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Abstract
Background: NCCN has classified commonly used chemotherapy regimens into high (>20%), intermediate (10%–20%), or low (<10%) fe-
brile neutropenia (FN) risk categories based primarily on clinical trial evidence. Many chemotherapy regimens, however, remain unclassified 
by NCCN or lack FN incidence data in real-world clinical practice. Patients and Methods: We evaluated incidence proportions of FN and 
grade 4 and 3/4 neutropenia during the first chemotherapy course among patients from Kaiser Permanente Southern California who re-
ceived selected chemotherapy regimens without well-established FN risk. Patients given granulocyte colony-stimulating factor (G-CSF) pro-
phylaxis were excluded. Sensitivity analyses were performed to account for FN misclassification and censoring. Results: From 2008 to 2013, 
1,312 patients with breast cancer who received docetaxel and cyclophosphamide (TC; n=853) or docetaxel, carboplatin, and trastuzumab 
(TCH; n=459); 1,321 patients with colorectal cancer who received capecitabine and oxaliplatin (XELOX; n=401) or leucovorin, 5-fluorouracil, 
and oxaliplatin (FOLFOX6; n=920); 307 patients with non-Hodgkin’s lymphoma who received bendamustine with or without rituximab; and 
181 patients with multiple myeloma who received lenalidomide with or without dexamethasone were included. Crude FN risk was >20% 
for both breast cancer regimens (TC and TCH). Crude FN risks for XELOX, FOLFOX6, bendamustine, and lenalidomide were <10%; however, 
when potential FN misclassification and censoring were considered, FN risks were >10%. Conclusions: Our results support published lit-
erature highlighting the real-world, “high” FN risk of the TC and TCH regimens for breast cancer. There is strong suggestive evidence that 
FN risks for XELOX, FOLFOX6, bendamustine, and lenalidomide are >10%. Calculation of chemotherapy course-level FN incidence without 
controlling for differential censoring for patients who discontinued regimens early, or possible FN misclassification, might have resulted in 
bias toward an underestimation of the true FN risk. These findings help define FN risk of the selected regimens in the real-world setting 
and inform prophylactic G-CSF use.
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Background
Febrile neutropenia (FN) is a serious adverse effect of 
myelosuppressive chemotherapy that can affect treat-
ment by contributing to dose delays and reductions.1 FN 
often requires hospitalization and incurs a significant 
healthcare cost.2 Prophylactic use of recombinant hu-
man granulocyte colony-stimulating factors (G-CSFs), 
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such as filgrastim or pegfilgrastim, can significantly re-
duce FN risk and FN-related costs.3–5

The risk of developing FN depends on patient and 
disease characteristics and the myelotoxicity of chemo-
therapy regimens.6 Understanding the FN risk associated 
with individual chemotherapy regimens can help guide 
prophylactic G-CSF use. The NCCN Clinical Practice 
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Guidelines in Oncology (NCCN Guidelines) for 
Myeloid Growth Factors7 classified some common-
ly used chemotherapy regimens into FN-risk groups 
(high [>20%], intermediate [10%–20%], or low 
[<10%]) based primarily on FN incidence through-
out the chemotherapy course reported in clinical 
trials. Primary prophylactic G-CSF (ppG-CSF) use 
is recommended in patients receiving high-risk che-
motherapy regimens and should be considered for 
those who receive intermediate-risk regimens and 
have additional risk factors.7

The chemotherapy landscape for cancer treat-
ment continues to evolve, and many new therapeu-
tic agents and combinations have recently become 
available. FN risks for these new regimens are either 
not classified by NCCN Guidelines or their FN-risk 
profiles in real-world clinical practice are not fully 
understood. Assessing FN risk for chemotherapy reg-
imens outside of clinical trial settings is of great im-
portance; previous studies have noted differences in 
FN risks reported in clinical trials versus actual clini-
cal practice.8–10 The differences may be explained by 
the more stringent enrollment criteria of clinical tri-
als and different standards of care in clinical trials. 
Additionally, G-CSF use (including ppG-CSF) is 
sometimes allowed in clinical trials.

Using data from Kaiser Permanente South-
ern California (KPSC), we evaluated FN risks as-
sociated with docetaxel/cyclophosphamide (TC) 
and docetaxel/carboplatin/trastuzumab (TCH) for 
breast cancer; leucovorin/5-fluorouracil/oxaliplatin 
(FOLFOX6) or capecitabine/oxaliplatin (XELOX) 
for colorectal cancer (CRC); bendamustine with or 
without rituximab (B±R) for non-Hodgkin’s lym-
phoma (NHL); and lenalidomide with or without 
dexamethasone for multiple myeloma (MM). When 
this study was initiated, TC was established by the 
NCCN Myeloid Growth Factors Guidelines7 as a 
regimen with intermediate FN risk1; however, sub-
stantial variability in FN risk has been seen outside 
of clinical trials.11,12 Additionally, TCH had not been 
classified by NCCN. Both regimens are now classi-
fied as high-risk FN regimens in the current guide-
lines.13–15 FOLFOX has been classified as an inter-
mediate-risk regimen based on clinical trial findings 
for FOLFOX4.7,16 FN risk for FOLFOX6, an alterna-
tive regimen with a more simplified administration 
of 5-fluorouracil infusion,17 remains unclassified. All 

other regimens evaluated have not been classified by 
NCCN for FN risk and have limited real-world data.

Patients and Methods 
Study Population
KPSC is an integrated managed care organization 
that provides comprehensive health services for 3.5 
million enrollees with diverse racial, ethnic, and so-
cioeconomic backgrounds who broadly represent the 
residents of southern California.18 KPSC maintains 
electronic health records for most aspects of care, 
including diagnoses, medical procedures, pharmacy 
dispensing, laboratory test results, and disease reg-
istries. Incident cancer cases were identified using 
KPSC’s SEER-affiliated cancer registry.

We identified a retrospective cohort of adult 
patients diagnosed with breast cancer, CRC, NHL, 
or MM at KPSC between January 1, 2008, and De-
cember 31, 2013, who initiated a new course of che-
motherapy with one of the selected chemotherapy 
regimens before June 30, 2014. Patients with <12 
months of KPSC membership, unknown cancer 
stage, or multiple primary cancers before chemo-
therapy initiation, or who had received bone mar-
row transplant, stem cell transplant, or radiation 
therapy before or during the chemotherapy course 
under study were excluded, as were those who re-
ceived prophylactic G-CSF within 5 days of che-
motherapy initiation in the first cycle. Addition-
ally, patients were censored at subsequent cycles in 
which prophylactic G-CSF was used within 5 days 
of chemotherapy initiation.

Exposure Assessment 
The first chemotherapy course with one of the se-
lected chemotherapy regimens under study among 
eligible patients was included in the analysis. A che-
motherapy course was defined as sequential adminis-
trations of chemotherapy agents separated by a gap of 
<60 days. The start of the chemotherapy course was 
defined as the date of initial chemotherapy adminis-
tration, and the end date was defined as the last date 
of administration of selected chemotherapy regi-
mens with a subsequent gap of ≥60 days. Information 
on the chemotherapy agent, dose, cycle length, and 
number of cycles administered was obtained from 
KPSC’s chemotherapy infusion databases (Table 1).
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Outcome Assessment
The primary end point, FN, was defined using one 
of the following methods: (1) neutropenia (ICD-9 
code 288.0) and fever (ICD-9 code 780.6) within 
7 days of hospitalization; (2) absolute neutrophil 
count (ANC) <1,000/mcL and fever (ICD-9 code 
780.6) within 7 days of hospitalization; (3) hospital-
ization with neutropenia (ICD-9 code 288.0) as the 
primary diagnosis; or (4) neutropenia (ICD-9 code 
288.0) or ANC <1,000/mcL within 7 days of hos-
pitalization with an ICD-9 code for bacterial/fungal 
infection. Neutropenia during a chemotherapy cycle 
usually lasts 1 to 5 days19,20; consequently, there is a 
high probability that such transient changes in neu-
trophil counts might not be detected when testing 
is performed, even when a patient has an infection. 
Furthermore, intravenous antibiotics are most often 
given when there is at least a strong suspicion of 
infection. To account for possible FN misclassifica-
tion, we conducted a sensitivity analysis; FN cases 
were defined as occurring in patients who either met 
the aforementioned FN definition or received treat-
ment with intravenous antibiotics during the che-
motherapy course. The secondary end points were 
grade 4 (ANC <500/mcL) or 3/4 neutropenia (ANC 
<1,000/mcL).

Follow-up of each patient to ascertain end points 
of interest began at the first chemotherapy admin-
istration with a selected regimen and ended either 
when the chemotherapy regimen was switched, at 28 
days after initiation of the last cycle, at termination 
of KPSC membership, or at death, whichever came 

first. Furthermore, if gaps between 2 adjacent cycles 
were >28 days, the end points of interest for the ear-
lier cycle were captured only within 28 days after ini-
tiating the cycle.

Covariates of Interest
Information on patients’ age, sex, race/ethnicity, and 
cancer stage at diagnosis was obtained from KPSC’s 
cancer registry. Information was also collected on se-
lected comorbidities previously shown to be related 
to FN risk,21,22 including diabetes, hypertension, car-
diovascular diseases, chronic obstructive pulmonary 
disorder/emphysema, liver disease, renal disease, au-
toimmune conditions, thyroid disorder, peptic ulcer 
disease, connective disease, and HIV infection. All 
available records in KPSC’s disease registry were used 
to evaluate the history of cancer, HIV, and diabetes. 
The presence of other conditions was assessed using 
ICD-9 diagnosis codes within the 12 months before 
chemotherapy initiation.

Statistical Analysis 
Descriptive analyses were conducted to character-
ize demographics, disease characteristics, comor-
bidities, and doses used in the first chemotherapy 
cycle per body surface area for each of the selected 
chemotherapy regimens. Course- and cycle-level 
crude incidence proportions of study end points 
were calculated (defined as the number of patients 
who developed the study end points throughout 
the course of chemotherapy or in a given cycle di-
vided by the number of eligible patients in the  

Table 1. Chemotherapy Regimens Evaluated
Cancer 
Type Regimen Acronym Standard Dosea

Maximum Cycles  
Studied, nb

Cycle  
Length, days

Breast Docetaxel and cyclophosphamide TC Docetaxel, 75 mg/m2 + cyclophosphamide, 600 
mg/m2 on day 1

6 21 

Breast Docetaxel, carboplatin, and 
trastuzumab

TCH Docetaxel, 75 mg/m2 + carboplatin, AUC6 on day 1 6 21 

CRC Capecitabine and oxaliplatin XELOX Capecitabine, 1,700–2,000 mg/m2 daily, day 1–14 + 
oxaliplatin, 130 mg/m2 on day 1

8 21 

CRC Leucovorin, fluorouracil, and 
oxaliplatin

FOLFOX6  Leucovorin, 400 mg/m2 IV over 2 h before 5-FU on 
day 1 + 5-FU, 400-mg/m2 bolus then 1,200 mg/m2 
for 2 daysc + oxaliplatin, 85 mg/m2 on day 1

12 14 

NHL Bendamustine ± rituximab B±R Bendamustine, 90 mg/m2 on days 1 and 2 6 28 

MM Lenalidomide ± dexamethasone N/A Lenalidomide, 25 mgd on days 1–21 6–9 28 

Abbreviations: 5-FU, 5-fluorouracil; AUC, area under the time–concentration curve; CRC, colorectal cancer; IV, intravenous; MM, multiple myeloma; 
N/A, not applicable; NHL, non-Hodgkin’s lymphoma.
aOnly standard doses for myelosuppressive chemotherapy agents are shown in the table.
bMaximal numbers of cycles included in the evaluation are based on standard numbers of cycles for each regimen reported in literature.
cPatients who received weekly regimens of FOLFOX6 or did not receive 5-FU bolus were excluded. 
dOnly patients receiving lenalidomide, 25 mg were included in the current analysis in an attempt to capture initial therapy.
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beginning of the chemotherapy course or cycle). The 
95% CIs for the crude incidence proportions were 
estimated using normal approximation. To control 
for possible differences in characteristics of patients 
with cancer receiving select regimens relative to all 
chemotherapy-treated patients with the same cancer 
type, standardized incidence proportions were esti-
mated using a model-based standardization approach 
adjusting for age, sex, race/ethnicity, and cancer 
stage. All KPSC members diagnosed with a cancer 
of interest who received any chemotherapy during 
the study period were used as the reference group to 
calculate standardized incidence proportions. The 
95% CIs for all standardized incidence proportions 
were calculated using 1,000 bootstrap samples and 
the percentile method. In addition, chemotherapy 
course–level FN incidence proportions by age group 
(<65 or ≥65 years) and by number of comorbidities 
(0, 1, ≥2) were calculated.

Because our data were significantly affected by 
censoring, we performed a sensitivity analysis to ex-
plore the upper bounds for the true FN incidence 
proportions under different censoring scenarios. 
This was accomplished by estimating the FN inci-
dence proportions by the number of chemotherapy 
cycles completed. FN incidence proportion was esti-
mated separately for patients who completed 1 cycle 
only, for patients who completed 2 cycles only, and 
so forth, and for patients who completed the maxi-
mal number of cycles evaluated.

A substantial proportion of patients with breast 
cancer were excluded from the final study cohort 
because of the use of ppG-CSF; consequently, we 
performed a sensitivity analysis among patients with 
breast cancer who met all other selection criteria 
but received ppG-CSF. This allowed for the capture 
of differences in FN incidence proportions between 
those who received ppG-CSF versus those who did 
not, and the comparison of these estimates to the 
literature.

Results
Patients
After applying the study inclusion/exclusion crite-
ria, 1,312 patients with breast cancer (TC, n=853; 
TCH, n=459), 1,321 with CRC (XELOX, n=401; 
FOLFOX6, n=920), 307 with NHL receiving B±R, 
and 181 with MM receiving lenalidomide with or 

without dexamethasone were included in the analy-
sis. The population dispositions after applying each 
inclusion/exclusion criterion for the selected chemo-
therapy regimens are shown in supplemental eFigures 
1–4 (available with this article at JNCCN.org). Of 
note, a high proportion of patients with breast can-
cer who met other selection criteria were excluded 
because of ppG-CSF use (TC, 27% [n=320/1,177]; 
TCH, 23% [n=134/593]). 

Demographics and clinical characteristics of 
the study population by chemotherapy regimen are 
shown in Table 2. The mean age at diagnosis ranged 
from 55.5 to 66.9 years. The breast cancer regimens 
were mostly used in patients with early-stage disease 
(stage I or II), whereas most CRC and NHL regimens 
were given to patients with advanced-stage disease 
(stage III or IV). Table 2 also shows the distribution 
of doses at cycle 1 by chemotherapy agent. Demo-
graphics and clinical characteristics of patients with 
breast cancer who met other selection criteria but 
were excluded from the main analysis due to ppG-
CSF are shown in supplemental eTable 1.

End Points
The crude and standardized incidence proportions 
for FN, FN plus intravenous antibiotic use, and 
grade 4 and 3/4 neutropenia in the first chemo-
therapy course are presented in Table 3. Incidence 
proportions of FN by each chemotherapy cycle and 
during the chemotherapy course by number of com-
pleted cycles are presented in supplemental eTables 
2 and 3.

During the first 6 cycles of chemotherapy, 20.9% 
and 25.1% of patients with breast cancer who re-
ceived TC and TCH regimens, respectively, experi-
enced ≥1 FN episode (Table 3; supplemental eTable 
2). When intravenous antibiotic treatment was in-
cluded as part of the FN definition, 23.3% and 31.6% 
of patients with breast cancer who received the TC 
and TCH regimens, respectively, experienced FN 
(Table 3). Standardized incidence proportions were 
similar to the crude estimates. In the sensitivity anal-
ysis, we observed that patients who completed fewer 
cycles of the TC or TCH regimen had higher FN 
incidence proportions. The results demonstrate pos-
sible upper bounds for the FN incidences under dif-
ferent censoring scenarios (supplemental eTable 3). 
Additionally, 8.1% of 320 otherwise eligible patients 
with breast cancer who received TC and ppG-CSF 

http://www.jnccn.org/content/15/9/1122/suppl/DC1
http://www.jnccn.org/content/15/9/1122/suppl/DC1
http://www.jnccn.org/content/15/9/1122/suppl/DC1
http://www.jnccn.org/content/15/9/1122/suppl/DC1
http://www.jnccn.org/content/15/9/1122/suppl/DC1
http://www.jnccn.org/content/15/9/1122/suppl/DC1
http://www.jnccn.org/content/15/9/1122/suppl/DC1
http://www.jnccn.org/content/15/9/1122/suppl/DC1
http://www.jnccn.org/content/15/9/1122/suppl/DC1
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Table 2. Demographic and Clinical Characteristics
Breast CRC NHL MM

 
TC

(n=853)
TCH

(n=459)
XELOX
(n=401)

FOLFOX6
(n=920)

B±R
(n=307)

Lenalidomide ± 
Dexamethasone

(n=181)

Age at diagnosis, mean (SD) 56.9 (10.0) 55.5 (10.5) 61.5 (12.0) 58.9 (11.5) 66.9 (11.9) 62.8 (10.1)

18–39 y, n (%) 29 (3.4) 32 (7.0) 19 (4.7) 47 (5.1) 4 (1.3) 1 (0.6)

40–49 y, n (%) 181 (21.2) 100 (21.8) 46 (11.5) 145 (15.8) 26 (8.5) 21 (11.6)

50–59 y, n (%) 293 (34.4) 158 (34.4) 98 (24.4) 264 (28.7) 43 (14.0) 45 (24.9)

60–69 y, n (%) 262 (30.7) 128 (27.9) 132 (32.9) 285 (31.0) 100 (32.6) 65 (35.9)

70–79 y, n (%) 80 (9.4) 40 (8.7) 81 (20.2) 159 (17.3) 91 (29.6) 44 (24.3)

≥80 y, n (%) 8 (0.9) 1 (0.2) 25 (6.2) 20 (2.2) 43 (14.0) 5 (2.8)

Female, n (%) 853 (100) 459 (100) 191 (47.6) 453 (49.2) 131 (42.7) 74 (40.9)

Ethnicity, n (%)

White, non-Hispanic 469 (55.0) 219 (47.7) 183 (45.6) 457 (49.7) 186 (60.6) 80 (44.2)

African American 152 (17.8) 68 (14.8) 77 (19.2) 139 (15.1) 26 (8.5) 35 (19.3)

Asian 108 (12.7) 90 (19.6) 41 (10.2) 104 (11.3) 17 (5.5) 12 (6.6)

Hispanic 123 (14.4) 76 (16.6) 91 (22.7) 211 (22.9) 73 (23.8) 46 (25.4)

Other 1 (0.1) 6 (1.3) 9 (2.2) 9 (1.0) 5 (1.6) 8 (4.4)

Stage at diagnosis, n (%)

I 331 (38.8) 145 (31.6) 9 (2.2) 29 (3.2) 32 (10.4) NA

II 439 (51.5) 213 (46.4) 64 (16.0) 113 (12.3) 45 (14.7) NA

III 74 (8.7) 77 (16.8) 177 (44.1) 516 (56.1) 85 (27.7) NA

IV 9 (1.1) 24 (5.2) 151 (37.7) 262 (28.5) 145 (47.2) NA

History of comorbidities of interest, n (%)

Diabetes 112 (13.1) 81 (17.7) 80 (20.0) 182 (19.8) 66 (21.5) 38 (21.0)

Hypertension 331 (38.8) 171 (37.3) 197 (49.1) 408 (44.4) 166 (54.1) 99 (54.7)

Cardiovascular diseasea 36 (4.2) 14 (3.1) 43 (10.7) 75 (8.2) 45 (14.7) 21 (11.6)

COPD/emphysema 115 (13.5) 44 (9.6) 58 (14.5) 94 (10.2) 53 (17.3) 35 (19.3)

Moderate/severe liver diseaseb 11 (1.3) 8 (1.7) 12 (3.0) 23 (2.5) 10 (3.3) 7 (3.9)

Moderate/severe renal disease 59 (6.9) 28 (6.1) 33 (8.2) 69 (7.5) 51 (16.6) 15 (8.3)

Autoimmune conditionsc 17 (2.0) 11 (2.4) 6 (1.5) 17 (1.9) 6 (2.0) 5 (2.8)

Thyroid disorderd 119 (14.0) 47 (10.2) 37 (9.2) 82 (8.9) 41 (13.4) 13 (7.2)

Peptic ulcer disease 3 (0.4) 0 (0) 10 (2.5) 12 (1.3) 6 (2.0) 3 (1.7)

Connective tissue disease 17 (2.0) 13 (2.8) 3 (0.8) 11 (1.2) 7 (2.3) 4 (2.2)

HIV infection 0 (0) 1 (0.2) 0 (0) 3 (0.3) 1 (0.3) 0 (0)

Number of comorbidities, n (%)

0 390 (45.7) 226 (49.2) 147 (36.7) 379 (41.2) 84 (27.4) 53 (29.3)

1 226 (26.5) 116 (25.3) 112 (27.9) 260 (28.3) 91 (29.6) 57 (31.5)

2 157 (18.4) 71 (15.5) 81 (20.2) 176 (19.1) 66 (21.5) 43 (23.7)

≥3 80 (9.4) 46 (10.0) 61 (15.2) 105 (11.4) 66 (21.5) 28 (15.5)

Grade 3/4 neutropenia 
within 6 months before first 
chemotherapy, n (%)

14 (1.6) 15 (3.3) 49 (12.2) 87 (9.5) 48 (15.6) 25 (13.8)

Initial dose at cycle 1, mg/m2

Chemotherapy agent 1 Docetaxel Docetaxel Oxaliplatin Oxaliplatin Bendamustine Lenalidomidee

Mean (SD) 74.0 (4.4) 73.7 (4.8) 122.6 (16.6) 84.7 (5.9) 85.9 (12.8) –

Range 32.7–103.1 35.8–81.6 64.7–179.3 41.5–128.5 40.0–126.4 –

Median 75.0 75.0 130.0 85.0 90.0 –

IQR 74.5–75.0 74.7–75.0 129.1–130 84.9–85.0 87.5–90.0 –

Chemotherapy agent 2 Cyclophosphamide Carboplatin Capecitabine 5-FU – –

Mean (SD) 594.0 (30.6) 347.9 (71.5) 1,583.1 (321.0) 2,701.1 (308.3) – –

Range 286.5–825.0 85.3–575.8 473.8–4,067.8 970.9–3,500 – –

Median 600.0 347.0 1,612.9 2,800.0 – –

IQR 598.9–600.0 305.3–393.0 1,445.1–1,741.3 2,790.4–2,800.0 – –

Abbreviations: 5-FU, 5-fluorouracil; B±R, bendamustine with or without rituximab; COPD, chronic obstructive pulmonary disease; CRC, colorectal 
cancer; FOLFOX6, leucovorin/5-FU/oxaliplatin; IQR, interquartile range; MM, multiple myeloma; NA, not available; NHL, non-Hodgkin’s lymphoma; 
TC, docetaxel/cyclophosphamide; TCH, docetaxel/carboplatin/trastuzumab; XELOX, capecitabine/oxaliplatin. 
aIncluded myocardial infarction, stroke, congestive heart failure, and peripheral vascular disease. 
bIncluded hepatitis and cirrhosis.
cIncluded rheumatoid arthritis, systemic lupus erythematosus, multiple sclerosis, and inflammatory bowel disease. 
dIncluded autoimmune thyroiditis.
eThe dose of lenalidomide in the first cycle was 25 mg for every patient with MM.
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and 6.0% of 134 of those who received TCH and 
ppG-CSF developed FN (data not shown).

FN incidence proportions were observed to be 
<10% for patients with CRC treated with XELOX 
(5%) and FOLFOX6 (6%), NHL treated with B±R 
(9%), and MM treated with lenalidomide with or 
without dexamethasone (7%; Table 3 and supple-
mental eTable 2); however, the incidence propor-
tions of patients who met the FN definition or re-
ceived intravenous antibiotic treatment were >10% 
for all of these regimens (Table 3). Results from addi-
tional sensitivity analysis also suggested that patients 
who completed a smaller number of cycles of B±R 
and lenalidomide with or without dexamethasone 
had >10% FN incidence proportions (supplemental 
eTable 3).

Stratified analyses of incidence proportions of 
FN during the chemotherapy course by age group 
(<65 or ≥65 years) and number of comorbidities (0, 
1, ≥2) are presented in supplemental eTable 4. Clear 
differences were not obvious by age group or number 
of comorbidities examined.

Incidence proportions of grade 4 (22.2%−52.1%) 
and 3/4 neutropenia (27.2%−62.8%) were high for 
all regimens investigated (Table 3).

Discussion
In this study, we characterized the incidence propor-
tions of FN in patients who received selected che-
motherapy regimens in real-world clinical practice. 
Using current NCCN criteria, our findings suggest 
that the TC and TCH regimens for breast cancer 
should be classified as regimens with high risk for FN 
(>20%). There is also evidence suggesting that inci-
dence proportions of FN for XELOX and FOLFOX6 
for CRC, B±R for NHL, and lenalidomide with or 
without dexamethasone for MM were >10%.

Treatment with TC and TCH without ppG-CSF 
among patients with breast cancer was associated 
with a 20.9% and 25.1% risk of developing FN, re-
spectively. However, the actual FN risk during the 
chemotherapy course was likely underestimated ow-
ing to informative censoring and misclassification of 
FN. Calculation of the overall incidence proportion 
assumes that patients who discontinued the regimen 
early would not have developed FN if they had con-
tinued the regimen. The higher incidence proportions 
of FN (>30% to >40%) observed for those who com-
pleted fewer cycles of TC or TCH suggested that upper 
bounds of the actual FN risks for TC and TCH might 
be much higher than 20% if the censored patients 
had continued the regimen. Our findings are in con-
trast with the low FN incidences reported in pivotal 

Table 3. Incidence Proportion of FN in the Overall Chemotherapy Course
Breast CRC NHL MM

TC
(n=853)

TCH
(n=459)

XELOX
(n=401)

FOLFOX6
(n=920)

B±R
(n=307)

Lenalidomide ± 
Dexamethasone

(n=181)

Crude incidence proportion, % (95% CI)

FN 20.9
(18.1–23.6)

25.1
(21.1–29.0)

5.0
(2.9–7.1)

6.3
(4.7–7.9)

8.8
(5.6–12.0)

7.2 
(3.4–10.9)

FN + IV antibiotics 23.3
(20.5–26.2)

31.6
(27.3–35.8)

14.0
(10.6–17.4)

14.2
(12.0–16.5)

18.9
(14.5–23.3)

16.0
(10.7–21.4)

Grade 4 neutropenia 44.3
(41.0–47.7)

52.1
(47.5–56.6)

22.2
(18.1–26.3)

32.3
(29.3–35.3)

24.7
(22.4–27.0)

26.5
(20.1–33.0)

Grade 3/4 neutropenia 53.6 
(50.2–56.9

62.8
(58.3–67.2)

27.2
(22.8–31.5)

47.0
(43.7–50.2)

29.6
(24.5–34.8)

35.9
(28.9–43.4)

Standardized incidence proportion, % (95% CI)

FN 20.2 
(17.3–23.2)

25.2 
(21.0–29.1)

5.1 
(3.0–7.5)

6.7 
(5.2–8.3)

7.5 
(4.8–10.5)

6.5 
(3.2–10.0)

FN + IV antibiotics 22.9
(19.9–25.9)

31.7
(27.4–35.9)

13.9
(10.5–17.5)

14.1
(11.9–16.3)

16.8
(13.1–21.2)

17.4
(11.8–23.2)

Grade 4 neutropenia 44.6 
(41.1–48.3)

52.1 
(47.6–56.8)

23.2 
(18.7–27.6)

32.5 
(29.6–35.6)

23.1 
(18.4–28.3)

26.4 
(20.3–32.4)

Grade 3/4 neutropenia 54.5 
(51.0–58.1)

62.7 
(58.2–67.0)

28.1 
(23.2–32.8)

46.5 
(43.3–49.7)

27.7 
(22.8–32.9)

35.6 
(28.1–42.5)

Abbreviations: B±R, bendamustine with or without rituximab; CRC, colorectal cancer; FN, febrile neutropenia; FOLFOX6, leucovorin/5-fluorouracil/
oxaliplatin; IV, intravenous; MM, multiple myeloma; NHL, non-Hodgkin’s lymphoma; TC, docetaxel/cyclophosphamide; TCH, docetaxel/carboplatin/
trastuzumab; XELOX, capecitabine/oxaliplatin.

http://www.jnccn.org/content/15/9/1122/suppl/DC1
http://www.jnccn.org/content/15/9/1122/suppl/DC1
http://www.jnccn.org/content/15/9/1122/suppl/DC1
http://www.jnccn.org/content/15/9/1122/suppl/DC1
http://www.jnccn.org/content/15/9/1122/suppl/DC1


© JNCCN—Journal of the National Comprehensive Cancer Network | Volume 15   Number 9 | September 2017

Original Research

Li et al

1128

clinical trials for the TC and TCH regimens (5% and 
9.6%, respectively), in which hematopoietic growth 
factors or prophylactic antibiotics were allowed.23,24 
Noninterventional studies reported that incidences of 
FN associated with the TC and TCH regimens were 
considerably higher (26%–41%) among those without 
ppG-CSF than those with ppG-CSF (0%–7%).11,25–27 
Our sensitivity analysis supports the published FN risk 
reported in real-world clinical practice and adds fur-
ther evidence that ppG-CSF significantly reduces the 
risk of developing FN for patients treated with the TC 
or TCH regimens (<10%). 

When intravenous antibiotic treatment and 
early patient censorship were not considered, the 
low FN incidence proportions (<10%) observed 
in this analysis for patients with CRC treated with 
XELOX or FOLFOX6, NHL treated with B±R, and 
MM treated with lenalidomide with or without 
dexamethasone seem to concur with previous find-
ings from clinical trials and observational studies.25–39 
However, the actual incidence proportions of FN 
for these regimens were observed to be >10% if the 
patterns of censoring inherent in the data are con-
sidered or if adjustments for misclassification of FN 
are made. These results help inform the use of pro-
phylactic G-CSF for these regimens in clinical prac-
tice. However, of note, for XELOX, capecitabine was 
used from day 1 to 14 of each cycle. It is not recom-
mended that G-CSF be administered concurrently 
with daily chemotherapy such as oral capecitabine 
because, although G-CSF stimulates the growth of 
myeloid stem cells, the chemotherapy would simul-
taneously kill fast-growing cells.40–42

High proportions of patients developed neutro-
penia even when they received regimens with nomi-
nally low FN risk (eg, XELOX, FOLFOX6, B±R, 
and lenalidomide ± dexamethasone). Although we 
suspect that the true FN risk for these regimens is 
likely to be greater when accounting for censoring, it 
is also likely that some chemotherapy drugs suppress 
the bone marrow’s production of neutrophils with-
out interfering with phagocytic function or overall 
barrier function (skin or mucosal integrity). In such 
cases, there may be a high risk of neutropenia with-
out a correspondingly high risk of infection.

Previous studies demonstrated that vulnerable 
patient populations such as the very elderly (aged 
>65 years), patients with multiple comorbidities, 
and hospitalized patients tend to have higher FN-

related mortality.43 Additional research is warranted 
to better understand the FN-related mortality associ-
ated with specific chemotherapy regimens, especially 
among vulnerable populations.

Several limitations should be considered. This 
study was subject to selection bias (including differ-
ential censoring); significant proportions of patients 
receiving the TC or TCH regimens were excluded 
because of the use of ppG-CSF. Although no obvi-
ous differences in basic demographic and clinical 
characteristics were observed between patients who 
received and did not receive ppG-CSF in the cur-
rent study population, FN risk could be confounded 
by unmeasured characteristics (eg, performance sta-
tus), which might cause underestimation of FN risks 
because of the possibility that patients with a poor 
performance status were more likely to receive ppG-
CSF. Bias due to differential loss to follow-up is pos-
sible because patients who developed severe adverse 
events (FN or others) may have switched regimens 
or terminated treatment prematurely. Calculating 
incidence proportions of FN by number of complet-
ed cycles suggested that determining the overall FN 
incidence proportions in the chemotherapy course, 
without accounting for censoring, likely underes-
timated FN risks. It is noteworthy that the lack of 
controlling for censoring is a common limitation of 
previous observational studies and clinical trials that 
evaluated FN risks for chemotherapy regimens. 

This study was also limited by the use of an elec-
tronic algorithm to capture FN (because there are no 
specific ICD-9 diagnosis codes for FN), which may 
have led to misclassifications.43 Our sensitivity analy-
sis, in which intravenous antibiotic treatment was in-
cluded as part of the FN definition, aims to account 
for possible FN misclassification. Also, it is possible 
that an administrative database is not capable of accu-
rately identifying prophylactic antibiotic use, which 
might lead to further underestimation of FN risks be-
cause of unrecognized prophylaxis. This might be of 
concern because the rate of prophylactic antibiotic 
use in general practice may be higher than expected.44 

Finally, the findings from this highly integrated 
managed care organization may not be generalizable 
to patients treated in other settings because of differ-
ences in practice patterns (ie, G-CSF use and who re-
ceived the regimen) and patient characteristics. Cal-
culating standardized incidence proportions using all 
patients with cancer treated with chemotherapy at 
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KPSC helped account for differences in patient demo-
graphic characteristics; KPSC cancer cases are similar 
to those in the California SEER registry.45

This study has several important strengths. Data 
were used from a large community-based population 
of patients with cancer; therefore, the findings may 
better reflect FN risks in the real-world setting. The 
comprehensive clinical databases at KPSC allowed 
for detailed characterizations of the study population 
for clinical history, chemotherapy regimens, and  
patient outcomes.

Conclusions
Our study results suggest that the breast cancer pro-
tocols TC and TCH should be classified as regimens 
with a high risk for FN (>20%), and there is strong 

evidence (from sensitivity analyses) suggesting that 
B±R for NHL, XELOX for CRC, and lenalidomide 
with or without dexamethasone for MM have a 
>10% FN risk. These results help fill gaps in the 
literature regarding FN risk in real-world patient 
populations, thus informing the use of prophylactic 
G-CSF for these regimens in clinical practice.
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