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Abstract: Febrile neutropenia (FN) is a major concern in patients undergoing chemotherapy for diffuse large
B-cell lymphoma (DLBCL); however, the overall risk of FN is difficult to assess. This study aimed to develop a
model for predicting the occurrence of FN in patients with DLBCL. In this multicenter, retrospective,
observational analysis, a multivariate logistic regression model was used to analyze the association between
FN incidence and pretreatment clinical factors. We included adult inpatients and outpatients (aged > 18 years)
diagnosed with DLBCL who were treated with chemotherapy. The study examined 246 patients. Considering
FN occurring during the first cycle of chemotherapy as the primary outcome, a predictive model with a total
score of 5 points was constructed as follows: 1 point each for viral hepatitis, extranodal involvement, and a
high level of soluble interleukin-2 receptor and 2 points for lymphopenia. The area under the receiver operating
characteristic curve of this model was 0.844 (95% confidence interval: 0.777-0.911). Our predictive model can
assess the risk of FN before patients with DLBCL start chemotherapy, leading to better outcomes.

Keywords: febrile neutropenia; chemotherapy; diffuse large B-cell lymphoma; outcomes;
multivariate logistic regression model

1. Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common subtype of lymphoma [1]. The
cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) regimen with added rituximab
(R-CHOP) currently serves as a standard treatment for DLBCL. Chemotherapy-induced neutropenia
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and febrile neutropenia (FN) are common serious clinical conditions that occur during this
chemotherapy regimen. Patients with FN require immediate antibiotic therapy because the infection
can progress rapidly. Prolonged neutropenia and FN can delay the delivery of cancer treatment as
well as reduce treatment effectiveness. A decreased dose intensity is associated with impaired
outcomes in patients with DLBCL treated with chemotherapy [2]. Thus, prophylaxis and FN
management are necessary to maintain planned doses of chemotherapy. Although the use of
granulocyte colony-stimulating factor (G-CSF) can help reduce the risk of developing neutropenic
events, some patients experience serious complications related to FN. In a study evaluating patterns
of G-CSF usage and FN among patients with DLBCL treated with CHOP or R-CHOP regimens
(CALGB 9793; ECOG-SWOG 4494), G-CSF use was significantly more common in the older
population (age > 65 years) [3]. However, identification of patients who would benefit from its use in
clinical settings remains challenging.

The American Society of Clinical Oncology and European Organization for Research and
Treatment of Cancer recommend primary prophylaxis with G-CSF for patients undergoing
chemotherapy regimens that pose a high risk of FN (= 20%) or an intermediate risk of FN (10-20%),
depending on the patients” individual risk factors [4,5]. According to recent studies, the risk of FN
with CHOP-like regimens is 9.0-15.2% [6-8], which is classified as an intermediate risk. When using
intermediate-risk chemotherapy regimens, patient-related risk factors must be evaluated to
determine the appropriate FN treatment.

Several retrospective studies [9-11] and a systematic review [12] have identified the following
possible patient-related risk factors for FN in patients with lymphoma: advanced age; poor
performance status; advanced disease; comorbid renal, cardiovascular, or liver diseases; low baseline
blood cell counts; and low serum albumin, abnormal bone marrow, and increased lactate
dehydrogenase levels. However, little is known regarding the effects of these risk factors in patients
with DLBCL. Assigning weights to these risk factors and determining their individual importance to
guide the use of G-CSF in patients with DLBCL are difficult. If the causal association between baseline
characteristics or disease status of a patient and FN incidence can be determined, appropriate
interventions can be introduced in time to prevent FN onset.

More than half of the patients who develop FN experience an episode during their first cycle of
chemotherapy [9,10]. EN development during the first cycle affects the timing and dosing of the
subsequent cycles of chemotherapy and prophylactic management. Therefore, prediction of FN in
the first cycle based on pretherapy risk factors should improve the overall prognosis of patients with
DLBCL.

In this study, we aimed to develop a predictive model for FN development in the first cycle of
R-CHOP-like regimen treatment in treatment-naive patients with DLBCL.

2. Materials and Methods

2.1. Study design and patients

In this retrospective, multicenter cohort study, we reviewed the medical records of all adult
inpatients and outpatients (aged > 18 years) diagnosed with DLBCL who were treated with
chemotherapy at Kinan Hospital (Wakayama, Japan) between January 1, 2010, and December 31,
2021, and at St. Luke’s International Hospital (Tokyo, Japan) between January 1, 2010, and December
31, 2018. Patients transferred to our hospital after starting treatment at other hospitals and those
treated with rituximab only were excluded from this study.

As this study was conducted using existing data retrieved from medical records, the need for
obtaining informed consent for participation was waived. This study was approved by the Research
Ethics Committee of each hospital (Kinan Hospital reference number: 229, St. Luke’s International
Hospital reference number: 19-R106). This study was conducted in accordance with the tenets of the
Declaration of Helsinki.
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2.2. Data collection

All parameters evaluated were selected considering clinical insights and information from
previous studies [9-12]. Data on patients’ demographics (age, sex, height, weight, and body mass
index), disease status (pathological diagnosis, Ann Arbor stage, bone marrow infiltration, and
extranodal involvement), complications (diabetes mellitus, viral hepatitis [without cirrhosis], chronic
kidney disease, cardiac disease, chronic obstructive lung disease, and history of malignant diseases),
and blood parameters (albumin level, total bilirubin level, creatinine level, estimated glomerular
filtration rate, lactate dehydrogenase level, C-reactive protein level, soluble interleukin-2 receptor
[sIL2R] level, white blood cell count, absolute neutrophil count [ANC], absolute lymphocyte count,
hemoglobin level, and platelet count) were collected. Hepatitis C virus (HCV) infection was
confirmed using a serological test for HCV antibody, and hepatitis B virus (HBV) infection was
confirmed using a test for the surface antigen of hepatitis B (HBsAg), whereas previous infections
were confirmed using tests for the surface antibody of hepatitis B (anti-HBs) or the core antibody
(anti-HBc) without a history of immunization. If the result of any of these tests was positive, the
patient was classified as having a history of viral hepatitis. The following treatment data were also
collected: type of chemotherapy regimen, relative dose intensity, and use of prophylactic antibiotics
and G-CSF. Patients treated with only initial treatment (R-CHOP-like regimens) throughout the
course were included in the R-CHOP-like therapy group, whereas those who underwent salvage
treatment, which caused severe myelosuppression, for lymphoma relapse were included in the
salvage therapy group. As the intensity of chemotherapy is clearly related to the risk of developing
FN, we evaluated the data of patients in the R-CHOP-like and salvage therapy groups separately.

2.3. Study endpoints

The primary endpoint was the FN incidence during the first cycle of chemotherapy for DLBCL.
The secondary endpoint was the FN incidence during any cycle of chemotherapy for DLBCL. FN was
defined as the presence of an axillary body temperature > 37.5°C in addition to neutropenia (ANC <
500 cells/mm? or ANC expected to decrease to <500 cells/mm? during the next 48 h).

2.4. Statistical analyses

Descriptive statistics were used to summarize the baseline measurements. Continuous and
categorical variables are presented as medians (interquartile ranges) and numbers (%), respectively.
To construct the predictive model, the hematological parameters and other continuous variables were
converted into binary variables using clinically important values as cutoff points. We used the chi-
squared (X?) test to compare parameters between patients with and without FN. Univariate and
multivariate logistic regression models were used to analyze risk factors associated with FN onset.
Considering the rule of 10 events per variable [13-15] and our sample size (37 + 157), we limited the
number of predictors to four to prevent model overfitting. All candidate predictors with a p-value <
0.2 in the univariate analysis were included in a backward stepwise logistic regression model, and a
p-value of 0.05 was used as the cutoff point for final entry or removal. The scores for each predictor
were obtained using the beta coefficients of the final model. A receiver operating characteristic curve
was drawn, and the area under the curve (AUC) was obtained. For internal validation, bootstrapping
was performed with 1000 iterations to simulate unbiased outcomes. All statistical analyses were
performed using Stata version 17.0 (StataCorp, College Station, TX, USA).

3. Results

In total, 134 patients from Kinan Hospital and 112 patients from St. Luke’s International Hospital
were included. Most patients were Japanese (Japanese, 240; Caucasian, 5; Hispanic, 1). The baseline
demographic and disease characteristics are summarized according to the intensity of the
chemotherapy regimen in Table 1. Of the 246 patients with DLBCL, 194 received only R-CHOP-like
therapy and 52 received at least one salvage therapy. The intensity of chemotherapy was significantly
associated with FN incidence during any cycle of chemotherapy (R-CHOP-like therapy: 33.0%
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[64/194], salvage therapy: 70.6% [36/52], p <0.001). Thus, the results were analyzed according to the
intensity of the chemotherapy regimen. In this study, our analysis focused specifically on 194 patients
who received R-CHOP-like therapy. The ages of the patients ranged from 25 to 100 years, and the
median age was 73.0 (63.0-80.0) years. More women (56%) than men (44%) were enrolled. Diabetes
(16%) and cardiac disease (17%) were the most common comorbidities. None of the patients tested
positive for HIV antibodies. More than half of the patients had advanced disease (Ann Arbor stages
I-11, 45%; I1I-1V, 55%). Moreover, 15% of those patients had bone marrow infiltration, and extranodal
involvement was present in half of the patients. Furthermore, 17% of the patients tested positive for
HBYV, but none required antiviral prophylaxis because they were HBV-DNA negative, and all had
either previously been infected with HBV or were post-vaccinated.

Table 1. Demographic and clinical characteristics of patients according to the intensity of
chemotherapy regimens.

Total DLBCL R-CHOP-like Salvage therapy
n =246 n=194 n=>52
Age, years 72.0 (63.0-79.0) 73.0 (63.0-80.0) 69.5 (61.5-75.5)
Sex
Female 146 (59%) 109 (56%) 37 (71%)
Male 100 (41%) 85 (44%) 15 (29%)
Comorbidity
Diabetes 36 (15%) 32 (16%) 4 (8%)
Chronic kidney disease 14 (6%) 10 (5%) 4 (8%)
Cardiac disease 38 (15%) 33 (17%) 5 (10%)
Pulmonary disease 5 (2%) 4 (2%) 1 (2%)
Malignancy 31 (13%) 24 (12%) 7 (13%)
Ann Arbor stage
I 39 (16%) 38 (20%) 1 (2%)
I 55 (22%) 48 (25%) 7 (13%)
I 44 (18%) 34 (18%) 10 (19%)
v 108 (44%) 74 (38%) 34 (65%)
Bone marrow infiltration
Yes 44 (18%) 30 (15%) 14 (27%)
No 202 (82%) 164 (85%) 38 (73%)
Extranodal involvement
Yes 140 (57%) 102 (53%) 38 (73%)
No 106 (43%) 92 (47%) 14 (27%)
Baseline laboratory data
eGFR < 60 mL/min/1.73 m? 61 (25%) 52 (27%) 9 (17%)
T-Bil > 1.0 g/dL 35 (15%) 27 (14%) 8 (16%)
Albumin < 3.5 g/dL 87 (36%) 71 (37%) 16 (31%)
LD >222 TU/L 147 (60%) 109 (57%) 38 (73%)
CRP > 10 mg/dL 13 (6%) 10 (6%) 3 (6%)
sIL2R > 2000 U/mL 97 (40%) 72 (37%) 25 (48%)
WBC <3.5x10°/L 29 (12%) 22 (11%) 7 (13%)
ANC<1.5x10°/L 9 (4%) 8 (4%) 1 (2%)
ALC<0.7 x 107 /L 54 (22%) 42 (22%) 12 (23%)
Hemoglobin < 12.0 g/dL 114 (46%) 92 (47%) 22 (42%)
Platelet count < 100 x 10° /L. 32 (13%) 24 (12%) 8 (15%)
Hepatitis viral status
Viral hepatitis 50 (20%) 40 (21%) 10 (19%)
HCV 15 (6%) 13 (7%) 2 (4%)

HBV 43 (17%) 33 (17%) 10 (19%)
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HBsAg + 5 (2%) 3 (2%) 2 (4%)
anti-HBs + 27 (11%) 21 (11%) 6 (12%)
anti-HBc + 34 (14%) 28 (14%) 6 (12%)

Abbreviations: DLBCL, diffuse large B-cell lymphoma; R-CHOP, cyclophosphamide, doxorubicin,
vincristine, and prednisone with rituximab; eGFR, estimated glomerular filtration rate; T-Bil, total
bilirubin; LD, lactate dehydrogenase; CRP, C-reactive protein; sIL2R, soluble interleukin-2 receptor;
WBC, white blood cell; ANC, absolute neutrophil count; ALC, absolute lymphocyte count; HCV,
hepatitis C virus; HBV, hepatitis B virus; anti- HBsAg, hepatitis B surface antigen; HBs, hepatitis B
surface antibody; anti-HBc, hepatitis B core antibody.

Univariate analysis results for factors associated with FN development in the first cycle of R-
CHOP-like therapy are shown in Table 2. Of the 194 patients in the R-CHOP-like therapy group, 69
received G-CSF and 125 did not. Administration of G-CSF to patients was at the physician’s
discretion. Additionally, 15 of the 125 (11.2%) patients who did not receive G-CSF and 23 of the 69
(33.3%) patients who did receive G-CSF developed FN (Figure S1). Patients who were treated with
R-CHOP-like regimens did not receive antimicrobial prophylaxis. The associations between the
variables and FN incidence during any cycle of chemotherapy (secondary endpoint) are shown in
Table S1. Factors associated with FN development in the salvage regimen group are shown in Tables
52-54. According to the univariate analysis, a history of pulmonary disease, six laboratory
parameters (platelet count, lymphocyte count, albumin level, lactate dehydrogenase level, C-reactive
protein level, and sIL2R level), three factors related to lymphoma (Ann Arbor stage, extranodal
involvement, and bone marrow infiltration), and viral hepatitis were selected as candidate predictors
of the occurrence of FN during the first cycle of R-CHOP-like therapy. Backward stepwise logistic
regression analysis of all candidate predictors showed that viral hepatitis, extranodal involvement,
low lymphocyte count (lymphopenia), and elevated sIL2R levels (all p < 0.05) were significant
prognostic predictors. The results of this analysis for FN incidence in the first cycle of R-CHOP-like
chemotherapy are shown in Table 3.

Table 2. Univariate analysis of factors associated with FN incidence during the first cycle of
chemotherapy for patients treated with the R-CHOP-like regimen.

Developed FN Did not develop FN
during the first during the first therapy p-value
therapy cycle cycle
n=237 n =157
Age > 65 years 26 (70%) 112 (71%) 0.90
Sex: male 21 (57%) 88 (56%) 0.94
Comorbidity
Diabetes 4 (11%) 28 (18%) 0.30
Chronic kidney disease 2 (5%) 8 (5%) 0.94
Cardiac disease 7 (19%) 26 (17%) 0.73
Pulmonary disease 2 (5%) 2 (1%) 0.11
Malignancy 6 (16%) 18 (11%) 0.43
Baseline laboratory data
WBC<3.5x10/L 5 (14%) 17 (11%) 0.64
Hemoglobin < 12.0 g/dL 20 (54%) 72 (46%) 0.37
Platelet <100 x 10° /L 11 (30%) 13 (8%) <0.001
ANC<15x%10?/L 2 (5%) 6 (4%) 0.67
ALC<0.7 x10°/L 20 (54%) 22 (14%) <0.001
T-Bil > 1.0 g/dL 6 (16%) 21 (14%) 0.73
Albumin < 3.5 g/dL 22 (63%) 49 (31%) <0.001
LD >222 IU/L 27 (75%) 82 (53%) 0.014

CRP > 10 mg/dL 5 (14%) 5 (4%) 0.02

doi:10.20944/preprints202311.0145.v1
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mLe/S:f/ffg - 13 (35%) 39 (25%) 0.2
sIL2R >2000 U/mL 26 (70%) 46 (29%) <0.001
:;‘:aiigr(;ﬁ% 30 (83%) 78 (50%) <0.001
Extranodal involvement 27 (73%) 75 (48%) 0.006
Bone marrow infiltration 12 (32%) 18 (11%) 0.002
Hepatitis viral status
Viral hepatitis 16 (43%) 24 (15%) <0.001
HCV 8 (22%) 5 (3%) <0.001
HBV 11 (30%) 22 (14%) 0.022
HBsAg + 1 (3%) 2 (1%) 0.53
anti-HBs + 6 (16%) 15 (10%) 0.24
anti-HBc + 11 (30%) 17 (11%) 0.003
Abbreviations: FN, febrile neutropenia; R-CHOP, cyclophosphamide, doxorubicin, vincristine, and
prednisone with rituximab; WBC, white blood cell; ANC, absolute neutrophil count; ALC, absolute
lymphocyte count; T-Bil, total bilirubin; LD, lactate dehydrogenase; CRP, C-reactive protein; eGFR,
estimated glomerular filtration rate; sIL2R, soluble interleukin-2 receptor; HCV, hepatitis C virus;
HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; anti-HBs, hepatitis B surface antibody;
anti-HBc, hepatitis B core antibody.
Table 3. Multivariate logistic regression of risk factors associated with FN incidence during the first
cycle of chemotherapy for patients treated with the R-CHOP-like regimen.
n=191
Odds ratio [95% CI] B coefficient [95% CI] Score  p-value
ALC<0.7 x10? /L 6.32 [2.51-15.92] 1.84 [0.92-2.77] 2 <0.001
sIL2R > 2000 U/mL 3.05[1.21-7.67] 1.12 [0.19-2.04] 1 0.018
Extranodal involvement 2.94 [1.08-7.99] 1.08 [0.08-2.08] 1 0.034
Viral hepatitis 4.85 [1.85-12.74] 1.58 [0.61-2.54] 1 0.001

Abbreviations: FN, febrile neutropenia; R-CHOP, cyclophosphamide, doxorubicin, vincristine, and
prednisone with rituximab; CI, confidence interval; ALC, absolute lymphocyte count; sIL2R, soluble
interleukin-2 receptor.

For factors associated with FN development during the first cycle of chemotherapy, the scores
for each predictor were obtained according to the beta coefficients of the factors as follows:
lymphopenia, 2 points; high sIL2R level, 1 point; extranodal involvement, 1 point; and viral hepatitis,
1 point. We calculated the sum of the scores for each patient and created a receiver operating
characteristic curve (Figure 1). The AUC (95% confidence interval [Cl]) of this model was 0.844 (0.777-
0.911). The distribution of the prognostic scores and FN incidence for each score group are shown in
Figure 2. When the cutoff value for this score was 2 points, the sensitivity and specificity of the model
were 89.2% and 67.7%, respectively. Moreover, the observed beta coefficient and bootstrapped
validation results were identical (Table 4, Table S5). All simulation data indicated that the model had
high internal validity.
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Table 4. Bootstrap validation of the prediction model for FN occurrence during the first cycle of
chemotherapy for patients treated with the R-CHOP-like regimen and comparison with the original

model.
n=191
Logistic regression Bootstrapped Score
B coefficient [95% CI] B coefficient [95% CI]
ALC<0.7x10°/L 1.84 [0.92-2.77] 1.97 [0.81-2.88] 2
sIL2R > 2000 U/mL 1.12 [0.19-2.04] 1.17 [0.09-2.14] 1
Extranodal involvement 1.08 [0.08-2.08] 1.18 [0.02-2.14] 1
Viral hepatitis 1.58 [0.61-2.54] 1.68 [0.55-2.61] 1

Abbreviations: FN, febrile neutropenia; R-CHOP, cyclophosphamide, doxorubicin, vincristine, and
prednisone with rituximab; CI, confidence interval; ALC, absolute lymphocyte count; sIL2R, soluble
interleukin-2 receptor.

Sensitivity
0.50 0.75 1.00
1 L |

0.25
|

0.00
1

T I I

0.00 0.25 0.50 0.75 1.00
1 - specificity

Area under ROC curve = 0.8437

Figure 1. ROC curve of the prediction score for developing FN during the first cycle of chemotherapy
for patients treated with the R-CHOP-like regimen. Area under the curve (95% confidence interval) =
0.844 (0.777-0.911). EN, febrile neutropenia; R-CHOP, cyclophosphamide, doxorubicin, vincristine,
and prednisone with added rituximab; ROC, receiver operating characteristic.
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Figure 2. Incidence rate of FN during the first cycle of chemotherapy for patients treated with the R-
CHOP-like regimen based on prediction scores. FN, febrile neutropenia; R-CHOP,
cyclophosphamide, doxorubicin, vincristine, and prednisone with added rituximab.

4. Discussion

This retrospective, observational study identified potential risk factors for FN during
chemotherapy in patients with DLBCL. Among the 246 patients who received chemotherapy, 100
developed FN at least once during the treatment cycles, including 46 (46.0%) who developed FN
during the first treatment cycle. These data were consistent with those of a previous report[16] and
indicate the importance of evaluating the possibility of FN during the first chemotherapy session.
The four predictors identified in the multivariate logistic regression analysis were lymphopenia,
elevated sIL2R level, extranodal involvement, and viral hepatitis. These were included in our
predictive model, which can be used to calculate a score indicating the risk of developing FN in
patients with DLBCL undergoing chemotherapy. A total score of 0-1 points indicates a low
probability of developing FN. Having this information before starting chemotherapy is beneficial for
determining the length of hospitalization and planning outpatient treatment.

Although liver cirrhosis is associated with severe infection, owing to the impairment of innate
immune function caused by the disease [17], no previous study has shown an association between
viral hepatitis and FN occurrence. This study indicated that viral hepatitis is a significant risk factor
for FN occurrence in the first cycle of chemotherapy in patients with DLBCL (odds ratio [OR] [95%
CI]: 4.85 [1.85-12.74]) (Table 3). This finding has important clinical implications.

Positivity for HCV and anti-HBc was also significantly associated with FN development in the
present study. Multivariate analysis using HCV and anti-HBc factors showed that HCV-positivity
was significantly associated with FN development (Table S6). Anti-HBc-positivity in patients who
are HBsAg(-) and lack anti-HBs is referred to as “isolated anti-HBc” [18] and is considered to be
indicative of functional cure of HBV infection. Patients with HBV-DNA in the blood, or replication-
competent HBV-DNA in the liver, who are HBsAg(-)/anti-HBc(+) remain infectious and harbor an
occult, seropositive HBV infection [19]. Of the 194 patients in the R-CHOP-like therapy group in this
study, 10 (5.2%) had isolated anti-HBc. However, no significant association was observed between
isolated anti-HBc and FN development in the multivariate analysis (OR [95% CI]: 2.02 [0.36-11.32]).
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The prevalence of HCV infection in patients with non-Hodgkin’s lymphoma (NHL) is higher than
that in the general population [20]. Furthermore, HCV infection can increase the risk of developing
NHL by 2.5-fold [21]. However, the mechanisms underlying the development of HCV-associated
lymphoma remain controversial. A recent meta-analysis indicated the poor prognosis and distinct
clinical characteristics of HCV-associated NHL, particularly in patients with DLBCL [22]. However,
no association with the onset of FN was mentioned. To the best of our knowledge, no previous study
has shown a correlation between viral hepatitis status and FN development. Regarding the
association between HCV and lymphoid neoplasms, experimental data suggest multistep processes
[23-25]. However, there are no data on the association between HCV and FN development.
Therefore, future studies are required to clarify the correlation between HCV development and FN.

Extranodal involvement affects the prognosis of patients with DLBCL and is listed as a risk factor
on the International Prognostic Index [26]. Elevated sIL2R levels before treatment have also been
associated with a poor prognosis in patients with NHL, including DLBCL [27,28]. Extranodal
involvement and elevated sIL2R levels are associated with DLBCL burden. A recent study
investigated the molecular and cellular roles of G-CSF receptor signaling in chemotherapy-induced
neutropenia during chemotherapy in patients with DLBCL and suggested that a high burden of
DLBCL changes the bone marrow environment and the G-CSF receptor signaling pathway [29]. Some
cytokines secreted by lymphoma cells alter the bone marrow environment, causing chemotherapy-
induced neutropenia and FN during chemotherapy. This may partially underly the occurrence of FIN
events during the first cycle of chemotherapy, when the burden of DLBCL is significant.

Lymphopenia was an important prognostic factor for the entire population of this study (Table
3 and Table S4). Lymphopenia can be caused by several conditions, such as congenital
immunodeficiency diseases [30], malnutrition [31], malignancies [32], systemic autoimmune diseases
[33], and infections [34]. A prospective study showed that lymphopenia is associated with a high risk
of hospitalization and infection-related mortality among patients with cancer [35]. Although the
causality of this correlation is unknown, lymphopenia is clinically a crucial factor in the development
of infectious diseases and FN in patients receiving chemotherapy. A previous study showed that
early development of lymphopenia, on day 5 after chemotherapy administration, is an independent
risk factor for FN development [36]. Another study indicated that a low CD4 count is an independent
risk factor for FN and early mortality in patients receiving cytotoxic chemotherapy [37]. In the present
study, low white blood cell count, low ANC, anemia, and thrombocytopenia were not significantly
associated with FN development. Only the association between lymphopenia and FN development
was statistically significant. Therefore, further studies on the correlation of neutrophil/lymphocyte
ratio, CD4/CD8 ratio, and results of lymphocyte flow cytometry with FN development are warranted.

Advanced age (= 65 years) has been identified as a risk factor for FN development [38,39].
However, we did not find any evidence supporting this finding in this study. This may be attributed
to the fact that the reduced chemotherapy dose administered to geriatric patients causes milder
myelosuppression than that caused by the usual regimen. As Japan is a super-aged society, the
median age of the patients in this study was 70 years. Thus, this study focused on FN development
in older individuals.

This study has several limitations. First, the patients in the study population were selected from
only two facilities: St. Luke’s International Hospital in the center of the capital city of Japan and Kinan
Hospital in the countryside of Japan. However, the mean ages of the patients selected from each
hospital were significantly different (p =0.001), indicating that the study population was diverse. We
performed bootstrapping for internal validation of the predictive model; however, this method is not
sufficient, and external validation of the model in future studies is necessary. Additionally, some
limitations regarding G-CSF prophylaxis were present. We analyzed the data of patients who
received G-CSF prophylaxis for initial chemotherapy and those of patients who did not. However,
prophylactic care was often performed at the discretion of the primary physician. In addition, some
chemotherapy sessions included prophylaxis, while others for the same patients did not. Regarding
the secondary outcome of this study, assessing prophylaxis as a potential risk factor for FN was
challenging because the outcome was evaluated for each patient rather than for each treatment

doi:10.20944/preprints202311.0145.v1
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episode. Finally, we focused on FN onset and development, rather than on the frequency of infection-
related admission or death. Although FN is associated with longer hospitalization duration, higher
costs, and mortality [40], we were unable to analyze the association between these factors in this
study.

According to the guidelines on the appropriate use of G-CSF [4,5], the incidence rate of FN in
patients undergoing myelosuppressive chemotherapy is 13-21%. In this study, the incidence rate of
FN during the first cycle of chemotherapy was 18.7% (46/246), which is consistent with the results of
previous studies. FN development during chemotherapy is significantly associated with a long-term
increase in the risk of infections [41]. Furthermore, FN can delay the treatment schedule and lead to
the early termination and reduction of chemotherapy doses, which are associated with high mortality
rates. Therefore, preventing FN can improve the overall treatment outcomes of patients. Several
studies have indicated that prophylaxis with G-CSF can reduce FN development [4,42]. However,
routine administration of primary G-CSF prophylaxis to all patients undergoing chemotherapy is
neither practical nor clinically appropriate, given the significant costs associated with this agent [43].
If our model can be used to differentiate patients who need G-CSF from those who do not, it may
help optimize the treatment of lymphoma.

The predictive model for FN development during the first cycle of chemotherapy for DLBCL
yielded an AUC indicating a relatively high level of accuracy (AUC = 0.844; 95% CI: 0.777-0.911). The
incidence rate of FN was significantly low (3.7%) among patients whose total score calculated using
this model was 0-1 points (Figure 2). The sensitivity of the model was 89.2% when the cutoff value
of the score was 2 of 5 points. We believe that this model can be used as a tool to identify patients
with a low probability of developing FN in the future.

5. Conclusions

In this study, we established a predictive model for the development of FN in patients with
DLBCL based on four variables: viral hepatitis, extranodal involvement, lymphopenia, and high
sIL2R level. This model had a relatively high AUC, demonstrating its value in clinical settings. Our
findings suggest that patients with a low score (0-1 points) in this model can be transferred from
inpatient to outpatient care relatively earlier, without the need for G-CSF administration.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Figure S1. Differences in FN incidence between patients who received G-CSF
during the first cycle of R-CHOP-like therapy and those who did not; Figure S2. Incidence rate of FN during the
first cycle of chemotherapy for patients treated with the R-CHOP-like regimen based on each prediction score;
Table S1. Univariate analysis of factors associated with febrile neutropenia incidence during any cycle for
patients treated with R-CHOP-like regimen; Table S2. Univariate analysis of factors associated with febrile
neutropenia incidence during the first cycle among patients in the salvage therapy group; Table S3. Univariate
analysis of factors associated with febrile neutropenia incidence during any cycle among patients in the salvage
therapy group; Table S4. Multivariate logistic regression analysis of risk factors associated with febrile
neutropenia incidence during any cycle among patients treated with the R-CHOP-like regimen; Table S5.
Bootstrap validation of the predictive model for febrile neutropenia occurrence during any cycle among patients
treated with the R-CHOP-like regimen and comparison with the original model; Table S6. Multivariate logistic
regression of risk factors associated with febrile neutropenia incidence during the first cycle of chemotherapy
among patients treated with the R-CHOP-like regimen, with a more detailed evaluation of the viral hepatitis
status.
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