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To the Editor:

Acute and chronic kidney disease are important risk
factors for hospitalization and death from coronavirus
disease 2019 (COVID-19)." In addition to acute compli-
cations of COVID-19, survivors may experience a wide
range of persistent symptoms, collectively referred to as
“long COVID,” and are at an increased risk of cardiovas-
cular and kidney post-acute sequelae, including myocar-
dial infarction, heart failure, thromboembolic disease, and
kidney failure.”” It is important to understand whether
treatments approved to treat COVID-19 can mitigate the
morbidity and mortality of long COVID in high-risk
populations.

Remdesivir was the first antiviral therapy approved for
treatment of COVID-19. A recent meta-analysis of ran-
domized clinical trial data showed that remdesivir
reduced mortality in patients hospitalized with COVID-19
who did not require mechanical ventilation (adjusted
odds ratio, 0.80; 95% confidence interval, 0.70—0.93).4
Patients with estimated glomerular filtration rate
(eGFR) <30 mL/min/1.73 m” were excluded from the
initial registrational trials of remdesivir; however, the US
Food and Drug Administration label was expanded to
include all levels of kidney function in July 2023. To
determine if the use of remdesivir is associated with
differences in long-term cardiovascular and kidney out-
comes among patients with reduced eGFR, we designed a
propensity score-matched study to compare the risk of
major adverse cardiovascular events (MACEs) or major
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adverse kidney disease and decline in eGFR among hos-
pitalized patients who received remdesivir versus histor-
ical comparators with COVID-19 (Item S1).

There were 200 individuals with admission
eGFR <60 mL/min/1.73 m* or kidney failure receiving
kidney replacement therapy who received remdesivir
within 72 hours of admission and 555 potential historical
comparators who met inclusion criteria (Fig 1). A suffi-
ciently close match was found for 198 of the 200 (99%)
remdesivir-treated patients, who were variably matched to
335 historical comparators. Among the matched cohorts,
162 (81.8%) remdesivir-treated and 250 (74.6%) histor-
ical comparators survived >30 days; pairs with both a
matched remdesivir-treated patient and at least one his-
torical comparator who survived >30 days (148
remdesivir-treated patients and 209 historical controls)
were considered the primary cohort for analysis
(Table S1). The mean age was 71 years (SD 13); 56.6%
were men; and 53.2% were White non-Hispanic, 17.6%
were Black, 16.8% were Hispanic, and 12.3% were Asian.
Comorbid conditions were common; 215 (60.2%) pa-
tients had diabetes, 289 (80.9%) had hypertension, and
236 (66.1%) had coronary artery disease. The rate of
MACEs between 30 days and 18 months was high (2.54
events per 100 patient-months), whereas major adverse
kidney disease occurred less commonly (0.74 events per
100 patient-months). There was no significant difference
in MACEs or major adverse kidney disease between
remdesivir-treated patients and historical comparators
followed for 18 months (Fig S1, Table S2). However,
remdesivir use was associated with a significant attenua-
tion of eGFR decline between 30 days and 18 months
among survivors without kidney failure at baseline
(—2.11 mL/min/year [95% confidence interval, —4.12

N=555 historical comparators with eGFR
<60mL/min per 1.73m2 admitted for COVID-19
between March 17, 2020 — April 30, 2020

N=335 matched historical
comparators

N=209 matched historical comparators
survived and followed for >30 days

Figure 1. We matched patients across independent variables associated with remdesivir administration, including age, sex, race,
sequential organ failure assessment score at admission, mechanical ventilation within 72 hours, presenting creatinine, history of dia-
betes, hypertension, cardiovascular disease, congestive heart failure, kidney failure status, prior solid organ transplantation, number of
hospitalizations, and total encounters within 1 year before admission. We performed nearest-neighbor matching without replacement
with a caliper of 0.1 standard deviation of the propensity score. COVID-19, coronavirus 2019; eGFR, estimated glomerular filtration

rate.
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Table 1. Slope of eGFR Decline From 30 Days to 18 Months

Unadjusted eGFR Slope (95% CI) Adjusted eGFR Slope (95% ClI)

(mL/min/1.73 m? per Year Decline) (mL/min/1.73 m? per Year Decline) P?
Paired patients without kidney failure who survived 230 d (n = 336)
Comparators —6.52 (-8.05 to —5.00) -6.45 (-7.97 to -4.93)
Remdesivir -2.10 (-4.12 to —0.08) <0.001 -2.11 (-4.12 to -0.10) <0.001
All patients without kidney failure who survived 230 d (n = 384)
Comparators -6.07 (=742 to —4.73) -6.02 (-7.36 to —4.68)
Remdesivir -3.60 (-5.39 to —-1.82) 0.03 -3.63 (-5.41 to —1.86) 0.04

Note: The analysis of eGFR slope includes the 336 patients without baseline kidney failure in which at least one matched paired patient survived >30 days. The median
and interquartile range (IQR) of number of eGFR per person in follow-up is 7 (IQR, 3-19), the median time between eGFR measurements is 38 (IQR, 16-121) days.
Sensitivity analysis of all the 384 patients who did not have kidney failure at baseline and survived >30 days revealed similar findings. The multivariable linear mixed-
effects models are adjusted for age, sex, Black race, diabetes, hypertension, coronary artery disease, congestive heart failure, solid organ transplant, requiring me-
chanical ventilation within 72 hours, SOFA score, admission serum creatinine, and frequency of overall and inpatient encounters in the year before admission for

COVID-19.

Abbreviations: eGFR, estimated glomerular filtration rate; Cl, confidence interval; COVID-19, coronavirus disease 2019; SOFA, sequential organ failure assessment.
#Comparing eGFR slopes between remdesivir-treated patients and historical comparators.

to —0.10] versus —6.45 mL/min/year decline [95% con-
fidence interval, —7.97 to —4.93] in historical compara-
tors) (Table 1). Sensitivity analysis using all surviving
patients demonstrated similar attenuation of eGFR decline
in remdesivir-treated patients compared with historical
comparators.

Our study is in line with prior studies showing that the
rate of MACEs is high in patients with COVID-19. Bowe
et al” found that compared with control groups without
COVID-19, patients who survived COVID-19 exhibited an
increased burden of cardiovascular conditions and that
repeat episodes of COVID-19 contributed to the burden of
long COVID.” Additionally, adverse kidney outcomes were
more common in patients with COVID-19; 30-day survi-
vors of COVID-19 exhibited higher risk of acute kidney
injury, 50% eGFR decline, and kidney failure.” Further-
more, COVID-19 can trigger collapsing glomerulopathy in
patients with high-risk APOLI genotype and has poor long-
term outcomes.’ Understanding whether treatments for
COVID-19 reduce long COVID-19 is an important unmet
need.

Our study has limitations. First, we chose historical
comparators from the first wave of COVID-19 before the
emergency use authorization of remdesivir to avoid con-
founding by indication and minimize selection bias. We
performed detailed chart review to ensure accurate infor-
mation on disease severity and other baseline covariates
and achieved good balance between the remdesivir-treated
patients and matched untreated comparators after pro-
pensity score matching. Given the study period (March-
November 2020), treated and untreated patients were
exposed to the same variant (wild type), the vast majority
were first infections, and all patients were unvaccinated.
However, standard of care differed throughout the study
period; all historical comparators were admitted before
routine use of dexamethasone at our center, which may
have affected the long-term outcomes.” Second, patients
may have been hospitalized outside our health care
network and not captured in “Care Everywhere”

documentation. To minimize the risk of bias, we matched
patients based on the number of inpatient and total en-
counters in our health care network in the 1 year before
COVID-19. Finally, our study evaluated patients who
received remdesivir at the time of hospital admission;
deploying antiviral strategies earlier in the disease course
may more effectively reduce the high rates of MACEs.
Future studies are needed to test whether early antiviral
therapies can more effectively decrease the risk of long
COVID.

In conclusion, use of remdesivir in hospitalized patients
with COVID-19 and reduced eGFR was not associated with
a decreased risk of MACEs or major adverse kidney disease
but was associated with a less steep slope of eGFR decline
among survivors followed up to 18 months.
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