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Abstract

During the COVID-19 pandemic, there has been wide heterogeneity in the medical
management of transplant recipients. We aimed to pragmatically capture immuno-
suppression practices globally following the early months of the pandemic. From June
to September 2020, we surveyed 1267 physicians; 40.5% from 71 countries partici-
pated. Management decisions were made on a case-by-case basis by the majority
(69.6%) of the programs. Overall, 76.8% performed >1 transplantation and many com-
mented on avoiding high-risk transplantations. For induction, 26.5% were less likely to
give T-cell depletion and 14.8% were more likely to give non-depleting agents. These
practices varied by program-level factors more so than the COVID-19 burden. In pa-
tients with mild, moderate and severe COVID-19 symptoms 59.7%, 76.0%, and 79.5%
decreased/stopped anti-metabolites, 23.2%, 45.4%, and 68.2% decreased/stopped
calcineurin inhibitors, and 25.7%, 43.9%, and 57.7% decreased/stopped mTOR inhibi-
tors, respectively. Also, 2.1%, 30.6%, and 46.0% increased steroids in patients with
mild, moderate, and severe COVID-19 symptoms. For prevalent transplant recipients,
some programs also reported decreasing/stopping steroids (1.8%), anti-metabolites
(10.3%), calcineurin inhibitors (4.1%), and mTOR inhibitors (5.5%). Transplant pro-
grams changed immunosuppression practices but also avoided high-risk transplants
and increased maintenance steroids. The long-term ramifications of these practices

remain to be seen as programs face the aftermath of the pandemic.
KEYWORDS

COVID-19 pandemic, COVID-19 therapeutics, global survey, immunosuppression practices,
induction, maintenance, outcomes, transplantation

13%-30%.2"> There was unclear understanding of the patho-

Transplant programs across the world have faced unique chal-
lenges during the COVID-19 pandemic.! Initial studies reported
that solid organ transplant recipients with SARS-CoV-2 were at
higher risk for adverse outcomes,>* and mortality rates in trans-

plant recipients with COVID-19 were reported to be as high as

© 2021 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

genesis of the virus in an immunocompromised host,® and wide
heterogeneity in the medical management of new and prevalent
transplant recipients during the pandemic. However, emerging ev-
idence suggests that after adjusting for age, co-morbidities, and
other variables, the mortality rates might be similar to the gen-

eral population.7'9 Also, a recent systematic review of 33 studies
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reported the mortality rate to be 17.1% in admitted COVID-19 pa-
tients, but 40.5% in studies reporting outcomes in patients with
critical illness.'°

Despite the immense amount of literature on COVID-19 over
the past few months, navigating the evidence and applying it to im-
munosuppressed transplant recipients is a daunting task. Current
practice recommendations are limited to expert opinions, which are
based on emerging, but low-quality evidence in transplantation.*
Existing data are at risk of outcome reporting bias, as not every
patient case is being reported, and the nature and direction of the
outcomes may determine what is being reported. While no specific
data from trials including transplant recipients with COVID-19 have
been published so far, concerns have been raised on the off-label
and potentially harmful use of targeted therapies.'?*® Several vari-
abilities also exist in managing immunosuppression. In the United
States, centers were less likely to administer T-cell depleting agents
(TDA) for induction.** In terms of maintenance immunosuppression,
depending on the patient's symptoms, a stepwise reduction in im-
munosuppression is recommended.»*#41¢ There is a dearth of lit-
erature in practices related to non-hospitalized transplant recipients
with COVID-19 and prevalent transplant recipients.

While published literature is evolving from case reports to larger
multi-center studies and international registries,'® sharing of experi-
ence worldwide is being called upon to provide a foundation for clin-
ical care.” Thus, the aim of our study was to pragmatically capture
immunosuppression management practices during the early months

of the pandemic.

2 | METHODS

From June to September 2020, we conducted a multinational sur-
vey of transplant programs during the COVID-19 pandemic and this
manuscript reports the immunosuppression management practices.
This study was approved by the Research Ethics Board at the McGill
University Health Centre.

2.1 | Survey creation

The survey was designed using an iterative process by our team com-
posed of transplant professionals and research methodologists. To
do this, we conducted a thorough review of the COVID-19 literature
reported by the Transplantation Society and the American Society
of Transplantation. For methodological guidance on survey creation,
we sought the works of Boynton, Gillham, and Oppenheim.*¥-2° We

.Y We reviewed all

ensured questions were clear, simple, and neutra
items for relevance, redundancy, and wording. To minimize bias due
to predisposition toward socially acceptable answers, that is, social
acceptability bias, we formulated the questions to be as neutral as
possible.22 To reduce the risk of acquiescence bias, where applicable,
the Likert scale was used.® Following modifications and multiple

rounds of revisions, the final survey was created and then reviewed

by the executive committee of the Transplantation Society. It was
self-administered electronically using the Qualtrics XM platform in
English and Mandarin. The survey was first pilot tested using 10 par-
ticipants who represented four different countries of varied income
level. Following this only minor modifications were made, thus these
responses were included in the data analysis.

2.2 | Recruitment

We recruited a convenience sample of transplant physicians who
were identified as key informants in their programs using publicly
available data (congress web pages, program websites) and with the
help of regional organizations and individuals (see acknowledge-
ments). We sought one individual per organ transplant program
from various centers across the world to take the survey (one center
can have up to five different transplant programs, hence, up to five
participants from each program could be contacted). Our recruit-
ment goal was 500 different individuals representing 500 different
transplant programs. We identified and contacted 1339 physicians
from 80 different countries; of these 209 physicians had directly
reached out to us with interest in participating in our study. Of the
1267 that were eligible, 513 from 71 different countries completed
the survey for a response rate of 40.5%. We also used quota sam-

pling to ensure a heterogenous sample as outlined in Figure 1.24

2.3 | Definitions

New transplantation was one that was performed during the pan-
demic. Patients with mild COVID-19 symptoms were those more
likely to be treated as an outpatient; patients with moderate
COVID-19 symptoms were those more likely to be treated as an in-
patient but not ICU; and patients with severe COVID-19 symptoms
were those who needed care in the ICU. Cumulative COVID-19 inci-
dence (CCI) was calculated from March 13 to July 15, 2020 using the
Johns Hopkins COVID Map and supplemented using data reported
at covidindia.org.zs'26 For the United States, Canada, Australia, India,

and China, CCl was calculated by states/provinces.

24 | Data

Survey questions pertained to selecting pre-specified options. A
comment box was provided to describe other practices and a de-
scriptive review of these comments was also conducted. The specific
outcomes of interest (both descriptive and objective) are as follows:

2.4.1 | New transplants performed

We first asked participants whether their program performed
any new transplants during the pandemic. If yes, we asked if any
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FIGURE 1 Study flow diagram

Transplant physicians identified
n=1,338

Incorrect email
n=49

Physicians successfully contacted
n=1,289

recipients were infected with SARS-CoV-2. We also asked them to
describe their impression for the following short-term outcomes
when compared with their program's norm: acute rejection, infec-
tions (excluding COVID), patient death, primary non-function, and
delayed graft function (kidney only). Participants were also asked to
rate the likelihood of their program giving COVID-19 prophylaxis to
new transplant recipients on a scale of 1 to 5 (1 being unlikely and 5
being very likely).

2.4.2 | Induction and maintenance
immunosuppression practices

For induction immunosuppression practices, we asked programs if
they made changes to TDA, non-TDA, and steroids protocols. We
then analyzed if four factors influenced the odds of making changes
to these induction therapies: the CCI, baseline transplant volume,
type of organ transplant, and patient age group. To capture main-
tenance immunosuppression practices, we presented questions
segregated by four clinical situations (prevalent patients and those
with mild, moderate, and severe COVID-19 symptoms). We asked
participants to report their program practices for most patients with
respect to steroids, anti-metabolite agents, calcineurin inhibitors,

and mammalian target of rapamycin (mTOR) inhibitors.

2.5 | Data analysis

Each transplant program, hence, each survey response was treated
as a unit of analysis. A descriptive analysis was conducted for each
question and associated comments. For the outcome of the likeli-
hood of giving COVID-19 prophylaxis, Bartlett's test of homogeneity
of variances was used to examine variances across survey responses.
Multinomial logistic regression was used to determine the associa-
tion between the variables mentioned above and the odds of mak-
ing changes to induction immunosuppression. The response “do not
know” was excluded for this analysis and when analyzing by the type

Declined to participate S
n=1 Upon request, replaced
by a colleague
Ineligible n=15
n=1
Quota sampling Targeted | Quota
- e quota | achieved
Total number of eligible pamglpants e TR
n = 1267 (from 80 countries) | programs \
8! in low- and 30% 39%
middle-income countries
Programs in the highest 30% ‘ 29%
.I_ t | b f | t d COVID-19 incid tertile
otal number o comp ete §urveys Countries where transplant 30 7 8
n =513 (from 71 countries) program is located

of organ, and those who picked multiple organs as their scope of
practice were also excluded. All analysis was performed using Stata

16.0/MP for Windows, and a significance level using P < .05 was

reported.
3 | RESULTS
3.1 | Baseline characteristics

Survey participants listed their primary roles as transplant surgeons
(28.8%), transplant physicians (67.1%), administrators (1.6%), infec-
tious disease specialists (0.6%), or others (1.9%). The characteristics
of the transplant programs they represented are in Table 1 and the
location of the program is illustrated in Figure S1. Management de-
cisions during the pandemic were made on a case-by-case basis by
69.6% of the programs or using a standard policy by 27.5% (1.8%
picked other and 1.2% picked do not know). Some reported defer-
ring management decisions to the infectious disease specialists.

3.2 | New transplants performed

Overall, 76.8% of the programs were able to perform 21 transplan-
tation during the first few months of the pandemic. Most programs
were unlikely to administer any COVID-19 prophylactic agents
to new transplant recipients; the mean score (standard deviation)
was 1.37 (1.02). When segregating by organ type, only 68.9% of
kidney/pancreas programs performed transplantation, compared
with 88.6% of heart transplant programs, 86.3% of liver transplant
programs, and 90.5% of lung transplant programs. Of the 394 pro-
grams that performed a transplant, 15.7% reported new recipients
infected with the SARS-CoV-2 virus, and 15 programs described at
least one death due to COVID-19 (Table S1A). Most observed no
change in five short-term outcomes when compared with the norm.
(Figure S2). Also, many reported avoiding high-risk transplants, such
as ABO-incompatible transplantation (Table S1A, B).
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TABLE 1 Baseline characteristics of transplant programs

Type of organ transplant

Heart 8.6%
Kidney 55.5%
Liver 19.9%
Lung 8.2%
Pancreas/Islet 1.6%
Multiple 6.2%

Age group of recipients

Adult only 64.1%
Pediatric only 10.9%
Both 25.0%
Baseline transplant volume
Low (<20) 27.6%
Moderate (21-100) 45.1%
High (>100) 27.3%
Country's income-level®
Low-income 0.8%
Lower-middle-income 15.6%
Upper-middle-income 23.0%
High-income 60.6%
Region's cumulative COVID-19 incidence® (ppm)
Low <2031
Medium 2031-5400
High >5400
COVID-19 patient caseload®
None 28.8%
<5 31.0%
5-10 16.2%
11-20 13.5%
21-50 6.4%
>50 3.5%
Do not know 0.6%

?As defined by the World Bank athttps://www.worldbank.org/

bCalculated from March 13 to July 15, 2020 by region and as reported
by the Johns Hopkins COVID Map, supplemented by covidindia.org.
Reported in person per million population (ppm) and divided into
tertiles for the entire cohort.

“Self-reported number of transplant recipients seen/treated with
suspected or confirmed COVID-19 during the early months of the
pandemic.

3.3 | Induction immunosuppression practices
Changes to induction immunosuppression practices were reported
by many programs. For TDA, non-TDA, and steroids, 56.1%, 71.9%,
and 87.7% reported no change, 26.5%, 2.3%, and 1.0% reported less
likely to give, and 1.9%, 14.8%, and 8.8% reported more likely to
give, respectively. The remaining responded do not know or do not
use. Some commented on decreasing the dose of TDA administered
for induction (Table S1B).

In regression analysis, CCl was not associated with the odds
of reporting changes to induction immunosuppression practices,
be it less likely or more likely to give, with one exception. When
compared with transplant programs in areas with low CCI, those
from areas with high CCl had 45% lower odds of reporting “less
likely to give TDA” (odds ratio [OR] = 0.55, 95% confidence inter-
val [Cl]: 0.32-0.95). Program-level factors, in particular baseline
volume, seemed to influence induction practices, particularly with
respect to TDA and non-TDA. When compared to programs with
low baseline transplant volumes, those with moderate and high
volumes had higher odds of reporting both “less likely to give TDA”
(OR = 2.19, 95%Cl:1.24-3.87 and OR = 3.65, 95%Cl:2.00-6.69)
and “more likely to give non-TDA” (OR = 2.35 95%Cl:1.15-4.80
and OR = 2.87 95%Cl:1.35-6.09), respectively. Type of organ
transplant program (kidney/pancreas versus liver/lung/heart) was
also associated with less likely to give TDA and more likely to give
non-TDA. Last, compared with adult programs, pediatric-only pro-
grams had 66% lower odds of reporting “less likely to give TDA”
(OR = 0.34 95%Cl:0.14-0.84) (Table 2).

3.4 | Maintenance immunosuppression practices

For prevalent transplant patients, the majority made no changes
to steroids (95.3%), anti-metabolite agents (86.7%), calcineurin in-
hibitors (94.1%), and mTOR inhibitors (85.4%) (Figure 2). Although
some did report decreasing/stopping/tapering them: 1.8% for
steroids, 10.3% for anti-metabolite agents, 4.1% for calcineurin in-
hibitors, and 5.5% for mTOR inhibitors. In patients with COVID-19,
as shown in Figure 2, the symptoms of the patient influenced prac-
tice. Across the spectrum of mild, moderate, and severe COVID-19
symptoms, the percentage of programs that reported decreasing
or stopping these agents increased from 59.7%-76.0%-79.5% for
anti-metabolite agents, from 23.2%-45.4%-68.2% for calcineu-
rin inhibitors, and from 25.7%-43.9%-57.7% for mTOR inhibi-
tors. For steroids, there was a parallel increase in dose instead,
2.1%-30.6%-46.0%. Some programs also reported switching
agents, such as, from tacrolimus to cyclosporine or from mycophe-

nolate to azathioprine (Table S1C).

3.5 | Outcomes in patients with COVID-19

The majority of transplant programs (70.6%) reported seeing or treat-
ing transplant recipients with suspected or confirmed COVID-19
(31.00% saw <5, 16.2% saw 5-10, 13.5% saw 11-20, 6.4% saw 21-
50, and 3.5% saw >50 cases). Figure 3 demonstrates the responses
of only those who reported seeing at least one transplant recipient
with COVID-19. From these responses, 94.2%, 90.6%, 87.8%, 69.3%,
and 51.4% agreed or strongly agreed that baseline co-morbidities,
severity of symptoms, recipient age, baseline graft function, and
type of solid organ determined their patients’ outcomes, respec-
tively. For the latter two, many picked neutral or do not know.
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TABLE 2 Odds of reporting changes to induction immunosuppression practices by four program-level factors (significant values in bold)

T-cell depleting agents Non-T-cell depleting agents Steroids
Less likely More likely Less likely More likely Less likely More likely
Cumulative COVID-19 incidence (ref: low)?
Medium 072 116 165 002020 1 7 011046 1 59 051090 157 013092 45 037074 1 47
High 0.320-35 0,95 021082354 0.14 2.35 0.28 0-55 108 005 0-57 4 37 023051147
Baseline transplant volume (ref: low)?
Moderate 124219 357 005 0-23 117 019 241 115 2-35 480 003031 349 057122 541
High 2,00 3:65 469 0.09 046 5 35 0.09 047 246 135287 409 014 1:01 757 047 110 559
Organ (ref: kidney/pancreas)
Liver 0.04 0:10 ¢ 5 0 0.26 1:05 415 003011 g5 0.38 272 1958 016942 115
Heart 005 0-15 0.4 006052 4.3 0.08 591 001 0:07 .56 0 0090-37 11
Lung 0.00 0-04 o 57 Y Y 0010:08 5 Y 003 019 145
Age group (ref: adult or adult/ped)
Pediatric 0140-34 84 079320 1597 0.09 073 578 0.220-56 1 48 021 191 1745 0.080-36 1 51

Note: "Less likely" (/"more likely") indicates that a program reported less likely (more likely) to use the agent in question during the early months of

the pandemic, when compared to before the pandemic.

calculated from March 13 to July 15, 2020 as reported by the Johns Hopkins COVID Map, supplemented by covidindia.org. Reported in person per
million population (ppm) and divided into tertiles for the entire cohort. Low: <2031 ppm, Medium: 2032-5400 ppm, High: >5400 ppm

PVolume was defined as conducting the following number of transplants/year: Low<20, moderate 20-100, high >100. "0" with no confidence interval

indicates that zero respondents in this category gave this response.

4 | DISCUSSION

In this global survey, we report the early immunosuppression prac-
tices of 513 transplant programs from 71 different countries. Of
the 76.8% programs that performed a transplant during the first
few months of the pandemic, 15.7% reported new transplant re-
cipients with COVID-19 and the majority were unlikely to adminis-
ter COVID-19 prophylaxis. For induction, 26.5% were less likely to
give TDA, 14.8% were more likely to give non-TDA and many com-
mented on avoiding high-risk transplants. For maintenance immu-
nosuppression, the proportion of programs that reported increasing
steroids and decreasing other maintenance immunosuppression in-
creased linearly across the spectrum of transplant recipients with
mild-moderate-severe COVID-19 symptoms. However, 4%-10%
did report decreasing immunosuppression in prevalent transplant
recipients. To our knowledge, this is the first study to capture man-
agement practices of transplant programs during the COVID-19 pan-
demic on a global scale including in non-hospitalized recipients with
COVID-19 and prevalent transplant recipients.

Currently, other than expert opinions and case reports, we found
only one study that commented on induction practices. For kidney
transplant recipients from the United States, Bae et. al. reported
that recipients in the pandemic era were 47% less likely to receive
TDA compared to their pre-pandemic counterparts.’* We report
that many transplant programs across the world are indeed making
changes to induction immunosuppression practices. Also, the type
of solid organ and baseline transplant volumes influenced these
changes more so than the COVID-19 burden. Higher volume centers
were less likely to give TDA and more likely to give non-TDA perhaps

speaks to their experience in transplantation or was done to mitigate
the risk associated with nosocomial COVID-19 transmission. Also,
the COVID-19 burden (as defined by CClI) did not influence induction
immunosuppression practices except in areas with high CCl where
programs had 45% lower odds of reporting “less likely to give TDA."
This is counterintuitive, to what one might expect and the reason for
this is unclear. One of the main reasons to use TDA is to enable high
immunologic risk transplants and to decrease the risk and severity of
acute rejection.27’28 In our survey, 3.1% did observe higher acute re-
jection, but many also reported avoiding high-risk transplants. None
of these numbers were large enough or granular enough to conduct
a robust analysis. However, future work should focus on comparing
pre-pandemic and post-pandemic graft and patient outcomes due to
these variable practices.

In recipients with COVID-19, there is no agreement on how best
to manage these patients.>'° A registry analysis of 482 solid organ
transplant recipients reported that transplant-related measures of
immunosuppression intensity were not associated with mortality.’
Despite this, decreasing immunosuppression is the mainstay of ther-
apeutic management with the dominant practice being to hold or re-
duce the anti-metabolite agents or mTOR inhibitors.b>1° Indeed, we
demonstrate that in patients with moderate and severe symptoms,
76.0% and 79.5% reported decreasing or stopping anti-metabolite
agents, respectively. We also demonstrate that 10.3% of the pro-
grams reported doing this in prevalent transplant recipients and
59.7% reported doing this in patients with mild symptoms. Similar
relationships were noted for calcineurin and mTOR inhibitors as
well. These practices may influence graft outcomes, as a reduction
in maintenance immunosuppression is associated with rejection and
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FIGURE 2 Changes to maintenance immunosuppression regimens: Respondents were asked to report their program practices in most
patients within each category of patient symptomatology (Prevalent transplant recipients; patients with mild COVID-19 symptoms were
those more likely to be treated as an outpatient; patients with moderate COVID-19 symptoms were those more likely to be treated as an
inpatient but not ICU; and patients with severe COVID-19 symptoms were those needing care in the ICU)

graft loss.2”3% However, some programs reported increasing doses
of steroids, which may have been done in parallel to decreasing other
immunosuppression or as a treatment modality. This may offset the
risks of rejection and graft loss, but the long-term ramifications of
these practices remain to be seen.

Two notable findings merit further discussion. Kidney transplant
programs may be more disproportionately affected by the pan-
demic. Given the alternative of dialysis and reliance on the ethical
principle of nonmaleficence, many programs globally suspended kid-
ney transplantation in the initial months.3! We report that only 69%
of the kidney transplant programs performed a transplant during
the initial months of the pandemic when compared with >86% of
the liver/heart/lung programs. Global transplant numbers are heav-
ily driven by kidney transplantations,®? and we expect dramatic
declines in the number of transplants performed in 2020. Second,
baseline co-morbidities strongly determine the outcomes of pa-
tients with COVID-19,>%® and the majority of the respondents in
our survey reported them to be the strongest determinant of the
outcome of patients with COVID-19. The prevalence of baseline co-
morbidities in transplant recipients is high, and these co-morbidities
may be independently associated with mortality in patients with
COVID-19.%83435 Thys, the perceived higher morbidity and mor-
tality in transplant recipients may have more to do with the higher

prevalence of baseline co-morbidities than their immunosuppressed
state. In fact, immunosuppression is thought to represent a “protec-
tive factor” for COVID-19,%¢ and more recent studies are reporting
that transplantation in itself does not seem to be a risk factor for
inferior outcomes.”® Thus, comparing the outcomes of transplant
recipients with an appropriate control group of patients with similar
co-morbidities might help solve this conundrum.

We have pragmatically captured induction and maintenance im-
munosuppression practices and therapeutics on a global scale. The
knowledge generated complements the current literature reporting
expert opinion or consensus recommendations. The strength of our
study is that we were able to include and synthesize the input of
transplant leaders from 71 different countries; this has practice im-
plications. Also, we were able to present practice patterns in areas
where currently no consensus exists, such as practices related to
non-hospitalized patients with COVID-19 and prevalent transplant
recipients. We, however, acknowledge the following limitations.
We employed several best practices in survey design, recruitment,
and dissemination. Despite this our response rate was only 40.5%;
however, this is at par with the response rate of physician surveys
in the literature.’” Some of our questions pertained to subjective
opinions of transplant physicians and objective data is needed to
confirm our findings. However, we did employ several best practices
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FIGURE 3 Determinants of outcome in
patients with COVID-19: Only participants
from programs that saw or treated
transplant recipients with suspected or
confirmed COVID-19 were asked to rate Age
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in survey design to minimize the risk of acquiescence and social de-
sirability bias. Also, while we had representation from 71 countries
that represented a broad range of COVID-19 incidence, our findings
may not be applicable to all. We only captured macro, program-level
practices and we acknowledge there are many micro, patient-level
factors that were not accounted for.

In conclusion, we report immunosuppression practices of solid
organ transplant programs from 71 different countries during the early
months of the COVID-19 pandemic. Some transplant programs are
making changes to their induction and maintenance immunosuppres-
sion practices, avoiding high-risk transplants, and increasing steroids
to mitigate the risks associated with these practices. The long-term
ramifications of these practices remain to be seen as programs face
the aftermath of the pandemic. Our findings may inform transplant
practice and policy during future pandemics, and in regions that are

currently experiencing second and third waves of the pandemic.
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