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Background. The chronic use of immunosuppressive drugs is a key risk factor of death because of coronavirus disease
2019 (COVID-19) in kidney transplant recipients (KTRs), although no evident association between the class of immunosup-
pressive and outcomes has been observed. Thus, we aimed to compare COVID-19-associated outcomes among KTRs
receiving 3 different immunosuppressive maintenance regimes. Methods. This study included data from 1833 KTRs with
COVID-19 diagnosed between March 20 and April 21 extracted from the national registry before immunization. All patients
were taking calcineurin inhibitor associated with mycophenolate acid (MPA, n = 1258), azathioprine (AZA, n = 389), or mam-
malian targets of rapamycin inhibitors (MTORI, n = 186). Outcomes within 30 and 90 d were assessed. Results. Compared
with patients receiving MPA, the 30-d (79.9% versus 87.9% versus 89.2%; P < 0.0001) and 90-d (75% versus 83.5% versus
88.2%; P < 0.0001) unadjusted patient survivals were higher in those receiving AZA or mTORIi, respectively. Using adjusted
multivariable Cox regression, compared with patients receiving AZA, the use of MPA was associated with a higher risk of
death within 30 d (adjusted hazard ratio [aHR], 1.70; 95% confidence interval [Cl], 1.21-2.40; P = 0.003), which was not
observed in patients using mTORI (aHR, 0.78; 95% ClI, 0.45-1.35; P = 0.365). At 90 d, although higher risk of death was
confirmed in patients receiving MPA (aHR, 1.46; 95% ClI, 1.09-1.98; P = 0.013), a reduced risk was observed in patients
receiving mTORI (@aHR, 0.59; 95% ClI, 0.35-0.97; P = 0.04) compared with AZA. Conclusions. This national cohort data
suggest that, in KTRs receiving calcineurin inhibitor and diagnosed with COVID-19, the use of MPA was associated with
higher risk of death, whereas mTORi use was associated with lower risk of death.
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INTRODUCTION

Viral infections are associated with morbidity and mor-
tality among kidney transplant recipients (KTRs), with
the lifelong immunosuppressive drug exposure identi-
fied as the key risk factor.! Thus, early in the coronavirus
disease 2019 (COVID-19) pandemic, KTRs were consid-
ered at higher risk for unfavorable outcomes,” ultimately
confirmed by several reports demonstrating high hospi-
talization and high fatality rates.>> Although the clinical
outcomes seem to be similar comparing recipients of solid
organ transplants and nontransplanted patients,®’ our
previous analysis showed that KTRs presented a 6% per
day increased risk of death during the first 30 d after the
COVID-19 diagnosis, leading to a higher 30-d case fatality
rate than patients undergoing dialysis.® Albeit the cumula-
tive number of comorbidities are prevalent in both groups,
the chronic use of immunosuppressive drugs is a determi-
nant additional risk factor.

The risk of viral infection and the outcome of the disease is
associated with the drug class and the net immunosuppressive
effect of the combination regimen. Clinical trials consistently
showed the lower immunosuppressive efficacy of azathio-
prine (AZA) than mycophenolate acid (MPA) or mammalian
targets of rapamycin inhibitors (mTORI) for the prevention
of acute rejection.”!! Furthermore, compared with AZA,
the use of MPA is associated with an increased risk of virus-
related events.'>'® On the other hand, the use of mTORi has
been associated with a reduced risk of virus infections.'*®
Particularly for cytomegalovirus infection, mTORI interferes
with critical viral replication pathways, preventing viral reac-
tivation and restoring functional T-cells subsets, consequently
improving the specific immune responses.'”"”

The impact of the maintenance immunosuppressive
regimen on the outcomes of the respiratory virus infection
is unclear. For instance, in the previous influenza A HIN1
outbreak, the use of MPA was not associated with poor
outcomes compared with other drugs.?’ In addition, no evi-
dent association between the class of immunosuppressive
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drug and the risk of inhospital death was observed in a
large cohort of immunocompromised patients, including
solid organ transplant recipients.”' Nevertheless, in our
previous preliminary analysis, although the use of MPA
was associated with increased risk, the use of mTORi was
associated with reduced risk of COVID-19-associated
death.”? Thus far, data on the impact of immunosuppres-
sive regimens on COVID-19—clinical outcomes are lacking.
Therefore, the present study seeks to compare COVID-
19-associated outcomes among KTRs receiving calcineu-
rin inhibitor (Cni) in combination with AZA, MPA, or
mTORI.

MATERIALS AND METHODS

Study Design

This is a multicenter retrospective cohort study com-
prising data from 44 transplant centers included in the
COVID-19-KT Brazil Study. The study was approved by
the National Ethics Research Committee (approval num-
ber 4.033.525) and by the local ethics committee of each
participating center, and it was registered at clinical trials.
gov (NCT04494776). Informed consent or its exemption
followed specific national legislation, local institutional
review board recommendations, and the guidelines of the
Declaration of Helsinki.

Inclusion and Exclusion Criteria

Adult KTRs (aged >18 y) with symptomatic COVID-19
diagnosed by reverse-transcription polymerase chain reac-
tion between March 2020 and April 2021, before the
COVID-19 immunization campaign were eligible. The
final follow-up date was the date of death or 90 d after
the COVID-19 diagnosis. For the present analysis, patients
had to be receiving a maintenance immunosuppressive reg-
imen based on Cni associated with AZA, MPA, or mTORIi
at the time of the COVID-19 diagnosis. Recipients of kid-
ney combined with another solid organ transplant were
excluded. Patients receiving other immunosuppressive
drug combinations, with missing immunosuppression and
primary outcome data, were also excluded.

Variables of Interest and Definitions

Demographic and baseline data comprised recipient age,
sex, ethnicity, body mass index, chronic kidney disease
(CKD) cause, comorbidities, time after transplantation,
baseline renal function, and maintenance immunosuppres-
sive regimen. For baseline renal function, the median value
of the last 3 available serum creatinine was considered,
and the estimated glomerular filtration rate (eGFR) was
estimated by the CKD-epidemiology equation.”® The fol-
lowing comorbidities were reported: hypertension, diabe-
tes, cardiovascular, pulmonary, or liver diseases, current or
previous neoplasia, and peripherical vascular disease. The
COVID-19-attributable signs and symptoms were fever,
cough, dyspnea, myalgia, headache, fatigue, asthenia, diar-
rhea, nausea, and vomiting. The criteria for hospitalization
and the clinical management for COVID-19 treatments
of patients who were allocated to home care or admitted
to the hospital were defined by the investigators accord-
ing to local practices. Similarly, immunosuppression was
adjusted after diagnosis per local practices.
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Outcome

The primary outcome was death by any cause within 30
and 90 d after the COVID-19 diagnosis. The intermediate
outcomes were hospitalization, admission to intensive care
unit (ICU), and requirement for mechanical ventilation.

Statistical Analyses

Analyses were conducted using the R Statistical lan-
guage (version 3.6.3; R Core Team, 2020).

Groups

The cohort was stratified into 3 groups according to the
baseline maintenance immunosuppressive regimen at the
time of COVID-19 diagnosis: Cni associated with AZA
(Cni-AZA), Cni associated with MPA (Cni-MPA), and Cni
associated with the mTORi (Cni-mTORi).

Missing Data and Imputation

Details of missing data, mostly <1%, are presented in
Tables S1 and S2 (SDC, http:/links.lww.com/TP/C485).
The strategy for handling missing values was the multiple
imputation by chained equations, generating plausible num-
bers derived from distributions of and relationships among
observed variables in the data set, following 3 steps: (1) gen-
erating replacement values for missing data and repeating
this procedure 10 times; (2) analyzing the 10 imputed data
sets; and (3) pooling the results according to Rubin’s rules.

Univariate Comparisons

Demographic data, comorbidities, COVID-19-attrib-
utable signs/symptoms, and intermediate outcomes were
stratified by groups of baseline immunosuppressive regi-
men, and data were compared by Kruskal-Wallis for con-
tinuous variables and by > or the Fisher exact test for
categorical variables or outcomes. Post hoc analyses based
on Pearson’s ¥ test residuals for counting data or Dunn’s
nonparametric all-pairs comparison test for Kruskal-type
ranked data were performed to identify significant differ-
ences for each group. The primary outcome was evaluated
by Kaplan-Meier curves, stratified by groups, and com-
pared by log-rank test, adjusted by a test for trend.

Cox Regression Analysis

The association between variables and the probability of
death within 30 and 90 d after the COVID-19 diagnosis
was analyzed by univariable and multivariable Cox regres-
sion. The variables that reached a P value <0.20 in the uni-
variate analyses were included in the multivariate models.
The proportional hazards assumption was tested with the
Schoenfeld residuals, and the Cox models reached the pro-
portionality in all analyses. Aiming to account for changes
in clinical practices throughout the pandemic progression,
time in months from COVID-19 diagnosis since the index
case on March 3, 2020, was included as a covariate. In addi-
tion, owing to the potential variation in clinical manage-
ment between the transplant centers, the multivariable Cox
models were adjusted for centers and added as a random
intercept. The group of patients receiving AZA was used as
the reference group for Cox regression modeling because of
its lower efficacy for the prevention of acute rejection (lower
net immunosuppressive state) and the opposite effects of
MPA and mTORI on the risk of viral infections.
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Sensitivity Analyses

In a sensitivity analysis, the association between the
baseline maintenance immunosuppressive regimen and
death within 30 and 90 d after the COVID-19 diagnosis
was investigated in the subgroup of patients who were
hospitalized, admitted to ICU, and required mechanical
ventilation, using multivariable Cox regression analysis
adjusted for center effect.

RESULTS

Patient Disposition and Demographic Data

Between March 2020 and April 2021, 2225 patients
enrolled in the COVID-19-KT Brazil Study were older than
18 y and had symptomatic COVID-19 diagnosed by reverse-
transcription polymerase chain reaction. Fifty-four patients
who had undergone a kidney combined with another solid
organ transplant, 270 receiving any immunosuppressive
regimen other than those of interest in the current analysis,
35 with no information about immunosuppression, and 33
with a missing outcome status were excluded. Thus, 1833
patients were analyzed: 389 receiving Cni-AZA, 1258 Cni-
MPA, and 186 Cni-mTORi. The detailed patient flowchart
is shown in Figure 1.

The demographic data, comorbidities, and COVID-19-
attributable signs/symptoms according to the maintenance
immunosuppressive regimen are shown in Table 1. There
were no differences in age, sex, body mass index, and base-
line eGFR according to groups, but glomerulonephritis as
the CKD cause was slightly more frequent in the Cni-MPA
and less frequent in the Cni-mTOR group. A higher pro-
portion of patients received a transplant from a deceased
donor in the Cni-MPA group, whereas the lower frequency
occurred in the Cni-AZA group. Time after transplantation
was longer among patients using Cni-AZA and shorter
in the Cni-mTORIi group. Although a higher proportion
of patients were receiving cyclosporin in the Cni-AZA, a
lower proportion of patients in the Cni-mTORIi group were
receiving steroids. Finally, diabetes was more frequent in
the Cni-mTORi group. Despite that the combination of Cni
and MPA has been the predominant regimen, there was a
difference in the frequency of the maintenance immunosup-
pressive regimen according to the center, which is detailed
in Figure S1 (SDC, http:/links.lww.com/TP/C485).

COVID-19 Clinical Presentation and
Immunosuppressive Drug Changes

A bimodal distribution of COVID-19 cases during the
study period was observed in all groups, in line with the
first and second COVID-19 waves observed in the coun-
try (Figure S2, SDC, http:/links.lww.com/TP/C485).
Most COVID-19-attributable signs/symptoms were simi-
lar among the groups (Table 1), except for fever, which
was more frequent in the Cni-mTORi group, for fatigue/
asthenia, and for gastrointestinal symptoms, which were
more frequent in the Cni-MPA and less frequent in the
Cni-AZA groups.

Clinical management and supportive treatment were car-
ried out according to local practices. A higher proportion
of patients receiving Cni-MPA required immunosuppres-
sive drug dose changes (36.0%, AZA versus 61.6%, MPA
versus 38.2%, mTORi; P < 0.001). Although a lower
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proportion of patients in the Cni-mTORi had all drugs com-
pletely withdrawn (19.3%, AZA versus 21.5%, MPA versus
12.9%, mTORIi; P = 0.02), MPA dose reduction/discontinu-
ation was higher than AZA or mTORi (13.9%, AZA ver-
sus 35.4%, MPA versus 22.0%, mTORi; P < 0.001). These
results are detailed in Table S3 (SDC, http://links.lww.com/
TP/C485). In addition, Table $4 (SDC, http:/links.lww.com/
TP/C485) shows the frequency of the immunosuppression
changes after the COVID-19 diagnosis stratified by centers.

Outcomes

We observed a lower 30-d (79.9% versus 87.9% versus
89.2%; P < 0.0001, log-rank test for trend) and 90-d (75 %
versus 83.5% versus 88.2%; P < 0.0001, log-rank test for
trend) patient survival in the Cni-MPA group than in the
Cni-AZA and Cni-mTORI groups, respectively (Figure 2).
The distribution of death within 30 d after COVID-19
diagnosis over time and stratified by groups are shown in
Figure S3 (SDC, http://links.lww.com/TP/C485). Following
the number of cases, the number of deaths also presented
a bimodal distribution.

The overall hospitalization rate was 65.5% and lower
among patients in the Cni-AZA group than in the Cni-
MPA (45.6% versus 66.7%; P < 0.001) and Cni-mTORi
groups (45.6% versus 61.1%; P = 0.001; Figure 3). The
overall admission rate to the ICU was 32.3%, higher in the
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Cni-MPA group than in the Cni-AZA (35.7% versus 25.8%;
P <0.001) and Cni-mTORIi groups (35.7% versus 22.6%; P
< 0.001). Finally, 23.5% of the patients required mechanical
ventilation, a higher proportion in the Cni-MPA group than
in the Cni-AZA (26.8% versus 17.8%; P < 0.001) and Cni-
mTORI groups (26.8% versus 13.4%; P < 0.001).

After the COVID-19 diagnosis, 369 patients had the
immunosuppression completely withdrawn. They repre-
sented 33% of patients who needed hospitalization (n =
367), 53% who were admitted to the ICU (n = 312), and
64% who required mechanical ventilation. Among them,
the death rate was 50.1% (n = 185), which represented
57% of total deaths.

Because 35.4% of patients in the MPA group had the
MPA dose reduced or discontinued, the patient survival
stratified by the immunosuppression change after COVID-
19 diagnosis was investigated in this group (Figure 4). The
30- and 90-d survival was lower in patients who continued
the MPA on their usual dose (versus MPA dose reduced
or discontinued): 78% and 72% versus 83% and 81%,
respectively (P < 0.001).

Risk Factors Associated With Death Within 30 and
90 d After COVID-19 Diagnosis

Using multivariable Cox regression analysis adjusted
for center effect, the use of Cni-MPA was associated

Kidney transplant recipients older than 18 years with symptomatic
COVID-19 diagnosed by RT-PCR between March 2020 and April 2021
enrolled in the COVID-19-KT Brazil study
N=2,225

Combined kidney transplant, n=54
Other immunosuppressive regimens, n=270
Only CNi, n=68

MPAA-mTORI, n=199

Other, n=3
Missing data on immunosuppression, n=35
Missing data on outcomes, n=33

Total patients included

N = 1,833
A A A

CNi-AZA CNi-MPA CNi-mTORi

N =389 N=1,258 N =186

FIGURE 1. Detailed patient flowchart. AZA, azathioprine; CNi, calcineurin inhibitor; COVID-19, coronavirus disease 2019; KT, kidney
transplant; MPA, mycophenolic acid; MPAA, MPA analogs; mTORi, mammalian target of rapamycin inhibitor; RT-PCR, reverse-

transcription polymerase chain reaction.
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TABLE 1.

Demographic data, comorbidities, and COVID-19-attributable symptoms stratified by the baseline maintenance immu-

nosuppressive regimens

CNi-AZA CNi-MPA CNi-mTORi
Characteristic N =389 N = 1258 N =186 P
Demographic data
Age,y 51 (41-60) 52 (42-60) 52 (42-61) 0.92
Ethnicity, n (%)
White 265 (68) 775 (63) 108 (58) 0.01
Afro-Brazilian 116 (30) 457 (37) 74 (40)
Other 7(1.8) 7(0.6) 42.2)
Male sex, n (%) 229 (59) 770 (61) 120 (65) 0.42
BMI, kg/m? 27.0 (24.2-30.0) 26.6 (23.7-30.2) 26.2 (23.8-29.0) 0.23
Donor source, n (%)
Living 202 (52) 326 (26) 65 (35) <0.001
Deceased 187 (48)° 932 (74)° 121 (65)
CKD cause, n (%)
Diabetes 53 (18) 210 (19 36 (22) 0.012
Glomerulonephritis 54 (18) 239 (22)° 17 (10)°
Hypertension 41 (14) 176 (16) 32 (19
Other 147 (50) 467 (43) 82 (49)
Time after transplantation, y 7.5(3.8-12.6) 5.0 (1.9-9.4)° 3.4(1.2-5.7)° <0.001
eGFR, mL/min/1.73 m? 50 (38-64) 48 (33-65) 50 (36-64) 0.53
Type of CNi, n (%)
Cyclosporin 94 (24) 89 (7.1)? 0(0)° <0.001
Tacrolimus 295 (76)° 1,169 (93)* 186 (100)
Use of steroids, n (%) 385 (99)* 1.195 (95) 162 (87)° <0.001
Comorbidities, n (%)
Hypertension 296 (76) 984 (78) 143 (77) 0.66
Diabetes 114 (29) 426 (34) 84 (45)" <0.001
Cardiovascular disease 27 (6.9) 148 (12) 18(9.7) 0.024
Liver disease 4(1.0) 34 (2.7) 4(2.2) 0.13
Lung disease 4(1.0) 37 (2.9) 2(1.1) 0.055
Peripherical vascular disease 0 (0) 4(0.3) 0(0) 0.73
Neoplasia 11 (2.8) 45 (3.6) 11 (5.9 0.18
Use of ACEi or ARB 133 (35) 362 (29) 59 (32) 0.065
COVID-19-attributable symptoms, n (%)
Fever 196 (50) 703 (56) 128 (69)° <0.001
Cough 211 (54) 678 (54) 90 (48) 0.35
Dyspnea 123 (32) 413 (33) 48 (26) 0.16
Fatigue and or asthenia 57 (15) 341 (27)* 35 (19)? <0.001
Myalgia 176 (45) 526 (42) 81 (44) 0.48
Gastrointestinal 96 (25)? 487 (39)° 60 (32) <0.001
Mental confusion 4(1.0) 12 (1.0) 2(1.1) 0.93

The values for continuous variables are presented as med|an (first and third interquartile range).
P < 0.001: post hoc analyses based on Pearson’s X test reS|duaIs for counting data.
bp~ 0.01 and <0.05: post hoc analyses based on Pearson’s X test residuals for counting data.

P < 0.001: post hoc analysis based on Dunn’s nonparametric all-pairs comparison test for Kruskal-type ranked data.
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker; AZA, azathioprine; BMI, body mass index; CKD, chronic kidney disease; CNi, calcineurin inhibitor; COVID-19,
coronavirus disease 2019; eGFR, estimated glomerular filtration rate; MPA, mycophenolate acid; mTORi, mammalian target of rapamycin inhibitor.

with a 70% increased risk of death within 30 d (adjusted
hazard ratio [aHR], 1.70; 95% confidence interval [CI],
1.21-2.40; P = 0.003) compared with Cni-AZA. In addi-
tion, increasing age and body index mass and history of
diabetes and cardiovascular disease were associated with
increased risk of 30-d mortality, whereas higher baseline
eGFR and time since the index case were associated with
reduced risk of 30-d mortality (Table 2). Similarly, the
use of MPA was associated with 46% increased risk of

death within 90 d (aHR, 1.46; 95% CI, 1.09-1.98; P =
0.013), whereas the use of Cni-mTORIi was associated
with 41% reduced risk (aHR, 0.59; 95% CI, 0.35-0.97; P
= 0.04) compared with Cni-AZA. Additional risk factors
included increasing age and body index mass, deceased
donor type, and history of diabetes and cardiovascular
disease, whereas baseline eGFR and time since the index
case were associated with reduced risk of 90-d mortality
(Table 3).
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Sensitivity Analyses

Using an indirect measure of disease severity and
progression, we compared 30-d mortality stratified by
immunosuppressive regimen among patients admitted to
the hospital and to the ICU and those requiring mechani-
cal ventilation (Figure 5 and Table S5, SDC, http://links.
lww.com/TP/C4835). The use of Cni-MPA was associated
with a 44% higher risk of death within 30 d (aHR, 1.44;
95% CI, 1.02-2.04; P = 0.039) among patients requiring
hospitalization than the use of Cni-AZA. Among those
who required ICU admission, the use of Cni-MPA was
associated with a 43% higher risk of death within 30 d
(aHR, 1.43; 95% CI, 1.06-1.92; P = 0.020), whereas the
use of Cni-mTORi was associated with a 44% reduced
risk (aHR, 0.56; 95% CI,0.34-0.93; P = 0.026) compared
with Cni-AZA. No associations between maintenance
immunosuppressive regimens and 30-d mortality were
observed in those who required mechanical ventilation.

The lower risk of death in patients receiving Cni-
mTORi was more evident in the sensitivity multivariable
analysis for death within 90 d after the COVID-19 diag-
nosis. The use of Cni-mTORi was associated with a 50%
reduced risk for patients admitted to the hospital (aHR,
0.50; 95% CI, 0.30-0.84; P = 0.008) and a 41% reduced
risk of death for patients who required ICU admission
(aHR, 0.59; 95% CI, 0.35-0.98; P = 0.042) compared
with Cni-AZA.

DISCUSSION

In this study, we describe the association between the
baseline maintenance immunosuppressive regimens and
clinical outcomes among KTRs developing COVID-19. In
addition to the traditional predictors of COVID-19-related
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death, such as comorbidities, obesity, and poor kidney
function, also confirmed in this current analysis, the risk
of death was increased among patients receiving MPA and
decreased in patients receiving mTORi, compared with
patients receiving AZA.

Immunosuppression in KTRs has been considered one
predictor of unfavorable COVID-19-related outcomes,
justified by the high hospitalization rate, critical illness
progression, and risk of death among those patients?;
however, some evidence has questioned the role of immu-
nosuppression per se, considering that KTRs usually have
a cumulative number of comorbidities, whereas few obser-
vational studies found similar outcomes for transplanted
patients, compared with nontransplanted, when age and
comorbidities were strictly matched.®’

In a recent large American cohort, the immunosup-
pression did not increase the risk of mechanical venti-
lation or death for COVID-19 patients.”! Of note, that
study enrolled >220 000 individuals, 7% of them long-
term immunosuppressed for different reasons (3423 due
to solid organ transplantation), and the analyses were
provided after a propensity score matching with robust
adjustment. In addition, no independent impact of one
immunosuppressive specific class on the risk of COVID-
19 death was observed, excepting rituximab for rheuma-
tological disease and cancer.”! Transplant patients usually
require a lifelong combination of 3 immunosuppressive
agents to prevent renal allograft rejection with different
mechanisms of action, and investigating the impact of
different combinations on COVID-19 outcomes is valua-
ble and has not previously been extensively investigated.

The available evidence on the effect of immunosuppres-
sive drugs on coronaviruses replication is preliminary. In
vitro studies demonstrated that thiopurine analogs and
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FIGURE 2. Patients’ survival after the coronavirus disease 2019 diagnosis stratified by groups. AZA, azathioprine; CNi, calcineurin
inhibitor; MPA, mycophenolate acid; mTORi, mammalian target of rapamycin inhibitor.
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mycophenolic acid inhibit the proteolytic activity of Middle
East Respiratory Syndrome Coronavirus and Severe Acute
Respiratory Syndrome Coronavirus,”**’ potentially miti-
gating clinical complications. Nonetheless, MPA has potent
cytostatic effects on T and B lymphocytes, contributing
to lymphopenia and compromising the humoral immune
response to the virus, which could explain the worst out-
comes. In turn, mTORIi inhibits the PI3K-AKT-mTOR
pathway, required for intracellular virus replication, and
increases the quality and functionality of memory T cells,
ultimately modulating human innate response and mitigat-
ing immunosenescence.”****” An additional mechanism
associated with modulation of COVID-19 severity and

progression is the potential attenuation of the cytokine
storm.”**® In a prospective randomized clinical trial in
H1NT1-infected patients, sirolimus was associated with less
severe hypoxemia, reduced length on mechanical ventila-
tion, and faster virus clearance.”’ In the context of coro-
naviruses, in vitro study demonstrated that sirolimus and
everolimus reduce Middle East Respiratory Syndrome
Coronavirus infection in a hepatocyte-derived cell live.”®
Of note, the mTOR! is not typically used as a first-line regi-
men for de novo maintenance immunosuppression in kid-
ney transplants, and the reasons why some patients were
under a regimen based on this class were not explored in
the present study. In addition, only in 3 centers was mTORi
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TABLE 2.

Univariable and multivariable analysis for death within 30 d after COVID-19 diagnosis

Univariable Multivariable

Variables HR 95% CI P aHR 95% CI P
Group

CNi-AZA (reference)

CNi-MPA 1.74 1.28-2.38 <0.001 1.70 1.21-2.40 0.003

CNi-mTORi 0.86 0.51-1.45 0.578 0.78 0.45-1.35 0.365
Age (each 10 y) 1.75 1.59-1.93 <0.001 1.58 1.42-1.76 <0.001
Ethnicity

White (reference)

Afro-Brazilian 0.99 0.79-1.25 0.945 - - -

Other 1.69 0.70-4.11 0.246 - - -
Sex (male vs female) 1.10 0.87-1.37 0.429 - - -
BMI (for each kg/m?) 1.03 1.01-1.05 0.003 1.03 1.01-1.05 0.015
ACE/ARB (yes vs no) 1.07 0.85-1.35 0.569 - - -
Deceased donor (vs living) 1.75 1.34-2.27 0.001 1.23 0.91-1.66 0.184
Hypertension (yes vs no) 2.22 1.59-3.11 <0.001 1.38 0.97-1.95 0.072
Diabetes (yes vs no) 2.15 1.73-2.68 <0.001 1.39 1.09-1.76 0.007
Cardiovascular disease (yes vs no) 2.84 2.19-3.69 <0.001 1.58 1.18-2.11 0.002
Time of transplant (for each year) 1.01 0.99-1.03 0.225 1.01 0.99-1.04 0.194
eGFR (for each 10mL/min/1.73 m? 0.83 0.79-0.88 <0.001 0.85 0.80-0.90 <0.001
Time since index case (for each month) 0.94 0.91-0.97 0.001 0.95 0.92-0.99 0.014

For the multivariable analysis, the variables were included after the multiple imputation. The results for multivariable Cox regression are adjusted for center.
ACE, angiotensin-converting enzyme inhibitor; aHR, adjusted hazard ratio; ARB, angiotensin Il receptor blocker; AZA, azathioprine; BMI, body mass index; CI, confidence interval; CNi, calcineurin inhibi-
tor; COVID-19, coronavirus disease 2019; eGFR, estimated glomerular filtration rate; HR, hazard ratio; MPA, mycophenolate acid; mTORi, mammalian target of rapamycin inhibitor; —, not applicable.

TABLE 3.

Univariable and multivariable analysis for death within 90 d after COVID-19 diagnosis

Univariable Multivariable

Variable HR 95% Cl P aHR 95% Cl P
Group

CNi-AZ2 (reference)

CNi-MPA 1.59 1.21-2.08 0.001 1.46 1.09-1.98 0.013

CNi-mTORi 0.70 0.43-1.13 0.143 0.59 0.35-0.97 0.040
Age (each 10y) 1.73 1.59-1.88 <0.001 1.58 1.43-1.74 <0.001
Ethnicity

White (reference)

Afro-Brazilian 0.96 0.78-1.18 0.706 - - -

Other 2.56 1.32-4.98 0.006 - - -
Sex (male vs female) 1.14 0.93-1.40 0.204 - - -
BMI (for each kg/m?) 1.03 1.01-1.05 0.001 1.03 1.01-1.05 0.010
ACE/ARB (yes vs no) 1.05 0.85-1.30 0.672 - - -
Deceased donor (vs living) 1.85 1.46-2.35 <0.001 1.34 1.02-1.76 0.036
Hypertension (yes vs no) 2.03 1.52-2.71 <0.001 1.26 0.93-1.71 0.130
Diabetes (yes vs no) 213 1.75-2.59 <0.001 1.40 1.13-1.73 0.002
Cardiovascular disease (yes vs no) 2.85 2.25-3.61 <0.001 1.53 1.17-1.99 0.002
Time of transplant (for each year) 1.01 0.99-1.03 0.337 1.01 0.99-1.03 0.220
eGFR (for each 10mL/min/1.73 m? 0.84 0.80-0.89 <0.001 0.87 0.82-0.91 <0.001
Time since index case (for each month)  0.93 0.90-0.96 <0.001 0.94 0.91-0.97 0.001

For the multivariable analysis the variables were included after the multiple imputation. The results for multivariable Cox regression are adjusted for center.
ACE, angiotensin-converting enzyme inhibitor; aHR, adjusted hazard ratio; ARB, angiotensin Il receptor blocker; AZA, azathioprine; BMI, body mass index; Cl, confidence interval; CNi, calcineurin inhibi-
tor; COVID-19, coronavirus disease 2019; eGFR, estimated glomerular filtration rate; HR, hazard ratio; MPA, mycophenolate acid; mTORi, mammalian target of rapamycin inhibitor. —, not applicable.

more frequent than MPA, representing a possible local pol-
icy for selected patients. Yet, MPA use is associated with
lower rejection rates, and patients on second-line regimens
may have had morbidity related to the immunological low
risk that was not captured in this analysis.

In total, 400 events of death were reported in the pre-
sent study (21.8%), 77 of them between 30 and 90 d after
the COVID-19 diagnosis. Although the death within 30
d has been defined as the primary outcome, we extended
the follow-up because we observed this residual but
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FIGURE 5. Sensitivity analyses for death within 30 and 90 d after coronavirus disease 2019 diagnosis stratified by hospitalization, ICU,
and mechanical ventilation requirement status. AZA, azathioprine; Cl, confidence interval; CNi, calcineurin inhibitor; ICU, intensive care
unit; MPA, mycophenolate acid; mTORi, mammalian target of rapamycin inhibitor.

significant death rate after 30 d. Furthermore, the asso-
ciation between death and the use of MPA was consist-
ently observed when the follow-up was extended, as well
as in a sensitivity analysis considering only the more severe
patients. Contrariwise, some results suggested that the
maintenance regimen based on mTORi may be associ-
ated with a reduced risk of death, mainly in the extended
follow-up and in the sensitivity analyses considering severe
patients, that is, those who were hospitalized and those
requiring ICU admission, suggesting that its effects are
beyond viral replication and mitigation of initial clinical
signs and symptoms.

To date, no clinical trial evaluating immunosup-
pressive drugs in Severe Acute Respiratory Syndrome
Coronavirus-2-infected KRTs are available, and evidence
is restricted to observational studies. In a cohort study, the
risk of death among liver transplant recgpients was 4-fold
higher in those using mycophenolate.’’ Another cohort
recently published by our group showed that mTORi
(versus MPA or AZA) was protective for death within 30
d.** Some clinical trials evaluating the effect of mTORi
on COVID-19 are ongoing. Interestingly, other mTOR
inhibitors beyond sirolimus and everolimus have been
considered promising for inhibiting COVID-19 infection.

As an example, metformin, which activates 5-adenosine
monophosphate-activated protein kinase via liver kinase
B1 and also indirectly attenuates Akt activity through
phosphorylation of insulin receptor substrate, was associ-
ated with a reduction in COVID-19-associated death in
observational studies.'**?

The decision for reducing, changing, or withdrawing
immunosuppression in the course of infection probably is
an important confounding factor in our study. We could
not capture the moment and the main reason for drug
change, precluding to analyze the impact of this inter-
vention on clinical outcomes. Despite that no robust evi-
dence for a guide on managing the immunosuppression in
COVID-19 is available, a recently published meta-analysis
suggested that maintaining the baseline immunosuppres-
sive regimen seemed to be safe, and changes would have
potentially harmful effects.** Compared with mTOR,
patients on MPA had more immunosuppression discon-
tinuation following diagnosis in the present cohort. On
the other hand, for patients in the MPA group, the 30-
and 90-d survivals were lower in patients who continued
the MPA on their usual dose than in those with the MPA
dose reduced or discontinued. The discontinuation could
lead to increased cytokine storm, which is an interesting
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hypothesis. Yet, another point that should be considered
is the clinical decision for immunosuppression withdrawal
for patients who have more severe COVID-19. In this con-
text, the whole immunosuppression discontinuation might
be influenced by the clinical severity.

Our study has several limitations, some of them related
to the retrospective and observational design. Despite our
efforts in enrolling a representative number of Brazilian
transplant centers, a potential bias of selection should be
carefully considered. Furthermore, in the COVID-19 clini-
cal management, the criteria for hospitalization and ICU
admission were not standardized between centers and
have varied over time since the pandemic was declared.
Nevertheless, beyond the differences in the immunosup-
pression changes after the COVID-19 diagnosis previously
pointed out, other possible differences in COVID-19 treat-
ment between groups were not captured, which is a sig-
nificant potential confounder that could have impacted
differences in mortality. To reduce these limitations on the
final results, the center was included as a random effect,
and the time since the index case was included as a covari-
ate in the Cox regression analyses.

Of note, our study was carried out before the COVID-
19 immunization for KTRs in Brazil. Although the real-life
evidence is demonstrating no or modest reduction in the
risk of death for transplanted patients after vaccination,®
the present results may not be similar for vaccinated
patients. Despite these limitations, as far as we know,
this is the first study to explore the association between
the baseline immunosuppressive regimens in COVID-19-
related outcomes in KTRs in a large, multicenter cohort.

In conclusion, in this large, multicenter registry cohort
analysis, the risk of COVID-19-associated death among
KTRs receiving Cni is increased in patients receiving MPA
and decreased in patients receiving mTORi, compared
with those receiving AZA.
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