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ABSTRACT

Objective: Chemotherapy induced neutropenia (CIN) is a common adverse effect of chemotherapy and interferes with optimal dosing. The purpose of
this study was to determine the frequency and risk factors of grade 3/4 CIN (absolute neutrophil count <1000/mm?3) in breast cancer patients receiving
systemic chemotherapy.

Material and Methods: This single center retrospective study comprised 679 female patients with breast cancer who were treated with anthracycline
and/or taxane based or cyclophosphamide, methotrexate and 5-fluorouracil (CMF) chemotherapy regimens. Patients who received primary prophylaxis
with granulocyte-colony stimulating factor were excluded. Demographic and clinical risk factors for grade 3/4 CIN were evaluated with multivariate
regression analysis.

Results: The frequency of grade 3/4 CIN was 25.3% and mostly occurred during the first 4 cycles of chemotherapy. In multivariate analysis, stage 4 disease
[odds ratio (OR): 3.1], having 2 or more comorbidities (OR: 2.5), and low baseline white blood cell count (<4000/mm? vs. >10000/mm?, OR: 7.84) were
associated with increased risk for grade 3/4 CIN. Being overweight or obese was found to be protective for the occurrence of grade 3/4 CIN (OR: 0.38 and
0.26, respectively).

Conclusion: Using data from real-world experience, we have identified some risk factors for grade 3/4 CIN, some of which were not included in the
current guidelines published for managing CIN. These findings may assist daily clinical practice clinical practice and may provide a rationale for further
research in preventing the myelosuppressive side effects of chemotherapy.
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INTRODUCTION recommendations for the use of prophylactic granulocyte-
colony stimulating factors (G-CSF) mainly based on the risk
of febrile neutropenia (FN).”® These guidelines combined
the treatment-related and patient-related risk factors such
as age, disease characteristics, performance status, and
comorbidities.”® On the other hand, even in the absence
of FN, occurrence of CIN is associated with chemotherapy
dose delays and reductions, which may negatively affect
outcomes.’In line with this, primary prophylaxis with G-CSF
was also recommended for patients in whom dose reductions
are clearly associated with poorer outcomes.” Therefore, it is
important to identify risk factors for CIN better. In this single
center study, we aimed to determine the incidence and risk

Introduction of chemotherapeutic agents has led to a
significant improvement on overall and disease- free survival
rates of breast cancer patients.' This benefit is particularly
evident in subjects who received chemotherapy in planned
doses.>* However, some adverse effects of anti-cancer
drugs might interfere with optimal dosing and timing
of chemotherapy. Chemotherapy induced neutropenia
(CIN) is a common adverse effect of chemotherapy.® It may
also be complicated with fever (febrile neutropenia) and
result in increased morbidity, mortality, and healthcare
costs.5 Guidelines published by different groups provided
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factors for CIN in female breast cancer patients who received
systemic chemotherapy in adjuvant, neoadjuvant, and
metastatic settings.

MATERIAL AND METHODS

Study Design and Data Collection

The medical records of breast cancer patients who received
systemic chemotherapy in a 7-year period (January
2006-December 2013) at a tertiary-care medical oncology
department were retrospectively analyzed. Inclusion
criteria were female sex, age >18 years, and having received
anthracycline and/or taxane based or cyclophosphamide,
methotrexate and 5-fluorouracil (CMF) chemotherapy
regimens. The exclusion criteria were as follows: primary
prophylaxis with G-CSF for neutropenia; treatment with
chemotherapy regimens other than CMF, anthracyclines or
taxanes; hepatic or renal insufficiency; documented bone
marrow metastasis; missing data for complete blood count
within 1 to 4 days prior to any chemotherapy cycle.

Data about demographics [age, weight, body mass index
(BMI), number and type of comorbidities], clinicopathological
features (stage according to TNM classification, hormone
receptor status, human epidermal growth factor receptor
(HER)-2/neu positivity), treatment details (type and number
of chemotherapy cycles, radiotherapy) and blood count
parameters (white blood cell and absolute neutrophil count)
were recorded.

Patients were stratified into four main groups according
to the type of chemotherapy regimen they received: CMF,
anthracycline based only, sequential anthracycline plus
taxane, and taxane only. Chemotherapy regimens and doses
are summarized in Table 1.

CIN was defined and categorised according to the Common
Terminology Criteria for Adverse Events version 4.0. Grade 3
and 4 neutropenia (absolute neutrophil count (ANC) below
1000/mm?3and 500/mm?3, respectively) were defined as severe
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neutropenia. Grades of CIN and the chemotherapy cycle
during which CIN occurred were determined by using an
electronic recording system. All blood counts were performed
within 1 to 4 days before each chemotherapy cycle. To exclude
the effect of secondary prophylaxis with colony-stimulating
factor use and dose reductions in subsequent cycles, the
chemotherapy course in which patients first experienced
neutropenia was taken into account.

The study was conducted in accordance with the Declaration
of Helsinki and the study protocol was approved by Ethics
Committee of Hacettepe University (approval number: GO
13/529-12, date: 12.12.2013).

Statistical Analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS) software (version 20.0;
IBM Corporation, Armonk, NY, USA). Data from descriptive
analysis were expressed as mean * standard deviation or
median (minimum-maximum) as appropriate. Categorical
variables were compared with the chi-square test. Student’s
t-test was used to compare normally distributed continuous
data between two groups. The effects of different variables
on grade 3/4 CIN risk were calculated in a univariate analysis
for each. All variables associated with grade 3/4 CIN with a p
value less than 0.25 in univariate analysis, and all predefined
clinically important variables (such as disease stage) were
included in the multivariable logistic regression model.
Collinearity was checked between the variables. Hosmer-
Lemeshow goodness of fit statistics were used to assess
model fit. A p value of <0.05 was considered as significant.

RESULTS

At the beginning of the study, medical records of 1,813
patients were reviewed. After excluding patients who
received primary G-CSF prophylaxis (n=505), those treated
with chemotherapy regimens other than the predefined
protocols (n=55), and those with missing blood count

TABLE 1: Details of chemotherapy regimens used.

CMF: Cyclophosphamide 600 mg/m? methotrexate 40 mg/m?, 5-fluorouracil 600 mg/m?, 6 cycles, every three weeks.

Anthracycline based only

AC: Doxorubicin 60 mg/m?, cyclophosphamide 600 mg/m?, 2 to 6 cycles, every three weeks.

EC: Epirubicin 90 mg/m?, cyclophosphamide 600 mg/m?, 4 cycles, every three weeks.

CAF: Cyclophosphamide 500 mg/m?, doxorubicin 50 mg/m?, 5-fluorouracil 500 mg/m?, 3 to 6 cycles, every three weeks.
CEF: Cyclophosphamide 500 mg/m?, epirubicin 90 mg/m?, 5-fluorouracil 500 mg/m?, 6 cycles, every three weeks.

Sequential anthracycline and taxane

Anthracycline based chemotherapy regimen followed by a taxane;

either paclitaxel 80 mg/m?, 3 to 12 cycles, weekly or docetaxel 100 mg/m?, 3 to 4 cycles, every 3 weeks.

Taxane only

Paclitaxel 80 mg/m?, 8 to 18 cycles, weekly or docetaxel 100 mg/m?, 4 to 8 cycles, every 3 weeks.
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data for any of the chemotherapy cycles (n=574), a total
of 679 patients were included in the study. Patients who
received primary G-CSF prophylaxis were mostly treated
with chemotherapy regimens that included a combination
of anthracyclines and taxanes, such as docetaxel,

doxorubicin and cyclophosphamide (TAC) docetaxel,
epirubicin and cyclophosphamide (TEC). Demographic
and clinical data of 679 patients are presented in Table 2.
Median age at the start of chemotherapy was 48 (20-83)
years. Most of the patients had stage 2-3 disease (79.5%) and

TABLE 2: Demographic and clinical characteristics of patients.

All patients Grade 3-4 CIN (-) Grade 3-4 CIN (+)

(n=679) (n=507) (n=172) P
Age, years, median (min-max) 48 (20-83) 47 (21-82) 49 (20-83) 0.07
Age =65 years 47 (6.9) 29(5.7) 18(10.5) 0.034
Body mass index, kg/m? 27.5(4.9) 28.0 (5.0) 25.9(4.6) <0.001
Body mass index category
Underweight (<18.5 kg/m?) 7(1.0) 5(1.0) 2(1.1)
Normal (18.5-24.9 kg/m?) 216 (31.8) 135 (26.6) 81(47.1) <0.001
Overweight (25-29.9 kg/m?) 237 (34.9) 185 (36.5) 52(30.2)
Obese (=30 kg/m?) 219 (32.2) 182 (35.9) 37(21.5)
Comorbidities
Hypertension 144 (21.2) 102 (20.1) 42 (24.4) 0.23
Diabetes mellitus 63(9.3) 46 (9.1) 17 (9.9) 0.76
Hyperlipidemia 23(3.4) 15 (3.0) 8(4.7) 0.32
Hypothyroidism 66 (9.7) 44 (8.7) 22(12.8) 0.13
Number of comorbidities
0 419 (61.7) 322(63.5) 97 (56.4)
1 176 (25.9) 127 (25.0) 49 (28.5) 021
=2 84 (12.4) 58(11.4) 26 (12.4)
Stage
1 79(11.6) 64 (12.5) 15 (8.7)
2 360 (53.0) 264 (52.1) 96 (55.8)
3 180 (26.5) 138 (27.2) 42 (24.4) 0.29
4 60 (8.8) 41 (8.1) 19(11.0)
HR positive * 474 (69.8) 354 (70.2) 130 (75.6) 0.18
HER2/neu positive * 196 (29.1) 152(30.2) 44 (26.2) 0.32
Baseline WBC count/mm? 7500 (2000) 7700 (2000) 6900 (1800) <0.001
Baseline WBC count category
>10000 85(12.5) 75(14.8) 10(5.8)
8001-10000 154 (22.7) 123 (24.3) 31(18.0)
6001-8000 296 (43.6) 210 (41.4) 86 (50.0) 0.003
4001-6000 130 (19.1) 91(17.9) 39(22.7)
<4000 14 (2.1) 8(1.6) 6(3.5)
Chemotherapy regimens used
Anthracycline based only 345 (50.8) 254 (50.1) 91(52.9)
CMF 92 (13.5) 62(12.2) 30(17.4)
Taxane only 13(1.9) 112.2) 2(1.2) 0.14
Sequential anthracycline and taxane 229 (33.7) 180 (35.5) 49 (28.5)
CIN: Chemotherapy induced neutropenia; WBC: White blood cell; HER2: Human epidermal growth factor receptor 2; HR: Hormone receptor; CMF:
Cyclophosphamide, methotrexate, 5- fluorouracil *Hormone receptor and HER2/neu status was not available in 3 and 7 patients, respectively. Values are mean
(SD) and n (%) unless indicated otherwise, SD: Standard deviation.




81.1% (n=551) received adjuvant chemotherapy. 68 (10%)
and 60 (8.8%) patients received neoadjuvant and palliative
chemotherapy, respectively. Five hundred and thirty-two
(78.3%) patients had received radiotherapy. The most
frequent comorbidities were hypertension, diabetes mellitus,
dyslipidemia, and hypothyroidism. Other comorbidities were
as follows: hyperthyroidism in 2 (0.3%), papillary thyroid
cancer in 3 (0.4%), coronary artery disease in 8 (1.2%), chronic
obstructive lung disease or asthma in 18 (2.7%), chronic HBV
infection in 7 (1.0%), venous thromboembolism in 3 (0.4%),
rheumatoid arthritis in 2 (0.3%), Sjogren’s syndrome in 1
(0.2%) and Behcet’s disease in 2 (0.3%) patients.

Anthracycline-based-only ~ chemotherapy was  most
frequently used, followed by sequential anthracycline +
taxane regimens. 345 (50.8), 92 (13.5), 13 (1.9) and 229
(33.7) patients received anthracycline based only, CMF,
taxane only and sequential anthracycline and taxane
regimens, respectively. In the anthracycline based
only group, 258 (74.7%) patients received doxorubicin
and cyclophosphamide (AC), 85 (24.6%) received
cyclophosphamide, doxorubicin and 5-fluorouracil (CAF), 1
patient (0.3%) received cyclophosphamide, epirubicin and
5-fluorouracil (CEF) and 1 patient (0.3%) received epirubicin
and cyclophosphamide (EC). In the taxane-only group, 7
patientsreceived paclitaxeland 6 patients received docetaxel.
Of 229 patientsin sequential anthracycline and taxane group,
102 (44.5%) received AC + paclitaxel, 93 (40.6%) received AC
+ docetaxel, 23 (10.1%) received CEF + docetaxel, 9 (3.9%)
received CAF + docetaxel, 1 (0.4%) received CEF + paclitaxel
and 1 (0.4%) received EC + paclitaxel. The median age of
patients who received anthracycline-containing regimens
was significantly lower than those received received CMF or
taxane only (47 vs. 52, p<0.001). Patients =65 years old more
frequently received CMF (59.6% vs. 10.1%, p<0.001) and
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FIGURE 1: Distribution of grade 3-4 neutropenia according to
chemotherapy cycles.

CIN: Chemotherapy induced neutropenia
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taxane only regimens (6.4% vs. 1.6%, p=0.054) than those
<65 years. Anthracycline-containing regimens were less
frequently used in these patients (34.0% vs. 88.3%, p<0.001).

Any grade of CIN (ANC <2000/mm?3) occurred in 70.5% of
patients (n=479). 140 (29.2%) and 167 (34.9%) patients
developed grade 1: (1500< ANC <2000/mm?) and grade 2:
(1000< ANC <1500/mm?) CIN, respectively. The incidence of
grade 3/4 CIN in the overall cohort was 25.3% (n=172) (Table
2). Among these patients, grade 3 CIN occurred in 125 (72.7%)
and grade 4 CIN occurred in 47 (27.3%) patients. Grade 3/4
CIN occurred mostly during the first four chemotherapy cycles
(Figure 1). Grade 3/4 CIN occurred in 26.4%, 32.6%, 15.4%
and 21.4% of patients who received anthracycline -based
only, CMF, taxane only, and sequential anthracycline and

TABLE 3: Multivariate regression analysis for risk factors of

grade 3-4 CIN.

OR (95% Cl) P
Age =65 2.03 (0.96-4.30) 0.06
Hormon receptor positive 1.28 (0.84-1.97) | 0.24
Stage
1 1 Reference
2 1.89(0.98-3.65) | 0.05
3 1.80(0.85-3.81) | 0.12
4 3.10(1.30-7.34) | 0.010
Number of comorbidities
0 1 Reference
1 1.31(0.84-2.06) | 0.22
>2 2.50(1.41-4.45) | 0.002
Body mass index category
Normal 1 Reference
Low 0.64 (0.12-3.47) | 0.60
Overweight 0.38(0.24-0.59) | <0.001
Obese 0.26 (0.15-0.43) | <0.001
Chemotherapy regimen
Anthracycline based only 1 Reference
CMF 1.01(0.56-1.82) | 0.96
Taxane only 0.69 (0.13-3.53) | 0.66
tiiqat:‘eential anthracycline and 0.74(047-118) | 021
Baseline WBC count, mm?
>10,000 1 Reference
8001-10,000 2.51(1.11-5.64) | 0.026
6001-8000 3.96 (1.88-8.33) | <0.001
4001-6000 3.74(1.68-8.34) | 0.001
<4000 7.84(2.11-29.10) | 0.002

CIN: Chemotherapy induced neutropenia; OR: Odds ratio; CMF:
Cyclophosphamide, methotrexate, 5- fluorouracil; WBC: White blood cell,
Cl: Confidence interval.
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taxane regimens, respectively. Among the most frequently
used regimens, grade 3/4 CIN incidence was 26.0%, 25.9%,
21.6%, and 21.5% for AC, CAF, AC + paclitaxel and AC +
docetaxel regimens, respectively. In 49 patients who received
sequential anthracycline and taxane, CIN occurred during the
anthracycline phase in 40 (81.6%) patients.

Table 3 shows the results of multivariable logistic
regression analyses performed to determine the risk factors
independently associated with grade 3/4 CIN. Stage 4 disease
[odds ratio (OR): 3.10, 95% confidence interval (Cl): 1.30-
7.34, compared to stage 1 disease] and having 2 or more
comorbidities (OR: 2.50, 95% Cl: 1.41-4.45, compared to
having no comorbidities) were independently associated with
increased risk. Low baseline white blood cell (WBC) count also
conferred higher risk for grade 3/4 CIN. As compared to the
highest quintile (>10000/mm?), the lowest quintile (<4000/
mm?), was associated with an approximately 8-fold increase
in the risk of grade 3/4 CIN (OR: 7.84, 95% Cl: 2.11-29.10). The
model also identified being overweight (OR: 0.38, 95% ClI:
0.24-0.59) or obese (OR: 0.26, 95% Cl: 0.15-0.43) as protective
factors for grade 3/4 CIN.

DISCUSSION

In this study, almost one-fourth of patients with breast
cancer developed grade 3-4 CIN in at least one of the
chemotherapy cycles. Multivariable logistic regression
analysis revealed that advanced disease stage, a higher
number of comorbidities, and lower baseline WBC count
were independent risk factors for grade 3-4 CIN, whereas
being overweight or obese was found to be protective.

The incidence of CIN in patients with breast cancer varies
greatly across studies according to the chemotherapy
regimens used.'”®’> Schwenkglenks et al.® reported a
34% incidence for grade 4 CIN in breast cancer patients.
The main difference in that study is that 4% of patients
received the TAC regimen, which confers a greater risk for
neutropenic events.

Elderly people are considered to be more prone to
chemotherapy-related complications possibly due to
alterations in renal and hepatic functions and bone
marrow reserve. Although both American and European
clinical practice guidelines agree on the older age as a risk
factor for CIN, data in the literature about this issue have
been contradictory.”® Elderly subjects are less frequently
involved in studies evaluating adjuvant chemotherapies. It
has been shown that only 18% of the patients recruited
in the studies sponsored by the National Cancer Institute
were over 65 years old.’®'” Min et al."> demonstrated that
in breast cancer patients receiving an anthracycline-based

chemotherapy regimen, being older than 55 years is
associated with an increased risk of FN.However, older age
was not identified as a risk factor for FN in two other studies
evaluating FN risk in breast cancer patients receiving
5-fluorouracil, epirubicin and cyclophosphamide (FEC)
chemotherapy.'®'” In our cohort, patients over 65 years
old more frequently experienced grade 3-4 CIN; however,
age was not identified as an independent risk factor in
multivariable analysis. This is probably due to the fact
that, in our study, patients older than 65 years old more
frequently received CMF chemotherapy which carries less
risk for CIN than anthracycline-containing regimens.’

Advanced disease stage is considered a significant
predictor for neutropenic events.”?° Poor performance,
impaired nutritional status,and cumulative effects previous
treatments on bone marrow might be the potential
contributors to CIN in patients with advanced disease. In
a population-based study, patients with stage 3/4 disease
were found to have higher rates of hospitalization due
to neutropenia.?’ Similarly, Gianni et al.?> demonstrated
that FN more frequently occurs in patients with advanced
disease. In our study, a threefold increased risk of CIN
in patients with stage 4 disease supports the previous
literature about the impact of disease extension on
treatment-related myelotoxicity.

Our results showed that patients with 2 or more
comorbidities have a 2.5-fold increased risk of grade 3/4 CIN.
Garg et al. reported higher frequency of treatment-related
neutropenia and FN along with higher dose reduction and
discontinuation rates in breast cancer patients with high
comorbidity scores. In a study of 7127 cancer patients,
congestive heart failure [hazard ratio (HR): 3.0, 95% Cl: 1.3-
5.9], osteoarthritis (HR: 2.0, 95% Cl: 1.4-2.8), previous cancer
history (HR: 3.4, 95% CI: 1.2-7.5) and thyroid disease (HR
1.6, 95% Cl: 1.1-2.3) were associated with increased risk of
chemotherapy related FN.>* Vascular comorbidities were
identified as risk factors for grade 4 CIN in the INC-EU study.’
In our analysis, we did not find an increased frequency of any
specific comorbidity in patients who developed CIN. Bacrie
et al.”® recently reported a significant association between
autoimmuneorinflammatorydiseaseand FNin breastcancer
patients, most of who did not receive immunosuppressive
therapy. We cannot draw any conclusion from our results
about the impact of inflammatory comorbidities due to a
limited number of patients.

Being overweight or obese has been shown to significantly
reduce the risk of CIN in our analysis. Previously, a
systematic review of breast cancer patients showed a
substantially lower risk for CIN patients with a BMI above
35 kg/m2.* The INC-EU study demonstrated an increased




frequency of grade 4 CIN in patients with lower body
weight.? Body surface area-based dosing might lead to a
higher chemotherapy dose per kilogram of body weight
in patients with low body weight. Another possible
explanation is that dose-capping strategies might have
been used more frequently in overweight and obese
patients. Several studies suggested lower survival rates
in obese breast cancer patients, than non-obese ones.?
Dose capping in obese subjects is frequently observed
in clinical practice, and has the potential to explain these
worse outcomes by leading to under-treatment. It might
be beneficial to reconsider dosing strategies to achieve
maximum benefit from chemotherapy.

In our model, pre-chemotherapy baseline WBC counts
strongly predicted grade 3 or 4 CIN, and the risk for patients
with WBC <4000/mm?3 was 8 times higher, compared
to patients with >10000/mm?3. This finding is consistent
with previous studies indicating an association between
pretreatment haematological parameters and occurrence
of CIN.>%2° Similarly, in another study, low basal white
blood cells and absolute neutrophil counts have been
shown to predict neutropenic events in patients receiving
FEC chemotherapy.*®

Study Limitations

The retrospective design is the main limitation of this
study. Secondly, data about comorbidities were mainly
based on patient records, and not systematically evaluated.
Although we excluded patients who received primary
G-CSF prophylaxis, we were unable to provide data on
how many patients received secondary G-CSF prophylaxis
in subsequent chemotherapy cycles. Besides, we could not
provide information about in how many patients dose-
capping strategy was employed. Lack of data regarding
metastatic sites in patients with stage IV disease can be
considered as another limitation as location of metastases
could potentially affect the development of CIN. Lastly, the
relatively small sample sizes in the CMF and taxane-only
groups may have compromised the statistical power of the
comparisons between chemotherapy regimens.

CONCLUSION

In the present study, we have identified some patient-
related risk factors for severe CIN using real-world
experience from a single-center breast cancer patient
cohort. Some of these factors have not been included
in the current guidelines published for managing CIN.
These findings may assist to daily clinical practice and may
provide a rationale for further research in preventing the
myelosuppressive side effects of chemotherapy.

Sarietal. -

Ethics

Ethics Committee Approval: The study was conducted in accordance
with the Declaration of Helsinki and the study protocol was approved by
Ethics Committee of Hacettepe University (approval number: GO 13/529-
12, date: 12.12.2013).

Informed Consent: Retrospective study.

Footnotes
Authorship Contributions

Surgical and Medical Practices: AS. S.A. S.As., Concept: AS., S.As.,
Design: A.S., S.A., S.As., Data Collection or Processing: A.S., S.As.,, Analysis
or Interpretation: A.S., S.A,, S.As., Literature Search: A.S., S.A.,, Writing: A.S.,
S.A., S.As., Critical Review: A.S., S.A., S.As.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study received no
financial support.

REFERENCES

1. Bonadonna G, Moliterni A, Zambetti M, et al. 30 years'follow up of
randomised studies of adjuvant CMF in operable breast cancer:
cohort study. BMJ. 2005;330(7485):217. [Crossref] [PubMed]
[PMC]

2. Hryniuk W, Levine MN. Analysis of dose intensity for adjuvant
chemotherapy trials in stage Il breast cancer. J Clin Oncol.
1986;4(8):1162-1170. [Crossref] [PubMed]

3. Bonadonna G, Valagussa P, Moliterni A, Zambetti M, Brambilla C.
Adjuvant cyclophosphamide, methotrexate, and fluorouracil in
node-positive breast cancer: the results of 20 years of follow-up.
N Engl J Med. 1995;332(14):901-906. [Crossref] [PubMed]

4. Chirivella I, Bermejo B, Insa A, et al. Optimal delivery of
anthracycline-based chemotherapy in the adjuvant setting
improves outcome of breast cancer patients. Breast Cancer Res
Treat. 2009;114(3):479-484. [Crossref] [PubMed]

5. Lyman GH, Abella E, Pettengell R. Risk factors for febrile
neutropenia among patients with cancer receiving
chemotherapy: a systematic review. Crit Rev Oncol Hematol.
2014;90:190-199. [Crossref] [PubMed]

6. 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. [Crossref]
[PubMed]

7. Aapro MS, Cameron DA, Pettengell R, et al. EORTC guidelines
for the use of granulocyte-colony stimulating factor to reduce
the incidence of chemotherapy-induced febrile neutropenia in
adult patients with lymphomas and solid tumours. Eur J Cancer.
2006;42(15):2433-53. [Crossref] [PubMed]

8. Smith TJ, Bohlke K, Lyman GH, et al. Recommendations for
the Use of WBC Growth Factors: American Society of Clinical
Oncology Clinical Practice Guideline Update. J Clin Oncol.
2015;33(28):3199-3212. [Crossref] [PubMed]

9. Schwenkglenks M, Pettengell R, Jackisch C, et al. Risk factors
for chemotherapy-induced neutropenia occurrence in breast
cancer patients: data from the INC-EU Prospective Observational
European  Neutropenia Study. Support Care Cancer.
2011;19(4):483-490. [Crossref] [PubMed]

10. Madarnas Y, Dent SF, Husain SF, et al. Real-world experience with
adjuvant FEC-D chemotherapy in four Ontario regional cancer
centres. Curr Oncol. 2011;18(3):119-125. [Crossref] [PubMed]
[PMC]



https://doi.org/10.1136/bmj.38314.622095.8F
https://pubmed.ncbi.nlm.nih.gov/15649903
https://pmc.ncbi.nlm.nih.gov/articles/PMC546063
https://doi.org/10.1200/JCO.1986.4.8.1162
https://pubmed.ncbi.nlm.nih.gov/3525765
https://doi.org/10.1056/NEJM199504063321401
https://pubmed.ncbi.nlm.nih.gov/7877646
https://doi.org/10.1007/s10549-008-0018-1
https://pubmed.ncbi.nlm.nih.gov/18463977
https://doi.org/10.1016/j.critrevonc.2013.12.006
https://pubmed.ncbi.nlm.nih.gov/24434034
https://doi.org/10.1002/cncr.21847
https://pubmed.ncbi.nlm.nih.gov/16575919
https://doi.org/10.1016/j.ejca.2006.05.002
https://pubmed.ncbi.nlm.nih.gov/16750358
https://doi.org/10.1200/JCO.2015.62.3488
https://pubmed.ncbi.nlm.nih.gov/26169616
https://doi.org/10.1007/s00520-010-0840-y
https://pubmed.ncbi.nlm.nih.gov/20306092
https://doi.org/10.3747/co.v18i3.751
https://pubmed.ncbi.nlm.nih.gov/21655158
https://pmc.ncbi.nlm.nih.gov/articles/PMC3108865

Predictors of CIN in Patients with Breast Cancer

20.

. Rayson D, Lutes S, Sellon M, et al. Incidence of febrile neutropenia

during adjuvant chemotherapy for breast cancer: a prospective
study. Curr Oncol. 2012;19(3):e216-e218. [Crossref] [PubMed]
[PMC]

. Soong D, Haj R, Leung MG, et al. High rate of febrile neutropenia

in patients with operable breast cancer receiving docetaxel
and cyclophosphamide. J Clin Oncol. 2009;27(26):e101-e102.
[Crossref] [PubMed]

. Jones SE, Savin MA, Holmes FA, et al. Phase lll trial comparing

doxorubicin plus cyclophosphamide with docetaxel plus
cyclophosphamide as adjuvant therapy for operable breast
cancer. J Clin Oncol. 2006;24(34):5381-5387. Erratum in: J Clin
Oncol. 2007;25(13):1819. [Crossref] [PubMed]

. Hutajulu SH, Oktariani S, Sunggoro AJ, et al. The occurrence and

risk factors of chemotherapy-induced neutropenia in patients
with breast cancer not receiving primary G-CSF prophylaxis.
Ecancermedicalscience. 2023;17:1618. [Crossref] [PubMed]
[PMC]

. MinSY,Baek SK, Maeng CH, etal.Riskfactors of febrile neutropenia

in early breast cancer patients receiving anthracycline-based
chemotherapy. Clin Oncol. 2020;5:1763. [Crossref]

. Joy H, Lewis JH, Kilgore MH, et al. Participation of patients

65 years of age or older in cancer clinical trials. J Clin Oncol.
2003;21(7):1383-1389. [Crossref]

. Kemeny MM, Peterson BL, Kornblith AB, et al. Barriers to

clinical trial participation by older women with breast cancer.
J Clin Oncol. 2003;21(12):2268-2275. Erratum in: J Clin Oncol.
2004;22(23):4811. [Crossref] [PubMed]

. Bacrie J, Laurans M, lorio P, et al. Febrile neutropenia in adjuvant

and neoadjuvant chemotherapy for breast cancer: a retrospective
study in routine clinical practice from a single institution. Support
Care Cancer. 2018;26(12):4097-4103. [Crossref] [PubMed]

. AssiH,Murray J,Boyle L, Rayson D.Incidence of febrile neutropenia

in early stage breast cancer patients receiving adjuvant FEC-D
treatment. Support Care Cancer. 2014;22(12):3227-3234.
[Crossref] [PubMed]

Moro K, Nagahashi M, Uchida H, et al. Advanced stage is a risk
for severe neutropenia in breast cancer patients undergoing
neoadjuvant adriamycin/cyclophosphamide/docetaxel
chemotherapy. World J Oncol. 2022;13(6):379-386. [Crossref]
[PubMed] [PMC]

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Du XL, Osborne C, Goodwin JS. Population-based assessment
of hospitalizations for toxicity from chemotherapy in older
women with breast cancer. J Clin Oncol. 2002;20(24):4636-4642.
[Crossref] [PubMed] [PMC]

Gianni L, Munzone E, Capri G, et al. Paclitaxel by 3-hour infusion
in combination with bolus doxorubicin in women with untreated
metastatic breast cancer: high antitumor efficacy and cardiac
effects in a dose-finding and sequence-finding study. J Clin
Oncol. 1995;13(11):2688-2699. [Crossref] [PubMed]

Garg P, Rana F, Gupta R, Buzaianu EM, Guthrie TH. Predictors of
toxicity and toxicity profile of adjuvant chemotherapy in elderly
breast cancer patients. Breast J. 2009;15(4):404-408. [Crossref]
[PubMed]

Chia VM, Page JH, Rodriguez R, Yang SJ, Huynh J, Chao C. Chronic
comorbid conditions associated with risk of febrile neutropenia
in breast cancer patients treated with chemotherapy. Breast
Cancer Res Treat. 2013;138(2):621-631. [Crossref] [PubMed]

Carroll J, Protani M, Walpole E, Martin JH. Effect of obesity on
toxicity in women treated with adjuvant chemotherapy for early-
stage breast cancer: a systematic review. Breast Cancer Res Treat.
2012;136(2):323-330. [Crossref] [PubMed]

Sinicrope FA, Dannenberg AJ. Obesity and breast cancer
prognosis: weight of the evidence. J Clin Oncol. 2011;29(1):4-7.
[Crossref] [PubMed]

GriggsJJ,ManguPB, AndersonH, etal. Appropriate chemotherapy
dosing for obese adult patients with cancer: American Society
of Clinical Oncology clinical practice guideline. J Clin Oncol.
2012;30(13):1553-1561. [Crossref] [PubMed]

Gadisa DA, Assefa M, Tefera GM, Yimer G. Patterns of anthracycline-
based chemotherapy-induced adverse drug reactions and their
impact on relative dose intensity among women with breast
cancer in Ethiopia: a prospective observational study. J Oncol.
2020;2020:2636514. [Crossref] [PubMed] [PMC]

Fahlevi MR. Hematologic predictors of chemotherapy-induced
neutropenia in breast cancer patients receiving anthracycline-
or taxane-based chemotherapy. Bioscientia Medicina.
2025;9(1):5992-6004. [Crossref]

Jenkins P, Freeman S. Pretreatment haematological laboratory
values predict for excessive myelosuppression in patients
receiving adjuvant FEC chemotherapy for breast cancer. Ann
Oncol. 2009;20(1):34-40. [Crossref] [PubMed]



https://doi.org/10.3747/co.19.940
https://pubmed.ncbi.nlm.nih.gov/22670112
https://pmc.ncbi.nlm.nih.gov/articles/PMC3364783
https://doi.org/10.1200/JCO.2009.23.0508
https://pubmed.ncbi.nlm.nih.gov/19652050
https://doi.org/10.1200/JCO.2006.06.5391
https://pubmed.ncbi.nlm.nih.gov/17135639
https://doi.org/10.3332/ecancer.2023.1618
https://pubmed.ncbi.nlm.nih.gov/38414951
https://pmc.ncbi.nlm.nih.gov/articles/PMC10898895
https://www.clinicsinoncology.com/open-access/risk-factors-of-febrile-neutropenia-in-early-breast-cancernbsp-6586.pdf
https://doi.org/10.1200/JCO.2003.09.124
https://pubmed.ncbi.nlm.nih.gov/12805325
https://doi.org/10.1007/s00520-018-4280-4
https://pubmed.ncbi.nlm.nih.gov/29855772
https://doi.org/10.1007/s00520-014-2318-9
https://pubmed.ncbi.nlm.nih.gov/24996828
https://doi.org/10.14740/wjon1530
https://pubmed.ncbi.nlm.nih.gov/36660211
https://pmc.ncbi.nlm.nih.gov/articles/PMC9822686
https://doi.org/10.1200/JCO.2002.05.088
https://pubmed.ncbi.nlm.nih.gov/12488407
https://pmc.ncbi.nlm.nih.gov/articles/PMC2566741
https://pmc.ncbi.nlm.nih.gov/articles/PMC2566741
https://pubmed.ncbi.nlm.nih.gov/7595726
https://doi.org/10.1111/j.1524-4741.2009.00745.x
https://pubmed.ncbi.nlm.nih.gov/19508671
https://doi.org/10.1007/s10549-013-2454-9
https://pubmed.ncbi.nlm.nih.gov/23468242
https://doi.org/10.1007/s10549-012-2213-3
https://pubmed.ncbi.nlm.nih.gov/22918525
https://doi.org/10.1200/JCO.2010.32.1752
https://pubmed.ncbi.nlm.nih.gov/21115867
https://doi.org/10.1200/JCO.2011.39.9436
https://pubmed.ncbi.nlm.nih.gov/22473167
https://doi.org/10.1155/2020/2636514
https://pubmed.ncbi.nlm.nih.gov/32148494
https://pmc.ncbi.nlm.nih.gov/articles/PMC7054818
https://doi.org/https://doi.org/10.37275/bsm.v9i1.1169
https://doi.org/10.1093/annonc/mdn560
https://pubmed.ncbi.nlm.nih.gov/18701428



