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Abstract

Objectives: To evaluate the effectiveness of tixagevimab—cilgavimab in preventing COVID-19-related hospitalizations among
chronic kidney disease (CKD) patients in Thailand from 1 Aug 2022 to 30 May 2023.

Methods: We conducted a retrospective cohort study using secondary data from Thailand’s national health databases among
CKD patients aged 212 years under the Universal Coverage Scheme who were followed from 1 Aug 2022 to 30 May 2023.
The primary outcome was time until COVID-19 hospitalization, analyzed using Cox regression, and adjusted for age, gender,
vaccination status, and comorbidities. Receiving tixagevimab—cilgavimab at a dose of either 300 mg or 600 mg was the main
explanatory variable. A stratified analysis was also conducted by history of dialysis.

Results: Among 1,018,175 CKD patients, tixagevimab—cilgavimab recipients had a higher hazard of hospitalization compared
to non-recipients (adjusted hazard ratio 1.70; 95% confidence interval (Cl) 1.40-2.06). Among dialysis patients,
administration of tixagevimab—cilgavimab was associated with a non-significant reduction in the risk of hospitalization
(effectiveness 18.15%; 95% Cl: -12.82—-40.62) while COVID-19 vaccination was strongly protective in both groups, with five
doses showing an effectiveness of 79.18% (95% Cl 61.28-88.80). Tixagevimab—cilgavimab did not significantly reduce the
hazard of hospitalization overall but showed a non-significant trend toward a benefit among dialysis patients.

Public Health Recommendations: Tailored prophylaxis strategies are needed for immunocompromised populations during
evolving waves of COVID-19 variants. Further studies should assess effectiveness by variant period and underlying risk profile
to better identify subgroups most likely benefit from the interventions.
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Introduction

The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) pandemic has dramatically affected
global health, especially among individuals with
pre-existing medical conditions.'® Individuals with
chronic kidney disease (CKD) and end-stage kidney
(ESKD)
particularly vulnerable to coronavirus disease 2019

disease on maintenance dialysis are
(COVID-19) and tend to experience more severe
clinical outcomes than the general population.'™ This
increased susceptibility underscores the necessity for
targeted preventive strategies for  high-risk

populations such as those with CKD and ESKD.

Vaccination has been a crucial tool in combating
COVID-19, significantly reducing disease severity and
the number of hospitalizations. However, vaccine
effectiveness for CKD and ESKD patients may be
reduced due to their immunocompromised status,
resulting in suboptimal immune responses. Studies
indicate that CKD patients, particularly those on
dialysis, often show lower seroconversion rates post-
vaccination compared to the general population.™3
This diminished response highlights the need for
additional protective measures to safeguard these
high-risk individuals.

Monoclonal antibody cocktails have emerged as a tool
for the prevention and treatment of COVID-19.
Among these, the combination of tixagevimab and
cilgavimab has shown promise in providing prolonged
protection against SARS-CoV-2.141% Tixagevimab—
cilgavimab works by targeting distinct sites on the
virus, thereby neutralizing its ability to infect human
cells and offering long-term prophylactic benefits.1517
The Thai Food and Drug Administration authorized
tixagevimab—cilgavimab on 27 Jun 2022 and it was
introduced to the Thai population on 1 Aug 2022.18
Initially, Thai authorities recommended 300 mg of
tixagevimab—cilgavimab (150 mg tixagevimab + 150 mg
cilgavimab) for immunocompromised individuals,
later increasing the dose to 600 mg (300 mg + 300 mg)
in November 2022.1920

However, studies investigating the real-world
effectiveness of tixagevimab—cilgavimab in Thailand
remain limited, especially among CKD patients, who
are the primary target of the policy. This study
therefore evaluated the effectiveness of tixagevimab—
COVID-19-related
hospitalizations among CKD patients in Thailand

from 1 Aug 2022 to 30 May 2023.

cilgavimab in  preventing

Methods
Study Design and Population

A retrospective cohort study using secondary data was
conducted among Thai individuals aged =12 years who
were members of the Universal Coverage Scheme—the
main public health insurance arrangement for the
Thai populations—and had at least one recorded
diagnosis of chronic kidney disease (ICD-10: N18)
during the period from 1 Oct 2021 to 30 Sep 2022,
regardless of whether this represented a new or follow-
up diagnosis.

The exposure status was determined based on
tixagevimab—cilgavimab history.
Individuals who received both 300 mg and 600 mg does
during the study period were excluded.

administration

Participants with a record of COVID-19 diagnosis from
inpatient departments from 1 Aug 2022 to 30 May
2023 were classified as COVID-19 hospitalized cases.

Data Sources

We retrieved secondary data on 15 Jun 2024 from two
national health databases: the National Health
Security Office (NHSO) database and the Ministry of
Public Health Immunization Center (MOPH-IC). The
NHSO is responsible for monitoring population
diagnosis and treatment within the Universal
Coverage Scheme, while the MOPH-IC, the national
immunization information center under the Office of
Permanent Secretary, is responsible for compiling data
on COVID-19
cilgavimab administration.

immunization and tixagevimab—

Demographic data, underlying health conditions and
the outcome of individuals were extracted from the
NHSO database. Data on tixagevimab—cilgavimab and
COVID-19 vaccination were obtained from the
MOPH-IC database.

Statistical Analysis

Cases aged =120 years were excluded as these ages
were deemed implausible. For descriptive analysis,
categorical data were summarized using frequency
and proportion, while continuous data were
summarized using the mean and standard deviation
(SD). The primary independent variable of interest
was tixagevimab—cilgavimab administration status,
categorized into three groups: not received, received
300 mg, and received 600 mg. Other variables collected
included gender, age, history of dialysis, and
underlying diseases, such as chronic lung disease
(emphysema and chronic obstructive disease), cancer,
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diabetes, hypertension, liver diseases (chronic hepatitis
and cirrhosis of liver), human immunodeficiency virus
infection, and COVID-19 vaccine status. Recipients of
the COVID-19 vaccine were those who had received the
vaccine at least fourteen days prior to the outcome or
30 May 2023, which is the end of the follow-up time.
Vaccinations administered less than 14 days before the
outcome were ignored, and such individuals were
classified according to their prior vaccine status.
Participants were censored at the time of COVID-19
diagnosis with hospitalization.

To identify factors associated with time to COVID-19
hospitalization, a Cox regression model was employed.
The proportional hazards assumption was assessed
using Kaplan-Meier curves. A separate stratified
analysis was conducted among patients with and
without a history of dialysis as dialysis status is a
predictor of COVID-19 severity and may modify the
effect of prophylaxis on hospitalization risk. An
adjusted hazard ratio (HR) was calculated with 95%
confidence interval (CI) adjusted for age group (12-59
years, 60-79 years, 80-99 years and =100 years),

gender, and underlying diseases. The effectiveness of
tixagevimab—cilgavimab and COVID-19 vaccine was
calculated as one minus the adjusted HR multiplied by
one hundred percent.

Results

A total 0f 1,018,175 CKD participants were included in
the study. The characteristics of the study population
stratified by tixagevimab-—cilgavimab administration
status are shown in Table 1. The proportions of
subjects who were hospitalized increased with age,
especially among individuals aged 80 years and above,
with the highest proportion (5.36%) observed in the
80-99-year age group
cilgavimab 300 mg. Across all groups, females had
slightly higher proportions of COVID-19 hospitalization
than males. For underlying health conditions, dialysis
patients in the control group had the highest
proportion of hospitalizations (4.52%), while diabetes
and hypertension were more frequent among cases
who received tixagevimab—cilgavimab, especially those
receiving a dose of 600 mg (33.33% and 21.43% for
300 mg and 600 mg, respectively).

receiving tixagevimab—

Table 1. Percentage of COVID-19 hospitalization by patient characteristics and tixagevimab—cilgavimab administration status in
Thailand, 1 Aug 2022-30 May 2023 (n=1,018,175).

Did not receive

Received 300 mg Received 600 mg

Original article

Characteristic (n=1,010,824) (n=7,234) (n=117)
n n % n %
Length of follow-up (days)
Mean (SD) 294 (40) 174 (63) 142 (55)
Gender
Female 7,246 1.67 124 3.58 2 3.70
Male 8,497 1.47 117 3.11 1 1.59
Age group (years)
12-59 2,362 1.20 92 3.03 1 1.49
60-79 8,684 1.45 124 3.32 2 4.17
8099 4,657 2.20 25 5.36 0 0.00
100 or more 30 3.74 0 0.00 0 NA
Underlying disease
Diabetes mellitus
No 9,985 1.33 139 2.78 0 0.00
Yes 5,758 2.22 102 4.57 3 33.33
Hypertension
No 8,407 1.32 110 2.64 0 0.00
Yes 7,336 1.97 131 4.28 3 21.43
Chronic lung disease
No 15,396 1.54 240 3.33 3 2.56
Yes 348 3.78 1 3.23 0 NA
Human immunodeficiency virus (HIV)
No 15,731 1.56 241 3.33 3 2.59
Yes 12 0.84 0 0.00 0 0.00
Hepatic disease
No 15,720 1.56 241 3.34 3 2.56
Yes 23 5.34 0 0.00 0 NA
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Table 1. Percentage of COVID-19 hospitalization by patient characteristics and tixagevimab—cilgavimab administration status in
Thailand, 1 Aug 2022-30 May 2023 (n=1,018,175)(cont.).

Did not receive

Received 300 mg

Received 600 mg

Characteristic (n=1,010,824) (n=7,234) (n=117)
n % n % n %
Cancer
No 15,610 1.55 241 3.35 3 2.56
Yes 133 3.15 0 0.00 NA
History of dialysis
No 14,695 1.49 168 3.23 2 5.41
Yes 1,048 4.52 73 3.58 1 1.25
Number of COVID-19 vaccine doses received*
None 4,747 2.62 31 5.42 1 14.29
One 978 2.06 13 4.73 0 0.00
Two 5,846 1.48 70 3.36 0 0.00
Three 3,779 1.14 108 3.10 2 3.39
Four 375 0.76 18 2.33 0 0.00
Five 11 0.24 1 1.92 0 0.00
Six 7 3.27 0 0.00 0 NA

*Prior to COVID-19 hospitalization or end of follow-up time. NA: not applicable as the denominator was zero. SD: standard deviation.

Individuals who received tixagevimab—cilgavimab
had a 70% higher hazard of COVID-19 hospitalization
compared to those who did not (adjusted HR 1.70;
95% CI 1.40-2.06). COVID-19 vaccination was
associated with a reduced hazard of hospitalization in
a dose-dependent manner. Compared to unvaccinated

individuals, those who had received one to five doses of
the vaccine had lower hazards, with the greatest
protection seen in individuals who received five doses
(adjusted HR 0.21; 95% CI 0.12—0.39), corresponding
to a vaccine effectiveness of 78.58% (95% CI 61.30%—
88.14%) (Table 2).

Table 2. Factors associated with time to COVID-19 hospitalization among chronic kidney disease patients in Thailand,
1 Aug 2022-30 May 2023.

Factor Adjusted HR 95% CI Factor Adjusted HR 95% CI
Tixagevimab—cilgavimab administration status Underlying disease
Not received Ref Diabetes mellitus
Received 1.70 1.40-2.06 No Ref
Yes 1.66 1.60-1.72
- i
Number of COVID-19 vaccine doses received Hypertension
None Ref No Ref
One 0.77 0.72-0.83 Yes 1.22 1.17-1.26
Two 0.58 0.56-0.61 Chronic lung disease
No Ref
Three 0.45 0.43-0.47 Yes 1.93 1.73-2.15
Four 0.41 0.37-0.46 Human immunodeficiency virus (HIV)
Five 0.21 0.12-0.39 No Ref
Gender Yes 0.63 0.35-1.14
Fernale Ref Hepatic diseases
No Ref
Age group (years) Cancer
12-59 Ref No Ref
60-79 1.28 1.22-1.34 Yes 1.74 1.46-2.07
History of dialysis
8099 1.89 1.80-1.99
No Ref
100 or more 2.95 2.06-4.24 Yes 3.33 3.11-3.55

*Those receiving six doses of the vaccine were excluded due to a small sample size. Ref: reference group. HR: hazard ratio. Cl: confidence interval.
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Stratified analysis revealed differing effects of
tixagevimab—cilgavimab and COVID-19 vaccination
between individuals with and without a history of
dialysis. Among patients with a history of dialysis, the
effectiveness of tixagevimab-cilgavimab against
COVID-19 hospitalization was 18.15% (95% CI -12.82—
40.62). Similarly, COVID-19 vaccination—ranging
from one to four doses—was not significant, although
all point estimates suggested a trend toward a reduced

risk. In contrast, among patients without a history of
dialysis, tixagevimab—cilgavimab administration was
associated with a significantly increased hazard of
COVID-19 hospitalization (adjusted HR 2.96; 95% CI
2.37-3.71). COVID-19 vaccination was significantly
associated with a lower hazard, with stronger protection
seen with increasing doses. The vaccine effectiveness
ranged from 22.54% (95% CI 16.73—-27.94) for one dose
t0 79.18% (95% CI 61.28-88.80) for five doses (Table 3).

Table 3. Adjusted hazard ratios of tixagevimab—cilgavimab and COVID-19 vaccine status against COVID-19 hospitalization
among chronic kidney disease patients in Thailand stratified by history of dialysis, 1 Aug 2022-30 May 2023.*

Patients with a history of dialysis

Patients with no history of dialysis

Factor
Adjusted HR* 95% ClI Adjusted HRT 95% Cl

Tixagevimab—cilgavimab administration status

Did not receive Ref Ref

Received 0.82 0.59-1.13 2.96 2.37-3.71
Number of COVID-19 vaccine doses received

None Ref Ref

One 0.89 0.69-1.15 0.77 0.72-0.83

Two 0.88 0.74-1.03 0.57 0.55-0.59

Three 0.87 0.73-1.04 0.43 0.41-0.45

Four 0.97 0.71-1.34 0.39 0.34-0.43

Five 0.36 0.05-2.51 0.21 0.11-0.39

*Those receiving six doses of the COVID-19 vaccine were excluded due to a limited sample size. tAdjusted for gender, age group, and

underlying diseases (diabetes mellitus, hypertension, chronic lung disease, human immunodeficiency virus infection, hepatic disease, and

cancer). Ref: reference group. HR: hazard ratio. Cl: confidence interval.

As shown in Figure 1, dialysis patients who received
tixagevimab—cilgavimab, regardless of dosage, had a
slightly higher probability of remaining free from
COVID-19 hospitalization over time compared to those
who did not. The survival curve for tixagevimab-—
cilgavimab status did not cross, indicating that the
proportional hazards assumption of the Cox model was
not violated (Figure 1).

Kaplan-Meier survival estimates

1.00
|

Probability of hospitalization
0.95

0.90
|

T T T T
0 100 200 300
Time

Received: tixagevimab—cilgavimab administered at a dose of either 300 mg

Notreceived Received ‘

or 600 mg.

Figure 1. Kaplan—Meier survival curve of COVID-19
hospitalization among dialysis patients in Thailand stratified
by tixagevimab—cilgavimab administration status,

1 Aug 2022-30 May 2023.

Discussion

The findings of our study showed that tixagevimab—
cilgavimab did not reduce the hazard of COVID-19
hospitalization among Thai CKD patients during the
late Omicron period. This contrasts with previous
studies, such as the PROVENT trial and several
observational cohorts, that demonstrated the
effectiveness of tixagevimab—cilgavimab in preventing
both COVID-19 infection and severity among high-risk
populations, including patients with CKD, older
adults, and immunocompromised individuals.?'23 This
might be explained by the difference in circulating
SARS-CoV-2 variants. Previous studies were primarily
conducted during the dominance of variants such as
Alpha or Omicron BA.1, against which tixagevimab—
cilgavimab retained strong neutralizing activity.
Additionally, the clinical guidelines of the Thai
healthcare system may have emphasized that the
high-risk individuals should be given tixagevimab—
cilgavimab, leading to a higher likelihood of
hospitalization among this group compared to their
lower-risk counterparts, who were encouraged to
practice self-care.!®2°
also specifically administered to immunocompromised
individuals, particularly those with CKD or ESKD—

Tixagevimab—cilgavimab was
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representing the highest-risk subgroup. This
distinction may explain why tixagevimab-—cilgavimab
recipients exhibited a higher hospitalization rate.

Our study findings contrast with a retro-prospective
cohort study conducted in Thailand in 2024 that
followed high-risk individuals, including CKD patients.
That study found a limited protective effect of
tixagevimab—cilgavimab against COVID-19 outcomes.?*
A reason for the difference of effect may be the dosing
approach: while that study focused exclusively on
patients who received the updated 600 mg dose, our
study combined recipients of both 300 mg and 600 mg,
reflecting the transitional dosing guidelines in place
during the study period. It is possible that the lower
dose provided insufficient protection, particularly
during a time when immune-evasive variants were
circulating and might have further compromised the
effectiveness of tixagevimab—cilgavimab.

Our findings indicated that tixagevimab-—cilgavimab
was associated with a lower hazard of COVID-19
hospitalization among dialysis patients, with a vaccine
effectiveness estimate of 18.15% (95% CI -12.82—40.62),
although without statistical significance. This contrasts
with a previous study conducted in Thailand among
dialysis patients enrolled between November 2022 and
February 2023, with a follow-up through September
2023, which reported a statistically significant
reduction in hospitalization risk associated with
tixagevimab—cilgavimab use (incidence rate ratio
0.094, 95% CI 0.002-0.779).% This corresponds to an
approximate 91% lower hospitalization rate in that
study. Notably, both studies were conducted during a
period when similar Omicron variants were
circulating, such as XBB.1.5 and XBB.1.6.26 However,
that study focused exclusively on breakthrough
symptomatic COVID-19 cases, whereas our study
included all hospitalized cases, regardless of symptom
status. It is possible that some individuals in our
cohort were admitted to hospital as a precautionary
measure due to their high-risk profile, even if they
were asymptomatic or had mild symptoms, which
conformed to the Thai clinical practice guideline
discussed earlier.

Limitations

Several limitations should be considered when
interpreting the results. The major limitation of our
study is confounding by indication. Tixagevimab—
cilgavimab was preferentially administered to patients
perceived by clinicians to be at a particularly high risk
of severe COVID-19 outcomes, such as those with
advanced comorbidities or greater clinical frailty,

resulting in an underestimation of the drug’s
effectiveness, pulling the observed association toward
the null value. Although we adjusted for age, gender,
dialysis status, status, and major
comorbidities, residual confounding from unmeasured

vaccination

factors including functional status, prior SARS-CoV-2
infection, or health-seeking behavior may have
remained. Furthermore, nondifferential misclassification
of both tixagevimab-cilgavimab and COVID-19
hospitalization status may have occurred due to errors
in diagnostic coding for COVID-19 hospitalizations or
delays in coding drugs within national registries. Since
these errors are unlikely to differ systematically by
hospitalization status, such misclassification would
dilute the observed associations, resulting in an
underestimation of the study drug’s effectiveness.

Despite these limitations, our findings remain
trustworthy. Since the primary sources of bias—
confounding by indication and misclassification—both
tend to underestimate the drug’s effectiveness, our
reported effectiveness represents a conservative
estimate of what tixagevimab—cilgavimab can achieve
in practice. In addition, the use of two nationwide
databases provided a large sample size, enhancing
statistical power to detect differences in hospitalization

risk and reducing the influence of random errors.
Public Health Recommendations

Prophylactic strategies for immunocompromised
populations, particularly CKD patients and those
receiving dialysis, should be regularly reassessed in
response to evolving SARS-CoV-2 variants. As
monoclonal antibodies such as tixagevimab—cilgavimab
may have reduced neutralizing activity against
emerging variants, national clinical guidelines should
incorporate up-to-date evidence on variant-specific
effectiveness. COVID-19 vaccination should remain
the cornerstone of prevention for CKD patients, as our
findings demonstrated strong protection from multiple
vaccine doses; therefore, maintaining high vaccine
coverage and booster uptake among CKD and dialysis
patients should continue to be prioritized within the
Thai healthcare system. In addition, prophylactic
monoclonal antibody use should be targeted toward the
highest-risk groups, particularly patients undergoing
dialysis or those with severe immunocompromise,
rather than applying a uniform approach across all
CKD patients. Strengthening the use of national
health databases to
effectiveness of preventive interventions is also
important to support timely policy adjustments.
Further

monitor the real-world

research is needed to evaluate the
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effectiveness of updated prophylactic agents and
dosing strategies in the context of emerging SARS-
CoV-2 variants, particularly among patients with
advanced kidney disease who may have limited
vaccine-induced immunity.

Conclusion

Tixagevimab—cilgavimab  prophylaxis did not
significantly reduce COVID-19 hospitalizations among
CKD patients overall during the late-Omicron era.
However, among dialysis patients, there was a non-
significant protective effect, with an estimated
effectiveness of 18.15% (95% CI -12.82 to 40.62). While
tixagevimab—cilgavimab showed promise in clinical
trials and other studies, its real-world impact in our
CKD cohort was limited. These findings suggest that a
one-size-fits-all approach to pre-exposure prophylaxis
may not be appropriate for heterogeneous and
immunocompromised populations. A more targeted,
variant-responsive strategy is essential. Continued
surveillance and further research are critical to ensure
optimal protection for high-risk kidney disease
patients, particularly those on dialysis, who may have
limited vaccine-induced immunity.
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