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Background: Although several therapeutic agents have been evaluated for the treatment of coronavirus disease 2019 (COVID-19), 
there are lack of effective and proven treatments for end-stage renal disease (ESRD). The present study aims to evaluate the effec-
tiveness of regdanvimab on mortality in COVID-19–infected patients on hemodialysis (HD). 
Methods: We conducted an observational retrospective study in 230 COVID-19–infected patients on HD, of whom 77 (33.5%) were 
administered regdanvimab alone or in combination with dexamethasone or remdesivir during hospitalization (regdanvimab group) 
and 153 patients (66.5%) were not (no regdanvimab group). The primary outcome was in-hospital mortality. We compared mortality 
rates according to the use of regdanvimab and investigated the factors associated with mortality. 
Results: Fifty-nine deaths occurred during hospitalization, 49 in the no regdanvimab group (32.0%) and 10 in the regdanvimab group 
(13.0%), and the mortality rate was significantly higher in the no regdanvimab group than that in the regdanvimab group (p = 0.001). 
Multivariate Cox regression analysis showed that malignancy (p = 0.001), SPO2 of <95% at admission (p = 0.003), and administra-
tion of antibiotics and regdanvimab (p = 0.007 and p = 0.002, respectively) were significantly associated factors with mortality. 
Conclusion: Regdanvimab administration is beneficial in improving prognosis in hospitalized COVID-19 patients on HD. Considering 
the vulnerability to infection and high mortality of ESRD patients, regdanvimab may be considered as a therapeutic option in 
COVID-19 patients on HD. 
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Introduction 

Coronavirus disease 2019 (COVID-19), caused by infec-

tion with severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2), has spread globally since December 2019. 

The urgent need for effective treatments has led to un-

precedented research efforts, and treatment guidelines for 

COVID-19 are being revised and updated based on results 

from clinical studies that evaluated therapeutic agents and 

approaches [1–3]. Among therapeutic agents, regdanvimab 

(Regkirona, Celltrion Healthcare) is a recombinant neu-

tralizing monoclonal antibody that received final approval 

in September 2021 in South Korea for the treatment of 

COVID-19 [4]. Early treatment with regdanvimab has been 

shown to reduce the severity of disease and associated 

hospitalization or intensive care unit (ICU) admittance in 

COVID-19 patients with mild-to-moderate symptoms [5,6]. 

Patients with end-stage renal disease (ESRD) on hemo-

dialysis (HD) are more vulnerable to this viral epidemic 

due to inevitable regular visits to dialysis units and con-

tact with susceptible patients. Moreover, those on ESRD 

generally have many comorbidities and are in an immu-

nocompromised state. Previous studies have shown that 

patients with ESRD have a higher mortality rate compared 

with those of the general population [7–9]. Regdanvimab is 

generally considered for use in adult patients with moder-

ate symptoms or elderly patients aged >50 years with mild 

symptoms and at least one underlying medical condition, 

including obesity, cardiovascular disease, chronic lung dis-

ease, diabetes mellitus, and chronic liver disease; patients 

on immunosuppressive agents; and patients with chronic 

kidney disease [10]. Based on these indications, regdan-

vimab is considered for use in ESRD patients in the current 

clinical setting; however, data on the usage and effective-

ness of regdanvimab in ESRD patients are still lacking. 

To further clarify the clinical evidence of regdanvimab 

use in ESRD patients, the present study aims to evaluate 

the real-world effectiveness of regdanvimab on mortality in 

COVID-19–infected patients on HD. 

Methods 

This study was approved by the Institutional Review Board 

of Hallym University Kangnam Sacred Heart Hospital (No. 

HKS 2021-07-013). The need to obtain informed consent 

was waived due to the retrospective nature of the study. 

Study design and participants 

We retrospectively recruited all hospitalized, COVID-19–

infected patients on HD who were admitted and treated 

at Good Samaritan Bagae Hospital (Pyeongtaek, Republic 

of Korea) from December 1, 2020 to November 30, 2021. 

Among the 338 patients, we finally analyzed the data of 230 

patients who received dexamethasone, remdesivir, and 

regdanvimab and excluded 108 patients who received only 

conservative treatment without these drugs. Of them, 153 

patients did not receive regdanvimab during hospital stay 

and 77 patients received regdanvimab alone or in com-

bination with dexamethasone or remdesivir (Fig. 1). The 

diagnosis of COVID-19 was confirmed using real-time re-

verse transcription-polymerase chain reaction assays using 

samples from the upper or lower respiratory tract. 

Clinical management 

All hospitalized patients received symptomatic care, in-

cluding oxygen, antipyretics, and antitussive agents. Ther-

apeutic agents including dexamethasone, antibiotics, and 

antiviral agents were administered to the selected patients 

within 1 to 2 days after admission according to hospital 

protocols and clinician decision. 

In our center, regdanvimab was considered for patients 

with at least one risk factor, with a one-week duration since 

disease onset, and with no need for supplemental oxy-

gen. Risk factors included obesity, cardiovascular disease, 

chronic lung disease, type 1 or type 2 diabetes mellitus, 

and chronic liver disease. In some cases, regdanvimab was 

considered for patients requiring low-concentrated oxygen 

according to the clinician’s judgment. The physician ex-

plained the possible side effects of regdanvimab, and only 

patients who consented to its use were prescribed. 

Data collection and mortality 

The electronic medical records of all participating patients 

were reviewed. Baseline characteristics were investigated 

on the day when the patients were admitted to the institu-

tion after COVID-19 infection was confirmed. The clinical 

information of interest included age, sex, body mass index 
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(BMI), underlying kidney disease, use of renin-angiotensin 

system blockers, type of dialysis unit before admission, un-

derlying disease, initial symptoms, and saturation of partial 

pressure oxygen (SPO2) at admission. Baseline laboratory 

data were also collected. Information on treatment includ-

ed antiviral or antibiotic therapy, corticosteroid therapy, 

admission to ICU, use of mechanical ventilation (MV), 

use of continuous renal replacement therapy (CRRT), and 

oxygen supply. In-hospital mortality, defined as all-cause 

mortality during hospitalization for COVID-19 infection, 

was set as the primary endpoint, and information on the 

duration of hospitalization was also investigated. 

Statistical analysis 

Study participants were categorized into the regdanvimab 

group and no regdanvimab group. The t test was used for 

parametric estimation, and the Wilcoxon rank-sum test 

was for nonparametric estimation. Categorical variables 

were compared using the chi-square test. The Kaplan-Mei-

er survival curve was used to determine the differences in 

mortality between the groups, and the statistical signifi-

cance was assessed using the log-rank test. Univariate and 

multivariate Cox regression analyses were used to explore 

the factors associated with mortality. All statistical analyses 

were performed using IBM SPSS version 23.0 (IBM Corp.), 

and p-values less than 0.05 were considered statistically 

significant. 

Results 

Baseline characteristics 

In total, 230 COVID-19–infected patients on HD were in-

cluded in the study, of whom 77 (33.5%) were administered 

regdanvimab alone or in combination with dexametha-

sone or remdesivir during hospitalization (regdanvimab 

group) and 153 patients (66.5%) were not (no regdanvimab 

group). Table 1 shows the baseline characteristics of the 

two groups. The mean age was 67.9 ± 12.1 years, and 214 

patients (93.0%) were aged ≥50 years. The proportion of pa-

tients aged ≥50 years was significantly higher in the regdan-

vimab compared with that in the no regdanvimab group 

(p = 0.01). Males predominated in the study population (n 

= 139, 60.4%) with a high proportion in both groups. There 

were no significant differences in demographic character-

Hospitalized COVID-19 patients on hemodialysis
between Dec 1, 2020 and Nov 30, 2021

(n = 338)

Patients received dexamethasone, remdesivir or 
regdanvimab alone or in combination (n = 230)

Patients receiving regdanvimab, alone or 
in combination (n = 77)

Regdanvimab monotherapy (n = 42)
Regdanvimab & dexamethasone (n = 20)

Regdanvimab & remdesivir (n = 6)
Regdanvimab & dexamethasone & remdesivir (n = 9)

Patients not receiving regdanvimab  
(n = 153)

Dexamethasone monotherapy (n = 27) 
Remdesivir monotherapy (n = 67)

Dexamethasone & remdesivir combination (n = 59)

Patients with only conservative care 
(symptomatic care) (n = 108)

Figure 1. Flow chart of the study population. Coronavirus disease 2019 (COVID-19)-infected patients on hemodialysis who were ad-
mitted at Good Samaritan Bagae Hospital from December 1, 2020 to November 30, 2021 were recruited. Regdanvimab group was 
administered regdanvimab alone or in combination with dexamethasone or remdesivir during hospitalization and no regdanvimab 
group was not.
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Table 1. Comparison of baseline characteristics between the groups 

Characteristic Total Regdanvimab group No regdanvimab group p-value

No. of patients 230 77 153

Age (yr) 67.9 ± 12.1 68.2 ± 11.1 67.8 ± 12.6 0.79

Male sex 139 (60.4) 47 (61.0) 92 (60.1) 0.51

BMI (kg/m2) 23.5 ± 4.3 23.5 ± 3.7 23.9 ± 4.9 0.61

Kidney disease

 DM 132 (57.9) 42 (54.5) 90 (58.8)

 Hypertension 67 (29.1) 25 (32.5) 42 (27.5)

 PKD 0 (0) 0 (0) 0 (0)

 Glomerulonephritis 7 (3.0) 3 (3.9) 4 (2.6)

 Unknown 22 (9.6) 6 (7.8) 16 (10.5)

Underlying disease

 DM 132 (57.4) 42 (54.5) 90 (58.8) 0.33

 Hypertension 149 (64.8) 51 (66.2) 98 (64.1) 0.41

 CAOD 41 (17.8) 16 (20.8) 25 (16.3) 0.26

 CHF 9 (3.9) 4 (5.2) 5 (3.3) 0.35

 CVA 29 (12.6) 10 (13.0) 19 (12.4) 0.53

 Arrhythmia 13 (5.7) 3 (3.9) 10 (6.5) 0.31

 Malignancy 16 (7.0) 4 (5.2) 12 (7.8) 0.33

Symptom

 Fever 94 (40.9) 25 (32.5) 69 (45.1) 0.009

 Cough 51 (22.2) 14 (18.2) 37 (24.2) 0.20

 Sputum 35 (17.8) 11 (14.3) 24 (15.7) 0.44

 Sore throat 23 (10.0) 5 (6.5) 18 (11.8) 0.12

 Rhinorrhea 12 (5.2) 4 (5.2) 8 (5.2) 0.51

 Dyspnea 54 (23.5) 6 (7.8) 48 (31.4) <0.001

SPO2 at admission <95% 24 (10.4) 2 (2.6) 22 (14.4) 0.003

Use of RASB 96 (41.7) 32 (41.6) 64 (41.8) 0.56

Hospital type

 Private clinic 75 (32.6) 23 (29.9) 52 (34.0)

 Nursing hospital 43 (18.7) 18 (23.4) 25 (16.3)

 University hospital 34 (14.8) 10 (13.0) 24 (15.7)

 Others 38 (16.5) 14 (18.2) 24 (15.7)

Laboratory data

 WBC (×1,000/μL) 6.34 ± 3.32 5.91 ± 2.48 6.56 ± 3.66 0.16

 Neutrophil (×1,000/μL) 4.71 ± 3.12 4.12 ± 2.19 4.99 ± 3.46 0.02

 Hemoglobin (g/dL) 10.8 ± 1.4 10.8 ± 1.4 10.7 ± 1.4 0.59

 BUN (mg/dL) 65.8 ± 28.1 55.8 ± 18.7 70.8 ± 30.6 <0.001

 Creatinine (mg/dL) 9.31 ± 3.79 8.76 ± 3.72 9.58 ± 3.81 0.12

 Albumin(g/dL) 3.8 ± 0.5 3.83 ± 0.59 3.72 ± 0.51 0.14

 C-reactive protein (mg/L) 5.69 ± 6.04 3.56 ± 5.01 6.76 ± 6.24 <0.001

 BNP (pg/mL) 590.7 ± 786.8 459.7 ± 524.3 656.7 ± 884.4 0.04

Data are expressed as number only, mean ± standard deviation, or number (%).
BMI, body mass index; BUN, blood urea nitrogen; BNP, brain natriuretic peptide; CAOD, coronary artery obstructive disease; CHF, congestive heart failure; 
CVA, cerebrovascular accident; DM, diabetes mellitus; PKD, polycystic kidney disease; RASB, renin-angiotensin system blockade; SPO2, saturation of par-
tial pressure oxygen; WBC, white blood cell.
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istics and the distribution of underlying diseases between 

the two groups. More patients complained of dyspnea 

in the no regdanvimab than in the regdanvimab group, 

whereas there were no differences in other symptoms such 

as fever, cough, sputum, sore throat, and rhinorrhea. The 

proportion of patients whose SPO2 was <95% at the time of 

admission was higher in the no regdanvimab group than in 

the regdanvimab group. Laboratory data showed that neu-

trophil count and blood urea nitrogen, C-reactive protein, 

and brain natriuretic peptide levels were higher in the no 

regdanvimab group than those in the regdanvimab group. 

Information on treatment and mortality 

In addition to the administration of therapeutic agents, 

various supportive treatments were administered to the 

patients (Table 2). Remdesivir was administered in 79.1% 

of patients in the no regdanvimab group and 19.1% of 

patients in the regdanvimab group. Dexamethasone was 

administered in 53.2% of patients in the no regdanvimab 

group and 37.7% of patients in the regdanvimab group. 

The proportions of antibiotics use rate were 83% in the no 

regdanvimab group and 72.7% in the regdanvimab group, 

which were quite high in both groups, but there was no 

significant difference between the groups. The proportion 

of patients who received oxygen, high flow oxygen, and 

MV was higher in the no regdanvimab group than in the 

regdanvimab group. More patients in the no regdanvimab 

group needed ICU admission during hospitalization than 

did patients in the regdanvimab group. The proportion of 

patients receiving CRRT during hospitalization was similar 

in both groups. 

Mortality based on regdanvimab administration 

Fig. 2 shows the mortality of study patients. The mean 

length of hospital stay was 19.3 ± 12.3 days and was signifi-

cantly longer in the regdanvimab group (22.6 ± 14.4 days) 

than in the no regdanvimab group (17.6 ± 10.7 days) (p = 

0.009). Fifty-nine deaths (25.7%) occurred during hospi-

talization, 49 in the no regdanvimab group (32.0%) and 10 

in the regdanvimab group (13.0%), and the mortality rate 

was significantly higher in the no regdanvimab group than 

that in the regdanvimab group (p = 0.001). According to 

the Kaplan-Meier curve, the regdanvimab group showed 

a significantly better prognosis with a higher survival rate 

compared with that in the no regdanvimab group (log-rank 

p = 0.001) (Fig. 3). 

Factors associated with mortality in COVID-19–infected 
patients on hemodialysis 

We investigated the factors associated with mortality 

among COVID-19–infected patients on HD (Table 3). Uni-

variate Cox regression analysis showed that older age (p < 

0.001), arrhythmia (p = 0.01), malignancy (p = 0.001), SPO2 

<95% at admission (p < 0.001), and low serum albumin 

and creatinine (both p < 0.001) were significant risk fac-

tors, while use of renin-angiotensin-system blockers (p = 

0.04) and administration of antibiotics and regdanvimab 

(p = 0.001 and p = 0.002, respectively) were associated with 

low mortality in these patients. Factors related to disease 

severity, such as high flow oxygen, MV, CRRT, and ICU 

care, were all significantly associated with high mortality 

(p < 0.001). Multivariate Cox regression analysis with the 

Table 2. Comparison of pharmacological and supportive treatments 

Treatment Total (n = 230) Regdanvimab group (n = 77) No regdanvimab group (n = 153) p-value

Dexamethasone 115 (50.0) 29 (37.7) 86 (56.2) 0.006

Remdesivir 136 (59.1) 15 (19.1) 121 (79.1) <0.001

Antibiotics 183 (79.6) 56 (72.7) 127 (83.0) 0.05

Oxygen apply 179 (77.8) 41 (53.2) 138 (90.2) <0.001

High flow O2 41 (17.8) 4 (5.2) 37 (24.2) <0.001

Mechanical ventilation 29 (12.6) 5 (12.6) 24 (15.7) 0.03

CRRT 20 (8.7) 6 (7.8) 14 (9.2) 0.47

ICU care 61 (26.5) 14 (18.2) 47 (30.7) 0.03

Data are expressed as number (%).
CRRT, continuous renal replacement therapy; ICU, intensive care unit.
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significant variables in the univariate analysis showed that 

malignancy (hazard ratio [HR], 3.39; 95% confidence inter-

val [CI], 1.62–7.11; p = 0.001), SPO2 <95% at admission (HR, 

2.83; 95% CI, 1.43–5.59; p = 0.003), MV (HR, 2.85; 95% CI, 

1.21–6.75; p = 0.02), ICU care (HR, 3.03; 95% CI, 1.31–7.03; p 

= 0.01) and administration of antibiotics and regdanvimab 

(HR, 0.41; 95% CI, 0.22–0.79; p = 0.007 and HR, 0.282; 95% 

CI, 0.128–0.624; p = 0.002, respectively) were important fac-

tors in patient outcomes. These data suggest that regdan-

vimab had a beneficial effect on mortality in COVID-19–

infected patients undergoing HD. 

In the clinical setting, regdanvimab is generally consid-

ered in patients with mild-to-moderate disease with low 

oxygen demand; thus, we conducted additional analyses 

in patients with SPO2 greater than 95%. The total number 

of included patients was 206, 131 in the no regdanvimab 

group and 75 in the regdanvimab group. Herein, the reg-

danvimab group showed a higher survival rate compared 

with that in the no regdanvimab group (log-rank p = 0.002) 

(Fig. 4). Furthermore, the use of regdanvimab was signifi-

cantly associated with low mortality even after adjustment 

for several associated factors (HR, 0.233; 95% CI, 0.105–

0.517; p < 0.001) (Table 4). 

Discussion 

This study found an association between mortality and reg-

danvimab use in hospitalized COVID-19 patients under-

going HD. The patients who received regdanvimab alone 

or in combination during hospitalization achieved better 

mortality compared with that in patients who did not. In 

addition, we elucidated the risk factors related to mortal-

ity, and regdanvimab showed an association with better 

survival even after adjusting for factors showing significant 

differences between groups. These findings suggest that 

the use of regdanvimab in COVID-19 patients on HD has a 

significantly favorable impact on mortality. 

Along with diabetes mellitus, hypertension, and car-

diovascular disease, chronic kidney disease has been 

reported to be associated with the severity and mortality 

of COVID-19 [11–13]. Specifically, patients with ESRD are 

immunosuppressed and usually have other chronic sys-

temic diseases related to clinical outcomes of COVID-19 

[14,15]; therefore, they have particularly higher morbidity 

and mortality than those of the general population [16]. 

Center-based HD is the main renal therapeutic modality in 

many countries including Korea [17]. For HD patients, the 

possibility of infection is high due to the confinement in an 

indoor environment for several hours and frequent contact 

with medical staff members or other patients. Therefore, 

during the outbreak of the COVID-19 pandemic, effective 

strategies were required to prevent disease transmis-

sion and improve prognosis in HD patients infected with 
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Figure 2. Mortality of study patients.
In-hospital mortality was defined as all-cause mortality during 
hospitalization for coronavirus disease 2019 infection.
LOS, length of hospital stay.

Figure 3. Kaplan-Meier curve for in-hospital mortality according 
to administration of regdanvimab in total study patients (n = 230).
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Table 3. Factors associated with mortality of study patients 

Variable
Univariate Multivariate

HR (95% CI) p-value HR (95% CI) p-value

Age (yr) 1.05 (1.02–1.07) <0.001 1.00 (0.99–1.07) 0.11

 ≥50 1.05 (0.38–2.91) 0.92

 ≥60 2.26 (1.07–4.76) 0.03

 ≥70 2.89 (1.66–5.04) <0.001

Male sex 0.89 (0.53–1.51) 0.67

BMI 1.01 (0.92–1.11) 0.80

RASB 0.57 (0.33–0.98) 0.04 0.94 (0.48–1.82) 0.84

DM 0.74 (0.44–1.23) 0.25

Hypertension 0.82 (0.52–1.31) 0.41

CAOD 1.25 (0.66–2.36) 0.49

CHF 1.34 (0.42–4.27) 0.62

CVA 1.54 (0.78–3.04) 0.21

Arrhythmia 2.75 (1.25–6.06) 0.01 1.70 (0.58–4.96) 0.33

Malignancy 3.22 (1.63–6.36) 0.001 2.90 (1.27–6.59) 0.01

SPO2 at admission (<95%) 3.63 (1.93–6.84) <0.001 1.66 (0.78–3.50) 0.19

High flow O2 2.97 (1.74–5.07) <0.001 1.13 (0.56–2.29) 0.73

Mechanical ventilation 10.35 (6.10–17.58) <0.001 2.85 (1.21–6.75) 0.02

CRRT 7.66 (4.39–13.36) <0.001 1.51 (0.58–3.91) 0.40

ICU care 9.80 (5.55–17.29) <0.001 3.03 (1.31–7.03) 0.01

WBC 1.04 (0.97–1.11) 0.28

Neutrophil 1.05 (0.98–1.12) 0.16

Hemoglobin 0.88 (0.73–1.06) 0.17

BUN 1.00 (0.99–1.01) 0.499

Creatinine 0.86 (0.80–0.92) <0.001 0.95 (0.86–1.06) 0.39

Albumin 0.43 (0.27–0.69) <0.001 0.94 (0.50–1.74) 0.84

C-reactive protein 1.03 (0.96–1.07) 0.09

BNP 1.00 (1.00–1.00) 0.12 0.63 (0.30–1.30)

Antibiotics 0.40 (0.24–0.69) 0.001 1.57 (0.75–3.28) 0.21

Dexamethasone 1.58 (0.94–2.65) 0.09 1.14 (0.55–2.37) 0.24

Remdesivir 1.58 (0.91–2.72) 0.10 0.32 (0.13–0.82) 0.72

Regdanvimab 0.35 (0.18–0.68) 0.002 0.95 (0.86–1.06) 0.02

BMI, body mass index; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; CAOD, coronary artery obstructive disease; CHF, congestive heart failure; 
CI, confidence interval; CRRT, continuous renal replacement therapy; CVA, cerebrovascular accident; DM, diabetes mellitus; HR, hazard ratio; ICU, intensive 
care unit; RASB, renin-angiotensin system blockade; SPO2, saturation of partial pressure oxygen; WBC, white blood cell.

COVID-19. 

The COVID-19 pandemic has seen clinical development 

and the use of antiviral treatment at an unprecedented 

speed. Several potential antiviral agents have been identi-

fied that have been useful to inhibit the clinical progression 

and complication of COVID-19 [18]. However, many clin-

ical trials are still required to prove the efficacy and safety 

of these agents; furthermore, even if some regimens are 

effective, most of them have not been recommended for 

use in HD patients. Thus, unfortunately, the development 

of treatment protocols and the use of potentially beneficial 

treatment have been delayed in HD patients infected with 

COVID-19, and there is still limited data for effective treat-

ment methods in these patients. 

Regdanvimab (Regkirona) is a recombinant human 

monoclonal immunoglobulin G1 antibody that neutralizes 

SARS-CoV-2 by binding to the receptor binding domain of 

the virus’ spike protein and was effective at reducing viral 

Kee, et al. Regdanimab in COVID-19 patients on hemodialysis
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Figure 4. Kaplan-Meier curve for in-hospital mortality accord-
ing to the administration of regdanvimab in patients with SPO2 
>95% (n = 206).
SPO2, saturation of partial pressure oxygen.

load and ameliorating clinical symptoms [4]. In previous 

clinical trials, regdanvimab was found to be effective in 

reducing the progression rates to severe COVID-19 among 

patients with mild-to-moderate COVID-19 and shortening 

the clinical recovery time in patients treated with regdan-

vimab [19,20]. Recent retrospective studies showed that 

regdanvimab treatment prevented progression to severe 

disease; additionally, the use of regdanvimab in addition to 

remdesivir had a significantly favorable impact on the clin-

ical outcomes of severe COVID-19 [21,22]. Although pa-

tients with chronic kidney disease, including those on di-

alysis, can undergo regdanvimab treatment, there is a lack 

of data on the clinical effectiveness and safety of these pa-

tients who are at high risk of suffering excess morbidity and 

mortality. In this observation study, we first confirmed that 

Table 4. Factors associated with mortality of study patients with SPO2 >95% 

Variable
Univariate Multivariate

HR (95% CI) p-value HR (95% CI) p-value
Age 1.04 (1.02–1.07) 0.002 1.02 (0.99–1.06) 0.19
Male sex 1.04 (0.58–1.87) 0.90
BMI 1.05 (0.94–1.16) 0.41
RASB 0.51 (0.27–0.97) 0.04 0.78 (0.38–1.62) 0.50
Diabetes 0.63 (0.35–1.12) 0.11
Hypertension 0.50 (0.45–1.48) 0.495
CAOD 1.01 (0.45–2.26) 0.98
CHF 1.09 (0.91–1.09) 0.91
CVA 1.59 (0.74–3.41) 0.22
Arrhythmia 2.42 (0.95–6.13) 0.06
Malignancy 2.85 (1.27–6.37) 0.011 2.00 (0.82–4.85) 0.13
High flow O2 3.84 (2.12–6.96) <0.001 0.92 (0.43–1.97) 0.82
Mechanical ventilation 10.64 (5.83–19.40) <0.001 3.15 (1.18–8.37) 0.02
CRRT 9.03 (4.69–17.38) <0.001 1.49 (0.55–4.01) 0.43
ICU care 9.10 (4.89–16.92) <0.001 3.12 (1.31–7.41) 0.01
WBC 0.87 (0.91–1.11) 0.87
Neutrophil 1.02 (0.92–1.13) 0.67
Hemoglobin 0.93 (0.75–1.16) 0.50
BUN 1.00 (0.99–1.01) 0.73
Creatinine 0.85 (0.78–0.93) <0.001 0.92 (0.82–1.02) 0.12
Albumin 0.44 (0.25–0.75) 0.003 0.74 (0.40–1.38) 0.34
C-reactive protein 1.03 (0.98–1.07) 0.21
BNP 1.00 (1.00–1.00) 0.16
Antibiotics 0.40 (0.22–0.73) 0.003 0.65 (0.30–1.42) 0.28
Dexamethasone 1.24 (0.70–2.22) 0.46 1.02 (0.47–2.23) 0.96
Remdesivir 1.55 (0.84–2.83) 0.16 0.97 (0.42–2.27) 0.95
Regdanvimab 0.32 (0.15–0.69) 0.003 0.27 (0.10–0.75) 0.01

BMI, body mass index; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; CAOD, coronary artery obstructive disease; CHF, congestive heart failure; 
CI, confidence interval; CRRT, continuous renal replacement therapy; CVA, cerebrovascular accident; HR, hazard ratio; ICU, intensive care unit; RASB, re-
nin-angiotensin system blockade; SPO2, saturation of partial pressure oxygen; WBC, white blood cell.
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regdanvimab administration (alone or in combination) for 

the treatment of HD patients infected by COVID-19 would 

be beneficial in improving prognosis. 

We further evaluated the factors associated with the mor-

tality of HD patients infected with COVID-19. Higher age 

is the main determinant of increased risk of infection and 

mortality caused by COVID-19 [23,24]. Similar to previous 

results, we also found a significant association between 

age and patient outcomes, with a 2.3-fold increase in mor-

tality in patients aged ≥60 years and a 2.9-fold increase in 

mortality in patients aged ≥70 years. In addition, the indi-

cation for regdanimab is the presence of mild disease, age 

≥50 years, and the presence of at least one risk factor; in 

our study, significant survival benefit effects were shown 

in patients aged ≥60 years. Furthermore, several studies 

showed that preexisting comorbidities, such as hyperten-

sion, diabetes mellitus, dyslipidemia, chronic kidney dis-

ease, chronic obstructive pulmonary disease, and history 

of cardiac diseases, were associated with an increased risk 

of COVID-19-related mortality [25–29]. This study showed 

that arrhythmia and malignancy in the study patients were 

significantly associated with increased mortality. Patients 

with HD are often elderly and have multiple comorbidities 

identified as risk factors for COVID-19–related mortali-

ty; thus, rapid interventions with effective treatments are 

important to improve the prognosis. Despite the viral ori-

gin, antibiotics are frequently prescribed to patients with 

COVID-19. The rationale for antibiotic treatment in these 

patients seems to be based on the experience with bacte-

rial superinfection in hospitalized patients. In our study, 

the proportion of patients receiving antibiotics with other 

treatment agents was 79.6% without a significant difference 

between the two groups; the use of antibiotics was sig-

nificantly associated with low mortality. Previous studies 

showed that the prevalence of bacterial co-infection and 

secondary infection in patients with COVID-19 is relatively 

low (3.5% and 14.3%, respectively) [30], and over-prescrib-

ing of antibiotics in these patients could result in increased 

antimicrobial resistance [31,32]. Therefore, further studies 

are needed to improve the appropriateness of antibiotics 

use in these patients.  

This study has some limitations. First, being a retrospec-

tive observational study, the study design has inherent 

biases such as selection and confounding biases, and un-

measured confounders might have affected the observed 

results. As an example, residual renal function is related 

not only to the prognosis of ESRD patients but also to the 

pharmacodynamics and pharmacokinetics, so it could be 

an important factor in a study related to drug effect. How-

ever, data on the residual renal function of study patients 

were not initially investigated, so we could not analyze 

by including the data on them. Second, information on 

the safety of regdanvimab in ESRD patients is still lacking 

because we could not investigate the occurrence of side 

effects and adverse events in study patients due to incom-

plete medical records. Third, we could not study the impact 

of regdanvimab on the disease progression as assessed by 

the need for MV, transfer to the ICU, and receipt of extra-

corporeal membrane oxygenation during hospital admis-

sion. Further studies with larger samples and prospective 

designs are required to consider regdanvimab as a safe and 

potential agent for ESRD patients infected with COVID-19. 

Finally, we enrolled patients before the Delta (the 4th 

variant of concern) and Omicron variant (the 5th variant 

of concern) became dominant. In South Korea, the Delta 

variant was first identified in the local community in May 

2021 and became predominant in October 2021. This study 

was conducted with patients who were admitted to the 

institution from 1 December 2020 to 30 November 2021. 

Therefore, it is assumed that Delta and Omicron were not 

the predominant variants during the study period. Since 

the effectiveness of antiviral agents may differ depending 

on the variant, further studies on the individual subtypes 

of SARS-CoV-2 are required. Despite these limitations, the 

current findings have important clinical implications; this 

study is the first one evaluating the effect of regdanvimab 

on COVID-19 infection in patients on HD who were, thus 

far. limited from using this potentially beneficial treatment 

due to the lack of data. 

In conclusion, our results showed that regdanvimab ad-

ministration was beneficial in improving prognosis in hos-

pitalized COVID-19 patients on HD. Considering the vul-

nerability to infection and high mortality of ESRD patients, 

regdanvimab may be considered as a therapeutic option in 

COVID-19 patients on HD. 

Conflicts of interest 

All authors have no conflicts of interest to declare. 

Kee, et al. Regdanimab in COVID-19 patients on hemodialysis

119www.krcp-ksn.org



Funding

This research was supported by the Hallym University Re-

search Fund, 2022 (HURF-2022-24).

Acknowledgments 

We would like to thank the Korean Society of Nephrology 

COVID-19 Task Force Team and the patients treated at 

Good Samaritan Bagae Hospital. 

Data sharing statement 

The data presented in this study are available on request 

from the corresponding author. 

Authors’ contributions 

Conceptualization: YKK, HCP, YKL

Data curation: YKK, SJY, SY, JK, AC

Formal analysis: EK, JK, AC

Funding acquision: HCP

Investigation, Resources: SJY, SY

Methodology, Validation: EK, DHK, AC

Project administration, Supervision: HCP, YKL

Software: JK

Visualization: YKK

Writing–original draft: YKK

Writing–review & editing: All authors

All authors read and approved the final manuscript.  

ORCID 

Youn Kyung Kee, https://orcid.org/0000-0002-0555-9909 

Hayne Cho Park, https://orcid.org/0000-0002-1128-3750 

Su Jin Yoon, https://orcid.org/0009-0008-3676-1799 

Sungbong Yu, https://orcid.org/0000-0002-1989-6121 

Eunsil Ko, https://orcid.org/0000-0001-5959-5545 

AJin Cho, https://orcid.org//0000-0001-7097-7026 

Do Hyoung Kim, https://orcid.org/0000-0002-8664-8830 

Jinseog Kim, https://orcid.org/0000-0003-3172-3212 

Young-Ki Lee, https://orcid.org/0000-0003-3464-6144 

References 

1. van de Veerdonk FL, Giamarellos-Bourboulis E, Pickkers P, et al. A 

guide to immunotherapy for COVID-19. Nat Med 2022;28:39–50. 

2. Kuriakose S, Singh K, Pau AK, et al. Developing treatment guide-

lines during a pandemic health crisis: lessons learned from 

COVID-19. Ann Intern Med 2021;174:1151–1158. 

3. Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC. 

Pathophysiology, transmission, diagnosis, and treatment of 

coronavirus disease 2019 (COVID-19): a review. JAMA 2020; 

324:782–793. 

4. Kim C, Ryu DK, Lee J, et al. A therapeutic neutralizing antibody 

targeting receptor binding domain of SARS-CoV-2 spike protein. 

Nat Commun 2021;12:288. 

5. Lee JY, Lee JY, Ko JH, et al. Effectiveness of regdanvimab treat-

ment in high-risk COVID-19 patients to prevent progression to 

severe disease. Front Immunol 2021;12:772320. 

6. Jang YR, Oh YJ, Kim JY. Clinical effectiveness of regdanvimab 

treatment for mild-to-moderate COVID-19: a retrospective co-

hort study. Curr Ther Res Clin Exp 2022;96:100675. 

7. De Meester J, De Bacquer D, Naesens M, et al. Incidence, 

characteristics, and outcome of COVID-19 in adults on kidney 

replacement therapy: a regionwide registry study. J Am Soc 

Nephrol 2021;32:385–396. 

8. Goicoechea M, Sánchez Cámara LA, Macías N, et al. COVID-19: 

clinical course and outcomes of 36 hemodialysis patients in 

Spain. Kidney Int 2020;98:27–34. 

9. Park HC, Lee YK, Ko E, et al. COVID-19-related clinical out-

comes among Korean hemodialysis patients. Kidney Res Clin 

Pract 2022;41:591–600. 

10. Syed YY. Regdanvimab: first approval. Drugs 2021;81:2133–2137. 

11. Cheng Y, Luo R, Wang K, et al. Kidney disease is associated 

with in-hospital death of patients with COVID-19. Kidney Int 

2020;97:829–838. 

12. Portolés J, Marques M, López-Sánchez P, et al. Chronic kidney 

disease and acute kidney injury in the COVID-19 Spanish out-

break. Nephrol Dial Transplant 2020;35:1353–1361. 

13. Henry BM, Lippi G. Chronic kidney disease is associated with 

severe coronavirus disease 2019 (COVID-19) infection. Int Urol 

Nephrol 2020;52:1193–1194. 

14. Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical predictors of 

mortality due to COVID-19 based on an analysis of data of 150 

patients from Wuhan, China. Intensive Care Med 2020;46:846–

848. 

15. Kato S, Chmielewski M, Honda H, et al. Aspects of immune 

120 www.krcp-ksn.org

Kidney Res Clin Pract 2024;43(1):111-121

https://doi.org/10.1038/s41591-021-01643-9
https://doi.org/10.1038/s41591-021-01643-9
https://doi.org/10.7326/m21-1647
https://doi.org/10.7326/m21-1647
https://doi.org/10.7326/m21-1647
https://doi.org/10.1001/jama.2020.12839
https://doi.org/10.1001/jama.2020.12839
https://doi.org/10.1001/jama.2020.12839
https://doi.org/10.1038/s41467-020-20602-5
https://doi.org/10.1038/s41467-020-20602-5
https://doi.org/10.1038/s41467-020-20602-5
https://doi.org/10.3389/fimmu.2021.772320
https://doi.org/10.3389/fimmu.2021.772320
https://doi.org/10.3389/fimmu.2021.772320
https://doi.org/10.1016/j.curtheres.2022.100675
https://doi.org/10.1016/j.curtheres.2022.100675
https://doi.org/10.1016/j.curtheres.2022.100675
https://doi.org/10.1681/asn.2020060875
https://doi.org/10.1681/asn.2020060875
https://doi.org/10.1681/asn.2020060875
https://doi.org/10.1681/asn.2020060875
https://doi.org/10.1016/j.kint.2020.04.031
https://doi.org/10.1016/j.kint.2020.04.031
https://doi.org/10.1016/j.kint.2020.04.031
https://doi.org/10.23876/j.krcp.22.023
https://doi.org/10.23876/j.krcp.22.023
https://doi.org/10.23876/j.krcp.22.023
https://doi.org/10.1007/s40265-021-01626-7
https://doi.org/10.1016/j.kint.2020.03.005
https://doi.org/10.1016/j.kint.2020.03.005
https://doi.org/10.1093/ndt/gfaa189
https://doi.org/10.1093/ndt/gfaa189
https://doi.org/10.1093/ndt/gfaa189
https://doi.org/10.1007/s11255-020-02451-9
https://doi.org/10.1007/s11255-020-02451-9
https://doi.org/10.1007/s11255-020-02451-9
https://doi.org/10.1007/s00134-020-05991-x
https://doi.org/10.1007/s00134-020-05991-x
https://doi.org/10.1007/s00134-020-05991-x
https://doi.org/10.2215/cjn.00950208


dysfunction in end-stage renal disease. Clin J Am Soc Nephrol 

2008;3:1526–1533. 

16. Valeri AM, Robbins-Juarez SY, Stevens JS, et al. Presentation 

and outcomes of patients with ESKD and COVID-19. J Am Soc 

Nephrol 2020;31:1409–1415. 

17. Saran R, Robinson B, Abbott KC, et al. US renal data system 2019 

annual data report: epidemiology of kidney disease in the Unit-

ed States. Am J Kidney Dis 2020;75:A6–A7. 

18. Singh M, de Wit E. Antiviral agents for the treatment of 

COVID-19: progress and challenges. Cell Rep Med 2022;3:100549. 

19. Chupp G, Spichler-Moffarah A, Søgaard OS, et al. A phase 2 

randomized, double-blind, placebo-controlled trial of oral 

camostat mesylate for early treatment of COVID-19 out-

patients showed shorter illness course and attenuation of 

loss of smell and taste. medRxiv 2022 Jan 31 [Preprint]. DOI: 

10.1101/2022.01.28.22270035 . 

20. Kim JY, Jang YR, Hong JH, et al. Safety, virologic efficacy, and 

pharmacokinetics of CT-P59, a neutralizing monoclonal anti-

body against SARS-CoV-2 spike receptor-binding protein: two 

randomized, placebo-controlled, phase I studies in healthy 

individuals and patients with mild SARS-CoV-2 infection. Clin 

Ther 2021;43:1706–1727.  

21. Chae G, Choi A, Lim S, et al. The Effectiveness of the use of reg-

danvimab (CT-P59) in addition to remdesivir in patients with 

severe COVID-19: a single center retrospective study. Trop Med 

Infect Dis 2022;7:51.  

22. ACTIV-3/TICO LY-CoV555 Study Group, Lundgren JD, Grund B, 

et al. A neutralizing monoclonal antibody for hospitalized pa-

tients with COVID-19. N Engl J Med 2021;384:905–914.  

23. Henkens MT, Raafs AG, Verdonschot JA, et al. Age is the main 

determinant of COVID-19 related in-hospital mortality with 

minimal impact of pre-existing comorbidities, a retrospective 

cohort study. BMC Geriatr 2022;22:184.  

24. Biswas M, Rahaman S, Biswas TK, Haque Z, Ibrahim B. Associa-

tion of sex, age, and comorbidities with mortality in COVID-19 

patients: a systematic review and meta-analysis. Intervirology 

2021;64:36–47. 

25. Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospi-

talized patients with 2019 novel coronavirus-infected pneumo-

nia in Wuhan, China. JAMA 2020;323:1061–1069. 

26. Ariës MJH, van den Bergh JP, Beudel M, et al. Clinical course 

of COVID-19 in the Netherlands: an overview of 2607 pa-

tients in hospital during the first wave. Ned Tijdschr Geneeskd 

2021;165:D5085. 

27. Zuccaro V, Celsa C, Sambo M, et al. Competing-risk analysis of 

coronavirus disease 2019 in-hospital mortality in a Northern 

Italian centre from SMAtteo COvid19 REgistry (SMACORE). Sci 

Rep 2021;11:1137. 

28. Posso M, Comas M, Román M, et al. Comorbidities and mor-

tality in patients with COVID-19 aged 60 years and older in 

a university hospital in Spain. Arch Bronconeumol (Engl Ed) 

2020;56:756–758. 

29. Williamson EJ, Walker AJ, Bhaskaran K, et al. Factors associat-

ed with COVID-19-related death using OpenSAFELY. Nature 

2020;584:430–436. 

30. Langford BJ, So M, Raybardhan S, et al. Bacterial co-infection 

and secondary infection in patients with COVID-19: a living rap-

id review and meta-analysis. Clin Microbiol Infect 2020;26:1622–

1629. 

31. van Duin D, Barlow G, Nathwani D. The impact of the COVID-19 

pandemic on antimicrobial resistance: a debate. JAC Antimicrob 

Resist 2020;2:dlaa053. 

32. Rawson TM, Moore LS, Castro-Sanchez E, et al. COVID-19 and 

the potential long-term impact on antimicrobial resistance. J 

Antimicrob Chemother 2020;75:1681–1684.  

Kee, et al. Regdanimab in COVID-19 patients on hemodialysis

121www.krcp-ksn.org

https://doi.org/10.2215/cjn.00950208
https://doi.org/10.1681/asn.2020040470
https://doi.org/10.1681/asn.2020040470
https://doi.org/10.1681/asn.2020040470
https://doi.org/10.1053/j.ajkd.2019.09.003
https://doi.org/10.1053/j.ajkd.2019.09.003
https://doi.org/10.1053/j.ajkd.2019.09.003
https://doi.org/10.1016/j.xcrm.2022.100549
https://doi.org/10.1016/j.xcrm.2022.100549
https://doi.org/10.1101/2022.01.28.22270035
https://doi.org/10.1101/2022.01.28.22270035
https://doi.org/10.1101/2022.01.28.22270035
https://doi.org/10.1101/2022.01.28.22270035
https://doi.org/10.1101/2022.01.28.22270035
https://doi.org/10.1016/j.clinthera.2021.08.009
https://doi.org/10.1016/j.clinthera.2021.08.009
https://doi.org/10.1016/j.clinthera.2021.08.009
https://doi.org/10.1016/j.clinthera.2021.08.009
https://doi.org/10.3390/tropicalmed7030051
https://doi.org/10.3390/tropicalmed7030051
https://doi.org/10.3390/tropicalmed7030051
https://doi.org/10.3390/tropicalmed7030051
https://doi.org/10.1056/nejmoa2033130
https://doi.org/10.1056/nejmoa2033130
https://doi.org/10.1056/nejmoa2033130
https://doi.org/10.21203/rs.3.rs-955049/v1
https://doi.org/10.21203/rs.3.rs-955049/v1
https://doi.org/10.21203/rs.3.rs-955049/v1
https://doi.org/10.21203/rs.3.rs-955049/v1
https://doi.org/10.1159/000512592
https://doi.org/10.1159/000512592
https://doi.org/10.1159/000512592
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1001/jama.2020.1585
https://www.ncbi.nlm.nih.gov/pubmed/33651497
https://www.ncbi.nlm.nih.gov/pubmed/33651497
https://www.ncbi.nlm.nih.gov/pubmed/33651497
https://doi.org/10.1038/s41598-020-80679-2
https://doi.org/10.1038/s41598-020-80679-2
https://doi.org/10.1038/s41598-020-80679-2
https://doi.org/10.1038/s41598-020-80679-2
https://doi.org/10.1016/j.arbres.2020.06.012
https://doi.org/10.1016/j.arbres.2020.06.012
https://doi.org/10.1038/s41586-020-2521-4
https://doi.org/10.1038/s41586-020-2521-4
https://doi.org/10.1016/j.cmi.2020.07.016
https://doi.org/10.1016/j.cmi.2020.07.016
https://doi.org/10.1016/j.cmi.2020.07.016
https://doi.org/10.1093/jacamr/dlaa053
https://doi.org/10.1093/jacamr/dlaa053
https://doi.org/10.1093/jacamr/dlaa053
https://doi.org/10.1093/jac/dkaa194
https://doi.org/10.1093/jac/dkaa194
https://doi.org/10.1093/jac/dkaa194

	Introduction
	Methods
	Study design and participants  
	Clinical management  
	Data collection and mortality  
	Statistical analysis  

	Results
	Baseline characteristics  
	Information on treatment and mortality  
	Mortality based on regdanvimab administration  
	Factors associated with mortality in COVID-19-infected patients on hemodialysis 

	Discussion
	Conflicts of interest  
	Funding
	Acknowledgments
	Data sharing statement  
	Authors’ contributions  
	ORCID
	References

