline derivation purposes only and the 5%

data from 2008 for follow-up purpose only. The 2015 cohort was a
partial-year cohort including patients who initiated myelosuppressive
chemotherapy from January 1, 2015, to August 31, 2015. September
2015 was a follow-up only month. In this example, completion of
chemotherapy occurred on day 3 of the first cycle. All chemotherapies
were administered on day 1 of the first cycle. NHL, non-Hodgkin
lymphoma; PP-CSF, primary prophylaxis with colony-stimulating factor
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Table 1 Baseline demographic and clinical characteristics for all patients (female breast cancer, lung cancer, and NHL combined) and by cancer type
for select annual cohorts during 1995–2015

Characteristic Medicare 5% sample Medicare 20% sample

1995 2001 2007 2008 2014 2015

Female Breast cancer, lung cancer, and NHL combined N = 1451 N = 1779 N = 1914 N = 7539 N = 6697 N = 5272
Age, mean (SD), years 74.0 (5.3) 74.6 (5.6) 74.6 (6.0) 74.8 (6.0) 74.6 (6.0) 74.8 (6.1)
Age category
66–69 years 305 (21.0) 337 (18.9) 390 (20.4) 1430 (19.0) 1431 (21.4) 1081 (20.5)
70–74 years 385 (26.5) 448 (25.2) 481 (25.1) 1811 (24.0) 1684 (25.1) 1281 (24.3)
75–79 years 300 (20.7) 397 (22.3) 354 (18.5) 1508 (20.0) 1251 (18.7) 1035 (19.6)
≥ 80 years 461 (31.8) 597 (33.6) 689 (36.0) 2790 (37.0) 2331 (34.8) 1875 (35.6)

Sex, female 870 (60.0) 1149 (64.6) 1205 (63.0) 4636 (61.5) 4260 (63.6) 3400 (64.5)
Race
White 1343 (92.6) 1620 (91.1) 1747 (91.3) 6828 (90.6) 5981 (89.3) 4726 (89.6)
Black 79 (5.4) 108 (6.1) 89 (4.6) 479 (6.4) 461 (6.9) 349 (6.6)
Other 29 (2.0) 51 (2.9) 78 (4.1) 232 (3.1) 255 (3.8) 197 (3.7)

Dual eligible for Medicare-Medicaid 93 (6.4) 155 (8.7) 203 (10.6) 679 (9.0) 639 (9.5) 439 (8.3)
Comorbidities, mean (SD) 1.3 (1.3) 1.5 (1.4) 1.8 (1.6) 1.8 (1.6) 1.9 (1.8) 1.9 (1.7)
Number of comorbidities
0 496 (34.2) 507 (28.5) 451 (23.6) 1740 (23.1) 1541 (23.0) 1227 (23.3)
1 430 (29.6) 540 (30.4) 534 (27.9) 2112 (28.0) 1727 (25.8) 1400 (26.6)
2 281 (19.4) 371 (20.9) 418 (21.8) 1642 (21.8) 1384 (20.7) 1076 (20.4)
≥ 3 244 (16.8) 361 (20.3) 511 (26.7) 2045 (27.1) 2045 (30.5) 1569 (29.8)

History of all-cause hospitalization
Length of stay, mean (SD), days 5.9 (9.7) 4.7 (8.7) 4.3 (7.7) 4.5 (7.9) 3.7 (7.8) 3.8 (9.0)
Length of stay categories
0 days 626 (43.1) 748 (42.0) 938 (49.0) 3581 (47.5) 3837 (57.3) 3070 (58.2)
1–5 days 328 (22.6) 565 (31.8) 488 (25.5) 1928 (25.6) 1393 (20.8) 1049 (19.9)
≥ 6 days 497 (34.3) 466 (26.2) 488 (25.5) 2030 (26.9) 1467 (21.9) 1153 (21.9)

History of neutropenia-related hospitalization 44 (3.0) 29 (1.6) 24 (1.3) 106 (1.4) 90 (1.3) 106 (2.0)

Female Breast cancer N = 409 N = 568 N = 557 N = 2120 N = 2090 N = 1612
Age, mean (SD), years 73.4 (5.2) 73.3 (5.2) 72.6 (5.3) 73.0 (5.2) 72.4 (5.2) 72.8 (5.5)
Age category
66–69 years 97 (23.7) 145 (25.5) 168 (30.2) 567 (26.7) 677 (32.4) 510 (31.6)
70–74 years 116 (28.4) 141 (24.8) 149 (26.8) 599 (28.3) 553 (26.5) 416 (25.8)
75–79 years 70 (17.1) 115 (20.2) 98 (17.6) 385 (18.2) 319 (15.3) 250 (15.5)
≥ 80 years 126 (30.8) 167 (29.4) 142 (25.5) 569 (26.8) 541 (25.9) 436 (27.0)

Race
White 369 (90.2) 512 (90.1) 489 (87.8) 1865 (88.0) 1784 (85.4) 1382 (85.7)
Black 35 (8.6) 42 (7.4) 38 (6.8) 200 (9.4) 220 (10.5) 167 (10.4)
Other –a 14 (2.5) 30 (5.4) 55 (2.6) 86 (4.1) 63 (3.9)

Dual eligible for Medicare-Medicaid 34 (8.3) 55 (9.7) 70 (12.6) 204 (9.6) 191 (9.1) 138 (8.6)
Comorbidities, mean (SD) 1.2 (1.2) 1.3 (1.3) 1.4 (1.4) 1.4 (1.4) 1.4 (1.5) 1.4 (1.5)
Number of comorbidities
0 132 (32.3) 173 (30.5) 157 (28.2) 655 (30.9) 647 (31.0) 535 (33.2)
1 142 (34.7) 192 (33.8) 178 (32.0) 675 (31.8) 660 (31.6) 494 (30.6)
2 82 (20.0) 109 (19.2) 124 (22.3) 412 (19.4) 401 (19.2) 298 (18.5)
≥ 3 53 (13.0) 94 (16.5) 98 (17.6) 378 (17.8) 382 (18.3) 285 (17.7)

History of all-cause hospitalization
Length of stay, mean (SD), days 3.7 (6.4) 2.6 (4.9) 2.2 (5.1) 2.0 (4.6) 1.3 (4.0) 1.2 (3.3)
Length-of-stay categories
0 days 180 (44.0) 205 (36.1) 300 (53.9) 1174 (55.4) 1573 (75.3) 1255 (77.9)
1–5 days 137 (33.5) 297 (52.3) 193 (34.6) 727 (34.3) 372 (17.8) 245 (15.2)
≥ 6 days 92 (22.5) 66 (11.6) 64 (11.5) 219 (10.3) 145 (6.9) 112 (6.9)

History of neutropenia-related hospitalization –a –a –a –a –a –a

Lung cancer N = 504 N = 601 N = 662 N = 2799 N = 2235 N = 1783
Age, mean (SD), years 73.2 (5.0) 74.5 (5.4) 74.7 (5.5) 74.6 (5.7) 74.6 (5.6) 74.8 (5.7)
Age category
66–69 years 137 (27.2) 105 (17.5) 113 (17.1) 511 (18.3) 403 (18.0) 324 (18.2)
70–74 years 130 (25.8) 158 (26.3) 179 (27.0) 708 (25.3) 611 (27.3) 460 (25.8)
75–79 years 111 (22.0) 146 (24.3) 127 (19.2) 572 (20.4) 472 (21.1) 382 (21.4)
≥ 80 years 126 (25.0) 192 (31.9) 243 (36.7) 1008 (36.0) 749 (33.5) 617 (34.6)

Sex, female 195 (38.7) 278 (46.3) 315 (47.6) 1275 (45.6) 1080 (48.3) 896 (50.3)
Race
White 462 (91.7) 540 (89.9) 605 (91.4) 2521 (90.1) 2010 (89.9) 1606 (90.1)
Black 31 (6.2) 47 (7.8) 36 (5.4) 193 (6.9) 157 (7.0) 125 (7.0)
Other 11 (2.2) 14 (2.3) 21 (3.2) 85 (3.0) 68 (3.0) 52 (2.9)
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period needed to identify regimen and day of chemotherapy
completion in the first cycle). Patients were also required to be
continuously enrolled in Medicare Parts A and B for at least
365 days before and 6 days after myelosuppressive chemo-
therapy initiation, without enrollment in a health maintenance
organization. Chemotherapy initiation was defined as first
myelosuppressive chemotherapy treatment in the year, with
no claims for myelosuppressive chemotherapy agents in the
preceding 365 days; we used Healthcare Common Procedure
Coding System (HCPCS) codes to identify the chemotherapy
regimens (Online Resource 1). We excluded patients who had
received radiotherapy or had evidence of stem cell transplant
(Online Resource 2) in the 365 days before and 6 days after
myelosuppressive chemotherapy initiation.

We identified chemotherapy cycles and regimens in
Medicare Part A outpatient and Part B carrier claims from
January 1, 1995, to September 30, 2015, using the algorithm
described by Weycker et al. [30]. Briefly, the first myelosup-
pressive chemotherapy cycle started on the initiation date
(day 1) and ended at the next administration, at least 6 days
but no more than 35 days after initiation. If no second my-
elosuppressive chemotherapy cycle started before day 35,

Table 1 (continued)

Characteristic Medicare 5% sample Medicare 20% sample

1995 2001 2007 2008 2014 2015

Dual eligible for Medicare-Medicaid 37 (7.3) 59 (9.8) 89 (13.4) 280 (10.0) 257 (11.5) 184 (10.3)
Comorbidities, mean (SD) 1.7 (1.4) 1.7 (1.5) 2.2 (1.6) 2.3 (1.7) 2.5 (1.9) 2.4 (1.8)
Number of comorbidities
0 123 (24.4) 131 (21.8) 82 (12.4) 393 (14.0) 266 (11.9) 244 (13.7)
1 127 (25.2) 172 (28.6) 183 (27.6) 677 (24.2) 491 (22.0) 397 (22.3)
2 130 (25.8) 140 (23.3) 146 (22.1) 659 (23.5) 520 (23.3) 403 (22.6)
≥ 3 124 (24.6) 158 (26.3) 251 (37.9) 1070 (38.2) 958 (42.9) 739 (41.4)

History of all-cause hospitalization
Length of stay, mean (SD), days 7.2 (11.3) 5.5 (9.8) 5.3 (7.8) 5.7 (8.0) 4.9 (7.0) 5.1 (8.1)
Length-of-stay categories
0 days 187 (37.1) 254 (42.3) 278 (42.0) 1095 (39.1) 919 (41.1) 762 (42.7)
1–5 days 108 (21.4) 140 (23.3) 162 (24.5) 653 (23.3) 590 (26.4) 449 (25.2)
≥ 6 days 209 (41.5) 207 (34.4) 222 (33.5) 1051 (37.5) 726 (32.5) 572 (32.1)

History of neutropenia-related hospitalization 13 (2.6) –a –a 20 (0.7) –a 24 (1.3)

NHL N = 538 N = 610 N = 695 N = 2620 N = 2372 N = 1877
Age, mean (SD), years 75.2 (5.5) 75.8 (5.9) 76.1 (6.4) 76.6 (6.4) 76.4 (6.6) 76.5 (6.4)
Age category
66–69 years 71 (13.2) 87 (14.3) 109 (15.7) 352 (13.4) 351 (14.8) 247 (13.2)
70–74 years 139 (25.8) 149 (24.4) 153 (22.0) 504 (19.2) 520 (21.9) 405 (21.6)
75–79 years 119 (22.1) 136 (22.3) 129 (18.6) 551 (21.0) 460 (19.4) 403 (21.5)
≥ 80 years 209 (38.8) 238 (39.0) 304 (43.7) 1213 (46.3) 1041 (43.9) 822 (43.8)

Sex, female 270 (50.2) 306 (50.2) 333 (47.9) 1243 (47.4) 1090 (46.0) 892 (47.5)
Race
White 512 (95.2) 568 (93.1) 653 (94.0) 2442 (93.2) 2187 (92.2) 1738 (92.6)
Black 13 (2.4) 19 (3.1) 15 (2.2) 86 (3.3) 84 (3.5) 57 (3.0)
Other 13 (2.4) 23 (3.8) 27 (3.9) 92 (3.5) 101 (4.3) 82 (4.4)

Dual eligible for Medicare-Medicaid 22 (4.1) 41 (6.7) 44 (6.3) 195 (7.4) 191 (8.1) 117 (6.2)
Comorbidities, mean (SD) 1.0 (1.3) 1.4 (1.4) 1.6 (1.6) 1.6 (1.5) 1.8 (1.8) 1.8 (1.7)
Number of comorbidities
0 241 (44.8) 203 (33.3) 212 (30.5) 692 (26.4) 628 (26.5) 448 (23.9)
1 161 (29.9) 176 (28.9) 173 (24.9) 760 (29.0) 576 (24.3) 509 (27.1)
2 69 (12.8) 122 (20.0) 148 (21.3) 571 (21.8) 463 (19.5) 375 (20.0)
≥ 3 67 (12.5) 109 (17.9) 162 (23.3) 597 (22.8) 705 (29.7) 545 (29.0)

History of all-cause hospitalization
Length of stay, mean (SD), days 6.2 (9.8) 5.9 (9.9) 5.1 (8.9) 5.2 (9.4) 4.8 (10.2) 4.9 (12.2)
Length of stay categories
0 days 259 (48.1) 289 (47.4) 360 (51.8) 1312 (50.1) 1345 (56.7) 1053 (56.1)
1–5 days 83 (15.4) 128 (21.0) 133 (19.1) 548 (20.9) 431 (18.2) 355 (18.9)
≥ 6 days 196 (36.4) 193 (31.6) 202 (29.1) 760 (29.0) 596 (25.1) 469 (25.0)

History of neutropenia-related hospitalization 27 (5.0) 21 (3.4) 17 (2.4) 82 (3.1) 76 (3.2) 72 (3.8)

a n ≤ 10 (reporting small cell sizes is precluded by data use agreement)

Data are n (%) unless stated otherwise. NHL non-Hodgkin lymphoma; SD standard deviation

�Fig. 2 Chemotherapy regimen type by FN risk category for (a) breast
cancer, lung cancer, and NHL combined; (b) breast cancer; (c) lung
cancer; and (d) NHL. aRegimens not classified as high or intermediate
FN risk anytime during the study period. FN, febrile neutropenia; NHL,
non-Hodgkin lymphoma
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the first cycle was considered completed at the earliest of
day 35 after initiation, the day before regimen change, death,
stem cell transplant, radiation, disenrollment from Part A or
B, or September 30, 2015.

We defined chemotherapy regimen based on the HCPCS
Level II codes for parenterally administered antineoplastic
agents (myelosuppressive and non-myelosuppressive) on
claims with service dates from day 1 to day 6 of the first cycle
and, on the same claims, an International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
diagnosis code for female breast cancer, lung cancer, or NHL.
Regimens were classified as Bhigh^ or Bintermediate^ with
regard to FN risk based on the NCCN® clinical guidelines on
the use of myeloid growth factors for 2005–2017 [31, 32]
(Online Resource 3). For regimens listed multiple times with
different risk classes, the latest risk class was used. Regimens
not classified as high or intermediate FN risk anytime during
the study period were grouped into an Bunclassified^ FN risk
category. We further excluded regimens in the Bunclassified^
category with the identified first cycle length of < 11 days, since
these are likely weekly regimens that would not usually prompt
PP-CSF use. The date of the last administration of myelosup-
pressive chemotherapy agents in the first 6 days of the cycle
was defined as the date of cycle completion.

The three cancers were defined based on ICD-9-CM diag-
nosis codes reported on the same claims for chemotherapy
agents used to define the regimens (see Online Resource 4).
To ensure that the identified regimen was used to treat the
cancer of interest, patients with evidence of more than one
cancer reported on chemotherapy claims in the first 6 days
of the cycle were excluded.

Baseline and follow-up periods

We defined the baseline period as 365 days prior to chemo-
therapy initiation (Fig. 1). Patient-level covariates, including
comorbid conditions, length of hospital stay, and neutropenia-
related hospitalization (NRH), were defined during the base-
line period, and age was assessed at the chemotherapy initia-
tion date (Online Resources 5 and 6). The follow-up period
started on the day of chemotherapy initiation and ended on the
last day of the first chemotherapy cycle.

Study outcomes

Study outcomes were assessed during the follow-up period
and included receiving myelosuppressive chemotherapy

regimens by FN risk category (high, intermediate, or unclas-
sified), PP-CSF use (overall and by CSF type), and NRH in
the first chemotherapy cycle.

Receiving myelosuppressive chemotherapy regimen by
FN risk category is described under BPatients and cohorts^
above. PP-CSF use was defined as the administration of
pegfilgrastim or any short-acting CSF (filgrastim, tbo-
filgrastim, filgrastim-sndz, or sargramostim) on Part A
outpatient/Part B claims with the corresponding HCPCS
Level II codes (Online Resource 2) at or up to 5 days after
completion of the first chemotherapy cycle. NRH was defined
as Part A inpatient claims with ICD-9-CM diagnosis code
288.0X [33] (in the first 5 positions) occurring between day
7 and the last day of the first cycle. The first 6 days of the cycle
were excluded for NRH assessment, because the neutrophil
nadir usually occurs after day 6 and FN risk is reported to be
very low in the first 6 days [34, 35].

Data analysis

For patient characteristics, numbers (n), percentages, means, and
standard deviations are reported. For the outcomes of interest,
proportions and 95% confidence intervals (CIs) are reported for
each annual cohort overall and by cancer type. Temporal trends
are illustrated using bar plots and line plots of the percentages
over years. For NRH rates, we further evaluated trends using a
logistic regression model with spline curve of calendar year
adjusting for baseline patient characteristics (age, race, sex), FN
risk category of myelosuppressive chemotherapy regimens,
number of comorbid conditions, and history of hospitalization
(hospital length of stay for any cause and NRH admission).
Average percentage change over a year was estimated for differ-
ent periods by replacing the spline curve with a piecewise-linear
function. Because the logistic regression models the odds ratio,
interpreting the year effect estimated from the model is difficult.
Since the sample size was large and the probability of an event
was low, the distribution of the number of events was closely
approximated by the Poisson distribution. We therefore used a
Poisson regression with a log link function to enable the estima-
tion of the rate ratio.

Results

Patients

Cohort selection for select years is shown in Online Resource
7. Annual cohorts of eligible female breast cancer, lung can-
cer, or NHL patients combined included patients ranging from
1451 to 2114 during 1995–2007 and from 5272 to 7603 dur-
ing 2008–2015 (Table 1, Online Resource 8). By cancer type,
the ranges for the 1995–2007 and 2008–2015 cohorts were
409 to 627 patients and 1612 to 2143 patients for breast cancer

�Fig. 3 PP-CSF use for all regimens combined, any CSF, and by agent
type for (a) breast cancer, lung cancer, and NHL combined; (b) breast
cancer; (c) lung cancer; and (d) NHL. CSF, colony-stimulating factor;
NHL, non-Hodgkin lymphoma; PP-CSF, primary prophylaxis with CSF
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(Table 1, Online Resource 9), 504 to 821 patients and 1783 to
2910 patients for lung cancer (Table 1, Online Resource 10),
and 538 to 717 patients and 1877 to 2640 patients for NHL
(Table 1, Online Resource 11), respectively.

The proportion of patients aged ≥ 80 years for the three
cancers combined increased from 32% in 1995 to 36% in
2015 (range 30–37%; Table 1, Online Resource 8). By cancer
type, the proportion of breast cancer patients aged ≥ 80 years
decreased from 31% in 1995 to 27% in 2015 (range 31–25%;
Table 1, Online Resource 9), but the proportion of lung cancer
patients increased from 25% in 1995 to 35% in 2015 (range
25–37%; Table 1, Online Resource 10) and that of NHL pa-
tients increased from 39% in 1995 to 44% in 2015 (range 34–
46%; Table 1, Online Resource 11).

Receiving myelosuppressive chemotherapy regimens
by FN risk category

Temporal trends in myelosuppressive chemotherapy regimens
with high/intermediate FN risk are shown in Fig. 2. For breast
cancer, lung cancer, and NHL combined, the proportion of
patients who received regimens with high/intermediate FN
risk rapidly increased from 31% in 1995 to 56% in 1999,
became fairly stable through 2008 (range 56–61%), then grad-
ually decreased to 52% in 2015 (Fig. 2(a)). The trends differed
among the three cancer types (Fig. 2(b)–(d)). For breast can-
cer, the proportion of patients, who received regimens with
high/intermediate FN risk steadily increased from 22% in
1995 to 70% in 2007, was stable through 2010, and then
slowly decreased to 65% in 2015 (Fig. 2(b)). For lung cancer,
this proportion steadily increased from 50% in 1995 to 70% in
1997, stabilized through 2007 (range 67–74%), and then rap-
idly decreased to 47% in 2015 (Fig. 2(c)). For NHL, this
proportion was < 20% before 1997, increased to 36% in
1997, and became relatively stable through 2015 (range 40–
46%) (Fig. 2(d)).

PP-CSF use

Temporal trends in PP-CSF use for all regimens combined and
by FN risk category are shown in Figs. 3 and 4, respectively.
For the three cancers combined, PP-CSF use with any agent
increased from 5.5% in 1995 to 52.7% in 2015 (range 5.3–
54.6%) (Fig. 3(a)). The trends were similar by cancer type;
PP-CSF use with any agent increased from 3.2% in 1995 to

63.2% in 2015 for breast cancer (range 1.7–63.3%; Fig. 3(b)),
from 4.8% in 1995 to 36.5% in 2015 for lung cancer (range
4.0–40.8%; Fig. 3(c)), and from 8.0% in 1995 to 59.2% in
2015 for NHL (range 8.0–61.2%; Fig. 3(d)). The increase
mainly occurred in 2002–2004, attributed to the introduction
of pegfilgrastim in 2002 (Fig. 3(a)–(d)). By FN risk category,
PP-CSF use was more common in patients receiving regimens
with high/intermediate FN risk than in patients receiving other
regimens (Fig. 4(a)–(d)).

NRH in the first chemotherapy cycle

For the three cancers combined, the crude NRH rate decreased
over the total study period from 5.2% in 1995 to 2.7% in 2015
(range 5.2–2.5%; Fig. 5(a)). In general, the crude rate de-
creased for each cancer type, with some variations. The crude
rate decreased from 3.9% in 1995 to 2.6% in 2015 for breast
cancer (range 3.9–1.9%; Fig. 5(b)), from 4.4% in 1995 to
1.4% in 2015 for lung cancer (range 4.5–1.4%; Fig. 5(c)),
and from 6.9% in 1995 to 4.1% in 2015 for NHL (range
8.2–3.6%; Fig. 5(d)).

After adjustment for changed patient characteristics, the NRH
rate for the three cancers combined decreased, on average, by
4.7% (95% CI, − 6.4 to 3.8%) each year before 2010
(p < 0.0001) and was flat from 2010 onward (p = 0.53). For
breast cancer, the rate decreased by 16% (95% CI, − 29 to 0%)
each year before 1999 (p = 0.05), stabilized between 1999 and
2010 (p = 0.71), and then decreased by 2.6% (95% CI, − 7.8 to
2.9%) each year (not statistically significant, p = 0.35). For lung
cancer, the rate decreased by 5.2% (95% CI, − 6.5 to 3.9%;
p < 0.0001) each year over the study period. For NHL, the rate
decreased by 5.9% (95% CI, − 7.1 to 4.7%; p< 0.0001) per year
before 2010, then was flat after 2010 (p = 0.60).

Discussion

To our knowledge, this is the first population-based study
describing temporal trends over two decades in chemotherapy
regimens by FN risk categories, PP-CSF use, and NRH rate in
elderly Medicare patients receiving myelosuppressive chemo-
therapy for female breast cancer, lung cancer, or NHL. For the
three cancers combined, the use of high or intermediate FN
risk regimens nearly doubled from 1995 to 1999, became
stable through 2008 between 56 and 61%, and then slowly
decreased to 52% in 2015. We observed a substantial increase
in PP-CSF use from 6% in 1995 to 53% in 2015, with a rapid
increase from 2002 to 2004 after pegfilgrastim introduction in
2002. Crude incidence of NRH during the first cycle follow-
ing myelosuppressive chemotherapy decreased from 5.2% in
1995 to 2.7% in 2015. After adjustment for changing baseline
patient characteristics that included FN risk category, the in-
cidence of NRH declined, on average, by 4.7% each year

�Fig. 4 PP-CSF use by FN risk category (high/intermediate or
unclassified) for (a) breast cancer, lung cancer, and NHL combined; (b)
breast cancer; (c) lung cancer; and (d) NHL. aRegimens not classified as
high or intermediate FN risk anytime during the study period. FN, febrile
neutropenia; NHL, non-Hodgkin lymphoma; PP-CSF, primary
prophylaxis with colony-stimulating factor
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before 2010 and became stable from 2010 onward. Patterns of
PP-CSF use in the first chemotherapy cycle over time were
similar for the individual cancers, but trends in chemotherapy
regimens by FN risk category and NRH incidence differed.

Comparison of our findings regarding trends in chemother-
apy regimens by FN risk category with findings from pub-
lished literature is challenging, primarily because the prior
published studies included a specific regimen [27], evaluated
high FN risk regimens alone [28] or any chemotherapy [36],
or used state-specific data with some differences in classifica-
tion of regimens’ FN risk category [25]. In their study,
Ramsey and colleagues [25] used four health insurance data-
bases (Medicare, Medicaid, and 2 commercial) linked to the
Western Washington State Surveillance, Epidemiology, and
End Results (SEER) registry to study the patterns of CSF
use among breast, colorectal, or non-small cell lung cancer
patients who received myelosuppressive chemotherapy from
2002 to 2005. The authors reported that high or intermediate
FN risk regimens were administered to 68% and 40% of
Medicare patients with breast and non-small cell lung cancer,
respectively [25]. In our study, 55–66% of patients with breast
cancer treated with chemotherapy between 2002 and 2005
received high or intermediate FN risk regimens, similar to
the findings reported by Ramsey et al. [25]. However, we
observed much higher use of high or intermediate FN risk
regimens for lung cancer, ranging between 67 and 72%.
This was due to Ramsey et al. excluding small cell lung cancer
or to different classification of the commonly used paclitaxel-
carboplatin regimen defined as low risk in their study but
intermediate risk in ours.

Our study provides recent data. In the past decade, among
patients with lung cancer receiving myelosuppressive chemo-
therapy, use of high or intermediate FN risk regimens steadily
decreased from 2007. This change may reflect the evolving
landscape of lung cancer treatment, including newer targeted
therapies and immunotherapies [37, 38], and the increasing
proportion of elderly patients with lung cancer in recent years,
which may have motivated oncologists to use less myelosup-
pressive chemotherapy.

Despite the different use patterns for high or intermediate
FN risk regimens across the three cancer types, trends in PP-
CSF use in the first cycle of chemotherapy by calendar year,
from 1995 to 2015, were similar (3–63% for breast cancer, 5–
37% for lung cancer, and 8–59% for NHL), with the rapid
increase mainly occurring from 2002 to 2004. Our findings

are consistent with the findings from earlier studies among
elderly patients with newly diagnosed breast cancer receiving
anthracycline- and/or taxane-based regimens [28] or NHL pa-
tients receiving cyclophosphamide, doxorubicin, vincristine,
and prednisone (CHOP)-based chemotherapy [27]. The rapid
uptake of pegfilgrastim after its introductionwas shown byDu
and colleagues [36] among elderly patients with breast cancer
treated with any chemotherapy using the SEER-Medicare data
from 2000 to 2009, and by Kozma and colleagues [39] using
annual drug sales data obtained from the IMS Health Drug
Distribution Database from 1994 to 2008.

Our study showed that PP-CSF use remained relatively
stable from 2013 onward among patients with breast cancer
or NHL but declined slightly among patients with lung cancer;
this decline may be explained by the continuous declining
trend in the use of high or intermediate FN risk regimens as
newer targeted therapies and immunotherapies became avail-
able. Additionally, patients with lung cancer have more co-
morbid conditions than patients with the other two cancers
(Online resources 9–11), possibly associated with cigarette
use [40]. Thus, these patients may not tolerate intense myelo-
suppressive chemotherapies. We could not evaluate the che-
motherapy doses delivered because dosing information is not
available in claims data.

Although overall the incidence of first-cycle NRH declined
over time, the trends differed across the three cancers. After
adjustment for patient characteristics, NRH rates declined by
5% per year over the entire study period for lung cancer, in
general mirroring the increasing trend in PP-CSF use and the
decreasing trend in chemotherapy regimens at high or interme-
diate FN risk in recent years. For NHL and breast cancer, how-
ever, the decline in NRH rates did not continue throughout the
study period; instead, rates became stable from 2010 onward
for NHL and between 1999 and 2010 for breast cancer after
taking into account changed patient characteristics over time.
Using the SEER-Medicare linked data from 2002 to 2012,
Goyal and colleagues [28] assessed the trends in FN risk (de-
fined as neutropenia or infection or fever-related hospitaliza-
tion) among elderly women with newly diagnosed breast can-
cer receiving anthracycline- and/or taxane-based chemotherapy.
The authors reported that the observed FN incidence in the first
chemotherapy cycle decreased from 8.6% in 2002 to 7.0% in
2012 (ranging between 4.6% in 2005 and 8.6% in 2002) for
breast cancer. Over the same study period, in our study, we
observed a slight increase in NRH rates from 2.9% in 2002 to
3.5% in 2012 (ranging between 2.0% in 2010 and 3.8% in
2005). The NRH rate in our study was lower because of the
broad definition used by Goyal et al. [28].

Certain limitations of our study should be considered.
Firstly, we chose a definition of NRH with high specificity
(94%) for identifying FN, but given the low sensitivity (67%)
of this definition, we likely underestimated the absolute FN
burden for this population [33]. However, the use of a

�Fig. 5 Overall unadjusted incidence (%) of neutropenia-related
hospitalization in the first chemotherapy cycle for (a) breast cancer,
lung cancer, and NHL combined; (b) breast cancer; (c) lung cancer; and
(d) NHL. Neutropenia-related hospitalization definition was based on
ICD-9-CM diagnosis codes for neutropenia (288.0X) in the first 5
diagnosis positions from Part A inpatient claims. ICD-9-CM,
International Classification of Diseases, Ninth Revision, Clinical
Modification; NHL, non-Hodgkin lymphoma

Support Care Cancer (2020) 28:2637–2649 2647



consistent NRH definition over time, even if it sacrifices sen-
sitivity for gains in specificity, should not pose a threat to the
validity of the NRH trends. Secondly, the FN risk associated
with high-risk regimens varies, with a lower end of 20%.
Although we controlled for chemotherapy FN risk category
(high/intermediate or unclassified) in multivariable regression
models, residual confounding likely exists in the assessment
of trends in NRH rates. Thirdly, some regimens may be
misclassified, particularly for patients who received combina-
tion therapy with a new agent during the study period in which
a unique HCPCS Level II code was not yet available. We
expect the misclassification was minimal. Additionally, data
on chemotherapy dosage and intensity, performance status,
lab results for kidney and hepatic function, and cancer stage
that could affect PP-CSF use are not available in administra-
tive claims data. Moreover, trends in FN patients receiving
only outpatient care were not characterized in this study be-
cause most older cancer patients with FN received care in an
inpatient setting. Thus, the impact of variations in outpatient
treatment of FN over time could not be assessed. Lastly, the
study findings may not be applied to patients aged younger
than 65 years with breast cancer, lung cancer, or NHL, or older
patients with Medicare advantage coverage, or patients resid-
ing outside the USA.

In conclusion, data from our study show that among elderly
patients diagnosed with breast cancer, lung cancer, or NHL
who received myelosuppressive chemotherapy from 1995 to
2015, PP-CSF use increased substantially after 2002. Over the
same 21-year period, incidence of NRH in the first cycle de-
creased, on average, by 5% each year before 2010 and was flat
from 2010 onward after controlling for patient characteristics.
The decline in NRH can be attributed to a multitude of factors
including improved understanding of FN risk following mye-
losuppressive chemotherapy, patient education and early FN
management, considerations of patient-level risk factors, and
prophylactic use of CSFs. However, the relative stabilization
of NRH rates from 2010 onward indicates an existing clinical
burden among patients receiving myelosuppressive chemo-
therapy. The decision to use PP-CSF during chemotherapy
to prevent FN is multifactorial, and it is important to quantify
FN risk based on all factors. Further studies regarding under-
standing additional factors responsible for NRH and develop-
ing a prediction model for FN risk based on patient-level risk
factors, tumor-related characteristics, and the combination of
agents and dosing will be helpful to identify strategies to re-
duce the persistent health burden of FN.
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