Nishiura et al. Journal of Pharmaceutical Health Care and Sciences (2024) 10:12 Journal of Pharmaceutical

https://doi.org/10.1186/s40780-024-00334-0 .
P g Health Care and Sciences

SHORT REPORT Open Access

®

Check for
updates

Patients with infusion-related reactions

on fixed-dose rituximab treatment have
higher body surface area than those
without infusion-related reactions in adults
with frequently relapsing minimal change
nephrotic syndrome: a retrospective study
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Abstract

Background Infusion-related reactions (IRRs) are major side effects of rituximab administration. Male sex, high body
weight, body surface area (BSA), and body mass index are predictive markers of rituximab-induced IRRs. However, as
rituximab was not administered at a fixed dosage in a previous study, whether a higher dosage or factors associated
with a larger physique are more strongly associated with rituximab-induced IRRs is unknown.

Main body Thirteen adults with frequently relapsing minimal change nephrotic syndrome (MCNS) who received an
initial rituximab dose of 500 mg between September 2015 and November 2022 were retrospectively evaluated. Data
on IRRs were collected from medical records. The incidence of rituximab-induced IRRs was 38.5% (5/13). The IRR group
had a significantly higher BSA than the non-IRR group (median, 1.86 vs. 1.48 m?; p=0.045). Additionally, rituximab
dosage normalized by BSA in the IRR group was significantly lower than that in the non-IRR group (median, 268.8 vs.
337.9 mg/m? p=0.045).

Conclusions Our study revealed that adults with frequently relapsing MCNS who experienced IRRs tend to have a
higher BSA, even with fixed-dose rituximab treatment. Therefore, when patients with higher BSA receive rituximab
treatment, clinicians should be careful about monitoring patient condition whether the dosage is fixed or not.
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Background
Rituximab is an anti-cluster of differentiation 20 (CD20)
monoclonal antibody widely used to treat various dis-
eases, including hematologic malignancies, rheumatoid
arthritis, and refractory nephrotic syndrome. Rituximab
is a chimeric mouse-human monoclonal antibody, often
causing infusion-related reactions (IRRs) [1]. Severe
rituximab-induced IRRs have an incidence of approxi-
mately 10% [2] and require prompt medical intervention
when they occur. Therefore, identifying patients at a high
risk of rituximab-induced IRRs is clinically important.
Predictive markers of rituximab-induced IRRs have
been explored. Factors strongly related to tumors, includ-
ing tumor mass, bone marrow infiltration, high soluble
interleukin-2 receptor levels, and low hemoglobin levels,
have been reported as predictive markers [3-6]. In our
previous study involving renal transplant recipients with-
out malignancy, male sex, high body weight, body surface
area (BSA), and body mass index (BMI) were found to
be associated with rituximab-induced IRRs [7]. As ritux-
imab dosage correlates with BSA, these four factors may
be associated with rituximab-induced IRRs. However, as
the rituximab dosage administered in the previous study
was not fixed, evaluation focusing on physique-related
factors has not been fully implemented. Therefore,

Table 1 Patient baseline information and characteristics

Total patients 13
Sex Male 7 (53.8%)
Female 6 (46.2%)
Age (years) Median [25, 75%)] 28 [23-30]
Body weight (kg) Median [25, 75%)] 53.0
[47.4-70.2]
Mean+SD 59.1+169
BSA (m?) Median [25, 75%] 152
[1.47-1.74]
Mean +SD 1.62+0.23
BMI (kg/m?) Median [25, 75%] 190
[18.3-27.3]
Mean +SD 222451
Regular use of drugs Histamine H1 0 (0.0%)
blocker
Histamine H2 4 (30.8%)
blocker
Analgesic drug 0 (0.0%)
Prednisolone 13 (100%)
Cyclosporine 10 (76.9%)
Mizoribine 1(7.7%)
Mycophenolate 0 (0.0%)
mofetil
Prednisolone dosage (mg/day) Median [25, 75%] 17.5
[10.0-25.0]
Details of premedication Presence 11 (84.6%)
(presence/absence of 4 mg of Absence 2 (15.4%)

intravenous betamethasone)
BSA: body surface area; BMI: body mass index; SD: standard deviation;
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whether higher dosage or physique-related factors are
more strongly associated with rituximab-induced IRRs is
unclear.

This study focused on patients who received fixed-dose
rituximab treatment. In the Kidney Disease: Improving
Global Outcomes guideline, rituximab is recommended
for the treatment of adults with frequently relapsing
minimal change nephrotic syndrome (MCNS) who pre-
viously received or wished to avoid cyclophosphamide
[8]. In Japan, the dosage of rituximab for childhood-
onset frequently relapsing MCNS is 375 mg/m? with an
upper limit of 500 mg [9], and the efficacy for adults has
been reported [10]. We aimed to clarify the relationship
between physique-related factors and rituximab-induced
IRRs in adults with frequently relapsing MCNS who
received 500 mg of rituximab.

Materials and methods

Patients and study design

This retrospective study included patients who received
500 mg of rituximab for frequently relapsing MCNS
between September 2015 and November 2022 at the
Department of Nephrology of the Osaka Metropoli-
tan University Hospital. The inclusion criteria were (1)
initial rituximab infusion; (2) premedication including
2 mg of oral or 5 mg of intravenous d-chlorpheniramine
maleate and 200 mg or 400 mg of oral acetaminophen;
(3) BSA>1.33m? and (4) initial rituximab infusion at
25 mg/h. The exclusion criteria were (1) body tempera-
ture237.0 °C immediately before rituximab infusion and
(2) systolic blood pressure (sBP) <90 mmHg immediately
before rituximab infusion.

In our institution, d-chlorpheniramine maleate, acet-
aminophen, and 4 mg of intravenous betamethasone
should be administered as premedication before ritux-
imab administration to patients with frequently relapsing
MCNS. However, when patients have received predniso-
lone for the treatment of frequently relapsing MCNS,
physicians can omit betamethasone administration to
avoid overdose of steroids.

For rituximab administration, 500 mg of rituximab was
mixed with 450 mL of normal saline to a final concentra-
tion of 1 mg/mL. The mixed solution was initially admin-
istered at 25 mL/h, increased to 50 mL/h after 30 min,
and increased to 100 and 200 mL/h every proceeding
hour in the absence of adverse events, such as IRRs.

Clinical data

Information regarding patient baseline characteristics,
which are listed in Table 1, laboratory data (white blood
cell count, hemoglobin level, platelet count, aspartate
aminotransferase level, alanine transaminase level, serum
creatinine level, estimated glomerular filtration rate, and
serum albumin level), and vital signs (body temperature
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and sBP) were collected from medical records. “Regular
use” was defined as use of drugs on the day of rituximab
administration, except for d-chlorpheniramine male-
ate and acetaminophen premedication. When patients
experienced IRRs, regular use was considered before the
occurrence of IRRs. The prednisolone dosage was defined
as the total amount of prednisolone administered on the
day of rituximab administration.

Definition of IRRs

IRRs were defined as any of the following symptoms,
occurring from the start of rituximab administration
until 8:00 am on the following day, and recorded by
physicians or nurses in patient charts: body tempera-
ture>38.0 °C, chills, malaise, throat discomfort, itching,
headache, facial flushing, hypotension, nausea, and vom-
iting. Hypotension was defined as the lowest measured
sBP value below 90 mmHg or a 30% decrease in sBP com-
pared with that before rituximab administration. These
symptoms were graded according to the National Can-
cer Institute Common Terminology Criteria for Adverse
Events, version 5.0.

Statistical analysis

Categorical variables were analyzed using Fisher’s exact
test and continuous variables were analyzed using the
Mann-Whitney U test. Statistical significance was set at
p-values of <0.05. All statistical analyses were performed
using EZR version 1.55 (Saitama Medical Center, Jichi
Medical University, Saitama, Japan), a graphical user
interface for R (The R Foundation for Statistical Comput-
ing, Vienna, Austria) [11].

Results

Patient characteristics

Thirteen patients received an initial dose of 500 mg of
rituximab for frequently relapsing MCNS, and none were
excluded from this study. All eligible patients were given
prednisolone not as premedication but for frequently
relapsing MCNS. Table 1 shows the baseline patient
characteristics.

Details of rituximab-induced IRRs

Five of 13 (38.5%) patients experienced IRRs; all IRRs
were grade<2 (Table 2). Three patients experienced a
single symptom—one patient each experienced throat

Table 2 Characterization of infusion-related reactions

Symptom Grade N
only itching G2 1
only throat discomfort G1 1
only hypotension G1 1
malaise and throat discomfort G1 1
hypotension and throat discomfort G1 1
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discomfort, itching, and hypotension. The other patients
experienced multiple symptoms—one of malaise and
throat discomfort and one of hypotension and throat
discomfort.

Clinical characteristics of patients who experienced IRRs
Table 3 presents the analysis results of the clinical charac-
teristics of patients who experienced IRRs. The IRR group
had a significantly higher BSA than the non-IRR group
(median, 1.86 vs. 1.48 m% p=0.045). Thus, rituximab dos-
age normalized by BSA in the IRR group was significantly
lower than that in the non-IRR group (median, 268.8 vs.
337.9 mg/m? p=0.045). No other factors differed signifi-
cantly between the groups.

Discussion

This retrospective study was conducted to clarify the
relationship between physique-related factors and ritux-
imab-induced IRRs in adults with frequently relapsing
MCNS who received 500 mg of rituximab. Our study
revealed that, even with fixed-dose rituximab treatment,
the IRR group had a significantly higher BSA than the
non-IRR group. Owing to the fixed rituximab dosage in
this study, the rituximab dosage normalized by BSA in
the IRR group was lower than that in the non-IRR group.

In a previous study involving adults with nephrotic
syndrome, the incidence of IRRs was 46.3% (25/54) at
the first infusion of rituximab [12], whereas that in the
present study was 38.5% (5/13), indicating only a minor
difference. The data of BSA in the previous study were
not shown; however, the body weight and BMI of eligi-
ble patients in both studies were similar. Therefore, we
believe that the BSA of patients enrolled in both stud-
ies was also similar. Hence, the similarity between these
rates likely results from the similarity in BSA.

In this study, we revealed that the BSA in the IRR group
was significantly higher than that in the non-IRR group
in adults with frequently relapsing MCNS, consistent
with our previous findings [7]. There is a positive corre-
lation between BSA and blood volume [13]. Therefore,
patients with higher BSA may have more peripheral B
cells owing to the increase in blood volume. With ocreli-
zumab, another anti-CD20 antibody, an increase in the
number of peripheral B cells and their rapid destruction
are linked to the incidence of IRRs [14]. As rituximab
is also an anti-CD20 antibody, an increase in periph-
eral B-cell count may be associated with IRRs, not only
with fixed-dose ocrelizumab but also with fixed-dose
rituximab. Hence, BSA may be more strongly associated
with rituximab-induced IRRs than with high rituximab
dosages.

In our previous study, male sex, high body weight, and
high BMI were also found to be predictive markers for
rituximab-induced IRRs [7]. However, the proportion of
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Table 3 Comparison of clinical characteristics between the infusion-related reaction and non-infusion-related reaction groups

IRR group non-IRR group p-Value
(n=5) (n=8)

Patient characteristics

Age (years) Median [25, 75%)] 29 [26-30] 26 [23-31] 1.0

Sex Male 3 (60.0%) 4(50.0%) 109
Female 2 (40.0%) 4 (50.0%)

Body weight (kg) Median [25, 75%] 82.1[53.0-85.5] 50.2 [46.1-54.4] 0.065

BSA (m?) Median [25, 75%] 1.86 [1.58-2.02] 1.48[1.44-1.55] 0.045

BMI (kg/mz) Median [25, 75%] 27.7 [19.0-29.2] 185[17.8-22.8] 0.093

Laboratory data

White blood cell count (*10%/uL) Median [25, 75%] 100 [98-114] 68 [61-88] 0.067

Hemoglobin value (g/dL) Median [25, 75%)] 134[12.0-15.8] 143 [13.2-14.4] 0.94

Platelet count (*10%/uL) Median [25, 75%)] 314 [28.7-44.5] 26.6[22.7-32.0] 0.28

Aspartate aminotransferase (U/L) Median [25, 75%)] 18 [17-18] 18 [15-21] 0.82

Alanine transaminase (U/L) Median [25, 75%] 16 [9-26] 24 [19-38] 0.13

Serum creatinine (mg/dL) Median [25, 75%] 0.73 [0.56-0.84] 0.72 [0.66-0.79] 0.88

eGFR (mL/min/1.73 m?) Median [25, 75%] 103.9 [89.3-107.5] 92.7 [75.4-102.0] 052

Serum albumin (g/dL) Median [25, 75%) 4.1 [2.9-4.1] 3.6[3.3-3.8] 0.51

Regular use of drugs on the day of rituximab

Histamine H1 blocker Yes 0 (0.0%) 0 (0.0%) 109
No 5(100%) 8 (100%)

Histamine H2 blocker Yes 2 (40.0%) 2 (25.0%) 109
No 3(60.0%) 6 (75.0%)

Analgesic drug Yes 0 (0.0%) 0 (0.0%) 109
No 5 (100%) 8 (100%)

Prednisolone Yes 5 (100%) 8 (100%) 1.09
No 0 (0.0%) 0 (0.0%)

Cyclosporine Yes 4 (80.0%) 6 (75.0%) 109
No 1(20.0%) 2 (25.0%)

Mizoribine Yes 0 (0.0%) 1(12.5%) 109
No 5 (100%) 7 (87.5%)

Mycophenolate mofetil Yes 0 (0.0%) 0 (0.0%) 109
No 5 (100%) 8 (100%)

Prednisolone dosage (mg/day) Median [25, 75%)] 12.5[10-30] 18.8[13.1-25.0] 1.0

Details of premedication (presence/absence of 4 mg of intravenous betamethasone)
Presence 4(80.0%) 7 (87.5%) 109
Absence 1(20.0%) 1(12.5%)

Rituximab dosage normalized by BSA

Dose/BSA (mg/m?) Median [25, 75%] 268.8 [247.5-316.5] 337.9[322.9-346.8] 0.045

a) Fisher's exact test. Other: Mann-Whitney U test

IRRs: infusion-related reactions; BSA: body surface area; BMI: body mass index; eGFR: estimated glomerular filtration rate

patients who were male and had a high body weight and
BMI in the IRR group tended to be higher than that in
the non-IRR group. This statistical discrepancy may be
due to the small number of eligible patients.

In a previous study on ocrelizumab, a high BMI was
identified as a predictive marker for IRRs, although the
dosage was fixed [14]. The authors hypothesized that the
inflammatory responses caused by adipose tissues result
in increased peripheral B-cell count in obese patients
[14]. Similarly, Gregor et al. reported the increased secre-
tion of many inflammatory cytokines in obese tissue [15].
Moreover, another previous study reported an increase

in the percentage of B cells in the lymphocyte compart-
ment in obese patients [16]. Therefore, BMI, an index of
obesity, may also be associated with the increase in the
number of peripheral B cells. In this study, although there
was no significant difference, the BMI in the IRR group
tended to be higher than that in the non-IRR group.
Additionally, as the median BMI of patients who experi-
enced IRRs in this study was >25 kg/m? the majority met
the definition of obesity in Japan. Hence, an increasing
number of peripheral B cells due to obesity might also be
associated with IRRs for rituximab.
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This study has some limitations. First, this was a single-
institution retrospective study, and the sample size was
small. Therefore, we could not perform a multivariate
analysis, adjust the p-value to eliminate the possibility of
type one error, and calculate a meaningful cutoff for BSA.
However, the main outcome of our study was the exami-
nation of the relationship between physique-related fac-
tors and rituximab-induced IRRs, and our results were
consistent with those of previous studies [5, 7]. Conse-
quently, we considered that our results were reliable, and
the possibility of type one error was low. In the future,
studies including a larger number of patients are needed
to confirm the validity of our findings and obtain a mean-
ingful cutoff for BSA to predict rituximab-induced IRRs.
Second, in this study, B-cell counts were not routinely
measured. Therefore, whether peripheral B-cell count
increases in patients with higher BSA is unclear. Addi-
tionally, considering the characteristics of nephrotic
syndrome, body weight gain due to edema might affect
BSA accuracy because it was calculated by the Dubois
and Dubois formula. Therefore, further studies, including
measurement of B-cell counts, are needed to clarify the
relationship between BSA and rituximab-induced IRRs.
Third, we could not collect information on adipose tissue
as an important factor for increasing the peripheral B-cell
count. Therefore, the extent of the association of ritux-
imab-induced IRRs with adipose tissue is still unclear.
Further studies, including an evaluation of adipose tis-
sues, are needed to clarify the relationship between phy-
sique-related factors and rituximab-induced IRRs.

Conclusions

Our study revealed that adults with frequently relapsing
MCNS who experienced IRRs tend to have a higher BSA,
even with fixed-dose rituximab treatment. Therefore,
when patients with higher BSA receive rituximab treat-
ment, clinicians should be careful about patient condi-
tion whether the dosage is fixed or not.

Abbreviations
IRRs Infusion-related reactions
BSA Body surface area

MCNS  Minimal change nephrotic syndrome
CD20 Cluster of differentiation 20

eGFR Estimated glomerular filtration rate
BMI Body mass index

sBP Systolic blood pressure

Acknowledgements

The authors would like to thank all the patients who participated in this study
and their families, as well as the staff at the Osaka Metropolitan University
Hospital.

Author contributions

HN performed data collection, conducted statistical analyses, and drafted
the original manuscript. MT participated in the study design and manuscript
editing. KM, TS, ME, and YN conceived the study and helped to draft the
manuscript. All authors read and approved the final manuscript.

(2024) 10:12

Page 5 of 6

Funding
None.

Data availability
Due to the nature of this research, the participants did not agree for their data
to be shared publicly; therefore, supporting data are not available.

Declarations

Ethics approval and consent to participate

This study adhered to the guidelines of the 1964 Declaration of Helsinki and
its later amendments and was approved by the institutional review board of
the Osaka Metropolitan University Hospital, which waived the requirement for
informed consent owing to the retrospective nature of the study.

Consent for publication
Not applicable.

Competing interests

KM received research funding from Mitsubishi Tanabe Pharma Corporation,
Sanofi KK, Kyowa Kirin, and Sumitomo Pharma and received a Speaker’s
Bureau from Mitsubishi Tanabe Pharma Corporation, AstraZeneca KK, Nippon
Boehringer Ingelheim, Mochida Pharmaceutical, and Kyowa Kirin. ME received
research funding from Mitsubishi Tanabe Pharma Corporation, Kyowa Kirin,
Sumitomo Pharma, Eisai, Chugai Pharmaceutical, Bayer Yakuhin, and Nippon
Boehringer Ingelheim, and received a Speaker’s Bureau from AstraZeneca KK,
Nippon Boehringer Ingelheim, Sumitomo Pharma, Sanofi, Ono Pharmaceutical
and Kyowa Kirin.

Received: 15 November 2023 / Accepted: 6 February 2024
Published online: 22 February 2024

References

1. Roselld S, Blasco |, Garca Fabregat L, Cervantes A, Jordan K. Management
of infusion reactions to systemic anticancer therapy: ESMO Clinical Practice
guidelines. Annals of Oncology. 2017;28:iv100-18.

2. Chung CH. Managing premedications and the risk for reactions to infusional
monoclonal antibody therapy. Oncologist. 2008;13:725-32.

3. Hagberg H, Holmbom E. Risk factors for side effects during first infusion of
rituximab-definition of a low risk group. Med Oncol. 2000;17:218-21.

4. Ohata S, Takenaka K, Sugiyama D, Sugimoto T. Bone marrow infiltration is a
distinctive risk factor for Rituximab infusion-related reactions in CD20-Positive
B-Cell Non-hodgkin Lymphoma. Adv Hematol. 2022;3688727:2022.

5. Kowalski KE, Adams CB, Voils SA, Wheeler SE. Use of patient and disease
characteristics as predictive indicators of Rituximab infusion-related reactions
in adult malignant hematology patients at an Academic Medical Center. Clin
Lymphoma Myeloma Leuk. 2019;19:723-8.

6. TachiT, Yasuda M, Usui K, Umeda M, Nagaya K, Osawa T, et al. Risk factors for
developing infusion reaction after rituximab administration in patients with
B-cell non-hodgkin's lymphoma. Pharmazie. 2015;70:674-7.

7. Nishiura H, Takahashi M, Iwai T, Uchida J, Nakamura Y. Analysis of risk fac-
tors for infusion-related reactions following Rituximab Administration in
patients with desensitization before renal transplantation. Biol Pharm Bull.
2023;46:1332-7.

8. Rovin BH, Adler SG, Barratt J, Bridoux F, Burdge KA, Chan TM, et al. KDIGO
2021 Clinical Practice Guideline for the management of glomerular diseases.
Kidney Int. 2021;100:51-276.

9. lijimak, Sako DM, Nozu K, Mori R, Tuchida N, Kamei K, et al. Rituximab for
childhood-onset, complicated, frequently relapsing nephrotic syndrome
or steroid-dependent nephrotic syndrome: a multicentre, double-blind,
randomised, placebo-controlled trial. The Lancet. 2014;384:1273-81.

10. TakeiT, Itabashi M, Moriyama T, Kojima C, Shiohira S, Shimizu A, et al. Effect
of single-dose rituximab on steroid-dependent minimal-change nephrotic
syndrome in adults. Nephrol Dial Transplant. 2013;28:1225-32.

11. Kanda. Investigation of the freely available easy-to-use software "EZR" for
medical statistics. Bone Marrow Transplant. 2013;48:452-8.

12. Miyabe Y, Takei T, Iwabuchi Y, Moriyama T, Nitta K. Amelioration of the
adverse effects of prednisolone by rituximab treatment in adults with



Nishiura et al. Journal of Pharmaceutical Health Care and Sciences (2024) 10:12 Page 6 of 6

steroid-dependent minimal-change nephrotic syndrome. Clin Exp Nephrol. 16.  Zhai X, Qian G, Wang Y, Chen X, Lu J, Zhang Y, et al. Elevated B cell activation
2016,20:103-10. is Associated with type 2 Diabetes Development in obese subjects. Cell
13.  Donald P. The use of body surface area as a criterion of drug dosage in cancer Physiol Biochem. 2016;38:1257-66.

chemotherapy. Cancer Res. 1958;18:853-6.
14. Conte WL, Arndt N, Cipriani VP, Dellaria A, Javed A. Reduction in ocrelizumab- . ’

induced infusion reactions by a modified premedication protocol. Mult Scler Publisher’s Note

Relat Disord. 2019:27:397-9, Springer Nature remains neutral with regard to jurisdictional claims in
15, Gregor MF, Hotamisligil GS. Inflammatory mechanisms in obesity. Annu Rev published maps and institutional affiliations.

Immunol. 2011;29:415-45.



	﻿Patients with infusion-related reactions on fixed-dose rituximab treatment have higher body surface area than those without infusion-related reactions in adults with frequently relapsing minimal change nephrotic syndrome: a retrospective study
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Patients and study design
	﻿Clinical data
	﻿Definition of IRRs
	﻿Statistical analysis

	﻿Results
	﻿Patient characteristics
	﻿Details of rituximab-induced IRRs
	﻿Clinical characteristics of patients who experienced IRRs

	﻿Discussion
	﻿Conclusions
	﻿References


