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Abstract

This retrospective matched cohort study describes 30 solid organ transplant (SOT)
patients with Coronavirus Disease 2019 (COVID-19) matched 1:2 to 60 non-SOT pa-
tients (control group) based on age, body mass index (BMI), and comorbidities (hy-
pertension and diabetes mellitus with hemoglobin Alc > 8.0%). The SOT group had
a higher proportion of cardiovascular disease (P < .05). During the index hospitaliza-
tion, there were no significant differences with regard to disease severity or critical
care needs (mechanical intubation, vasopressors, and renal replacement therapy). At
28 days, 4 (13%) patients died in the SOT group and 8 (13%) patients died in the
control group (P = 1.0). Nineteen patients received tocilizumab in the SOT group
compared to 29 patients in the control group. Among these patients, interleukin-6
(IL-6) and soluble interleukin-2 receptor (sIL2R) levels increased after tocilizumab and
interleukin-10 (IL-10) levels decreased after tocilizumab. Overall, SOT patients had
comparable mortality to non-SOT patients, although numerically more SOT patients
received tocilizumab (63% vs 48%) and steroids (37% vs 20%). Larger, multi-center
studies are needed to ascertain these findings. Lastly, the complex cytokine release
syndrome in COVID-19 remains an area of intense research and the analysis of key
interleukin levels (IL-6, IL-10, and sIL2R) in this study contributes to the understand-
ing of this process.
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was raised due to prior experience with other respiratory viruses

such as influenza which was associated with increased mortality

Owing to their immunosuppressed state, solid organ transplant
(SOT) recipients are feared to be at increased risk for worse out-

comes with Coronavirus Disease 2019 (COVID-19). Such concern
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among immunosuppressed hosts.! In the early stages of the pan-
demic, several studies suggested mortality rate was higher among
SOT patients compared to the general population.>® However,
more recent studies, including a large multicenter SOT cohort

study reported a mortality of 20.5%, similar to that of the general
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population.® SOT recipients are more likely to have comorbidities
associated with poor outcomes in COVID-19 including hyperten-
sion, chronic kidney disease, and heart disease. In addition, cor-
relates of increased immunosuppression, such as lower absolute
lymphocyte counts, have been predictive of mortality.®” However,
it was also speculated that their immunosuppression could be pro-
tective resulting in a blunted immune response and subsequently
impeding progression of cytokine release syndrome (CRS) that can
occur in COVID-19.8

The CRS in severe COVID-19 is clinically characterized by acute
respiratory distress syndrome (ARDS), shock, and multisystem organ
failure.” In addition to antivirals, management of this disease has
focused on immunomodulators to temper CRS. Interleukin-6 (IL-6),
secreted by monocytes and macrophages, was identified as a key
driver of this immunologic response.” Therefore, IL-6 inhibition is
theorized to be a preferred mode of therapy over steroids because
it spares the T-cell response while preserving the adaptive immune
response triggered by inflammation.* In the early stages of the pan-
demic, several immunomodaulators, including IL-6 inhibitors, were
used with varying success in treatment of severe COVID-19.1%12 A
recent randomized controlled trial found that tocilizumab admin-
istered to hospitalized patients with partial pressure of oxygen to
fraction of inspired oxygen (PaO2/FiO2) ratio of 200-300 did not
reduce the risk of requiring Intensive Care Unit (ICU) admission, me-
chanical ventilation, death, or progression to ARDS.'® On the other
hand, interim results from a clinical trial using tocilizumab showed
that patients on tocilizumab were 44% less likely to progress to
mechanical ventilation or death compared to placebo.** It remains to
be seen if this therapy has further impact on disease progression in
different stages of COVID-19. It is worth noting that in a randomized
controlled trial, dexamethasone demonstrated a survival benefit in
severe COVID-19.1° To date, there is no consensus regarding the
adjustment of immunosuppressive agents for SOT patients with
COVID-19, but observational studies have suggested that reducing
immunosuppression did not lead to worse outcomes.® In our center,
the antimetabolite, mycophenolate mofetil (MMF), was preferen-
tially discontinued upon diagnosis of COVID-19.

In this study, we evaluate the mortality of SOT patients in con-
trast to non-SOT patients with COVID-19 through a retrospective,
matched cohort study. We also attempt to characterize cytokine sig-
natures based on disease severity and exposure to the IL-6 inhibitor,
tocilizumab, in order to gain a better understanding of how immuno-
suppression impacts CRS.

2 | METHODS
2.1 | Study Design

We conducted a retrospective medical chart review of adult patients
diagnosed with COVID-19 between March 10, 2020 and May 11,
2020 at Yale New Haven Health. This study was approved by the
Yale University Human Investigation Committee (#2000027876).

We included hospitalized adult patients age 218 years with
laboratory-confirmed COVID-19 infection by polymerase chain
reaction of nasopharyngeal swab or other respiratory samples,
COVID-19 diagnosis within 72 hours of hospital admission, and a
cytokine panel drawn within 72 hours of admission. SOT patient
had to be on active immunosuppression at time of COVID-19 diag-
nosis; hence, excluding those with failed graft and those off immu-
nosuppression. SOT patients were matched to a control group of
non-SOT patients by age (+10 years), body mass index (BMI) = 30,
hypertension, and diabetes mellitus with hemoglobin Alc > 8.0%.
The control group was selected from a large database of hospital-
ized non-SOT patients in a 1:2 ratio. Two patients were randomly
chosen if they fit the match criteria. Immunosuppression was an ex-
clusion criterion for the control group. The last three variables were
selected because of correlation with COVID-19 disease severity.'¢
Several patients were included in a previously reported multicenter
SOT cohort,® but without the case-control and cytokine-specific
analyses described here.

The data extracted from electronic medical chart were as fol-
lows: demographics, co-morbidities, calculated body mass index,
symptom onset of COVID-19, C-reactive protein (CRP), D-dimer,
absolute lymphocyte count (ALC), procalcitonin, lactate dehydro-
genase (LDH), ferritin, critical care need (ie, required mechanical
ventilation, vasopressor, renal replacement therapy), co-infections
or superinfection, receipt of COVID-19-related therapeutic agents
(tocilizumab, corticosteroid, ie, prednisone equivalent of 220 mg/d,
hydroxychloroquine, azithromycin, atazanavir, and convalescent
plasma), maintenance of immunosuppression, changes to immuno-
suppression in response to COVID-19, cytokine panels [including
IL-6, interleukin-10 (IL-10), and soluble interleukin-2 receptor (sIL2R)]
within 28 days from admission, duration of hospitalization, discharge
disposition, and status (alive/dead) on last follow-up date.

2.2 | Ascertainment of Co-infection and
Superinfection

We also evaluated for any co-infection or superinfection with
COVID-19. All infection events were reviewed by infectious dis-
ease physicians. Of note, no preemptive monitoring or screening
for infections in the cohort was implemented during the study pe-
riod. Infections were categorized per consensus definitions of the
Centers for Disease Control and Prevention's National Healthcare
Safety Network (NHSN)Y with the exception of pneumonia.
Because of a similar clinical presentation of COVID-19 and bacte-
rial pneumonia, a modified composite score for pneumonia based
on NHSN definitions was calculated, which also included worsening
respiratory parameters (increased oxygen requirements, worsening
chest radiograph, worsening secretions), inflammatory parameters
(fever, white blood cell (WBC) count, procalcitonin), microbiologic
parameters (positive sputum culture or positive bacterial antigen
test) within 48 hours of initiating antibiotic therapy for a suspected

infection, and procalcitonin 22.5 ng/mL (with the exception of
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patients with chronic kidney disease or requiring renal replacement
therapy; Supporting Information S1). Timing of onset of infection
relative to tocilizumab was determined and designated as either pre-
tocilizumab if it occurred prior to or within 48 hours of tocilizumab
administration, or post-tocilizumab if it occurred 248 hours after to-

cilizumab administration.

2.3 | Therapeutic Approach

At Yale New Haven Health, a treatment algorithm was implemented
to standardize the treatment approach to hospitalized patients with
COVID-19. Tocilizumab was used off-label for patients who met cri-
teria for severe disease. This evolved to include patients with either
a minimum of 3 L/min oxygen supplementation or CRP > 70 mg/L
and requiring minimum of 2 L/min oxygen supplementation. Patients
admitted with moderate disease which evolved into severe or critical
also qualified for tocilizumab. Tocilizumab was administered 8 mg/
kg, not to exceed 800 mg, intravenously in a single dose. We de-
fined steroid use as COVID-19 treatment if they received 220 mg
prednisone equivalent per day. Of note, the treatment algorithm was
frequently updated and antiviral therapy recommendations were
modified since the onset of the pandemic. Hydroxychloroquine and
protease inhibitors were potential treatment options in the early
months of the pandemic but were subsequently removed because
of published randomized controlled trials (Supporting Information
S2). As previously mentioned, MMF was preferentially discontinued

upon diagnosis of COVID-19 in any solid organ transplant recipient.

2.4 | Analytic Approach

Clinical characteristics were compared between SOT and non-SOT
control groups. The primary outcome measured was mortality as of
June 26, 2020, which was determined per last documented contact
with patient in the chart. Secondary outcomes included requirement
of critical care (ie, mechanical ventilation, vasopressors, and renal
replacement therapy) and disease severity. Disease severity was de-
fined as maximum oxygen requirement during their hospitalization.
The disease severity classification was based on the treatment algo-
rithm used at our institution. Moderate disease was defined as the
need for <3 L/min of supplemental oxygen by nasal cannula. Severe
disease was defined as the need for 4-6 L/min of supplemental
oxygen by nasal cannula or use of a non-rebreather mask. Critical
disease was defined as the need for high-flow nasal cannula, non-
invasive positive pressure ventilation, and/or mechanical ventilation.

Patient characteristics between cases and controls were com-
pared using sample t-test for continuous variables and Chi-square
test for categorical variables. Survival analysis was done with log-
rank P-value reported between SOT and non-SOT group using R's
survival package (version 3.1-8).

For cytokine-level comparisons across stratified groups, to

address the longitudinal nature of the data, we regarded multiple

WILEY--2

observations from each individual as separate data points. All en-
tries with value of ‘<5’ were replaced with a value of 2.5 for analy-
sis purposes. Cytokine levels between groups were compared using
Welch's t-test.

Given the data were recorded using 0.5-day intervals, to stan-
dardize time, we assumed each patient was admitted at 0:00am on
the day of admission, the cytokine test was conducted at 6:00 AM
for the first half day, and 6:00 PM for the second half day. All of the
above data cleaning, processing, and date standardization were done
using R's Tidyverse packages collection (version 1.3.0). For the longi-
tudinal cytokine level analysis, all data points were further realigned
using date of symptom onset as day 0, and group mean was obtained
as the average of all samples with non-missing data at a certain time.

3 | RESULTS

A total of 33 SOT patients were hospitalized with COVID-19 dur-
ing the study period. Three patients were excluded: one was diag-
nosed with COVID-19 >72 hours after admission, one did not have
a cytokine panel collected, and one was a kidney transplant patient
with failed graft and who was off immunosuppression for >10 years.
Ultimately, 30 SOT were included in the analysis. A 1:2 case-control
match was undertaken, yielding 60 control patients.

The clinical characteristics of 30 SOT patients and the 60 control
patients are described in Table 1. Males represented the majority in
both groups (53% and 60% in SOT and control groups, respectively).
African Americans comprised 43% of the SOT group and 47% of the
control group. Chronic cardiac disease (P < .05) was more prevalent
in the SOT group than the control group. CRP, ferritin, D-dimer, ALC,
procalcitonin, and LDH were not different between groups. Rates
of co-infections were not different between groups. With regard
to treatment, there was a similar frequency of tocilizumab (63% vs
48%) and steroid use (37% vs 20%) between groups, although immu-
nomodulatory therapy was numerically more common in the SOT
group.

There was no difference in critical care needs. In the SOT group,
8 patients required mechanical ventilation, compared to 12 in the
non-SOT group (P = .473). The median length of stay was 12 days
in the SOT group and 9 days in the non-SOT group (P = .047). At
28-day follow-up, 4 patients (13%) died in the SOT group versus 8
patients (13%) in the non-SOT group (P = 1.0). Survival analyses of
the 2 groups at the conclusion of this study on June 26, 2020 are
illustrated in Figure 1.

Transplant-specific characteristics are described in Table 2.
Of the 30 SOT patients, 87% had received kidney transplant. The
median time from transplant to COVID-19 diagnosis was 4.2 years
(range: 0.1-24.3 years). With regard to maintenance immunosup-
pression, 25 (83%) patients were on prednisone <5 mg daily, 21
(70%) were on tacrolimus daily, and 19 (63%) were on MMF. With the
exception of 2 SOT patients, MMF was held on admission (n = 17/19,
89%). Prednisone and tacrolimus were continued throughout admis-

sion for all patients.
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TABLE 1 Patient characteristics in solid organ transplant (SOT) patients and control (non-SOT) patients

Patient characteristics SOT (n = 30) Control (n = 60) P-value
Age—median (range) 60 (29-78) 60.5 (23-83) .882
Gender—no (%) 546
Male 16 (53%) 36 (60%)
Female 14 (47%) 24 (40%)
Race—no (%)
African American 13 (43%) 28 (47%) 765
White 10 (33%) 25 (42%) 445
Asian 0 1(2%) 477
American Indian or Alaska Native 1(3%) 0 155
Unknown 6 (20%) 6 (10%) 188
Ethnicity—no (%)
Non-Hispanic 24 (80%) 47 (78%) .855
Hispanic 6 (20%) 12 (20%) 1.0
Unknown 0 1(2%) 477
BMI—median (range) 28.0(21.3-40.9) 29.1(17.9-51.4) .686
Length from symptom onset to admission in days—median (range) 3 (0-16) 3(0-14) .086
Comorbidities—no (%)
Chronic heart disease 8 (60%) 1 (35%) .024
Chronic lung disease 0(33%) 21 (35%) .875
Diabetes Mellitus with Alc > 8.0% 2 (40%) 24(40%) 1.0
Hypertension 8 (93%) 56 (93%) 1.0
Human Immunodeficiency Virus (HIV) 1(3%) 2 (3%) 1.0
Laboratory data—median (range)
Highest CRP (mg/L) 140.8(3.1-300) 108.3 (1.7-300)* 125
Highest D-dimer (mg/L) 2.4(0.29-33.89) 1.6 (0.33-33.89)2 191
Lowest ALC (1000 cells/pL) 0.5(0.1-1.6) 0.9 (0.3-2.2) 2.46
Highest Procalcitonin (ng/mL) 0.5 (0.1-90.5) 0.3 (0-54.2)° .390
Highest LDH (U/L) 413.5 (189-9,350)* 365 (165-1,531)° .269
Highest Ferritin (ng/mL) 1,816 (168-13,127) 870.5 (17-24,118)° .241
Treatment—no (%)
Tocilizumab 9 (63%) 9 (48%) 179
Steroids” 1(37%) 2 (20%) .088
Hydroxychloroquine 28 (93%) 47 (78%) .072
Azithromycin 3 (10%) 6 (10%) 1.0
Atazanavir 7 (23%) 0 (33%) .329
Remdesivir 0 3(5%) 213
Convalescent Plasma 1(3%) 0 155
Severity—no (%)?
Moderate 14 (47%) 33 (55%) 456
Severe 6 (20%) 13 (22%) .855
Critical 10 (33%) 14 (23%) .312
Critical Care Needs—no (%) 9 (30%) 13 (22%) .386
Mechanical ventilation 8(27%) 2 (20%) 473
Vasopressors 8(27%) 3(22%) 597
New renal replacement therapy 2 (7%) 3(5%) 745

(Continues)
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TABLE 1 (Continued)

Patient characteristics

Co-infection or superinfection—no (%)
No tocilizumab
Tocilizumab
Pre-tocilizumab
Post-tocilizumab
Duration of hospital stay in days—median (range)
Location at 28 d—no (%)
Deceased
Home
Facility (extended care facility or subacute rehabilitation facility)
Re-admission
Remains Inpatient
Total follow-up days after COVID-19 diagnosis—median (range)
Death at last known follow up—no (%)

Death during index hospitalization related to COVID-19 infection

WILEY--2°

SOT (h = 30) Control (n = 60) P-value
6 (20%) 14 (23%) .720
0 4(7%) 148
5(17%) 10 (17%) 1.0
2 (7%) 7 (12%) 456
3 (10%) 5(8%) 793

12 (3-75) 9 (2-50) .047
4 (13%) 8 (13%) 1.0

16 (53%) 42 (70%) 119
4 (13%) 6 (10%) .635
2 (7%) 1(2%) .213
4 (13%) 3 (5%) 164

66 (7-100) 48 (2-101) .078
4 (13%) 8 (13%) 1.0
4 (100%) 8 (100%)

aSeverity: Outcome defined as maximum oxygen requirement during hospitalization. Moderate disease was defined as the need for 0-3 L/min of
supplemental oxygen by nasal cannula. Severe disease was defined as the need for 4-6 L/min of supplemental oxygen by nasal cannula or use of
a non-rebreather mask. Critical disease was defined as the need for high-flow nasal cannula, non-invasive positive pressure ventilation, and/or

mechanical ventilation.

bSteroids: 220 mg prednisone equivalent dose. This does not include maintenance immunosuppression.

*Available in 56 patients.
2Available in 58 patients.
SAvailable in 58 patients.
4Available in 24 patients.
SAvailable in 45 patients.
SAvailable in 58 patients.
Bold value indicates clinical significance (P value < .05).

3.1 | Cytokinesin SOT

The IL-6, IL-10, and sIL2R levels were examined in the SOT group.
Figure 2 describes mean cytokine levels over time from day of symp-
tom onset stratified by severity of disease. IL-6 and sIL2R remained
elevated throughout hospitalization. IL-10 remained low throughout
the hospitalization.

Figure 3 and Table 3 present cytokine values in SOT patients
who received tocilizumab stratified by pre- and post-tocilizumab
as well as disease severity. IL-6 increased significantly in all sever-
ity groups after tocilizumab. Median IL-10 decreased after tocili-
zumab in both severe and critical groups. This decrease, however,
was statistically significant only in the severe group (P = .044).
The IL-10 in the moderate group significantly increased post to-
cilizumab (P = .002). sIL2R increased significantly after tocili-
zumab in the moderate and critical group (P < .001 and P = .025,
respectively). In contrast, the sIL2R in severe group decreased
after tocilizumab but change from pre- to post-tocilizumab was

not statistically significant (P = .052).

4 | DISCUSSION

We describe a case series of 30 SOT patients diagnosed with COVID-19
in which mortality was similar to that of 60 matched non-SOT controls.
These data are consistent with previously published literature suggesting
that transplant status is not associated with increased mortality and poor
clinical outcomes in the setting of COVID-19.4182° Further corroborat-
ing these findings, a recent multicenter study by Molnar, et al matched
98 SOT patients to 288 non-SOT patients in which mortality and critical
care requirements were similar between groups.19 Similarly, Chaudhry,
et al found that despite more co-morbidities, SOT patients had similar
mortality compared to non-SOT controls.?! Given the changing dynam-
ics of COVID-19 management, the varying standards of care and patient
demographics at different medical centers, comparing results from dif-
ferent studies is fraught with difficulties. In order to better assess for the
differences between SOT and non-SOT populations in this single-center
study, we employed a case-control design based on parameters including
age, BMI, hypertension, and diabetes mellitus (Alc > 8.0%), which are

associated with increased mortality.”
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TABLE 2 Characteristics of 30 solid organ transplant recipients

Total SOT recipients

Transplant characteristics (N = 30)
Type of SOT, no. (%)
Kidney 26 (87%)
Liver 3(10%)
Heart 1(3%)
Time from transplantation to COVID-19 4.2 (0.1-24.3)
diagnosis in years—median (range)
Maintenance Immunosuppression—no. (%)
Prednisone < 5 mg daily 25 (83%)
Tacrolimus 21 (70%)
Mycophenolate mofetil (MMF) 19 (63%)
Belatacept 6 (20%)
Azathioprine 2 (7%)
Cyclosporine 1(3%)

Change to Immunosuppression on admission—no. (%)
17 (89%)
14 (45%)

Discontinued MMF among SOT on MMF

Continued immunosuppression

In comparison with non-SOT patients in our study, SOT patients
had an increased prevalence of chronic cardiac disease, a finding that
is not unexpected in SOT recipients and which may have resulted
from their other pre-existing comorbidities. SOT patients also had
longer length of hospital stay. One possible explanation is the higher
degree of medical care provided to SOT patients as seen in other
non-COVID-related hospitalizations.???3 Another possibility is that
the SOT patients in our study had a higher proportion of critical dis-

ease and ICU needs (although not found statistically significant).

FIGURE 1 Kaplan Meier Survival
Curve comparing SOT versus non-SOT

Non-Transplant

== Transplant

Despite the immunosuppression, the survival rate among SOT
was not different from non-SOT patients. Although reasons for this
are unclear, one possibility is a protective effect of immunosuppres-
sion from the deleterious effects of CRS, the development of which
can be monitored using specific biomarkers such as CRP and IL-6, as
previously reported in general population.?* Similarly, CRP has been
found to be a useful marker of disease severity in SOT recipients
with COVID-19.%° Interestingly, in our study, SOT patients had a
higher, although not statistically significant, median CRP level com-
pared with the non-SOT group despite the presence of immunosup-
pression. Whether this indicates that iatrogenic immunosuppression
stymied the progression of the inflammatory cascade into full-blown
CRS is unclear, but preliminary data do not suggest that increased
CRP in SOT patients is associated with worse outcomes.

In addition to CRP, other markers may be useful to gauge CRS.
IL-6, 1L-10, and slL2R were previously described as key cytokines
that drive COVID-19 inflammation.?%%” |L-6, a pro-inflammatory cy-
tokine with a pleiotropic effect on the immune system, was discov-
ered early on to be elevated in affected patients, which heralded the
trial of tocilizumab as potential therapy.%”28 A recent randomized
controlled trial in the general population found that tocilizumab in
select patients with PaO2/FiO2 of 200-300 did not decrease the
risk of clinical progression.’® In a recent matched case-control fo-
cused on only SOT patients by Pereira, et al,?? tocilizumab did not
have an impact on mortality, hospital discharge, or secondary infec-
tions in SOT patients with severe COVID-19. However, there was
trend toward lower number of deaths in the non-intubated versus
intubated SOT patients who received tocilizumab, although not sta-
tistically significant. Given the increased number of patients who re-
ceived tocilizumab and steroids in the SOT group, it is possible that

this contributed to favorable outcomes. Further studies by means
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FIGURE 2 The trends of mean IL-6,
IL-10, and sIL2R during hospitalization
stratified according to the severity of
COVID-19 disease
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of randomized control trials are needed to verify therapeutic role of
tocilizumab and steroids in SOT with COVID-19. We speculate that
timing of immunomodulatory therapy in the disease course is critical
and influences clinical outcomes.

Pre-tocilizumab, SOT patients with critical disease have higher
IL-6 compared to those with moderate and severe disease. An in-
crease after IL-6 tocilizumab administration was observed, an occur-
rence which has been previously described in the literature; upon
encountering tocilizumab, IL-6 receptors become saturated, leading
to an increase in free 1L-6.%° Given this finding, our study suggests
that using post-tocilizumab IL-6 as a marker of severity of disease in
SOT patients might not be useful, but further studies are needed.

IL-10 has not been previously described as a marker in SOT
with COVID-19; however, it has been evaluated in SOT patients
with influenza. A study demonstrated that SOT patients had lower
baseline levels of IL-10 and less robust increases compared to non-
SOT in response to influenza.®! Our findings are similar in that SOT

patients had overall low levels of IL-10. One possible explanation

WILEY-7
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is that SOT patients have less overall inflammation because of
their immunosuppression, and therefore do not require robust
anti-inflammatory action via upregulation of IL-10. The increase
in IL-10 levels in SOT patients with moderate disease post tocili-
zumab may be a signal addressing the balance between hyperac-
tive immune response and immunosuppression that merits further
investigation.

sIL2R, a marker for T-cell activation and proliferation, is seldom
seen outside of hematologic malignancies or macrophage activation
syndrome (MAS)/hemophagocytic lymphohistiocytosis (HLH), mak-
ing the elevated levels seen in COVID-19 hyperinflammation worth
further investigation.®? In SOT patients, sIL2R has been most closely
studied in the monitoring of organ rejection and infection. In a study
by Mehta, et al, kidney transplant patients were found to have base-
line sIL2R levels that were almost twice that of healthy volunteers
(698 U/mL vs 349 U/mL).33 This finding is reproducible in our popu-
lation, as overall sIL2R levels were elevated. Additionally, we see in

our cohort that sIL2R levels continue to rise after administration of
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IL6 level by Severity (preTOCI) IL6 level by Severity (postTOCI) FIGURE 3 Boxplots of IL-6, IL-10 and
sIL2R pre and post tocilizumab in SOT

recipients stratified by COVID-19 severity.
(TOCI, tocilizumab)
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TABLE 3 Cytokine analysis pre- and post-tocilizumab in SOT patients stratified by severity of disease (median, IQR)

CYTOKINES All (N =19) Moderate (n = 5) Severe (n=5) Critical (n=9)
IL-6 (pg/mL) Pre 2.5(0, 8.5) 0(0, 1.25) 0(0,5.5) 7 (7, 10)
Post 96 (53, 186) 63 (43.5, 68) 161(99.8, 286) 133 (24, 196)
P-value <.001 <.001 .002 <.001
IL-10 (pg/mL) Pre 9 (4.75, 14.5) 0(0, 1.25) 16 (12, 16.5) 11 (9, 13)
Post 7 (5,11.2) 7(2.5,8) 7.5(5,19) 7 (6,11)
P-value .659 .002 .044 .591
sIL2R (pg/mL) Pre 1486 (654, 3024) 38(36.5,192) 3710 (2336, 4030) 1537 (1486, 2337)
Post 2117 (1537, 2982) 1631 (1427, 2270) 2586 (1777, 3928) 2116 (1692, 3656)
P-value 103 <.001 .052 .025
tocilizumab.3* Based on our findings, it seems that tocilizumab has immunosuppression in the setting of acute infection. In this study,
little effect on reducing T-cell activation. despite reduction in immunosuppression in most SOT patients, we
Given the uncertainty of how immunosuppression im- did not observe a negative impact on mortality and clinical out-

pacts outcomes, it remains the standard of care to decrease comes. This is consistent with other studies that favor decreasing
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immunosuppression at time of diagnosis.6 Appropriate immunosup-
pression management for SOT patients with COVID-19 will require
further analysis in prospective studies.

An interesting finding from our study is that tocilizumab, an im-
munosuppressive agent, in SOT patients was not associated with
an increased risk of infection. This is in contrast to a single-center
cohort study from Michigan in which patients who received tocili-
zumab had higher rates of superinfection despite improved overall
survival.®® In our study, co-infections after tocilizumab exposure
occurred at comparable rates in both SOT and non-SOT groups.
It is unclear whether these infections were directly caused by to-
cilizumab or associated with prolonged hospitalization and critical
illness.

Our study has several limitations, primarily stemming from its
retrospective design. Despite the healthcare system's protocol on
therapeutics and diagnostic testing, certain laboratory parame-
ters were not present at specific time points for certain patients.
Another limitation is that 10 of 19 patients who received tocili-
zumab also received steroids, which likely impact the cytokine
analysis. Additionally, SOT patients are generally viewed as higher
risk hosts, which potentially may lead to provider bias, with ear-
lier infectious disease and transplant specialist consultation and
more aggressive treatment. We also only focused on hospitalized
patients in a single center, so these results might not be generaliz-
able to outpatients and to patient populations that differ in their
demographics.

In conclusion, this study suggested that SOT patients had com-
parable mortality rates to non-SOT patients but larger and random-
ized controlled trials are needed to ascertain these findings. Lastly,
the CRS remains an area of intense research and the analysis of key
interleukin levels (IL-6, IL-10, and sIL2R) in this study contributes to
the understanding of this process and discovery of future potential

therapeutics.
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