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Abstract Keywords

Purpose: This study aimed to identify the factors associated with Diffuse large B-cell lymphoma
chemotherapy-induced neutropenia (CIN) in diffuse large B-cell Chemotherapy-induced febrile neutropenia
lymphoma (DLBCL) patients undergoing combination chemotherapy. Precipitating factors

Methods: A total of 111 patients with DLBCL participated in this study

at C University Hospital. The CIN group consisted of patients with an

absolute neutrophil count (ANC) lower than 1,000 cells/uL. Clinical

factors, the level of depression, and the level of healthy lifestyle were

measured on the chemotherapy administration day, and the ANC was

measured on the next follow-up day. Results: Binary logistic regression

analysis showed that the factors associated with CIN in DLBCL were

the presence of B symptoms at diagnosis (f = 4.69) and low-risk CIN

regimen (f = 0.10) among clinical factors, and the level of healthy

lifestyle (f = 0.17). Conclusion: Oncology nurses should focus on the

patients vulnerable to CIN having B symptoms at diagnosis, receiving a

low-risk CIN regimen, and showing non-adherence to healthy lifestyle

practice. Administration of granulocyte colony-stimulating factor can be

considered for the patients receiving low-risk CIN regimen to reduce CIN.

Education programs including healthy lifestyle practice for improving the

immune system should be applied to DLBCL patients.
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1. Introduction
1.1. Research significance

Non-Hodgkin lymphoma (NHL) is the most common
blood cancer worldwide, accounting for 2.8% of
cancer diagnoses and 2.6% of cancer mortality '
Diffuse large B-cell lymphoma (DLBCL) is the most
common subtype of NHL ), DLBCL is aggressive
and more than 70% of patients are diagnosed at an
advanced stage, but responds well to six cycles of
cyclophosphamide, doxorubicin, vincristine, and
prednisone (R-CHOP) with rituximab every two or
three weeks ). Chemotherapy-induced neutropenia
(CIN) is a common side effect of cytotoxic
chemotherapy, especially combination chemotherapy
regimens such as CHOP used to treat NHL . However,
the occurrence of CIN is associated with increased
hospitalization and healthcare costs due to the need
for dose modification, delayed dosing intervals, and
repeated use of granulocyte colony-stimulating factors
(G-CSF) P!, In addition, a recent study showed a high
correlation between severe CIN and poor quality of life
in cancer patients . Therefore, oncology nurses should
be alert to the development of CIN in DLBCL patients.

In previous studies on factors associated with the
development of CIN or febrile neutropenia (FN) in
NHL, comorbidities, bone marrow involvement, and
female gender were risk factors for FN in DLBCL
patients treated with R-CHOP . In addition, a serum
albumin concentration of 3.5 g/dL or less, higher-
than-normal serum lactate dehydrogenase (LDH)
levels, and bone marrow involvement were significant
predictors of severe CIN or FN ™. More than 60% of
DLBCL patients experienced at least one episode of
grade 4 severe CIN during the first cycle of R-CHOP,
and approximately 50% of patients experienced
FN . In addition, a systematic review supported
factors including patient age, activity level, dose
intensity, serum LDH, myelosuppression, and low pre-
chemotherapy blood counts as influential factors in the

development of CIN ! To summarize the literature,
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patient-specific and disease-related factors associated
with the development of CIN have been mainly
explored, but a review of psychological and lifestyle
factors is still lacking.

The relationship between psychological or lifestyle
factors and the development of CIN is unclear.
However, physical activity and structured exercise
improved neutrophil function in older adults, and
neutrophil function in older adults who regularly
engaged in physical activity and exercise did not differ
from younger controls "%, In addition, pre-transplant
depression negatively affected neutrophil recovery
time after hematopoietic stem cell transplantation ",
Although not associated with the development of CIN
or FN, a higher neutrophil-to-lymphocyte ratio was
associated with a higher risk of inflammation, and
this ratio was influenced by gender, age, race, marital
status, body mass index, physical activity, smoking
history, and alcohol consumption ""?). Therefore, in
addition to patient-specific characteristics and disease-
related factors, lifestyle and psychological factors, such
as depression and a history of alcohol and smoking,
may affect the immune system and contribute to the
development of CIN in DLBCL patients.

Therefore, in this study, we aimed to identify a
comprehensive set of factors related to the development
of CIN, including factors that have been supported
in previous studies as influential factors in the
development of CIN, as well as depression and lifestyle
factors that affect the immune system of DLBCL

patients.

1.2. Research objectives

The purpose of this study is to identify factors
influencing the development of CIN in DLBCL
patients receiving combination chemotherapy, with the
following specific objectives:
(1) To identify the clinical factors, lifestyle, and
depression of the subjects.
(2) To identify differences in the incidence of CIN
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according to clinical factors, lifestyle, and
depression.

(3) To identify factors that affect the occurrence of
CIN.

2. Research methods
2.1. Study design

This is a prospective, case-control study that aims to
identify factors influencing the development of CIN in
DLBCL patients receiving combination chemotherapy,

comparing those who develop CIN with those who do not.

2.2. Study subjects

The study subjects were patients diagnosed with
DLBCL at C University Hospital who were either
ambulatory or hospitalized, and were receiving
combination chemotherapy for remission induction,
consolidation, or salvage chemotherapy. Patients were
excluded if the treatment schedule was interrupted
due to the patient’s condition during combination
chemotherapy. Since CIN is most severe on days 7 to
14 after combination chemotherapy "', patients with
absolute neutrophil count less than 1,000 cells/pL
corresponding to grades 3 and 4 according to Common
Terminology Criteria for Adverse Events (CTCAE)
version 5.0 on blood tests performed on day 7 (£ 3)
after combination chemotherapy were selected for the
CIN group "*. On the other hand, the control group
included patients with an absolute neutrophil count
of more than 1,000 cells/uL at the same time as the
patients after combined chemotherapy treatment for
the same disease at the same hospital. Patients and
controls were matched by gender ' and no subjects
were excluded based on patient gender and control
gender. Given the recent decrease in the frequency of
CIN due to the use of prophylactic G-CSF and the fact
that subjects were selected regardless of the cycle of
the combination chemotherapy regimen, the patient-
to-control ratio was not considered due to the low

incidence of CIN, which would have resulted in a
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longer study period if the patient-to-control ratio was
considered.

The number of subjects was calculated using
G*Power 3.1.9. The odds ratio was set at 2.02, the
lowest crossover ratio value, based on a study that
analyzed the influencing factors of CIN after combined
chemotherapy among Korean studies with a similar

design to this study !

, and the proportion of the patient
group that developed CIN after combined chemotherapy
in the logistic regression analysis was 60.2 to 72.0%
in studies of non-Hodgkin lymphoma patients """,
so the lowest ratio, pl = 0.60, was set. Assuming a
normal distribution of explanatory variables, p = 0,
s = 1, two-tailed test, significance level of 0.05, and
power of 1-f = 0.90, a minimum of 107 patients was
required. Based on this, we intentionally sampled 117
participants who agreed to participate, accounting for
a 10% dropout rate. After excluding 6 patients (3 in
the patient group and 3 in the control group) who were
unable to complete their chemotherapy regimen at
the time of double-blind sampling or who declined to
participate during the survey, a total of 111 patients (29
in the patient group and 82 in the control group) were
included in the final sample, with no non-compliant or
missing data based on blood tests performed on day 7 (+

3) post-chemotherapy (Figure 1).

2.3. Research instruments
2.3.1. Clinical factors
A clinical questionnaire that was drafted by the
researcher based on previous studies was used ! and
face validity was checked by one nursing professor
and one oncology ward nurse. Clinical factors that
have been identified as risk factors for CIN in previous
studies were divided into three categories: patient-
related factors, disease-related factors, and treatment-
related factors. The details are as follows.
(1) Patient-related factors
Patient-related factors are related to an
individual’s physiological and biological

characteristics, such as gender, age, weight,
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‘ DLBCL with chemotherapy
(N=125)

No psychologic problems
(N=117)

’—{ Matching: age

//
‘ Patients with CIN ‘
(n=32)
Treatment
withdrawal (n=2)
Research
withdrawal (n=1) ‘ Patients with CIN ‘
(n=29)
‘ Case ‘
(n=29)

—

—
Patients without CIN ‘
(n=85)
Treatment
withdrawal (n=1)
Research
‘ Patients without CIN ‘ withdrawal {(n=2)
(n=82)
Control ‘
(n=82)

CIN=chemotherapy-induced neutropenia; DI BCL =diffuse large B-cell ymphoma

Figure 1. Participants selection flow

body surface area, body mass index, activity
performance, and pre-treatment blood levels
[white blood cells, hemoglobin, platelets,
absolute neutrophil count, LDH, aspartate
aminotransferase (AST), total bilirubin,
blood urea nitrogen (BUN), creatinine], and
comorbidities.

Height, weight, and pre-treatment blood
values were taken on the first day of combination
chemotherapy, one hour before and one hour after
meals. The measured height and weight were
used to calculate body surface area and body
mass index, with a cutoff point of 1.9 m” for body
surface area and 23 and 25 for body mass index
according to Lyman et al. . Activity performance
was assessed using the Eastern Cooperative
Oncology Group Performance Scale (ECOG PS),
which ranges from 0 to 5, with a score closer to 0
indicating higher activity performance """ Based
on previous studies, AST was cut off at 35 U/L )
hemoglobin at 12 g/dL """, and platelets at 150,000
cells/uL " For comorbidities, we examined the
presence or absence of 17 conditions classified
by Quan ez al. 'Y based on ICD-10 codes using
Charlson comorbidity index among all disease

names entered in the electronic medical record.
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We excluded lymphoma as the main diagnosis
from the cancer comorbidity group, and did not
double-count comorbidities when they were found
in the same comorbidity group.
Disease-related factors
Disease-related factors are factors related to
DLBCL disease characteristics, including stage,
extranodal involvement, B symptoms, and
bone marrow involvement. The disease stage,
extranodal involvement, B symptoms, and
bone marrow involvement were determined by
the Ann Arbor staging classification """,
Treatment-related factors
Treatment-related factors are factors related
to the treatment of DLBCL, including prior
radiation therapy, prior treatment with a
regimen different from the current regimen,
prior hematopoietic stem cell transplantation,
regimen, and cycle, relative dose intensity
(RDI), prophylactic granulocyte colony-
stimulating factor administration prior to
combination chemotherapy, and the presence
and number of prior neutropenic episodes.
Combination chemotherapy regimens
were categorized into high-, intermediate-, and

low-risk based on the risk of FN according



2024 Volume 5, Tssue 1

Factors Associated with Chemotherapy-Indhuced Neutropenia in Diffuse Large B-Cell Lymphoma Patients Undergoing Combination Chemotherapy: A Case-Control Study

to the National Comprehensive Cancer
Network (NCCN) guidelines *”. Pegfilgrastim
(Neulasta) was used 24 hours after combination
chemotherapy to prevent FN in all patients
treated with high- and intermediate-risk
regimens. A cycle of consolidation chemotherapy
refers to this treatment cycle, and the number
of cycles was calculated as the cumulative
number of treatments. Relative dose intensity
was cut off at 85% ). Lenograstim (Granocyte)
was administered prophylactically prior to
combination chemotherapy **. Previous history
of neutropenia was defined as neutropenia with an
absolute neutrophil count of less than 1,000 cells/
uL that occurred during the course of treatment,
not just during the combination chemotherapy,
and the frequency was measured as the number of

episodes of neutropenia.

2.3.2. Lifestyle
Two aspects of lifestyle were measured: alcohol
consumption and smoking history, as scored by the
lifestyle tool.
(1) Lifestyle severity
The Health Promoting Lifestyle Profile II (HPLP
IT) by Walker et al. ** translated and modified

[23]

by Seo was used, and permission to use
the tool was obtained from both the original
author and the translator. The HPLP II consists
of 50 questions in six subdomains: health
responsibility (8 questions), physical activity
(8 questions), nutrition (9 questions), spiritual
growth (9 questions), interpersonal relationships
(8 questions), and stress management (8
questions). Each item is rated on a 4-point
Likert scale ranging from 1 for “never” to 4 for
“always,” and the higher the average rating of
the total score divided by the number of items,
the higher the level of healthy lifestyle behavior.
In Seo’s study 3 Cronbach’s o was 0.92, and
in this study, Cronbach’s o was 0.95.

-25-

(2) Drinking and smoking history
Drinking status was checked based on the
monthly drinking rate, which is one of the
drinking status indicators of the National Health
and Nutrition Examination Survey. Smoking
history was divided into non-smoking, smoking,
and quitting smoking in the past year.
(3) Depression
Depression was measured using a Korean
instrument from Korea Psychology Corporation,
which has the right to publish Beck’s Beck
Depression Inventory-II (BDI-II). This tool
reflects major depressive symptoms such as
sadness and guilt, with a total of 21 questions,
each question on a 4-point scale from 0 to 3, and
a total score ranging from 0 to 63. In this study, a
total score of 22 was examined as a cutoff point
for depression . The reliability of the tool was
shown to be above 0.80 in both patients and
normal controls, with a Cronbach’s o coefficient
of 0.90 for the Korean version of the BDI-II in
a normal adult population **. In this study, the

Cronbach’s a coefficient was 0.90.

2.4. Data collection

The data collection period for this study was from
September 20, 2019 to March 31, 2020. A trained
research assistant obtained written informed consent
in the hospital room on the day of admission. Data
collection through electronic medical records was
performed by a researcher and one trained research
assistant. They independently coded the electronic
medical records of 10 subjects, and the agreement was
r = 0.80. Discrepancies in coding were resolved by
consensus as comorbidities and CIN occurrence. The
first data collection point of the study was the starting
date of combination chemotherapy for outpatients or
inpatients, and clinical factors, lifestyle, and depression
were examined. Clinical factors were collected through
electronic medical records, and lifestyle and depression

were self-reported in a structured questionnaire,



2024 Volume 5, Tssue 1

Factors Associated with Chemotherapy-Indhuced Neutropenia in Diffuse Large B-Cell Lymphoma Patients Undergoing Combination Chemotherapy: A Case-Control Study

which was read and answered by a research assistant
if needed. The second data collection time point was
7 (£ 3) days after completion of the combination
chemotherapy, and the occurrence of CIN was
investigated according to the absolute neutrophil count
criteria based on blood tests performed at outpatient

visits or in the inpatient ward.

2.5. Data analysis

The data collected in this study were analyzed using
SPSS Statistics 27.0. The clinical factors, lifestyle, and
depression of the subjects were calculated as frequencies
and percentages, means and standard deviations (SD).
The normality test for lifestyle and depression was
performed using the Shapiro-Wilks test and followed a
normal distribution. Differences in the incidence of CIN
according to clinical factors, lifestyle, and depression
were analyzed by independent #-test, chi-square test, and
Fisher’s exact test. Factors affecting the occurrence of

CIN were analyzed by binary logistic regression.

2.6. Ethical considerations

This study was approved by the Research
Ethics Committee of C University Hospital
(CNUHH-2019-150). Written informed consent was
obtained on the day of the subject’s admission to the
hospital by a research assistant trained in accordance
with the Declaration of Helsinki. The data collected
will be used only for research purposes, anonymity will

be guaranteed, and will be destroyed after three years.

3. Results

3.1. Differences in the incidence of
chemotherapy-induced neutropenia based
on clinical factors

3.1.1. Patient-related factors

Differences in the incidence of CIN according to
patient-related factors are shown in Table 1. Among
the patient-related factors, weight and platelets showed

statistically significant differences between the two
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groups. Weight was significantly different in the CIN
and non-CIN groups, with a mean of 62.22 + 9.61 kg
and 67.02 + 10.36 kg, respectively (t=2.19, P=0.031).
Platelets were less than 150,000 cells/uL with 11
(37.9%) in the CIN group and 16 (19.5%) in the non-
CIN group, showing a significant difference (y° = 3.95,
P=0.047).

Otherwise, there were no statistically significant
differences between the two groups in gender,
age, body surface area, body mass index, physical
performance, white blood cells, hemoglobin, absolute
neutrophil count, LDH, AST, total bilirubin, BUN,

creatinine, and comorbidities.

3.1.2. Disease-related factors
Differences in the incidence of CIN according to
disease-related factors are shown in Table 2. Among
the disease-related factors of the subjects, B symptoms
showed a statistically significant difference between the
two groups. There was a significant difference between
10 (34.5%) cases in the CIN group and 12 (14.6%)
cases in the non-CIN group (y° = 5.31, P =0.021).
There were no statistically significant differences in
other stages, extranodal involvement, or bone marrow

involvement between the two groups.

3.1.3. Treatment-related factors

Differences in the incidence of CIN according to
treatment-related factors are shown in Table 2.
Among the treatment-related factors of the subjects,
the presence or absence of treatment with a regimen
different from the current combination chemotherapy
regimen and the presence or absence of a history of
combination chemotherapy regimen and neutropenia
showed statistically significant differences between
the two groups. There was a significant difference
between 13 (44.8%) in the CIN group and 14 (17.1%)
in the non-CIN group in the history of treatment with
a regimen different from the current combination
chemotherapy regimen (x> = 8.97, P = 0.003).

According to the combination chemotherapy regimen,
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Table 1. Difference in developing chemotherapy-induced neutropenia according to patient-related factors

Total (n = 111)

CIN (n=29)

Non-CIN (n = 82)

Variables Categories yort P
n (%) or mean + SD n (%) or mean = SD | n (%) or mean + SD
Gender Male 84 (75.7) 22 (75.9) 62 (75.6) 0.00 | 0.978
Female 27 (24.3) 7 (24.1) 20 (24.4)
Age (year) 61.05+13.08
<65 56 (50.5) 16 (55.2) 40 (48.8) 0.35 0.554
>65 55 (49.5) 13 (44.8) 42 (51.2)
Weight (kg) 65.77+10.33 62.22 +9.61 67.02 +10.36 2.19 | 0.031
BSA (m) 1.87 +1.47
<19 95 (85.6) 25 (86.2) 70 (85.4) - >
>1.9 16 (14.4) 4(13.8) 12 (14.6) 0.999*
BMI (kg/m®) 2439 + 4.41
<23 38 (34.2) 13 (44.8) 25(30.5) 1.97 | 0374
23-24.9 31(27.9) 7 (24.1) 24 (29.3)
>25 42 (37.8) 9(31.0) 33 (40.2)
ECOG PS 0 38 (34.2) 11 (37.9) 27(32.9) - 0.418*
1 60 (54.1) 14 (48.3) 46 (56.1)
2 12 (10.8) 3(10.3) 9(11.0)
3 1(0.9) 1(3.4) 0(0.0)
4 0(0.0) 0(0.0) 0(0.0)
WBC (cells/uL) 6,827.93 +£2,766.72 6,379.31 +£2,292.59 6,986.59 +2,912.20 1.02 | 0.312
Hgb (g/dL) 11.48 £1.40
<12 70 (63.1) 21(72.4) 49 (59.8) 1.47 | 0.225
>12 41 (36.9) 8(27.6) 33 (40.2)
PLT (cells/uL) 22,8945.95 +10,3624.45
< 150,000 27 (24.3) 11 (37.9) 16 (19.5) 3.95 | 0.047
> 150,000 84 (75.7) 18 (62.1) 66 (80.5)
Pre ANC (cells/uL) 4,979.28 +2,649.86 4,238.62 +£2,226.08 5,241.22 £2,748.97 0.52 | 0.470
LDH (IU/L) 543.82 £ 367.58 682.10 +613.64 49491 +209.90 -1.61 | 0.118
AST (U/L) 26.67 +15.25
<35 92 (82.9) 21(72.4) 71 (86.6) - 0.093*
>35 19 (17.1) 8 (27.6) 11 (13.4)
Total bilirubin (mg/dL) 0.50+0.19 0.55+0.21 0.48 +£0.18 -1.71 | 0.090
BUN (mg/dL) 14.86 + 6.76 15.04 +7.06 14.80 + 6.69 -0.17 | 0.867
Cr (mg/dL) 1.05+1.16 1.24 +1.80 0.98 +0.84 -1.06 | 0.293
Comorbidity No 48 (43.2) 11 (37.9) 37 (45.1) 045 | 0.502
Yes 63 (56.8) 18 (62.1) 45 (54.9)
Post ANC (cells/uL) 4,947.66 + 4,714.65 6,563.54 +4,475.77 378.62 £323.18

Abbreviations: ANC = absolute neutrophil count; AST = aspartate transaminase; BMI = body mass index; BSA = body surface area; BUN = blood urea
nitrogen; CIN = chemotherapy-induced neutropenia; Cr = creatinine; ECOG PS = Eastern Cooperative Oncology Group performance status; Hgb =
hemoglobin; LDH = lactate dehydrogenase; PLT = platelet; WBC = white blood count; *Fisher’s exact test.

27-
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there were 11 (37.9%) high-risk and 13 (44.8%)
intermediate-risk in the CIN group and 65 (79.3%)
intermediate-risk in the non-CIN group, showing a
significant difference (y* = 12.18, P = 0.002). Previous
neutropenic events were 16 (55.2%) in the CIN group
and 27 (32.9%) in the non-CIN group, showing a
significant difference (y° = 4.47, P = 0.035).

There were no statistically significant differences
between the two groups in the number of other
radiotherapy treatments, hematopoietic stem cell
transplantations, cycles of combined chemotherapy,
relative dose intensity, prophylactic granulocyte
colony-stimulating factor administration, and number
of CIN events.

Table 2. Difference in developing chemotherapy-induced neutropenia according to disease- and treatment-related factors

. . Total (n = 111) CIN (n=29) Non-CIN (n = 82) 5
Variables Variables xort P
n (%) or mean £ SD | n (%) or mean = SD | n (%) or mean + SD
Stage 1 30 (27.0) 8 (27.6) 22 (26.8) 2.77 0.428
I 23 (20.7) 3(10.3) 20 (24.4)
11 26 (23.4) 8 (27.6) 18 (22.0)
v 32 (28.8) 10 (34.5) 22 (26.8)
Extranodal involve- No 21(18.9) 6 (20.7) 15 (18.3) 0.08 0.777
ment Yes 90 (81.1) 23 (79.3) 67 (81.7)
B symptoms No 89 (80.2) 19 (65.5) 70 (85.4) 5.31 0.021
Yes 22 (19.8) 10 (34.5) 12 (14.6)
BM involvement No 98 (88.3) 24 (82.8) 74 (90.2) - 0.319*
Yes 13 (11.7) 5(17.2) 8(9.8)
Previous RT No 100 (90.1) 26 (89.7) 74 (90.2) - >0.999*
Yes 11 (9.9) 3(10.3) 8(9.8)
Other regimen CTx No 84 (75.7) 16 (55.2) 68 (82.9) 8.97 0.003
Yes 27 (24.3) 13 (44.8) 14 (17.1)
Previous SCT No 106 (95.5) 27 (93.1) 79 (96.3) - 0.470*
Yes 5(4.5) 2(6.9) 3(3.7)
Regimen High-risk 23 (20.7) 11 (37.9) 12 (14.6) 12.18 0.002
Intermediate-risk 78 (70.3) 13 (44.8) 65 (79.3)
Low-risk 10 (9.0) 5(17.2) 5(6.1)
Cycle of CTx 3.95+£9.72 2.10+1.54 4.60 +11.21 1.19 0.237
RDI 91.86 +15.66
<85 30 (27.0) 8 (27.6) 22 (26.8) 0.01 0.937
>85 81 (73.0) 21(72.4) 60 (73.2)
Prophylaxis G-CSF No 95 (85.6) 25 (86.2) 70 (85.4) - >0.999*
Yes 16 (14.4) 4(13.8) 12 (14.6)
Previous No 68 (61.3) 13 (44.8) 55 (67.1) 4.47 0.035
neutropenia Yes 43 (38.7) 16 (55.2) 27 (32.9)
Number of neutropenia experience 2.86 £2.64 3.88+3.34 226 +£1.95 -1.76 0.092
(n=43)

Abbreviations: BM = bone marrow; CIN = chemotherapy-induced neutropenia; CTx = chemotherapy; G-CSF = granulocyte-colony stimulating factor;
RDI = relative dose intensity; RT = radiation treatment; SCT = stem cell transplantation; *Fisher’s exact test.

-28-
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3.2. Differences in the incidence of
chemotherapy-induced neutropenia based
on lifestyle

Differences in the incidence of CIN based on lifestyle
are shown in Table 3. The mean lifestyle scores of
the subjects were 2.43 + 0.41 and 2.68 £+ 0.49 in the
CIN and non-CIN groups, respectively, showing a
statistically significant difference between the two
groups (t=2.42, P=0.017).

For alcohol consumption, 23 (79.3%) responded
as “never” and 6 (20.7%) responded as “drink” in the
CIN group, and 76 (92.7%) responded as “never” and
6 (7.3%) responded as “drink” in the non-CIN group,
which was not statistically significant between the
two groups (P = 0.076). Smoking history included 11
(37.9%) non-smokers in the CIN group and 28 (34.1%)
in the non-CIN group, 3 (10.3%) current smokers in
the CIN group and 8 (9.8%) in the non-CIN group, and
15 (51.7%) quitters in the CIN group and 46 (56.1%)
in the non-CIN group, with no statistically significant
difference between the two groups (x* =0.17, P=0.919).

3.3. Differences in the incidence of
chemotherapy-induced neutropenia
according to depressive status

Differences in the incidence of CIN by depression

status are shown in Table 3. The mean depression level
of the subjects was 14.71 + 9.64, with 15 (51.7%) and
30 (36.6%) depressed in the CIN and non-CIN groups,
respectively, which was not statistically significant
between the two groups (x’ = 2.04, P = 0.154).

3.4. Factors affecting the development of
neutropenia

To determine the factors affecting the occurrence of
CIN in subjects, a binary logistic regression analysis
was performed, selecting the seven variables that
showed significant differences in the univariate
analysis as independent variables: weight, platelets,
B symptoms, treatment history with a regimen
different from the current combination chemotherapy
regimen, combination chemotherapy regimen, previous
occurrence of CIN, and lifestyle score.

The regression model was statistically significant
(X =35.14, P < 0.001), and the explanatory power was
39.7% by the Nagelkerke coefficient of determination.
The classification accuracy was 80.2%, and the
Hosmer-Lemeshow test for model fit did not reject
the hypothesis that there is no difference between the
observed and predicted values of the model (x* = 2.99,
P = 0.935), indicating that the model presented in this
study fits the data well.

Table 3. Difference in developing chemotherapy-induced neutropenia according to the levels of healthy lifestyle and

depression
. . Total (n = 111) CIN (n=29) Non-CIN (n = 82) )
Variables Categories yort 4
n (%) or mean + SD n (%) or mean = SD | n (%) or mean + SD

Level of lifestyle 2.62+0.48 243+0.41 2.68 +£0.49 242 0.017

Alcohol No 99 (89.2) 23 (79.3) 76 (92.7) - 0.076*
Yes 12 (10.8) 6 (20.7) 6(7.3)

Smoking None 39 (35.1) 11 (37.9) 28 (34.1) 0.17 0919
Yes 11(9.9) 3(10.3) 8(9.8)
Quit 61 (55.0) 15 (51.7) 46 (56.1)

Depression No 66 (59.5) 14 (48.3) 52 (63.4) 2.04 0.154
Yes 45 (40.5) 15(51.7) 30 (36.6)

Abbreviation: CIN = chemotherapy-induced neutropenia; *Fisher’s exact test.
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Table 4. Factors associated with chemotherapy-induced neutropenia

Variables B SE P OR 95% CI1
Weight -0.05 0.03 0.060 0.95 0.90-1.00
PLT (ref: < 150,000 cells/pL) -0.87 0.62 0.156 0.42 0.13-1.40
B symptoms (ref: No) 1.55 0.62 0.012 4.69 1.40-15.70
Other regimen CTx (ref: No) 1.04 1.51 0.492 2.83 0.15-55.00
Regimen (ref: Low-risk)

Intermediate-risk -1.38 1.30 0.160 0.16 0.01-2.07

High-risk -2.31 0.99 0.020 0.10 0.01-0.70
Previous neutropenia (ref: No) 0.60 0.63 0.336 1.83 0.54-6.23
Level of healthy lifestyle -1.80 0.62 0.003 0.17 0.05-0.55

Abbreviations: CI = confidence interval; CTx = chemotherapy; OR = odds ratio; PLT = platelet; SE = standard error

Factors influencing the occurrence of CIN were
B symptoms at diagnosis, low-risk combination
chemotherapy regimen, and low lifestyle score. The
odds ratios of the parameter estimates showed an
odds ratio of 4.69 (f = 4.69, p = 0.012) for CIN in the
presence of B symptoms, an odds ratio of 0.10 (f =
0.10, p = 0.020) for CIN in the high-risk combination
chemotherapy regimen compared to the low-risk
combination chemotherapy regimen, and an odds ratio
of 0.17 (f = 0.17, p = 0.003) for CIN for an average

increase of 1 point in lifestyle score (Table 4).

4. Discussion

In this study, the risk factors for CIN in DLBCL patients
were B symptoms at diagnosis, a low-risk combination
chemotherapy regimen, and a low lifestyle score.

Based on the results, low-risk combination
chemotherapy regimens were the strongest predictors of
CIN in DLBCL patients. The National Comprehensive
Cancer Network (NCCN) recommends that G-CSF can
be used prophylactically to prevent the development
of CIN immediately after combination chemotherapy,
depending on the risk of developing FN %, In this
study, all patients received prophylactic G-CSF within
24 hours after high- and intermediate-risk combination
chemotherapy to reduce the likelihood of CIN according
to NCCN guidelines. The European Organization for
Research and Treatment of Cancer (EORTC) most
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recently updated its guidelines on the use of G-CSF
after NHL treatment in 2010, recommending the use of
prophylactic G-CSF after R-CHOP for the treatment of
NHL and discussing more aggressive consideration of
G-CSF administration not only for R-CHOP but also for
patients receiving lower-risk combination chemotherapy
regimens who may be more vulnerable to developing CIN
by not receiving prophylactic G-CSF /. Although not
all CINs result in FN, the occurrence of CIN alone can
cause fatigue, disruption of daily activities, negative

. . . . 14
emotions, and social isolation ¥

, resulting in increased
hospitalization and hospital costs °!. In this study,
patients receiving combination chemotherapy classified
as high and intermediate risk for FN were given
prophylactic G-CSF, but patients receiving low-risk
combination chemotherapy were not given prophylactic
G-CSF. Consequently, the lack of prophylactic
G-CSF increased the likelihood of CIN in DLBCL
patients receiving low-risk combination chemotherapy
regardless of the risk of FN on the combination
chemotherapy regimen. Therefore, we believe that the
NHL treatment guidelines should strongly consider
including a recommendation for prophylactic G-CSF
administration in the guidelines regardless of the risk
of FN.

The second factor associated with the development
of CIN in this study was a low lifestyle score. The

lower the lifestyle score, the higher the incidence of
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CIN in DLBCL patients. In a recent study, regular
participation in leisure-time exercise improved
neutrophil function, lowered myeloperoxidase levels,
and increased total antioxidant capacity in healthy
middle-aged men, potentially slowing the immune
aging process . In a study of older adults, regular
habitual physical activity was associated with efficient
neutrophil migration, a critical step in resolving
infections that is impaired with age !"”. A healthy diet
can also help to reduce the side effects associated
with combination chemotherapy. Malnutrition and
decreased muscle mass are frequent in cancer patients
and have a negative impact on clinical outcomes %
Univariate analysis in this study showed that higher
body weight was associated with the development
of CIN, but the relationship was not supported by
multivariate analysis by a narrow margin (P = 0.060).
It is thought that a healthy diet or optimal nutrition
may protect DLBCL patients from the side effects of
combination chemotherapy, including the development
of CIN. A healthy lifestyle helps to maintain a normal
body weight, thus a healthy, balanced diet consisting
of nutrient-dense, whole foods, including vegetables,
fruits, protein sources, and healthy fats, along with
regular physical activity or exercise, is important.
On the other hand, smoking habits were inversely
associated with the development of CIN or FN in
previous studies. In patients receiving gemcitabine
chemotherapy alone or in combination with oral
chemotherapeutic agents, non-smokers had a 3.5-fold
higher incidence of CIN compared to smokers, and
this was more pronounced with increasing pack-years
of smoking *". However, pharmacodynamic markers
of gemcitabine-induced neutropenia concomitantly
reduced the efficacy of gemcitabine. Thus, smoking
reduced the efficacy of the chemotherapeutic agent
against cancer cells while simultaneously reducing the
incidence of CIN or FN as a toxic response. Previous
studies have confirmed that implementing a healthy
lifestyle such as exercise, diet, and drinking habits

can be beneficial for neutrophilic immunity, but since
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neutrophil function is not the same as neutrophil count,
it is not yet sufficient to confirm the relationship
between healthy lifestyle and the occurrence of CIN,
and further studies are needed to establish the causal
relationship.

The last factor influencing the development
of CIN in DLBCL patients was the presence of B
symptoms at diagnosis. B symptoms are a triad of
non-specific symptoms of fever of 38°C or higher,
night sweats, and weight loss of 10% or more in
the previous 6 months, which are common in high-
grade lymphomas such as DLBCL, and have been
associated with poorer survival in DLBCL patients
8] In phase III of the British National Lymphoma
Investigation (BNLI), approximately 50% of 664
patients with DLBCL had B symptoms, and after
adjustment for age, functional status, bone marrow
involvement, chemotherapy regimen type, and G-CSF
administration, the occurrence of severe CIN was
associated with B symptoms *”. B symptoms were
strongly associated with an increase in the systemic
inflammatory response index (SIRI), a measure of
decreased activity of CYP3A4, a key enzyme in
drug metabolism . Most drugs used to treat NHL
are metabolized by CYP3A4. Decreased activity
of CYP3A4 reduces hepatic metabolism, leading to
strong chemotherapy-induced toxicity, resulting in CIN
% Therefore, an individualized approach, including
the use of prophylactic G-CSF, is needed to reduce
systemic inflammatory responses prior to combination
chemotherapy in patients with B symptoms at the time
of DLBCL diagnosis.

The results of this study should be interpreted
with caution because it was a prospective, case-control
study, and subjects were recruited at a time when the
occurrence of CIN after combination chemotherapy
was unknown, hence the proportion of patients with
CIN was relatively low compared to the control group,
and the proportion of controls per patient group could
not be taken into account. In addition, lifestyle and

depression were measured at 1-week intervals in this
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study, which may not sensitively reflect the changes
in lifestyle or depression at 1-week intervals, and
there were limitations in measuring the changes in
drinking and smoking habits at 1-week intervals.
Lastly, we cannot exclude the possibility that CIN may
have occurred in the control group after the time of

secondary data collection.

of CIN in DLBCL patients with B symptoms at
diagnosis, those who do not receive prophylactic
G-CSF after combination chemotherapy, or those who
are noncompliant with healthy lifestyle behaviors.
DLBCL treatment guidelines should actively include
a recommendation to administer G-CSF to all patients

after combination chemotherapy regardless of their risk

5. Conclusion

Oncology nurses should monitor the development
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of developing CIN or FN, and educational programs
should be developed to include healthy lifestyle

practices to improve the immune system.
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