
Introduction 
 

Rituximab is a chimeric murine/human anti‑cluster of 
differentiation (CD)20 monoclonal antibody (1) that binds 
to CD20 antigens on the surface of B cells, thereby 
triggering complement‑dependent and antibody‑
dependent cell‑mediated cytotoxicity (2). It is an 
important drug for the treatment of B‑cell lymphoma (3, 
4), and has been used in cases of transplant rejection, 

lupus nephritis with inadequate response to existing 
therapy, and immune thrombocytopenic purpura (5, 6). 
Infusion reactions (IRs) are among the most frequently 
observed side effects of rituximab medication (7). These 
include rashes, flushing, generalized pruritus, urticaria, 
nausea/vomiting, throat tightness, bronchospasms, 
dyspnea, hypoxia, wheezing, and, in severe cases, 
hypotension (8). Although appropriate management of IRs 
is essential for the safe administration of rituximab, details 
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of the mechanisms underlying the development of these 
reactions following drug administration have yet to be 
sufficiently determined (9). Although pre‑medication with 
acetaminophen, antihistamines, and corticosteroids has 
been established to prevent the development of rituximab‑
induced IRs, these can still occur in certain instances (10). 
At present, it is extremely difficult to predict the likelihood 
of an IR prior to the administration of rituximab, thereby 
highlighting the importance of identifying patients with a 
heightened susceptibility to IRs, so as to be able to take the 
necessary precautionary measures prior to the initiation 
of treatment. Currently, however, there are no simple 
techniques that can be applied to assess the risk of IR 
occurrence prior to rituximab therapy. Consequently, in 
this study, we investigated the risk factors for developing 
an IR‑associated rituximab therapy based on a 
comprehensive retrospective analysis of available patient 
information. 
 
Patients and Methods 
 
Research patients and study contents. This study was based 
on the data of inpatients who were treated at the University 
of Tokyo Hospital between September 2012 and August 
2014. Hospitalized patients who received their first dose of 
rituximab during the aforementioned period were selected. 
Age, sex, and laboratory values immediately before treatment 
initiation were extracted from patient information, and 
details of the diseases requiring rituximab administration 
were obtained from the patient medical records. Patient 
information was collected using the opt‑out method. 

For the purposes of analysis, we selected clinical 
laboratory data for the following parameters: blood urea 
nitrogen, creatinine (Cre), aspartate aminotransferase, 
alanine aminotransferase, lactate dehydrogenase, albumin 
(Alb), C‑reactive protein (CRP), sodium, potassium, 
chloride, white blood cells, red blood cells, hemoglobin, 
hematocrit, and platelets.  

 
Determination of infusion‐related reactions. The following 
symptoms were assessed to be associated with IRs: 

anaphylaxis, shortness of breath, hypotension, swelling, 
rash, pruritus, urticaria, flushing, chest pain, myalgia, 
arthralgia, chills, headaches, or hypertension (11). 
Patients for whom any of the aforementioned symptoms 
were noted in their electronic medical records were 
considered to have experienced an IR. 

 
Statistical analyses. For the two‑group comparison 
between the IR and non‑IR groups, we used Student’s t‐
test to evaluate quantitative data, whereas Fisher’s exact 
test was used to evaluate qualitative data. Multiple logistic 
regression (MLR) analysis was performed using factors 
with a p‑value <0.05 in univariate analysis as explanatory 
variables and the presence or absence of IRs as the 
objective variable, with odds ratio (OR) and 95% 
confidence interval (CI) values being determined. On the 
basis of these analyses, we identified the risk factors for 
the development of IR following rituximab administration. 
In addition, we used receiver operating characteristic 
(ROC) curves to determine whether the two groups could 
be distinguished based on their CRP levels. Statistical 
analyses were performed using Bell Curve for Excel (Social 
Survey Research Information Co., Ltd, Shinjuku‑ku, Tokyo, 
Japan) and R version 3.4.3 (R Development Core Team, 
Vienna, Austria), with the level of statistical significance 
being set at p<0.05. 

 
Ethical approval. This study complied with the Ethical 
Guidelines for Life Sciences and Medical Research 
Involving Human Subjects, and the study protocol was 
approved by the Ethics Committee of the Faculty of 
Medicine at the University of Tokyo (approval number: 
2529). 
 
Results 
 
Characteristics of patients with IRs. Table I summarizes the 
IR status of patients following an initial administration of 
rituximab based on age, sex, and clinical laboratory values 
extracted from patient medical records. During the study 
period, rituximab was administered to 81 patients, among 
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whom, two were excluded on the basis of the fact they had 
fever prior to administration and, consequently, drug‑
induced IRs could not be reliably determined. Among the 
remaining 79 patients, IRs were found to have occurred in 
26 patients. No significant associations were observed 
between IRs and age or sex. Moreover, no particular 
disease trend was observed, as all 26 patients reporting 
an IR presented with B‑cell lymphoma.  

 
Risk factors associated with IR development. Univariate 
analysis used to identify factors associated with the 
development of IRs based on clinical laboratory data 
extracted from patient medical records (Table I) revealed 
significant differences between the two patient groups 
(p<0.05) with respect to the levels of Cre, Alb, and CRP 
levels. Subsequent MLR analysis (Table II), enabled us to 

identify an elevated level CRP prior to rituximab treatment 
(OR=2.591; 95%CI=1.160‑5.791; p=0.020) as a potential 
risk factor for IR development, which was substantiated by 
subsequent ROC analysis, which revealed that CRP levels 
prior to rituximab administration were a reliable predictor 
of IR occurrence. The area under the curve was 0.704, and 
the optimal cutoff value for CRP was 0.28 mg/dl, with a 
sensitivity of 65.4% and specificity of 71.7%. 
 
Discussion 
 
We established that it is possible to assess a patient’s risk 
of developing IRs at the pre‑administration stage by using 
laboratory data widely used in clinical practice in this 
study. Our findings are consistent with those reported in 
a previous multifaceted review of laboratory data, which 
revealed that CRP levels tended to increase prior to the 
onset of IRs (Table I). Although CRP is well established as 
an acute‑phase protein that serves as a biomarker of 
inflammation (12), the detailed mechanisms whereby 
elevated CRP levels contribute to the development of IR 
have yet to be ascertained. However, despite this gap in 
our understanding, the involvement of complement 
pathway activation has been suggested (13). The levels of 
complement activation have been established to be 
correlated with the severity of IRs (14), and there is 
evidence to indicate that CRP activates the complement 
pathway (15). Moreover, we have previously found that 
elevated levels of CRP prior to the administration of 
infliximab may constitute a risk factor for the occurrence 

Table I. Univariate analysis of patient characteristics and clinical 
laboratory values in the infusion and non‐infusion reactions groups.  
 
                                            Infusion               Non‑infusion                p‑Value 
                                           reactions                  reactions 
                                             (N=26)                      (N=53) 
 
Age (years)                     62.5±13.8                 64.3±13.7                    0.569 
Sex                                                                                                                    
   Males (n)                            17                               30                            0.478 
   Females (n)                         9                                23                               
BUN (mg/dl)                   15.3±7.5                   14.8±6.4                      0.722 
Cre (mg/dl)                    0.97±0.79                 0.74±0.21                    0.048 
AST (U/l)                            22±12                       23±11                        0.537 
ALT (U/l)                            29±25                       27±21                        0.718 
LDH (U/l)                         276±232                    245±98                       0.407 
Alb (g/dl)                          3.5±0.6                      3.7±0.4                       0.047 
CRP (mg/dl)                   1.10±1.42                 0.33±0.51                  <0.001 
Na (mmol/l)                      139±3                       139±3                        0.517 
K (mmol/l)                        4.3±0.4                      4.2±0.3                       0.260 
Cl (mmol/l)                        104±2                       105±4                        0.639 
WBC (×103/μl)                5.0±1.9                      5.9±2.6                       0.131 
RBC (×104/μl)                 388±69                     397±60                       0.563 
Hb (g/dl)                          11.6±2.3                   12.3±1.8                      0.148 
PLT (×104/μl)                21.4±10.1                  24.7±8.6                      0.130 
Hct (%)                             35.0±6.6                   37.1±5.0                      0.124 
 
Age and clinical laboratory values are expressed as the 
means±standard deviation. BUN: Blood urea nitrogen; Cre: creatinine; 
AST: aspartate aminotransferase; ALT: alanine aminotransferase; LDH: 
lactate dehydrogenase; Alb: albumin; CRP: C‑reactive protein; Na: 
sodium; K: potassium; Cl: chloride; WBC: white blood cells; RBC: red 
blood cells; Hb: hemoglobin; PLT: platelets; Hct: hematocrit.

Table II. Factors influencing infusion reactions based on multiple logistic 
regression analysis. 
 
                               Coefficient          Odds                 95%CI              p‑Value 
                               (Estimate)           ratio 
 
Intercept                  −1.342             0.261          0.002‑29.235         0.577 
Cre (mg/dl)               0.782             2.185          0.471‑10.133         0.318 
Alb (g/dl)                 −0.159             0.856            0.261‑2.800           0.797 
CRP (mg/dl)              0.952             2.591            1.160‑5.791           0.020 
 
95%CI: 95% confidence interval; Cre: creatinine; Alb: albumin; CRP: C‑
reactive protein. 



of IRs (16). Consequently, we hypothesize that elevated 
levels of CRP may be indicative of conditions deemed 
favorable for the onset of rituximab‑induced IRs.  

Nevertheless, although our findings in this study 
provided evidence to indicate that elevated levels of CRP 
prior to rituximab administration are a potential risk factor 
for the development of an IR, it is difficult to uniformly assess 
the risk of IR occurrence in all patients. Biopharmaceuticals 
are known to elicit the production of anti‑drug antibodies 
(ADA) following administration, and it has been established 
that antibodies raised against infliximab are responsible for 
the high risk of developing acute IRs (17). The production of 
ADA has also been reported in response to rituximab 
therapy, and may likewise be involved in the occurrence of 
IRs (18). Consequently, combining an assessment of degree 
of inflammation immediately prior to rituximab 
administration with an assessment of ADA post‑
administration may facilitate a more accurate and 
quantitative prediction of the risk of developing an IR.  

Recently, the effects of bepotastine and diphenhydramine, 
antihistamines used as pre‑medication to prevent rituximab‑
induced IRs, were compared, and the results showed that 
bepotastine was more effective at suppressing IRs than 
diphenhydramine (19). In addition to its antihistamine effect, 
bepotastine stabilizes mast cell function, inhibits eosinophil 
infiltration, and inhibits interleukin (IL)‑5 production which 
causes eosinophil migration to peripheral blood (19). These 
physiological effects may be involved in the occurrence of 
rituximab‑induced IRs. 

However, despite these important insights, the 
limitations of this study should be acknowledged. Notably, 
the study was limited by the small number of cases 
assessed, its retrospective design, and low power owing 
to its single‑site nature. Furthermore, for the purposes of 
our data analysis, we considered only the initial dose of 
rituximab administered to the study participants. 
Moreover, patient variables that were not included in the 
present study may have been risk factors for the onset of 
IRs following rituximab treatment. Consequently, the 
findings of this study should be validated in prospective 
studies that exclude these risk factors. 

Conclusion 
 
On the basis of the finding of this study, we identified CRP as 
a risk factor associated with the development of IRs in 
patients receiving rituximab therapy. These findings provide 
a theoretical basis for targeting CRP for the development of 
therapeutic strategies to alleviate rituximab‑induced IRs. In 
addition, our observations highlight the importance of the 
post‑administration monitoring of patients with elevated 
levels of CRP prior to therapy initiation to ensure the timely 
management of any potential IRs. 
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